


Ie MASTER is the first and only complete 
guide to Integrated Circuits. Now you can 

'turn to the one source that has become the first step in the 
Critical selection of Integrated Circuits. Whether an IC exists 

hin new design or is one of thousands, you'll find it out in 
$econds by using the MASTER. 

The IC MASrER saves you time and lots of 
it ... no longer do you have to spend long 

;ledious hours and days searching through manufacturer's 
:catalogs and data sheets for information. The MASTER gives 
you - at your fingertips - an easy way to narrow your 

, IC choices quickly, accurately and systematically with the 
'knowledge that you have just surveyed the entire industry. 

"c...::) Ie MASTER and its quarterly updates are 
. published by Untted Techntcal Publica-
tions, the largest electronic publisher in the world. 

Publisher 
MANLEY P. LUDWIG 

Western Regional Sales Manager 
PAUL C. MAZZACANO 

Directory Editor 
JOHN J. DARAGO 

District Manager - West Coast 
JAMES W. GRAHAM 

Office Manager 
DORIS J. WEBER 

"' Production Director 
DAVID GETLEN 

Art Supervisor 
JAY LEVINE 

Circulation Director 
DOROTHY RENOUD 

Production Manager Production Supervisor 
LANNY LEVIN JOHN MERZ 

Art Director Administrative Manager 
MICHELLE ARNOLD MARTHA FINCK 

Editorial Director Mkt. Service Manager 
FRANK EGAN GEORGEANN JOHNSON 

President 
ROBERT J. MALES 

Vice Preside,nt - General Manager 
HARRY A. BIRSE 

:;~---------------------------

@tc MllrrER 1979 

1979 
mASTER 

Contents 

Quick Guide to IC Master .................. 2 

Master Selection Guide Index .......... 4 

Part Number Index ............................ 16 

Part Number Guide ............................ 114 

Military Parts Directory ...................... 135 
Testing ............................................ 136 
Cross Reference ............................ 137 I 

QPL Selection Guide ...................... 139 

Application Note Directory .... ...... ...... 151 ~" 

Digital Devices ... ... ...... ......... ............. 401 

Interface Devices . ............... ...... .... .... 566 

Linear Devices ..... ............................... 838 

Memory Devices ................................ 1156 

Microprocessors ................................ 1720 

Systems Components ........................ 1751 

Selection Table .................................. 1721 

Alternate Source Directory ................ 2321 

Manufacturers and Distributors 
Directory ........................................ 2445 

BPA MEMBERSHIP APPLIED FOR 

IMPORTANT NOTICE 
Considerable effort has been expended to make 
IC MASTER accurate and com~lete. but IC 
MASTER cannot assume responSIbility for in­
accuracies, omissions, manufacturers' claims or 
their representations. 
No portion of this book, may be reproduced 
without express written permission of the pub­
lishers. © Ie MASTER, solely owned by 
United Technical Publications, Inc., 1979. 
IC MASTER and its updates are published 
by United Technical Publications, Inc., Div. 
of Cox Broadcasting Corp .• 645 Stewart Ave., 
Garden City. N.Y. 11530, (516) 222-2500. 
TWX: 510-222-1673. Sales and editorial of­
fices: 1333 Lawrence Expressway, Santa Clara, 
Ca. 95051, (408) 248-8044. TWX: 910-338-0272. 

1 



A quick guide 
toYOUI 

Ie mASTER 

PART NUMBER 
INDEX 

This revolutionary ~ndex takes all 
device types made by 102 Ie manu­
facturers and arranges them in nu­

merical sequence excluding prefixes or suffixes. You can now 
find a device number even though you do not know either 
the fuil part number or even the manufacturer. Once a basic 
device number is located in the index, you can obtain instant 
identification of all manufacturers making a device by that 
number and determine the full part number designation: All 
page references to data sheet material and any existing appli­
cation notes abstracts are also provided. 

PART NUMBER 
GUIDE 

An instant decoding kit. Information 
in this guide, provided by the manu­
facturers, allows you to break each 

company's part numbering system down into product temper­
ature ranges, packaging variations, and functions. An invalu­
able tool for the elimination of costly and time consuming 
ordering errors caused by lack of standardization in part num­
bering systems. 
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APPLICATION 
NOTE 
DIRECTORY 

To prepare this directory each IC 
manufacturer reviewed his own ap­
plication note inventory and identified 
all those application notes considered 

to be currently active. Thus, in addition to providing a directory 
of active application note abstracts, the IC MASTER directory 
also provides the first industry wide purge of obs~lete material. 
Application note descriptions are arranged by Digit~l, Linear, 
Memory, and Microprocessor categories. Beneath those head­
ings, material is arranged alphabetically by function and 
applications category. Each application note is listed by title, 
identifies the specific device featured, provides a 25 to 50 word 
abstract, and includes identity of both the authoring manufac­
turer and the specific application note number. This section 
provides all the information necessary for the engineer to 
update his application note files speedily or thoroughly re­
search the existance of application note material for a specific 
design problem. 

MILITARY PARTS 
DIRECTORY 

Cross Reference Chart identifies all 
IC devices having received JAN qual­
ification. This chart includes a cross 

reference feature converting device numbers to Mil. Std. 38510 
slash number and vice versa. 

MILITARY DEVICE Lists more than 50 major manufactur­
TESTING TABLE ers and shows, in matrix form, those 

device types tested to Mil. Std. 38510 
as well as screening pe'1ormed to Mil. Std .. 883. Those com­
panies willing to perform special screening to customer's 
unique military requirements are also identified. 

MILITARY PARTS A "first ever" functional guide to JAN 
INDEX qualified parts. Now it is possible to 

search by device and function to de­
termine whether a JAN qualified part exists for your applica­
tion, and if so, obtain both the device and 38510 slash numbers. 

©IC MAS1'IR 1&.,. 



ALTERNATE 
SOURCE 
DIRECTORY 

The first industry-wide, pin-for-pin 'functional 
equivalent Alternate Source Directory ever 
available. This directory was developed by 
asking each IC manufacturer to identify' each 

competitive device for which he made a pin-for-pin interchange­
able alternate. This unique approach took nearly three years to 
complete, is updated quarterly, involving countless manhours 
of catalog searching and specification comparison. 

MASTER This Guide, covering virtually every facet of 
SELECTION the industry, organizes ICs into these cate-
GUIDE gories: Digital, Interface, Linear, Memory 

and Microprocessors. In each category, 
products are further classified by type (CMOS, ECl, TTL, etc.) 
and function (Arithmetic, Counters, Gates, etc.). You'll find 
every IC performing that function listed by part number and 
manufacturer. The Five Master Selection Guides will allow you 
to search for ICs by your specific requirements and identify 
all major available devices and sources. 

MANUFACTURER 
& DISTRIBUTOR 
DIRECTORY 

locate the nearest local source for 
additional information or quick de­
livery of needed products. A fingertip 
communications guide listing the lo­

cation and phone number for all manufacturer's field sales of­
fices, reps, and distributors, both domestic and international. 

QUARTERLY This service assures that all this vast body 
UPDATES of information is constantly refreshed. Each 

issue updates your Master book on a CUMU­
lATIVE basis. Your guarantee that the IC MASTER will remain 
the most complete and current industry-wide source available 
for the first step in IC selection. . 
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MASTER SELECTION GUIDE 
INDEX 

(pg.4-14) 

PART NUMBER INDEX 
(pg. 15-111) 

PART NUMBER GUIDE 
(pg. 114-128) 

MILITARY PARTS 
DIRECTORY 

(pg. 134-141) 

APPLICATION NOTE 
DIRECTORY 

(pg. 150-305) 
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IISTEI 
SElECTll1I 
IUIIE IIIIEI 
Use this index to determine which of the five 
Master Selection Guides (Digital, Interface, Linear 
Memory, Microprocessor) to turn to by simply look­
ing up alphabetically the function in which you are 
interested. 

how to use the five 
master selection guides 
These guides provide sufficient information to 
make initial product selections, to lead you to a 
group of device numbers and manufacturers' 
names. They enable you to find the products most 
apt to fulfill your major requirements and then pro­
vide data to help you make your final choice. All 
devices that appear in this section, both in the 
initial selection guide and in the data pages, are 
included in the Part Number Index. These index 
listings lead to the page and the line on that page 
where each device appears. 
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The coverage of industrial and consumer circuits 
is identified by model number and covers digital, 
linear and digital-linear combinations under one 
heading. Linear - Consumer Circuits. The TTL 
major families, TTL, TTL-LS, TTL-H and TTL-S have 
been combined under one heading to facilitate 
function comparisons. And the Microprocessor 
section has been enlarged, grouping microproces­
sor system components together by processortype 
and adding many new system descriptions. 
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Function 

A 
AC Detector 
ACE 
ACIA 
Active Filter 
Active Terminator 
Adders 

Address latch 
Element 

Address Register 

Address Selector 
Alarm Circuits 
AlU 
Amplifier/Detector 

FM IF 
Amplifiers 

AC 

AGC/ Squel,ch 

Section 

Linear-Other Devices 
See Asynchronous Communications Element 
Interface-Transmitters-Receivers 
Linear-Other Devices 
Digital-ECl 10000, Miscellaneous 
Digital-CMOS, Arithmetic Functions 
Digital--:ECl 10000, Arithmetic Functions 
Digital-TTL, Arithmetic Functions 
Digital-Special 

Microprocessors-Systems Components 
Microprocessors-Systems Components; 

10S00 
Linear-Telecommunication Circuits 
Linear-Other Devices 
See Arithmetic Logic Unit 

Linear-Consumer Circuits 

Linear-Other Devices 
Linear-Special Purpose 
Linear-Amplifiers, Special Purpose 
linear-Consumer Circuits 

AM/FM IF Linear-Consumer Circuits 
AM/FM IF and AF Linear-Consumer Circuits 
Audio Linear-Amplifiers, Special Purpose 
Audio, Power Linear-Consumer Circuits 
CATV Linear-Consumer Circuits 
Current Linear-Amplifiers, Special Purpose 
Differential/ 

Cascode Linear-Amplifiers, Special Purpose 
Differential Input! 

Output Linear-Amplifiers, Special Purpose 
Followers Linear-..Followers 
Front End Linear-Amplifiers, Special Purpose 
Hearing Aid Linear-Consumer Circuits 
Instrumentation Linear-Amplifiers, Special Purpose 

Isolation 
Limiting 
Linear I Antilog 
log/ Antilog 
Microphone 
Mixer/RF 
Operational 

Preamplifier 

RF 

Linear-Operational Amplifier 
Characteristics 

Linear-Amplifiers, Special Purpose 
Linear-Amplifiers, Special Purpose 
Linear-Amplifiers, Special Purpose 
Linear-Amplifiers, Special Purpose 
Linear-Amplifiers, Special Purpose 
Linear-Consumer Circuits 
Linear-Operational Amplifier 

Characteristics 
Linear-Operational Amplifiers, 

General Purpose 
Linear-Operational Amplifiers, 

High Output Current . 
Linear-Operational Amplifiers, 

High Voltage 
Linear-Operational Amplifiers, 

low Bias Current 
Linear-...:.Operational AmpHfiers, low Drift 
Linear-Operational Amplifiers, 

Programmable 
Linear-Operational Amplifiers, 

Single Supply 
Linear-Operational Amplifiers, 

Wide Band 
Linear-Amplifiers, Special Purpose 
Linear-Consumer Circuits 
Linear-Amplifiers, Special Purpose 

@.IIC MASTER 1979 
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Function 

RF Detector I 
Video 

Sense 
Single Ended 

Input! Output 
Tone 
Transcon­

ductance 
Video, IF and RF 
Voltage 

Controlled 
Wideband 

AM Radio 
Components 

AM/FM Radio 
Components 

Analog Input 

Analog Memories 
Analog Output 

Analog Shift 
Registers 

Analog Switches 
AND Gates 
Appliance Control 

Devices 
Arithmetic 

Functions 

Arithmetic 
Generator/ 
Processor 

Arithmetic logic 
Element, 

Arithmetic logic 
, Register Stack 

Arithmetic logic 
Unit 

Arrays 
Bipolar 
CMOS 
Custom Digital 

Thyristor/ 

Section 

Linear-Consumer Circuits 

Interface-Sense Amplifiers 

Linear-Amplifiers, Special Purpose 
Linear-Consumer Circuits 

Linear-Amplifiers, Special Purpose 
Linear-Amplifiers, Special Purpose 

Linear-Amplifiers, Special Purpose 
Linear-Amplifiers, Special Purpose 

Linear-Consumer Circuits 

Linear-Consumer Circuits 
Microprocessor-System Components; 

FS, SC/MP, ZSO, 6500, 6800, 800S,-S048, 
SOSO, 80S5, General Purpose 

Linear-Dther Devices 
Microprocessor-System Components; 

General Purpose 

Linear-Other Devices 
Interface-Analog Switches 
See Gates 

Linear-Consumer Circuits, 

Digital-CMOS, Arithmetic Functions 
Digital-CMOS, Miscellaneous 
Digital-ECl, Arithmetic Functions 
Digital-HNILlHTl, Arithmetic Functions 
Digital-TTL, Arithmetic Functions 
Digital-TTL, Miscellaneous 
Digital-Special 

Digital-Special 
Microprocessor-System Components; 

1000, SOSO, General Purpose 

Digital-TIL, Arithmetic Functions 

Digital-CMOS, Arithmetic Functions 
Microprocessor-System components; 

Macrologic Bipolar, Macrologic CMOS 

Digital-CMOS, Arithmetic Functions 
Digital-ECl 10000, Arithmetic Functions 
Digital-ECl 100K, Arithmetic Functions 
Digital-TIL, Arithmetic Functions 
Microprocessor-System Components; 

IMP, 10S00 

Linear-Arrays 
Linear-Arrays, Special Arrays 
Digital-ECl 100K, Miscellaneous 
Digital-Special 
Linear-Other Devices 

Transistor Linear-Arrays, Special Arrays 
Transistor Linear-Arrays, Transistor Arrays 
Transistor/Diode Linear-Arrays, Special Arrays 

ASTRO Interface-Transmitters-Receivers 
Asynchronous 

Communication 
Controller Microprocessors-System Components 
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Function 

Asynchronous 
Communications 
Element 

Asynchronous 
Communications 

Section 

Microprocessor-System Components; 
8080 

Interface Adapter See ACIA 

Asynchronous! 
Synchronous 
Transmitter! 
Receiver 

Audio Circuits 
Audio Noise 

See ASTRO 
Linear-Consumer Circuits 

Reduction Dolby Linear-Consumer Circuits 
Automotive Circuits Uiieai-Consumer Clrcl!!ts 

B 
Balanced 

Modulator! 
Demodulator 

Bandpass Filters 
Bar Graph 

Display Driver 
Baseband Channel 

Amplifier 
,Baseband Modem 
BASIC Interpreter 

Baud Rate 
Generator 

Linear-Other Devices 
Linear-Telecommunication Circuits 

Interface--Oisplay Drivers 

Linear-Telecommunication Circuits 
Linear-Telecommunication Circuits 
Microprocessor-System Components; 

SC!MP, 8080 

Dig ital-Special 
Interface-Serial Transmitters, Receivers 

BCD Rate Multiplier Digital-CMOS, Miscellaneous 
Bidirectional Bus 

Driver 

Bidirectional Port 

Bidirectional 
Transceiver 

Binary Rate 
Multiplier 

Bit Programmable 
I/O 

Microprocessor-System Components; 
3,000,8,008,8048,8080,8085 

Microprocessor-System Components; 
2650 . 

Interface--Line Circuits, 
Line Transceivers 

Microprocessor-System Components 
PACE 

Digital-GMOS, Miscellaneous 

Microprocessor-System Components; 
SC!MP 

Bit Rate Generator Digital-CMOS, Miscellaneous 
Interface-Transmitters-Receivers 

Blowout Resistant 

Microprocessor-System Components; 
Macrologic CMOS, 6100 

Transistor Linear-Other Devices 
Branch Control Unit Microprocessor-System Components 
Bubble Memories Memory-Bubble Memories 
Bubble Memory 

Controller 
Bucket Brigade 

Device 

Buffers· 

Interface-Display Drivers 

Linear-Other Circuits 
Also See Analog Shift Registers 
Digital-CMOS, Buffersllnverters 
Digital-ECl 10000, Buffers 
Digital-HNILlHTl, Buffers/ Inverters 
Digital-TTL, Buffers! Inverters 
Digital-TTL, Drivers 
Microprocessor-System Components 

Function 

Bus Interface 
Circuits 

BOART (Bus 
Oriented ART) 

Bus Receiver 

Bus Switch 
Bus Transceiver 

Bus rrc.ns!atcr 

c 

Section 

Interface-Line Circuits 
Microprocessor-System Components 

Interface-Transmitters-Receivers 
Digital~ECl 10000, Miscellaneous 
interface-.. Une Circuits 
Digital-TTL, Miscellaneous 
Digital-ECl 10000, Miscellaneous 
DigitaJ-TTL, Miscellaneous 
Interface-Line Circuits 
Microprocessor-System Components; 

MicroN9VA, 2900, 6800 
M!croprocessor--:-Systp.m Components 

Calculator Circuits Linear-Consumer Circuits 
Calculator, Display 

Interface Linear-Consumer Circuits 

Calculator, 
Keyboard 
Entry Sequence 
Memory Linear-Consumer Circuits 

Calculator, Printing Linear-Consumer Circuits 
Camera Exposure 

Control Linear-Consumer Circuits 
Camera, Strobe 

Light Control Linear-Consumer Circuits 
Capacitive Input Microprocessor-System Components; 

1000 
Cassette Controller Microprocessor-System Components; 

8080, 8085, General Purpose 
CATV Amplifiers 
CB Circuits 

Linear-Consumer Circuits 
Linear-Consumer Circuits 
Linear-Phase Locked Loop Circuits 

CCD Memories Memories-RAMs, CCD Memories 
CCD Memory Driver Interface-Memory and Peripheral Drivers 
Central Processing 

Unit Microprocessor-System Components; 

Character 
Generators 

Citizens Band 
Radio Circuits 

Clock 

Clock Buffer 

Clock Driver 
Clock Generator 

Clock Generator! 
Driver 

Codec 
Code Converters 
Code Identification 

System 
(Manchester) 

Coin Box Circuits 
Compander 

F8. MicroNOVA, M380, PACE, PPS-4 
SBP0400, TlCS-12, Z80, 1600. 1800, 
3000, 400~ 610~ 6500, 6800, 800~ 
8080, 8085. 9440, 14500 

Memory-Character Generators 

See CB Circuits 
Digital-CMOS, Oscillators!Dividers 
Linear-Consumer Circuits 

. Interface-Memory and Peripheral Drivers 
Microprocessor-System Components; 

6800 
See Drivers 
Microprocessor-System Components; 

PPS-4, 2900. 4004, 8000, 8080 

Digital-TTL, Miscellaneous 
Linear-Telecommunication Circuits 
Memory-Code Converters 

Digital-CMOS, Miscellaneous 
Linear-Telecommunication Circuits 
Linear-Telecommunication Circuits 

@IC MASTER 1t19 
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Function 

Deglitcher 
Delta Modulation 

System 

Demultiplexer 
Deskew FIFO 

Deskew-Queue 
Register 

Detectors 

Development 
System 

Section 

Linear-Telecommunication Circuits 

Linear-Other Devices 
Linear-Telecommunication Circuits 

\ See Decoders 
Memory-FIFO 
Microprocessors-General Purpose 

Interface-Error Checking Circuits 
Linear-Consumer Circuits 
Linear-Other Devices 

Microprocessor-8ystem Components; 
F8, IMP, PACE, SC!MP, Z80, 3000, 6800, 
onAO anon ono~ oonn 
V~~VJV¥vv,vvu~,vv~v 

Dialer Circuits Linear-Telecommunication Circuits 
Digital Filter Switch Linear-Telecommunication Circuits 
Digital Mixer 
Digital Modulator 

Digital to Analog 
Converters 

Diode Matrix, 

See Mixer 
Microprocessor-System Components; 

6800 

Interface-Digital to Analog Converters 

Programmable Digital-Special 
Direct Memory 

Access Controller See DMA Controller 
Disk Memory 

Drivers 
Fault Detector 
Head Selector 
Video Amplifier 

Display Controller 

Display Drivers 

Dividers 

DMA Address 
Generator 

Interface-Memory and Peripheral Drivers 
Interface-Memory and Peripheral Drivers 
Interface-Memory and Peripheral Drivers 
Interface-Memory and Peripheral Drivers 
Microprocessor-System Components; 

Macrologic Bipolar, PPS--4, 8080, 
General Purpose 

Interface-Display Drivers 
Also See Drivers 

Digital-CMOS, Osci lIators! Dividers 
Digitai-TTL, fviisceiianeous 
Digital-Special 
Linear-Phase locked loop Circuits 
Linear-Other Devices 

Microprocessor-System Components 

Function 

Dynamic Memory 
Interface 

Dynamic Memory 
Refresh· 
Controller 

E 
Encoders 

Keyboard 
Keyboard to 
Binary 
Tone 

Error Checking 
Circuits 

Error Pattern 
Register 

Expander 

Expander 
(Compander) 

Extender 

F 

Section 

Interface-Memory and Peripheral Drivers 
Microprocessor-System Components; F8 

Digital-TTL, Miscellaneous 
Interface-Memory and Peripheral Drivers 
Microprocessor-System Components; 

6800 

Digital-CMOS, Miscellaneous 
Digital-ECl10000, Miscellaneous 
Digital-ECl100K, Miscellaneous 
Digital-TIL, Miscellaneous 
Digital-Special 
Interface-Keyboard Encoder-Decoders 

Digital-CMOS, Miscellaneous 
Digital-CMOS, Miscellaneous 
Linear-Telecommunications Circuits 

Digital-ECl10000, Miscellaneous 
Interface-Error Checking Circuits 

Interface-Error Checking Circuits 
Digital-TIL-Gates, AND-OR! AND-OR 

Invert 
Digital-TTL, Miscellaneous 

Linear-Telecommunication Circuits 
Digital-TTL-Gates, AND-OR! AND-OR 

Invert 

I Fast Carry Extender Digital-TTL, Arithmetic Functions 
Field Programmable 

Array logic Digital-TTL, Miscellaneous 
Memory-PlAs 

Field Programmable 
logic Array Memory-PlAs 

DMA Controller 
Microprocessor-System Components 

Microprocessor-System Components; First In First Out 
F8, PPS-4, Z80, 1600, 6800, 8080, 8085, Memory 

Double Balanced 
Mixer 

DPDT Switches 
DPST Switches 
Drivers 

Audio 
Counter Display 

DVMs 

9900, General Purpose 

Linear-Phase locked loop Circuits 
Interface-Analog Switches 
Interface-Analog Switches 
Digital-CMOS, Drivers 
Digital-CMOS, Miscellaneous 
Digital-ECl 10000, Drivers 
Digital-ECl100K, Drivers 
Digital-HNllIHTl, Drivers 
Digital-TTL, Decoders 
Digital-TTL, Drivers 
Digital-TTL; Miscellaneous 
Interface-Analog SWitches, Drivers 
Interface-Display Drivers 
Interface-line Circuits 
Interface-Memory and Peripheral Drivers 
linear-Consumer Circuits 
Digital-Special 
Digital-Special 
Interface-Analog to Digital Converters, 

Decimal Output 

Flasher (lED) 
Flip-Flops 

Floating Point 
Arithmetic 

Floppy Disc 

Memory-FIFO . 
Microprocessor-System Components 
linear-Other Devices 
Digital-CMOS, Flip-Flops 
Digital-ECl10000, Flip-Flops 
Digital-ECl 95000, Flip-Flops 
Digita'I-ECl100K, Flip-Flops 
Digital-EClllI, Flip-Flops 
Digital-HNllIHTl, Flip-Flops 
Digital-TTL, Flip-Flops 
Digital-Special 

Microprocessor-System Components; 
8080 

Amplifier System linear-Amplifiers - Special Purpose 
Floppy Disc 

Controller Microprocessor-System Components; 
PPS-4, 1600, 6800, 8048, 8080, 8055, 
General Purpose 

Fluid Detector linear-Other Devices 
Fluorescent Display 

Drivers Interface-Display Drivers 

©IC MASTER 1~ 
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Function Section· 

FM Muting/Tuning 
Point System Linear~Consumer Circuits 

FMRadio Circuits Linear-Consumer Circuits 
. FM RF IIF Amplifier Linear-Consumer Circuits 

Followers linear-Followers 
Four Channel Sound Linear-Consumer Circuits 
Frequency Divider Digital-Special 

Linear-Consumer Circuits 
Frequency Sensitive 

Switch Linear-Telecommunication Circuits 
linear-Other Devices 

Frequency to 
Vo1tage Converter Linear-Other Devices 

FSK Modulator I 
Demodulator Linear-Phase Locked Loop Circuits 

Function Generator Linear-Phase Locked Loop Circuits 
Linear-bther Devices 

G 
Games, T.V. Linear-Consumer Circuits 
Gas Discharge 

Display Drivers Interface-Display Drivers 
Gates Digltal-CMOS, Gates, Miscellaneous 

Digital-HNILlHTL, Gates, Miscellaneous 
Digital-TTL, Gates, Miscellaneous 

AND/NAND Digital-CMOS, Gates, AND/NAND 
Digital-ECL 10000, Gates, AND/NAND 
Digital-HNILlHTL, Gates, AND/NAND 
Digital-TTL, Gates, AND/NAND 

AN[)'ORI AND-OR 
Invert Digital-CMOS, Gates, AND-ORI 

Complex Gate wi 
Persistance 

AND-OR Invert 
Digital-ECL 10000, Gates, AND-ORI 

AND-OR Invert 
Digital-ECL 100K, Gates, AND-ORI 

AND-OR Invert 
Digital-HNILlHTL, Gates, AND-ORI 
AND-OR Invert 

Digital-TTL, Gates, AND-ORI 
AND-OR Invert 

Detector Digital-8pecial 
Exclusive 
OR/NOR Digital-CMOS, Gates, 

Exclusive OR/NOR 
Digital-ECL 10000, Gates, 

Exclusive OR/NOR 
Digital-ECL 100K, Gates, 

Exclusive OR/NOR 
Digital-ECL III, Gates, 

Excl.usive OR/NOR 
Digital-HN III HTL, Gates, 

Exclusive ORI NOR 
Digital-TIL, Gates, Exclusive OR/NOR 

Majority Logic Digital-CMOS, Gates, Miscellaneous 
Digital-TIL, Gates, Miscellaneous 

ORINOR Digital-CMOS, Gates, OR/NOR 
Digital-ECL 10000, Gates, OR/NOR 
Digital-ECL 95000, Gates, OR/NOR 
Digital-ECL 100K, Gates, OR/NQR 
Digital-ECL III, Gates, OR/NOR 
Digital-TTL, Gates, OR/NOR 
Digital-Special 

Gate Expander Digital-HNILlHTL, Gates, Miscellaneous 

~ MASTER 1979 
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Function Section 

General Purpose 
Interface Circuit Microprocessor-System Components; 

6800, General Purpose 
General Purpose 

In putl Output 

General Purpose 
Keyboard and 
Display 

GPIB Talker 

Microprocessor-System Components; 
PP8-4, TLCS-12, 1600, 4004 

Microprocessor-System Components; 
PPS-4 

Listener Interface Microprocessor-System Components; 
8080, 8085 

Ground Fault 
Interrupter 

Gyrator 

H 

Unear--Consumer Circuits 
Linear-Telecommunications Circuits 

Hall Effect Devices Digital-Special 
Linear-Other Devices 

Hammer Driver 
Hamming Code 

Detector and 
Generator 

Interface-Memory and Peripheral Drivers 

Digital-TIL, Miscellaneous 
Interface-Error Checking Circuits 

Identity Comparator Digital-TIL, Arithmetic Functions 
Image Sensor Linear-Other Devices 
Impedance 

Converter Linear-Other Devices 
Input! Output 

Control Unit Microprocessor-System Components 
Interface Latch 

Element Microprocessor-System Components; 
PACE 

Interrupt Control 
Unit Microprocessor-System Components; 

3000 
Interrupter, Ground 

Fault Linear~Consumer Circuits 
Interval Timer Linear-Timers 

Microprocessor-System Components; 
PP8-4, 8008, 8048, 8080, 8085 

Inverters Digital-CMOS, Buffersllnverters 
Digital-HN III HTL, Buffersllnverters 
Digital-HNIL/HTL, Gates, Miscellaneous 
Digital-TIL, Buffersl Inverters 
Digital-Special 

I/O Buffer Microprocessor-System Components; 
1600, 8000 

1/0 Expander Microprocessor-System Components 
1000, 8U48, 8080, 8085 

110 Port Digital-TIL,Miscellaneous 
Microprocessor-System Components; 

SC/MP, 1800,6100, 8X300, 8008, 8048, 
8080,8005 

I/O Transceiver Microprocessor-System Components; 
MicroNOVA 

1/ 0 Transceiver 
Buffer Microprocessor-System Components; 

MicroNOVA 
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Function Section 

K 
Keyboard/ Display 

Controller Microprocessor-System Components; 
8008,8048,8080,8085 

Keyboard Encoders Interface-Keyboard Encoders, 
Decoders 

L 
lamp Driver 
last In First Out 

Memory 
latches 

Interface-Display Drivers 

Memory-UFOs 
Digital-CMOS, latches 
Digital-CMOS., Drivers 
Digital-ECl 10000, latches 
Digital-ECl 95000, latches 
Digital-ECl 100K, latches 
Digital-ECl ill, latches 
Digital-HNILlHTl, latches 
Digital-TTL, latches 
Microprocessor-System Components 

LCD Display Drivers Interface-Display Drivers 
lED Display Drivers Interface-Display Drivers 
level Detector Linear-Other Devices 
level Meter 
level Shifter 

Light Activated 
Switch 

Light Dimmer 
Light Detector 
Light to Current 

Converter 
Light to Frequency 

Converter 
Line Drivers 

Line Receivers 

Line Transceiver 
logic Processor 

look Ahead Carry 
Generator 

loop Disconnect 
Dialer 

low Battery 
Indicator 

M 
Macroprogram 

Sequencer 

Magnitude 
Comparator 

10 

Linear-Other Devices 
Digital--CMOS, Translators 
Digital-ECl-10000, Translators 
Digital-HNILI HTl, Translators 
Digital-TTL, Translators 
Interface-Memory and Peripheral Drivers 

Linear-Other Devices 
Linear-Consumer Circuits 
Linear-Other Devices 

Linear-Other Devices 

Linear-Other Devices 
Interface-Line Circuits, Single Ended 
Interface-Line Circuits, Differential 
Digital-ECl 10000, Miscellaneous 
Digital-ECl 100K, Miscellaneous 
Digital-ECl III, Miscellaneous 
Interface-Line Circuits, Single Ended 
Interface-Line Circuits, Differential 
Interface-Line Circuits, Transceivers 
Microprocessor-System Components; 

8000 

Digital--CMOS, Arithmetic Functions 
Digital-ECl 10000, Arithmetic Functions 
Digital-TTL, Arithmetic Functions 
Microprocessor-System Components; 

2900, 3000 

Linear:-Telecommunication Circuits 

Linear:-Other Devices 

Microprocessor-System Components; 
2900 

Digital-CMOS, Arithmetic Functions 
Digital-TTL. Arithmetic Functions 

Function 

Manchester Code 
Identification 
System 

Mask Merge 
MEDIC 
Memories 

Active Element 
CAM 

Character 
Generators 

Code Converters 
FIFO 

LIFO 

PlA 
PROM 

RAM 

ROM 

Memory Address 
Driver 

Memory Control 
Unit 

Memory Controller, 
MNOS 

Memory Drivers 
Memory Interface 

Memory Refresh 
logic Circuits 

Micro Address 
Generator 

MICROM 
Microcomputer 

Microcontroller 

Mlcroprocessor 

Microprocessor 
Development 
System 

Section 

See Code Identification System 
Digital-ECl100K, Shift Registers 
Microprocessor-System Components 

Digitai-TTL, Memories 
Digital-CMOS, Memories 
Digital-TTL, Memories 

Memory--Character Generators 
Memory-Code Converters 
Digital--CMOS, Memories 
Digital-TTL, Memories 
Memory-FIFO 
Digital--CMOS, Memories 
Memory-UFO 
Memory-PlAs 
Digital-ECl 10000, Memories 
Memory-PROMs 
Microprocessor-System Components 
Digital-CMOS, Memories 
Digital-ECl 10000, Memories 
Digital-ECl 95000, Memories 
Digital-ECl 100K, Metnories 
Digital-TTL, Memories 
Memory-RAMS, Bubble Memories 
Memory-RAMs, Dynamic 
Memory-RAMs, CCD Memories 
Memory-RAMs, Static 
Microprocessor-System Components 
Digital-CMOS, Memories 
Memory-EAROMs 
Memory-ROMs, Static 
Memory-ROMs, Dynam'ic 
Microprocessor-System Components 

Microprocessor-System Components; 
MicroNOVA 

Microprocessor-System Components; 
TlCS-12, 9440, 

Interface-Memory and Peripheral Drivers 
See Drivers 
Interface-Memory and Peripheral Drivers 
Microprocessor-System Components; 

8000, 10800 

Digital-TTL, Miscellaneous 
Interface-Memory and Peripheral Drivers 

Digital-TTL, Miscellaneous 
Microprocessor-System Components 
Microprocessor-System Components; 

,uCOM-4, SX200, 1000, 1400, 1600, 2000, 
8048, 8085, 9900 

Digital-TTL, Arithmetic Functions 
Microprocessor-System Components; 

WD40, 67000 
Digital-TTL, Arithmetic Functions 
Microprocessor-Selection Tables 
Microprocessor-System Components; 

SC/MP, 2650, 2900, 4004, 5781, 5799,· 
8X300, 9900 

See Development System 
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MASTER SELECTION GUIDE-INDEX 

Function Section Function Section 

Microprogram N 
Control Unit Microprocessor-System Components; 

2900,3000,67000,10800 NAND Gates See Gates 

Microprogram Next Address 
Sequencer Digital-TTL, Miscellaneous Control Unit Microprocessor-System Components; 

Microprocessor-System Components; 2900 
Macrologic Bipolar, Macrologic CMOS, Nines 
2900 . Complementer Dig!tal-CMOS, Arithmetic Functions 

Mixer Linear-Amplifiers, Special Noise Generator Linear-Other Devices 
Linear-Phase locked loop Circuits NOR Gates See Gates 

Modem Digital-CMOS, Miscellaneous 
Interface-Transmitters-Receivers 

0 Linear-Telecommunication Circuits 
Linear-Other Devices Offset Control 
Microprocessor-System Compo~ents; System Linear-Phase locked loop Circuits 

6800,9900 Organ Circuits Linear-Consumer Circuits 
Modulator Linear-Other Devices OR Gates See Gates 

Linear-Consumer Circuits Oscillators Digital-CMOS, Oscillators/Dividers 
Motor Control Linear-Phase locked loop Circuits 

Devices Linear-Consumer Circuits Linear-Other Devices 
Linear-Other Devices Overvoltage 

Motor load Control Linear-Other Devices Protector Linear-Other Devices 
Motor Speed 

Regulator Linear-Consumer Circuits p Linear-Other Devices 
Multifunction Parallel Data 

Converter Linear-Other Devices Controller Microprocessor-System Components; 
MPCC See Multi-Protocol Communications Control/er ' PP8-4, Z80 
Multiplexers Parallel Interface 

Analog Interface-Analog Switches, Multiplex~rs Element Microprocessor-System Components;' 
Digital Digital-CMOS, Multiplexers 6100 

Digital-ECl 10000, Multiplexers Parity Generator Digital-CMOS, Miscellaneous 

Digital-ECl 100K, Multiplexers Digital-ECl 10000, Miscellaneous 

Digital-HNILlHTL, Multiplexers Digital-ECl 100K, Miscellaneous 
Digital-TTL, Miscellaneous Digital-TTL, Multiplexers Interface-Error Checking Circuits 

Digital-Special 
Parity Tree Digital-CMOS, Miscellaneous 

Multiplier Digital-CMOS, Arithmetic Functions Digital-TTL, Miscellaneous 
Digital-ECl 10000, Arithmetic Functions PCM Repeater Linear-Telecommunication Circuits 
Digital-TTL, Arithmetic Functions 

Peak Detector Linear-Other Devices 
Microprocessor-System Components; 

Perip/1eral Drivers Interface-Memory and Peripheral Binary Digital-CMOS, Arithmetic Functions 
Drivers Binary Rate Digital-CMOS, Miscellaneous 

'Peripherallnterface Digital-TTL, Miscellaneous 
Input/Output Microprocessor-System Components; 

Decade Rate Digital-TTL, Miscellaneous F8, SC/MP, 8008, 8048, 8080, 8085, 
Multipliers/ General Purpose 

Dividers, Linear-Other Devices Peripheral Interface 
Analog Microprocessor-System Components Adapter Microprocessor-System Components; 

Multi-Protocol 6500, 6800 
Communications Phase Comparator Digital-CMOS, Miscellaneous . 
Controller Interface-Transm itters-Receivers Interface-Phase locked loop Circuits 

Microprocessor-System' Components; Phase Frequency 2650, 8080 Detector Digital-TTL, Miscellaneous 
Multivibrators • Digital-CMOS, Multivibrators Linear-Phase locked loop Circuits 

. Digital-ECl III, Multivibrators Phase locked 
Digital-HNILlHTl, Multivibrators loop Circuits Digital-CMOS, Miscellaneous 
Digital-TTL, Multivibrators Digital-TTL, Miscellaneous 
Digitat-Special Linear-Phase locked loop Circuits 

Monostable/ Stereo Decoders Linear-Consumer Circuits 
Astable Digital-CMOS, Multivibrators Phase Sensitive 

Digital-ECl 10000, Multivibrators Demodulator Linear-Other Devices 
Digital~ECl 100K, Multivibrators Phase Shifter Linear-Other Devices 
Digital-HNILI HTL, Multivibrators PIA See Peripheral Interface Adapter 
Digital-TTL, Multivibrators PIN Diode Drivers Digital-Other Digital Devices 

Music Circuits Linear-Consumer, Organ Circuits Linear-Other Devices 

ii, 
:liil 

\ 
'{~ 
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Function 

Plasma Display 
Controller 

Plasma Display 
Axis Driver 

Polynomiai 
Generator 

Position Scaler 
Power Strobe 
Power Supply 

Control 

Power Transistor 

Section Section 

Programmable 1 Function 

interface-Display Drivers Synchronousl 
Microprocessor-System Components; Asynchronous 

General Purpose . Receiverl 

Interface-Display Drivers 

Digital-TTL, Miscellaneous 
Interface-Error Checking Circuits 
Digital-TTL, Miscellaneous 
Digital-TTL, Miscellaneous 

Linear-Voltage Regulators, Switching 
Regulators 

Transmitter 
Programmable 

Synchronous! 
Asynchronous 

See PSART 

Transmitter See PSAT 

Programmable 
Systems Interface Microprocessor-System Components; 

9900 
Program Memory Microprocessor-System Components; 

8000 
r"\ ........ ____ ..... _ "" ... __ I. 

I 

Driverl Amplifier Linear-Amplifiers, Special Purpose 

I 

rlU\:lldlll vldl-I\ 

Program Storage 

ivii,-,fup'-UL;8S8ul--;-3y:;i~111 Cun1pOn~(.t~; 

Macrologic Bipolar, Macrologic CMOS 

Preamplifier 
Audio 

Prescalers 

Pressure 
Transducer 

Printer Controller 

Printer Driver 

Printer Interface 

Printing Calculator 
Circuits 

Priority Encoder 

Priority Interrupt 

Processing and 
Control Element 

Programmable 
Array Logic 

Programmable 
Communications 
Element 

Programmable 
General Purpose 
1/0 

Programmable 
Interface 
Controller 

Programmable 
Keyboardl 
Display Device 

Programmable 
Logic Arrays 

Programmable 
Synchronousl 
Asynchronous 
Receiver 

12 

Linear-Amplifiers, Special 
Linear-Consumer Circuits 
Digital-Special 
Linear~Phase Locked Loop Circuits 

Linear-Other Devices 
Interface-Memory and Peripheral 

Drivers 
Microprocessor-System Components; 

8080, Generr.l Purpose 
Interface-Memory and Peripheral 

Drivers 
Microprocessor-System Components; 

PPS-4, 5799 

Interface-Memory and Peripheral Drivers 
Digital-CMOS, Miscellaneous 
Digital-TTL, Miscellaneous 
Microprocessor-System Components; 

2900,6800,8008,8048,8080,8085, 
Geneial PUipose 

Microprocessor-System Components; 
PACE 

Digital-TTL, Miscellaneous 
Memory-PLAs 

Microprocessor-System Components; 
~650, 8008 

Microprocessor-System Components; 
8080 

Microprocessor-System Components 

Interface-Keyboard Encoders 
Microprocessor-System Components; 

4004 

Digital-CMOS, Miscellaneous 
Digital-TTL, Miscellaneous 
Me mo ry-P LAs 

See PSAR 

I Unit 
PROMs 

Microprocessor-System Components; F8 
iviernory-PROivis 
Microprocessor-System Components 

Protocol Controller Microprocessor-System Components; 

PSAR 
PSART 
PSAT 
Pulse Group 

Decoder 
Pulse Group 

8080 
Interface-Transmitters-Receivers 
Interface-Transm itters-Receivers 
Interface-Transmitters-Receivers 

Digital-Special 

Encoder Digital-Special 
Pulse Stretcher Digital-HNILlHTL, Miscellaneous 
Pulse Synchronizer I 

Driver Digital-TTL, Miscellaneous 
Pulse Width 

Modulator Unear-Voltage Regulators, Switching 
Regulators 

Pulse Width to 
Voltage Converter Linear-Other Devices 

R 
Radio Circuits 
Radio Transmitter 
RAM Interface 

RAMs 

RAM and I/O 

Read Amplifier/ 
Preamplifier 

Receiver AM 
Receiver AM/FM 
Redundancy 

Checker 

Register File 
Regulator, 

Motor Speed 
Regulator, 

Switching 
Regulator, 

Voltage 
Relay Driver 
Remote Control 

Circuits 

Linear-Consumer Circuits 
Linear-Other Devices 
Interface-Memory and Peripheral 

Interface 
Microprocessor-System Components; 

5781,5799 
Memory-RAMs 
Microprocessor-System Components 
Microprocessor-System Components; 

M80, 4000, 6500, 8048, 8080, 8085 

Linear-Amplifiers, Special Purpose 
Linear-Consumer Circuits 
Unear-Consumer Circuits 

Digital-TTL, Miscellaneous 
Interface-Error Checking Circuits 
Digital-TTL, Memories 

Linear--Consumer Circuits 

Linear-Voltage Regulators, Switching 

Linear-Voltage Regulators 
Unear-Consumer Circuits 

Linear-Consumer Circuits, 
T.V. Remote Control 
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Function Section 

Resolver System's Linear-Other Devices ., 
Rhythm Circuit Linear-Consumer Circuits 
Ring Modulator Linear-Other Devices 
RMSto DC 

Converter 
. ROM Patch 

ROMs 

S 
Sample and Hold 

Circuits 
SCRITriac Control 
Schmitt Trigger 

SDlC Protocol 
Controllei 

Security Systems 
Detector 

Sense Amplifiers 
Sequence 

Controller 

. Linear-Other Devices 
Memory-PlAs 
Memory-ROMs 
Microprocessor-System Components 

Linear-Other Devices 
Linear-Other Devices 
Digital-CMOS, Miscellaneous 
Digital'-:"HNll/HTl, Miscellaneous 
Digital-1Tl, Miscellaneous 
Digital-Special 

Interface-Transmitter-Receivers 
Microprocessor-System Components; 

8048, 8080, 8085 

Linear-Consumer Circuits 
Interface-Sense Amplifiers 

Microprocessor-System Components; 
General Purpose 

Sequential Machine Memory-PlAs 
Serial Analog Delay Linear-Other Devices 
Seriall Parallel 

Register 
Serial to Parallel 

Converter 
Serial Receiver 
Serial Transmitter 
Serial Data 

Controller 

Servo Amplifier 
Servo Controller 
Servo Driver 
Shift Registers 

Analog 
Shifter 
Shift Matrix 
Sine Wave 

Generator 
Smoke Detector 
Sonar Transceiver 

Sound Generator 
Speedometer 

Circuit 
SPDT Switches 

@IC MASTER 1979 

DigUal-TTl, Arithmetic .Functions 

Digital-Special 
Interface-Serial Transmitters-Receivers 
Interface-Serial Transmitters-Receivers 

Microprocessor-System Components 
PPS-4, zao 

Linear-Other Devices 
Linear-Other Devices 
Linear-Consumer Circuits 
Digital-CMOS, Shift Registers 
Digital-ECl 10000, Shift Registers 
Digital-ECl 95000, Shift Registers 
Digital-ECl 100K, Shift Registers 
Digital-ECl III, Shift Registers 
Digital-HNll/HTl, Shift Registers 
Digital-TTL, Shift Registers 
Digital-Special 
Memory-Shift Registers, Dynamic 
Memory-Shift Registers, Static 
Linear-Other Devices 
Digital-TTL, Miscellaneous 
Digital-ECl100K, Shift Register 

linear-Other Devices 
linear-Consumer Circuits 
Linear-Consumer Circuits 
linear-Other Devices 
Linear-Consumer Circuits 

Linear-Consumer Circuits 
Interface-Analog Switches 

MASTER SELECTION GUIDE-INDEX 

Function Section 

SPST Switches Interface-Analog Switches 
Square law Device Linear-Other Devices 
Squaring Translator linear-Telecommunications Circuits 
SSB Detector Linear-Consumer Circuits 
Static Memory 

Interface Microprocessor-8ystem Components; F8 
Status and Shift 

Control Unit 

Stepping Motor 

Microprocessor-System Components; 
2900 

Driver Linear-Other Devices 
Stopwatch Circuits Linear-Consumer Circuits 
Subtractor See Arithmetic Functions 

Successive 
Approximation 
Register 

Switches 
Analog 

Crosspoint 

Drivers 
Frequency 
Touch SenSing 

SWitching 
Regulators 

Synchronous 
Communications 
Controller 

Synchronous 
Data Link 
Controller 

Synchronous 
Receiver/ 
Transmitter 

Synchronous Serial 
Data Adapter 

Synthesizer 
System Controller 

and Bus Driver 

System Timing 
Elements 

T 
Tachometer 
Tape Recorder 

Control Circuits 
Tele­

communications 
Data Interface 

Telephone Circuits 
Telephone 

Restricter 
Telephone Signal 

Processing 
Peripheral 

Digital-CMOS, Miscellaneous 
Digital-TTL, Miscellaneous 
Linear-Consumer Circuits 
Interface-Analog Switches, Switches 

With Drivers 
Interface-Analog Switches, Switches 

Without Drivers 
Interface-Analog Switches, 

Multiplexers 
Interface-Analog Switches, Drivers 
Linear-Other Circuits 
Linear-Consumer Circuits 

Linear-Voltage Regulators, Switching 
Regulators 

Microprocessor-System Components 

Interface-Transmitters-Receivers 
Also See SDLC Protocol Controller 

Interface-Transmitters-Receivers 

Microprocessor-System Components; 
6800, General Purpose 

Linear-Phase locked loop Circuits 

Microprocessor-System Components; 
8080 

ty1icroprocessor-System Components; 
PACE 

Linear-Consumer Circuits 

Linear-Consumer Circuits 

Microprocessor-System Components; 
PPS-4 

Linear..,.... Telecommunication Circuits 

Linear-Telecommunication Circuits 

linear-Telecommunication Circuits 
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Function 

Temperature 
Controlled 

Section 

Differential Pair Linear-Other Devices 
T emperatu re 

Transducers 
Thermal Converter 
Thermal Printhead 

Driver 

Thermometer 

Threshold Switch 
Timers 

Timing Function 

Tone Decoder 
Tone Encoder 
Tone Generator 
Tone Operated 

Switch 
Tone Receiver 
Tone Ringer 
Tone Transmitter 
Top Octave 

Generator 
Track and Hold 
Traffic Decoder 
Translators 

Transmitter 
Transversal Filters 
True/Complement, 

Zero/One 
Element 

Tuner Control, 
AM/FM 

Tuning Voltage 
Stabilizer 

Two Modulus 
Prescaler 

Two-Wire to Four­
Wi re Converter 

T.V. Circuits 

u 
Universal 

Communications 

Linear-Other Devices 
Linear-Other Devices 

Interface-Memory and Peripheral 
Drivers 

Linear-Consumer Circuits 
Linear-Other Devices 
Linear-Other Devices 
Digital-CMOS, Miscellaneous 
Llnear-Consumer Circuits 
Linear-Timers 
Microprocessor-System Components; 

6800 
Microprocessor-System Components; 

10800 
Linear-Phase locked loop Circuits 
See Encoders 

Linear-Phase locked loop Circuits 

Linear-Telecommunication Circuits 
Linear-Telecommunication Circuits 
Linear-Telecommunication Circuits 
Linear-Telecommunication Circuits 

Linear-Consumer Circuits 
Linear-Other Devices 
Linear-Other Devices 
Digital-CMOS, Translators 
Digital-ECl 10000, Translators 
Digital-ECl 95000, Ttanslators 
Digital-HNILlHTl, Translators 
Digital-TTL, Translators 
Interface-Memory and Peripheral Drivers 
Microprocessor-System Components 
Linear-Consumer Circuits 
Linear-Other Devices 

Digital-TIL, Miscellaneous 

Linear~onsumer Circuits 

Linear-Consumer Circuits 

Linear-Phase locked loop Circuits 

Linear-Telecommunications Circuits 
Linear-Consumer Circuits 

Interface Interface-Transmitters-Receivers 

Function 

Universal 
Peripheral 
Interface 

UART 
USART 
USRT 
USYNRT 

v 
VCO 
Victor Dot Matrix 

Section 

Microprocessor-System Components; 
8048, 8080, 8085 

Interface-Transmitters-Receivers 
Interface-Transmitters-Receivers 
Interface-Transmitters-Receivers 
Interface-Transmitters-Receivers 

See Voltage Controlled Oscillator 

Printer Controller Microprocessor-System Components; 
PPS-4 

Video Display 
Controller 

Video Tape 
Recorder 

Voltage Controlled 
Oscillators 

Voltage Controlled 
Transient 
Generator 

Voltage Detector 
Voltage level 

Monitor 
Voltage Reference 

Source 
Voltage Regulators 

Automotive 
VTR 

W/Z 
Wallace Tree 

Watch Circuits 

Window 

Microprocessor-System Components; 
1800, General Purpose 

Linear-Consumer Circuits 

Digital-ECl III, Miscellaneous 
Digital-TTL, Miscellaneous 
Linear-Consumer Circuits 
Linear-Phase lock loop Circuits 

Linear-Consumer Circuits 
Linear-Other Devices 

Linear-Other Devices· 

Linear-Other Devices 
Linear-Voltage Regulators, 

Fixed Positive 
Fixed Negative 
Fixed Dual 
Adjustable Positive 
Adjl;Jstable Negative 
Adjustable Dual 

Switching 
Linear-Consumer Circuits 
See Video Tape Recorder 

Digital-ECl 
Digital-TTL, Arithmetic Functions 
Digital-CMOS, Oscillators/Dividers 
Linear-Consumer Circuits 

Discriminator Linear-Other Devices 

Zero Crossing 
Triggers Linear-Other Devices 

I 
I 

Zero Voltage and J 
~ __ --L-__ 
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how to use 
the part number index 
This Part Number Index. is arranged in alpha­
numeric sequence, ignoring the manufacturer's 
prefixes and suffixes and using the basic model 
numbers. This basic number sequence is sorted 
by reading the digits from left to right, assuming 
that letters come before numbers. (As an example, 
these numbers would appear in the following order: 
5301, 531, 54H01, 54139, 5414.) Under each basic 
number, the manufacturer's name and full' model 
number is listed. The page references in BOLD 
FACE lead to manufacturers' data and application 
notes. Short editorial 'descriptions of all Active Ap­
plications Notes availab~e from every manufac­
turer are indicated by a ,-r sign. 
The arrangement of this index by base number 

©IC MASTER 1979 
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This index shows the page and line on that page 
where each device appears in the Master Selection 
Guide. The list is prepared by a computer from the 
data in these sections so every device in them is 
listed. The devices are arranged in order' by basic 
numbers so similarly numbered devices from var­
ious manufacturers are grouped together. Bold 
faced listings lead to the data supplied by the man­
ufacturers. Use this index to locate key operational 
characteristics, application notes, and devices data 
whenever you have a model number. 

gives you several advantages. It allows you to find 
a device by its basic number whether or not you 
know the name of the manufacturer or the manu­
facturer's prefixes. Also it groups similar devices 
together so that when you are looking for data you 
can quickly determine if the data has been pro­
vided in the book by any of the manufacturers and 
where that data is. Similarly it groups any refer­
ences to application notes close together so that 
you do not need to guess which manufacturer 
might publish application notes on a device before 
you can locate them. 

Once you become familiar with the alpha-numeric 
numbering sequence, you'll find that this index is 
very easy to use. 
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Base Base Base Base 
Number Source Device Page-Line Number Source Device Page-Une Number Source Deviee Page-Une Number 
--------------------- -----------------------

DAC- DOC 
DAC-S DOC 
Economega GI 
ECL Fairchild 
ECL-A Fairdlild 

DAC-SCCD 
DAC-SCCCD 
Econcmega 
ECL 
ECl-Array 

598-35 
598-36 
860-120 

NEC Amerca ECL.-ARRAY 

11 158-3 
421-94 
460-35 
421 -95 

ECONOMEGA GI 

EVK AMI 
FORMULA T ORFairchiid 

GCP/P National 
In1eilec Intel 
Int€ilec MDS Intel 

INSTRUCTOR Signeties 
Monoch~M Interdesign 
MACROLOGICFairchild 

460-90 
ECONOMEGA 11 172-13 

11 172-18 
11 175-4 
11 175-8 

EVK .1859 
FORMULATOR .1865 

GCP/P 
Intellec 
Inteilec MDS 

1762 -67 
1762-87 

INSTRUCTOR .2318 
MonochipM 417 -142 
MACROLOGIC 1726-2 

1726-3 
MASTERMOS IMI MASTERMOS 417 -130 

460-51 
11 151-19 
11 151-20 

Monosit MASTERMOS 417 -161 
460-86 

MCA Interdes.gn MCA 417 -143 
460-38 

MONOCHIP Interdesign MONOCHIP 11 181 -11 
11 182-16 
11 184-18 
11 187-1 

Master LogIC MONOCHIP 460-77 
MUA Interdes'9P MUA 460 -50 I 
MUlTiBUS Intel MULTI8US 11 203-14 

915-191

1

1 

Omega GI Omega 860-121 
PACE National PACE 11 200-2 

11 206-1 I 
.1479 I 
.1866 

MMI 
Fairchild 

Reticon 
~lereomega bl 
S8A GI 

SC/MP National 

PAL 
PEP 

RL 
;,tereomega 
S8A 

SC/MP 

1751-1121 
11 186-4 

1~H~H:1 
.2029 

• 297 i 
1752 ~161 
1739-4 

0008 

0009 

001 

0011 

0012 

0013 

UU14 

0015 

11194-19 0016 
11 199-12 0017 
11 200-3 0018 
11 200-4 0019 
11 200-6 
11 200-14 
11 201-13 002 
11 201-14 
11 205-14 0020 
11 205-15 
11 205-16 

Signetics SC/MP .2314 
1753-2 0021 

Master Logic MCA 417-153 SHM-
460-71 

Datel SHU-HUGC • 686 
919-28 

SHM-HUMC • 686 MCA-se Motorola MCA-series 
MC8 Imerdeslgn MC8 

Master Logic MCB 

MCC I~terdeslgr MCC 

Master logic MCC 

MCD Inter design MCD 

Master LogiC MCD 

MDA Interdesigr. MDA 
MDC AMI MDC 

MECL Motorola MECL 

MICRONOVA Data Genera! MICRON OVA 
MOA Interdesign MOA 

MOB Interdesign MOB 

MOC interdesign MOC 

MOD Interdes>gn MOD 

MOE Interdeslgn MOE 

MOF Interdesign MOF 

MOG Interdesign MOG 

918-181 
417 -144 SHM-HUMM • 686 0022 
460-39 919-29 
417-154 SHM-HUMR • 686 
460-74 STEREOMEGAGI . STEREOMEGA1I 172-17 
417-145 TWIN Signeties TWIN .2315 0023 
460-40 1754 -137 
417 -155 ULA Ferranti ULA 
460-75 
417 -146 VES Norlec VES 
460 -41 XR-CHIP Exar XR-CHIP 
417-156 
460-76 
460-49 

.,853 
1754 -88 
1759-23 

11 158-6 
11 158-8 
11 158-9 
11 158-10 
11 158-11 
11 158-12 
11 158-14 

1752-39 
460-42 
915-184 
460-43 
915-185 
460-44 

Z80 

0001 

0002 

0003 

915 -1 86 0004 
460-45 
915-187 
460-46 
915-188 
460-47 0005 
915-189 
460-48 

Zllog 

National 

Fairchild 
National 

National 

Z80-CPU 
Z80-CTC 
Z80-DMA 
Z80-P10 
l80-8iO 
LH0001 

LH0001A 
LHOO01AC 
SHOO02C 
LHOO02 
LH0002C 
LH0003 

LH0003C 

Natronal LHOO04 

LH0004C 

National LH0005 

460-36 
915-182 
856-29 0024 
480-31 
915-180 

1753-49 
1753-53 
1753-56 
1753 -59 0025 
1753-62 
866-38 
871-48 0026 

11 165-17 
875-35 
880-21 
839 -27 
839-28 
839-29 
863-125 
867 -136 0028 
876-53 003 
867 -137 0030 
877-2 0032 
865-15 
871-49 
864 -25 
865-16 
872-15 

MONCHIP Interdesign 
MONOCHIP Interdesign 

915-190 
MONCHIP 11 165-5 

LH0005A 

863 -136 0033 
867-138 
885-60 
863-137 
867 -139, 0034 
876-34 MONOCHIP 460-37 

915-183 
11 157-16 
11 157-17 
11 170-18 0006 
11 181-7 
11 181 -8 0007 
11 181-9 
11 181-10 

National 

National 

LHOOO5C 

DH0006 
DHOOO6C 
MH0007 

MH0007C 

863 -142 0035 
867 -140 
886-3 
620-136 
620-137 
619-26 

11 180-16 
619-28 0036 

'National 

National 

Solitron 

National 

National 

National 

National 

National 

National 
National 
Nationa! 
National 

Solitron 

National 

National 

National 

National 

National 

Natlona\ 

AMD 

Fairchild 
Motorola 

National 

National 
Solitron 
Sanyo 
National 

National 

National 

National 

Sanyo 
Naflonal 

DHOO08 
DH0008C 
MHOOO9 

MH0009C 
CJCA001 
CJSEOOI 
DH0011 
DH0011C 
MH0012 

MH0012C 
MH0013 

MH0013C 
At-iuul4 
AH0014C 
LH0014 
AH0015 

AH0015C 

DH0016C 
DH0017C 
DH0018C 
AH0019 
AH0019C 
LH0019 
CJCA002 
CJSE002 
LH0020' 

LH0020C 

LH0021 

LH0021C 

LH0022 

LH0022C 

LHOO23 

LHOO23C 

LH0024 

LH0024C 

DS0025 

DS0025C 
0026 
0026C 
0026 
MMH0026 
MMH0026C 
DS0026 

DS0026C 
DH0028C 
CJSE003 
STK0030 
LH0032 

LH0032C 

LH0033 

LH0033C 

DH0034 
DH0034C 
DH0035 

DH0035C 

STK0035 
LHOO36 

11 Indicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted . 

620 -140 0036 
620-141 
619-41 

11 180-16 0037 
619-42 
913-33 
906-123 
620-173 004 
620-174 0040 
619-27 0041 

11 180-16 
619-29 
619-43 

11 180-16 0042 
619-44 

~~~:~~~I 
11 189-13 0043 
.1076 I 

569-30 I 
.1076 I 

569-31 0044 
620-177 
620-178 
620-179 
572 -57 
572-60 i 

11 189-13 1 
913-107 
910-56 

863 -1391 
875-44 
863-140 

882-42 1 
863-104, 
876-49 
863 -111 0045 
882-46 
877-6 

11 166-5 005 
881 -58 005Tl 

11 166-5 0052 
.1073 

919-58 
.1073 

919-59 
864-43 
867-101 
877-44 
864-53 0053 
867-102 
885-3 
619-45 

1i 194-3 0056 
619-46 
619-31 
619-32 
619-35 006 
619-39 
619-40 0061 
619-47 

11 194-3 
619-48 
622-58 0062 
906-124 
852-166 
864 -45 
867-103 
878-64 
864-46 0063 
867-104 
887-7 0065 
862-1 007 

11 180 -23 0070 
862-3 

11 180-23 
455-102 
455-103 
462-185 
917-177 0071 

11 189-14 
462-186 
917-178 

11 189-14 
852-167 

*1073 0075 

• lndicates entire Application Note is provided on the page noted. 

16 

Source 

National 

National 

Solitron 
San yo 
National 

AD 
National 

Nationat 

National 

National 

Sanyo 
Solitron 
SGS 
Nationat 

Nationat 

AMD 

National 

RCA 
Solitron 
National 

National 

National 

·Sanyo 
Solitron 
National 

National 

National 

Device 

LH0036 
LHOO36C 

LHOO37 

LHOO37C 

CJSE004 
STK0040 
LH0041 

LH0041C 

AD0042C 
LH0042 
U-iOV42C 

LHOO43 

L.HOO43C 

LHOO44 

LHOO44A 

LHOO44AC 

LHOO44B 

LHOO44C 

LH0045 
LH0045C 
STK0045 
CJSEOO5 
LOOSTl 
LHOO52 

LHOO52C 

LHOO53 

LHOO53C 

0056 
0056C 
DS0056 
DSOO56C 
CD006A 
CJSE006 
LH0061 

LH0061C 

LH0062 

LH0062C 

LH0063 
LHOO63C 
STK0065 
CJCA007 
LHOO70 

LH0070-0 
LHOO7D-1 
LHOO7D-2 
LHOO71 

LHOO71-O 
lHOO71~1 

lHOO71-2 
LH0075 

Page-line I 

.1~~r:~' 

.1073 
839-101 

.1073 . 
839-102 
910-57 
852-168 
863-119 
876-47 
863-120 
882-39 

887-35
1 

~~:-~~ 
001 -.,., I 

11 166-5 
.1073 

919-60 I 
.1073 1 

919-61 I 

.1073 
865-117 
868-30 

.1073 
865-90 

868-11 i 

.1073 1 
865-91 
868-12 

*1073 I 
865-92 1 
868-29 

.1073 
865-118 
868-43 
840-91 
840-92 
852-169 
906-125 
903-67 

.1073 
865-63 
869-29 

11 166-5 
.1073 

865-75 
871-4 

11 166-5 
.1073 

919-62 
.1073 

919-63 
619-33 
619-34 
619-49 
619-50 
416-17 
910-58 
863-113 
877-29 
863-114 
886-22 
864-86 
877-51 

11 166-8 
864-87 
887-5 

11 166-8 
862-4 
862-5 
852-17 
913-34 

.1062 

.1073 
918-153 

.1062 
*1062 
.1062 
.1062 
.1073 

918-162 
.1062 
.1062 
.1OU 

903-26 

Ie MASTER 19. 
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PART NUMBER INDEX 
B8se - Base Base Base 
Number Source Device Page-Une Number Source Device page-Une Number Source Device Page-Une Number Source Device Page-Une 

0075 National LH0075 904-26 0133 National AH0133C 567-87 02 PMI REF-02E 918-86 045 SGS L045 886-30 
904-105 01'34 National AH0134 *1076 919-152 0464 Motorola MCM0464 *1514 
905-55 568-12 REF-02H 918-87 1171-34 
905-87 AH0134C *1076 919-153 05 PMI DAC-05A 593-4 
906-63 568-13 020 Sanyo STK020 852-144 DAC-05B 593-5 
907-21 0139 National AH0139 572-84 Solitron CJSE020 909-46 DAC-05C 593-6 
912~14 AH0139C 572-85 0200 Hughes HCTR0200 407-5 DAC-05E 592-47 

LH0075C 912-15 014 Solitron CJSE014 910-92 407-52 DAC-05F 593-3 
0076 National LH0076 908-56 0140 National AH0140 571-102 0203 TI TIB0203 1171-21 DAC-05G 593-7 

908-61 AH0140C 571-103 1193-79 OP-05 865-122 
909-81 0141 National AH0141 *1076 021 Solitron CJSE021 904-74 870-26 
909-96 567-61 0212 GI AY1-0212 857-18 , 167-10 
910-17 AH0141C *1076 11 174-2 , 167-11 
910-66 567-62 AY1-0212A 857-19 OP-05A 865-93 
913-44 0142 National AH0142 572-95 0214 GI AY3-0214 857-20 868-54 

LH0076C 913-45 AH0142C 572-96 0215 GI AY3-0215 857-21 OP-05C 865-134 
LM0076 909-23 0143 National AH0143 570-10 0216 GI AY3-0216 857-22 872-6 

909-51 AH0143C 570-11 022 Sanyo STK022 852-145 OP-05E 865-99 
008 Solitron CJCA008 913-108 0144 National AH0144 569-93 TI TL022C 890-48 870-27 
009 Solitron CJSEOO9 907-78 AH0144C 569-94 TL022M 890-34 Rockwell A05XX 1752-140 
0091 National LH0091 919-12 0145 National AH0145 572-71 024 Sanyo STK024 852-146 050 DOC ADH-050 919-178 

11 183-14 AH0145C 572-72 025 Sanyo STK025G 852-147 Harris HM050 461-37 
LH0091C 919-13 0146 National AH0146 569-72 SGS L025 915-135 Sanyo STK050 852-152 

0094 National LH0094 917-63 AH0146C 569-73 03 PMI DAC-03AD 591-47 051 DOC ADH-051 919-179 
01 PMI BUF-01A 862-27 015 Sanyo STK015 852-142 'DAC-03BD 592-2 Harris HM051 461-38 

BUF-01B 862-29 0151 National AH0151 *1076 DAC-03CD 592-26 0512 Harris HPROM0512 *1346 
BtJF-01E 862-28 567-69 DAC-03DD 592-39 HPR0M0512-2 *1346 
BUF-01F 862-30 AH0151C *1076 030 DOC ADH-030-10 597-7 1161-58 
CMP-Ol 845-4 567-70 ADH-030-11 596-40 HPROU0512-5 *1346 

• 179-3 0152 National AH0152 *1076 ADH-030-12 596-20 1161-60 

• 179-4 567-97 ADH-030-8 597-23 054 SGS M054 859-169 
CMP-01B 845-5 AH0152C *1076 Harris HM030 461-42 055 Harris HM055 461-39 
CMP-01C 845-28 567-98 0301 Signetics TDA0301 884-17 Sanyo STK055 852-153 
CMP-01E 845-6 0153 National AH0153 571-110 0303 TI TIB0303 1171-23 SGS M055 859-170 
DAC-Ol 585-5 AH0153C 571-111 1193-81 0555 Signetics TDA0555 902-24 

• 179-5 0154 National AH0154 572-13 031 Harris HM031 461-43 0556 Siemens TDB0556 902-106 
DAC-01B 585-6 AH0154C 572-14 Sanyo STK031 852-148 057 Sanyo STK057 852-154 
DAC-01C 585-7 016 Sanyo' STK016 852-143 0319 Signetics TDA0319 848-30 058 Sanyo STK058 852-155 
DAC-01D 585-18 0161 National AH0161 569-80 032 Sanyo STK032 852 -149 06 PM, DAC-06A 592-27 
DAC-01F 585-8 AH0161C 569-81 0320 Hughes HCTR0320 898-99 DAC-06B 592-37 
DAC-01H 585-9 0162 National AH0162 569-102 0321 Hughes HSSR0321 416-36 DAC-06C 592-41 
MAT-Ol 842-34 AH0162C 569-103 1192-56 DAC-06E 591-46 

842-53 0163 National Af-;~i!33 572-75 0324 Signetics TDA0324 896-54 DAC-06F 592-25 
, 182-6 AH0163C 572-76 034 Harris HM034 461 -44 DAC-06G' 592-38 

MAT-01A 842-35 0164 National AH0164 572-89 0347 Hughes HCTR0347 898-106 060 Sanyo STK060 852-156 
842-54 AHOl64C 572-90 035 Sanyo STK035 852-150 TI TL060AC 882-8 

MAT-01F 842-36 0165 Harris HD0165 * 731 0351 Hughes HSSR0351 416-37 TL060C 887-11 
842-55 605-5 \ 1192-57 TL060M 882-9 

MAT-01G 842-37 • 157-9 0358 Signetics TDA0358 892-55 0603 National LX0603D 918-13 
842-56 0168 Harris HM0168 *1406 036 Sanyo STK036 852-151 LX0603GB 918-15 

OP-Ol 870-53 461-45 036Tl SGS L036Tl 905-98 061 TI TL061 '866-44 
OP-OIC 879-51 017 Solitron CJSE017 904-72 037Tl SGS L037Tl 906-48 TL061AC 882-6 
OP-01E 874-10 018 Solitron CJSE018 909-45 04 PMI CMP-04B 848-33 TL061BC 876-10 
OP~OIF 874-11 0186 Harris HM0186 *1406 CMP-04F 848-34 TL061C 887-10 
OP-O,lG 879-52 461-50 DAC-04AC 591-44 TL061M 882-7 
OP-01H 870-54 019 Solitron CJSE019 904-73 DAC-04BC 591-45 062 Sanyo STK062 852-157 
REF-Ol 918-154 0198 Harris HM0198 *1406 DAC-04CC 592-24 TI TL062AC 891-37 

11 179-10 461-52 DAC-04DD 592-40 TL062BC 889-48 
REF-01A 918-155 02 PMI BUF-02A 862-7 OP-04 889-24 TL062C 893-18 
REF-01C 918-156 BUF-02B 862-9 OP-04A 888-49 TL062M 891-38 
REF-01D 918-157 BUF-02E 862-8 OP-04C 889-25 064 TI TL064AC 894-11 
REF-01E 918-158 BUF-02F 862-10 OP-04E 888-50 895-35 
REF-01H 918-159 CMP-02 845-1 040 Harris HM040 461-47 TL064BC 894-12 

Supertex VF-01 * 835 11 192-12 Sanyo STK040A 852-197 TL064C 895-34 
621-59 CMP-02B 845-2 0400 TI SBP0400 • 207,-14 897-21 

010 Harris HM010 461-23 CMP-02C 845-27 SBP0400A 1747-2 Tl064M 895-36 
Solitron CJSE010 910-90 CMP-02E 845-3 SBP0400AC 1752-152 066 TI TL066 866-95 

0104 Harris HM0104 *1406 DAC-02AC 592-45 SBP0400AM 1752-153 TL066AC 882-10 
461-40 DAC-02BC 592-46 0401 TI SBP0401A 1747-2 TL066BC 876-11 

0107- Hughes HCTR0107 460-150 DAC-02CC 592-48 SBP0401AC 1752-154 TL066C _887-12 
011 Sanyo STKOll 852-103 DAC-02DD 593-8 SBP0401AM 1752-155 TL066M 882-11 

Solitron CJSE011 907-79 OP-02 863-31 041 Harris HM041 461-48 07 PMI OP-07 865-130 
0110 Harris HM0110 461-34 874-12 Sanyo STK041 852-198 868-34 
012 Harris HM012 461-24 OP-02A 870-40 Siemens S041 855-64 , 167-12 

Solitron CJSE012 910-91 OP-02C 874-13 0410 Harris HM0410 *1406 , 167-13 
0126 National AH0126 572-36 OP-02E 870-41 461-35 OP-07A 865-100 

AH0126C 572-37 REF-02 918 -82 042 Siemens S042 839-148 868-9 
0129 National AH0129 572-4 919-148 915-136 OP-07C 865-142 

AHOl29C 572-5 , 192-12 043 Sanyo STK043 852-199 869-2 
013 Fairchild SH013C 619-36 '192-13 0436 Siemens S0436 462-74 ,OP-07D 869-3 

SH013M 619-37 REF-02A 918-83 0437 Hughes HLCOO437 409-70 OP-07E 865-131 
Harris HM013 461-25 919-149 Siemens S0437 461-65 868-36 
Solitron CJSE013 907-80 REF-02C 918-84 0438 Hughes HLCOO438 409-72 Rockwell A07XX 1752-73 

0133 National AHOl33 *1076 919-150 044 Harris HM044 461-49 070 Sanyo STK070 852-15E 

567-86 REF-02D 918-85 TI TL044C 895-4 TI TL070AC 882-4 
AH0133C *1076 919-151 TL044M 894-43 TL070C 882-13 

Arranged alphanumerically from left to 'right. 
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8ase Base Base Base ! 
Number Source DeviCe Page-Une Number Source DeviCe Page-Une Number Source Device PIg8-Une Number Source Device Page.Line 

---------------------------
070 

071 

072 

I 
I 0723 

074 

0741 

0748 
075 

076 
on 
078 
0791 

08 

18 

TI 

TI 

Exar 

TI 

Signetics 
Exar 

Harris 
TI 

Signetics 

Signetics 
Harris 
Sanyo 
TI 
Harris 
San'yo 
si:InYo 
NPC 

TL070C 
TL070M 
TL071AC 
TL071BC 
TL071C 
TL071M 
XA072 

XRonc 
XR072CN 
XR072CP 
XR072M 

XR072N 
XR072P 
TL072AC 
TL072BC 
TL072C 
TL072M 
TDA0723 
XA074 

XA074C 

XA074CN 
XR074CP 
XR074M 

XA074N 
XA074P 
HM074 
TL074AC 
TL0746C 
TL074C 
TL074M 
TDA0741 

TDA0748 
HM075 
STK075 
TL075C 
HM076 
STKOn 
STK078 
TBA0791 
TDBOi91 

AMD DAC-08 
DAC-08A 
DAC-08C 
DAC-08E 

Oatef DAC-08B 
DAC-08BC 
DAC-088M 

OAC-OSC 
Motorola DAC-08 

DAC-08A 
DAC-08C 
DAC-08E 
DAC-08H 

NEC Arrterica DAC-08C 
PMI DAC-08 

DAC-08A 
DAC-08C 
DAC-08E 
DAC-08H 
MUX-08E 
MUX-08F 
OP-08 
OP-OIrA 
OP-08B 
OP-08C 
OP-08E 
OP·08F 
OP-08G 

Raytheon DAC-08 
DAC-08A 

885-48 08 
882-5 
882-2 
875-57 
885 ... 47 
882-3 

.926 
891-33 
893-6 

.926 

.926 

• 926 
891.34

1 

• 926 
.926 

891-35 I 
889-45'! 
893-7 
891-36 
912-92 I 

• 926 
895-30 

.926 
896-60 

.926 

.926 

.926 
895-31 

• 926 
• 926 

461·19 
895-32 
894-10 
896-61 
895-33 
863-38 
883-19 
882-55 
461-20 
852-159 
896-62 
461-21 
852-160 
852-161 
882-45 
883-23 
586-16 
585-32 

080 

0800 

0801 

0802 

588-11 0806 
586-31 

.670 
586-29 0807 

• 610 
586-30 ! 

.670 0808 
586-18 
585-35 
588-13 
586-33 
585-36 
588-15 
586-21 

• 167-10 
• 167-14 
11 179-2 
11 179-6 
11 179-7 

• 179-8 0809 
11 179-10 
11 179-11 
11 179-13 

585-39 
588-16 081 
586-36 
585-40 
575 -80 
575-92 
866-60 
868-52 
869-21 
871-41 0816 
868-53 
869-22 
871 -42 
586-22 
585-41 

Raytheon DAC-08C 
DAC-08E 
DAC-08H 

Rockwell A08XX 
Signetics 

Harris 

Sanyo 
TI 

DAG·OS 
DAC-08A 
DAC-08C 
DAC-08E 
DAC·08H 
HI080 
HM080 
STK080 
TL080 
TL080AC 

588-17 0816 
586-37 
585·42 0817 

1752-74 
586-23 
585-43 
588-18 
586-38 
585-44 

11 177-4 
461-27 
852-162 

11 168-6 
882-14 

082 

National ADC0816CC 579 -21 
TI AOC0816 579-22 
Nationll A0C0817 .1074 

Exar 
ADC0817CC 
XR082 

XR082C 

XR082CN 
XR082CP 
XR082M 

91fH4 
579-39 

.927 
891-39 

.927 
893-19 

.927 

.927 

• 927 
891-40 

National 

TL080C 
TL080M 
ADC0800 

::~:~~ I' 
.1073 
.1074 

579-43 I 
11 178-16 

579-40 
.1073 
.1074 

Sanyo 
TI 

XA082N 
XA082P 
STK082 
TL082 
TL082AC 
TL082BC 
TL082C 
TL082M 
XR083 

: ~-163110 
11 168-6 

891-43 
889-49 I 
893-21 
891-44 

Telef!llken 
Falfchild 

. National 

Fairchild 

NatiOnal 

ADC0800C 
OAC0800 

586-20 
OAC080OC .1073 

.1074 
586-35 

TBA0800 
,...A0801 
,...A0801A 
j.1A0801E 
j.1A0801H 
ADC0801 

852-31 
586-17 
585-33 
586-32 
585-34 

.1066 

.1073 

.1074 
579-30 

DAC0801 .1074 
DAC0801C .1074 

588-14 
,...A0802 587 -16 
j.1A0802A 587 -17 
,...A0802B 588 -22 
J.lA0802C 588 -32 
OAC0802 .1074 

555-37 
DAC0802C .1074 

585-38 
National OAC0806 .1074 

OAC0806C .1074 
588-36 

National DAC0807 .1074 
DAC0807C .1074 

588-26! 
National ADC0808 .1073 

.1074 

.1083 
AOC0808CC .1073 

.1083 
579-20 

DAC0808 .1073 
.1074 

587-21 
DAC0808C .1073 

.1074 
587 -23 

National AOC0809 .1074 

ADC0809CC *1074 
.1083 

579-38 
Harris HM081 46 1 -28 

882-12 
887-13 
863·93 

NEC Amencaj.1PCF081 

Tt 

National 

TL081 

TL081BC 
TL081C 
TL081M 
ADC0816 

• 168-6 
876-12 
887-14 
882-15 

.1073 

.1074 

.1084 
916-12 

1760-57 
AOC0816CC .1073 

083 

084 

085 

086 
087 

088 

09 

090 
091 
093 
094 

095 

Exar 

TI 

Exar 

Harris 
Sanyo 
TI 

TI 

Sanyo 
SGS 
TI 

TI 

PMI 

Hams 
Hams 
Harris 
Exar 

Exar 

XR083C 

XR083CN 
XA083CP 
XR083M 

XR083N 
XR083P 
TL083 
TL083AC 
TL083C 
TL083M 
XR084 

XR084C 
XA084CN 
XR084CP 
XR084M 

XR084N 
XR084P 
HM084 
STK084 
TL084 
TL084AC 
TL084BC 
TL084C 
TL084M 
TL085AC 
TL085C 
STK086 
M087 
TL087C 
Tl087M 
TL088C 
TL088M 
OP-09A 
OP-09B 
OP-09E 
OP-09F 
HM090 
HM091 
HM093 
XR094 

XR094C 

XR094CN 
XR094CP 
XR094M 

XR094N 
XR094P 
XR095 
XR095C 

XR095CN 
XR095CP 
XR095M 

XR095N 
XR095P 

• Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted . 

.927 
891-41 

• 927 
893-20 

• 927 
• 927 
.927 

891-42 

• 927 .927 
11 168-6 

891-45 
893-22 
891-46 

.927 
895-37 
897-22 

.927 

.927 

• 927 895-38 
.927 
.927 

461-29 
852-164 

, 168-6 
895-39 
894-13 
897-23 
895-40 
895-41 
897-24 
852-165 
856-167 
869-53 
869-52 
876-13 
876-14 
893-44 
894-6 
893-45 
894-7 
461-31 
461-32 
461-33 

.928 
895·42 

.928 
897-25 

• 928 
*928 
.928 

895-43 

• 928 .928 
895-44 

.928 
897-26 

.928 

.928 

• 928 
895-45 

.928 

• 928 

• Indicates entire Application Note is provided on the page noted. 

10H6 

1018 

Datel 

DOC 

GI 
IMI 
Matrox 

Suoertex 
Teledyne C 
1Iurr-8rown 

Oat .. 

DOC 

PMI 

Teledyne C 

MMI 

MMI 

SHII-IC-l • 685 
919-30 

SHM-IC-1M • 685 

VFQ.1C 

YFQ-1R 
DAC-SCBl 
DAC-SCCBl 
SBA-1 
OMNICHIPI 
MTX-Al 
MTX-B1 
SOl 
CDAI-3 
MP10 

ADC-EK108 

919-31 
a 682 

916-74 
919A-12 

.682 
594-30 
596-27 

1752-15 
460-63 

1763-79 
1763-81 
857-83 

• ~~-341 
589-35 

1763-63 
11 203-4 I 
11 203-5 
.662 

580-24 
ADC-ET1OBC • 663 

580-28 
ADC-ET108M • 663 

580-27 
DAC-HA1OB • 675 
DAC-HA1OBC • 675 

590-19 
0Ac.HA1OBC-1 • 615 

590-17 
DAc..iA1OBM • 675 

590-20 
DAc.HA11J1111.1 • 675 

590-16 
DAc.HA IOBR • 675 
DAc..iF1OB • 677 
DAC-Hf118OC • 677 

590-5 
DAc.HflG8IC • 677 
DAc-HF1_ • 677 

590-6 
DAC-HFl_ • 677 
DAC-«:IOBC • 673 

DDAC·l0 
HROC-l0 
HSOC-l0 
HXDC-l0 
SDAC·10 
DAC-l0A 
DAC-1OB 
DAC-10E 
DAC-l0F 
OP-l0 

OP·l0A 

OP·1OC 

OP-l0E 

CAG10 
CAG10A 
CAG10B 
CAG10C 
CAG10D 
PAL1OH8 
PAL1OH8C 

PAL1OH8M 

PAL10HBC 

PAL1OH8M 

PAL1OL8 
PAL1OL8C 

PAL10L8M 

591-27 
599-37 
918-187 
918-192 
918-197 
599-33 
589·43 
590-7 
590-8 
591-23 
865-124 
888-40 

, 163-5 
• 182-6 

865-125 
888-41 
865-139 
889-5 
865-126 
888-42 
567-10 
567·5 
567-13 
567-7 
567·9 

.1479 

.1479 
455-135 

1160-37 
.1471 

455-136 
1160-38 
455-145 

1160-47 
455-146 

1160-48 
.1479 
.1479 

455-157 
1160-59 

.1419 
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PART NUMBER INDEX 
Base Base Base Base 
Number Source Device Page-Line Number Source Device Page-Une Number Source DevIce Page-Une Number Source Device Page-Une 

10L8 MMI, PAL10L8M 455-158 10014 Fairchild Floo14 421-68 101 CMA FX101 901-141 10105 NEC America I1PB10105 419-72 
1160-60 Floo14C 420-149 DOC MOA10l-l0 590-36 Signetics 10105 419-50 

Raytheon PAL10L8C 455-167 FlOO14M 420-150 Delco DA-l01 852-188 10106 Fairchild Fl0106 419-12 
1160-71 100141 Fairchild Floo141 421-80 866-150 Hitachi HD10l06 419-14 

PAL10L8M 455-168 100142 Fairchild FlOO142 421-64 893-23 Motorola MC10106 419-15 
1160-72 100145 Fairchild Fl00145 421-66 Fairchild ~101 881-3 National DM10l06 419-17 

100 Cherry CSloo 854-23 100150 Fairchild Fl00150 - 421-62 I1Al01A 863-8 NEC America I1PB10l06 419-18 
DOC MDA100-10 590-35 100151 Fairchild Floo151 421-48 ~101AM 874-53 Signetics 10106 419-19 
Exar Aloo • 932 100155 Fairchild F1{)()155 421-78 Intersil lOlA 863-9 10107 Fairchild Fl0107 418-155 

460-25 100156 Fairchild Floo156 421-84 874-55 Hitachi HD10107 418-157 
8100 • 932 100158 Fairchild Floo158 421-82 101ALN 875-13 Motorola MC10107 418-158 

460-26 10016 Fairchild Floo16C 418-47 Motorola LM101A 863-10 NEC America I1PB1 01 07 418-160 
Cloo .932 Floo16M 418-48 874-57 Signetics 10107 418-161 

460-27 100160 Fairchild Fl00160 421-90 National AF101 901-14 10108 Signetics 10108 418-141 
0100 • 932 100163 Fairchild FlOO163 421-72 LH10l 880-54 10109 Fairchild Fl0109 419-33 

460-28 100164 Fairchild Floo164 :421-74 , 165-19 Hitachi H010l09 419-35 
Fl00 • 932 100165 Fairchild Floo165 421-92 LM101 .1035 Motorola' MC1Q1 09 419-37 

460-29 100166 Fairchild Floo166 421-32 881-4 National DM10109 419-39 
Ferranti ZNP100 917-22 100170 Fairchild F100170 421-40 , 165-16 NEC America I1PB10109 419-40 
IMI MM100 417-132 100171 Fairchild Fl00171 421-76 11 165-19 Signetics 10109 419-41 

460-53 100179 Fairchild Floo179 421-30 11 166-1 1011 GI AY5-1011 , 156-5 
Intersil 100 912-29 100181 Fairchild Fl00181 421-28 LM101A .1035 10110 AMI 510110 856-12~ 

Master Logic ML 100 417-149 100182 Fairchild FlOO182 421-34 863-11 915-80 
460-67 100183 Fairchild Floo183 421-36 874-59 11 173-19 

National AF100 .1073 100194 Fairchild Floo194 421-88 11 163-4 Fairchild Fl0110 418-16-1 
915-26 1002 AMD MKloo2 1193-19 11 166-3 Hitachi HD10ll0 418-1~ 

LM100 912-31 GI Tloo2 860-111 11 166-4 Motorola MC10110 418-16S 
11 187-14 Mostek MKl002 1193-20 11 166-15 NEC America I1PB10l10 418-171 
11 187-15 National AMl002 573-17 11 166-16 Signetics 10110 418-172 
11 188-1 11 189-15 11 166-17 10111 AMI 510111 856-123 
11 188-12 Signetics TAAloo2 853-2~ 11 167-3 915-81 

PMI DAC-l00 11 179-3 TDA1002 840-35 Panasonic AN101 855-101 Fairchild Fl0111 419-1 
11 179-4 851-9 PMI DAC-l01A 590-9 Hitachi HD10111 419-5 
11 179-5 TRW TDC1oo2J 578-10 DAC-l01B 591-24 Motorola MC10111 419-6 

DAC-l00A 590-15 1003 EA EAloo3 1192-70 DAC-l01E 590-10 11 156-10 
590-16 Panasonic MN1003 1169-22 DAC-l01F 591-25 National DM10111 419-7 

DAC-l00B 591-28 Signelics TDAloo3A 856-101 Raytheon LH101 880-55 NEC America I1PB10111 419-8 
591-29 917-59 LM101 881-5 Signetics 10111 419-9 

DAC-100C 592-9 TRW TDC1003J 426-27 LM101A 863-13 10112 National DM10112 419-30 
592-10 TOC1003JM 426-28 874-61 Sig1etics 10112 419-31 

DAC-l00D 592.34 1004 EA EA1004 1193-11 RCA CA10l 881-6 10113 Fairchild Fl0113 418-150 
592-35 NEC America I1PC1004 855-44 CA101A 863-12 Motorola MC10113 41~-152 

Reticon SAD100 919-91 Signetics TDA1004A 852-111 875-5 Signetics 10113 418-153 
Siemens SDA100 860-122 TRW TDCloo4 915-177 Signetics LM101 881-7 10114 Fairchild _' Fl0114 420-97 
Signetics ST100 .1106 TDC1004J 460-22 LM101A 863-14 Motorola MC10114 420-102 

900-20 10041 Fairchild Fl0041 1191-74 875-7 Signetics 10114 420-109 
Silicon G SG100 912-35 100414 Fafrchild Floo414 1173-68 Silicon G SG10l 881-8 10115 Fairchild Fl0115 420-113 
Unitrode PFloo 917-33 ,100415 ' Fairchild Floo415 .1246 SG101A 863-15 Motorola MC10115 420-115 

PR100 917-34 421-70 875-9 11 158-16 
1 OOXl 00 Reticon RA100Xl00 - 916-160 Fl00415A .1246 Silicon Sys, SSI101A 619-182 National DM10115 420-117 
1000 GI LP1000 1759-53 420-16 Teledyne C CSH101A 919-76 NEe America I1PB10115 420-118 

Holt HI-lOOO 417-127 Fl00415C .1246 TI LM101A 863-16 Signetics 10115 420-1H 
Lambda LAS1oo0 912-119 1176-96 875-11 10116 Fairchild Fl0116 420-98 

_ National AM1000 573-9 Fl00415DC .1246 1010 GI LP1010 1759-51 Hitachi HD10116 420-101 
11 189-15 F100415FC .1246 Sanken SI10l0 852-99 Motorola MC10116 420-103 

TI TMS1000 1753-67 100470 Fairchild Fl00470 1180-51 Signetics TDA10l0 852-112 11 158-5 
1748-2 Fl00470C .1238 TRW TJ?Cl0l0J 426-39 , 158-16 

'II 207-14 Fl00470DC .1238 TDCl 01 OJM 426-40 National DM10116 420-108 
TMSl000C 1753-76 Fl00470FC .1238 10100 Fairchild Fl0loo 419'-21 Signetics 10116 420-110 

1748-3 100473 Siemens GXB100473 1173-25 Motorola MC10loo 419-22 10117 Fairchild Fl0117 419-100 
10000 Fairchild Fl0000C 420-61 100475 Siemens GXB100475 1178-84 NEC America I1PB10loo 419-23 Hitachi HD10117 419-102 

1189-87 1005 EA EAl005 I 1193-10 Signetics 10100 419-24 Motorola MC10117 419-103 
Motorola MC10000 11 155-5 Signetics TDA1005 855-154 10101 Fairchild Fl0l0l 419-52 National DM10117 419-105 

11 196-8 TRW TDC1005J 1192-93 Hitachi HD10l0l 419-54 NEC America I1t:'B101,17 419-10Ei 
1001 National AM100l 573-10 1006 Signetics TDA1006 856-104 Motorola MC10101 419-55 Signetics 10117 419-107 

11 189-15 917-60 1 158-4 10118 Fairchild Fl0118 419-83 
Panasonic MNloo1 1170-37 TRW TDC1006J 1193-52 NEC America I1PB10l0l 419-57 Hitachi HD10118 419-85 

MNloo1-1 1170-3 1007 EA EA1007 1192-71 Signetics 10101 419-58 Motorola MC10118 419-86 
MNloo1-2 1169-92 GI AY1-1007B 856-155 10102 Fairchild Fl0102 419-66 National DMl0118 419-88 

Plessey SL1001 900-7 ' Mostek MK1007 1187-14 Hitachi HD10102 419-69 NEC America I1PB10118 419-89 
SL1001A 915-129 TRW TDCloo7J 578-6 Motorola MC10102 419-70 Signetics 10118 419-90 
SL1001B 915-130 1008 EA EA1008 1192-108 Signetics lQl02 419-73 10119 Fairchild Fl0119 419-75 

TRW TDC1001J 578-7 Signetics TDA1oo8 856-150 10103 Fairchild Fl0103 419-60 Hitachi HD10119 419-77 
10010 Fairchild F1oo10C 418-61 TRW TDCl008J 426-18 Motorola MC10103 419-62 Motorola MC10119 419-78 

F1oo10M 418-62 TDC1008JM 426-19 NEC America I1PB10l03 419-63 National DM10119 419-80 
100101 Fairchild Floo101 421-56 10080 Fairchild Fl0080 421-26 Signetics 10103 419-64 Signetics 10119 419-81 
100102 Fairchild Flool02 421-58 1009 EA EA1009 1192-103 10104 Fairchild F10104 418-143 1012 EA EA1012 1192-81 
100107 Fairchild Floo107 421-54 NEC America I1PC 1009 858-63 Hitachi HD10l04 418-145 10121 Fairchild Fl0121 419-92 
100112 Fairchild Floo112 421-42 Signetics TDA1009 852-194 Motorola MC10l04 418-146 Hitachi HD10121 419-94 
100114 Fairchild Fl00114 421-86 TRW TOCl009J 426-29 OKI MSM10104 415-90 Motorola MC10121 419-95 
100117 Fairchild F1oo117 421-50 TDC1009JM 426-30 Signetics 10104 418-148 National DM10121 419-97 
100118 Fairchild Floo118 421-52 101 AD AD101A 863-7 10105 Fairchild Fl0105 419-43 Signetics 10121 419-98 
100123 Fairchild ' F1oo123 421 -44 874-49 Hitachi HD10105 419-45 10123 Fairchild Fl0123 418-99 
100130 Fairchild F1OO130 421-60 AMD LM10l 880-56 Motorola MC10l05 419-46 Motorola MC10123 418-101 
100131 Fairchild F1oo131 421-46 LM101A 863-6 National DM10105 419-48 11 156-10 
100136 Fairchild F100136 421-38 874-51 NEC America I1PB10105 419 -49 Signetics 10123 418-lm 

Arranged alphanumericaHy from left to right. 
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10124 Fairchild Fl0124 420-88 10142 
Hitachi H010124 420·90 
Motorola MC10124 420-91 10143 

• 158-16 
Nationa! DM10124 420-93 

NEG America /lPB10124 420·94 10144 
Signetics 10124 420-95 

10125 Failcl1ild FI0125 420-77 
Hitachi H010125 420-79 
Motorola MC10125 420-80 

11 158-16 
NEe America /lPB10125 420-82 
Stgnetics 10125 420-83 

10128 Motorola MC10128 418-97 

• 158-16 

I 
10129 AMI S10129 856-137 

11 173-19 10145 
Motorola MC10129 420-121 

11 158-16 
Signetics 10129 420-122 

1013 EA EA1013 1192-80 
GI AY5·1013 , 156-3 

AY5·1013A 625-75 
AY6-1013 625-64 

10130 AMI S10130 856-138 10146 
1 173-19 

Fairchild Fl0130 419·109 10147 
Hitachi H010130 419-111 
Motorola MC10130 419·113 
Signelics 10130 419·115 

10131 AMI S10131 856·139 
11 173-19 

Fairchild Fl0131 418-107 
Hitachi H010131 418-111 
Motorola MC10131 418-112 10148 
NEG Amenca pPB10131 418-117 
Signetics 10131 418-118 

10132 Fairchild Fl0132 419-141 
Hitachi H010132 419-143 
Motorola MC10132 419-144 
Sigoetics 10132 419-145 

10133 Fairchild Fl0133 419-117 
Hitachi H010133 419-119 
Motorola MC10133 419-120 10149 
NEe America J.LPB10133 419-122 
Sigrratics 10133 4~S .. 123 

10134 Fairchild Fl0134 419-147 
Hitachi H010134 419-149 
MotOfoia MC10134 419·150 1015 
Signelics 10134 419-151 10151 

10135 Fairchild Fl0135 418-132 
Motorola MC10135 418-134 10152 

1 158-7 
NEG America /lPB10135 . 418-136 10153 
Signelics 10135 418-137 

10136 Fairchild Fl0136 418-51 10155 
Hitachi H010136 418-53 
Motorola MC10136 418-54 10158 

• 155-3 
NEe America /lPB10136 418-56 
Signetics 10136 418-57 

10137 Fairchild Fl0137 418-64 10159 
Motorola MC10137 418-65 

11 155-3 
Sigoelics 10137 418-67 1016 

10138 Motorola MC10138 418-59 
10139 Motorola MCM10139 420-22 

1161-7 
Signelics 10139 420-23 10160 

1161-6 
TI SN10139 1161 -5 

1014 GI AY3-1014A 625-72 
TRW TDC1014,l 578-4 

10140 Signelics 10140 419-179 10161 
1173-18 

TI SN10140 419-180 
1173-21 

10141 Fairclild Fl0141 420-63 
1189-92 10162 

Motorola MC10141 420-64 
1189-89 

Signelics 10141 420-66 
1189-91 

10142 NEe America ",PB10142 419-169 10163 
1173-15 

Signelics 10;42 419-170 10164 

20 

a-
Source Device Page-Une Number Source Device Page-Une 

TI SN10142 419·171 10164 Hitachi H010164 420·34 

1173·14 Motorola MC10164 420·35 
Motorola MCM10143 419-162 NEe America ",PB10164 420-37 

1171 -83 SigneIiCs 10164 420-38 

If 158·17 T! SN10164 420-39 
Motorola MCM10144 420-7 10165 Fairchild Fl0165 420-126 

1173-74 Hitachi H010165 420-128 
NECAmerica ,.PB10144 420-9 Motorola MC10165 420-129 

1173-73 Signetics 10165 420-130 
Plessey SP10144 1173-77 10166 Fairchild Fl0166 418-36 
Raytheon Rll0144 420-11 Motorola MC10166 418-38 

1173-83 10168 FairchikJ Fl0168 419-129 

Stgnetics 10144 420-10 Motorola MC10168 419-131 
1173-76 1017 TRW TDC1017J 590-4 

TI 5Nl0144 420-12 10170 Fairchild Fl0170 420-132 

1173-82 Motorola MC10170 420-134 

Fairchild Fl0145 1171-99 NEe America /lPB10170 420-135 
Fl0145AC 419-164 Signetics 10170 420-136 

Hitachi H010145 419-165 10171 Fairchild Fl0171 418-91 
1171·100 Motorola MC10171 418-93 

Motorola MCM10145 419-166 Signetics 10171 418-95 
1171-101 10172 Faircl1ild Fl0172 418-85 

Signelics 10145 419-167 Motorola MC10172 418-87 
1171-102 Signelics 10172 418-89 

Motorola MCM10146 420-18 10173 Fairchild Fl0173 419-153 

1176-85 Motorola MC1017~ 419·155 
Hitachi H010147 419-186 Signetics 10173 419-156 

1173-45 10174 Faircl1ild Fl0174 420-41 

Motorola MCM10147 419-187 Hitachi H010174 420-43 
1173-49 Motorola MC10174 420-44 

Siemens GXB10147 1173~46 NEe America ",PB10174 420-45 
Signelics 10147 1173-50 Si!11e1ics 10174 420-46 
TI SN10147 419-188 TI SN10174 420-47 

1173-51 10175 Fairchild Fl0175 419-133 

Hitachi H010148 419-173 Hitachi H010175 419-135 
1173-17 Motorola MC10175 419-136 

Motorola MC10148 419-174 NEe America ,.PB10175 419-138 
NEe America /lPB10148 419-175 Signetics 10175 419-13~ 

1173-16 10176 Fairchild Fl0176 418-121 
SigneticS 10148 419-176 Motorola MC10176 418-123 

1173-19 NEG America ",PB10176 418-125 
TI SN10148 419-177 Signelics 10176 418-12E 

1173-22 10177 Fairchild Fl0177 420-72 
Motorola MCM10149 420-26 Motorota MC10177 420-71 

1161-70 10178 Motorola MC10178 418-49 
Sian-tens GXB10i49 420-27 10179 Failchiid Fl0179 418 .. 29 

Signetics 10149 420-28 Hitachi H010179 418-31 
1161-69 Motorola MC10179 418-32 

GI AY3-1015D 625-69 , 158-15 

Signelics 10151 419-182 Signelics 10179 418-34 
1173-20 1018 TI TMS1018 853-203 

Motorola MCM10152 420-8 1753-84 

1173·72 1763-69 
Fairchild Fl0153 419-125 10180 Fairchild Fl0180 418-4 
Motorola MC10153 419-127 Hitachi H010180 418-6 
Signetics 10155 419-160 Motorola MC10180 418-7 

1171-82 , 158-15 

Fairchild Fl0158 420-50 NEe America ",PB10180 418-9 
Motorola MC10158 420-52 Signelics 10180 418-10 
NEG America /lPB10158 420-53 10181 Fairclild Fl0181 418-14 
Signetics 10158 420-54 Hitachi H010181 418-16 
Fairchild Fl0159 420-56 Motorola MC10181 418-17 

Motorola MC10159 420-58 , 158-15 

Signetics 10159 420-59 NEe America ",PB10181 418-19 

GI AY5-1016 576-28 Signetics 10181 418-20 

576-70 10182 Motorola MC10182 418-12 

• 156-4 10183 Motorola MC10183 418-27 

TRW TOC1016J 586-12 10186 Fairchild Fl0186 418·128 
Fairchild Fl0160 420-138 Motorola MC10186 418-130 
Hitachi HD10160 420-140 10188 Signelics 10188 418-40 
Motorola MC10160 420·141 10189 Motorola MC10189 418-42 
NEG America ",PB10l60 420-143 Signelics 10189 418-43 

Sig~\ic" 10160 420-144 10190 Motorola MC10190 420-85 
Fairchild Fl0161 418-77 Signetics 10190 420-86 
Hitachi H010161 418-79 10191 Motorola MC10191 420-74 
Motorola MC10161 418-80 Signetics 10191 420-75 
NEe America /lPB10161 418-82 10192 Fairchild Fl0192 418-104 
Signelics 10161 418-83 Signetics 10192 418-105 
Fairchild Fl0162 418-69 10193 Motorola MC10193 420-147 
Hitachi H010162 418-71 604-13 
Motorola MC10162 418-72 10194 Motorola MC10194 420-124 
NEG America /lPB10162 418-74 10195 Motorola MC10195 418-45 
Stgnelics 10162 418-75 10197 Motorola MC10197 418-139 
Motorola MC10163 420-146 10198 Motorola MC10198 420-30 

604-12 102 AMO LM102 862-44 
Fairchild Fl0164 420-32 Cherry CS102 463-14 

'Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 

a-
Number 

102 

1020 

10209 
1021 

10210 

10211 

10212 

10216 

1022 

1023 

10230 
10231 

1024 

1025 

Source Device Page-Une 

Cherry CS102 854·24 
919·158 

Fairchild p.A102M 862-42 
lntersil 102 862-43 
~at.T~~ AF102 nt'\1 fC 

LM102 862-40 
• 162-9 
11 163-4 
11 165-16 
11 ·166-3 
11 166-4 
11 172-1 
11 180-20 

5G5 Hl02 423-132 
Silicon G SG102 862-39 
Silicon Sys. S51102 "9.', Telefunken Ul02 917-27 
NationII DAC1020 .1073 

*1074 
",1080 I 

591-20 
DAC1020C *,073 

.1074 

.1080 
591-22 

NEe America ",PC 1 020 852-82 
Piessey SL1020 900-9 
Sanken SI1020 852-138 

Hitachi HOI 0209 419-36 
NationII DAC1021 *1073 

*1074 
592-6 

DAC1021C .1073 
*1074 

592-8 
NEe America ",PC1021 851-57 
Fairchild Fl0210 418-165 
Motorola MC10210 418-17C 
Fairchild Fl0211 419-2 
Signetics 10211 419-10 
Fairchild Fl0212 419-27 
Motorola MC10212 419-29 
MotOfoia MC10216 420-104 

, 158-16 

Sigoelics 10216 420-111 
NItionII OAC1022 .1073 

",1074 
592-31 

DAC1022C .1073 
.1074 

592-33 
SMC 1022 854-21 
TI TMS1022 854-70 
Motorola MC1023 , 158-4 

NEe America ",PC1023 853-13 
Signetics TDA1023 919A-60 
Hitachi HOI 0230 419-112 
Fairclild Fl0231 418-108 
Motorola MC10231 418-113 
Signetics 10231 418-119 
GI SAA-l024 , 175-3 

SAA1024 859-150 
Harris HPfIOUl0204-2 1162-10 

HPflOMlil24-5 1162-11 
Hi'ROMl0z.4A-2 1162-8 
HPROM10z.4A-5 1162-9 

Hughes HOSR1024 1187-92 
IPI Ml024 916-142 
NEe America ",PC1024 853-14 
Reticon CCPD1024 916·119 

RL1024. 916-151 
RL1024SF 916-152 
SAD1024 41 193-3 
SA01024A 856-125 

919-94 
, 174-8 
, 174-9 
, 193-6 

SGS Ml024 859-171 
Signelics TOA1024 919A-61 
TI TMS1024 1753-79 
GI SAA-l025 , 175-3 

SAA1025 859-151 
t 175-4 

Hughes HDSR1025 1187·71 
NEG America j.lPC1025 851-194 
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Base Base Base Base 
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1025 Plessey SL1025 915-116 10453 Rockwell 10453 1752-126 10560 Motorola MC10560 420-142 108 Motorola LM108A 870-10 
SGS Ml025 859-172 1046 Siemens TDA1046 851-45 10561 Fairchild F10561 418-78 National AF108 900-175 
Tl TMS1025 1753-80 1047 Siemens TDA1047 855-66 Motorola MC10561 418-81 LM108 .1035 

1026 Hughes HDSR1026 1187-33 10470 Fairchild F10470 .1238 10562 Fairchild Fl0562 418-70 866-54 
NEG America p.PC 1 026 855-138 F10470C .1238 Motorola MC10562 418-73 873-46 

1027 Signetics 8AA1027 856-106 1180-50 10564 Fairch~d Fl0564 420-33 , 166-2 
917-47 1180-52 Motorola MC10564 420-36 11 166-3 

1028 NEG America p.PC1028 855-45 F10470DC .1238 10565 Fairchild Fl0565 420-127 11 166-4 
Signetics SAA1028 854-119 F10470FC .1238 10566 Fairchild Fl0566 418-37 11 167-2 

TDA1028 572-104 1049 Siemens GXB1049 1161-67 10568 Fairchild Fl0568 419-130 LM108A .1035 
840-85 105 AMD LM105 913-1 10570 Fairchild Fl0570 420-133 870-12 

10287 Motorola MC10287 418-24 CMA FX105 901-138 10571 Fairchild Fl0571 418-92 11 187-6 
1029 Signetics TDA1029 572-110 Fairchild p.A105 .934 Motorola MC10571 418-94 • 188-3 

840-86 11 187-8 10572 Fairchild Fl0572 418-86 PMI PM108 866-62 
103 National AF103 901-16 p.A105M * 934 Motorola MC10572 418-88 ·873-50 

LM103 918-178 913-3 10573 Fairchild Fl0573 419-154 PM108A 870-16 
Panasonic AN103 898-79 Intersil 105 913-4 10574 Fairchild Fl0574 420-42 Raytheon LM108 866-63 
SGS Hl03 423-125 Motorola LM105 913-6 Motorola MC10574 420-48 873-52 
Silicon Sys. 881103 619-184 11 187-13 10575 Fairchild Fl0575 419-134 LM108A 870-18 
Telefunken Ul03 917-16 National LM105 913-8 Motorola MC10575 419-137 Signetics LM108 866-64 

1030 GI LP1030 1759:49 11 187-16 10576 Fairchild Fl0576 418-122 873-54 
Plessey 811030 840-142 11 188-2 Motorola MC10576 418-124 LM108A 870-20 
8anken SI1030 852-140 Raytheon LM105 913-12 10579 Fairchild Fl0579 418-30 Silicon G 8G108 866-65 

10305 AMI 810305 861-62 SGS Hl05 423-171 Motorola MC10579 418-33 873-56 
1031 NEG America p.PC1031 860-127 Siemens TCA105 919-162 10580 Fairchild . Fl0580 418-5 SG108A 870-22 

Signetics 8AF1031 859-178 Silicon G SG105 913-14 Motorola MC10580 418-8 1080 Harris Hl-tOSO .711 
10318 Motorola MC10318 586-13 Silicon Sys. S81105 619-190 10581 Fairchild Fl0581 418-15 587-34 
1032 GI S85-1032 1192-68 TI LM105 913-16 Motorola MC10581 418-18 Hll080 

• 177-5 886-1032 1192-69 1050 Sanken SI1050 852~141 10586 Fairchild Fl0586 418-129 10800 Motorola MC10800 418-22 
NEG America IlPC1032 853-15 10501 Fairchild F10501 419-53 106 AMD LM106 845-13 1763-6 
Signetics SAF1032 859-179 Motorola MC10501 419-56 National AF106 900-173 1736-4 

1034 Ferranti ZN1034E 902-73 10502 Fairchild Fl0502 419-68 LM106 845-15 • 205-1 11 191-3 
I 

Motorola MC10502 419-71 11 172-1 10801 Motorola MC10801 1763-8 
103461 Hitachi HD103461 624-153 10503 Fairchild Fl0503 419-61 Silicon Sys. SSI106 619-192 11 204-20 
1037 Siemens TDA1037 852-104 10504 Fairchild Fl0504 418-144 Telefunken Ul06 919A-67 10802 Motorola MC10802 1763-12 
10371 Rockwell 10371 625-59 Motorola MC10504 418-147 TI LM106 845-17 10803 Motorola MC10803 1763-10 

1752-130 10505 Fairchild Fl0505 419-44 1060 Signetics TDA1060 914-45 11 204-20 
11 206-18 Motorola MC 1 0505 419-47 10610 Fairchild Fl0610 ~18-167 10804 Motorola MC10804 1763-14 

104 Fairchild ;J.A104 . * 934 10506 Fal~chI!d F1050e 419 -~3 10611 Fa'rcMd F10Sn 419-4 10805 Motorola MC10B05 1763-16 
11 187-8 Motorola MC10506 419-16 10612 Fairchild Fl0612 419-28 10806 Motorola MC10806 1763-20 

IlA104M • 934 10507 Fairchild Fl0507 418-156 10616 Motorola MC10616 420-107 10807 Motorola MC10807 1763-18 
913-95 Motorola MC10507 418-159 1062 Telefunken TDA1062 855-172 10808 Motorola MC10808 1763-22 

Motorola LM104 11 187-13 10509 Fairchild Fl0509 419-34 10631 Fairchild Fl0631 418-110 10809 Rockwell 10809 1752-136 
LM104H 913-96 Motorola MC10509 419-38 Motorola MC10631 418-115 10814 Rockwell 10814 1752-105. 

National AF104 900-172 10510 Fairchild Fl0510 418-166 1066 Ferranti ZN1066 914-24 10815 Rockwell 10815 1752-118 
LM104 913-98 I 10511 Fairchild Fl0511 419-3 11 187-9 10817 Rockwell 10817 1752-103 

11 187-16 10513 Fairchild Fl0513 418-151 1068 Telefunken TDA1068 857-44 1083 8prague TDA1083 851-98 
11 188-2 10514 Fairchild Fl0514 420-99 10687 Motorola MC10687 418-25 Telefunken TDA1083 851-103 
11 188-4 Motorola MC10514 420-105 10696 Rockwell 10696 1752-112 1085 Harris HI-1OS5 • 711 
11 188-12 10515 Fairchild Fl0515 420-114 107 AMD LM107 874-23 588-29 

8GS Hl04 423-113 Motorola MC10515 420-116 CMA FX107 901-166 Hll085 11 177-4 
Silicon G SG104 913-102 10516 Fairchild F1051S 420-100 Fairchild p.Al07M 874-25 109 CMA FX109 902-137 
Silicon Sys. SSI104 619-188 Motorola MC10516 420-106 Intersil 107 874-27 Fairchild IlA109 .934 
TI LM104 913-105 10517 Fairchild Fl0517 419-101 Motorola LM107 874-29 • 187-8 

1040 Ferranti ZN1040E 433-60 Motorola MC10517 419-104 National AF107 900-174 p.A109M * 934 
10405 Fairchild Fl0405C 419-184 10518 Fairchild Fl0518 419-84 LM107 874-31 903-71 

1173-48 Motorola MC10518 419-87 • 163-4 Motorola LM109 11 187-13 
10410 Fairchild Fl0410C 420-1 10519 Fairchild Fl0519 419-76 • 166-4. LM109H 903-23 

1173-75 Motorola MC10519 419-79 Photo Therm PT -1 (}7 917-45 LM109K 903-74 
Fujitsu MBM10410 420-3 10521 Fairchild Fl0521 419-93 Raytheon LM107 874-35 National LM109 11 188-3 

1173-79 Motorola MC10521 419-96 RCA CA107 874-37 "88-5 
10411 Fairchild Fl0411C 420-2 10523 Fairchild Fl0523 418-100 Signetics LM107 874-39 11 188-15 

1173-78 10524 Fairchild Fl0524 420:-89 Silicon G 8Gl07 874-41 LM109H .1060 
10414 Fairchild F10414 1173.-69 Motorola MC10524 420-92 TI LM107 874-43 903-27 
10415 Fairchild F10415 .1246 10525 Fairchild Fl0525 420-78 1070 TI TMS1070 1753-68 LM109K .1060 

420-14 Motorola MC10525 420-81 1748-4 903-78 
F10415A .1246 10530 Fairchild Fl0530 419-110 10706 Rockwell 10706 1752-101 Raytheon LM109H 903-34 

420-15 Motorola MC10530 419-114 10736 Rockwell 10736 1752-123 LM109K 903-82 
F10415AC .1246 10531 Fairchild Fl0531 418-109 10738 Rockwell 10738 1752-99 SGS Hl09 423-69 

1176-80 Motorola MC10531 418-114 10788 Rockwell 10788 1752-110 Signetics LM109DA 903-56 
F10415AOC .1246 10532 Fairchild Fl0532 419-142 10789 Rockwell 10789 1752-120 LM109DB 903-108 
F10415C .1246 10533 Fairchild Fl0533 419-118 108 AD AD108 866-47 Silicon G 8Gl09K 903-89 

1176-97 Motorola MC10533 419-121 873-38 SG109T 903-39 
Fl0415DC .1246 10534 Fairchild Fl0534 419-148 AD108A 870-4 TI LM109 903-42 
F10415DM .1246 10535 Fairchild Fl0535 418-133 AMD LM108 866-48 1090 Sprague TDA1090 851-99 
F10415FC .1246 Motorola MC10535 418-135 873-36 10929 Rockwell 10929 1752-138 
F10415FM .1246 10536 Fairchild Fl0536 418-52 LM108A 870-2 10930 Rockwell 10930 1752-128 

Fujitsu MBM10415A 420-20 Motorola MC10536 418-55 Fairchild IlAl08 866-51 10932 Rockwell 10932 1752-134 
1176-93 10537 Motorola MC10537 418-66 IlAl08AM 870-6 10936 Rockwell 10936 1752-107 

MBM10415AH 1176:-81 1054 SG8 TDA1054M • 174-10 IlAl08M 873-40 1098 TI TMS1098 1753:-86 
Motorola MGM10415A 420-19 10541 Motorola MC10541 420-65 Intersil 108 866-52 109.9 TI TMS1099 1753:-87 
Siemens GXB10415 1176-84 1189-90 873-42 TMS1099C 1753-91 

10416 Fairchild Fl0416 420-25 10553 Fairchild Fl0553 419-126 10BA 870-8 11 BurT-Brown MP11 • 659 
Fl0416C 1161-68 10558 Fairchild Fl0558 420-51 108L'N 873-58 589-36 

10430 AMI 810430 856-171 10559 Fairchild Fl0559 420-57 Motorola LM108 866-53 1763-64 
10432 Rockwell 10432 1752-132 10560 Fairchild Fl0560 420~139 873-44 

• 203-4 

Arranged alphanumerically from left to right. 
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11 aurr-Brown MPll • 203-5 1103 Intel 110M 1169-15 11226 Hitachi HAll226 851·161 11600 National LM11600 839-169 

UAF11 • st21 1103A·l 1169-7 11227 Hitachi HA11227 855·122 891-30 
915-9 1103A-2 1169-8 11235 Hitachi HA11235 859-114 11660 Rockwell 11660 1752-89 

UAF11H 915-10 Nortec 1103 1169-21 1124 Hitachi HAl124 860-15 11696 Rockwell 11696 1752-114 

DDC OAC-Ul1.1 599-46 1103-1 1169·10 . 11247 Hftachi HAl1247 858-107 117 !n!~rs!! G117A 574-49 

DAC·Ul1·3 599-47 1103-146 1169-17 1 1125 Hitachi HAl125 860-16 Gl17B 574-50 

DDAC-ll 599-36 TI TMSll03 • 160·19 11251 Hitachi HA11251 851-81 Motorola LMl17 912-105 

SDAC·l1 599-31 11049 Rockwell 11049 1752-116 1126 Hitachi HA1126 857·176 • 187-13 
National lMll • 172-4 110S NCR NCRll05 1159·27 1127 Hitachi HA1127 842·155 National LM117 .1060 
PMI OP-l1A 893-46 Nitron NC110S 1159·28 Motorola MHW1127 858·27 • 188-9 

OP·l1B 894-8 1106 National LFll06 576-66 113 IntefSil D113C 576-95 • 188-10 
OP-l1E 893-47 1108 Hitachi HAllOO 857-175 D113M 576-96 • 188-11 
OP·11F 894-9 111 AD AD111 845-31 National AF113 901-19 LMl17H .1060 

SMP11E 919-68 AMO LF111 845·59 LM113' .1062 912-108 

SMP11F 919-70 LM111 845·50 918·31 LM117HV .1060 

1 

Supertex ED-11 .834 Fairchild /-lAF111 846-2 I 
• '.

2014

1 .13~51 
417-13 ~111M 845-33 LM113-1 .1062 LM117HVH .1060 

Teledyne e COA11 571-67 Intersil 00111 568·33 I 918·32 SGS Hl17 424-26 

CDA11·S12 571·66 LOllI 584-40 I LMl13-2 .1062 Silicon G SGl17K 912·111 

l1COl Fairchild llC01C 422-35 111 845-34 I 918·33 SG117T ::!:. j llC05 Fairchild llCOSC 421-99 Motorola LMll1 845-36 SGS H113 424·57 Siliconix Gl17A 

461-109 National AF111 901·17 Telefunken U113 857·128 G117B 574-52 

l1COSM 421-100 LF111 .1035 11300 NatiOnal LF11300 • 183-12 TI LMl17 912·114 

461-110 846-3 1130S National LF1130S 575·83 TL117l 912-102 

11COS Fairchild llC06C 421-132 lM111 845·38 11306 National lF11306 575-12 1170 Fairchild TDA1170 860-124 

llC24 Fairchild 11C24C 452-193 • 167-3 11331 National LF11331 .1035 SGS TOAl170 860-13 

899-108 , 171·16 569·14 11701 Hitachi HAl1701 861-18 -

11C44 Fai'chiId 11C44C 457-93 
• 172-2 

11332 National LF11332 .1035 11702 Hitachi HAl1702 861-19 

898·39 • 172-5 569,-15 11703 Hitachi HA11703 861-20 

11C58 Fairchild 11C58C 422-43 Raytheon LM111 845-44 11333 National LF11333 .1035 11704 Hitachi HAl1704 861-21 

899-51 RCA CA111 845-42 569·16 1170S Hitachi HA1170S 861·22 

l1C70 Fairchild llC70C 421-125 SGS Hll1 423·92 11340 National LM11340 574-41 11706 Hitachi HA11706 861-23 

462-135 Signetics LM111 845-46 11341 National LM11341 574-42 11707 Hitachi HA11707 861-24 

11C83 Fairchild l1C83 421-123 Silicon G SG111 845 -48 1137 Hitachi HA1137 855-22 1171 Motorola MHWl171 858-28 

899-37 SiIiconix ooMl1'A 568-29 114 Intersil LD114 584-41 1172 Motorola MHW1172 858·29 

l1C84 Fairchild l1C84 898-104 568-30 LM114 842·13 1173 Hitachi HA1l73 855·119 

llCB5 Fai'chiId 11C85 898-105 ooMl11B 568-31 LM114A 842·14 118 AMD LM118 864-75 

11C90 Fairchild l1C9OC 421-116 568-32 National AFl14 901-20 877-17 

462-11 LOtt1 .829 LMl14 842·23 Fairchild /-lA118 864-83 

899-14 584-43 • 163-3 877-19 

l1C9OM 421·117 • 179·17 
LM114A 842·24 Iotarsil 00118 569-34 

462·12 • 179-18 SGS H114 424-45 G118A 574·58 

899-15 • 183-18 SiIK:onix L0114 584-45 G118B 574-59 

l1C91 Fairchild 11C91C 421-113 LOt 11,\ .829 • 179-18 NationII LM118 .1035 

461-134 584-44 11402 Hitachi HA11402 851-82 864-88 

898-191 Tetatunkan U111 917-169 11409 Hitachi HAi140S 8G9-64 877-21 

11C91M 421·114 TI LM111 845-30 11412 Hitachi HAl1412 858·108 • 163-3 
461-135 1110 Hitachi HA1110 840-104 1142 Hitachi HA1142 855·117 , 183-17 

898-192 1111 Sanyo LA1111 855-8 11422 Hitachi HA11422 860·143 Raytheon LMl18 864-92 

110 AMO lM110 862·19 11120 Hitachi HA11120 851-78 1146 Hitachi HAl146 859-69 877-25 

Fairchild ~110M 862-20 11122 Hitachi HA11122 651-11 1147 Hitachi HAl147 859·70 SGS H118 423-9 

CC0110F 916-113 11123 Hitachi HA11123 851-79 1148 Hitachi HAl148 859·71 Siliconix G118A 574-68 

Intefsil LD110 584-39 1114 Signetics SAA1114 854-175 1149 Hitachi HAl149 855-96 G118B 574-69 

110 862-16 1115 Hitachi HA1115 855·115 115 Intersil G115 574-56 TI LM118 864-!}5 

National AF110 900-176 Intersi! ICM1115 854·142 G115A 574-57 677-27 

LM110 862-21 ICM1115A 854-143 LM115 842·15 1180 SGS TOA1180 859-99 

• 180-21 ICMl115B 854-144 LM115A 842-16 11806 Rockwell 11806 1752-93 

SGS H110 423-90 1116 Ferranti ZNA1116E 584-20 National LM115 842-25 1182 Motorola MHW1182 858-30 

Signetics SAJ110 856·161 1117 TI TMS1117 856·77 LM115A 842-26 1183 Nitron NC1183 857·31 

Silicon G SG110 862·18 902-61 Panasonic MN115 461-58 1184 Nitron NC1184 857-32 

SIIiconIx L0110 
• 829 

1118 S~icon G SG1118 873-34 SGS H115 423·23 119 AMO LM119 847-40 

584-42 SG1118A 870-24 Siliconix G115A 574 ·66 Intarsil G119C 574·83 

• 179-17 112 AMD LM112 866-49 G115B 574-67 G119M 574-84 

• 179-18 873-30 1150 Sanyo LA1150 855-59 National LM119 847-42 

• 183·18 Intersi! 00112 568-34 11507 National LF11507 576-24 • 183-17 
SM110 857-81 D112C 576-93 11508 NatiOnal LF11508 .1035 SGS H119 423-18 

1100 Lambda LAS1100 913-32 Dl12M 576-94 .1081 Signetics LM119 847-44 

TI TMS1100 1753-69 National AF112 901-18 575-87 Silicooix G119A 574-85 

1749-1 LM112 866·55 11509 NatiOnal LF11509 .1035 G119B 574-86 
1101 AMD 1101A 1174-53 873·32 .1081 1190 Fairchild TOAl1OO 860-13 

1101AM 1174-54 SGS H112 423-15 575-16 TOA11OOZ 860-14 
National LM1101 851-162 Telefunken U112 857-127 1151 Hitachi HA11S1 651·36 Hitachi HAllOO 857-110 

LM1101A 851-163 919A-68 SGS TD.A,115 1 856-90 MotO!'oia TDA1190 860-25 

MM1101A 1174-57 1120 Hitachi HAl120 855-116 1152 Hitachi HA1152 860·140 RCA CA1190 860-48 
Panasonic MN1101 1173-66 11201 Nationll LF11201 .1035 1155 NEe America "PC 1155 852·83 SGS TOA11OO 860-58 

1101Al AMO 1101Al 1174-51 569·12 1156 Hitachi HAl156 855-118 Sprague TOA1190 860-68 

National MMll01Al 1174-50 11202 NationII LF11202 .1035 NEC America /-lPC 1156 852-84 1194 Hitachi HA1194 857-111 

1101A2 National MM1101A2 1174-44 569-13 11580 Hitachi HA11580 858-109 1195 Si&mens TOA1195 572-102 
1102 GI T1102 860-112 1121 Motorola MHW1121 858·26 116 Intarsil DGl16 569-33 1196 Hitachi HA1196 855-120 

Panasonic MN1102 1159-35 11211 Hitachi HAl1211 851-80 G116A 574·44 1197 Hitachi HA1197 851-37 

1103 AMI S1103 1169-18 11218 Hitachi HA11218 859-113 Gl16B 574-45 1199 Hitachi HAll99 851-38 
S1103A 1169·14 11219 Hitachi HA11219 855-98 PanaSOl1ic MN116 461-60 12 Beckman 8OO-V12 905-111 

S1103A-l 1169-6 11220 Hitachi HA11220 860-141 S~iconix Gl16A 574-46 859-V12 909·110 

Intel 1103 1169-19 11221 Hitachi HA11221 860·142 G1166 574-47 Burr-Bnlwll VFC12 .658 

• 195-15 11223 Hitachi HA11223 855-121 1160 Hitachi HA1160 859-83 VFC12LO .658 
1103-1 1169-9 11225 Hitachi HA11225 855-23 11600 NatiOnll LM11600 .1050 Date! AOC-EK1a .812 

t Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted . 

• Indicates entIre Application Note IS provided on the page noted_ 
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12 Datel ADC-EK12B 582-20 12 Date! DAC-HZ12BGR * 681 120 Silicon G SGl20-05K 908-90 1201 EA EA1201 1187-2 
ADC-EK12DC * 662 DAC-HZ12BMC * 681 SG120-05R 908-76 GI T1201 860-113 

582-36 DAc.HZ12111111 * 681 SGl20-05T 908-71 Hitachi HA1201 854-198 
584-18 595-25 SGl20-12K 910-3 National OACl201 *1074 

ADC-EKI2DM * 662 DAc.HZ12BIIR * 681 SG120-12R 909-115 597-5 
582-37 DAc.HZI2DGC * 681 SGI20-12T 909-100 OAC1201C *1074 
584-19 598-21 SG120-15K 910-47 597-6 

ADC-EK12DR * 662 DAc.HZI2DGR * 681 SG120-15R 910-37 NEG America /-LPD1201 853-193 
ADC-ET12BC * 663 DAc.HZ12DMC * 681 SGI20-1ST 910-21 Sanyo LA1201 851-68 

582-26 DA~ZI2DMM . * 681 SG120-5.2K 909-10 12011 Motorola MC1.2011 461-172 
ADC-ET128M * 663 598-22 SGI2Q;.5.2R 908-116 899-9 

582-19 DAC-HZ12011R * 681 SG120-5.2T 908-113 12012 Hitachi HA12012 853-48 
ADC-HC128 * 665 DOC DAC-UI2-1 599-44 Siliconix L0120 * 831 Motorola MC12012 899-32 
AJlC.HC12BGC * 665 DAC-U12-3 599-45 584-74 12013 Motorola MC12013 462-15 

582-17 DDAC-12 599-35 11 184-2 899-18 
AJlC.HC12BIIC * 665 SDAC-12 599-29 SM120 857-82 12014 Motorola MC12014 898-7 
AJlC.HC12B1111 * 665 IPI PS12 917-25 Telefunken TBA120 855-83 1202 .EA EA1202 1187-5 

582-18 NEG America /-LPC12 851-21 860-74 GI AY5-1202A 854-79 
AJlC.HC12IIIIR * 665 PMI DAC-12A 593-32 120H12 National LM120H12 *1061 National OAC1202 *1074 
ADC-HSI28 * 666 DAC-12B 594-33 909-97 598-14 
AflC.HS12BGC * 666 DAC-12F 594-34 120H15 National LM120H15 *1061 OAC1202C. *1074 

580-37 DAC-12G 596-28 910-18 598-15 
AflC.HSl2SIIC * 666 OP-12 866-61 120H18 National LM120H18 *1061 Plessey 'SL1202 840-8 
AflC.HS12111111 * 666 OP-12A 868-50 910-67 12020 Motorola MC12020 898-31 

580-38 OP-12B 869-19 120H24 National LM12OH24 *1061 12021 Motorola MC12021 898-32 
Al)C.HS12BIIR * 666 OP-12C 871-39 910-99 1203 EA EA1203 1187-4 
ADC-HX128 * 668 OP-12E 868-51 120H5.0 National LM120H5.0 *1061 GI AY5-1203A 854-80 

. A1JC.HXI2BGC * 668 OP-12F 869.-20 908-64 National . OAC1203 *1074 
581-13 OP-12G 871-40 120H5.2 National LM120H5.2 *1061 598-39 

AOC-ItXI2811C * 668 Supertex VF·12 * 835 908-106 DAC1203C .1074 
ADC-HXI2111111 * 668 621-60 120H6.0 National LM120H6.0 *1061 599-4 

581-14 Toshiba TLCS-12A 1750-3 909-26 Plessey SL1203 840-9 
ADC-HXl2BIIR * 668 TRW MPY12AJ 426-22 120H8.0 National LMI20H8.0 *1061 1204 EA EA1204 1187-29 
ADC-HZI28' * 669 MPY12AJM 426-23 909-54 GI AY5-1204A 854-81 
ADC-IfZ12BGC * 669 MPY12HJ 426-24 120H9.0 National LM12OH9.0 *1061 12040 Motorola MC12040 898-42 

580-35 MPY12HJM 426-25 909-78 '1205 EA EA1205 1187-27 
ADC-HZ12811C * 669 12H6 MMI PAL12H6 *1479 120K12 National LM12OK12 *1061 Plessey Sl1205 840-12 
ADC-HZ12B1111 * 669 PAL12H6C *1479 909-111 1206 EA EA1206 1187-61 

580-36 455 -137 120K15 National LM12OK15 .1061 12060 Motorola MCl2060 898-9 
ADC-HZ128MR * 669 1160~39 910-33 11 185-14 
DAC·HA128 * 675 PA.L12H6M .1479 120K18 National. LM120K18 *1061 12061 Motorola MC12061 898-12 
DAC~AI2BC * 675 455-138 910-75 , 185-14 

594-26 1160-40 120K24 National LM120K24 *1061 1208 EA EA1208 1187-1, 
DAc-HA 12BC-l * 675 Raytheon PAL12H6C 455-147 910-110 121 Fairchild CCD121H 916-121 

594-28 1160-49 120K5.0 National LMl2OK5.0 .1061 Intersil DG121 572-63 
DAC-HA128M • 675 PAL12H6M 455-148 908-83 D121C 576-99 

594-27 1160-50 120K5.2 National LMl2OK5.2 *1061 D121M 576-100 
DAC-HA12B11-1 * 675 12L6 MMI PAL12L6 *1479 909-3 IT121 842-11 

594-29 PALI2L6C *1479 120K6.0 National LMI20K6.0 *1061 National LM121 840-23 
DA~AI28R • 675 455-159 909-38 • 167-5 
DAC~12DC * 675 1160-61 120K8.0 N~tionaL LM12OK8.0 *1061 11 187-6 

598-31 PAL12L6M .1479 909-67 LM121A 840-26 
DAc-HA12IJC.1 * 675 455-160 120K9.0 National LM120K9.0 .1061 11 172-5 

598-29 1160-62 909-83 SGS L121 919-82 
DA~AI2DM * 675 Raytheon PAL12L6C 455-169 1200 EA EA1200 1187-3 , 186-11 

598-32 1160-73 GI AY5·120OA 854-78 Siemens S121 900-116 

DAC-HAI2D11-1 * 675 PAL12L6M 455-170 • 172-14 SiIiconix' LD121 * 831 
598-30 1160-74 LSI Comp C1200 .494 584-75 

DA~AI2DR * 675 120 DOC MDAl20-11 596-29 854-91 • 184-2 
DAC-HFI28 * 677 MDA120-12 594-35 861-182 Toshiba TMM121 1163-73 
DAC-HFI2BGC * 677 Fairchild TBA120S 859-80 National AOB1200 *1073 TMM121-1 1163-68 

593-43 Intersil DG120 572-62 *1074 1210 EA EA1210 1187-30 

DAC-HFl2SIIC *677 D120C 576-97 ADB1200C *1073 National ADC1210 *1073 
DAC-HFI2B1111 * 677 D120M 576-98 .1074 .1074 

593-44 IT120 842-9 582-33 .220 
DAC-HF12BIR * 677, IT120A 842-10 ADC1200 .220 582-14 

DAC-HKI28C-2 595-22 Mitsubishi ML120 853-5 , 178-15 , 178-15 

DAC-HK12BGC * 678 National AF120 901-72 DAC1200 *1073 , 178-16 

595-20 916-166 .1074 ADC1210H *1073 
DAC-HKI28GC-2 • 678 LM120 11 188-15 595-30 *1074 
DAC-HK128IIC * 678 

~ 
LM120H .1061 DAC1200c *1073 .220 

DAc-HK12S11C-2 * 678 LM120K *1061 .1074 582-16 
DAC-HK12B1111 • 678 TBA120 855-43 595-32 1211 Hitachi HA1211 854-199 

595-21 ~-31 SGS TDA1200 855-62 National ADC1211 *1074 
DAC-HKI2B1111-2 • 678 Plessey TBA120 855-47 , 173-16 582-27 

595-23 860-46 Sprague TDA1200 855-78 , 178-16 

~KI2811R • 678 SGS L120 919-85 TI TMS1200 1753-70 ADC1211C *1074 
~KI2811R-2 • 678 'II 186-11 1748-2 582-28 

DAc-HKI2DGC * 678 Siemens S120 900-111 TMS1200C 1753-77 1212 EA EA1212 1187-57 

598-19 TBA120 855-65 1748-3 1213 Cermetek CH1213 901-106 

DA~K12DIIC * 678 860-60 12000 Motorola MC12000 898-15 1214 Cermetek CH1214 901-107 

DAc-HK121lM1i * 678 Signetics ST120 901-169 12002 Motorola MC12oo2 898-17 1215 Cermetek CH1215 901-119 

598-20 TBA120S 855-69 915-121 1216 Cermetek CH1216 901-120 

DAc-HK 120IIR * 678 860-62 12008 Hitachi HA12oo8 853-4 1217 Silicon G SG1217 880-37 

DAC-HZ12BGC * 681 TBA120U 855-71 12009 Motorola MC12oo9 461-137 122 Cherry CS122 463-18 

595-24 860-63 898-195 854-25 

Arranged alphanumerically from left to right. 
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122 

1220 

12201 

12202 

1221 

1222 

1223 
1224 

1225 
1226 
123 

1230 

12300 
12305 
12306 
1231 
1232 
1233 
12331 

12332 

12333 

124 

24 

Cherry 
Intersil 
National 

SGS 
Siliconix 

National 

SGS 
Natiooat 

National 

EA 
Motorola 
National 

Motorola 
National 

Sanyo 
Cermetek 
Cermetek 
GI 
Cermetek 
Cermetek 
F8Ifchild 
Inlersi! 

Motorola 

National 

SIlicon G 
Siliconix 

Telefunken 
GI 
Sanyo 
SGS 

National 
National 
National 
GI 
GI 
GI 
National 

National 

National 

AMO 

Fairchild 

CS122 
IT122 
LM122 

H122 
DGM122A 
DGM1228 
G122A 
G122B 
DAC1220 

DAC1220C 

TOA1220 
LF12201 

LF12202 

916-180 124 
842-12 
902-63 

11 191-7 
• 191-8 I 

423-133i 

572-55 I 
572 -56

1 

574-76 
574-77 

.1073 

.1074 I 

.1080 I 
597-11 

.1073 

.1074 1 .1080 
597-13 
851-94 

.1035 I 
569-17 

.1035 
569-20 

EA1221 1187-26 
MHW1221 858-31 1240 
DAC1221 .1073 12401 

.1074 12410 
597 -27 12411 

DAC1221C .1073 125 
.1074 

597 -29 
MHW1222 858 -32 
DAC1222 .1073 

.1074 
597 -42 

DAC1222C .1073 
.1074 

597 -44 
LA1222 
CH1223 
CH1224 
AY5-1224A 
CH1225 
CH1226 
SH123 
DG~23 

001238 
D123C 
D123M 
G123 
LM123 

lM123 

SG123 
OG123A 
OG1238 
0123A 

01238 

G123A 
G123B 
U123 
AY5-1230 
LA1230 
TDA1230 

LF12300 
LF12305 
LF12306 
AY5-1231 
AY5-1232 
AY5·1233 
LF12331 

LF12332 

LF:12333 

LM124 

LM124A 
~124 

855-9 
901-108 
901-109 
854-82 
901-121 
901-122 
903-129 
569 39 1250 
569-43 
576-117 
576-118 
574-20 12502 
903-132 

, ~87-13 12506 
.1060 

904-4 
'188-15 12509 

904-8 
569-40 
569-44 
455-113 
577 -5 1251 
455-114 
577-612511 
574 -21 
574-22 12513 
917-17 
851 -129 1252 
855 -60 12520 
851 -95 12521 
855-63 1253 
584 -69 12540 
575 -84 12560 

575-13112561 
851-130 1257 
851 -131 1258 
851 -132 1259 

.1035 126 
569-23 

.1035 
569-25 

.1035 
569-27 
'867-13 
894-46 
893-50 
867-16 1260 
894 -48 I 

Inlersil G 124 
LM124 

Motorola LM124 

National lM124 

lM124A 

Raytheon LM124 

RCA CA124 

SGS H124 
Signetics LM124 

LM124A 
Silicon G SG124 

Sihconix Gl24A 
G124B 

TI LM124 

Sanyo LA 1240 
HitaChi HA12401 
HitaChi HA 12410 
HitaChi HA 12411 
Intersil OG 125 

DG1258 
D125C 
D125M 
G125 

"Iahonal LM125 

Slliconix DG125A 
OG125B 
0125A 

01258 

G125A 
G125B 

Teledyne C COR125A 

Silicon G 

Motorola 

National 

Motorola 

National 

GI 
8GS 
Motoroia 

Motoro!a 

Cermetek 
Motorola 
Motorola 
Cermetek 
Molorola 
Motorola 
Motorola 
Cerml'ltek 
Cermetek 
Cernnetek 
InterSiI 

National 

SilicOIlIx 

GI 

AY3~125C 

SG1250 

MC12502 

LF12508 

MC12509 

LF12509 

AY3-1251 
TDA1251 
MC12511 

MC12513 

CH1252 
MC12520 
MC12521 
CH1253 
MC12540 
MC12560 
MC12561 
CH1257 
CH1258 
CH1259 
DG126A 
G126 
LM126 

OG126A 
OG1268 
G126A 
G126B 
AY5-1260 

574-33 1260 
867-19 1262 
894-49 1263 
867 -22 12660 
89.:1-50 1267 

.1035 1268 
867-25 127 
894·52 

.1035 
894-2 
867-33 
894 -54 

867-30 I 
894 -55 
423-1141 
867 -36 j 1270 

894-56 I 
894-3 
867-40 I 
894-58 i 
574-38 
574·39 
867-43 
894-59 
851·59 
855·24 
855-99 j 

855'25 1 
569-41 

569-45 '1 

577-3 
577-4 

573-86 1 
911-37 

11 188-6 I 

11 188-15 
569-42 
569-46 
455-115 

577-7 I 
455-116 
577-8 

573-93 I 
573-94 I 
577-9 I 
851 ~134 
866·23 
866-90 
876-27 
898-18 
915-122 

.1035 I 

.1081 ! 
575 -891 
461-138 
899-2 

.1035 

.1081 
575-18 

1271 
1272 
1273 
1276 
128 

1280 

12806 
1285 

1286 

1287 

1288 

851 -135 129 
915·172 
461-173 
899-10 
462-16 
899-19 
901-110 
898-33 
898 -34 
901-123 
898-43 
898-10 
898-13 
901-111 
901-124 
901-125 
572-35 
573-87 
911-22 

• 188-6 
11 188-15 1290 

572-38 1295 
572-42 
573-95 1296 
573-96 
851 -136 13 
856-76 

GI AY5-1260 
Cermetek CH 1262 
Cernnetek CH 1263 
Rockwell 12660 
Cermetel<. 
Cermetek 
Cherry 

Intersil 
National 

Panasooc 
Siliconix 

Fairchild 
GI 
Sanyo 
SGS 
TI 

Cermetek 
Cermetek 
Cermetek 
Cermetek 
InterSil 
IPI 
RetlCan 

Siliconix 

Cermetek 
National 

SGS 
Rockwell 
National 

CH1267 
CH1268 
CS127 

G127 
LM127 

AN127 
G127A 
G1278 
TDA1270 
AY3-1270 
L81270 
TOA1270 
TMS1270 

CH1271 
CH1272 
CH1273 
CH1276 
G128 
M128 
RU28 
SAM128LR 
SAM128V 
G128A 
G1288 
CH1280 
DAC1280 

DAC1280C 

TDA1280 
12806 
DAC1285 

902-60 13 
901-112 
901 ·126 130 

1752-71 
901-113. 
901-127 
854-26 
916·172 
573-88 
911-27 

11 188-6 
11 188-15 

853-16 
573-97 
573-98 

860-
125

1 857-164 
843·75 
860-133 

1753-71 I 
1748-4 
901-114 1300 
901-115 
901-116 1302 
901 -128 1303 
573-89 
916-138 1304 
916-146 1305 
919-101 1306 
919-102 
573-99 1307 
573-100 1308 
901-117 13080 

.1073 

.1074 1309 

.1073 131 

.1074 
596-26 
859-100 

1752·95 
.1073 
.1074 

594-6 
DAC1285C .1073 

.1074 
594-0 

National DAC1286 .1074 
599-8 

DAC1286C .1074 
599·9 

National DAC1287 .1074 
DAC1287C 

Sanyo L81287 

Sanyo LB1288 

Cherry CS 129 

tntersii OG129A 
0129 
G129 

Nationat LM 129 

lM129A 
lM129B 
LM129C 

Raytheon LM129 
SGS L129 
Siliconix OO129A 

001298 
0129A 
01298 
G129A 
G1298 

Cermetek CH1290 
Cermetek CH1295 

Cermetek CH 1296 

!PI IPL13 
Supertex VF·13 

.1074 1310 
599-14 I 
622-60 
622-181 
843-51 
622-61 
622-182 
843-52 1312 
854-27 
916-181 1313 
572·3 1314 
576-108 1315 
573-90 
574-5 1317 

.1062 
918-89 1319 

11 192-16 
.1062 
.1062 
.1062 132 

918-10 
903-70 
572-6 
572-19 
576-109 
576-110 
574-11 
574-12 1320 
915-20 
901 -8 13201 
915-21 
901-9 
915-22 13202 
917-10 

• 835 

11 Indicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted 

Supertex VF-13 
Teledyne C CAG13 
Cherry CS 130 

tn~ersi! G ~ 30 
1T130 
IT130A 

SGS L130 
M130 

Sillconix 0130A 

TI 

Motorola 
National 

National 
National 
Hitachi 
Moiorola 
National 
Hitachi 
Natlonll 

Motorola 
Cherry 
Fairchild 
Intersll 

01308 

G130A 
G130B 
LD130 

TMS1300 

MC1302 
LM1303 

LM1304 
LM1305 
HA1306 
MC1306 
LM1307 
HA1308 
LM13080 

MC1309 
CS131 
CC0131 
G131 
IT131 
lM131 

LM131A 

SGS L131 
Siemens SAJ131 
Siliconix G131A 

G1318 
L0131 

Exar XR1310 
Fairchild ~1310 
Motorola MC 1310 
National LM1310 

Plessey SL1310 
RCA CA1310 
Fairchild pA1312 
Motorola MC1312 
GI AYl-1313 
Motorola MC 1314 
GI AY5-1315 
Motorola MC1315 
GI AY5-1317A 
Hitachi HA1317 
Hitachi HA1319 
Teledyne P 1319 

1319-01 
Cherry CS 132 
Intersil G132 

!T132 
National AF132 
SiIiconix 0132A 

01328 
G132A 
G132B 

GI AY1.1320 

National lF13201 

621-61 
567 -105 
854-28 
916-182 
574 ~$ 
842-42 
842-43 
905 -110 

1187-93 
455-95 
576·101 
455·96 
576·102 
574-13 

; E~;41 
• 183-19 
11 183-20 I 
• 184-1 

1753-72 
1749-1 
856-157 
853-51 

11 174-5 
855-12 

.1057 
883·33 

916-11 
574-7 
842-44 

.1074 
916-82 

919A-20 
.1077 

916-83 
919A-21 

906-86 
462-97 
574-15 
574-16 

• 827 
584-15 
855-11 
855-114 
855-12 
855-131 

, 174-5 
855-144 
855-14 
855-17 
855-17 
856-17 
855-18 
856-18 
855-181 
856-11 
852-55 
851·7 
874-19 
880-25 
874-14 
854-30 
574-8 
842-45 
901-38 
576-11 
576-11 
574-17 
574-18 
856-108 

11 174-2 
.1035 
.107'3 

569-19 
.1036 
.1078 

569·22 

Ie MASTER 19' 
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1321 Teledyne P 1321 879-36 13508 National LF13508 575-91 13741 National LF13741 863-90 14 DDC HXCDX-14 918-195 
1321-01 879-37 13509 National LF13509 *1035 887-6 HXCT-14 918-196 

1322- Hitachi- HA1322 852-56 *1073 1375 Sanyo LA1375 858-183 HXDC-14 918-198 
Taedyne P 1322 864-69 .1081 1376 Sanyo LA1376 858-184 Lambda LAS14C8 906-43 

886-19 575-20 1377 Hitachi HA1377 852-189 LAS14U 912-4 
1322-01 864-70 1351 Motorola MC1351 855-30 1379 Hitachi HA1379 852-64 912 -47 

886-20 860-22 138 Cherry CS138 916-30 PMI OP-14 863-51 
1323 Motorola MC1323 858-114 National LM1351 855-32 National LM138 .1060 889-26 

• 175-15 860-26 912-63 11 179-10 
11 175-16 11 174-5 1380 Hitachi HAl380 852-65 OP-14A 888-51 

Teledyne P 1323 879-41 1352 Motorola MC1352 860-160 NEC America I1PC1380 858-133 OP-14C 889-27 
1324 Motorola MC1324 858-115 11 175-9 1381 Sanyo LA1381 859-120 OP-14E 888-52 
1325 Hitachi HA1325 851-172 RCA CA1352 860-183 1382 Hitachi HA1382 852-66 SUpertex VF-14 * 835 
1327 Hitachi HA1327 855-175 Sanyo LA1352 860-186 Sanyo LA1382 859-121 621-62 

Motorola MC1327 858-116 1353 Motorola MC1353 11 175-9 1383 Hitachi HA1383 852-67 Teledyne C CAG14 567-14 
Plessey SL1327 858-152 Sanyo LA1353 860-187 Sanyo LA1383 860-131 14A4 Raytheon PAL14A4M- 1160-106 
Signetics MC1327 858-194 1355 Motorola MC1355 854-201 1384 Motorola MC1384 851-184 14H4 MMI PAL14H4 *1479 
Sprague TDA1327 859-18 11 172-19 Sanyo LA1384 859-98 PAL14H4C *1479 

1328 Hitachi HA1328 855-176 1356 Motorola MC1356 855-31 1388 Hitachi HA1388 852-134 455-139 
1329 Hitachi HA1329 851-173 1357 Motorola MC1357 860-23 Sanyo LA1388 859-200 1160-41 
133 Intersil DG133A 567-83 11 172-19 139 f,MD LM139 849-9 PAL14H4M *1479 

DG1338 567-103 1358 Motorola MC1358 860-24 LM139A 848-39 455-140 
National -AF133 901-39 136 National LM136 *1062 Cherry CS139 854-51 1160-42 
Siliconix DG133 • 190-5 918-54 916-31 Raytheon PAL14H4C 455-149 

DG133A 567-88 LM136-5 *1062 Fairchild I1A139 849-10 1160-51 
DG1338 567-104 918-75 Intersil DG139A 572-83 PAL14H4M 455-150 

1330 Intersil G1330 573-91 LM136A *1062 LM139 849-11 1160-52 
Motorola MC'1330 860-154 918-55 LM139A 848-40 14L4 MMI PAL14L4 *1479 

• 175-9 LM136A-5 *1062 Motorola LM139 849-12 PAL14L4C *1479 
1330Al Motorola MC1330Al 860-155 918-76 LM139A 848-41 455-161 
13300 National LF13300 *1035 Panasooic AN136 853-17 National LM139 849-13 1160-63 

*1073 1360 Intersil G1360 574-10 • 171-17 PAL14L4M *1479 
*1074 13600 Exar XR13600 * 933 LM139A 848-42 455-162 

584-71 856-127 PMI PM139 849-14 1160-66 
13305 National LF13305 575-85 XR13600CP *933 PM139A 848-43 Raytheon PAL14L4C 455-171 
13306 National LF13306 575-14 National LM13600 *1050 Raytheon LM139 849-15 1160-75 
1~31 Motorola MC1331 860-21 839-170 RCA CA139 849-16 PAL14L4M 455-172 

860-157 891-31 CA139A 848-44 1160-76 
11 175-14 LM13600A *1050 Signetics LM139 849-17 140 Cherry CS140 856~79 

• 175-17 839-171 LM139A 848-46 MCC140 917-50 
Siemens T881331 887-39 891-32 Silicon G SG139 649-16 Intersil DG140A 571-101 

1332 Teledyne P 1332 865-21 1361 Hitachi HA1361 651-6 -SG139A 648-45 National LM140-10 *1060 
682-26 1363 Sanyo LA1363 660-56 Siliconix DG139A 572-86 905-62 

1333 Hitachi HA1333 855-177 1364 Hitachi HA1364 660-17 DG1398 572-92 LM140-12 *1060 
13330A2 Motorola MCl3330A2 660-156 Motorola MCl364 857-180 D139A 455-97 906-7 
13331 National LF13331 *1035 Sanyo LA1364 657-193 576-103 LM140-15 *1060 

569-24 1365 Sanyo LA1365 660-57 D1398 455-96 906-102 
13332 National LF13332 *1035 1366 Hitachi HA1366 652-60 576-104 LM140-18 *1060 

569-26 Sanyo LA1366N 858-177 D139C 57q-l05 907-43 
13333 National LF13333 *1035 1367 Hitachi HA1367 851-174 TI LM139 849-19 LM140-24 *1060 

*1073 Sanyo LA1367 856-178 1390 Hitachi HA1390 852-68 908-6 
569-29 1368 Hitachi HA1368 852-61 Sanyo LA1390 858-185 LM140-5 *1060 

1334 Hitachi HA1334 855-178 Sanyo LA1368 858-179 1391 Fairchild flA1391 859-77 903-102 
1336 Hitachi HA1338 852-57 1369 Sanyo LA1369 856-160 Motorola MC1391 659-84 LM140-6 *1060 
1339 Hitachi HA1339A 852-56 137 Cherry CS137 654-31 MHW1391 856-36 904-51 

Teledyne P 1339 884-23 National LM137 *1061 National LM1391 659-66 LM140-8 *1060 
1339-01 884-22 *1064 RCA CA1391 659-94 905-6 
1339-02 676-50 LM137H *1061 1392 Motorola MHW1392 658-37 LM140A-10 *1060 

134 Ferranti ZNA134 656-7 *1064 1393 Motorola MC1393 660-126 905-63 
Intersil DG134A 568-10 913-69 1394 Fairchild flA1394 859-78 LMl40A-12 *1060 

DG1348 568-17 LM137HV *1061 Motorola MC1394 659-85 906-8 
National AF134 901-40 *1064 National LM1394 859-87 LM140A-15 *1060 

LM134 915-168 913-110 RCA CA1394 859-95 906-103 
919-135 LM137HVH *1061 1397 Sanyo LA1397 858-186 LMI40A·18 *1060 

Siliconix DG134A 568-14 LM137K *1061 1398 Motorola ' MC1396 858-117 907-44 
DG1348 568-18 - *1064 RCA CA1396 858-159 LM140A·24 *1060 

1340 Intersil G1340 573-92 913-82 1399 Motorola MC1399 858·118 908-7 
Teledyne P 1340 868-39 LM137L *1061 Signetics MC1399 8_58·195 LM140A-5 *1060 

1341 Motorola MHW1341 858-33 *1064 14 Datel DAC-HA14B * 676 . 903-103 
1342 Hitachi HA1342A 852-59 LM137P *1061 DAC·HA14BC * 676 LM140A-6 *1060 

Motorola MHW1342 858-34 *1064 599-40 904-52 
1343 Motorola MHW1343 858-35 913-71 DAC-HA 148C-l * 676 LM140A-8 *1060 
1344 Motorola MC1344 859-186 LM137T *1061 599-42 905-9 
1349 Motorola MCI349 860·158 *1064 DAC-HA14BM * 676 LM140AK *1060 
135 National LM135 919-138 913-84 599-41 LM140K *1060 

Siemens SAJ135 462-98 TI LM137L 913-80 DAC-HAI4BM-l * 676 LM140LA·l0 *1060 
1350 Hitachi HA1350 852-132 1370 Hitachi HA1370 852-133 599-43 905-46 

Intersil G1350 574-9 SGS TDA1370 860-134 DAC-tlAl4BR * 676 LMl40LA·12 *1060 
Motorola MC1350 840-109 1371 Hitachi HA1371 852-62 DAC-HA 181 * 676 905-76 

854-200 1372 Hitachi HA1372 852-63 DOC HOSC-14 919-1 LMI40LA·15 *1060 
660-159 Motorola MC1372 860-161 HRCOX-14 918-186 906-51 

11 172-19 1373 Hitachi HA1373 856-83 HRCT-14 918-189 LMl40LA·18 *1060 
11 175-9 Motorola XC1373 860-162 HROC-14 916-188 907-14 

13508 National LF13508 *1035 Sanyo LA1373 858-181 HSCDX-14 918-190 LM140LA·24 *1060 
*1073 1374 Hitachi HA1374 852-176 HSCT-14 918-191 907-90 

*1081 Sanyo LA1374 858-182 HSOC-14 918-193 LMl40LA·5 *1060 

Arranged alphanumerically from left to right. 
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140 National LM140LA-5 903-12 1402 Synertek SY1402A 1187 -42 1405 AMD 1405A 1187-50 1408 PMt SSS1408A-8 587-6 
LMl40LA-6 .1060 SY1402AR 1187-43 , 198-5 Signetics MC1408-6 588-38 

904-19 SY14028 1187-31 Intet 1405A 1187-51 MC1408-8 587-26 
LMl40LA-8 .1060 SY14028R 1187-32 Lambda LAS1405 904-3 14081 Hitachi HD140818 410-42 

904-95 Western TR1402 625-65 Motorola MC1405 584-60 Motorola MC140818A 410-45 

LMl40LAH .1060 14020 Motorola MCI4020BA 405-169 , 183-8 MC14081BC 410-46 
Plessey S114Q • 173-8 I.IC14020BC 405-170 , 183-9 14082 Hitachi HD14082B 410-6 

Signetics SAK140 916-66 14021 Hitachi HD14021B 41 5-144 
• 204-18 Motorola I.ICl4082BA 410-9 

Siliconix DG140A 571-104 1191-119 Panasonic MN14tl5 1753-96 MCl4082BC 410-10 

DG1408 571 -114 Motorola MC14021BA 415-147 Sanyo LB1405 603-78 14093 Motorola MC14093B , 161-10 

D140 603-16 1192-15 916-187 MC14093BA 417-90 
1400 GI ER1400 1159-13 MC14021BC 415-148 14050 Motorola MC14050BA 404-134 MCl4093BC 417-91 

• 172-17 1191 -120 MCt4050BC 404-135 14094 Motorola MCl4094BA 415-19:1 

• 172-18 14022 Motorola MC14022BA 408-12 14051 Hitachi HD140518 575-38 1192-28 

• 175-4 MC14022BC 408-13 Motorola MC14051BA 575-41 MC14094BC 415-19:3 

I 
iliauonai i...X14UO 

• '" '

15

1 

14023 Hitachi HD140238 410-128 MC14051BC 575-42 1192-29 

LX1400A 917-197 Motorola MC14023BA 410-133 14052 Hitachi HD14052B 574-97 14099 Motorola MC14099BA 412-1~ 

Nitron NC1400 1159-14 MC14023BC 410-134 Motorola MC14052BA 574-100 MCI4099BC 412·15ll 

I 
Panasooic MN1400 1753-93 MC14023UBA 410-135 MCI4052BC 574-101 141 Intersil DG141A 567-59 

1743-1 I MC14023UBC 410-136 14053 Hitachi HD14053B 571-9 OO141B 567·72 

• 206-8 
14024 ;"';oioroia MCi4024BA 405-121 Motorola MC14053BA 571-12 NEC AmeIica jJ.PC141 912-23 

Toshiba T1400 851-73 MC14024BC 405-122 MCI4053BC 571-13 SGS L141 882-34 

14000 Motorola MC14000UBA 412-10 14025 Hitachi HD140258 412-61 1406 AMD 1406 1187-18 Siemens SAJ141 462-101 

MC14000UBC 412-11 Motorola MC14025BA 412-66 Hitachi HA1406 853-2 SiIiconix DG141A 567-63 

14001 Hitachi HD14oo1B 412-93 MC14025BC 412-67 lambda LAS1406 904-75 001418 567-74 

Motorola MC14001BA 412-98 MC14025UBA 412-68 Motorola MC1406 585-15 1410 lambda LAS1410 905-70 

MC14001BC 412-99 MC14025UBC 412-70 , 187-11 Motorola MC1410 840-1HJ 

MC14001UBA 412-100 14027 Hitachi HD140278 409-156 Plessey SP1406 622-32 SGS TDA1410 842-91 
MC14001UBC 412-101 Motorola MC14027BA 409-159 14066 Hitachi HD140668 568-68 141000 IIIotoroII MC141000 .1956 

14002 Hitachi HD14oo2B 412-28 MC14027BC 409-160 Motorola MC14066BA 568-73 1753-74 

Motorola MCI4002BA 412-33 14028 Hitachi HD14028B 408-60 MCI4066BC 568-74 1737-2 

MC14002BC 412-34 Motorola MC14028BA 408-64 14068 Hitachi HD14068B 410-65 141099 Motorola MC1410t9 .1956 
MC14002UBA 412-35 MC14028BC 408-65 Molorola MC14068BA 410-68 1753 rOO 
MC14002UBC 412-36 14029 Motorola MC14029BA 407-171 MC14068BC 410-70 1411 Motorola MC1411 622-110 

14006 Motorola MC14006BA 416-12 MC140298C 407-172 14069 Motorola MCI4069UBA 405·27 843-99 

1190-65 1403 AMD 1403A • 198-5 MC14069UBC 405-28 1412 lambda LAS1412 906-30 

MC14006BC 416-13 1403AC 1187-64 1407 AMD 1407 1187-19 Motorola MC1412 622-12E 

1190-64 1403AM 1187-65 14070 Hitachi HD14070B 411-71 843-100 
14007 Motorola MC14007UBA 405-78 Intel 1403A 1187-67 Motorola MC140708A 411-76 141200 MotoroII MC141200 .1156 

MC14007UBC 405-79 Motorola MC1403 918-52 MC14070BC 411-77 1753-75 

14008 Motorola MC14008BA 404-7 National MM1403A 1187-68 14071 Hitachi HD14071B 411-166 1737-2 

MCI4008BC 404 -8 Nortec 1403A 1187-69 Motorola MC14071BA 411-169 1413 Motorola MC1413 622-78 

I 

1401 Silicon G SG1401 840-168 Panasonic MN1403 1753-95 MC14071BC 411-170 843-101 

• 170-1 
Synertek SY1403A 1187-70 14072 Hitachi HD14072B 411-131 1414 Motorola MC1414 847·57 

14011 Hitachi HD14011B 410.-161 SY1403B 1187-62 Motorola MC14072BA 411-135 • 171-15 
Molorola MC14011BA 410-166 14032 Motorol~ MC14032BA 404-28 MC14C728C 4~1 -135 Natio.-,al LM14~4 847-56 

MC14011BC 410-167 MC14032BC 404-29 14073 Hitachi HD14073B 410-22 Raytheon RC1414 847-58 

MCI4011UBA 410-168 14034 Hitachi HD140348 415-175 Motorola MC14073BA 410-25 TeledytleP 1414-83 877-56 

MC14011UBC 410-169 1191-106 MC140738C 410-26 1415 lambda LAS1415 907-2 
14012 Hitachi HD140128 410-89 Motorola MC14034BA 415-176 14075 Hitachi HD14075B 411-148 1416 Motorola MC1416 622-97 

Motorola MC14012BA 410-94 1191-107 MOlorola MC14075BA 411-151 .843-45 

MC14012BC 410-95 MCI4034BC 415-177 MC140758C 411-152 843-102 
MC14012UBA 410-96 1191-103 14076 Motorola MC140768A 409-121 14160 Motorola MC14160BA 406·127 
MCi40i2UBC 410-97 14035 Hitachi H0140358 1189-109 MC14076BC 409-122 MC14160BC 406-128 

14013 Hitachi HD14013B 409-82 Motorola MC14035BA 415-55 14077 HItachi HD14077B 411-112 14161 Motorola MC14161BA 406-20 
Motorola MC14013 11 174-15 1189-125 Motorola MC140778A 411-115 MC14161BC 406-21 

MC14013BA 409-85 MC1403SBC 415-56 MC14077BC 411-116 14162 Motorola ,MC14162BA 406-145 
MC14013BC 409-86 1189-110 14078 Hitachi HD14078B 411-188 MC14162BC 406-146 

14014 Hitachi HD140148 415-119 14038 Motorola MC14038BA 404-39 Molorola MC14078BA .411-191 14163 Motorola MC14163BA 406-36 

Moloroia MC140i4BA 415-122 MC14038BC 404-40 MC14078BC 411-192 MC141638C 406-37 

1192-14 1404 AMD 1404A 11 198-5 1408 AD AD1408-7 588-21 14174 Hitachi HD141748 409-13B 

tAC14014BC 415-123 1404AC 1187-84 AD1408-8 587-4 Motorola MC14174BA 409-13g 

14015 Hitachi HD14015B 1190-17 1404AM 1187-85 AD1408-9 586-8 MC14174BC 409-140 

Motorola MC14015BA 415-97 Intel 1404A 1187-87 AMD SSSI408A-6 588-31 14175·. Hitadli HD14175B 409-108 

1190-26 National MM1404A 1187-88 SSS1408A·7 588-20 Motorola MC14175BA 409-100 
MC1401SBC 415·98 Nortec 1404A 1187·90 SSS1408A-8 587-2 MC14175BC 409-110 

1190-18 Plessey SP1404 622-31 1408-6 588-34 14194 Hitachi HD141948 415-83 
14016 Hitachi HD14016B 568-88 Synertek SY1404A 1187 ·91 1408-7 588-24 Motorola MC14194BA 415-84 

Motorola MC14016BA , 568-93 14040 Motorola MC14040 , 174-15 1408-8 587-12 1190-3 
MC14016BC 568-94 MC14040BA 405·149 Lambda LAS1408 905-27 MC14194BC 415-85 

14017 Hitachi HD14017B 406-179 MC14040BC 405-150 Molorola MC1408 • 178-7 142 intersil OO142A 572-94 
Molorola MCI4017BA 406-182 14042 Hitachi HD140428 412-185 , 178-8 NEC AmeIica I1PC142 913-49 

MC14017BC 406-183 Motorola MC14042BA 412-188 • 187-11 SGS M142 1192-110 
14018 Motorola MC14018BA 408-37 MC14042BC 412-189 MC1408-6 588-35 Siticonix OO142A 572-97 

MC1401SBC 408-38 14043 Hitachi HD140438 413-35 MC1408-7 588-25 DGI42B 572-101 
1402 AMD 1402A • 198-5 Motorola MC14043BA 413-38 588-28 Toshiba TMM142 1159-25 

1402AC 1187-35 MC14043BC 413-39 MC1408-8 587-18 1420 Motorola MC1420 887-17 

1402AM 1187-36 14044 Hitachi HD140448 413-12 National LMl408 .1073 SGS TDA1420 842-92 
Intel 1402A 1187 ·38 Motorola MC14044BA 413-15 LMl408-6 .1073 1421 Teledyne P 1421 886-53 
National MM1402A 1187-39 MC140448C 413-16 588-37 1421-01 886-50 
Nortec 1402 1187-40 14046 Motorola MC14046BA 416-119 LMl408-7 .1073 1421-02 886-49 

1402A 1187-41 898-59 588-27 1422 Motorola MC1422 902-35 
Panasonic MN1402 1753-94 MC140468C 416-120 LMl408-8 .1073 1424 AMI S1424A 861-58 

• 206-8 898-60 587-24 S1424C 861-59 
SiliconG SG1402 917-81 14049 Motorola MCI4049UBA 405-5 PMI SSS1408A-6 588-33 tntersil ICM1424 861-80 

• 185-1 MC14049UBC 405-6 SSS1408A·7 588-23 ICM1424M 801-81 

11 Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 
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1424 Teledyne P 1424 888-14 14412 Motorola MC14412 901-93 14508 Motorola MCI4508BC 413-62 14536 Motorola MCI4536BC 415-36 
1425 Teledyne P 1425 872-17 14415 Motorola MC14415 417-124 1451 Hitachi HA1451 853-45 417-114 

1425-01 865-78 MC14415E 417-125 14510 Motorola MC14510BA 407-8 14537 Motorola MCM14537A 413-131 
871-8 14419 Motorola MC14419 417-111 MCI4510BC 407-9 1174-52 

1425-02 865-79 605-6 145101 Motorola MCM145101 .1536 MCM14537C 413-132 
871-9 901-1 413-177 1174-58 

1426 Teledyne P 1426 872-22 , 196-11 1176-19 14538 Motorola MC14538B , 152-7 
1426-01 871-12 14422 Motorola MC14422 417-109 0145101-1 .1536 MCI4538BA 414-119 
1426-02 871-24 859-155 1175-85 MC14538BC 414-120 
1426-03 871-23 14433 Motorola MC14433 584-25 1IC1145101-3 .1536 14539 Motorola MC14539BA 414-69 

1427 AMI S1427A 861-60 , 178-9 1176-20 MCI4539BC 414-70 
143 Intersil DG143 570-9 , 199-8 1CM145101-8 .1536 1454 Motorola MC1454 851-185 

National LM143 865-17 14435 Motorola MC14435 417-37 1176-51 14541 Motorola MC14541BA 414-146 
11 166-10 584-62 145104 Motorola MC145104 898-109 417-115 

Siliconix DG143A 570-12 11 183-8 145106 Motorola MC145106 898-110 902-80 
DG143B 570-18 11 183-9 145107 Motorola MC145107 898-111 MC14541BC 414-147 

Telefunken U143 601-25 MC14435E 417-38 145109 Motorola MC145109 898-112 417-116 
858-47 584-63 14511 Hitachi HD14511B 408-171 902-81 

1430 Motorola MC1430 886-36 1444 Motorola MC1444 624-191 601-200 14543 Motorola MC14543 11 160-5 
Panasonic MN1430 1753-97 14440 Motorola MC14440 854-92 Motorola MC14511 11 160-5 MCI4543BA 409-8 
Teledyne P 1430 863-134 861 cl02 MC14511BA 408-172 602-35 

864-41 14443 Motorola MC14443 .782 601-203 602-42 
867-1.11 580-4 MC14511BC 408-173 MCI4543BC 409-9 
873-29 14447 Motorola MC14447 580-5 602-5 602-36 

14305 Hitachi HD14305B 415-52 1445 Motorola MC1445 840-81 145112 Motorola MC145112 898-113 602-43 
1431 Motorola MC1431 887-16 11 169-16 14512 Hitachi HD14512 414-77 14547 Motorola MCI4547BA 408-92 
1433 Motorola MC1433 884-47 11 169-17 Motorola MC14512A 414-80 MC14547BC 408-93 

Teledyne P 1433 888-20 14450 Motorola MC14450 414-166 MC14512C 414-81 14549 Motorola MC14549BA 417-a4 
1434 Teledyne P 1434 886-46 861-52 14513 Motorola MC14513BA 408-174 MC14549BC 417-35 
1435 Motorola MC1435 891-29 14451 Motorola MC14451 414-155 602-3 1455 Motorola MC1455 902-13 

11 165-11 861-53 MC14513BC 408-175 MC1455BC 1192-87 
Teledyne P 1435 864-54 14460 Motorola MC14460 853-92 602-4 14551 Motorola MC14551BA 571-32 

867-84 14461 Motorola MC14461 857-73 14514 Motorola MC14514BA 408-99 MC14551BC 571-33 
881-53 14462 Motorola MC14462 857-74 MC14514BC 408-100 14552 Motorola MCM14552A 413-140 

1436 Motorola MC1436 865-25 14463 Motorola MC14463 857-75 14515 Hitachi, HD14515B 408-115 1173-29 
885-57 14464 Motorola MC14464 857-76 Motorola MC14515BA 408-118 MCM14552C 413-141 

MC1436C 865-35 14465 Motorola MC14465 857-77 MC14515BC 408-119 1173-30 
886-40 14469 Motorola MC14469 .788 14516 Hitachi HD14516B 406-74 14553 Motorola MC14553BA 407-103 

Silicon G SG1436 865-27 417-49 Motorola MC14516BA 406-77 MCI45535C ' 407-1041' 
885-59 625-10 t MC14516BC 406-78 14554 Motorola MC14554BA 404-2 

SG1436C 865-37 14470 Motorola MC14470 861-103 14517 Motorola MCI4517BA ,416-54 MC145541;lC 404-3 
886-41 14471 Motorola MCC14471 861-107 1192-97 14555 Hitachi HD14555B 408-134 

1437 Motorola MC1437 893-5 14472 Motorola MCC14472 861-108 MCI4517BC 416-55 Motorola MC14555BA 408-135 
Raytheon RC1437 893-4 14478 Motorola MC14478 861-104 1192-94 MC14555BC 408-136 

1438 Motorola MC1438 839-35 14479 Motorola MCC14479 861-109 14518' Motorola MC14518BA 406-162 14556 Motorola MC14556BA 408-146 
1439 Motorola MC1439 884-24 MC14479 861-105 MC14518BC 406-163 MCI4556BC 408-147 

, 165-12 14480 Motorola MC14480 861-106 14519 Hitachi HD14519 414-56 14557 Motorola MC14557BA 416-74 
Teledyne P 1439 865-64 861-110 Motorola MC14519BA 411-13 1192-91 

887 -48 14481 Motorola MCC14481 861-111 414-57 MC14557BC 416-75 
144 Intersil DG144A 569-92 14490 Motorola MC14490 416-133 MC14519BC 411-14 14558 Motorola MCI4558BA 408-85 

DG1448 569-108 MC14490E 416-134 414-58 MC14558BC 408-86 
National LM144 865-19 14495 Motorola MC14495 .786 1452 Hitachi HA1452 853-46 14559 Motorola MC14559 ' 11 178-8 

879-18 409-5 HA1452W 853-47 MC14559BA 417-29 
Siliconix DG144A 569-95 602-20 14520 Motorola MCI4520BA 406-54 MC14559BC 417-30 

DG144B 569-109 145 Intersil DG145A 572-70 MC14520BC 406-55 1456 Motorola MC1456 885-54 
L144 11 168-2 National LM145 11 188-15 14521 Motorola MC14521BA 415-31 11 165-13 
L144A 866-110 LM145K .1061 MC14521BC 415-32 11 178-4 

893-32 Siliconix DG145A 572-73 14522 ' Motorola MC14522BA 407-36 'MC1456C 886-42 
L144B 866-111 DG145B 572-~9 MCI4522BC 407-37 Signetics MC1456 885-58 

893-33 Telefunken UAA145 919-86 14524 Motorola MCM14524A 414-17 Silicon G SG1456 885-55 
L144C 866-112 145K5,O National LM145K5.0 .1061 1183-52 SG1456C 886-43 

893-42 908-100 MCM14524C 414-18 14560 Motorola MC14560 , 151-6' 
Siltronics SL144 866-113 145K5,2 National LM145K5.2 .1061 1183-53 MC14560BA 404-86 

SL1'44C 893-41 909-18 14526 Motorola MC14526BA 406-104 MCI4560BC 404-87 
1440 Motorola MC1440 11 169-14 14500 Motorola MC14500B .2009 MC14526BC 406-105 14561 Motorola MC14561 , 151-6 

Siemens TBA1440 860-188 416-113 14527 Motorola MC14527BA 416-163 MC14561BA 404-91 
Signetics TBA1440 840-162 1763-26 MC14527BC 416-164 MC14561BC 404-92 

860-192 14501 Hitachi HD14501 412-140 14528 Hitachi HDI4528B 414-129 14562 Motorola MC14562BA 416-62 
TBA1440G 860-193 HD14501B 415-94 'Motorola MCI4528BA 414-134 1193-39 

14401 Motorola MC14401 901-56 Motorola MC14501UBA 412-141 MCI4528BC 414-135 MC14562BC 416-63 

14403 Motorola MC14403 901-57 MC14501UBC 412-142 14529 Motorola MCI4529BA 574-89 1193-38 
14405 Motorola MC14405 901-58 14502 Hitachi HD14502B 406-51 575-32 14566 Motorola MCI4566BA 408-30 

14406 Motorola MC14406 .1030 Motorola MC14502BA 405-57 MCI4529BC 574-92 MCI4566BC 408-31 

900-26 MC14502BC 405-58 575-33 14568 Motorola MCI4568BA 408-55 

14407 Motorola MC14407 .1030 14503 Motorola MC14503BA 404 -160 14530 Motorola MC14530BA 412-149 417 -42 

900-27 MCI4503BC 404-161 MCI4530BC 412-150 898-36, 

14408 Motorola MC14408 417-103 14504 Motorola MCI4504BA 416-92 14531 Motorola MC14531BA 417-54 MC14568BC 408-56 

900-103 MCI4504BC 416-93 MC14531BC 417-55 417-43 

14409 Motorola MC14409 417-104 14505 Motorola MCMI4505A 413-111 14532 Hitachi HD14532B 416-144 898-37 

900-104 1173-23 Motorola MCI4532BA 416-145 14569 Motorola MC14569 .778 
1441 ' Siemens TBA1441 il60-189 MCMI4505C 413-112 MC14532BC 416-146 MC14569BA • na 

SlQnetics TBA1441 860-194 1173-24 14534 Motorola MC14534 11 155.6 408-1 
14410 Motorola MC14410 901-59 14506 Motorola MCI4506BA 411-41 MCI4534BA 407-154 MC14569BC • na 
14411 Motorola MC14411 416-183 MCI45Cl68C 411-42 MCI4534BC 407-155 408-2 

626-31 14508 Hitachi HD14508B 413-?B 14536 Motorola MCI4536BA 415-35 1457 Hitachi HA1457 853-3 

14412 Motorola MC14412 417-106 Motorola MCI4508BA 413-61 417-113 14572 Hitachi HD14572 412-145 

Arranged alphanumerically from left to right. 
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14572 Motorola MC14572 • 174-15 146504 
MC14572A 412-146 146506 
MC14572C 412-147 

14573 Motorola MC14573 417-17 

I 14574 Motorola MC14574 417-15 

i 14575 Motorola MC14575 41
7-

19
1 

I 1458 AMD 1458 863-44 

891 ·57 i 

Exar XR1458 863 ·45 146518 

891·59 
Fairchild ,...A1458 863·46 

,...A1458C 892-2 
,...A1458CC 893·14 

Motorola MC1458 863-48 
892-5 

Mt;1458t; 

~-151 
1466 

MC1458N 892·36 
MC1458S 892·37 

National LM1458 863-49 1468 

892-8 I 
NEC Arnsr.ca fLPC1 458 863·50 

892·10 
PMI PM1458 863·52 

892-12 
SSS1458 863-53 

890-32 
Rayl!1eon RC1458 863-55 1469 

892-16 
RCA CA1458 863-54 

892-14 147 
Signetics MC1458 863-56 1471 

892-19 1472 
SA1458 892-20 
TDA1458 891-12 

Silicon G SGt458 863·57 
892-22 1473 

TI MC1458 863-58 1479 
892-24 148 

14580 Motorola MC145808A 413-90 
1171-76 

MC145808C 413-91 
1171-77 

14581 Motorola MC14581BA 404-52 
MC14581BC 404-53 

14582 Motorola MC14582BA 404-62 
MC14582BC 404-63 

14583 Hitachi HD14583B 417-62 1480 
Motorola MC14583B , 161-10 1482 

MC14583BA 417·63 
MC145838C 417-64 

14584 Hitachi HD14584B 417·70 1488 
Motorola MC14584B 11 161-10 

MC14584BA 417-71 
MC14584BC 417-72 

14585 Motorola MC14585BA 404-71 
MC14585BC 404-72 

14597 Motorola MC14597BA 412·180 
1763-28 

MC14597BC 412-181 
1763-29 

14598 Motorola MC145988A 412-172 
1763-30 1489 

MC14598BC 412-173 
1763-31 

14599 Motorola MC14599BA 412·176 
1763·32 

MC14599BC 412-177 
1763-33 

146 AMI S146 1169-16 
Exar XR146 • 929 

866·115 
880-5 
894-28 

XR146M .929 
intersil DG146A 569-71 

DG1468 569-83 
MationII LM146 .1035 

866-123 
894-29 149 

Siticonix DG146A 569-74 
001468 569-85 

Tetelooken UAA146 919-87 
1463 Motorola MC1463 , 187-13 1494 

MC1463G 913·60 1495 

"MC1463R 913-61 
913-62 

28 
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Motorola MCM146504 1181-103 1495 SiIiconG SG1495 
Motorola MCM146508 .1534 1496 Motorola MC1496 

414-6 
1178-38 National LM1496 

1ICM146508-1 .1534 

1177-92 1 Plessey SL1496 
11C1i1146508-2 .1534 I SignetJCS MC1496 

1 ~ 77 ~93 
I Motorola MCMl46518 .1534 I Silicon G SG1496 

414-7 1498 Panasonic MN1498 
1178·41 

IICMl4S518-1 .1534 1499 Panasooic MN1499 
1177 -98 

1ICM14S51W .1534 15 Beckman 801-V15 
1177-99 809-V15 

Motorola MC1466 '13~ I 851·V15 

• 187-11 8S9-V15 

• 187-13 873-15 
Exar XR1468 911·32 Burr·Brown UAF15 

Mororoia MC1468 911-35 I UAF15H 
11 187·13 VFC15 

MC1468L 913·114 VFC15LD 
MC1468R 913·119 IPI IPL15 

Silicon G SG1468 911-42 Lambda LAS15C1;3 
SG1468J 913-116 LAS15U 
SG1468T 913-120 PMI OP·15 

Motorola MCl469 , 187-13 i OP-15A 
MC1469G 912-51 OP-158 
MC1469R 912-52 OP·15C 

SGS M147 856-173 OP-15E 
Motorola MC1471 620-117 OP-15F 
GI AY8-1472B 625-19 OP-15G 
Motorola MC1472 621-25 - Super1ex ED-15 
Westem PT1472B 625-20 

PT1472B-Ol 625·22 15A05 Lambda LAS15A05 
Motorola MC1473 621-114 15A12 Lambda LAS15A12 
Motorola MC1479 621-180 15A15 Lambda LAS15A15 
AMD LM148 894-32 150 IMI MM150 
Fairchild ,...A148 894-33 
Intersii LM148 894·34 Master Logic Ml150 
Motorola LM148 894-35 
National LM148 .1035 National AF150 

894-36 
Raytheon LM148 894-37 LM150 

SGS l148 883-3 
TI LM148 894-38 
National MM1480 11 196-18 SGS U50 
GI AY8-1482B 625-27 1500 AMD 1500C 
Western PT1482B 625·28 1500L 

PT1482B-Ol 625·31 1500M 
AMD 1488 606-48 Sanyo LB1500 
Exar XR1488 606-49 1501 AMD 1501C 
Fairchild p.A1488 606-50 1501L 
Motorola MC1488 606-52 lSOlM 
National DS1488 606-53 Sanyo lB1501 

11 156-16 SilicoI1G SG1501 
Raytheon RC1488 606-54 
SiIJl6Iics UCl488 606-55 SGl501A 

11 182-8 1502 Silicon G SG1502 
SIlicon G SG1488 606-56 Western FR1502E 
TI UC1488 606-57 FRl502E~1 

AMD 1489 611-46 FRl502E-02 
1489A 611-56 1503 Motorola MCl503 

Exar XR1489A 611-57 SIlIcon G SG1503 
Fairchild ,...A1489 611-47 

p.A1489A 611-58 1505 Lambda lASi505 
Motorola MC1489 611-50 Motorola MC1505 

MC1489A 611-61 1506 AMD 1506 
National OS1489 611-51 Lambda LAS1506 

11 156-17 Motorola MC1506 
DS1489A 611-62 1507 AMD 1507 

Raytheon RC1489 611-52 1508 AD AD1508-8 
RC1489A 611·63 A01508-9 

Signetics MC1489 611-53 AMD SSSl5OBA-8 

• 182-8 
1506-8 

MC1489A 611-64 Lambda LAS1508 
Silicon G SG1489 611-54 Motorola MCl506 

SG1489A 612-2 MC1508-8 
AMD LM149 894-39 National LM1508-8 
Intersii LM149 894-40 PMI SSSl5OBA-8 
National lM149 894 -41 Signetics MC1S08-8 
Raytheon LM149 894-42 151 Intersrl DG151A 
Motorola MC1494 917-74 001518 
Motorola MC1495 917-76 National AF151 

11 184-19 
Plessey S11495 917 ·78 NEC America p.PC151 

flndicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted . 

page-une 

917-84 
915-119 

, 184-6 

915-123 
, 185-17 

915-131 
915-137 

• 182-8 
915·142 

1753-99 
, 206-8 

1753-101 
, 206-8 

906-67 
906-87 
910-25 
910-32 
581-27 
915·11 
915-12 

.658 

.658 
917-23 
906-42 
912-43 

, 167·14 
869-40 
871-29 
876-2 
869-41 
871·30 
876·3 

• 834 
417-8 
903-101 
906-5 
906-100 
417-133 
460-54 
417-150 
460-68 

.1073 
915-27 

.1060 

.1065 
912-57 
900-51 
848-22 
847-26 
847-25 
858-64 
892-58 
889-28 
889·29 
858-65 
914-3 

, 189-1 

911-48 
914-8 

1159-78 
1159-76 
1159-75 
918-63 

.1128 
918-61 
903-100 
584-61 

1187·20 
904-49 
585-16 

1187-21 
587-5 
586-9 
587-3 
587-13 
905-6 

, 178-7 

587·19 
587-25 
587-7 
587-27 
567-68 
567-75 

.1073 
915-28 
883-10 

• Indicates entire Application Note is provided on the page noted. 
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151 Siliconix DG151A 567-71 
001518 567 -77 

1510 Lambda LAS1510 905-60 
Motorola MC1510 840-111 

1511 SiliGOl1G SG1511 913-64 
1512 Lambda LAS1512 906-4 
1514 Motorola MC1514 847-14 

• 160-3 
• 171·15 

National LM1514 847-12 
Raytheon RM1514 847-15 

1515 Lambda LAS1515 906-99 
Sanyo LB1515 858-66 

1518 Lambda LAS1518 907-42 

152 Intersil 00152A 567·96 

National LF152 839-11C 
886·52 

NEC AmGnca ,...PC152A s8a·27. 
Siliconix 00152A 567-99 

DG1528 568·16 
TI LF152 839·113 

1520 Lambda LAS1520 907-77 
Motorola MC1520 886-35 

1521 Plessey SL1521 840-195 
, 169-8 

1522 Plessey SL1522 840-196 
1523 Plessey Sl1523 840-19 

1524 Exsr XR1524 .930 
914-21 

XR1524M .930 
Lambda LAS1524 908-4 

NatIonII LM1524 .1063 
914-35 

Signetics SG1524 914-42 
SIlicon G SG1524 .1128 

914-47 
11 184·7 
, 184-8 

TI SG1524 914-SO 
1528 Lambda LAS1528 906·32 

153 Intersil 00153A 571-109 
001538 571-115 

NEC America ,...PC153A 880-3 
Sificonix 00153A 571-112 

001538 571-117 

1530 MolOiula MCI530 001 .... 4 
1531 Motorola MC1531 886-4 

1532 Silicon G SG1532 913-29 

1533 Motorola MC1533 881-35 
1535 Motorola MC1535 890-11 

, 165-11 

1536 Motorola MC1536 865-14 
879-16 

Silicon G SG1536 865-20 
879-17 

1537 Motorola MC1537 891-21 
Raytheon RM1537 890-52 

1538 Motorola MC1538 839-36 

15380 Rockwell 15380 1752-124 

1539 Motorola MC1539 876-52 
, 165·12 

154 Intersil 00154A 572-12 
001548 572-39 

NEC America ,...PC154 872-2 

,...PC154A 875-42 
Sificonix 00154A 572·15 

DG1548 572-41 

1540 Motorola MC1540 , 169-14 

1541 RCA CA1541 624-3 

1543 Exar XRl543 917-190 

SIlIcon G SG1543 .1129 
917-19' 

1544 Motorola Me,S44 62'1-192 
1545 Motorola MC1545 840-82 

11 169-16 
, 169-17 

1546 Motorola MC1546 , 160-3 

1549 Fairchild SH1549 860·108 
155 AMO LFl55 863-65 

877-57 
lF155A 872-28 

Fairchild ,...AF155 863-66 
878-3 

,...AF155A 872-28 
IntersiI LF155 863-67 

878-5 



PART NUMBER INDEX 
Base Base Base Base 
Number Source Device Page-line Number Source - Device Page-line Number Source Device Page-line "umber Source Device Page-I.ine 

155 Intersil LF155A 872-30 156 TI LF156A 873-2 16 Datel HDA5-16MC .660 16C1 Raytheon PAL16C1M 455-152 
Motorola LF155 863-68 1561 Motorola - MC1561G 912-97 580-41 1160-54 

878-7 MC1561R 912-103 916-27 16F60 Plessey SP16F60 422-31 
LF155A 872-32 1563 Motorola MC1563 11 187-13 HDA5-16MM .660 462-141 

National LFT155 869-36 MC1563G 913-66 580-42 16H2 MMI PAL16H2 .1479 
LF155 .1035 MC1563R 913-67 916-28 PAL16H2C .1479 

863-69 1566 Motorola MC1566 913-39 HDA5-16MR .660 455-14~ 
878-10 11 187-13 Fairchild F16K .1272 1160-45 

LF155A .1035 1568 Exar XR1568 911-33 F16K·2 .1272 PAL16H2M .1479 
872-36 Motorola MC1568 911-36 1170-73 455-144 

Panasonic AN155 908-39 11 187-13 F16K·2DC .1272 1160-46 
911-7 MC1568L 913-115 F16K·3 .1272 Raytheon PAL16H2C 455-153 

PMI PM155 863-76 MC1568R 913-118 11'70-90 1160-55 
878-13 Silicon G SG1568 911-43 F16K-3DC .1272 PAL16H2M 455-1~ 

PM155A 872-34 SG1568J 913-117 F16K-3FC .1272 1160-56 
Raytheon LF155 863-77 SG1568T 913-121 F16K·3FL .1272 16L2 MMI PAL16l2 .1479 

878-15 1569 Motorola MC1569 11 187-13 F16K-4 .1272 PAL16l2C *1479 
LF155A 872-38 MC1569G 912-98 1170-109 455-100 

Signetics LF155 863-78 MC1569R 912-104 F16K-4DC .1272 1160-67 
878-17 157 AMD LF157 878-43 F16K-4FC .1272 PAL16L2M .1479 

LF155A 872-40 LF157A 873-4 F16K-4FL .1272 455-164 
TI LF155 863-79 Fairchild IlAF157 878-45 F16K·5 .1272 1160-68 

878-20 IlAF157A 873-6 1171-5 Raytheon PAL16L2C 455-173 
lF155A 872-42 Intersil LF157 878-47 F16K·5DC .1272 1160-77 

1550 Motorola MC1550 840-112 LF157A 873-8 F16K·5FC .1272 PAl16L2M 455-174 
Plessey SL1550 840-138 Motorola LF157 878-49 F16K·5FL .1272 1160-78 

1552 Motorola MC1552 '840-113 lF157A 873-10 IPI IPL16 917-13 16L8 MMI PAL16L8 .1479 
MC1552G 11 169-15 National LF157 .1035 Lambda LAS16C8 906-45 PAL16L8C .1479 

1553 Motorola MC1553 840-114 878-52 LAS16U 912-44 455-16! 
MC1553~ 11 169-15 LF157A .1035 Micro Tech CCD16DMUX 91'5-70 1160-69 

15530 Harris HDl5530-2 .753 873-12 CCDl6MUX 915-68 PAL16L8M .1479 
416-186 NEC America IlPC157 884-12 MMI MPY16 426-33 455-16E 

HD15530-9 .753 PMI PM157 878-55 National IMP-16 11 199-13 1160-70 
416-187 PM157A 873-14 11 199-15 Raytheon PAL16L8C 455-17E 

15531 Harris HD15531·2 .760 Raytheon lF157 878-57 11 199-16 1160-79 
417-1 LF157A 873-16 11 199-18 PAll618M 455-17E 

HD15531-9 .760 SGS H157 423-36 11 200-1 1160-80 
417-2 Signetics LF157 878-59 11 200-15 16R4 MMI PAL16R4 .1479 

1554 Moto;ola MC1554 !l!5~ ·11l6 lF157A 873-18 11 201-11 PAL16R4C .1479 
11 168-9 TI LF157 878-62 11 201-12 455-179 

1555 Motorola MC1555 902-14 LF157A 873-20 11 205"5 1160-83 
NEG America IlPC1555 902-17 158 Cherry CSl58 857-91 11 205-8 PAL16R4M .1479 

1556 Motorola MC1556 874-2 Motorola LM158 866-157 11 205-10 455-18<1 
877-8 890-36 11 205-11 1160-84 

11 165-13 National lM158 866-160 11 205-12 Raytheon PA116R4C 455-185 
Raytheon RC1556 885-53 890-37 11 205-19 1160-89 

RC1556A 879-40 11 166-9 IMP-16C 11 205-6 PA116R4M 455-186 
RM1556 877-7 LM158A 866-163 11 205-7 1160·90 
RM1556A 874-3 889-17 11 205-9 16R6 MMI PAL16R6 .1479 

Signetics MC1556 877=9 RCA CA158 866-166 PMI MUX-16A 576-64 PAL16R6C .1479 
Silicon G SG1556 877-10 890-38 MUX-168 576-67 455-181 

1558 AMD 1558 890-54 CA158A 889-18 MUX-16E 576-65 1160-85 
Fairchild IlA1558M 890-56 SGS H158 423-60 MUX-l6F 576-68 PAL16R6M .1479 
Motorola MC1558 891-2 603-96 OP-16 11 167-14 455-182 

MC1558N 891-20 Signetics LM158 866-169 OP-16A 869-42 1160-86 
MC1558S 891-28 890-41 OP-168 871-31 Raytheon PAL16R6C 455-187 

National LM1558 891-4 TI LM158 866-175 OP-16C 876-4 1160-91 
PMI PM1558 891-6 890-44 OP-16E 869-43 PAL16R6M 455-188 

SSS1558 890-33 159 NEC America IlPC159A 886-26 OP-16F 871-32 1160-92 
Raytheon RM1558 891-10 SGS 1159 842-178 OP-16G 876-5 16R8 MMI PAL16R8 .1479 
RCA CA1558 891-8 1590 Motorola MC1590G 839-48 Reticon RL16 - 916-144 PAL16RSC .1479 
Signetics MC1558 891-11 840-115 Trans-Data UMC-16 626-8 455-183 
Silicon G SG1558 891-15 11 169·1 TRW MPY1.6AJ 426-34 1160-87 
TI MC1558 891-17 1594 Motorola MC1594 917-75 MPY16AJM 426-35 PAL16R8M .1479 

156 AMD LF156 878-22 1595 Motorola MC1595 917-77 MPY16HJ 426-36 455-184 
LF156A 872-44 11 184-19 MPY16HJM 426-37 1160-88 

Fairchild IlAF156 878-24 Plessey S11595 917-79 16x4 Raytheon PAL16x4M 456-4 Raytheon PAL16R8C 455-189 
IlAF156A 872-46 Silicon G SG1595 917-85 16A4 MMI PAL16A4 .1479 1160-93 

Intersil lF156 878-26 1596 Motorola MC1596 915-120 PAL16A4C .1479 PAL16R8M 455-19C 
LF156A 872-48 • 184-6 456-8 1160-94 

Motorola LF156 878-28 National LM1596 915-124 1160-103 16X4 MMI PAL16X4 .1479 
LF156A 872-50 11 185-17 PAL16A4M .1479 PAL16X4C .1479 

National LFT156 869-38 Plessey SL1596 915-132 456-9 455-193 
LF156 .1035 Signetics MC1596 915-138 1160-104 1160-97 

878-31 Silicon G SG1596 915-143 Raytheon PAL16A4C 456-10 PAL16X4M .1479 
LF156A .1035 16 Burr..£lrown MPC16S * 659 1160-105 455-19~ 

872-52 576-53 PAL16A4M 456-11 1160-98 
NEC America IlPC 156A 88.3-34 Datel DAc-HP16BMC .679 16Cl MMI PAL16C1 .1479 Raytheon PAL16X4C 456-3 
PMI PM156 878-34 600-3 PAl16C1C .1479 1160-99 

PM156A 872-54 DAC-HP16B1I1I .679 455-141 PA116X4M 1160-1OC 
Raytheon LF156 .878-36 600-4 1160-43 160 Motorola XCl60 460-87 

LF156A 872-56 DAC-HP16B1IR • 679 PAL16C1M .1479 National LMl60 846-13 
SGS H156 423-28 DAC-HP161l1C .679 455-142 • 171-19 
Signetics LF156 878-38 600-11 1160-44 Signetics TCA160 852-26 

LF156A 872-58 DACHP1&D1111 • 679 Raytheon PAL16C1C 455-151 1600 GI CP-16OO 1727-3 
TI LF156 878-41 600-12 1160-53 CP-16ooA 1727-3 

Arranged alphanumerically from left to right. 
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1600 GI CPl600 1753-104 1627 Silicon G 5Gl627 .1129 1670 Motorola MC1670 421-126 1700 National LX1700GB 918-17 
CPl600A 1753-105 622-34 National 051670 619-78 LX1700GN 918-11 
OACl600 1753-109 1629 Silicon G SGl629 576-90 Plessey SP1670B 421-129 1701 National LX1701 , 191-15 
MUXl600 576-73 622-11 1671 National 051671 619-84 1702 AMO 1702A 1162-91 

1753-111 919-122 INS167l 626-13 1702A-l 1162 -75 

Harria HA-l600-6 .1016 I 163 AMO OS163 624-132 1753-144 1702A-2 1162-78 
918-126 Intersil OGl63A 572-74 1760-121 1702A-6 1162-107 

National LXl600 .. 191-15 OGl63B 572·80 Plessey 5P1671B 421-130 1702AL 1162-92 
LXl600A 918-2 Siemens Sl63 856·119 SMC COM1671 626-14 1702AL-l 1162-76 

, 191-17 SUicooix OG163A 572-77 1753-145 1702AL-2 1162-79 
LX1600AF 918-3 OG163B 572 -82 Western UC1671 626-15 Intel M1702A 1162-89 
LXl6000 918-18 1630 National OSl630 405·71 1753-146 1702A 1162-93 
LX1600G 918-9 Plessey SL1630 839-143 UC1671·01 626·16 1702A-2 1162-80 
LX1600GB 918-16 1631 National OS1631 620-129 1672 Motorola MC1672 422·9 1702A-6 1162-108 

Plessey SL1600 , 173-9 Western CPl631 1753-129 National 051672 619·86 1702AL 1162-94 

I 
' 1/;1·10 It>:12 National OSl632 621-37 Plessey SP1672B 

422-11 I 1702AL-2 1162-81 I 
' 173·11 1633 National OSl633 621-128 1673 Plessey SP16738 422-12 National MM1702AQ 1162-96 

Western CPl600 1751-1 1634 National OSl634 621·192 1674 Motorola MC1674 422-14 1761-91 

I MPl600 1750-4 16384 GI R03·16384 1186-66 National 051674 619-68 . MM1702AQ·l l162-84J 

i 1601 NatIOnal LXt601A , 191-17 164 Intersil OGl64A 572-88 Plessey $P1674B 422-15 i MM1702AQ-6 1162·11 
1602 National L,,(1502A , 191-14 DGl64B 572-98 1675 Nationai DS1675 619·166 1705 FllrchIIcI SHl705 .154 

, 191-16 Siliconix OGl64A 572·91 Plessey 5P16758 422-16 904-13 
, 191-17 OGl648 572-100 1676 National OS1676 619-97 1709 Mo\{)(ola MC1709 880-33 

Western TR1602 625-66 1640 National OSl640 619·76 1677 National OS1677 619-175 MC1709A 875-16 
, 157-5 Plessey SL1640 915-133 1678 Mo\{)(oIa MC1678 421-111 171 National LM171 840-12<1 

TRl602.oo 625-74 1641 Plessey SL1641 915-134 National 051678 620-41 , 169-6 
TRl6Q2.()4 625·78 • 173-8 1679 National 051679 620-46 

• 174-5 
TRl602-05 625-80 1642 National OSl642 619-82 1680 GI 1081680 1753·113 Siliconix OG171 • 190-5 

1603 AMO 051603 613-50 1644 National OS1644 619-65 PICl680 , 203-8 1710 Motorola MC1710 845-20 
624-134 1645 GI PlCl645 1753·150 Plessey SL1680 915·162 MC1710C 846-19 

National OSl603 613·52 National 051645 619-164 1683 GI Cl6830 853-124 1711 GI ER1711 1159-20 
624-144 1646 National OSl646 619-95 1685 GI Cl6850 853-125 Motorola MC1711 847-33 

1605 FIIrc:tiId SH1605 • 154 1647 National OSl647 619-173 1686 National OSl686 621-73 MC1711C 848-4 
914-27 1648 Motorola MCl648 422-58 900-191 NCR NCR1711 1159-21 

lambda LASl605 903-124 899-52 1687 GI Cl6870 853·126 Nitron NC1711 1159·22 
National 051605 624-177 , 185-13 National OSl687 621-74 1712 Motorola MC1712 867-135 

1606 DateI MV-l606 • 683 National OSl648 620·39 900-192 875-27 
576-31 Plessey SPl648 422-59 1688 Mo\{)(oIa MC1688 422-36 MC1712C 881-38 

MV-l606M 576-32 899·54 National OSl688 610-22 171458 Hitachi HA171458 863-47 
MX-1fS06 .683 1649 National 051649 620-44 1689 GI C16890 853-127 892-3 

576-54 1650 GI PlC1650 1753-149 National OS1689 614-36 172 National LM172 851-30 

MX-1506M .683 1728-1 1690 Mot{)(oIa MCl690 421-133 , 173-2 

576-55 , 203-7 461-71 SiIiconix OG172A 569-35 
Lambda LASl606 904-71 , 203-8 National OS1690 614-38 OG172B 569-36 
National 051606 624·178 Motorola MC1650 422-49 Plessey SP1690B 422-2 OG172C 569-37 

1607 National OSl607 624·179 , 158-16 4e~ -72 T. TL172 462-100 
1608 Lambda LASl608 905·26 Plessey SP1650B 422-52 1692 Mot{)(oIa MC1692 42<'-55 1720 GI C1720 854-7 

National 051608 624-180 1651 Motorola MCl651 422-51 , 158,16 1721 Nitron NC1721 1159-17 
161 Iotn OG161A 569·79 Plessey SPl6518 422-53 Plessey SP16928 422'-56 1723 Mo\{)(oIa MCl723 912·79 

National lM161 845-53 Western CPl651 1753·121 1694 Mot{)(oIa MC1694 422-47 , 187-11 
, 171·19 MP1651 1753-124 1189·104 , 187-13 

Siliconix OG161A 569-82 1654 Motorola MC1654 421-97 1696 Plessey Sl1696 915-146 MC1723C 912-80 
OG161B 569-87 1655 GI PICl655 1753·151 1697 Motorola MC1697 421·108 1728 Reticon CCP01728 916-123 
L161 649-6 1658 Motorola MC1658 422-44 461·93 R11728 916-153 

1610 GI CP-1610 1727-3 899-53 1699 Motorola MC1699 421·101 172901 Hitachi HA172901 849-50 
CP1610 1753-106 Plessey SPl658 422-45 421-109 173 National LM173 • 169-5 

Harris HA-161G-2 .101. 899-55 461-94 SiIiconix OG173A 572·105 
918·127 166 Cherry CSl66 916-56 17 IPI IPL17 917-24 OG1738 572-10fl 

HA-161N .101. 1660 AMO 1660 883-50 PMI OP-17 , 167-14 17301 Hitachi HA17301 884-8 
918-128 Motorola MCl660 422-28 OP-17A 869-46 1731 Nitron NC1731 1159-34 

Lambda LA51610 905-69 
• 158-5 

OP·178 871-35 1733 Motorola MC1733 840-11fl 
Plessey SL1610C 840-139 Plessey SPl66QB 422-32 OP-17C 876-8 MC1733C 840-117 

1611 National OS1611 620-122 Siicon G SGl660 883-51 OP·17E 869-47 174 Fairchild J1A174 865·128 
Plessey SL1611C 840·140 1661 Motorola MCl661 , 158-5 OP-17F 871-36 National LM174 , 173-3 

1612 Lambda LA51612 906·27 Plessey SPl6618 422-33 OP-17G 876-9 1741 Motorola MC1741 863-27 

National OS1612 621-30 Western CPl661 1753-122 Rockwell A17XX 1752-91 880-43 
Plessey SL1612C 840-141 MPl661 1753-125 170 National LM170 839-9 880-44 

1613 National OS1613 621-119 1662 Motorola MCl662 422-23 851-3 MC1741C 883-8 
Plessey 5L1613C 840-183 , 158-4 , 171-3 MC1741NC 882-37 

1614 National OS1614 621·185 • 158-5 Siemens UAA170 584·2 MC1741NS 881-23 
16147 National OS16147 619-177 Plessey SPl662B 422-25 603-79 MC1741S 881-20 
16149 National OS16149 620-49 1663 Motorola MCl663 , 158-5 916-188 MC1741SC 882-35 
1615 Lambda LAS1615 906-121 Plessey SPl6638 422-26 Siliconix OG170A 571·26 Signetics MC1741S 881-21 
f6177 Nationai DS16177 619-179 1'664 GI PICl664 1753-154 OG1708 571-27 MC1741SC 883-17 
16179 National 0516179 620-51 Mo\{)(oIa MCl664 422-18 OG17OC 571·28 1742 National MM1742 1183-81 
162 Intersil OG162A 569-101 , 158-5 TI TL170 462-159 1747 Mot{)(Ofa MC1747 890-57 

SiIiconix OG162A 569-104 Plessey SPl664B 422-20 1700 National LX1700 • 191-15 MC1747C 8.92-6 
OG1628 570-13 1665 Motorola MC1665 • 158-5 

LX1700A 918-4 ·1748 Motorola MC1748 881-11 
1620 Plessey '5L162OC \ 839·18 Plessey SP16658 422-21 LX 1700AF 918-5 MC1748C 882-49 
1621 Plessey 5L1621C 839-14 1666 Motorola MCl666 422-4 LX 1700AFN 918·7 175 Cherry CS175 856-80 
1623 PIessey SL1623 851-117 Plessey SPl666 422-6 LX1700AN 918-6 917-51 

, 173-8 1667 Plessey SPl667B 422·7 LX17oo00 918·19 National LM175 917-134 
1625 Plessey SL1625 851·118 1668 Motorola MCl688 422-38 LX 1700DDF 918-20 Siemens S175 859-173 
1626 Plessey SL1626 851-141 Plessey SPl668 422-40 LX1700G 918·10 915-66 

, 173-8 1669 Plessey SPl669 422-41 , 191·18 SUiconix oo175A 570-37 
SLf626C 839-19 1670 GI PIC1670 1753-152 , 192-1 570-38 

,Indicates page number in Application Note Directory, 
• Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 
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175 Siliconix oo175B 570-39 18052 Lambda LAS18052 908-119 1824 RCA CDP1824 1173-10 184 Siliconix DG184B 572-23 
570-40 1806 Lambda LAS1806 909-35 1754-52 1840 Harris HI1840 .703 

TI TL175 462-161 1807 National LM1807 860.-163 CDP1824C 1173-13 576-52 
17555 Hitachi HA17555 902-9 1808 Lambda LAS1808 909-64 SSS SCP1824 413-148 HI 1840-2 .703 
1757 AMI S1757 625-60 National LM1808 860-27 1173-11 576-62 
1760 S~icon G SG1760 883-52 181 Inters" DG181A 567-79 1754-53 1841 National LM1841 855-33 
177 Motorola XCl77 460-88 567-89 SCP1824L 1173-8 1845 National LM1845 859-187 

NEC America I1PCl77 849-30 DG181B 567-100 1825 RCA CDP1825 414-23 1848 National LM1848 858-121 
1771 National INSl771 1753-134 567-110 1179-87 185 Intersil DG185A 572-27 

1763-109 IH181C 567-101 1754-63 572-31 
Westem FDl771 1753-137 567-111 CDP1825C 1180-31 DG185B 572-43 

1763-112 IH181M 567-80 1826 National LM1826· 901-88 572-47 
17715 Hitachi HAl7715 867-108 567-90 1828 Harris HI 1828A-2 .699 IH185C 572-44 

884-28 National AM181 .1076 574-120 572-48 
17723 Hitachi HA17723 912-76 567-81 HI1828A-5 '. 699 IH185M 572-28 
17733 Hitachi HAl7733 840-105 567-91 574-1.21 572-32 
17741 Hitachi HAl7741 863-25 Siliconix DG181 11 190-4 Lambda LAS1828 911-1 National AM185 572-26 

883-6 11 190-5 National LM1828 858-120 572-30 
17747 Hitachi HA17747 892-4 11 190-11 183 Intersil DG183A 571-97 Siliconix DG185A 572-29 
1776 Motorola MCl776 866-12 DG181A 567-82 571-105 572·33 

866-78 567-92 DG183B 571-98 DG185B 572-46 
879-47 001818 567 -102 571-106 572-50 

11 174-15 567-112 Siliconix DG183A 571-99 TI TL185C 572-53 
MC1776C 866-13 1810 Lambda LAS1810 909-90 571-107 TL1851 572-52 

866-79 National LM1810 855-133 DG183B 571-100 TL185M 572-51 
882-29 1812 Lambda LAS1812 909-119 571-108 1850 National LM1850 856-72 

178 Siemens S178 858-11 National LM1812 857-89 1830 National LM1830 916-57 1851 RCA CDP1851 1754-13 
861-16 859-159 1831 Hughes HCMP1831 414-33 Western CP1851 1753-127 

1781 National INS1781 1753-135 919-118 1184-39 1852 Hughes HCMP1852 416-136 
Westem FD1781 1753-138 1815 Lambda LAS1815 910-41 1754-65 1754-5 

1763-113 National LM1815 853-84 HCMP1831C 1184-51 National LM1852 855-182 
FD1781-01 1753-139 856-85 RCA CDP1831 414-35 RCA CDP1852 416-137 

1763-114 917-54 1184-37 1754-6 
17902 Hitachi HA17902 867-4 1818 Harris H11818A-2 • 699 1754-67 11 206-11 

896-49 575-69 CDP1831C 1184-53 SSS SCP1852 416-138 
1791 National INS1791 1753-136 H11818A-5 • 699 SSS SCP1831 414-37 1754-7 

1760-164 575-70 1754-69 1853 Hughes HCMP1853 408-163 
Western FD1791 1753-140 Lambda LAS1818 910-80 1832 Hughes HCMP1832 414-34 1754-31 

1763-115 National LM1818 857 -140 1184-40 National LMl853 855-183 
1796 Plessey SL1796 915-147 182 Intersil DG182A 568-2 1754-66 RCA CDP1853 408-164 
18 Lambda LAS18U 913-59 568-6 HCMPl832C 1184-52 1754-32 

Teledyne C CDA18 570-30 DG182B 568-21 RCA CDP1832 414-36 SSS SCP1853 408-165 
18A05 Lambda LAS18A05 908-80 568-25 0'1184-38 1754-33 
18At2 Lambda LAS18A12 909-120 IH182C 568-22 1754-68 1854 Hughes HCMP1854 417 -165 
18At5 Lambda LAS18A15 910-42 568-26 CDP1832C 1184-54 625-104 
180 Cherry CS180 919A-38 IH182M 568-3 SSS SCP1832 414-38 1754-43 

Intarsil oo180A 567-54 568-7 1184-36 HCMP1854C 625-84 
567-64 National AM182 .1076 1754-70 RCA CDP1854 417-166 

DG180B 567-55 567-114 SCP1832L 1184-55 625-105 
567-65 568-5 1833 'Hughes HCMP1833 414-40 1754-44 

Siemens UAA180 584-3 Siliconix DG182A 568-4 1185-33 CDP1854A 1754-45 
603-80 568-8 1754-72 CDP1854C 625:-85 
916-189 DG1828 568-24 HCMP1833C 1185-63 SSS SCPl854 417-161 

Siliconix DG180A 567-56 568-28 RCA CDP1833 414-42 625-106 
567-66 TI TL182C 568-20 1185-35 1754-46 

DG180B 567-57 TL1821 568-19 1754-74 SCP1854L 625-97 
567-67 TL182M 567-116 CDP1833C 1185-61 1855 RCA CDP1855 1754-15 

1800 GI LP-18oo 1727-4 • 1820 Lambda LAS1820 910-89 SSS SCP1833 414-44 1856 AMI S1856 854-77 
Harris HI1800A-5 571-96 National lM1820 851-39 1754-76 Hughes HCMP1856 1754-9 
National LM1800 855-132 11 173-4 1834 Hughes HCMP1834 414-41 RCA CDP1856 1754-10 

11 173-4 11 173-6 1185-34 11 206-14 
11 174-5 11 174-5 1754-73 SSS SCP1856 1754-11 

RCA CDP1800 11 206-9 1821 RCA CDP1821 414-13 HCMP1834C 1185.64 1857 Hughes HCMPl857 1754-27 

1801 National LM1801 857-78 1754-61 RCA CDP1834 414-43 RCA CDP1857 1754-28 

NEC America I1PD1801 853-194 CDP1821C 1177-104 1185-36 11 206-14 
1802 Hughes HCMPl802 1753-156 CDP1821S 1177-65 1754-75 SSS SCP1857 1754-29 

1729-4 1822 Hughes HCMP1822 413-170 CDP1834C 1185-62 1858 Hughes HCMP1858 1754-35 

HCMP1802C 1753-157 1754-57 , SSS SCP1834 414-45 RCA CDP1858 1754'-36 

1729-4 HCM1822 1175-63 1185-37 SSS SCP1858 1754-37 

Lambda LAS1802 908-52 RCA CDP1822 413-183 1754-77 1859 Hughes HCMP1859 1754-39 
RCA CDP1802 1753-158 1174-101 SCP1834L 1185-65 RCA CDP1859 1754-40 

1743-3 1754-58 1835 HugheS HCMP1835 414-50 SSS SCP1859 1754-41 

11 201-17 CDP1822C 1175-64 1754-79 186 Intarsil oo186A 569-67 

11 201-18 SSS SCP1822 413-185 184 IntarSiI DG184A 571-118 569-75 

11 206-11 1754-59 572-7 DG186B 569-68 

11 206-14 1823 National LM1823 901-87 DG184B 572-16 569-76 

11 206-15 RCA CDP1823 413-159 572-21 Siliconix DG186A 569-69 

CDP1802C 1753-159 1173-52 IH184C 572-17 569-77 

1743-3 1754-55 572-22 DG186B 569-70 

SSS SCP1802 1753-162 CDP1823C 1173-57 IH184M 571-119 569-78 

1746-4 1824 Hughes HCMP1824 413-146 572-8 1860 National LM1860 851-40 

SCP1802L 1754-2 1173-9 National AM184 571-120 1861 Hughes HCMP1861 1754-48 

1746-4 1754-51 572-9 National LM1861 898-77 

1804 RCA CDP1804 1753-160 HCMP1824C 1173-12 Siliconix oo184A 572-2 898-11S 

CDP1804C 1753-161 Lambda LAS1824 910-115 572-10 RCA CDP1861 1754-49 

1805 Lambda LAS1805 908-87 RCA CDP1824 413-147 DG184B 572-18 1862 National LM1862 898-78 

Arranged alphanumerically from left to right. 
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ICMASTER 
Base 
Number Source Device 

1862 NatJonal LM1862 
RCA COP1862 

1863 RCA COP1863 
Westem TR1863 

TRl863-01 

j 
1864 RCA COP1864 
1866 RCA COP1866 
1867 RCA COP1867 
1868 RCA COP1868 
187 Intersil OG187A 

OG187B 

IH187e 

... 
IMltl/M 

National AM187 

I S~em6ns S187 
I Smconh~ DG187A 

OG187B 

1872 Reticon RL1872 
Westem CR1872 

1877 National LM1877 
188 Intersii DG188A 

OG188B 

IH188C 

IH188M 

National AMI88 

Siliconix DG188A 

OG188B 

TI TL188C 
TL1881 
TLl88M 

1880 National LM1880 
SignetlCS LM1880 

1881 Westem DM188! 
1883 AMI 81883 

Western DM1883 

1889 National LMI889 

189 Intersii DG189A 

OG1898 

I 
SilicOfllX OO189A 

OG189B 

1890 National LMI890 
1891 NatJonal LM1891 
1892 National LM1892 
19 Lambda LAS19CB 

LAS19U 
190 Intersil OO190A 

IH190M 

National AM190 

Siemens S190 
St!lconix DGl90A 

DG190B 

Telefunken U190 
1900 National LM1900 

Raytheon LMl900 
TI LM1900 

1902 Hitachi HA1902 
Mitel SILl902A 

I 

32 

Page-Une 

898·116 
1754·17 
1754·19 
625-83 
625-96 

1754-21 I 
1754-23 

·1754-24 
1754-25 I 569-88 
569-96 I 
569-

105
1 569·112 

569-106 
569-113 

:>6!::1-ti!::l I 
569-97 
569-90 
569-98 

898-1631 
569-91 
569-99 
569-107 
569-114 
916-154 

1753·39 
852·179 
569-118 
570-5 
570-19 
570-23 
570-20 
570-24 
570-2 
570·6 
569-116 
570-4 
570-3 
570-7 
570-22 
570·26 
570-16 
570-15 
569-117 
859·115 
859-124 

1753-131 
.629 

625·63 
1753-132 
1763-101 
856-21 
860-164 
570-81 
570-85 
570-82 
570-86 
570-83 
570-87 
570-84 
570-88 
917·6 
917-7 
917-8 
906-44 
912-45 
570-89 
570·93 
570-90 
570-94 
570-91 
570-95 
584·58 
570-92 
570-96 
570·97 
570-99 
859·126 
867-80 
897 ·29 
867-81 
867-82 
897 ·30 
624-13 
414-4 

1178·75 

Base 
Number 

1902 

1905 
1906 
1908 
191 

1910 
1912 
1913 
1915 
192 

19200 
193 

1933 

194 

1941 

195 

1953 
1971 

1976 

198 

1983 

1988 

199 

1998 

Source Device 

Mitel Sll1902AE 
SiL1902AF 

Lambda lASl905 
Lambda LASl906 
Lambda LASl908 
Intersi! OG191A 

DG191B 

IH191C 

IH191M 

National AM191 

~lilconlX OG191A 

OO191B 

li91 
Tetefunkefl U,9, 
TI TL191C 

TL19H 
TL191M 

Lambda LAS1910 
Lambda LAS1912 
National LM1913 
Lambda LAS1915 
NatIonal LM192 

SGS L192-12 
L192-15 
L192-5 

NPC SFF19200 
National AMl93 

LM193 
LM193A 

Signetics LM193 
LM193A 

Telefunken U193 
TI LM193 
National INS1933 
Western S01933 

501933-01 
National AM194 

LM194 
SGS L194-12 

L194-15 
1194-5 

Western BR1941 

BRI941·05 
BR1941-06 

National LM195 

Western TR1953 
National INS1971 
Western UC1971 

T! TMS1976 

AMO LF198 
Fa!rchlld IlAF198 
National LF198 
Sigootics LF198 
Western TR1983 

AMI S1988E 
S1988F 

National LM199 

LM199A 

Raytheon LMI99 
LM199A 

AMI S1998A 

Base 
Page-line Number 

414·5 1998 
1178·76 2 
904-14 
904-76 
905·29 

570-1021 
570-106 
570-109 
570-113 
570-110 
570-114 
570-103 
570-107 201 
570-101 20V12 
570-105 20V15 

570-104/20V20 
570-108 20V24 
570-112 20V28 
571·3 I 20V5 

11 17i -i8 I 20V6 
858-89 20V9 
571-6 20 
571-5 
571·4 
905-71 
906-33 
919-142 
907·5 

.1054 
839-157 
890-15 
905-90 
906-65 
903-46 
900-121 

.1076 
568-117 
847 ·46 
847-2 
847-47 
847-3 
860·114 
847-48 

1761-51 
625-47 

1761 -5~ 
625-48 

.1076 
569-9 
842-27 
905-99 
906-75 
903-55 
460-19 
626-40 
626-41 
626-42 
915-155 

'" 186-15 
625-114 200 

1760-122 
626-17 

1753-147 
857 -132 

1753-82 
919-15 
919-37 
919-65 
919·73 
625-45 

1760-112 
854-180 
854-181 

.1062 
918·92 

, 192-5 

11 192-15 
III 192-17 
.1062 

918·96 
• 192-5 
11 192-15 
• 192-17 

918-104 
918-107 
854·178 2000 

Source Device 

AMI Sl998C 
Oatel FLT-U2 

SHM-LM-2 

SHM-LM-2M 

Exar XR·I'L .cHIP 

IMI OMNICHIP2 
Supertex S02 
Teledyne C COA2-3 
IPI 201 
Lambda L20V12 
Lambda L20V15 
Lambda L20V20 
Lambda L20V24 
Lambda L20V28 
Lambda L20V5 
Lambda L20V6 
Lambda L20V9 
Burr-8rown MP20 

Motorola OAC-20 
OAC-20A 
DAC-20C 
OAC-20E 

PM! OAC-20 

DAC·20A 
OAC-2OC 
DAC-2OE 
OP-20B 

OP-2OC 

OP-2OF 

OP·2OG 

OP-20H 

Rockwell A20XX 
Esse~ SX200 

Exar XR-S2oo 
Harris HI200-2 

HI200-5 

IMI MM200 

Intersil IH200C 
IH200M 
200 

Master Logic ML200 

National LM200 

Panasonic OM2oo 
SGS L200 
Signetics OM200 
Silicon G SG200 
Siliconix OG2oo 

OG200A 
OG2ooB 
OG200C 

Umrode PF200 
PR200 

AMI S2000 

• Indicates page number in Application Note Directory. 
* Indicates additional data IS provided on the page noted . 

Base 
Page-line Number 

854-179 2000 
915·23 

* 685 
919-32 

• 685 
919-33 
460-30 
915-181 

, 159-13 
460-64 
857-84 
567-94 
916·157 
917-143 
917-144 

917-
145

1 917-146 
917-147 2001 
917-140 

~17-1411 
917-142 

• 659 
580-1 

1753-7 
1753-64 
1759-69 
1760-54 
1763-54 

, 203-4 
588-44 
588-40 
588-45 
588-41 
588·46 

• 167-14 
, 179-12 2002 
, 179-13 

588-42 
588-47 
588-43 
865-135 
866-32 
866-128 
868-40 
866·33 
866-129 
869-6 
865-136 
866-34 
866-130 
868-41 
889-3 
866-35 
866-131 
869-7 
866-36 
866-132 
869-23 

1752·75 
1753-27 
1723·4 
899-100 

.692 
567·36 

.692 
567-47 
417-134 
460·55 
567-44 
567·39 
912-30 2003 
417-151 
460-69 
912-32 

• 188-12 
851-22 
912-46 
851-24 
912-36 

, 190·5 
567-38 
567-50 
567-51 
917-35 2004 
917-36 

.1765 

• Indicates entire Application Note is provided on the page noted. 

Souree 

AMI 

EA 
HarriS 
HyComp 
Micro Net 

SSM 

TI 
Fairchild 

GI 
Micro Net 

Signetics 

SilICOn G 

Sprague 

TI 

Fairchild 

Micro Net 

Motorola 

National 

RCA 
SGS 

Signebcs 

Silicon G 

Sprague 

Telefunken 

TI 

Micro Net 

Signetics 

Sdicon G 

Sprague 

TI 

Micro Net 

Signelics 

Device 

S2000 

S2000A 

EA20GO 
HA-2ooo 
M/OA2000 
MN2000 
MN2000H 
SSM2000 

TMS2000 
SH2oo1C 

SH2OO1M 

TZ2oo1 
MN2oo1 
MN2001H 
ULN2OO1 

SG2001 

ULN·2001A 

UL5·2001H 
ULN2001A 

SH2oo2C 

SH2002M 

TDA2002 

TDA2002A 

TDA2OO2AH 
TDA2OO2AV 
TOA..~ 

TDA2OO2V 
MN2OO2 
MN2OO2H 
TDA2OO2 
TDA2002A 
TDA2OO2 
TOA2002A 
CA2002 
TOA2002 
TDA2002A 
ULN2oo2 

SG2oo2 

TDA2002 
ULN-2002A 

ULS·2002H 
TOA2oo2 
TOA2oo2A 
ULN2oo2A 

MN2003 
MN2OO3H 
ULN2oo3 

SG2003 

ULN·2OO3A 

ULS·2003H 
ULN2oo3A 

MN2004 
MN2004H 
ULN2004 

Page-Line 

1754·81 
1721 -4 

, 199·1 
, 203·2 

*1765 
1754-82 
1721-4 
605-31 
839-191 
596-11 
918-142 
918-1~ 

839-129 
840-181 
917-89 

, 

1852

1 • 161-7 
436-27 
620-163 
436-28 
620-164 
900-83 
918-144 
918-145 
622-112 
843-103 
622-114 
843·114 
622·116 
843-120 

, 170-6 

• 170·7 
843-125 
622-120 
843-133 
436-29 
620-165 
436-30 
620-166 

• 838 852·52 

* 936 
852-53 

.936 

.838 

.93S 

* 936 
918-146 
918-147 
852·73 
852-74 
852·78 
852-79 
852-96 
852-108 
852-109 
622-128 
843-104 
622-132 
843·115 
852-114 
622-134 
843-121 

• 170-6 
• 170-7 

843-126 
852-118 
852-119 
622-138 
843-136 
918-148 
918·149 
622-80 
843-105 
622-82 
843-116 
622-64 
843-122 

11 170-6 
, 170-7 

843-127 
622-91 
843-137 
918-170 
918-171 
622-99 
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\ PART NUMBER INDEX 
BaM I Base BaM BaM 
Number \ 

\ 
Source Device Page-Une Number Source De¥k:e PIge-line Number Source Device Page-Une Number Source DeYic:e Page-Une 

2004 Signetics ULN2oo4 843-106 202 Plessey NOM202 1159-2 2051 NCR NCR2051 1159-7 208 PMI PM208A· 870-17 
'. Sprague ULN-2004A 622-100 SGS .L202 622·131 Nitron NC2051 1159-8 Raytheon LM208 873·53 

843·123 843·111 2054 SGS TDA2054 840-34 LM208A 870-19 
11 170·7 Silicon G SG202 862·45 Sprague ULN·2054A 843·27 Signetics LM208 873·55 

ULS·2004H 843·128 2020 AD AD2020 582-40 2055 GI ER2055 1159·10 LM208A 870·21 
TI ULN2004A 622·104 Micro Net MN2020 840-46 Harris HA-2055 * 960 Silicon G SG208 873-57 

843-138 SGS TDA2020 852-172 888-23 SG208A 870-23 
2005 Harris HA·2oo5 840·3 11 168-18 HA-2055A * 960 2081 Sprague ULN-2081 A 843-64 , 

HyComp M/DA2oo5 596-39 SSM SSM2020 * 564 886-45 2082 Sprague ULN·2082A 843-72 
M/DA2005-1 591-10 839-130 NCR NCR2055 1159-11 2083 Sprague ULN-2083 843-8 

Micro Net MN2oo5 918-172 840-188 Nitron NC2055 1159·12 ULS-2083 843-9 
MN2oo5H 918-173 917-90 206 AMD LM206 845-14 2085 SGS L2085 905-38 

SGS L2005 903-127 • 185-2 National LM206 845-16 2086 Sprague ULN-2086 842-192 
Sprague ULN·2005A 622-85 2021 Sprague ULN·2021A 622-118 • 172-1 2089 NEe AmeriCa J'PB2089 1172-76 

843-124 843-152 PanasoniC AN206 860-36 209 CMA FX-209 • 176-18 
2007 EA EA2oo7 605-32 2022 Sprague ULN·2022A 622-136 TI LM206 845-18 FX209 900-71 
2009 National AM2oo9 574-60 843·153 2060 Harris HA-2060 * 962 Fain:hiId p.A209 .934 

AM2oo9C 574-61 2023 Sprague ULN·2023A 622-88 887-43 p.A209M * 934 
201 AD AD201A 874-50 843-154 HA-2060A * 962 903 -72 

AMD LM201 881-2 2024 SGS L2024 908-27 886-38 Motorola LM209 • 187-13 
LM201A 874-52 Sprague ULN·2024A 622-102 2061 Sprague ULN-2061 622-27 LM209H 903-24 

Fairchild J'A201AM 874-54 843-155 842-94 LM209K 903-75 
p.A201M 884-33 2025 Sprague ULN·2025A 622-89 2062 Sprague ULN-2062 622-28 National LM209 • 188-3 

Harris HI201-2 * 694 843·156 842-95 
• 188-5 

568-43 2026 MOS MCS2026-002 • 197-14 2064 GI SL5-2064 1192-98 LM209H *1060 
HI201-5 * 694 2027 MOS MCS2027 1157-19 SL6-2064 1192-99 903-28 

568-51 203 Panasonic AN203 851-64 Sprague ULN-2064 622-37 LM209K .1060 
Intersil IH201C 568·39 SGS L203 622-81 842-97 903-79 

IH201M 568-35 843-112 TI ULN2064 622-49 Raytheon LM209H 903-35 
201A 874-56 2030 EA EA2030 605-33 842-121 LM209K 903-83 

Motorola LM201A 874-58 SGS TDA2030 852-173 2065 Harris HA-2065 * 962 Sigletics LM209DA 903-57 
National LH201 884·30 SSM SSM2030 * 564 888-19 903-87 

• 165-19 856-110 HA-2065A * 962 LM209DB 903-37 
LM201 884·34 899-88 886·39 903-109 

• 165·19 2031 Sprague ULN-2031A 843-79 Sprague ULN-2065 622-38 S~iCOn G SG209K 903-90 

• 166·1 
2032 Sprague ULN-2032A 843-80 842-98 SG209T 903-40 

LM201A 874-60 2033 Sprague UlN-2033A 843-81 TI ULN2065 622-50 TI LM209 903-43 

• 166-15 2036 NPC SFC2036 842-87 842-122 21 Beckman 833-21 863-10~ 

, 166·16 204 Micro Net MN204 436-34 2066 Sprague UlN-2066 622-39 876-46 
11 166-17 Motorola LM204 11 187-13 842-99 1Iurr-8rown MP21 .659 
11 167:3 LM204H 913-97 2067 Sprague ULN-2067 622-40 580-2 

RA201 *1073 National LM204 913-99 842-100 1751-98 
Plessey NOM201 1159-1 11 187·16 2068 Sprague ULN-2068 622·41 1757-94 
Raytheon LH201 884-31 11 188·2 842-101 1757-187 

LM201 884-35 11 188-4 2069 Sprague ULN-2069 622-42 1759-147 
LM201A 875-4 11 188-12 842-102 1761-1st! 

RCA CA201 884-36 Plessey NOM204 1159-3 207 AMD LM207 874-24 1763-55 

CA201A 875-6 SGS L204 843-113 CMA FX207 901-155 • 203-4 
SGS L201 622-113 Silicon G SG204 913-103 Fairchild p.A207M 874-26 UAF21 *.921 

843-110 TI LM204 913-106 Intersil 207 874-28 915-14 

Siemens SAS201 462-150 2040 SSM SSM2040 * 565 Motorola LM207 874-30 UAF21H ~ 921 
Signetics ' LM201 884-37 857-35 National LM207 874-32 915-15 

LM201A 875-8 915-32 Raytheon LM207 874-36 Rockwell A21XX 1752-97 

Silicon G SG201 884-38 2045 Sprague ULS-2045 842·190 RCA CA207 874-38 21 HOI Synertek SY21HOI 1174-84 

SG201A 875-10 2046 NPC SFC2046 842-165 Signetics LM207 874-40 SY21 HOl-2 1174-90 

Siliconix DG201A 568-59 Sprague ULN·2046 842-191 Silicon G SG207 874-42 21H02 Syner1ek SY21H02 1177-61 

DG201B 568-62 2047 Sprague ULN·2Q47A 843-42 TI LM207 874-44 SY21 H02·2 1177-64 

DG201C 568-63 2048 Hughes HDSR2048 1188-2 2070 Sprague ULN-2070 622-43 21Hl1 Syner1ek SY21Hl1 1174-83 

TI LM201A 875-12 Reticon RL2048 916-155 842-103 SY21Hl1·2 1174-89 

2010 SGS TDA2010 852·171 . 205 AMD LM205 913-2 2071 Sprague ULN-2071 622-44 21H12 Synertek SY21H12 1174-82 

• 168-18 CMA FX205 898-184 842-104 SY21H12·2 1174-88 

2011 Sprague ULN-2011A 622-117 919-115 2074 Sprague ULN-2074 622-45 21L02 Fairchild 21L02 *1275 
843-141 11 182-9 842-105 21 L02F 1177-113 

2012 SGS L2012 906-29 Exar XR205 899-91 2075 SGS L2075 904-91 21l02H 1177-78 

Sprague ULN·2012A 622·135 899-101 Sprague ULN-2075 622-46 Synerlek SYMC21L02-1 1178-50 

843-142 Intarsil 205 913-5 842·106 SYMC21 L02B 1178-16 

2013 Sprague ULN·2013A 622-86 Motorola LM205 913-7 2076 Sprague UlN-2076 622-47 SY21L02 1178-83 

843-143 11 187-13 842·107 SY21L02·1 1178-49 

2014 Sprague ULN·2014A 622-101 National lM205 913-9 2077 Sprague ULN-2077 622-48 SY21l02B 1178-15 

843-144 • 187-16 842·108 211021 Fairchild 211021 1178-24 

2015 SGS L2015 906-122 • 188-2 208 AD AD208 873·39 21 L022 Fairchild 21 L022 1178-68 

Sprague ULN-2015A 622-87 Raytheon LM205 913-13 AD208A 870-5 21114 Motorola MCM21L14-20 1178-119 

843-145 Siemens SAJ205 856-164 AMD LM208 873-37 MCM21l14-25 1179-25 

2017 SGS L2017 907-11 TCA205 857 ·120 LM208A 870-3 MCM21L14-30 1179·62 

SMC COM2017 625-67 Silicon G SG205 913·15 Fairchild J1A208AM 870·7 MCM21L14-45 1179-124 

COM2017H 625-76 TI LM205 913-17 J1A208M 873-41 210 AMO LM210 862-13 

2018 NPC SFC2018 842-72 2050 GI ER2050 • 193·18 Intersil 208 873-43 Dionics 01210 602-156 

202 AMD LM202 862-41 SL5-2050 1192-78 208A 870-9 Exar XR21 0 898-20 

Fairchild CCD202 916-162 SL6-2050 1192-79 Motorola LM208 873-45 901-91 

Intersil IH202C 568-40 Harris HA-20SO * 960 lM208A 870-11 XR21 OM 898-21 

IH202M 568-36 887 -44 National LM208 873-47 901-92 

202 862-47 HA-2050A * 960 11 166-2 Intersil 210 862-17 

National LM202 862-46 886-44 , 167-2 National LM210 862-14 

• 162-9 ~M SSM2050 .565 LM208A 870-13 • 180-21 

• 172-1 856-112 • 188-3 Panasonic AN210 851-65 

Panasonic AN202' 859-116 2051 GI ER2051 1159-6 PMI PM208 873-51 Sigletics TCA210 851-143 

Arranged atphanumerically from left to right. 
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Base Base Base Base 
Number Source Device Page-Line Number Source Device Page-line Number Source Device Page-Une Number Source Device Page-Line 

210 Silicon G SG210 862-12 2102 NEC Micro jlP02102AL·2 1177-83 211 National LF211 846-4 2112 Synertek SY2112·2 J1176-31 
2100 GI SL5·C2100 1193-14 )iP02102Al-4 .1591 L!-'1211 845-39 SY2112A i 1175-41 

NPC SFC21 00 912-33 1178-31 " 167-3 SY2112A-2 1175-2 
Sanyo LA21 00 855-102 /LPD2102ALC .1591 " 171-16 SY2112A-4 1175-95 
TI EPN2100 11 184-4 )iPD21G2ALC-2 .1591 " 172-2 2113 Nationa! LM2113 855·35 
TRW CA2iOO 

858-38 1 "PD2I02ALC-4 .1591 " 172-5 860-29 
2101 AMD LH2101A 889-30 SGS M2102A 1178-6 Panasonic AN211 855-139 2114 AMI S2114 .1196 

2101 1176-59 M2102A-2 1177-85 Rayth€on LM211 845-45 82114-1 .1196 
2101-1 1175-123 M2102A-4 1178-34 RCA CA211 845-43 1178-95 
2101-2 1176-39 M2102A-6 1178-73 Siemens SAS211 462-151 S2114-2 .1196 

Intel 2101 11 195-13 M2102AL 1178-7 Signetics LM211 845-47 1179-20 
2101A-4 1175-103 M2102AL·2 1177-86 Silicon G SG211 845-49 S2114-3 .1196 

Intersil LH2101A 889-32 M2102AL-4 1178-35 2110 Hitachi HM2110 420-17 1179-81 
National LH2101A 889-33 I Signetics 2102A 1178-4 1176-94 S2114A-l .1196 

MM2101A ~ ~:~ -~~ I 2102A-2 1177-84 HM2110-1 1176 -83 1178-96 

I 

,"1"1.(.. IV In~r... ,,,0-0, I ~lU2A-4 1178-32 HM2fl0-2 1176-82 S2114A-2 .1196 
MM2101A-2 1175-11 2102A-6 1178-74 Intersil LH2110 862-22 1179-21 
MM2101A-4 1175-105 2102AL 1178-5 National LH2110 862-23 S2114A.3 .1196 
MM2101A-4L 1175-106 2102AL-4 1178-33 SpraGJe ULN-2110 855-155 1179-82 
MM2101A·6 1176-42 Synertek SYMC2102A 1178-9 Teledyne C 2110BE 567-15 S2114H .1196 

I MM2101A-6L 1176-43 I SY21 02 1178-82 2111 AMD LH2iii 847-16 1178-87 
NEC Micro ~PD2101 .1586 SY2102A 1178-8 2111 1176-56 S2114L-l .1196 

/LPD2101AL .1586 TI TMS2102 11 197-7 2111-1 1175-117 1178-97 
1175-52 2102L1 Fairchild 2102L1 .1275 2111-2 1176-33 S2114L-2 .1196 
1761-108 1178-22 Intel M2111A 1175-96 1179-22 

p.P02101Al·2 .1586 2102L1M .1275 2111 " 195-13 S2114L-3 .1196 
1175-12 1178-23 lntersil LH2111 847-18 1179-83 

)lP02101AL-4 .1586 2102L2 Fairchild 2102L2 .1275 National LH2111 847-19 EMM/Semi L2114-2 .1222 
1175-107 1178-66 LM2111 855-34 1178-103 

/LPD2101ALC .1586 2102L2M .1275 860-28 L2114-3 .1222 
.uPD2101ALC-2 .1586 1178-67 " 174-5 1179-47 
.uPO:l!101ALC-4 .1586 21021 Fairchild 21021 .1275 MM2111 1175-43 L2114U .1222 

Raytheon LH2101A 889-35 1178-20 MM2111A-L 1175-44 1179-109 
Signetics LH2101A 889-37 21021M .1275 MM2111A-2 1175-5 2114 .1222 

2101A 1175-53 1178-21 MM2111A-2L 1175-6 1179-108 
2101A-l 1176-61 21022 Fairchild 21022 .1275 MM2111A-4 1175-98 2114-2 .1222 
2101A-4 1175-108 1178-64 MM2111A-6 1176-34 1178-102 
2101A-6 1176-44 21022M .1275 MM2111A-6L 1176-35 2114-3 .1222 

Synertek SY2101 1176-62 1178-65 NEe Micro ~PD2111 .1595 1179-46 
SY2101-' 1176-7 2104 Intel 2104A 1170-42 1761-109 Fairchild 2114 .1281 
SY2101·2 1176-45 'I 195-12 /LPD2111AL .1595 1179-111 
SY2101A 1175-54 11 203-17 1175-45 2114-DC .1281 

1

2102 

SY2101A-2 1175-13 2104A-l 
"69-4

9
1 

~P02111AL·2 .1595 2114-DL .1281 
SY2101A-4 1175-109 2104A-2 1169-65 1175-7 2114-DM .1281 

AMD 2102 1178-81 2104A-3 1169-99 )iPO:/!1l1AL-4 .1595 2114-FC .1281 
2102-1 1178-44 2104A-4 1170-14 1175-99 2114-PC .1281 
2102-2 1178-58 NPC SFC2104 913-100 /LPD2111ALC .1595 2114-2 .1281 

Fairchild 2102 .1275 2105 Hitachi HM2105 420-5 .uPD2111AlC-2 .1595 1178-104 
2102F .1275 1173-80 p.P02111A1.C-4 .1595 2114-2DC .1281 

1177-110 NPC SFC2105 913-10 NPC SFC2111 845-40 2114-2PC .1281 
2102FM .1275 2106 Hitachi HM21 06 420-6 Raytheon LH2111 847-21 2114-3 .1281 

1177-111 1173-71 RCA CA2111 860-49 1179-48 
2102H .1275 2107 Intel 2107A 11 195-15 CA2111A 855-49 2114-3DC .1281 

1177-74 11 203-17 Signetics LH2111 847-23 2114-3DL .1281 
2102HM .1275 2107A-l 1170-13 ULN2111 855-75 2114-3DM .1281 

1177-75 21078 11 195-15 860-66 2114-3FC .1281 
2102L .1275 'I 203-17 'I 182-8 2114-3PC .1281 
2102LFM 1177-112 2107C 1169-122 2111A 1175-46 2114L .1281 
2102LH .1275 2107C-l 1169-58 2111A-l 1176-57 1179-112 

1177-76 2107C-2 1169-85 2111A-4 1175-100 2114L-DC .1281 
2102LHM .1275 2107C-4 1170-32 2111A-6 1176-36 2114L-DL .1281 

1177-77 NPC SFC2107 874 -33 . Sprague ULN-2111 855-79 2114L-DM .1281 
Intel M2102A-4 1178-26 SGS M2107 1169-94 860-69 2114L-FC .1281 

2102 11 195-13 M2107-4 1170-12 Synertek SY2111 1176-58 2114L-PC .1281 
2102A 1177-114 M2107-6 1170-53 SY2111-1 1175-122 2114L-2 .1281 
2102A-2 1177-79 Teledyne C 21078E 567-17 SY211'-2 .1176-37 1178-10S 
2102A-4 1178-25 2108 Intersil LH2108A 888-33 SY2111A 1175-47 2114L-2DC .1281 
2102A-6 1178-69 National LH2108 889-9 SY2111A-2 1175-8 2114L·2PC .1281 
2102AL 1177-115 LH2108A 888-34 SY2111A-4 1175-101 2114L-3 .1281 
2102AL-2 1177-80 NPC SFC2108 866-59 2112 AMD 2112 1176-53 1179-49 
2102AL-4 1178-27 873-48 2112-1 1175-110 Intel M2114A 1179-1Hi 

National MM2102 'I 196-18 SFC2108A 870-14 2112-2 1176-27 2114 1179-114 
MM2102A 1177-116 PMI PM2108 889-11 Intel 2112 11 195-13 2114-2 >11?6~ 

1161-116 PM2108A 888-36 National MM2112A-L 1175-39 2114-3 1179-53 
MM2102A-2 1177-81 Signetics LH21 08 889-13 MM2112A-2 1174-108 2114L 1179-115 
MM2102A-2L 1177-82 LH2108A 888-38 MM2112A-2L 1174-109 2114L-2 1178-11<1 
MM2102A-4 1178-29 2109 Inlel 2109-2 1170-58 MM2112A-4 1175-92 2114L-3 1179·54 
MM2102A·6 .1178-70 2109-4 1170-65 MM2112A-4L 1175-93 Intersil 2114 1179·111 
MM2102AL 1178-2 NPC SFC21 09 903-30 MM2112A-6 1176-28 2114-2 1178-111 
MM2102AL-4 1178-30 SFC2109M 903-81 MM2112A-6L 1176-29 2114-3 1179·55 
MM2102AL·6 1178-71 211 AD AD211 845-32 Signetics 2112A 1175-40 2114L 1179-1113 

NEC Micro ~PD2102 .1591 AMD LF211 845-60 2112A-l 1176-54 2114L-2 1178~112 

/LPD2102AL .1591 LM211 845-51 2112A-4 1175-94 2114L-3 1179-56 
1178-3 Fairchild CCD211 916-164 2112A-6 1176-30 Maruman MIC2114 1179-12C 
1761-117 Intersil 211 845-35 Synertek SY2112 1176-55 MIC2114-2 1178-11e 

p.P02102AL-2 .1591 Motorola LM211 845-37 SY2112-1 1175-116 MIC2114-3 1179-58 

~ Indicates page number in Application Note Directory_ 
• Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 
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Numberi Source DeYfce hge-I..ine Number Source Devlc:e ,....... Number Source DeYfce Page-Une Number Source DeYlce Page-lDt 

\ 

2114 \ Maruman MIC2114l 1179-121 2124 Sprague UlN-2124 859-19 2147 • Motorola MCM2'47-70 *'510 220 National LM220H *1061 

\ MIC2114l-2 1178-116 2125 Intel M2125A *1416 1180-85 LM220K *1061 
M1C2114L-3 1179-59 1177-4 MCM2147-85 *1510 Pal8SOIIic AN220 857-~83 

'Motorola MCM2114 *1528 M2125AL *1416 1180-100 Signetics TCA220 893-43 

MCM2114-20 *1528 1177-41 National MM2147 1180-86 Silicon G SG220-05K 908-91 
1178-118 2125 *1416 MM2147-3 1180-69 SG220-05P 908-92 

MCM2114-25 *1528 2125A *1416 NEC Micro J.1PD2147 *1609 SG220-05R 908-77 
1179-24 1176-104 1180-87 SG220-05T 908-72 

MCM2114-30 .1528 2125A-2 *1416 J-IPD2147-3 *1609 SG220-12K 910-4 

1179-61 1177-23 1180-70 SG220-12P 910-5 

MCM2114-45 *1528 2125AL *1416 ~PD2147D *1609 SG220-12R 909-116 
1179-123 1176-105 JtPD2147D-3 *1609 SG220-12T 909-101 

NatiooaI AH2114 570-17 2125AL-2 *1416 J.1PD2147l 1180-88 SG220-15K 910-48 

AH2114C 570-27 1177-24 Synertek 2147 1180-89 SG220-15P 910-49 

MM2114 1179-125 Sprague UlN-2125 860-7 2147-3 1180-71 SG220-15R 910-38 

MM2114-2 1178-120 2126 Teledyne C 2126BG 569-110 2147l 1180-90 SG220-15T 910-22 

MM2114-3 1179-63 2127 Sprague UlN-2127 859-20 215 Exar XR215 .922 SG22O-5.2K 909-11 

¥-
MM2114l 1180-2 2128 GI SL5-C2128 1193-27 898-45 SG220-5.2P 909-12 

MM2114L-2 1178-121 Sl5-2128 1193-21 • 172-7 SG220-5.2R 908-117 

MM2114L-3 1179-65 213 SiIiconix DF213 861-184 • 185-4 
SG220-5.2T 908-114 

NEC Micro /-lPD2114 *1604 2136 Fairchild J.LA2136 855-17 XR215M * 922 2201-112 NatIoniI LM22OH12 *1061 
J.1PD2114L .1604 Sprague UlN-2136 855-80 898-46 909-98 

1180-3 2139 Sprague UlN-2139 884-46 Panasonic AN215 851-100 22OH15 National LM22OH15 .1061 

p.PD2114L-1 *1604 UlS-2139 876-51 853-55 910-19 

1179-66 214 Panasonic AN214 851-195 Siliconix DF215 461-2 22OH18 NatIonal LM220H18 *'061 
JtPD2114L-2 .1604 SiIiconix DF214 861-185 902-121 910-68 

1179-26 2140 SGS TDA2140 858-187 • 191-13 22OH24 National LM220H24 *1061 
jiP02114lC-l *1604 Sprague UlN-2140 571-39 2150 AMI S2150 1754-83 910-100 

jiP02114lCM • • 1604 UlS-2140 571 -42 1722-1 22OH5.0 National LM22OH5.0 *1061 
J-IPD2114lD *1604 TeleltPen TDA2140 859-38 S2150A 1754-84 908-65 

jiP0211Dl *'604 2141 EMM/Semi 2141-2 1180-108 1722-1 220H5.2 National LM220HS.2 .1061 

jiP02114lM *1604 2141-3 1181-4 SGS TDA2150 858-188 908-107 

Rockwen R2114 1180-4 2141-4 1181-20 Telefunllen TDA2150 859-39 22OH6.0 National 1JI22OH6.0 *'061 
Synertek SYM2114 1180-9 Intel 2141 *1418 2151 Sprague ULN-2151 880-26 909-27 

SYM2114-3 1179-70 2141-2 *1418 UlS-2151 874-17 220H8.0 National LM22OH8.0 *1061 
S'(2114 1180-6 1180-109 Telefunllen TDA2151 859-40 909-55 

SY2114-2 1178-123 2141-3 *1418 TMX TMX2151 463-2 22OH9.0 National LM220H9.0 .1061 

SY2114-3 1179-67 1181-5 2151 .. 157-13 909-79 

SY2114l 1180-7 2141 .... .1418 216 AMD LM216 885-13 22OK12 National UI22OK12 *1061 
SY2114L-2 1179-2 1181-22 lM216A 875-53 909-112

1
, 

SY2114L-3 1179-68 2141-6 *'418 Ferranti ZNA216 584-51 22OK15 NatIonal LM220K15 .1061 

SY2114LV 1180-8 1181-48 National lM216 885-15 910-34 

SY2114LV-2 ' 1179-3 2141L-3 *'418 lM216A 866-57 22OK18 National LM220K18 *1061 
SY2114LV-3 1179-69 1181-6 875-55 910-76 

2115 Intel M2115A *1416 2141L-4 *1418 • 167-7 22OK24 National LM220K24 *1061 
1177-3 1181-23 Raytheon lM216 885-17 910-111 

M2115AL *1"416 2141L-6 *'418 SiIiconix DF216 461-4 2201<5.0 National LM22OK5.0 *1061 
1177-40 1181-49 21-60 SGS TDA2160 858-189 908-84 

2115 .1416 Sprague UlN-2141 571-40 TeIeIooken TDA2160 859-41 2201(5.2 NatIonal LM22OK5.2 *1061' 
2115A *1416 UlS-2141 571-43 2161 Telefunken TDA2161 859-42 909-4 

1176-102 TMX TMX2141 463-1 2164 Hughes HDSR2164 1187-8 22OK6.0 National LM22OK6.0 *1061 

2115A-2 *1416 2141 .. 157-13 217 Motorola lM217 912-106 909-39 

1177-20 2142 Intel M2142 1180-18 National LM217 *1060 2201<8.0 National LM22OK8.0 *1061 

2115AL .1416 2142 1180-16 .. 188-9 909-68 

1176-103 2142-2 1179-10 .. 188-10 2201<9.0 NatIonal LM22OK9.0 *'06' 
2115AL-2 *'416 2142-3 1179-73 • 188-11 909-84 

1177-21 2142l 1180-17 LM217H .1060 2200 AMI S2200 1722-2 

2116 Intel 2116 • 203-17 2142l-2 1179-11 912-109 S2200A 1722-2 

2117 Intel 2117 • 203-16 2142l-3 1179-74 LM217HY *1060 Exar XR2200 622-62 

2117-2 1170-76 Sprague UlN-2142 571-41 913-36 XR2200M 622-84 

2117-3 1170-93 UlS-2142 571-44 LM217HYH *'060 Fairchild SH2200C 436-31 

2117-4 1170-112 Synertek SY2142 1180-19 PCIfI8SOOic AN217 851-87 620-167 

1171-6 SY2142-2 1179-12 Silicon G SG217K 912-112 SH2200M 436-32 

2118 Intel 2118 .1417 SY2142-3 1179-75 SG217T 912-100 620-168 

2118-2 *1417 SY2142l 1180-20 TI lM217 912-115 Micro Net MN2200 839-97 

1170-66 SY2142L-2 1179-13 2171 Sprague UlN-2171 879-48 839-119 

2118-3 *1417 SY2142L-3 1179-76 UlS-2171 871-45 • 183-7 

1170-68 2147 AMI S2147 .1200 218 AMD lM218 877-18 MN2200H 839-98 

2118-4 *1417 1180-00 Fairchild J.LA218 877-20 839-120 

1170-69 S2147-3 .1200 National lM218 877-22 NEC America /-lPB22oo 1173-101 

2118-7 .1417 1180-73 Raytheon lM218 877-26 NPC SFC2200 912-34 

1,70-72 Fujitsu MBM2147E 1180-82 TI lM218 877-28 Sanyo LA2200 919-169 

NPC SFC2118 864-90 MBM2147H 1180-66 219 AMD lM219 847-41 TI TMS2200 • 161-7 

877-23 MBM2147N 1180-104 National LM219 847 -43 22001 RCA CD22OO1 861-160 

SiliconG SG2118 873-35 Intel M2147 1180-99 Panasonic AN219 855-106 22003 RCA CD22oo3 861-161 

SG2118A 870-25 2147 *1419 Signetics lM219 847-45 22006 RCA CD22006 861-162 

212 AMO lM212 866-50 1180-80 2190 SGS TDA2190 860-59 22007 RCA CD22007-2 861-46 

873-31 2147-3 *1419 2193 AMI S2193 856-152 22008 RCA C022008-1 861-183 

National lM212 866-56 1180-67 • 173-19 2201 AMD lH2201A 889-31 

873-33 2147L .1419 22 1Mr-8rown MP22 * 659 Exar XR2201 * 931 

2120 Micro Net MN2120 839-55 1180-84 1753-8 622-107 

916-38 Motorola MCM2147 *1510 1753-65 843-84 

917-174 1CII2147-1OO *1510 1759-148 XR2201CP * 931 

MN2120H 839-56 1180-105 1760-55 XR2201M .931 

916-39 MCII2147-55 *1510 1763-56 622-108 

917-175 1180-68 220 Dionics 01220 602-157 843-85 

Arranged alphanumerically from left to right. 
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2201 Fairchild SH2201C 620·169 2209 
SH2201M 620·170 

Nationaf LH2201 A 889·34 
Raytheon LH2201 A 889·36 
Signencs LH2201 A 889·38 

I 
22011 RCA CD2201i 854·114 
22012 RCA C022012 854·115 
22014 RCA C022014 854-116 
22015 RCA C022015 854-117 
22017 RCA C022017 851·137 221 

902-51 
2202 Exar XR2202 • 931 

622·123 
843-86 

I XR2202CP • 931 
~~22C2~.~ II( wo ...... "IV 

I 
622-124 22100 
843-87 

I NEC America /-lPB2202 1174-11 22101 

! 
2203 Exar XR2203 * 931 22102 

622-75 2211 
843 -88 

XR2203CP • 931 
XR2203M' .931 

622·76 
843·89 

2204 Exar XR2204 .931 
622-94 
843·90 

XR2204CP * 931 
XR2204M • 931 

622·95 
843·91 

NPC SFC2204 913·101 
Sprague ULN-2204 11 173·17 

ULN·2204A 851-100 
2205 NEC Amertca }J.PB2205 1176-119 

NPC SFC2205 913-11 
2206 Exar XR2206 • 924 

899·92 
901-96 

11 155-18 
11 155·19 
11 182·11 

XR2206C * 924 
899-93 

XR2206CN '" 924 
XR2206CP * 924 
XR2206M * 924 

899·94 
901·97 

XR2206N * 924 
XR2206P * 924 

NEe America /-lPB2206 1173-96 
2207 Exar XR2207 .. 925 2212 

899-74 
901-98 

11 155-18 
11 173-20 
11 185-3 

XR2207C * 925 
899·75 

XR2207CN * 925 
XR2207CP * 925 
XR2207M • 925 

901·99 
XR2207N .. 925 2216 
XR2207P * 925 

NPC SFC2207 874 -34 2217 
Raytheon XR2207C 899·80 2218 

XR2207M 899·81 
2208 Exar XR2208 917·65 2219 

11 182-10 222 
11 185·3 

XR2208M 917-67 2222 
National LH22Q8 889·10 

LH2208A 888·35 
NPC SFC2208 873·49 

SFC220SA 870-15 
PMI PM2208 889-12 

PM2208A 888·37 
Signetics LH2208 889-14 

LH2208A 888·39 2224 
2209 Exar XR2209 .925 2228 

XR2209C • 925 
899-76 

36 

Base 
Source Device Page-Une Number Source Device Page-Une 

Exar XR2209CN .925 2228 Exar XR2228CN .933 
XR2209CP • 925 XR2228CP * 933 
XA2209M .925 XR2228M .933 

899·77 917-69 
NPC SFC2209 903·31 Sprague ULN·2228 859·26 
Raytheon XR2209C 899·82 2229 Sprague ULN·2229 859·27 

XR2209M 899-83 223 Fairchild SH223 903-130 
Signetics ULN2209 855-10 National LM223 *1060 
Sprague ULN·2209 855·11 904-5 
National LM221 840-24 Silicon G SG223 904-9 

LM221-A 840-27 2231 Sprague ULN-2231 853-73 
11 172·5 2232 Sprague ULN-2232 915 -42 

Panasonic AN221 857·184 11 184-3 
Telefunken U221 857 -129 224 AMD LM224 867-14 

917-28 894-47 
i~diiurldi i..i-i22IU tlb(!-lb I LM224A 

~-" I RCA C0221 00 576-84 Fairchild /-lA224 867-17 
901-175 896·32 

RCA CD22101 576-85 I Intersil LM224 867-20 
RCA CD22102 576·86 i 896·34 I 
AMD LH2211 847·17 Motoroia LM224 867·23 
Exer XR2211 * 922 894·51 

898·22 National LM224 867·26 
901·101 894-53 

11 155·18 LM224A 894·15 
11 155-19 NEC America J1PC224 867-28 
11 182-10 Raytheon LM224 867·34 

XR2211C * 922 896·40 
898-24 RCA CA224 867·31 
898·167 896·38 
900·130 Signetics LM224 867·37 

XR2211CN • 922 894·57 
XR2211CP * 922 896-42 
XR2211M .922 LM224A 894·16 

898·23 Silicon G SG224 867·41 
898·168 896·45 
900·131 TI LM224 867·44 
901·102 894-60 

XR2211N * 922 896·47 
XR2211P '" 922 2240 Exar XR2240 11 173-20 

National LH2211 847 ·20 , 191·2 
NPC SFC2211 845-41 XR2240C 902·76 
Raytheon LH2211 847·22 XR2240M 902-77 

XR2211C 898·27 Fairchild ,...A2240 902·78 
898·171 GI R05·2240S 1157·33 
900-135 TI I'A;:>;:>40C 902-82 

XR2211M 898·28 ,..A2240M 902-83 
898·172 2242 Exar XR2242 .. 924 
900·136 XR2242C * 924 

Signetics LH2211 847 ·24 902-70 
ULN2211 855·76 XR2242CN .924 

860·67 XR2242CP .924 
Sprague ULN·2211 860-71 XR2242M * 924 

11 176-7 902·71 
Exar XR2212 * 923 Sprague ULN·2242 851·101 

11 172·7 11 173-18 
11 185-5 2244 Sprague ULN·2244 855·156 

XR2212C * 923 2245 Sprague ULN·2245 855·157 
898·25 2249 Sprague ULN-2249 85f·49 

XR2212CN * 923 225 National LM225 911·38 
XR2212CP • 923 Panasonic AN225 858·134 
XR2212M * 923 Teleflllken U225 901·74 

898·26 2250 AMI S2250 .1754-85 ' 
XR2212N * 923 S2250A 1754 -86 
XR2212P * 923 Silicon G SG2250 866-24 

Sprague ULN·2212 860·72 866·91 
Exar XR2216 900·42 876·28 
Sprague ULN·2216 859-21 2257 Miron NC2257 625·29 
Sprague ULN·2217 859·22 11 156·18 
NPC SFC2218 877·24 2259 Nitron NC2259 625·21 
Sprague ULN·2218 859·23 , 156·18 
Sprague ULN-2219 859·24 226 National LM226 911·23 
National LM222 902·64 2260 Nitron NC2260 625·30 
PanasoOic AN222 857·185 , 156·18 
AMI S2222 413-150 2261 Sprague ULN·2261 859-28 

1176"73 2264 Exar XR2264 919-111 
S2222A 413-151 Sprague ULN·2264 857·194 

1176·76 2265 Exar XR2265 919·112 
Nortec 2222 413·152 2268 Sprague ULN·2268 859·29 

1176·74 2269 Sprague ULN-2269 859·31 
2222A 413·153 227 National LM227 911·28 

1176-77 Panasonic AN227 858-135 
Sprague ULN·2224 859-25 2271 Exar XR2271 602·78 
Exar XR2228 * 933 2272 Exar XR2272 602-80 

917-68 2274 Sprague ULN·2274 852-182 
11 172-7 2277 Sprague ULN·2277 11 174·14 

~ Indicates page number in Application Note Directory . 
.. Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 
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2277 Sprague ULN·2277 ~ 190·20 
2278 Sprague ULN·2278 852·183 

~ 174·14 
228 Panasonic AN228 859·188 
2280 Sprague ULN·2280 852·28 

11 174·13 
2281 Sprague ULN·2281 852-29 
2283 Sprague ULN-2283 852-30 
2287 Sprague ULN-2287 855-81 
2289 NEC America /-lPB2289 1.172-29 

Sprague ULN-2289 855-82 
229 Panasonic AN229 859-189 

Telefunken U229 917·172 
2290 Sprague ULN-2290 860·73 
2291 Sprague ULN-2291 859·108 
2293 Sprague ULN-2293 859-30 
2294 Sprague ULN·2294 859·109 
2298 Sprague ULN·2298 859-32 
23 Burr· Brown SHC23 919·22 

SHC23ET 919-23 
Teledyne C COA23 570·29 

570·35 
230 Oionics 01230 602·158 

Panasonic AN230 859-190 
2300 Mostek MK2300 1183·86 

NPC SFC2300 912·8 
Sprague ULN·2300 915·63 

, 186-12 
TRW CA2300 858·39 

2301 AMO LH2301A 892·59 
Analogi<: MN2301 584-17 
Intersil LH2301A 892-60 
National LH2301A 892·61 
NPC SFC2301A 884-14 
Raytheon LH2301A 893-2 
Signetics LH2301A 893·3 
Sprague ULN·2301 915·61 
TRW CA2301 858-40 

2302 Mostek MK2302 1157·34 
2305 NPC SFC2305 913·22 
2307 NPC SFC2307 883·58 
2308 EA EA2308AL 1185-54 

ER2308AC 1185·38 
Intel 2308 1185-45 
Intersil LH2308A 888-43 
~Jatio~at LH230e 

:~!j LH2308A 
NEG Micro /-lP02308 1185-48 

1761·13 
NPC SFC2308 883·44 
PMI PM2308 892·57 

PM2308A 888·45 
Signetics LH2308A 888·46 

2309 NPC SFC2309 903·32 
231 National LM231 916-84 

919A·22 
LM231A .. 10n 

916-85 
919A-23 

Panasonlc AN231 859·191 
Plessey ML231 860-95 
SGS TBA231 866·184 

892-42 
TI ML231 858·75 

2310 Intersil LH2310 862·37 
National LH2310 862·38 

2311 AMD LH2311 848·16 
Intersil LH2311 848-17 
National LH2311 848·19 
NPC SFC2311 846-44 
Raytheon LH2311 848·20 
Signetics LH2311 848·21 

2316 EA EA2316E 1186-49 
Intel 2316A 1186·55 

2316E 1186-19 
Maruman MIC2316E 1186·22 
National MM2316A 1186-24 

1761-14~ 

NEG Micro ,...P02316A 1186·25 
1761·14E 

J1PD2316E .1633 
1186-26 
1761·147 

I-lPD2316EC .1633 
IlPD2316ED .1633 

OK! MSL2316 461 -69 
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2316 \ OKI MSL2316 851-112 239 Intersil LM239 849-24 2411 Tl TCP2411 844-4 25LS14 Raytheoo 25LS14M 425-1613 

\ Rockwell R2316A 1186-45 LM239A 848-49 2416 Intel 2416 , 195-14 25lS148 AMD AM25lS148C 456-164 
1757-114 Motorola LM239 849-26 , 195-15 AM25lS148M 456-165 

R23168 1186-27 lM239A 848-51 Synertek SY2416 1171-31 25LS15 AMD AM25lS15C 425-119 
1757 -115 National lM239 849-28 2418 TRW CA2418 858-41 AM25lS15M 425-12C 

SGS M2316 1186-28 • 171-17 242 Panasonic AN242 858-141 • Raytheoo 25LS15C 425-12!i 

Synertek SY2316B 1186-32 LM239A 848-53 2420 Harris HA-2420 *1020 25LS15M 425-12E 

SY23168-3 1185-102 Panasonic AN239 860-35 919-39 25lS151 AMD AM25lS151C 451-122 
2318 EA EA2318 854-127 860-168 , 165-2 AM25lS151M 451-123 

NPC SFC2318 864-91 Plessey ML239 860-106 2425 Harris 'HA-2425 *1020 Raytheon 25lS151C 451-139 

886-27 PMI PM239 849-32 919-40 25LS151M 451-140 

OKI MSL2318 899-20 PM239A 848-55 , 165-2 25lS153 AMD AM25lS153C 450-152 

232 Panasonic AN232 859-117 Raytheon LM239 849-34 SpragtJ9 ULN-2425 915-43 AM25lS153M 450-153 

860-128 RCA CA239 849-36 24250 National lH24250 866-101 Raytheon 25lS153C 450-1613 

Plessey ML232 860-96 CA239A 848-57 889-53 25lS153M 450-169 

TI ML232 858-76 Signelics /LA239 • 182-8 LH24250C 866-102 25lS157 AMD AM25lS157C 449-86 

233 Cherry' CS233 619-61 LM239 849-38 891-49 AM25lS157M 449-87 

Fairchild /LA233 903-128 LM239A 849-4 2429 Sprague ULN-2429 853-90 Raytheoo 25LS157C 449·,02 

2331 SiemenS TBB2331 893-24 PA~39 853-71 916-58 25LS157M 449-103 

2332 EA EA2332C 1186-81 Silicon G SG239 849-40 243 National LM243 865-18 25lS158 AMD AM25lS158C 449-172 

Intel 2332 1186-70 SG239A 849-2 , 166-10 AM25lS158M 449-173 

Maruman MIC2332 1186-83 TI lM239 849-42 2430 Sprague UlN-243O 853-96 -Raytheon 25lS158C 449-186 

N~C MIcro /LP02332 *'637 24 IPI PS24 917-26 245 Harris HD245 , 156-6 _ 25lS158M 449-187 

1186-86 PMI MUX-24A 575-10 , 156-7 25lS160 AMD AM25lS16OC 432-9 

1761-150 MUX-24B 575-21 National LM245K *1061 AM25lS16OM 432-10 

/LPD2332C *'637 MUX-24E 575-11 Panasonic AN245 860-169 Raytheon 25lS16OC 432-24 

/LPD2332D *1637 MUX-24F 575-22 245K5,0 National Ul245K5.0 *1061 25LS160M 432-25 

Rockwell R2332 1186-87 Teledyne C CAG24 567 -78 908-101 25LS161 AMD AM25LSI61C 430-90 

R2332-3 1186-71 TRW MPY24AJ 426-51 245K52 National Ul245K5.2 *1061 AM25LSI61M 430-91 

Siemens TBC2332 893-13 MPY24HJ 426-49 909-19 Raytheon 25lS161C 430-106 

Synertek SY2332 1186-91 MPY24HJM 426-50 2450 NCR NCR2450 1159-37 25LS161M 430-107 

2335 Siemens T8E2335 893-25 240 Dionics DI240 602-159 Nitron NC2450 1159-38 251S162 AMD AM25LSI62C 432-53 

234 National LM234 915-169 Exar XR-C240 901-130 246 Exar XR246 * 829 AM251S162M 432-54 

919-136 , 170-9 866-116 Raytheon 25LSI62C 432-68 

Panasonic AN234 858-136 NItionaI LM24OLA-10 *'060 896-14 25LS162M 432-69 

235 Harris HD235 436-1 905-47 XR246N * 829 251S163 AMD AM25lS163C 430-31 

National LM235 919-139 LM24OlA-12 *1060 XR246P * 829 AM251S163M 430-32 

Panasonic AN235 858-138 905-77 Harris HD246 , 156-6 Raytheon 25LS163C 430-46 

2a50 AMi S2350 • 634 LM24OlA-15 *'0150 • 156-7 25LS163M 430-47 

625-111 906-52 National LM246 866-124 251S164 AMD AM25lS164C 454-149 

1758-80 Ul24OlA-18 *'060 896-16 1191-72 

236 NItionaI LM236 *'062 907-15 Panasonic AN246 860-170 AM25lS164M 454-150 

918-56 Ul240LA-24 *'060 247 Panasonic AN247 860-171 1191-73 

LM236-5 *'062 · 907-91 TeteIIa1ken U247 603-82 25LSI68 AMD AM25lS168AC 433-29 

918-77 Ul24OlA-5 .1060 248 AMD lM248 895-48 AM25lS168AM 433-30 

LM236A *'062 903-13 Fairchild ~48 895-50 25lS169 AMD AU25lS169AC 431-33 

918-57 LM24OlA-6 *'060 Intersil LM248 895-52 AM25LS 169AM 431-34 

LM236A-5 *'062 904-20 Motorola lM248 895'-54 25lS170 Raytheon 25lS17OC 448-198 

918-78 UI24OlA-8 *'060 National lM248 895-56 1171-38 

Pan8SO(lic AN236 858-139 904-96 Panasonic AN248 ~860-172 25lS170M 449-3 

Plessey ML236 860-103 LM240LAH *'060 Raytheon lM248 895-58 1171-39 

2364 Intel 2364 1186-98 LM240LAZ *'060 TI lM248 895-60 25lS174 AMD AM25lS174C 440-8 

NEC Micro /LPD2364 *'640 Panasonic AN240 860-37 249 AMD LM249 896-2 AM25lS174M 440-9 

1186-103 Signetics TCA240 915-141 Intersit lM249 896-5 Raytheon 25lS174C 440-22 

1761-155 2400 Harris HA-2400 * 964 National LM249 896-7 25lS174M 440-23 

/LPD2364D *'640 840-41 NEC America /LPB249 602-96 25lS175 AMD AM25lS175C 439-58 

Synertek SY2364 1186-105 880-19 Panasonic AN249 859-192 AM25lS175M 439-59 

237 NationII LM237 *1061 , 164-18 Raytheon LM249 896-9 Raytheon 25LS175C 439-76 

*1064 Mostek MK2400 1183-82 25 IUT-Brown UAF25 915-16 25LS175M 439-77 

LM237H *1061 1183-83 UAF25H 915-17 25lSi81 AMD AM25LS181C 426-94 

*'064 NEC America "PB2400 1180-92 PMI OP-258 889-2 AM25lS181M 426-95 

913-73 2401 AMD AM2401 1187-97 OP-25C 889-46 Raytheon 25lS181C. 426-10(1 

LM237HV *'06' GI ER2401 , 193-21 OP-25G 889-47 25LS181M 426-109 ' 

913-111 ER2401A 1159-40 25LS07 AMD AM25lS07C 439-173 251S190 AMD AM25lS19OC 432-148 

LM237HYH *'06' Intel 2401 1187-98 AM25lS07M 439-174 AM25lS19OM 432-14!l 

LM237K *'06' NCR NCR2401 1159-42 25lS08 AMD AM25lS08C 439-95 Raytheon 25LS19OC 432-162 

*'064 NEC America /LPB2401 1180-94 AM25lSOBM 439-96 25lS19OM 432-163 

913-86 Nitron NC2401 1159-43 25lS09 AMD AM25lS09C 439-141 25LS191 AMD AM25lS191C 430-1513 

LM237P *1061 Silicon G SG2401 840-169 450-103 AM251S191M 430-160 

.1064 Sprague ULN-2401 853-88 AM25lS09M 439-142 Raytheon 25LS191C 430-173 

913-75 919-189 450-104 25lS191M 430-174 

LM237T *'06' Synertek SY2401 1187-99 25lS123 AMD AM251S123C 452-174 251S192 AMD AM251S192C 432-196 

*'064 SY2401-1 1187-102 AM25lS123M 452-175 AM25lS192M 432-197 

913-88 2402 Silicon G SG2402 917-82 25lS138 AMD AM25lS138C 435-11 Raytheon 25LS192C 433-13 

Panasonic AN237 858-140 2404 Harris HA-2404 .964 1760-133 25lS192M 433-14 

Plessey ML237 860-104 840-42 AM25lS138M 435-12 25LSl93 AMD AM25lS193C 431-8 

TelefIrIken U237 603-81 880-20 1760-134 AM25lS193M 431-9 

TI lM237 913-93 2405 H.na HA-2405 * 964 Raytheon 25LSI38C 435-27 Raytheon 25LS193C 431-23 

2376 GI AY5-2376 605-16 840-43 25LSI38M 435-28 25lS193M 431-24 

SMC KR2376 605-18 885-6 251S139 AMD AM25lS139C 434-171 251S194 AMD AM25lS194AC 453-107 

238 NatIonal LM238 *1060 , 164-18 AM25lS139M 434-172 1189-53 

912-64 Intel 2405 1187-75 Raytheon 25lS139C 434-187 AM25lS194AM 453-108 

Plessey ML238 860-105 Synertek SY2405 1187-76 25LS139M 434-188 1189-54 

239 AMD LM239 849-20 2408 Mostek MK2408 1157-38 25LS14 AMD AM25lS14C 425-161 Raytheon 251S194AC 453-121 

LM239A 848-47 241 PanasoniC AN241 860-38 AM25lS14M 425-162 1189-57 

Fairchild ~39 849-22 2410 TI TCP2410 844-3 Raytheon 25i.S14C 425-167 251S194AM 453-122 

Arranged alphanumerically from left to right. 
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25lS 194 Raytheon 
25LSl95 AMD 

Raytheon 

25LS22 AMD 

25lS194AM 
AM25LSl95AC 
AM25LS 195AM 
25lS195AC 

25LSt95AM 

,~M25LS22C 

1189-58 
453-27 
453-28 
453-41 

1189-59 

453-
42

1 
1189-60 
425 -180 

25LS2519 AMD 

25LS2520 AMD 

25lS2521 AMD 

25LS2525 AMD 

AM25LS2519C 
AM25lS2519M 
AM25lS252OC 
AM25LS252OM 
AM25lS2521 C 
AM25LS2521M 
AM25LS2525C 

439-129 25S05 
439-130 
440 -136 25S07 
440-137 
427 -124 
427 -125 25S08 
457-41 

1755 -35 

AMD 

AMD 

AMD 

AM25S05C 
AM25S05M 
AM25S07 
AM25S07C 
AM25S07M 

AM25S08 
AM25S08C 
AM25S08M 

425 -197 2506 
425-198 

11 198-6 
439-186 
439-187 

11 198-6 
439-107 
439-108 

454-196 AM25LS2525M 457 -42 25S09 AMD AM25S09 11 198 -6 2507 
AM25LS22M 425-181 

454 -197 25LS253 AMD 
Raytheon 25LS22C 425-188 

25LS22M 
454-200 
425-189 

Raytheon 

454 -201 25LS2535 AMD 
404-0':; 

1190 -93 25LS2536 AMD 
AM25LS23M 454 -54 

1190 -94 25LS2537 AMD 
Raytheon 25LS23C 454 -76 

1190 -1 07 25LS2538 AMD 
25LS23M 454-77 

1190 -1 08 25LS2539 AMD 
25LS240 AMD AM25LS240C 458 -179 

608 -13 25LS2568 AMD 
AM25lS240M 458 -180 

608 -14 25LS2569 AMD 
Raytheon 25LS240C • 522 

458 -201 25LS257 AMD 
608-45 

25LS240M * 522 Raytheon 
459-3 
608 -46 25LS258 AMD 

25LS241 AMD AM25LS241 C 459 -33 
607-18 Raytheon 

AM25LS241M 459-34 

607 -19 25LS273 AMD 
Raytheon 25LS241C • 525 

459-51 
607-60 

25LS241M * 525 
459-52 

Raytheon 

AM25LS253C 
AM25LS253M 
25LS253C 
25LS253M 
AM25LS2535C 
AM25LS2535M 
AM25LS2536C 
AM25LS2536M 
AM25LS2537C 
AM25LS2537M 
AM25LS2536C 
AM25LS2538M 
AM25LS2539C 

AM25LS2539M 
AM25LS2568C 
AM25LS2568M 
AM25LS2569C 
AM25lS2569M 
AM25LS257C 
AM25LS257M 
25LS257C 
25LS257M 
AM25LS258C 
AM25LS258M 
25LS258C 
25LS258M 
AM25LS273C 
AM25LS273M 
25LS273C 

1755-36 
450-191 

450-
192

1 
451-6 
451-7 

452-14 t 

452-
15

1' 

4:35 -51 
435-52 

:~:~:~ I 
435-47 
435-48 
435-8 
435-9 
433-23 
433-24 
431-52 
431-53 
450-45 
450-46 
450-61 
450-62 
450-11 
450-12 
450-27 
450-28 
440-43 
440-44 

• 531 
440-57 

25LS273M * 531 
440-58 

25S10 

25S18 

2&0 

2500 

2501 

607 -61 25LS281 AMD AM25LS281 C 426 -185 2502 
25LS242 AMD AM25LS242C 458 -65 

616-27 25LS299 AMD 
AM25LS242M 458 -67 

615-4 

AM25LS281M 426-186 
AM25LS299C 454 -55 

1190-91 

AM25LS299M 454 -56 
Raytheon 25LS242C • 528 1190-92 

458-84 
616-38 

25LS242M * 528 
458-85 
615-15 

Raytheon 25LS299C • 533 
454-78 

1190-105 

25LS243 AMD AM25LS243C 458 -70 

616-30 

25LS299M • 533 
454-79 

1190-106 
25LS373 AMD AM25LS373C 447 -162 

AM25LS243M 458 -71 
615-5 

AM25LS373M 447 -163 
Raytheon 25LS373C • 543 2503 

Raytheon 25LS243C * 528 447-176 
25LS373M • 543 

25LS244 AMD' 

458-90 
616-41 447-177 

25LS243M • 528 25LS374 AMD AM25LS374C 440-65 

458 -91 AM25LS374M 440 -66 
61 5 -18 Raytheon 25LS374C • 543 

AM25LS244C 459 -68 440 -82 

AM25LS244M 
607-24 
459-71 

607 -25 25LS377 

25LS374M 

AMD AM25LS377C 

• 543 
440-83 

Raytheon 25LS244C * 525 
459-84 
607 -66 

AM25LS377M 
Raytheon 25LS377C 

440-113 
440-114 

25LS251 AiviD 

Raytheon 

25LS2513 AMD 

25LS2516 AMD 

25LS2517 AMD 

25LS2518 AMD 

• 549 2504 
440 -127 

25LS244M • 525 

459 -85 
25LS3nM * 549 

440-128 

AM25LS2tJ1C 
AM25LS251M 
25LS251C 

25LS251M 
AM25LS2513C 

608 -2 25LS378 AMD 
451-180 
451 -181 . 25LS379 AMD 
451-194 
451 -195 251S381 AMD 
456-168 

1761-18 25LS399 AMD 

AM25LS378C 
AM25LS378M 
AM25LS379C 
AM25LS379M 
AM25LS381C 
AM25LS381M 
AM25LS399C 

439-175 
439-176 
439-97 
439-.98 
426-127 

AM25LS2513M 456-169 

426 -128 2505 
439-143 
450-105 

AM25LS2516C 
AM25LS2516M 
AM25LS2517C 
AM25LS2517M 
AM25LS2518C 
AM25LS2518M 

426 -1 AM25LS399M 439 -144 
426-2 450-106 
426 -125 25LS670 Raytheon 25LS670C 449 -20 
426-126 1171-40 
439 -118 25LS670M 449 -21 
439-119 1171-41 2506 

AM25S09C 439 -168 
450-131 2508 

AM25S09M 

AMD AM25S10 

AM25S10C 
AM25S10M 

Signetics N25S 10 
AMD AM25S18C 

AM25S18M 
Dionics DI-250 
IMI MM250 

National LM250 

NEC America p.PC250A 
Signetics SAJ250 
Telefunken U250 
Harris HA-2500 

Intersil 
Mostek 

National 

Signetics 
TI 
AMD 

Sliicon G 

AMD 

Harris 

Intersil 

HA2500 
MK2500 

~DD2500 

DM2500 
TDA2500 
EPN2500 
AM2501C 
AM2501M 
SG2501 

SG2501A 

A¥2502C 
AM2502M 
HA-2502 

AM2502 
HA2502 

National DM2502 

DM2502C 

Silicon G SG2502 
SMC COM2502 

COM2502H 
TI TMS2502 
AMD AM2503 

AM2503C 
AM2503M 

Intersi! AM2503 
Mostek MK2503 

National DM2503 

DM2503C 

Silicon G SG2503 

AMD AM2504C 
AM2504M 

Hitachi HM2504 
HM2504-1 

Intersil AM2504 
National DM2504 

APv1D 

Harris 

Hitachi 
Intersil 
Raytheon 

AMD 

DM2504C 

AM2505C 
AM2505M 
HA·2505 

HM2505 
HA2505 
RC2505 
RM2505 
AM2506 

439-169 
450-132 251 

11 151-3 
456-118 2510 

456-
119

1 456-120 
439-124 
439-125 

602-25 I 
417 -135 
460-56 

*1060 

*1065 
912-60 2511 
888-8 
854-120 2512 
839-126 

• 966 
880-15 
880-16 

1184-48 2513 
1184-80 
584-5 2515 

.1073 
859-8 

• 184-5 2516 
430-137 2517 
430-138 
914-4 252 

11 189-1 
911 -49 
456-75 
456-76 

* 966 
884-57 2520 
456-79 
884-59 

.1073 
456-81 

.1073 
456-82 2521 
914-9 2522 
625-68 
625-77 

11 184-5 
11 154-18 

456-77 
456-78 2523 
456-80 2524 

1158-9 
1158-39 

.1073 
456-83 

.1073 
456-84 

.1128 
918-62 
456-94 
456-95 

1173-109 

117,3 -91 2525 
456-96 

.1073 
456-97 2527 

.1073 
456-98 253 
425-193 
425-194 

• 966. 
884-58 2530 

1174-10 
884-60 
425-195 
425-196 

11 151-1 

11 Indicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 
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AMD AM2506C 

AM2506M 

Raytheor RC2506 

RM2506 

Harris HA·2507 

Tt TMS2508-35 
TMS2508-45 

NEC America p.PC251 
SGS M251 
Fairchild TDA2510 
Harris HA-2510 

Hitachi 

Intarsi! 

Signetics 
Hitachi 

Harris 

Intersil 
Nortec 

GI 
Hitachi 
Harris 

Intersil 
TI 
Harris 

National 

Panasonic 
SGS 

TI 
Harris 

Intersil 
Signetics 
Fairchild 
Fairchild 
Harris 

HM2510 
HM2510-1 
HM2510-2 
HA251 0 
TDA2510 
HM2511 
HM2511-1 
HA-2512 

HA2512 
2512 

R03-2513 
HD2513 
HA-2515 

HA2515 
TMS2516 
HA-25t7 

LF252 

AN252 
M252 

LF252 
HA-2Sru 

HA2520 
TDA2520 
TDA2521 
TDA2522 
HA·2522 

Intersi! HA2522 
Siemens TDA2522 
Signebcs TDA2522 
Signebcs TDA2523 
Exar XR2524 

XR2524N 
XR2524P 

Hitachi - HD2524 
National LM2524 

Signetics SG2524 
Silicon G SG2524 

Harris HA·2525 

Intersil HA2525 
Harris HA-2527 

NEC America p.PC253A 
Panasonic AN253 
SGS M253 

Fairchild TDA2530 
Harris HA·2530 

Siemens TDA2530 

, 425-87 
426-69 
425-88 
426-70 
425-89 
426-86 
425-90 
426-87 

* 970 
886-6 

1166-84 
1166-94 
892-9 
856-1H 
858-102 

* 968 I 
864 -85 
884-49

1 11 164-17 
1177-28 
1176-109 
1176-95 
884-50 
859-9 

1177-35 
1176-115 

• 968 
886-7 
886-8 

1187-80 
1187-'83 
1157-5 
425-19 

* 968 
886-11 
886-13 

1167-115 

• 970 
886-12 
839-111 
887 -50 
851-197 
857-2 

11 174-11 
839-114 

.972 
864-61 
884-51 

11 164-14 
884-52 
859-10 
858-103 
858-104 

• 972 
886-9 
886-10 
858-191 
859-11 
859-12 

• 930 
914-22 

• 930 
.930 

1191-83 
.1063 

914-36 
914-43 

.1128 
914-48 

11 184-7 
11 184-8 
.972 

886-16 
886-17 

• 970 
886-18 

880-4 
851-88 
857-3 

11 174-11 
858-105 

* 974 
864:50 

876-38 
11 165-t 

856-192 
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\ PART NUMBER INDEX 
a.M\ Base Base Base 
Number!, Sowce DeYIce Pege-Une Number Source Dewlc:e Page-lIne Number Source DevIce Page-I.ine Number Source Devtc:e Page-Une 

2530 Sig1etics TDA2530 859-13 2567 Exar XR2567 900-141 26511 AMD AM26S11M 458-141 2614 Signetlcs 2614 .1669 
Synertek SY2530 1184-44 • 170-11 617-32 2614-15 .1669 

25309 I NPC SFF25309 857-80 XR2567C 898-176 Motorola MC26S11 458-151 1178-91 
2532 SiliconG SG2532 913-30 XR2567M 898-177 617 -45 2614-20 .1669 

TI TMS2532 1168-24 900-142 National DM26S11C 458-154 1178-122 
2533 AMD AM2533 1193-75 Raytheon XR2567C 898-178 617 -47 2614-25 .1669 

Hitachi HD2533 1189-97 900-143 DM26S11M 458-155 1179-27 

Synertek SY2533 1193-70 XR2567M 898-179 617-36 2614-45 .1669 
2534 Hitachi HD2534 453-62 900-144 Raytheon 26S11C 458-158 1180-5 

1188-36 257 AMD LF257 878-44 26S11M 458-159 2615 AMD AM2615 • 155-14 
Synertek SY2534 1193 -68 Fairchild IJAF257 878-46 TI AM26S11C 458-162 AM2615C 611-10 

SY2534A 1193-69 Intersil LF257 878-48 617 -49 AM2615M 611-11 
2535 Harris HA-2535 .974 Motorola LF257 878-50 AM26S11M 458-163 DOC 2615-10 599-32 

864-52 National LF257 878-53 617-38 2615-11 599-30 
880-14 PMI PM257 878-56 26512 AMD AM26S12AC 458-144 2615-12 599-28 

• 165-1 Raytheon LF257 878-58 616-56 2616 AMD AM2616C 606-59 

Synertek SY2535 1193-61 Signetics LF257 878-60 AM26S12AM 458-145 AM2616M 606-60 
SY2535A 1193-62 TI LF257 878-63 616-55 Intel 2616 1186-20 

254 NEG America p.PC254 872-7 2571 Signetics TDA2571 '859-104 AM26S12C 458-142 Intersil 2616-11 1186-21 

SGS M254 857-4 2573 Signetics TDA2573 859-105 617-9 SIgnetic:s 2616 .1670 

2540 SignetiCS TDA2540 860-197 258 Cherry . CS258 857-92 AM26S12M 458-143 1186-30 

Sprague UDN-2540 622-52 Motorola LM258 866-158 617-8 2616-1 .1670 

2541 SignetiCS TDA2541 840-163 891-50 260 Diooics DI-260 601-19 1185-109 
860-198 National LM258 866-161 National LM260 846-14 2616-11 .1670 

2543 Exar XR2543 917-191 890-40 • 171-19 2617 AMD AM2617 612-7 
SilIcon G ' 5G2543 .1129 • 166-9 Panasonic AN260 851-89 Signetics 2617 1186-31 

917-194 LM258A 866-164 2600 AMD AM2600C 452-76 2617-1 1185-110 

2547 Hitachi HD2547 426-79 889-56 AM2600M 452-77 262 Exar XR-C262 • 170-12 
255 AMD LF255 878-2 RCA CA258 866-167 AMI S2600 .467 Panasonic AN262 853-18 

Fairchild IJAF255 878-4 890-39 859-134 2620 Harris HA-262O .980 
Intersil LF255 878-6 CA258A 889-57 Harris HA-2600 .976 864-27 
Motorola LF255 878-8 Signetics LM258 866-170 876-25 877-11 

National LF255 878-11 890-42 • 164-17 • 164-14 
Panasonic AN255 860-39 TI LM258 866-176 • 164-19 • 164-16 
PMI PM255 878-14 892-48 Intersi! HA2600 876-26 • 164-17 
Raytheon LF255 878-16 2580 Sprague UDN-2580 900-195 Mostek MK2600 1184-49 Intersi! HA2620 864-28 

SGS M255 857-5 2581 Signetics TDA2581 859-106 1184-81 877-12 

;,~j~ ~,'d 
Signetics LF255 878-18 259 Panasonic AN259 851-41 Signetics TDA2600 860-135 Signetics TDA2620 858-72 

11 LF255 878-21 2590 Fairchild TOA2590 859-81 2600 1186-39 860-97 
2556 Exar XR2556C 902-115 Siemens TDA2590 859-101 2600-1 1185-101 2620 1186-67 

XR2556M 902-116 Signetics -TDA2590 859-107 TRW CA2600 858-42 2621 Signetica 2621 .2300 

2559 ,~-. 52559 .638 2591 Fairchild TDA2591 859-82 2601 AMI 52601 .467 1763-14~ 

-. 
'" 

901-42 26LS29 AMD AM26LS29C 606-42 859-137 2622 AMI 52622 854-12E 
, 170-8 AM26LS29M 606-43 Mostek MK2601 1158-10 ' HarrIs HA-2622 

• 980 
52559A .638 26LS30 AMD AM26LS3OC 606-44 1158-40 879-30 

901-43 609-47 SMC COM2601 625-110 Intersil HA2622 879-32 

52559B .638 AM26LS3OM 606-46 Sprague ULN-2601 915-44 Signetics NE2622 859-123 

901-44 609-48 TRW CA2601 858-43 2622 .2300 
52559C .638 26LS31 AMD AM261S31C 610-28 2602 AMD AM2602C 452-128 1763-151 

901-45 AM26lS31M 610-29 AM2602M 452-129 2625 Harris HA-2625 .980 
525590 .638 National DM26LS31C 610-30 Hams HA-2602 .976 .879-31 

901-46 DM26LS31M 610-31 879-22 Intersil HA2625 879-33 

256 AMD LF256 878-23 TI AM261S31C 610-32 Intersi! HA2602 879-24 2627 HarrIa HA-2627 .978 

Fairchild IJAF256 878-25 AM26lS31M 610-33 2605 Harris HA-2605 .976 882-22 

Intersi! LF256 878-27 26LS32 AMD AM26LS32C 614-30 879-23 263 Cherry CS263 851-17 

IPI M256 916-139 AM26LS32M 614-31 '164-19 SigneIics TAA263 840-161 

Micro Tech CCD256SEAP 915-91 National DM261S32C 614-32 Intersil HA2605 879-25 853-27 

CCD256SPS 915-92 DM26LS32M 614-33 2606 Signetics 2606 1176-47 2630 HarrIs HA-2630 .982 
Motorola LF256 878-29 TI AM26lS32C 614-34 2606-1 1175-115 839-41 

National LF256 878-32 AM26LS32M 614-35 2607 Harris HA-2607 .978 SignebCS TDA2630 858-73 

PMI PM256 878-35 26LS33 AMO AM26lS33C 614-41 882-27 860-98 
Raytheon LF256 878-37 AM26LS33M 614-42 Signetics 2607 1185-42 2631 Si!Jletics TOA2631 858-74 

Reticon CCPD256 916-115 National DM26LS33C 614-43 2608 Intel 2608 1185-46 860-99 
RL256 916-147 DM26LS33M 614-44 Signetics 2608 1185-56 2632 Signetlcs 2632 .1672 

Rockwell RBM256 1171-25 TI AM26LS33C 614-45 2608-1 1185 -43 1186-89 

1193-83 AM26LS33M 614-46 2609 Signetics 2609 1157-77 2635 Harris HA-2635 .982 

Signetics LF256 878-39 26502 AMD AM26S02C 452-149 261 National LM261 845-54 839-42 

TI LF256 878-42 AM26502M 452-150 • 171-19 2636 SIgnetic:s 2636 .2301 

2560 AMI 52560 .642 26510 AMD AM26510C 458-138 2610 SignetiCS TDA261 0 860-65 856-63 

900-86 617-40 2611 Signetics TDA2611 852·113 1763A-14 

52560A .642 AM2651OM 458-139 26123 AMD AM26123 • 161-9 2637 Signetics 2637 1763A-12 

525608_ .642 617-31 AM26123C 452-155 264 Panasonic AN264 853-56 

Fairchild TDA2560 858-106 Motorola MC26510 458-150 AM26123M 452-156 2640 HarrIa HA-2640 .984 
GI R03-2560 1184-10 617-44 26128 Signetics 26128 1186-111 865-12 

Siemens TDA2560 858-193 National DM26510C 458-152 2613 SigneticI 2613 .1668 877-14 

Signetics TDA2560 859-14 617-46 2613-15 .1668 Signetics TDA2640 914-46 

2561 AMI 52561 .644 DM2651 OM 458-153 1181-9 2645 H.-ris HA-2645 .984 
900-183 617-35 2613-20 .1668 865-13 

915-34 Raytheon 26S1OC 458-156 1181-35 882-25 

919-165 2651 OM 458-157 2613-25 .1668 2650 Harris HA-2650 .986 

2562 AMI 52562 .646 TI AM26S1OC 458-160 1181-58 890-6 

900-118 617-48 2613-45 .1668 National IN52650 1739-1 

2563 Hitachi HD2563 428-124 AM2651OM 458-161 1181-117 INS2650A 1754-90 

2564 TI TM52564 1168-26 617-37 2614 AMD AM2614 • 155-14 INS2650A·l 1754-91 

2566 AMI 52566 856-180 26511 AMD AM26511C 458-140 AM2614C 606-61 Signetics 2650 • 201-19 
2567 AMI 52567 856-181 617-41 AM2614M 606-62 • 201-20 

Arranged alphanumerically from left to right. 
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2650 Signelics 2650 11 202-1 
11 202-2 
11 202-3 
11 202-4 
11 202-5 
11 202-6 
11 202-7 
11 202-8 
11 202-9 
11 202-10 
11 202-11 
11 202-12 
11 202-13 
11 202-14 
11 206-20 
\1 ~v, ~oJ 

11 207-6 
11 207-7 

I 11 207-8 
11 207-9 

I 2650A *2302 
1754-92 
1745-1 

2650A·1 .2302 
1754-93 

26508 .2302 
1754-94 
1745-1 

26508-1 .2302 
1754-95 

265OKT95OO Signetics 2650KT9500 .2317 
2650PG 1500 Signetics 2650PCl500 .2317 
26501 Hitachi HD26501 1758-15 
2651 National INS2651 1754-113 

Signetics 2651 .2304 
1754 -114 
1760-126 

11 207-2 
11 207-3 
11 207-4 

2652 National INS2652 1754-117 
Signetics 2652 .2306 

626-4 
1754-118 
1761-56 

2652·1 .2306 
1754-119 
1761-57 

2655 Harris HA·2655 .. 986 
890-47 

National INS2655 1754-121 
Signetics 2655 .2308 

1754-122 
1761-47 

2656 National INS2656 1753-20 
1754-124 

Signeltcs 2656 1754-126 
2664 Signetics 2664 .1674 

1186-104 
2666 Stgnetlcs 2666 1186-110 
2670 Signetlcs TDA2670 859-15 
268 Interdesign MOA-268B 607-17 
268T26 Hitachi HD268T26 458-126 

616-4 
2680 Signetics TDA2680 860-5 
2688 AMI S2688 .856-175 

917-131 
11 173-19 

2690 Signetics TDA2690 660-6 
2690 .1676 
2690-2 .1676 

1170-64 
2690·3 .1676 

1170-104 
2690-4 .1676 

1170-124 
27 NEG Amenca I1PC27 851-62 

Teledyne G CAG27 567-52 
CAG27-10 567-53 

27A08 Motorola MCM27A08l 1166-61 
27A16 Motorola MCM27Al6L .1493 

1167-96 
TMS27A16L 1167-93 

27LSOO AMD AM27LSOOAC 1173-81 
AM27LSOOAM 1173-93 
AM21'lSOOC 1173-92 

40 

Base 
Number Source Device Page-Une 

27LSoo AMD AM27LSOOLC 1174-26 
AM27LSOOLM 1174-29 
AM27LSOOM 1173-112 

27LSQl AMD AM27LS01C 1173-87 
AM27LS01LC 1174-24 
AM27LSOILM 1174-28 
AM27LSOIM 1173-106 

27LS02 AMD AM27LS02AC 1172-61 
AM27LS02C 1172-100 
AM27L.S02M 1172-94 

1172-108 
MMI 27LS02C 1172-64 

27LS02M 1172-95 
27LS03 AMD AM27LS03AG 1172-65 

AM27LS03G 1172-101 
AM27L5v~M 111i:-ft"i I 

1172-109 
MMI 27LS03C 1172-67 

27LS03M 1172-98 I 
2lLS06 AMO AM27LS06C ~~;;~~; I AM27LS06M 
27LS07 AMD AM27LS07C 1172-66 

AM27LS07M 1172-82 
27L08 TI TMS27L08 1166-112 
27S02 AMD AM27S02AG 1171-104 

AM27S02AM 1172-9 
AM27S02C , 1172-23 
AM27S02M 1172-41 

MMI 27S02AC 1171-108 
27S02AM 1172-13 

27S03 AMD AM27S03AC 1172-2 
AM27S03AM 1172-16 
AM27S03C 1172-32 
AM27S03M 1172-42 

MMI 27S03AC 1172-6 
27S03AM 1172-20 

27S06 AMD AM27S06C 1171-105 
AM27S06M 1172-10 

27S07 AMD AM27S07C 1172-3 
AM27S07M 1172-17 

27S12 AMD AM27S12C 1163-12 
AM27S12M 1163-28 

27S13 AMD AM27S13C 1163-16 
AM27S13M 1163-34 

27S15 AMD AM27S15C 1163-113 
AM27S15M 1164-86 

27S18 AMD AM27S18C 1161-16 
AM27S18M 1161-28 

27S19 AMD AM27S19C 1161-21 
AM27S19M 1161-35 

27S20 AMD AM27S20C 1161-76 
AM27S20M 1161-96 

27S21 AMD AM27S21C 1161-81 
AM27S2iM 1161-104 

27S26 AMD AM27S26 1163-88 
27S27 AMD AM27S27 1163-89 
27S28 AMD AM27S28M 1164-4 
27S29 AMD AM27S29C 1163-95 

AM27S29M 1164-10 
27S30 AMD AM27S30C 1163-92 

AM27S30M 1164-7 
27S31 AMD AM27S31C 1163-97 

AM27S31M 1164-13 
27S32 AMD AM27S32C 1165-10 

AM27S32M 1165-34 
27S33 AMD AM27S33C 1165-12 

AM27S33M 1165-36 
27S80 AMD AM27S60C 1185-9 

AM27S80M 1165-23 
27S81 AMD AM27S61C 1185-14 

AM27S81M 1185-24 
270 National LM270 839-10 

851-4 
11 171-3 

Panasonic AN270 853-19 
Pless~y TCA270 860-t80 
RCA CA270 860-182 
Signetics TCA270 860-195 

2700 AD AD2700J 918-112 
AD2700L 918-113 
AD2700S 918-114 
A02700U 918-115 

Harris HA·2700 • 988 
866-40 
876-32 

National LF2700 900-68 

Base 
Number 

2700 
2701 

2702 

2704 

2705 

2706 
2707 
2708 

2709 

271 

2710 

2711 
2714 
2716 

Source 

Signetics 
AD 

AD 

AMD 
AMI 
EA 

Harris 

Intel 
National 
SGS 
Harris 

National 
National 
National 
AMD 

EA 

Fairchild 

Intel 

Motorola 

National 

SGS 
Signetics 
TI 

AMI 
NPC 
National 

Device 

TDA2700 
AD2701J 
AD2701L 
AD2701S 
AD2701U 
AD2702L 
AD2702U 
2704 
S2704A 
EA2704C 
EA2704L 
EA2704M 
HA-2704 

2704 
LM2704 
M2704 
HA-2705 

LM2705 
LM2706 
LM2707 
2708 
2708-1 
EA2708 

EA2708C 
EA2708L 
EA2708M 
2708 

2708-DC 
2708-DL 
2708-DM 
2708-1 

270S·1De 
M2708 
2708 

2708-1 
2708L 
MCM2708L 
MCM2708P 
MM2708 
MM2708-1 
M2708 
2708 
TMS2708 
TMS2708-35 
S2709 
SFC2709A 
LM271 

NEC Amenca I1PC271 
Panasonic AN271 
SGS TBA271A 

TBA271B 

TBA271C 

NPC SFC2710 
Signetics TDA2710 
NPC SFC2711 
Intel 2714 
AMD 2716 
EA EA2716 

EA2716M 
Fairchild 2716 
Fujitsu MBM2716 
Intel 2716 

2716-1 
2716-2 

Maruman MIC2716 
Mostek MK2716 
Motorola MCM2716 

MCM2716L 

TMS2716 

National MM2716 
NEe Micro p.PD2716 

Page-Une 

861-35 
918-116 
918-117 
918-118 
918-119 
918-164 
918-1'65 

1761-!;I5 
1761-96 
1164-94 
1164-100 
1164-103 

• 988 
866-41 
876-33 

• 988 
866-42 I 
879-44 

1164-
95

1 900-43 
1164-96 

900-44 
900-45 
900-46 

1166-95 
1166-85 

11 194-11 

• 197-10 
1166-97 
1166-117 
1166-119 

.1282 
1166-98 

.1282 

.1282 

.1282 

.1282 
1166-86 

.1282 
1166-104 
1166-102 

11 194·14 
11 199-3 

1166-87 
1166-103 
1166-106 
1166-115 
1166-109 
1166-88 
1166-110 
1166-111 
1166-113 
1166-89 
854-76 
875-18 
840-121 
846-42 
855-140 
908-37 
911-5 
908-42 
911-10 
908-46 
911-14 
845-24 
861-36 
648-5 

11 199-3 
1167-100 
1167-101 
1167-102 
1167-103 
1167-106 
1167-107 

11 199-3 
.1167-95 
1167-98 
1167-108 
1167-109 

",1493 
.1493 

1167-110 
.1486 

1168-3 
1167-111 

.1617 

11 Indicates page number in Application Note Directory_ 
* Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted_ 

Base 
Number 

2716 

272 

2720 

2723 

2725 

273 

2730 

2732 

2735 

.274 

2741 
2742 

2743 

275 
2750 

2758 

276 
2761 

2762 

2765 

277 

278 

279 
28 

280 

2800 

26000 

2801 

2802 

2603 

Source DeviCe 

NEG Micro p.PD2716 
p.PD2716D 

Signetics 2716 
Synertek SY2716 
TI TMS2716 
Interdesign MOB-272 
National LM272 

Pana'sonic AN272 
Harris HA-2720 

Signetics TDA2720 
NPC SFC2723C 

SFC2723EC 
Harris HA-2725 

Naiionai LM273 

Harris HA-2730 

Signetics TDA2730 
AMI S2732 
Intel 2732 
Harris HA-2735 

National LM274 

Panasonic AN274 
NPC SFC2741 
AMI S2742 

AMI S2743 

National LM275 
OKI MSM2750-1A 

MSM2750-2A 
Int~1 2758 

NEG America I1PD276 
Siemens TAA2761 

Siemens TAA2762 

Siemens TAA2765 

Exar XA-C277 

NEG America p.PD277 
Panasonic AN277 
NEG America p.PD278 
Panasonic AN278 
Panasonic AN279 
PMI MUX-28A 

MUX-28B 
MUX-28E 
MUX·28F 

Teledyne G CDA28A 
Siemens S280 
Signetics TCA280 
GI EA2800 

TRW 'CA28oo 
Mostek MK28000 

Sprague ULN-280tA 

AMD AM2802 
AM2802C 
AM2802M 

Sprague ULN-2802A 

Synertek SY2802 
AMD AM2803 

AM2803C 
AM2603M 

Sprague ULN-2803A 

Synertek SY2803 

.~ 

P~e-Une 

,1167-112 
",1617 

1167-113 
1167-114 
1168-4 
612·24 
851-31 

11 173-2 
852-85 

.990 
866-6 
866-72 
876-19 
861-37 
912-83 

912-84 1 
.990 

866-73 
879-8 
851 -83 

866·7 I 
855-36 

11 169-5 

• 173-3 

• 993 
866-97 
889-52 
861-38 
861-61 

1168-23 
.993 

866-98 
890-25 
851-84 
855-37 

• 173-3 
852-18C 
863-30 

.471 
859-138 

.471 
859-139 
917-135 

1162-97 
1162-101 
1H!e-93 

853-179 
863·155 
892-38 
864-2 
890-12 
864-3 
892-39 
901-132 

• 170-10 
853-180 
851·90 
853-181 
854-203 
860-173 
576-22 
576-25 
576-23 
576-26 
573-8 
853-98 

919A-59 
1159-53 

• 193-21 
840-64 

1186-50 
1186-65 
622-159 
843·159 

• 198·5 
1187-44 
1187-45 
622-1~ 

843-1& 
1187-46 

• 198-5 
1167-72 
1187·73 
622-14E 
843·161 

l1E17-74 
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2804 AMD AM2804 • 198-5 2833 AMD AM2833M 1193-78 2901 AMD AM2901 • 202-20 2902 Raytheon AM2902M 1754-17g 
AM2804C 1187-94 Synertek SY2833 1193-71 AM2901 A 1721-1 LM2902 867-50 
AM2804M 1187-95 SY2833A 1193-72 • 203-1 897-14 

Sprague ULN-2804A 622-154 SY2833B 1193-73 AM2901AC 427-20 Signetics LM2902 867-54 
843-162 SY2833C 1193-74 1754-141 897-15 

Synertek SY2804 1187-96 284 National AM284 572-20 AM2901AM 427-21 TI LM2902 867-55 
2805 AMD AM2805 • 198-5 

572-24 1754-142 897-16 
AM2805C 1187-58 NEG Arnerlca p.PD284 853-182 AM2901C 427-18 2903 AMD AM2903 1721-2 
AM2805M 1187-54 2840 Siemens TDA2840 860-61 1754-139 AM2903C 427-22 

GI ER2805 1159-48 TRW CA2840 840-71 AM2901M 427-19 1754-143 
Nitron NC2805 1159-50 2841 AMD AM2841C 1159-82 1754-140 AM2903M 427-23 
Sprague ULN-28()5A 622-147 AM2841M 1159-83 AMI S2901 900-12 1754-144 

843-163 2841A 1159-85 Fairchild F2901A 1724-2 Fairchild F2903 1724-3 
2806 AMD AM2806 11 198-5 Sprague UDN-2841 842-109 F2901AC .1893 F2903C 427-26 

AM2806C 1187-81 TI UDN2841 842-115 427-24 1754-148 
AM2806M 1187-77 2842 Sprague UDN-2842 842-110 1754-145 F2903M 427-27 

2807 AMD AM2807 , 198-5 TI UDN2842 842-116 F2901AM .1893 1754-149 
AM2807C 1187-59 TRW CA2842 840-72 427-25 Hitachi HD2903 603-28 
AM2807M 1187-55 2843 Sprague UDN-2843 842-111 1754-146 Motorola MC2903 1735-3 

2808 AMD AM2808 • 198-5 TI UDN2843 842-117 LM2901 849-49 MC2903C 427-40 
AM2808C 1187-82 2844 Sprague UDN-2844 842-112 MMI 2901A 1733-4 1754-157 
AM2808M 1187-78 TI UDN2844 842-118 2901AC 427-33 MC2903M 427 -41 

2809 AMD AM2809C 1193-29 2845 Sprague UDN-2845 842-113 1754-151 1754-158 
AM2809M 1193-23 TI UDN2845 842-119 2901 AM 427-34 National LM2903 848-13 

281 National AM281 567 -109 2846 Sprague UDN-2846 842-114 1754-152 Signetics lM2903 848-14 
567-113 TI UDN2846 842-120 Motorola LM2901 849-51 TI LM2903 848-15 
567-115 2847 AMD AM2847C 1192-116 MC2901 427-37 2904 AMD AM2904C 1755-49 

Panasonic AN281 858-142 AM2847M 1192-114 1735-2 AM2904M 1755-50 
Siemens S281 853-99 285 National AM285 572-45 MC2901 A 1735-2 Harris HA-2904 .996 

2810 AMD AM2810C 1193-24 572-49 MC2901AC 427-38 865-84 
AM2810M 1193-25 2850 TRW CA2850 840-73 1754-155 868-24 

NCR NCR2810 1159-49 2851 TRW CA2851 840-74 MC2901AM 427-39 Hitachi HD2904 606-41 
Nitron NC2810 1159-51 2855 AMD 'AM2855 1193-35 1754-156 Motorola LM2904 866-152 
TRW CA281 0 840-65 2856 AMD AM2856 1193-56 MC2901C 1754 -153 892-50 

2811 AMI S2811 901-134 2857 AMD AM2857C 1193-65 MC2901M 1754-154 National lM2904 866-153 
Sprague ULN-2811A 622-160 286 National LM286 1! 173-6 National IDM2901 A .286 892-51 

843-166 NEG America p.PD286 853-183 1737-3 ACA CA2904 866-154 
2812 AMD AM2812AC 1159-69 287 National AM287 569-111 IDM2901A-l .2015 892-52 

AM28~2AL 11 S9 -70 569-115 .286 Tl lM2904 866-155 
AM2812C 1159 -67 TI TL287C 888-47 1737-3 892-53 
AM2812L 1159-68 TL287M 888-48 IDM2901AC .286 2905 AMD AM2905C 617-10 

AMI AM2812 • 195-1 2870 Siemens TDA2870 852-110 427-42 1755-93 
Sprague ULN-2812A 622-165 TAW CA2870 840-75 1754-159 AM2905M 616-57 

843-167 2871 TAW CA2871 840-76 1DM2901AC-l .286 1755-94 
2813 AMD AM2813AC 1159-73 2872 Western CA2872 1753-41 IDM2901AM .286 Fairchild F2905C 617-11 

AM2813AL 1159-74 2875 TAW CA2875 840-77 427-43 1755-105 
AM2813C 1159-71 2876 TAW CA2876 840-78 1754-160 F2905M 1755-106 
AM2813L 1159-72 288 National AM288 570-21 IDM2901A11-1 .286 Harris HA·2905 .996 

AMI AM2813 , 195-1 570-25 LM2901 849-52 868-38 
Sprague ULN-2813A 622-148 Panasonic AN288 858-144 NEG America p.PC2901 849-53 Hitachi HD2905 611-36' 

843-168 TI TL288C 889-50 NEG Micro p.PB2901 1741-4 MMI 2905C 617-13 
2814 AMD AM2814C 1193·30 TL288M 889·51 p.PB2901A 427-44 1755·123 

AM2814M ·1193-31 2880 TRW CA2880 840-79 1754·163 2905M 616-58 
AMI AM2814 • 195·1 289 Panasonic AN289 858·145 Raytheon AM2901AC 427·47 1755-124 
Sprague ULN-2814A 622-155 2896 AMD AM2896C 1193·9 1754·166 Motorola MC2905C 617-14 

843·169 AM2896M 1193-8 AM2901AM 427·48 1755-137 
2815 Sprague ULN-2815A 622-149 29 Teledyne G CDA29A 570-79 1754·167 MC2905M 616-59 

843-170 29LS18 AMD AM29LS18G 439-120 AM2901C 427·45 1755·138 
282 National AM282 568-23 1755·174 1754·164 National lM2905 902-66 

568·27 AM29LS18M 439·121 AM2901M 427·46 NEG Micro p.PB2905A 617-15 
Panasonic AN282 858·143 1755-175 1754-165 1755-149 

2820 Harris HA-2820 11 185-7 MMI 29lS18C 1755-178 lM2901 849·54 Raytheon AM2905C 617-16 
11 185-9 29LS18M 1755-179 Signetics LM2901 849·55 1755-155 

TRW CA2820 840-69 290 National AM290 970-98 N2901 • 202-15 AM2905M 616-60 
2821 Sprague ULN-2821A 622·161 570·100 N2901·1 427-49 1755·156 

'843-173 Signetics TCA290 855·153 1754-169 2906 AMD AM2906C 617·17 
2822 Sprague ULN-2822A 622-166 ·2900 AMD AM2900 11 202-18 N2901A .2279 1755·95 

843·174 . AMI S2900 900·11 1754·168 AM2906M 616-61 
2823 'Sprague ULN·2823A 622·150 ' Harris HA·2900 .996 2901-1 1745-4 1755-96 

B43·175 865-98 TI LM2901 849-56 Fairchild F2906C 617-18 

2824 Sprague UU~-2824A 622-156 868-31 2902 AMD AM2902 11 202-20 1755-107 

843·176 11 165-3 AM2902C 1754-171 F2906M 1755-108 

2825 AMD AM2825C 1187·111 National IDM2900 11 205·17 AM2902M 1754-172 MMI 2906C 617·20 
AM2825M 1187·109 IOM29OOAC-l 1754·161 Hitachi HD2902 603-74 1755-125 

Harris HA·2825 , 185·9 IDM29OOAM-l 1754-162 Motorola LM2902 867·5 2906M 616-62 
Sprague ULN-2B25A 622-151 LM2900 867-57 867-49 1755-126 

843-177 897-31 897-13 Motorola MC2906C 617-21 
Synertek SY2825A 1187-113 NCR NCR2900 460-98 MC2902C 1754·173 1755-13g 

2826 AMD AM2826C 1187-112 Raytheon LM2900 867-59 MC2902M 1754-174 MC2906M 616-63 

AM2826M 1187-110 897-33 National IDM2902C 1754-175 1755-140 
Synertek SY2826A 1187-114 2900 1743-2 IDM2902M 1754-176 NEC Micro p.PB2906A 617-22 

2827 AMD AM2827C 1188·7 TI LM2900 867·61 LM2902 867-6 1755-150 

AM2827M 1188-6 897-35 896-50 Raytheon AM2906C 617-23 
Synertek SY2827 1188-8 . 29000 Raytheon 29000 .1645 NEG America p.PC2902 896-53 1755-157 

2830 TAW CA2830 840-70 .1666 NEC Micro p.PB2902A 1754·177 AM2906M 616-64 
2833 AMD AM2833C 1193·77 2901 AMD AM2901 1721-1 Raytheon AM2902C 1754·178 1755-15B 

Arranged alphanumerical1y from left to right. 
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Ie MASTER 
Base Base 
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2907 AMO AM29Q7C 617-24 2911 
1755-97 

AM2907M 617-2 
1755·98 

Fairchild F2907C 617-25 ! 

I 
1755·109 

F2907M 1755·110 
MMI 2907C 617-27 2912 

1755·127 2913 
2907M 617·3 

1755·128 
Motorola MC2907C 617·28 

1755·141 
MC2907M 617-4 

1755 ·142 

I 

National LM2907 857 ·134 2914 
916·63 

11 183-13 
NEG Micro "PB2907A 617·29 

I ;755·151 
Raytheon AM2907C 617·30 

1755·159 
AM2907M 617·5 

1755·160 
2909 AMD AM2909 , 200·16 2915 

, 203-1 
AM2909C 459-149 

1755-1 
AM2909M 459-150 

1755·2 
Fairchild F2909C 459-153 

1755·5 
F2909M 459-154 

1755·6 
MMI 2909C 1755-11 

2909M 1755-12 
Motorola MC2909C 459·161 

1755-15 
MC2909M 459-162 

1755·16 
National IDM2909AG 459-165 

1755-19 
IDM2909AM 459-166 

1755-20 
NEG Micro IlPB2909A 459-169 

1755-;>3 
Raytheon AM2909C 459-171 2916 

1755-25 
AM2909M 459-172 

1755-26 
291 National AM291 570·111 

571-2 
Siemens S291 900-34 

900-40 
2910 AMD AM2910C 1754 ·181 

AM2910M 1754-182 
Fairchild F2910C 1754-183 

F2910M 1754-184 
Intel 2910 900-13 
Motorola MC2910C 1754-186 

MC2910M 1754 -187 
DEI 2910 839 -133 

839-137 
29100 Motorola MC29100C 1160·9 

MC29100M 1160·15 
29101 Motorola MC29101C 1160·4 

MC29101M 1160-12 
2911 AMD AM2911 11 200·16 2917 

AM2911C 459-151 
1755-3 

AM2911M 459-152 
1755-4 

Fairchild F2911C 459-156 
1755-7 

F2911M 459·157 
1755·8 

Intel 2911 900·24 
MMI 2911C 1755-13 

2911M 1755-14 
Motorola MC2911C 459·163 

1755-17 
MC2911M 459·164 

1755-18 
National IDM2911AG 459-167 

IDM2911AM 
1755-21 
459·168 

42 

Base ' 
Source Device Page-Une Number Source Device 

National IDM2911AM 1755-22 2917 NEG Micro "PB2917A 
NEG Micro "PB2911A 459·170 Raytheon AM2917AC 

1755·24 
Raytheon AM2911C 459·173 AM2917AM 

1755·27 
AM2911M 459.1741 29176 AMD AM29176AM 

1755·28 2918 AMD AM2918C 
Hitachi HD2912 619·132 
AMD AM2913 11 202·18 AM2918M 

11 202·20 
AM2913C 456·162 MMI 2918C 

1755·77 2918M 
AM2913M 456·163 Motorola MC2918C 

1755·78 MC2918M 
National LM2913 919·143 NEG MICro "PB2918A 
AMD AM2914 11 202·18 

11 202·20 Raytheon AM2918C 
AM2914C 1755·71 

1761·19 AM2918M 
AM2914M 1755-72 

1761·20 2919 AMD AM2919C 
Fairchild F2914C 1755·73 AM2919M 

F2914M 1755·74 Hitachi HD2919 
National LM2914 916-186 MMI 2919C 
AMD AM2915AC 615·35 2919M 

1755·99 292 National LM292 
AM2915AM 615-22 

1755-100 
Fairchild F2915AC 615-36 2920 AMD AM2920C 

1755·111 
F2915AM 1755·112 AM2920M 

Hitachi HD2915 611-35 
MMI 2915AC 615-38 2921 AMD AM2921C 

1755·129 
2915AM 615-23 AM2921M 

1755-130 
Motorola MC2915AC 615-39 2922 AMD AM2922 

1755-143 AM2922C 
MC2915AM 615-24 

1755·144 AM2922M 
NEG Micro "PB2915A 615-40 

1755-152 2924 National LM2924 
Raytheon AM2915AC 615-41 

1755-161 
AM2915AM 615-25 2925 AMD AM2925C 

1755-162 AM2925M 
AMD AM2916AC 615-42 293 National LM293 

1755-101 lM293A 
AM2916AM 1755·102 Signetics LM293 

Fairchild F2916AC 615-44 LM293A 
1755-113 TI LM293 

F2916AM 1755·114 2930 AMD AM2930C 
Hitachi HD2916 619·133 AM2930M 
MMI 2916AC 615·48 29301 TI SN29301 

1755-131 29308 T\ SN29308 
291'6AM 615·28 29309 TI SN29309 

1755·132 29310 TI SN29310 
Motorola MC2916AC 615-50 2931'1 TI SN29311 

1755-145 29312 TI SN29312 
MC2916AM 615·30 29316 T\ SN29316 

1755-146 29318 TI SN29318 
NEG Micro /LPB2916A 615-52 2940 AMD AM2940C 

1755-153 AM2940M 
Raytheon AM2916AC 615·54 2942' AMD AM2942C 

1755·163 AM2942M 
AM2916AM 615-32 295 National LM295 

1755-164 2950 AMD AM2950C 
AMD AM2917AC 615·43 AM2950M 

1755-103 2951 AMD AM2951C 
AM2917AM 615-27 AM2951M 

1755-104 2956 Sorague UDN-2956 
Fairchild F2917AC 615-46 1 UDN-2956A 

1755-115 
F2917AM 1755-116 2957 Sprague UDN·2957A 

MMI 2917AC 615-49 
1755 -135 UD7·2957 

2917AM 615-29 29600 Raytheon 29600 
1755·136 29600C 

Motorola MC2917AC 615·51 
1755-147 29600M 

MC2917AM 615-31 
1755 ·148 29601 Raytheon 29601 

National LM2917 857-135 29601C 
916-64 

11 183-13 29601M 
NEG Micro f'.PB2917A 615·53 

11 Indicates page number in Application Note Directory_ 
* Indicates additional data is provided on the page noted . 

Page-Une 

1755·154 
615·55 

1755·165 
615·33 

1755·166 
615·26 
439·113 

1755·172 
439·114 

1755·173 
1755-176 
1755·177 
1755·180 
1755·181 
439-115 

1755·182 
439·116 

1755·183 
439-117 

1755-184 
1755·30 
1755·31 
622·180 

1755·32 
1755·33 

.1054 
839-158 
890-49 
440·138 

1755-193 
440-139 

1755·194 
435·82 

1755-58 
435-83 

1755-59 
, 200-16 

452-16 
1755-168 
452-17 

1755-169 
.1054 

839·160 
892-54 

1755-37 
1755-38 
847-49 
847-4 
847-51 
847-6 
847 -53 

1755-84 
1755·85 
434-18 
448-35 
451·51 
432·5 
435-115 
451-98 
430·86 
456-158 

1755-42 
1755-43 
1755-46 
1755·47 
915-156 

1755·66 
1755-67 
1755·68 
1755·69 
900-196 
622-70 
843·56 
622-67 
843-57 
900-197 

.1652 

.1652 
1162·54 

.1652 
1162-69 

.1652 

.1652 
1162·56 

.1652 
1162-71 

• Indicates entire Application Note is provided on the page noted. 

Base 
Number Source 

29601 TI 
29602 Raytheon 

29603 Raytheon 

29610 Raytheon 

29611 Raytheon 

29612 Raytheon 

29613 Raytheon 

29620 Raytheon 

29621 Raytheon 

29622 Raytheon 

29623 Raytheon 

29624 Raytheon 

29625 Raytheon 

29626 Raytheon 

29627 Raytheon 

29630 Raytheon 

29631 Raytheon 

29632 Raytheon 

Device Pige-line 

SN29601 452·72 
29602 ,.1653 
29602C .1653 

1162·43 
29602M .1653 

1162·59 
29603 .1653 
29603C .1653 

1162·47 
29603M .1653 

1162·63 
29610 .1654 
29610C .1654 

1163·23 
2961 OM .1654 

1163-54 
29611 .1654 
29611C .1654 

1163·27 
29611M .• 1654 

1163·57 
29612 .1655 
29612C .1655 

1163·33 
29612M ".1655 

1163·59 
29613 .1655 
29613C .1655 

1163-39 
29613M .1655 

1163-62 
29620 .1656 
2962OC. .1656 

1163·91 
29620M .1656 

1164-17 
29621 .1656 
29621C .1656 

1163-96 
29621M .1656 

1164-28 
29622 .1657 
29622C .1657 

1164-6 
29622M .1657 

1154-57 
29623 .1657 
29623C .1657 

1164-12 
29623M .1657 

1164-64 
29624 .1658 
29624C .1658 

1163-81 
29624M .1658 

1164-26 
29625 .1658 
29625C .1658 

1163·87 
29625M .1658 

1164-40 
29626 .1659 
29626C .1659 

1163-94 
29626M .1659 

1164-46 
29627 ' .1659 
29627C .1659 

1163-99 
29627M .1659 

1164-53 
29630 .1660 
29630C .1660 

1166·15 
29630M .1660 

1166-57 
29631 .1660 
29631C .1660 

1166·22 
29631M .1660 

1166-58 
29632 .1661 
29632C .1661 

1166·53 
29632M .1661 

1166-64 

Ie MASTER 19~ 
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PART NUMBER INDEX 
Bae Base Base Base 
Number SOurce Device PIIge-liIe Number Source Device Page-Une Number Source Device PIge-Une Number Source DevIce Page-Une 

29633 Raytheon 29633 .1661 29704 National 1OM29704AM 1756-20 29903 National 1DM29903C 1756-36 3002 Motorola MC3002 447 -124 
29633C .1661 29705 AMD AM29705 • 202-20 29908 National IDM29908C 1755-186 National TP3002 .1074 

1166-54 AM29705C 449-47 1OM29908M 1755-187 900-30 
29633M .1661 1172-60 3 Date! ADC-HU38 • 667 Panasooic MN3002 915-99 

1166-70 1756-17 ADC-HU3BGC • 667 RCA CA3002 840-146 
29634 Raytheon 29634 .1662 AM29705M 449-48 578-2 855-2 

29634C .1662 1172-71 ADC-HU38MC • 667 • 169-10 
1166-38 1756-18 ADC-HU3BIIM. 667 Signetics N3OO2 427-50 

29634M .1662 National IDM29705AC 1756 -21 578-3 1756-48 
1166-65 IDM29705AM 1756-22 ADc-HU3BIIR • 667 • 202-15 

29635 Raytheon 29635 .1662 29720 AMD AM29720C 1173-88 Supertex 503 857 -85 • 206-21 
29635C .1662 1756-38 30 NEC America /o4PC30 851-56 • 207-1 

1166-48 AM29720M 1173-107 PMI DAC-3OB 599-12 53002 427 -51 
29635M .1662 1756-39 DAC-3OE 599-13 1756-49 

1166-71 29721 AMD AM29721C 1173-94 DAC-3OF 599-15 SiIiconix 513OO2A 570-44 
29636 Raytheon 29636 .1663 1756·40 Teledyne C CAG30 567-16 SI3OO2B 570-45 

29636C .1663 AM29721M 1174-2 Unilrode PF30 917-29 3003 Fairchild SH3003C 571-76 
1166-39 1756-41 PR30 917-30 SH3Q03M 571-77 

29636M .1663 29750 AMD AM29750AC 1161-17 300 Cybernetic CY-3OO 603-111 Intel M3003 1756-65 
1166-66 1755-196 1763-128 3003 1756-64 

29637 Raytheon 29637 .1663 AM29750AM 1161-29 Dionics 01300 602-160 Micro Net MN3003 591-2 
29637C .1663 1755-197 Exar XR300 .932 MN3003H 591-3 

1166-49 National IDM29750AC 1755-200 460-32 Motorola MC3003 447-121 
291i37M .1663 IDM29750AM 1756-2 Hughes 300 861-75 Panasonic MN3003 915-96 

1166-72 29751 AMD AM29751AC 1161-22 IMI MM300 417-136 3004 Micro Net MN3004 591-4 
29660 Raytheon 29660 .1664 1755-198 460-57 MN3004H 591-5 

29660C .1664 AM29751 AM 1161-36 Intersil 300 912-6 ~oIa MC3004 444-61 
1162-4 1755-199 National LFB300 582-30 Panasonic MN3004 915-100 

29660M .1664 National IDM29751AC 1756-3 582-34 RCA CA3004 840-147 
1162-20 IDM29751AM 1756-4 LM300 912-7 • 169-9 

29661 Raytheon 29661 .1664 29760 AMD AM29760AC 1161-77 • 188-12 3005 Micro Net MN3005 591-6 
29661C .1664 1756-6 Silicon G SG300 912-9 MN3005H 591-7 

1162-6 AM29760AM 1161-97 SIIiconiI DG300 .819 Motorola MC3005 443-47 
29661M .1664 1756-7 • 190-10 Panasonic MN3005 915-112 

1162-21 National IDM29760C 1756-10 • 190-11 ' RCA CA3005 840-148 
29662 Raytheon 29662 .1665 IDM29760M 1756-11 DG300A • 819 855-3 

29662C .1665 29761 AMD AM29761AC 1161 -82 567-25 857-51 
1161-103 1756-8 DG300B .819 • 169-9 

29&62M .1665 AM297t11AM 1161-105 567-26 • 173'-12 
1162-14 1756-9 DG300C • 819 3006 Micro Net MN3006 588-7 

29663 Raytheon 29663 .1665 National IDM29761C 1756-12 567-27 MN3006H 588-8 
29663C .1665 IDM29761M 1756-13 TeIedyoo S 300 • 159-9 Motorola MC3006 441-15 

1161-110 29770. AMD AM29770C 1163-13 • 159-11 RCA CA3006 840-149 

29663M .1665 AM29770M 1163-29 • 160-18 855-4 

1162-18 29771 AMD AM29771C 1163-17 Unilrode PF300 917-37 857-52 

29693 Raytheon 29693C 452-41 AM29771M 1163-35 PR300 917-38 , 169-9 

1160-116 298 AMD LF298 919-16 3000 Intel 3000 1730-1 3007 Micro Net MN3OO7 591-8 

1755-89 1kIT-Brown SHC298AM 
• 659 • 200-19 MN3OO7H 591-9 

29693M 452-42 919-27 , 201-3 Motorola MC3007 443-92 
1160-117 National LF298 919-66 LSI Comp 1IED3OOO/3600 .494 Panasonic BBD3OO7 915-109 

1755-90 29803 AMD AM29803 • 200-16 415-46 RCA CA3007 839-50 

29700 AMD AM29700c 1171-106 AM29803AC 1755-52 Micro Net MN3000 587-47 , 174-7 

1756-24 AM29803AM 1755-53 MN3000H 588-2 3008 Micro Net MN3008 587-28 

AM29700M 1172-11 National IDM29803C 1755-54 Motorola MC3000 443-136 • 177-17 
1756-25 IDM29803M 1755-55 National TP3000 .1074 MN3008H 587-29 

MMI 29700C 1171-109 2981 Sprague UON-2981A 622-169 RCA CA3000 839-49 Motorola MC3008 428-125 

29700M 1172-14 843-180 
• 163-6 

RCA CA3008 881-45 

2970T AMD AM29701C 1172-4 '<'9811 AMD AM29811 • 200-16 5q1etics N3000 1744-4 • 167-16 
1756-26 AM29811AC 1755-61 30000 Mostek MK30000 1185-27 CA3008A 875-23 

AM29701M 1172-18 AM29811AM 1755-62 3001 Intel M3001 459-160 RIFA PBA3008 902-38 

1756-27 National IOM29811C 1755-63 1756-52 3009 Micro Net MN3009 587-30 

MMI 29701C 11,72-7 IDM29811M 1755-64 3001 459-159 MN3009H 587-31 

29701M 1172-21 2982 Sprague UON-2982A 622-173 1756-51 ' Motorola MC3009 428-189 

29702 AMO AM29702C 1171-107 843-181 Micro Net MN3OO1 588-3 RIFA PBA3009 902-39 

1756-28 2983 Sprague UON-2983A 622-170 MN3OO1H 588-4 301 AD AD301A 884-5 

AM29702M 1172-12 843-182 Motorola MC3OO1 441-100 AD301AL 870-39 

1756-29 2984 Sprague UD~-2984A 622-174 NaticIrW TP3001 .1074 AMD LM301 884-32 

MMI 29702C 1171-110 843-183 900-17 LM301A 884-6 

29702M 1172-15 29882 AMD AM29882C 1756-43 Panasonic MN3OO1 915-106 CMA FX301 901-144 

National IDM29702C 1756-32 29883 AMD AM29883C 1756-44 RCA CA3OO1 840-145 Faifchild /o4A301 A 884-7 

1DM29702M 1756-33 299 NatiOnal LM299 .1062 • 169-19 Intersil 301A 884-9 

29703 AMD AM29703C 1172-5 918-93 Signetics N3OO1 459-176 301ALN 884-20 

1756-30 11 192-5 1756-53 Micro Net MN301 585-19 

AM29703M 1172-19 • 192-15 • 206-21 
MN301H 585-20 

1756-31 LM299A .1062 • 207-1 Micro Power MP301 842-17 
MMI 29703C 1172-8 918-97 S3OO1 459-177 Motorola LM301A 884-10 

29703M 1172-22 11 192-5 1756-54 National LM301 • 165-19 
National IDM29703C 1756-34 • 192-15 Silicon G SG3001 840-170 • 166-1 

IDM29703M 1756-35 NEe America /o4PD299 853-184 3002 Fairchild SH3OO2C 570-52 LM301A 884-11 

29704 AMD AM29704C 449-45 854-20 SH3OO2M 570-53 , 166-15 

1172-93 Raytheon LM299 918-105 Intel M3002 427-32 , 166-16 

1756-15 LM299A 918-108 1756-47 • 166-17 
AM29704M 449-46 29901 National 1DM29901C 1755-189 3002 427-31 , 167-3 

1172-99 IDM29901M 1755-190 1756-46 , 191-7 

1756-16 29902 National 1DM29902C 1755-80 Micro Net MN3OO2 588-5 NEC America /o4PC301 884-13 

National 1DM29704AC 1756-19 IDM29902M 1755-81 MN3OO2H 588-6 Panasonic AN301 861-25 

Arranged alphanumerically from left to right. 
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Ie MASTER 
Base 
Number 

301 

30iO 

3011 

3012 

3013 

I 3014 

3015 

3016 

3018 

3019 

302 

44 

Source 

Plessey 
Raytheon 
RCA 
Siemens 
S~nettcs 

Silicon G 
Silicooix 

Device 

SL301 
LM301A 
CA301A 
SM301 
LM301A 
SG301A 
OG301 
OG301A 

OG3018 

OG301C 

Teledyne C CSR301 

Teledyne S 301 A/C 

301B/M 

Ti LM301A 
intech/FMi 30iO 
IPI IPL3010 
Micro Net MN3010 

MN3010H 
Motorola MC3010 
RCA CA3010 

CA3010A 
Fairchild SH3011 

Motorola MC3011 
National LM3011 

RCA CA3011 

Motorola MC3012 
RCA CA3012 

Micro Net MN3013 
MN3013H 

RCA CA3013 

Micro NEll MN301 II 
MN3014H 

RCA CA3014 

FairchHd SH3015 

Micro Net MN3015 
MN3015H 

Motorola MC3015 
RCA CA3015 

CA3015A 

iPI IPL3016 
Motorola MC3016 
RCA CA3016 

CA3016A 

Faircnild IlA3018AM 
IlA3018M 

National LM3018 

LM3018A 

Plessey SL3018 
SL3018A 

RCA CA3018 

CA3018A 
Silicon G SG3018 

SG3018A 
RCA CA3019 
Sprague UGN-3019 

UGS-3019 
AMO LM302 
Dionics 01302 
Fairchild JiA302C 

Page-t.ine 

842-31 
880-23 
884-15 
900-1.77 
884-16 
884-18 

* 819 
* 819 

569-51 

* 819 
569-52 

* 819 
569-53 
603-141 
621-70 

423-74 

Base 
Number 

302 

:~~~~~81 
423-119 3020 
884-19 I 
915-55 
916-125 
589-3 
589-4 
442-79 
881-46 

11 167·16 
875-24 

*955 
622-25 
440-173 
840·127 3021 

11 174·5 
840-150 

11 173 -12 3022 
442·185 
840-151 
855-5 3023 

11 173-12 
11 173-13 

5438-9 3024 
588-10 3025 
855-50 3026 
859-166 

11 173-12 
587-37 

587·38 3028 
855-51 
859-167 

11 173-12 

* $56 
919-104 
586-25 
586·26 
441-196 
867 -115 3029 
881-54 

11 167-17 
867-116 303 
875·31 
916-126 
441-197 
867-117 
881-55 

11 167-17 
867·118 
875-32 
842·66 
842-65 
842-30 
842-67 3030 
842-29 
842·68 
842-73 
842-74 
842-77 3031 

11 170-3 3032 
842-78 
842 -81 3033 
842-82 

11 170-4 
462 -152 
462-153 
862-51 
602-161 3035 
862 -52 

SOurce Device 

lntersil 302 
Micro Power MP302 
NatiorJal LM302 

Panasonic AN302 
Silicon G SG302 
Siliconix OG302 

OO302A 

OG3028 

OG302C 

Teledyne S 302A1C 

302B/M 

HyComp HC3020 

intechiFMi 3020 
Micro Net MN3020 

MN3020H 
Motorola MC3020 
RCA CA3020 

Sprague 

Motorola 
RCA 

Motorola 
RCA 

Motorola 
RCA 

Motorola 
Motorola 
Fairchild 
Motorola 
Nattonal 
RCA 
Motorola 
National 
RCA 

Motorola 
RCA 

Micro Power 
Panasonic 
Plessey 
Siliconix 

CA3020A 

UGN-3020 
UGS-3020 
MC3021 
CA3021 

MC3022 
CA3022 

MC3023 
CA3023 

MC3024 
MC3025 
IlA3026 
MC3026 
LM3026 
CA3026 
MC3028 
LM3028 
CA3028 

CA3028A 

CA3028B 

MC3029 
CA3029 
CA3029A 
MP303 
AN303 
SL303 
OG303 
DG303A 

OG3038 

OG303C 

Teledyne S 303A/C 
303B/M 

Intech/FMI 3030 
RCA CA3030 

CA3030A 

Motorola MC3031 
IPI IPL3032 
Motorola MC3032 
RCA CA3033 

CA3033A 

RCA· CA3035 

Page-Line 

862-53 
842-18 
862-50 

11 162-9 
11 172-1 

861-26 
862-49 

* 819 
* 819 

571-82 

* 819 
571-83 

* 819 
571-84 
423-79 

423-
141

1 423-80 
423-142 
839-96 

:~~~~~ I 
587-39 
587-40 
445-158 
840-152 
852-4 

11 168-13 

840-
1531' 11 168-13 

462-154 
462-155 
446-46 
840-154 

11 169-t2 
446-87 
840-155 

11 169-12 
445-70 

Base 
Number 

3035 
3036 

3037 

3038 

304 

840 -1 56 3040 
11 169-12 

442-140 3041 
442-141 
843-18 
440-182 
843-21 3042 
8113-211 
436·130 
839-59 3043 
839-61 
855-6 3044 

11 173-13 
839-62 3045 

11 169-11 
839-63 

11 169-11 
436-134 
881-47 3046 
875-25 
842·19 
861-27 
842-61 

* 819 3047 
* 819 

570-59 

* 819 3048 
570-60 

* 819 
570-61 
423 -134 3049 
423 -135 
915 -52 305 
867-119 
881-56 
867-120 
875-33 
444-151 
916-127 
445-25 
864-20 
880-28 

11 167-18 
863-144 
880-12 

11 167-18 
840-88 
841 -1 

Source 

RCA 
Fairchild 
RCA 
RCA 

RCA 

Fairchild 

Micro Net 

Motorola 

National 

Panasonic 
Raytheon 
Silicon G 

Siliconix 

Device 

CA3035 
IlA3036M 
CA3036 
CA3037 
CA3037A 
CA3038 

CA3038A 

IlA304 

IlA304C 

MN304 

MN304H 

LM304 
LM304H 
LM304 

AN304 
LM304 
SG304 

OG304 
OO304A 

OG3048 

OG304C 

Teledyne S 304A1C 
304B/M 

TI LM304 
Intech/FMI 3040 
RCA CA3040 
Intech/FMI 3041 
RCA CA3041 

RCA CA3042 

RCA CA3043 

RCA CA3044 

Fairchild IlA3045M 
National LM3045 
Plessey SL3045 
RCA CA3045 
Silicon G SG3045 
Fairchild IlA3046C 
National LM3046 
Plessey SL3046 
RCA CA3046 
Silicon G SG3046 
RCA CA3047 

CA3047A 

RCA CA3048 

RCA CA3049 

AMD LM305 
LM305A 

Fairchild IlA305 
IlA305AC 

IlA305C 

Intersil 305 
305A 

Motorola LM305 

National LM305 

LM305A 
Pa~asonic AN305 

11 Indicates page number in Application Note Directory. 
* Indicates additional data is prOVided on the page noted . 

I 

Page-Une I Base 
Number Source Device page-Une 

859-
168

1' 
842-86 

------------------------

842-89 
881-48 I 
875-26 ! 
867-121 
881-57 
867-122 
875-34 

* 934 
*934 

913-46 
436-35 
620-143 

305 

. 436 -36 3050 

6.20-

144

1 11 187-13 
913-47 
913-48 3051 

11 171-1 I 
11 187-16 
11 188-2 3052 
11 188-4 
11 188-12 

861-28 3053 
913-50 
913-51 3054 
913-104 

* 819 
* 819 

567-28 3058 

* 819 
567-29 

• 819 3059 
567-30 
423-127 
423-128 
913-52 
919-188 306 
840-157 
919-182 
855-52 
860-50 

11 175-21 
855-53 
660-51 

11 175-21 
855-54 
860-52 
857-190 

11 175·20 
842-152 
842-158 3060 
842-168 
842-173 
842-184 
842-153 
842-159 
842·169 
842-174 
842 -185 
880-29 
863-145 
880-13 
839-6 
853-59 3061 
915-2 

11 167-15 3062 
843-35 
857 -53 
912-18 
913-18 

* 934 3064 
.934 

913-19 

* 934 
912-19 
912-20 
913-20 
912-21 

11 187-13 
912-22 

11 187-16 3065 
11 188-2 

913-21 
861-29 

Plessey 
Raytheon 

Silicon G 

Siliconix 

TI 

Intech/FMI 
Motorola 
RCA 
Sanken 
Motorola 

RCA 
Motorola 
RCA 

Natioi1al 
RCA 
Fairchi!d 
Motorola 
National 
RCA 
RCA 

Silicon G 
Motorola 
RCA 

Silicon G 
AMO 
National 

Panasonic 
SiIIconix 

SL305 
LM305 
LM305A 
SG305 
SG305A 
OG305 
OO305A 

DG3058 

OG30SC 

LM305 
LM305A 
3050 
MC3050 
CA3050 
SI3050G 
MC3051 

CA3051 
MC3052 
CA3052 

LM3053 
CA3053 
IlA3054 
CA3054 
LM3054 
CA3054 
CA3058 

SG3058 
CA3059 
CA3059 

SG3059 
LM306 
LM306 

AN306 
00306 
OG306A 

OG3069 

OO306C 

Teledyne S 306AfC 
306B/M 

TI Ltl/1306 
Motorola MC3060 

RCA CA3060 

CA3060A 

CA3060B 

Motorpla MC3061 

Motorola MC3062 

RCA CA3062 

Fairchild IlA3064 
National LM3064 
NEe Micro ,...P03064 

842-88 
912-25 
913-24 
912-26 
913-23 

* 819 
* 819 

569-54 

* 819 
569-55 

* 819 
569-56 
912-27 
913-25 
915-5 

11 ~E~:51 
436-174 

, 159-1 I 
843-40 
437-56 
839-7 
853-60 
839-60 
839-64 
843-19 
843-20 
843-22 
843-25 

919A-56 
11 189-16 
919A-62 
919A-48 
919A-57 

11 186-9 
11 189-16 
919A-63 

846-18 
846-16 

11 172-1 
861-30 

* 819 
* 819 

571 -85 

.. 81' 
571-86 

* 819 
571 -87 
423-157 
423-1543 
846-17 
438-187 

11 159-1 
839-162 
839-163 
866-106 
866-107 
893-31 
893-36 
893-39 
839-164 
866-108 
839-165 
866-109 
438-79 

11 159-1 
438-80 

11 159-1 
11 185-13 

917-15 
11 190-1 

857-174 
857-181 

.1643 
1171-35 

IlP03064C .1643 
IlP030640 .1643 

RCA CA3064 857 -191 
TI TMS3064 1171 -36 

1188-11 
TMS3064-1 

Fairchild IlA3065 

National LM3065 

1171-37 
855-18 
860-12 
865-40 
860-30 

• Indicates entire Application Note is provided on the page noted. 

Ie MASTER 1979~; 
~. 



PART NUMBER INDEX 
Base Base Base Base 
NumIMr SOurce Device PIge-I.Ine Number Source DevIce Page-Une Number SOurce Device Page.Une Number Source DevIce PIIge-Une 

3065 National LM3065 • 174-5 
3080 RCA CA3080 856-130 3094 RCA CA3094A 424-15 311 Teledyne S 311B/M 423-88 

RCA CA3065 855-55 865-76 839-183 TI LM311 846-36 
860-53 866-85 866-20 Toshiba TMM311-1 1176-38 

3066 RCA CA3066 858-160 877-49 866-88 3110 Motorola MC3110 442-80 
3067 National LM3067 858-122 CA3080A 839-167 866-143 Sanyo LA3110 853-23 

RCA CA3067 858-161 853-22 881-25 3111 Hitachi HD3111 856-143 
, 176-4 856-131 CA3094B 424-16 Motorola MC3111 440-174 

3068 RCA CA3068 857-59 865-77 839-184 3112 Motorola MC3112 442-186 
860-184 866-86 866-21 TI TMS3112 1192-76 

• 176-3 877-50 866-89 3113 TI TMS3113 1193-43 
307 AMD LM307 883-53 • 167-19 866-147 3114 AMD TMS3114 1193-26 

CMA FX307 900-126 3081 Plessey SL3081 843-59 881-26 TI TMS3114 1193-28 
Fairchild fLA307C 883-54 RCA CA3081 843-60 3095 RCA CA3095 843-188 3115 Motorola MC3115 441-198 
Intarsil 307 883-55 Signetics CA3081 843-61 • 170-5 Sanyo LA3115 853-61 
Motorola LM307 883-56 TDA3081 843-62 3096 RCA CA3096 842-194 3116 Motorola MC3116 441-199 
National LM307 883-57 SiliconG SG3081 843-63 CA3096A 842-195 3118 National LM3118 842-70 
Panasonic AN307 861-31 3082 Plessey SL3082 843-67 CA3096C 842-196 LM3118A 842-71 
Raytheon LM307 880-24 RCA CA3082 843-68 3097 RCA CA3097 843-196 Plessey SL3118 842-75 
RCA CA307 883-59 Signetics CA3082 843-69 3098 RCA CA3098 463-10 SL3118A 842-76 
Signetics LM307 884-2 TDA3082 843-70 915-165 RCA CA3118 842-79 
Silicon G SG307 884-3 Sdicon G SG3082 843-71 3099 RCA CA3099 463-11 CA3118A 842-80 
SIIiconIx DG307 .819 3083 . Plessey SL3083 842-198 915-166 Silicon G SG3118 883-37 

DG307A .819 RCA CA3083 842-200 31 BlIT-Brown UAF31 .921 SG3118A 870-38 
570-62 Signetics CA3083 842-203 915-18 312 AMD LM312 883-35 

DG307B .819 TDA3083 843-4 31LOl AMD 31L01C 1172-115 Micro Net MN312 • 177-20 
570.-63 Silicon G SG3083 843-5 31L01M 1172-116 Micro Power MP312 842-22 

DG307C .819 3084 RCA CA3084 843-46 310 AMD LM31 0 862-32 National LM312 883-36 
570-64 3085 RCA CA3085 912-13 Fairchild fLA310C 862-33 Siemens TCA312 864-7 

Teledyne S 307A1C 423-160 914-39 HyComp HCS31 0 571-34 886-47 
307B/M 423-161 • 188-17 Intersil 310 862-34 Teledyne S 312A1C 423-97 

TI LM307 884-4 • 188-18 Micro Power MP310 842-20 312B/M 423-98 
3070 National LM3070 858-123 CA3085A 912-66 Motorola LM31 0 862-35 Toshiba TMM312-1 1176-32 

RCA CA3070 858-162 CA3085B 913-28 National LM31 0 862-36 3120 Motorola MC3120 445-1511 
3071 National LM3071 858-124 3086 Fairchild /LA3086C 842-154 • 180-21 RCA CA3120 859-198 

RCA CA3071 858-163 National LM3086 842-160 Signetics TAA310A 853-28 • 176-2 
3072 RCA CA3072 858-164 Plessey SL3086 842-170 Silicon G SG310 862-31 Sanken SI3120E 905-112 
3075 Fairchild fLA3075 855-19 RCA CA3086 842-175 3100 Micro Net MN31 00 591-15 S131200 906-13 

• 172-8 
Silicon G SG3086 842-186 MN3100H 591-16 Sl3120M 906-14 

, 172-11 3088 RCA CA3088 851-42 Motorola MC3100 443-137 Sf3120r 905-113 
National LM3075 855-41 3089 Fairchild fLA3089 855-20 RCA CA31QO 867-126 Sanyo LA3120 853-24 

• 174-5 fLA3089M 855-21 881-36 TI TMS3120 1192-115 
RCA CA3075 855-56 National LM3089 855-42 31000 Mostek MK31QOO-3 1186-44 3121 Motorola MC3121 446-47 

860-54 • 173-4 3101 AMD 3101 1172-73 RCA CA3121 858-165 
3076 Fairchild /LA3076 854-197 • 174-5 Intel 3101 1172-74 3122 Motorola MC3122 446-88 

RCA CA3076 855-7 RCA CA3089 855-57 3101A 1172-27 Sanyo LA3122 853-62 
3078 RCA CA3078 851-23 • 173-14 Motorola MC3101 441-101 3123 Motorola MC3123 445-71 

866-17 SGS TCA3089 855-61 SIgnetics N3101A .1678 RCA CA3123 851-43 
866-83 Signetics CA3089 855-67 1172-30 3124 Motorola MC3124 442-142 

877-45 Sprague TCA3089 855-77 S3101A .1678 3125 Motorola MC3125 442-143 

CA3078A 866-18 308902 Signetics CA3089D2 855-68 1172-51 RCA CA3125 858-188 

866-84 309 CMA FX309 900-72 31013 AMD 31013 1172-103 3126 Motorola MC3126 440-183 

877-4 Fairchild 1!A309 .934 3102 Motorola Me31 02 447 -125 National LM3126 858-125 

3079 Motorola CA3079 919A-49 1!A309C .934 RCA CA3102 843-36 RCA CA3126 858-167 

RCA CA3079 919A-58 903-73 3103 Motorola MC3103 447-122 CA31260 • 176-1 
• 189-16 Motorola LM309 • 187-13 3104 Intel 3104 1171-42 n TMS3126 1193-7 

Silicon G SG3079 919A-64 LM309H 903-25 Motorola MC3104 444-62 3127 Plessey SL3127 843-11 

308 AD AD308 883"38 LM309K 903-76 3105 Motorola MC31 05 443-48 RCA CA3127 \ 843-12 
AD308A 870-29 National LM309 f 188-3 3106 Motorola MC3106 441-16 855-107 

AMD LM308 883-39 • 188-5 3107 Motorola MC3107 443-93 857-54 
LM308A 870-28 LM309H .1060 3108 Motorola MC31 08 428-126 TI TMS3127 1193-15 

Flirchild "A308AC 870-30 903-29 3109 Motorola MC3109 428-190 3128 Motorola MC3128 436-131 

fLA308C 883-40 LM309K .1060 311 AD AD311 846-37 RCA CA3128 858-1ee 

Intersil 308 883-41 903-80 AMD LF311 846-52 TI TMS3128 1193-32 

308A 870-31 Ra~ LM309H 903-36 LM311 846-50 3129 Motorola MC3129 436-135 

308LN 883-49 LM309K 903-84 Fairchild fLAF311 846-49 TI TMS3129 1193-41 

Motorola LM308 883-42 Sigletics LM309DA 903-58 846-53 313 NationII LM313 .1062 
LM308A 870-32 903-88 "A311C 846-38 918-34 

National LM308 883-43 LM309DB 903-38 CCD311 915-76 , 192-14 

• 166-2 903-110 Intersil 311 846-39 PMasonic AN313 852-181 

• 167-2 Silicon G SG309K 903-91 Micro PoWer MP311 842-21 Teledyne S 313A/C 423-99 

11 167-5 SG309T 903-41 Motorota LM311 846-40 313B/M 423-100 

LM308A 870-33 TI LM309 903-44 National LF311 846-54 Toshiba TMM313-1 1177 -87 

• 187-7 3090 RCA CA3090 • 167-19 LM311 846-41 TMM313-4 1178-36 

• 188-3 CA3090A 855-147 
• 167-3 

3130 RCA CA3130 866-13:3 
PMI PM308 883-45 CA3090AO • 173-15 • 171-16 886-54 

PM308A 870-34 3091 RCA CA3091 917-80 , 172-2 CA3130A 866-134 

Raytheon LM308 883-46 3093 RCA CA3093 844-1 • 172-5 
877-53 

LM308A 870-35 3094 RCA CA3094 424-14 NEe America "PC311 846-43 CA31308 866-135 

Signetics LM308 883-47 839-182 Raytheon LM311 846-46 872-20 

LM308A 870-36 852-5 RCA CA311 846-45 Sanyo LA3130 853-25 

Silicor.l G SG308 883-48 863-127 SGS TBA311 859-204 TI TMS3130 1193 -44 

SG308A 870-37 866-19 Siemens TCA311 864-6 3131 Motorola MC3131 444-152 

3080 National LM3080 853-8 866-87 887-40 RCA CA3131 852-97 

LM3080A 853-9 866-137 Sigletics LM311 846-47 3132 Motorola MC3132 445-26 

RCA CA3080 839-166 881-24 Silicon G SG311 846-48 RCA CA3132 852-98 

853-21 
• 186-8 

Teledyne S 311A/C 423-87 TI TMS3132 1193-51 

Arranged alphanumerically from left to right. 
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Ie MASTER 
Base 
Number Source DeviCe P8gI!-Une 

3133 Sanyo lA3133 853·63 I 
3134 RCA CA3134 860.551 
3135 RCA CA3135 858 ·169 
3136 RCA CA3136 860-1851 
3137 RCA CA3137 858 -170, 
3138 RCA CA3138 842-139i 

CA3138A 842-1401 

3139 Motorola CA3139 857 -179' 
RCA CA3139 857-1921 

314 Toshiba TMM314A 1180-12 ' 
TMM314A-l 1179-6 
TMM314AL 1180-13 I 
TMM314AL-l 1179-7 I 

3140 Intersil CA3140 863-87 I 
866-141 

887-3 I 
CA3140A 877-54 I 
CA31408 866-145 

872-24 I 
I RCA CA3140 863-91 i 

866-i42 
887-4 

CA3140A 877·55 
CA3140B 866-146 

872-25 
3142 RCA CA3142 859-199 
3143 RCA CA3143 858-171 
3144 RCA CA3144 858-172 
3145 National LM3145 842-161 

LM3145A 842-162 
Plessey SL3145 842-171 

3146 National lM3i46 842-163 
LM3146A 842-164 

Plessey SL3146 842-172 
RCII CA3146 842 -176 

CA3146A 842-177 
Silicon G SG3146 842-187 

3147 RCA CA3147 859-96 
315 PanasoOic AN315 852-86 

Siemens TGA315 864-8 
887-41 

Toshiba TMM315 1180-91 
TMM315-1 1180-72 

3150 Motorola MC3150 11 159-1 
Sanken SI31S0E 906-88 

$18150G 900-107 
SI3150M 906-108 
SI3150T 906-89 

Sanyo lA3150 853-26 
3151 Motorola MC3151 436-177 

, 159-1 
RCA CA3151 858-173 
Toshiba T3151 1753-37 

3152 Motorola MC3152 437-57 
11 159-1 

3155 Sanyo LA3155 853-64 
316 AMD LM316 885-14 

LM316A 875 -54 
Nalional LM316 885-16 

LM316A 866 -58 
875 -56 

Panasonic AN316 861-32 
Raytheon LM316 885-18 

3160 Motorola MC3160 438-188 
11 159-1 

RCA CA3160 863-92 
887-2 

CA3160A 877-52 
CA3160B 872-21 

Sanyo LA3160 853-65 
3161 Motorola MC3161 438-81 

RCA CA3161 584-9 
3162 MotorOla MC3162 438 -82 

11 159-1 
RCA CA3162 584-10 

317 Motorola lM317 912-107 
11 187-13 

National LM317 .1060 
11 188-9 

11 188-10 

11 188-11 

11 188-13 
LM317H .1060 

912-110 
LM317HV .1060 

913-37 

46 

Base Base 
NUmber Source Device Page-Une Number Source Device 

317 National LM317HVH .1060 320K12 National LM320K12 
LM317MP .1060 
LM317T .1060 320K15 National LM320K15 

Silicon G SG317K 912-113 
SG317T 912-101 320K18 National LM320K18 

TI lM317 912-116 
3170 RCA CA3170 858 -174 320K24 National LM320K24 
3172 RCA CA3172 858 -175 
318 AMD lM318 864-76 320K5,0 National LM320K5.0 

886-23 
Fairchild p,A318 864-84 320K5.2 National LM320K5.2 

886-24 
Micro Power MP318 842-52 320K6,0 National LM320K6.0 
National LM318 864-89 

886 -25 320K8.0 National LM320K8.0 
Panasonic AN318 
Raytheon LM318 

Telefunken U318M 

:~! ~!~ I 320K9.0 
886-29 
859 -180 320L05 

National LM320K9.0 

National LM320L05 
11 LM318 864-96 1 

886-28 320L06 National LM320L06 
3181 Sanyo LA318! 859-201 

Toshiba T3181 1753-35 320L08 National LM320l08 
3182 Sanyo LA3182 859-202 320109 National LM320L09 
3183 Plessey SL3183 842-199 

RCA CA3183 842-201 320L12 National LM320L12 
CA3183A 842-202 

SlgnetICS CA3183 843-2 
CA3183A 843-3 320115 National LM320L15 

Silicon G 5G3183 843-6 
SG3183A 843-7 320118 National LM320L18 

3187 Sanyo lA3187 859-203 
3189 RCA CA3189 855 -58 320124 National LM320L24 
319 AMD lM319 848·26 

National lM319 848 -28 320l5.2 National LM320L5.2 
NEC Amenca IlPC319 848-27 
Signetics lM319 848·29 320MlO5 National LM32OML05 

3190 'Toshiba T3190 1753-29 
32 Burr-Brown VFC32 • 658 320ML06 National LM320ML06 

916-68 
919A-6 320ML08 National LM32OML08 

VFC32M .658 
916-69 320ML10 National LM32OML10 

919A-7 
Reticon TAD32A 919-97 320ML1S National LM320ML1S 

, 193-7 
32X32 Reticon RA32X32 916-158 320ML18 National LM32OML18 
320 Exar XR320 902-53 

XR320M 902-54 320ML24 National LM32OML24 
National LM320H .1061 

LM320K .1061 320MLS.2 National LM320MLS.2 
LM320KC .1061 
LM320LZ .1061 320MP12 National LM320MP12 
LM320MLP .1061 
LM320MP .1061 320MP15 National LM32OMP15 
LM320T .1061 

Nitron NC320 900-106 320MP18 National LM320MP18 
Panasonlc AN320 857-186 
Signetlcs TAA320 839-150 320MP24 National LM320MP24 

TAA320A 839-151 
S'licon G SG320-0SK 908-93 320MPS,0 National LM320MP5.0 

SG320-05P 908-94 
SG320·05R 908-78 320MP5,2 National LM320MP5.2 
SG320-05T 908·73 
SG320-12K 910-6 320MP60 National LM320MP6.0 
SG320-12P 910-7 
SG320·12R 909-117 320MP8.0 National LM320MP8.0 
SG320·12T 909-102 
SG320·15K 910-50 320MP9.0 National LM320MP9.0 
SG320-15P 910-51 
SG320-1SR 910-39 320T12 National LM320T12 
SG320.15T 910-23 1 
SG320·5.2K 909-13 320T15 National LM320T15 
SG320-52P 909-14 
SG320·52R 908-118 320T18 National LM320T18 
SG320·5.2T 908-115 

Siliconix DF320 900-112 320T24 National LM320T24 
320H12 National lM320H12 909-99 
320H15 National LM320H15 910-20 320T5.0 National LM320T5.0 
320H18 National LM320H18 910-69 
320H24 National LM320H24 910-101 320T5,2 National LM320T5.2 
320H50 National LM320H5.0 908-66 
320H52 National LM320H5.2 908-108 320T6.0 National LM320T6.0 
320H6.0 National LM320H6.0 909-28 
320Ha.0 National LM320H8,0 909-56 320T8,0 National LM320T8.0 
32OH90 National lM320H90 909-80 

11 Indicates page number in Application Note Directory 

Page-Une :::ber Source Device page-Une 1 

.1061 320T90 National LM320T9.0 .1061 
909-113 909-86 

.1061 3200 EA EA3200 1186-75 
910-35 11 197-10 

.1061 
910-77 

.1061 32000 
910-112 3201 

.1061 
908-85 

.1061 3203 
909-5 3205 

.1061 3207 
909-40 

.1061 

.,:~~:: 1 3208 

.1061 3209 
908-60 321 

.1061 
909-21 
909-49 

.1061 
909-77 

.1061 
909-93 
909-103 

.1061 
910-14 

.1061 
910-62 

.1061 
910-96 

.1061 
908-104 

.1061 
908-62 

.1061 3210 
909-24 

.1061 
909-52 3211 

.1061 
909-89 3212 

.1061 
910-24 

.1061 
910-10 

.1061 3213 
910-102 3214 

.1061 
908·105 

, .1061 
909 -105 3216 

.1061 
910-27 

.1061 
910-71 

.1061 
910-104 

.1061 3217 
908-67 3218 

.1061 322 
908-109 

.1061 
909-29 

.1061 
909-57 

.1061 
909-82 3221 

.1061 3222 
909-114 

.1061 3226 
910-36 

.1061 
910-78 

.1061 
910-113 323 

.1061 
908-86 

.1061 
909-6 

.1061 
909-41 

.1061 
909-70 

Supertex 

Mostek 
Sanyo 

Sprague 
Sprague 
Intel 
Intel 

Signetics 

Intel 
Siemens 
Fairchild 

National 

Nitron 
Panasonic 
Siemens 
Siliconix 
Teledyne S 

Telefunken 
TI 

Micro Net 
Sanyo 
Siemens 
Micro Net 
Siemens 
AMD 

!n!el 

Micro Net 
Hitachi 
Hitachi 

Intel 

AMD 

Intel 

National 
Sanyo 
Toshiba 
Silicon G 
Toshiba 
National 
Nitron 
Siemens 
Siliconix 
Teledyne S 

Toshiba 
RCA 
Intel 

AMD 

Intel 

National 
Fairchild 

Motorola 

National 

Silicon G 
Teledyne S 

CM3200 

MK32oo0 
LA3201 

UGN-3201 
UGN·3203 
3205 
3207A 

3207A-1 
3207A 
3207A-1 
320BA 
SAB3209 
CCD321 

LM321 

LM321A 

NC321 
AN321 
TCA321 
DF321 
32iA1C 
321B/M 
U321M 
TL321C 

Tl3211 
TL321M 

MN3210 
LA321 0 
SAB3210 
MN3211 
SAB3211 
M3212 
3212 
~.~3212 

,3212 
MN3212 
HD3213 
HD3214 

M3214 
3214 
M3216 
3216 
M3216 
3216 
DP3216 
LM3216 
T3216 
SG3217 
T3218 
LM322 
NC322 
TCA322 
DF322 
322A1C 
322B/M 
TMM322 
CA3221 
3222 

M3226 
3226 
M3226 
3226 
DP3226 
SH323 
SH323SC 
lM323 

LM323 

SG323 
323A/C 
3238/M 

,,1706 
1186·4 

11 196-7 
840-33 
853-36 
462-156 
462-157 
435-39 
619-134 

11 195-15 
619-135 

619-
138

1' 619-139 
624-186 
859-174 

915-78 I 
1171·29 
1187-49 
840-25 

11 187-7 
840-28 

11 172-5 
900-107 
857-187 
884 -25 
900-113 
423 -13€ 
423~137 

859-181 
867·46 
883-32 
880-8 
8£7-47 
880-9 
596-14 
853-37 
859-175 
596-15 
602·22 

1760-190 
1760-189 
~755 ~58 

1756-67 
599-7 

1187·6 
1187-7 
1187-9 
1756-62 
1756-61 
1760-70 
1760-69 
1756-57 
1756-56 
1760-84 
856-147 

1753-33 
882-38 

1753-31 
902-65 
900·108 
881-31 
900-114 
423-120 
423-121 

1166-114 
858-17E 
619-8 

11 195-15 
1760-72 
1760-71 
1756-59 
1756-58 
1760-85 
903-131 

.934 
904-2 

11 187-13 
.1060 

904-6 
904-10 
423-143 
423-144 

• Indicates additional data IS provided on the page noted . 
• Indicates entire Application Note IS proVided on the page noted 

Ie MASTER 1979 



a-
Number Source DevIce 

323 Toshiba TMM323 
3232 Intel 3232 

Motorola ( MC3232A 
324 AMD • LM324 

LM324A 
Fairchild IlA324 

Intersil LM324 

Motorola LM324 

National LM324 

LM324A 
NEC America I1PC324 

Raytheon LM324 

RCA CA324 

Signetics LM324 

LM324A 
SiliCon G SG324 

Teledyne S 324A1C 
324B/M 

TI . LM324 , 

3240 RCA CA3240 
CA3240A 

Sanken SI3240E 
SI3240G 
SI3240T 

3242 Intel 3242 
3245 Fairchild 3245 

Intel 3245 

Motorola MC3245 
325 Hughes 325 

National LM325 
NEC America I1PC325 
Panasonic AN325 
Siemens TCA325 

Teledyne S 325A1C 
325B/M 

3250 SiliCon G SG3250 

3257 Fairchild 3257 
3258 Fairchild 3258 
32581 Fairchild 32581 
32582 Fairchild 32582 
326 National LM326 

Panasonic AN326 
Tetedyne S 326A/C 

326B/M 
TI TL326C 

TL326M 
3260 Fairchild 3260. 
3262 Fairchild 3262A 

32628 
327 Hybrid Sys. DAC327C-16 

DAC327C-16ER 
DAC327C-4D 
DAC327C-4OER 

National LM327 
Signetics TBA327 
Tetefunken U327 

3270 Siemens SAB3270 
3271 fIurT.8rown 3271 
328 Hughes 328 

Panasonic AN328 
3280 EA EA3280 
329 National LM329 

LM329B 
LM329C 
LM329D 

Raytheon LM329 
3290 RCA CA3290 

,{.~ MASTER 1979 
l~ , 

Base 
hge-Une Number Source 

1167·116 3290 RCA 
619·14 
619·15 3291 BIIT..fJrown 
867·15 330 Fairchild 
896·31 NPC 
894·17 3300 GI 
867·18 
896·33 
867·21 Micro Net 
896·35 Sanyo 
867·24 3301 Fairchild 
896·36 
867,2.7 Motorola 
896·37 
894·18 National 
867·29 
896·51 Raytheon 
867·35 
896-41 Sanyo 
867·32 3302 FairChild 
896·39 Motorola 
867·38 National 
896-43 Raytheon 
894·19 Signetics 
867-42 SiliconG 
896-46 3303 Exar 
423·138 
423·139 Fairchild 
867-45 Motorola 
896·48 
~66·182 

890·21 Sprague 
907·115 
908·12 
907·116 3304 Intel 
908·13 Sprague 
619·21 
619·107 
619·108 3305 Sprague 

• 195e15 
619·110 3306 Sprague 
861·175 
911·39 331 Hybrid Sys. 
912-24 
857·188 
864·9 
884-26 
423·148 
423·149 
866-25 
866·92 National 
882·18 

1157·32 
1157·16 
1157-17 
1157·18 Nitron 
911-24 
857-189 Panasonic 
423-150 SGS 
423·151 Siemens 
897-47 
897-46 SiIic:onix 

1157·50 
858·5 
858·6 Teledyne S 
600·9 
600·2 TI 
600·14 
600·15 Toshiba 
911·29 3310 Micro Net 
858·197 Motorola 
859-182 332 Nitron 
859·176 

.920 Panasonic 
861-176 
859·193 Siemens 

1761·157 
.1062 SiIiconix 
.1073 

918·91 
, 192·16 Teledyne S 
.1062 
.1062 
.1062 

918-103 3320 Motorola 
848-32 3321 Motorola 

PART NUMBER INDEX 
Base Baae 

Device Page-Une Number Soun:e DevIce Page-Une Number Source bevie. Page-Une 

CA3290A 848·31 3325 Motorola MC3325 853·103 337 National LM337MP .1061 
CA3290B 848·11 3326 Motorola MC3326 853·104 LM337P .1061 
3291 .920 3329 BIIT..fJrown 3329 .920 .1064 . 

IlA330C 896·58 333 Teledyne S 333A/C 424·3 913·79 
CRN330 901·136 333B/M 424·4 LM337T .1061 
CK3300 854·183 Toshiba TMM333 1186·93 .1064 
VTR3300 861-40 3330 Motorola MC3330 839·58 913·92 

902·91 3333 Motorola MC3333 853-86 TI LM337 913·94 
~N3300 600·13 334 National LM334 .1073 3370 Motorola MC3370 919A·50 
LA3300 855·148 915·170 338 NatIonII LM338 .1060 
~a301C 867-8 919·137 912-65 

897·37 Panasonic AN334 859·119 3380 Motorola MC3380 462·183 
MC3301 867·9 860·130 914·28 

897·38 SIIiconix DF334 .1133 3386 Motorola MC3386 842·157 
LM3301 867·10 910·107 339 AMD LM339 849·21 

897-40 Teledyne S 334A1C 423·24 LM339A 848-48 
RC3301 867·11 334B/M 423·25 Fairchild I1A339 849·23 

897·39 Telefooken U334 859·183 Intersil LM339 849·25 
LA3301 855·149 Toshiba TMM334 1186·34 LM339A 848·50 
IlA3302C 849-61 3340 Motorola MC3340 856·128 Motorola LM339 849·27 
MC3302 849·60 3341 AMD 3341C 1159-80 LM339A 848·52 
LM3302 850-4 AMI 3341 • 195·1 National LM339 849·29 
RV3302 849·62 Fairchild 3341 1159-81 

• 171·17 
MC3302 850·2 3341 A 1159-84 LM339A 848·54 
SG3302 850·3 3341C 1192·104 NEC America I1PC339 849·31 
XR3303 867·64 3341M 1192,105 PMI PM339 849·33 

896·57 3342 Fairchild 3342 1192·102 PM339A 848·56 
I1A3303C 867·.67 3344 Motorola MC3344 916·60 Raytheon LM339 849·35 
MC3303 867·71 3346 Motorola MC3346 842·156 RCA CA339 849·37 

896·59 3347 AMD 3347 1192·111 CA339A 848·58 
MP03303 842·130 Fairchild 3347 1192·112 Signetics LM339 849·39 
ULN·3303 463-6 3348 Fairchild 3348 1192·74 lM339A 849·5 

902·28 3349 Fairchild 3349 1192·75 SiliCon G SG339 849-41 

• 161·12 335 Hybrid Sys DAC335B-12 594-41 SG339A 849·3 
3304AL-6 1184·24 DAC335B-3D 598-46 TI LM339 849-43 

ULN·3304 463·15 DAC335C·12 594·42 340 National LM340 • 188·7 
902·29 DAC335C·3D 599·3 • 188·15 

• 161·12 NatIonII LM335 .1073 LM3<tO-10 .1060 
ULN·3305 463·19 919·140 905-64 

• 161·12 Siemens TCA335 864·12 LM34O-12 .1060 

ULN·3306 463-22 Teledyne S 335A1C 423·19 906·9 

• 161-12 335B/M 423·20 LM3<tO-15 .1060 
DAC331B-l0 590-37 3350 Sanyo' LA3350 855-150 906-104 

DAC331B-12 595·14 3351 Fairchild 3351 • 195·7 LM340-18 .1060 
DAC331B-14 599·38 33511 Fairchild 33511 1159-79 907-45 

DAC331B-8 587-32 33512 Fairchild 33512 1159·77 LM340-24 .1060 
DAC331C-l0 590-38 3354 BIIT-8rown 3354 .920 908-8 
DAC331C-12 595·15 3357 Fairchild 3357·1 1193·2 LM340-5 .1060 
DAC331C-14 599·39 3357·2 1192·113 903·104 
DAC331C-8 587·33 Motorola MC3357 855-104 LM340-6 .1060 
LM331 916-86 336 Hybrid Sys. DAC336B-12 595·26 904·53 

919A-24 DAC336B-8 587-41 LM340-8 .1060 
LM331A .1077 DAC336C-12 595·28 905·10 

916-87 DAC336C-8 587-42 ~10 .1060 
919A·25 National LM336 .1062 905-65 

NC331 900-18 .1073 LM34OA·12 .1060 
900-58 918-59 906·10 

AN331 859-194 LM336-5 .1062 UI34OA-15 .1060 
TBA331 842·179 .1073 906·105 
TCA331 864-10 918-80 LM340A-18 .1060 

887-42 LM336A 918-60 907-46 

DF331 .1133 LM336B .1062 LM34OA·24 .1060 
900-21 LM336B-5 .1062 908·9 

900·60 918-81 LM340A·5 903·105 

331A/C 424-12 TI TL336C 850·5 LM340A-6 .1060 

331B/M 424·13 TL336M 850-6 904·54 

TL331C 846-10 3360 Motorola MC3360 851·18.7 LM340A-8 .1060 

TL331M 846·9 337 Hybrid Sys. DAC337B-O '587-43 905·11 

TMM331A 1186·33 DAC337B-l 587·45 LM340AK .1060 

MN3310 600-1 DAC337B-3 591-11 lM340K .1060 

MC331 0 854-202 DAC337B-4 591-13 UI34OlA·10 .1060 

NC332 900-19 DAC337C-O 587·44 905-48 
900-63 DAC337C-l 587·46 LM34OLA-12 .1060 

AN332 859·118 DAC337C-3 591·12 905·78 
860-129 DAC337C-4 591·14 LII34OLA·15 .1060 

TCA332 864·11 National LM337 .1064 906-53 
886-48 LM337H .1061 1.M34OLA-18 .1060 

DF332 .1133 .1064 907·16 
900-22 913·77 lII34OLA-24 .1060 
900-65 LM337HV .1061 907·92 

332A1C 423·10 .1064 ~ .1060 

424·7 913·113 903-14 

332B/M 423·11 LM337HVH .1061 UI34OlA.e .1060 

424-8 LM337K .1061 904·21 

MC3320 851-152 .1064 lJI34OLA-I .1060 

MC3321 851-153 913-90 904·97 

Arranged alphanumerically from left to right. 
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Ie MASTER 
Base 
Number 

340 

3400 

34000 

34003 

3401 

3402 

3403 

3404 

3405 

3406 
3407 
34073 

3408 

3409 

341 

48 

Source 

National 

Panasonic 
SGS 

Sig~ettcs 

TI 

GI 

Toshiba 
Mostek 

Motorola 

Fairchild 

GI 

Motorola 

National 

Raytheon 

RCA 

Silicon G 
Toshiba 
Silicon G 
To~hiba 

Exar 

Fairchild 

Motorola 

Raytheon 

TI 

Toshiba 
Intel 
Toshiba 
Motorola 

Toshiba 
Toshiba 
Toshiba 
Mostek 

Intel 
Motorola 
Toshiba 
TI 
Toshiba 
National 

Base 
Device Page-Line Number 

LM340LAH .• 1060 341 
LM340LAZ .1060 
LM340T .1060 
AN340 860 -41 
M340A 1169 -93 
M340B 1170-11 

1170-52 
906-18 , 
906-1121 
907-49 i 
908-17 
903-114 
904-67 
905-17 
905-67 

M340C 
LM340-12 
LM340-15 
LM340-18 
LM340-24 
LM340-5 
LM340-6 
LM340-8 
LM340-10 
LM340-12 
LM340-15 
LM340-18 
LM340-24 
LM340-5 

:~~~~~013410 
907-60 
908-25 
903-121.1 34107 

LM340-6 904-68 3411 
LM340-8 905-24 34121 
ER3400 1159-36 3416 

11 194-1 
T03400 .443-114 
MK34000-3 1185-105 3417 
MKJ4000-84 1186-23 
MC34003 889-6 
MC34003A 888-32 3418 
MC34003B 889-4 34192 
IlA3401C 866-187 34193 

897 ·42 342 
ER3401 11 193-15 

11 193-19 
MC3401 866 ·189 

897-43 
LM3401 866-188 

897-41 
RC3401 867-2 

897-45 
CA3401 866-190 

897-44 
SG3401 840-171 
TD3401 444-26 
SG3402 917-83 
TD3402 447 -6~ 

I XR3403 867-65 
897-6 

11 162-5 
IlA3403 897-7 
IlA3403C 867-69 
MC3403 867 -72 

897-8 
RC3403 867-74 

897-9 
RC3403A 896-11 
RV3403 867 -76 3420 
RV3403A 896-12 

897-12 
MC3403 897 ·10 3421 
MC3403C 867-77 3423 
T03403 444 -27 
3404 448-11 
T03404 428-103 34247 
MC3405 839-154 3426 

849-59 
897-11 343 

T03405 428-167 
T03406 435-195 
T03407 435 -163 
MK34073·3 1157-35· 

1157-40 
340SA 624-188 
MC3408 588-30 3430 
T03408 441-79 
TMS3409 1187-15 
T03409' 441-127 
LM341 11 188-15 3431 
LM341-12 .1060 

905-95 
LM341-15 .1060 3432 

906-72 
LM341-18 .1060 3433 

907 -25 
LM341-24 .1060 3437 

907 -107 

Source Device 

National LM341-5 

LM:M1-6 

LM34NI 

LM341P 
Nitron NC341 

Panasonic AN341 
Siemens SAJ341 

Siliconix OF341 

Teledyne S 341A1C 
341B/M 

Motorola MC3410 
MC3410C 

Toshiba TD341 0 
Toshiba T034107 
Motorola Me3411 
Toshiba TD34121 
Motorola MC3416 

Toshiba T03416 
Motorola MC3417 
TI TMS3417 
Toshiba TD3417 
Motorola MC3418 
Toshiba TD34192 
Toshiba T034193 
National LM342 

LM342-10 

LM342-12 

LM342-15 

LM342-18 

LM342-24 

LM342-5 

LM342-6 

LM342-8 

LM342P 
Nilron NC342 

Panasonic AN342 
smcontx OF342 

'reiedyne S 342A1C 
342B/M 

Motorola MC3420 

Toshiba T03420 
Toshiba TD3421 
MOlorola MC3423 

TI MC3423 
Toshiba TD34247 
Motorola MC3426 
Toshiba T03426 
Micro Net MN343 

MN343H 
National LM343 

Panasonic AN343 
Teledyne S 343A1C 

343B/M 
Burr-Brown 3430 
Motorola MC3430 

Toshiba T03430 
Burr-Brown 3431 
Motorola MC3431 

Motorola MC3432 

Motorola MC3433 

Motorola MC3437 
Toshiba TD3437 

:'~:I' 
.1060 

904-31 I 
.1060 

904-1111 

.1060 i 
900-31 ! 
900-59 ! 
860-40 I 

460-1331 
854-118 
900-35 I 

900-61 I 
423-168 

423-1691. 
590-11 
591-26 
443-26 I 
438-43 I 
848-18 
452-58 
576-80 

11 189-10 
435-180 
900-79 

1187-10 I 
435-148 
900-80 
432-195 
431-7 

11 188·15 
.1060 

905-56 
.1060 

905-89 
.1060 

906-66 
.1060 

907-22 
.1060 

907-97 
.1060 

903-45 
.1060 

904 -27 
.1060 

904 ·106 
.1060 

900-32 
900-64 
858-146 
900-36 
900-66 
424-30 
424-31 
914-29 

~ 187 -13 
442 -57 
440-152 
917-158 

~ 187-13 
917-160 
601-173 
856-71 
436-20 
919-48 
919-49 
865-36 

11 166-10 
858-147 
423-2 
423-3 

.·920 
624-169 
848-35 
441-175 

• 920 
624-170 
848-36 
624-171 
848-37 
624-172 
848-38 
612-20 
443 -174 

Base 
Number Source Device 

3438 Motorola MC3438 
Toshiba T03438 

344 Micro Net MN344 
MN344H 

National LM344 

Teledyne S 344A/C 
344B/M 

3440 Motorola MC3440A 
Toshiba T03440 

3441 Motorola MC3441A 
Toshiba T03441 

3442 Motorola MC3442 
Toshiba TD3442 

3443 Motorola MC3443A 
TI MC3443 

3444 Toshiba T3444A 
T3444B 
T34440 

3446 Motorola MC3446A 
TI MC3446 

3447 Toshiba T03447 
3448 Motorola MC3448A 
3449 Motorola MC3449 
345 National LM345K 

Siemens TCA345 
345K5.0 National LM345K5.0 

345K5.2 National LM345K5.2 

3450 Burr-Brown 3450 

Motorola MC3450 

Toshiba TD3450 
3451 BUIT-Brown 3451 

Toshiba T03451 
3452 Burr-Brown 3452 

Motorola MC3452 

3453 Motorola MC3453A 
3455 Burr-Brown 3455 
3456 Burr-Brown 3456A 

34568 
Motorola MC3456 

3458 Motorola MC3458 

3459 Motorola MC3459 

346 Exar XR346 

XR346-2CN 
XR346-2P 
XR346CN 
XR346CP 

Hybrid Sys DAC346C-1OB 
DAC346C-1OU 
DAC346C-12 

Micro Net MN346 
MN346H 

National LM346 

Teledyne S 346 
3460 Motorola MC3460 

Toshiba TD3460 
3461 Motorola MC3461 
3466 Motorola MC3466 

3467 Fairchild F03467 
Motorola MC3467 

MH03467 
National OH3467C 

3468 Fairchild F03468 
Motorola MC3468 

347 Hybnd Sys DAC347LPB-l0B 
DAC347LPB-l0U 
DAC34 7LPB-12B 
DAC347LPB-12U 
DAC347LPC-1OB 
OAC347LPC-1OU 
DAC347LPC-12B 

11 Indicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted, 

Page-Line 

616-52 
444-101 
919-50 
919-51 
865-26 
884-48 
423-163 
423-164 
615-56 
442-118 
615-57 
434-22 
615-58 ' 
434-23 
615-59 

1~~~:~~11 
1763-123 
1763-117 

615-2 I 
615-3 
601-172 
615-34 
458-56 

.1061 
919-160 

.1061 I 
908-102 

.106-1 
909·20 

.921 
11 163-2 

614-24 
11 196-10 

445 ·155 

• 921 
445-66 

• 921 
614-26 

11 196-10 
610-16 

.921 

.921 

.921 
902-100 
866-180 
893-12 
619-63 

11 196-10 
.929 

866·117 
896-15 

* 929 

• 929 
.929 

• 929 
590-40 
590-41 
595-33 
919-52 
919·53 
866·125 
896-17 
424-27 
619-64 

11 196-10 
445-184 
624-154 
576-81 
619-103 
901-171 
842 -147 
840-49 
918-25 
842-149 
842-150 
842·148 
840-50 
918-26 
590-44 
590-46 
596-7 
596-9 
590-45 
590-47 
596-8 

• Indicates entire Application Note is provided on the page noted, 

Base 
Number 

347 

3470 
3471 
3472 
3473 
3474 

3475 

3476 

348 

3480 

3482 
3486 

3487 

3488 
349 

3490 

3491 

3492 

3493 
3494 
3495 
350 

3500 

SOurce Device 

Hybrid Sys DAC347lJlC.12U 
Micro Net MN347 

MN347H 
National LF347 

LF347A 

LF347B 
Teledyne S 347 

347A1C 
347B/M 

Motorola MC3470 
Motorola MC3471 
Toshiba TD3472 
Toshiba T03473 
Motorola MC3474 
Toshiba TD3474 
Motorola MC3475 
To~hiba TD3475 
Motorola MC3476 

Toshiba TD3476 
AMO LM348 
Fairchild IlA348 
Hybrid Sys. DAC3488-10 

DAC3488-12 
DAC348C·l0 
DAC348C·12 

Intersil LM348 
Motorola LM348 
National LM348 
Raytheon LM348 
Teledyne S 348 
TI LM348 
Motorola MC3480 

Toshiba TC3480 
Motorola MC3482 
Motorola MC3486 

National OS3486 
Toshiba TD3486 
Motorola MC3487 

. National 0S3487 
Motorola MC3488 
AMO LM349 
Fairchild IlA349 
Hybnd Sys DAC349B-12 

DAC349B-3D 
DAC349C-12 
DAC349C·3D 

Intersil LM349 
National LM349 
Panasonic AN349 

Raytheon LM349 
Teledyne S 349A/C 

349B/M 
Motorola MC3490 
Toshiba TD3490 
Motorola MC3491 
Toshiba TD3491 

Motorola MC3492 
Toshiba TD3492 
Toshiba TD3493 
Motorola MC3494 
Toshiba TD3495 
IMI MM350 

Page-Une : 

596-10 I 
919-54 I 
919-55 I 

.1035 I 

.1073 ! 
897-2 I 

.1035 t 
893-49 i 

894-27 
11 159-10 

424-33 
424-34 
839-66 
897-19 
436-173 

438-
42

1 866-120 
438-166 
866-121 

448-86 1 
866-14 
866-80 
882-30 
438-109 
895-49 
895-51 
590-42 I 
596-3 I 
590-43 1 
596-4 . 

895-53 1 
895-55 I 
895-

57
1 

895-59 
424-62 
895-61 
619-18 

1758-160 
425-13 

1758-161 
614-28 

11 156-14 
614-29 
446-14 
610-26 

, ~56-H 

610-27 
11 156-14 

896-3 
896-4 
596-5 
599-5 
596-6 
599-6 
896-6 
896-8 
859-195 
860-174 
896-10 
424-65 
424-66 
602-122 
431-95 
602-162 
454-187 

1191-101 
602-163 
433-83 
429-108 
602-123 
453-76 
417-137 
460-58 

Master Logic ML350 417-152 

Micro Net 
Micro Power 
National 

Panasonic 

SiI.icomx 
Teledyne S 

Burr-Brown 

460-70 
MN350 916-99 
MP350 842-46 
LM350 .1060 

.1065 
912-62 

AN350 859-196 
860-175 

U350 915-152 
350AlC 424-20 
350B/M 424-21 
3500 .920 

Ie MASTER 1979i; 
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PART NUMBER INDEX 
BaSe Base Base Base 
Number Source Device Page-line NUI1Iber Source Device Page-Line Number Source De¥iee Page-Line Number Source Device Page-Une 

3500 Burr-Brown 3500 11 163-14 3507 GI AY5-3507 462-115 3523 BIRT-Brown 3523J .920 3543 Silicon G SGJ543 .1129 
11 182-1 11 182-15 865-57 917-195 

3500A .920 Hitachi HD3507 1187-17 871-3 355 AMD LF355 885-19 
879-38 3508 Burr-Brown 3508J • 920 3523K .920 LF355A 872-27 

3500B .920 879-35 865-52 Fairchild ,uAF355 885-20 
874-4 Hitachi HD3508 1187-11 869-27 ,uAF355A 872-29 

3500C • 920 3509 Hitachi HD3509 · 1187-24 3523L • 920 InterSlI LF355 885-21 
871-43 351 AD AD351J 846-33 865-46 LF355A 872-31 

3500E .920 AD351K 846-34 869-26. Motorola LF355 885-22 
865-110 AD351S 846-35 Hitachi HD3523 1187-12 LF355A 872-33 
870-43 Micro Net MN351 916-100 , Motorola MC3523 917-159 LF355B 878-9 

3500MP .920 Micro Power MP351 842-47 TI MC3523 917-161 National LFT355 869-37 
889-20 National LF351 .1035 352301 RIFA PBD352301 622-111 LF355 885-23 

3500R .920 .1073 843-107 LF355A 872-37 
879-39 863-89 352302 RIFA PBD352302 622-127 LF355B 878-12 

3500S • 920 885-51 843-108 Plessey SL355 915-149 
874-5 LF351A .1035 352303 RIFA PBD352303 622-79 PMI PM355 885-24 

3500T .920 873-24 843-109 PM355A 872-35 
871-44 LF351B 878-66 352304 RIFA PBD352304 622-98 Raytheon LF355 885-25 

GI . AY5-3500 462-119 Teledyne S 351A1C 424-23 3524 Exar XR3524 .930 LF355A 872-39 
11 182-12 351B/M 424-24 914-23 Signetics LF355 885-26 
11 182-13 3510 BIRT-Brown 3510 .920 XR3524CN .930 LF355A 872-41 

CK3500 854-84 3510A .920 XR3524CP .930 LF355B 878-19 
11 191-5 865-133 Hitachi HD3524 1187-13 Teledyne S 355A1C 424-75 

CK3500F 854-85 869-4 National LM3524 .1063 902-30 
Micro Net MN3500 595-34 3510B .920 914-37 355B/M 424-76 
National ADD3500 584-28 865-11.1 Signetics SG3524 914-44 902-31 

35003 Motorola MC35OO3A 888-31 868-46 Silicon G SG3524 .1128 TI LF355 885-27 
MC35003B' 888-53 3510C .920 914-49 LF355A 872-43 

3501 BIRT-Brown 3501 • 920 865-89 11 184-7 3550 Burr·Brown 3550 .920 
3501A· .920 868-32 ;~ 11 184-8 3550J .920 

879-14 3510S .920 TI SG3524 914-51 864-72 
35018 .920 865-112 3527 BIRT-Brown 3527 .920 871-13 

873-61 868-47 3527A .920 3550K .920 
3501C • 920 GI AY5-3510 462-116 865-73 864-65 

873-59 Hitachi HD3510 1187-28 869-33 871-15 
3501R .920 Motorola MC3510 590-12 3527B .920 3550S • 920 

879-15 RIFA PBD3510 622-17 865-66 864-73 
3501S .920 3511 National ADC3511 .1073 869-11 871-14 

873-62 .1074 3527C • 920 GI AY3-3550 462-130 
Natlorial ADD3501 .1074 .252 865-74 3551 Burr-Brown 3551 .920 

584-29 584-27 865-144 3551J .920 
11 183-15 11 178-18 869-12 867-113 

MM3501 1183-23 RIFA PBD3511 622-18 3528 Burr-Brown 3528 .920 871 "27 
Silicon G SG3501 914-5 Silicon G SG3511 913-65 3528A .920 3551S 

• 920 11 189-1 3513 RIFA PBD3513 620-88 869-28 867-114 
SG3501A 911-50 3514 AMD 3514 1184-47 35288 .920 871-28 

Sprague UGN-3501 462-158 AMI S3514 '1184-57 869-9 Sanken SI3551M 903-97 
916-106 Fairchild 3514 1184-50 3528C .920 3552 Sanken SI3552M 903-126 

Toshiba TD3501A 431-94 3515 Fairchild 3515 1184-46 865-44 3553 Burr-Brown 3553 • 920 
3502 Hitachi HD3502 1187-37 Synertek SY3515 1184-45 869-25 839-32 

S~icon G SG3502 914-7 3516 Fairchild 3516 1186-16 353 National LF353 .1035 862-6 
Toshiba TD3502A 427-58 352 Micro Net MN352 916-101 .1073 3554 Burr-Brown 3554A .920 

3503 Burr-Brown 3503A 888-10 Micro Power MP352 842-48 893-10 863-122 
3503B 887-20 National LF352 .1073 LF353A .1035 867-98 
3503R 888-11 839-112 889-8 873-22 
3503S 887-21 887-51 LF353B 890-23 3554B • 920 

Exar XR3503 895-14 TI LF352 839-115 Panasonic AN353 851-66 863-123 
XR3503M 867-66 3520 Motorola MC3520 914-30 Siemens S353 461-56 867-99 

Fairchild ,uA3503M 867-70 RIFA PBD3520 622-15 3532 Silicon G SG3532 912-117 871-25 
895-15 3521 BIRT-Brown 3521 .920 3538 Fairchild 3538-1 1175-102 3554S 863-124 

Hitachi HD3503 1187-66 11 163-11 3538-2 1176-40 867-100 
Motorola MC3503 867-73 3521H .920 3538F 1175-48 871-26 

895-16 869-34 3539 EMM/Semi 3539 .1'226 Sanken SI3554M 904-7 
Raytheon RM3503 867-75 3521J .920 1176-69 3556 Motorola MC3556 902-101 

895-17 869-15 3539-1 .1226 3558 Motorola MC3558 890-51 
RM3503A 894-25 3521K • 920 1176-66 356 AMD LF356 885-28 

Silicon G SG3503 .1128 869-14 3539-2 .1226 LF356A 872-45 
918-63 3521L .920 1176-67 Fairchild ,uAF356 885-29 

TI MC3503 867-78 865-113 Fairchild 3539 1176-70 ,uAF356A 872-47 
895-18 869-13 3539-2 1176-68 Hybrid Sys. DAC3568-12 596-18 

Toshiba TD3503 454-148 3521R .920 354 Plessey SL354 842-63 DAC356C-12 596-19 
1191-71 869-16 3540 Burr-Brown 3540J 868-23 DAC356LP8-12 596-16 

3504 Hitachi HD3504 1187-86 3522 Burr·Brown 3522 .920 888-12 DAC356lPC-12 596-17 
Toshiba TC3504A 432-98 3522J .920 35402 Hitachi HD35402 1756-97 Inter~ LF356 885-30 

3505· Burr-Brown 3505J 885-2 871-11 35403 Hitachi HD35403 1756-88 LF356A 872-49 
Hitachi HD3505 1187-60 3522K .920 35404 Hitachi HD35404 1756-72 Motorola LF356 885-31 
Motorola MC3505 839-155 865-71 3542 AD AD3542J 887-31 LF356A 872-51 

849-47 869-31 BIIT-Brown 3542 .920 LF356B 878-30 
895-19 3522L .920 3542J .920 National LFT356 869-39 

Toshiba TD3505A 429-107 865-60 887-26 LF356 .1035 
3506 Burr-Brown 3506J 879-34 877-46 3542S .920 .1073 

Hitachi HD3506 1187-16 3522S .920 887-27 885-33 
3507 Burr-Brown 3507J 

• 920 
865-72 Fairchild 3542 1177-56 LF356A .1035 

864-68 869-32 3542A 1177-63 872-53 

886-21 3523 Burr-Brown 3523 .920 3543 Exar XR3543 917 -192 LF356B 878-33 

Arranged alphanumerically from left to right. 

Ie MASTER 1979 49 



Ie MASTER 
Base Base 
Number Source Device PIge-Une Number 

356 PMI ~356 885-34 360 
PM356A 872-55 

Raytheon LF356 885-35 3600 
LF356A 872-57 

Signetics LF356 885-36 
LF356A 872-59 
LF356B 878-40 

TI LF356 885-37 
LF356A 873-3 

35600 Hitachi HN35600 1756-103 
357 AMO LF357 885-38 

LF357A 873:5 
Fairchild I!AF357 885·39 36000 

I!AF357A 873-7 
Intersil LF357 885-40 3601 

LFJ::> (A tI{J-~ abUJ 

Motorola LF357 885-41 
LF357A 873-11 
LF357B 878-51 

885'2 ""'0' I l"dUU leU Lr,,;:, . -'t I "U at 

LF357A 873-13 
LF357B 878-54 

PMI PM357 885-43 
PM357A 873-15 

Raytheon LF357 885-44 
LF357A 873-17' 

Signetics LF357 885-45 
LF357A 873-19 
LF3578 878 -61 

TI LF357 885-46 
LF357A 873-21 3605 

3571 Burr-Brown 3571 A .920 
863-106 
865-8 3606 
873 -25 

Motoroia MC3571 895-29 
3572 8urr-Brown 3572A • 920 3607 

863-98 3608 
865-9 
873-26 

3573 Burr-llrown 3573 .920 361 
885-56 

3575 Motorola MC3575 866-122 
358 'Micro Power MP358 842-59 

Motorola LM358 866-159 3611 
891-51 
892 -43 

National LM358 866-162 3612 
892·44 

, 166·9 
LM358A 866-165 3613 

890-7 
RCA CA358 866-168 

892-45 3614 
CA358A 890-8 

SignebCS LM358 866-171 
892-46 36143 

TI LM358 866-177 36144 
892-49 36147 

3580 Burr.£lrown 3580J • 920 
863·131 36149 
865-23 36173 
885-10 36174 

Sanken 813580M 912-5 36177 
35800 Hitachi HN35800 1756-107 
3581 Burr-Brown 3581J 863-150 36179 

865-6 362 
875-46 

3582 Burr·Brown 3582J 864-22 
865-2 
875-47 

3583 Burr-Brown 3583 .920 
863-129 
865-3 3620 
875·48 3622 

3584 8urr-Brown 3584 .920 3624 
864-23 
865-4 
875-49 

359 Hughes 359 861-76 
Siemens S359 901-61 3625 

360 DOC HSOC-360 918-194 
Micro Net MN360 595-43 

MN360H 595-44 3626 
National LM360 846-15 

, 171-19 

50 

Source Device 

Panasonic AN360 
Plessey 8L360 
GI AY5-3600 

A Y5-3600 . PRO 
LSI Comp 03600 
RCA CA3600 

8MC KR3600 
KR36OO-PRO 

Sprague UGN-3600 
Mostek MK36000 

MK36000·4 
8prague UGN-3601 
AMi) i)5.j60;; 

National OS3603 

Ar.lD M. , U'"' v 

Intel M3604 
3604 
3604-4 
3604A 
3604A-2 
3604AL 
3604L-6 

Nationai OS3604 

Intel 3605A 
3605A-l 

National 083605 
Burr-Brown 3606 

Nationai OS3606 
NatiOnal OS3607 
Intel 3608 

3608-4 
National 083608 
National LM361 

Teledyne S 361A1C 
361B/M 

National OS3611 
Signetics OS3611 
8prague UON-3611 
National OS3612 
SignetiCs OS3612 
8prague lI0N-3612 
National [)S3613 
StgneliCs 083613 
8prague UDN-3613 
National D83614 
SignetK:s OS3614 
8prague UON-3614 
NatiOnal OS36143 
National OS36144 
Motorola 0836147 
National OS36147 
National 0836149 
NatiOOal 0836173 
NatlOl1al 0836174 
Motorola 0836177 
National OS36177 
Nationa! OS36179 
Micro Net MN382 

MN362H 
Panasonic AN362 
Plessey SL362 

Teledyne S 362A/C 
362B/M 

Burr-8rown 3620 
National 083622 
Intel M3624 

3624 
3624-4 
3624A 
3624A-2 

Intel 3625A 
3625A-1 

National 083625 
Ikrr-Brown 3626 

3626A 

853-57 
842-32 
605-22 

11 157-7 
11 157-8 

605-25 
415-48 
416-131 
843-192 
605-23 
605-26 
916-107 

11 196-7 
1186-96 
916-108 

6,;;-01 I 
624-1.35 
613-53 
624-145 
61329 
524 -135 

1164-82 
1164-21 
1164-79 
1164-22 
1163-105 
1164-81 
1164-80 
613-30 
624-143 

1165-43 
1165-16 
624-181 

.920 
840-45 
624 -182 
624-183 

1166-14 
1166-55 
624-184 
846-12 

, 171-19 
424-49 
424-50 
620-123 
620-124 
620-126 
621-31 
621-32 
621-34 
621-121 
621-120 
621-123 
621-186 
621-187 
621-189 
619-92 
619-70 
619-171 
619-178 
620-50 
619-93 
619.-71 
619-172 
619-180 
620-52 
595-45 
595-46 
855-141 
842-33 

11 170-2 
424-40 
424-41 

• 920 
619·123 

1164-88 
1164-32 
1164-87 
1164-33 
1163-116 
1165-49 
1165-25 
624-161 

.920 
• 920 

839-84 

Base 
Number 

3626 

3627 

3628 

3629 

363 

3630 

3631 
3632 
3633 
3634 
364 

3640 
3642 
3643 
3644 
3645 

3646 
3647 

3648 
3649 
3650 

3651 

3652 

3653 
3654 
366 

3660 

3662 

367 

Source Device 

Burr-Brown 36268 

3626C 

BWT-8rown 3627 

Silicon G SG3627 

Intel 3628 
3628-4 

Burr-Brown 3629 

3629A 

36298 

3629C 

3629S 
1.3uGrKlI OS"629 U 

Silicon G SG3629 

AO A0363K 
AMO OS363 
Panasonic AN363 
Teledyne S 363A/C 

363B/M 
Burr-Brown 3630 

3630A 
3630B 
3630C 
36308 

Nabonal 083630 
National OS3631 
National 083632 
NatIOnal OS3633 
National OS3634 
MiCro Net MN364 

MN364H 
Nationat 083640 
Naltonal OS3642 
National OS3643 
National 083644 
Motorola OS3645 
National OS3645 
National 083646 
Motorola 083647 
National OS3647 
National OS3648 
National 083649 
Ikrr-Brown 3650 

3650HG 
36SOJG 
3650KG 

National 083650 
National 083651 

Burr-Brown 3652HG 

3652JG 
National 083652 
National 0S3653 
National 083654 
Micro Net MN366 

MN366H 
Panasonic AN366 
Burr-Brown 3660 

3660J 

3660K 

3660S 

Burr.fIJown 3662 

Teledyne S 367 
367A 
367A/C 
3678 
367B/M 
367C 
367M 

11 Indicates page number in Application Note Directory, 
* Indicates additional data is provided on the page noted . 

.920 
839-85 

.920 
839-86 

• 920 
839-117 

.1129 
622·35 

1166-21 
1166-56 

.920 
839-87 

• 920 
868-22 

.920 

* :E~:: I 
868-18 
6208 
576-91 I 
622-12 
919-123 
916-23 
624-133 
855-142 
424-46 
424 -47 

.920 
839-88 
839-89 
839-90 
839-91 
405-72 
620-130 
621-38 
621-129 
621-193 
595-16 
595-17 
619-77 
619-83 
619-89 
619-66 
619-162 
619-165 
619-96 
619-169 
619-174 
620-40 
620-45 

• 921 
839-122 

• 163-2 
• 921 
• 921 
.921 

614-25 
614-40 
624-173 

• 921 
839-123 

.921 
614-27 
624·174 
622·184 
595-18 
595-19 
851-91 

• 920 , 163-1 
.920 

839-92 
.920 

839-93 
.920 

839-94 
.920 

839-95 
, 159-7 

612-11 
424-68 
612-15 
424-69 
612-16 
612·12 

• Indicates entire Application Note is provided on the page noted, 

8ase 
Number Source Device Page-Une 

-----------------------
3670 Burr-Brown 

National 
3671 National 
3672 National 
3673 National 
3674 National 
3675 Motorola 

National 
3676 National 
3677 Motoro!a 

National 
3678 National 
.,)U/:3 ''4ClUVIIQI 

368 Teledyne S 

3686 National 

3687 National 

3688 National 
3689 National 
369 NEC Micro 

3690 National 
3691 National 

370 Micro Net 

National 

PanasoniC 
StgnetK:s 
Teledyne S 

3700 National 

3701 National 

8prague 
3702 National 
3704 National 
3705 Hughes 

National 

Siliconix 
3706 National 
3707 National 
3708 Fairchild 
371 Hughes 

Micro Net 

NatlOl1al 
NEC Micro 

Teledyne S 

3711 National 

3716 OKI 

372 Nationa! 
NEG Micro 

Teledyne S 

3670 
3670J 
3670K 
3670S 
OS3670 
DS3671 
083672 
OS3673 
OS3674 
083675 
OS3675 
083676 
083677 
083677 
OS3678 
V>Ju\"l'~ 

368A 
368A/C 
368B 
368BJU ..... 
368C 
368M 
OS3686 

OS3687 

OS3688 
DS3689 
I!P0369 

083690 
OS3691C 
OS3691M 
MN370 
MN370H 
LM370 

AN370 
TAA370 
370A/C 
370B/M 
LF3700 

AOC3701 
ADD3701 

ULN-3701 
LX3702 
LM3704 
HMUX3705 
AM3705 

LM3705 
SI3705 
lM3706 
LM3707 
3708 
371 
MN371 
MN371H 
LM371 
I!P0371 

371A1C 
3718/M 
ADC3711 

MSM3716-2 
MSM3716-3 
MSM3716-4 
LM372 
I!P0372 

372A/C 

, 163-1 
839-105 
839-106 

8.39-107

1 
619-79 

619-
85

1' 619-87 
619-90 

:~rr~j 
619-98 
619-17 
619-17 
620-42 

~~~:~~'I 
424-72 
612-17 I 
4?4 7:< I 

6~2:;~ I 
612-14 
621-75 
900-193 
621-76 
900-194 
610-23 
614-37 I 

625-79 1 
1760-111 
614-39 
606-45 
606-47 
596-21 
596-22 
839-11 
851-5 

, 171-3 
853-58 
851-25 
423-82 
423-83 
900-15 
900-28 

1760-51 
.1074 

.* j 584-53 
852-11 

, 183-10 
900-47 
575-104 
575-105 

575-1~ 
900-48 
575-98 
900-49 
900-50 
575-107 
861-77 
596-12 
596-13 
840-122 

1760-151 
1762-16 
1763·122 

, 206·5 
423-37 
423-38 

.1073 

.1074 

.252 
584-55 

f 178-18 1 
, 183-12 

1170-83 
1170-1021 
1170·12~ 

851-32 
1759-168 
1160-165 
1762-21 
1763·110 

t 206-6 
t 206·7 

423·29 
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PART NUMBER INDEX 
Base Base Base Base 
Number Source Device Page-Une Number Source Device Page-Une Number Source Device Page-Une Number Source Device Page..Une 

372 Teledyne S 372B/M 423-30 380 SGS M380 1752-56 3843 Fairchild 3843-3 .1892 38570 Hitachi HD38570 854-17 
3724 Fairchild FQ3724 842-124 Teledyne S 380A/C 423-53 625-38 38580 Hitachi HD38580 854-18 

RCA CA3724 842-141 603-131 3843-3DC .1892 38585 Hitachi HD38585 854-19 
Spragud TPQ3724 842-143 380B/M 423-54 3843-3DL .1892 386 National LM386 851-189 

3725 Fairchild FQ3725 842-125 603-132 3843-3DM .1892 , 174-5 
Motorola MPQ3725 842-131 3800 EA EA3800 1183-4 3843-3PC .1892 3860 Micro Net MN3860 595-37 

MPQ3725A 842-132 3802 Plessey MP3802 605-2.7 3846 Fairchild F3846 .1887 MN3860H 595-38 
National DH3725C 842-135 381 Fairchild j.1A381 853-43 .1892 3861 Fairchild 3861 .1867 
RCA CA3725 842-142 National LM381 853-52 625-54 .1874 
Sprague TPQ3725 842-144 11 174-5 

,. 
F~DC .1892 1751-90 

TPQ3725A 842-145 11 187-4 F3846DL .1892 3861 A .1867 
373 National LM373 851-85 LM381 A , 187-5 F3846DM .1892 3861B .1867 

855-38 SGS M381 1752-58 F3846PC .1892 3861C .1867 

• 169-5 Signetics LM381 853-67 3850 Fairchild 3850 .1867 3861D .1867 

• 173-3 , 182-8 .1871 3861E .1867 
Teledyne S 373A1C 423-40 Siliconix DG381 .825 1751-52 3861M .1867 

373B/M 423-41 DG381A .825 38SODC .1871 .1874 
37320 Hitachi HD37320 853-128 567-31 38SOM .1871 1751-92 
37330 Hitachi HD37330 853-129 DG381B .825 1751-53 3861XDC .1874 
37350 Hitachi HD37350 853-130 567-32 38SOPC .1871 3861XPC .1874 
374 National LM374 851-86 DG381C .825 Micro Net MN3850 595-35 Mostek MK3861 1751-95 

855-39 567-33 MN3850H 595-36 387 National LM387 853-54 
, 173-3 Teledyne S 381A1C 423-46 Mostek MK3850 1751-55 • 174-5 

Panasonic AN374 851-198 603-133 1734-3 Signetics LM387 853-69 
Teledyne S 37.\AlC 423-32 381B/M 423-47 3851 FairchUd 3851 .1867 Siliconix DG387 • 825 374B/M 423-33 603-134 .1871 DG387A .825 

3741 OKI MSM3741-1A 1170-40 3812 Plessey MP3812 1159-66 1751-58 569-57 
MSM3741-2A 1170-54 3814 Fairchild 3814C 462-127 3851A .1867 DG387B .825 
MSM3741A 1170-36 3815 EA EA3815 1157-100 1751-59 569-58 

3743 OKI MSM3743A 1169-91 Fairchild 3815 460-144 3851 DC .1871 DG387C .825 
375 National LM375 917-136 3816 Fairchild 3816 461-63 3851M .1867 569-59 

Teledyne S 375 • 159-8 3817 Fairchild 3817 854-131 .1871 3870 Fairchild 3870 .1863 
375A/C 424-37 854-182 1751-61 .1867 

1188-16 3818 Silicon G SG3818 842-83 3851 PC .1871 1751-76 
375B/M 424-38 SG3818A 842-84 Mostek MK3851 1751-73 1724-4 

1188-17 382 National LM382 853-53 S~icon G SG3851 622-115 3870XDC .1863 
3750 OKI MSM3750-6A 1178-72 

• 174-5 843.117 3870XDL .1863 
MSM3750-8A ·1178-79 SGS M382 1752-62 38510 Harris JAN38510/201 1161-57 3870XPC .1863 

3754 OKI MSM3754A 1164-101 Signetics LM382 853-68 Hitachi HD38510 854-8 3870XPL .1863 
3758 OK! MSM3758 1167-3 

• 182-8 Intersil 38510/10101 876-42 Mostek MK3870 1751-82 
376 Fairchild j.1A376 

• 934 
Teledyne S 382A1C 423-61 38513 Hitachi HD38513 854-9 1734-4 

j.1A376C .934 603-97 38516 Hitachi HD38516 854-10 Motorola MC3870 .1998 
912-68 382B/M 423-62 3852 Fairchild 3852 .1867 1751 -81 

National LM376 912-69 603-98 .1871 1735-4 
TI LM376 912-70 3821 Silicon G SG3821 842-188 1751-101 OKI MSM3870 1186-58 

377 National LM377 852-177 3822 SiliconG SG3822 843-26 3852DC .1872 3871 Fairchild 3871 .1867 

• 168-12 3823 Silicon G SG3823 843-14 3852PC .1871 .1874 

• 174-5 383 National LM383 852-75 Mostek MK3852 1751-102 1751-94 
Panasonic AN377 854-204 LM383A 852-76 Silicon G SG3852 622-133 3871E .1867 

3770 OKI MSM3770A 1185-58 SGS M383 1752-60 843-118 3871F .1867 
378 National LM378 852-178 Teledyn~ S 383A1C 423-43 3853 Fairchild 3853 .1867 3871G .1867 

• 168-12 601-160 .1871 3871H .1867 

• 174-5 383B/M 423-44 1751-105 3871XDC .1874 
379 National LM379 852-191 601-161 3853DC .1871 3871XDL .1874 

11 168-12 384 National LM384 852-77 3853M .1867 3871XPC .1874 
11 174-5 , 174-5 .1871 3871XPL .1874 

NEe America j.1PC379 847-55 Siliconix DG384 .825 1751-107 Mostek MK3871 1751-96 
NEC Micro j.1PD379 625-50 DG384A .825 3853PC .1871 3872 Fairchild 3872 1751-78 

1760-18 571-88 Mostek MK3853 1751-108 Mostek MK3872 1751-83 
1761-52 DG384B .825 Silicon G SG3853 622-83 1734-4 
1761-61 571-89 843-119 3874 Fairchild 3874 1751-79 
1762-45 DG384C • 825 38530 Hitachi HD38530 854-11 3876 Fairchild 3876 1751-80 

• 2Q1-15 571-90 38533 Hitachi HD38533 854-12 388 National LM388 851-190 
38 SGS M38 1752-55 Teledyne S 384A/C 423-49 3854 Fairchild 3854 .1867 • 174-5 
38E70 Fairchild 38E70 .1864 601-194 .1873 3880 Fairchild 3880 1753-45 

1751-77 384B/M 423-50 1751-86 1725-1 
38E70XDC .1864 601-195 3854DC .1873 Mostek MK3880 1753-46 
38E70XDL .1864 38401 Hitachi HD38401 853-131 3854PC .1873 1735-1 
38E70XPC .1864 38411 Hitachi HD38411 853-132 Mostek MK3854 1751-87 3881 Mostek MK3881 1753-58 
38E70XPL .1864 3843 Fairchild 3843 .1887 38546 Hitachi HD38546 854-13 3882 Mostek MK3882 1753-51 

38T56 Fairchild 38T56 .1867 .1892 38548 Hitachi HD38548 854-14 3883 Mostek MK3883 1753-55 
.1871 625-116 38550 Hitachi HD38550 854-15 3884 Mostek MK3884 1753-61 

1751-68 3843-1 .1887 3856 Fairchild 3856 .1867 3886 S~icon G SG3886 842-189 
38T56DC .1871 .1892 .1871 389 NatiOnal LM389 839-22 
38T56PC .1871 625-42 1751-64 843-188 

38T57 Fairchild 38T57 .1867 3843-1DL .1892 3856A .1867 851-191 
.1873 3843-1DM .1892 .1871 , 174-5 

1751-72 3843-1 PC .1892 1751-66 38980 Hitachi HD38980 854-132 
38T57DC .1873 3843-2 .1887 3856DC .1871 38988 Hitachi HD38988 854-133 
38T57PC .1873 .1892 3856PC .1871 38991 Hitachi· HD38991A 854-134 

380 Micro Net MN380 589-32 625-40 38560 Hitachi HD38560 854-16 38992 Hitachi HD38992A 854-135 
MN380H 589-33 3843-2DC .1892 3857 Fairchild 3857 .1867 390 National LM390 851-192 

National LM380 851-188 3843-2DL .1892 .1873 • 174-5 
11 174-4, 3843-2DM .1892 1751-70 Siliconix DG390 .825 
11 174-5 3843-2PC .1892 3857DC .1873 DG390A .825 

Panasonic AN380 858-148 3843-3 .1887 3857PC .1873 570-65 

Arranged alphanumerically from left to right. 
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390 SiIiconiX DG390B • 825 399 National LM399A , 192-5 4000 RCA CD4000UBE 412-19 4006 AMI S4006 1169·~ I 570-66 • 192-15 SoIitroo CM4000A 412-22 Fairchild F4006BC 416-10 

DG390C • 825 • 192-17 CM4000AE 412-23 1190-52 
570-67 Raytheon LM399 918-106 SSS SCL4000 11 154-3 F40068M 416-11 

Teledyne S 390 423-104 LM399A 918-109 11 154-5 F4006M 1190-58 I 
620-134' 3999 National LM3999 .1062 I SCL4000B 412-20 Mostek MK4006 1169-24 ! 

3900 National LM3900 .1035 .1073 SCL4000BE 412-21 Motorola MC4006 435-63 I 
867 -58 918-101 TI TP4000A 412-24 11 160·3 ! 
897-32 Raytheon LM3999 918-1101 4001 EA EA4oo1 1157-101 National CD4006A 1190-59 

'- 166-7 4 Beckman 883-4 901-84 Fairchild F4oo1BC 412-91 CD4006AC 416-14 

11 183-16 Burr-Brown MPC4D • 659 F4oo1BM 412-92 1190-53 

Raytheon LM3900 867-60 575-5 Intel 4001 1756-104 CD4OO6AM 416-15 

897-34 Datel DAC-HU4BGC • 680 Mitel SIL4001B 412-96 MM4006 1187-22 

TI LM3900 867-62 585-2 SIL4001BE 412-97 NEC America IlPD4OO6 1190-54 

897-36 DAC-HU4BMC • 680 SIL4001UB 412-94 IlPD40068 416-16 

\l.oVj v'" IW1UOIVlv';:;Vt 

.';;::~ I OAC·"U .... , -- I Sl!..4(l1)'1J9'= :;::: I 
Rr.A r.I)4Of)f1AF 416-18 

3903 National LM3903 585-3 Motorola MC4001 CD4OO6B 416.'91 3905 National LM3905 902-68 oAC-HU4BMR • 680 457-60 1190-60 

3909 National LM3909 916-53 Rockwell PPS-4 1744 -1 MHQ4oo1A 842-126 CD4006BE 416-20 

Si!ICOI1IX LM3909 916-54 • 206-17 
t~ational CD4oo1AC 412-102 1190-55 I 

391 Hybrid Sys DAC391B-12 593-45 PPS-411 1743-4 I CD4oo1AM 412-1031 Solitron CM4006A 416-23 I 
DAC391C-12 593-46 11 206-19 CD4oo1BC 412-104 1190-56 

National LM391 851-154 PPS-4/2 1744-1 CD4oo1BM 412-105 CM4006AD 416-24 

852-135 Teledyne C CDMA 570-33 INS4oo1 1756-105 1190-51 

• 175-5 CLD4 603-143 NEC America IlPD4oo1B 412-108 CM4006AE 416-25 

Teledyne S 391 423-102 4Rl01 Teledyne C CS4R101A 572-25 OKI MSM4oo1 412-110 1190-50 

620-56 40 Western WD40 1751-2 RCA CD4oo1 • 151-6 
1190-57 

3910 OE; 3910 918-22 40L44 TI TI.!S4Ol44,20 1181-37 CD4oo1A 412-111i SSS SCL4006B 416-<>1 

3911 National LM3911 .1013 TUS4OL44-25 1181-60 • 152-14 1190-61 

919-141 TlAS4C!44-45 1181-,119 CD4oo1AE 412-112 SCL4006BE 416-22 

NEC America IlPC3911 919-147 40L45 TI TlAS4C!45-20 1179-5 CD40018 412-113 1190-63 

NEC Micro IlPC3911 , 192-11 TMS4C!45-25 1179-29 CD4oo18E 412-114 Toshiba TC4006B 416-26 

3913 National LM3913 919-144 TUS4OL4s.45 1180-11 CD4oo1UB 412-115 40061 RCA CD40061 413-137 

3914 OKI MSM3914A 605-39 40L46 TI TMS41l46-20 1181-40 CD4001UBE 412-116 1174-39 

392 Hybrid Sys DAC392B-12 594-31 TlAS4Ol.46-25 1181-62 SGS HBF4001AE 412-117 CD40061A 413-138 

DAC392C·12 594-32 TMS4Ol46-45 1181-121 Solitroo CM4001A 412-120 1174-35 

National LM392 .1054 40L47 TI TMS4Ol4HO 1179-15 CM4oo1AE 412-121 4007 Fairchild F4oo7UBC 405-74 

839-159 TMS4Ol47-25 1179-31 SSS SCL4001UB 412-118 F4oo7UBM 405-75 

890-50 TMS4rt.47-45 1180-22 SCl4001UBE 412-119 GI AY5-4oo7 460-15~ 

Signetics CG392 855-185 400 Exar, XR400 • 932 T1 TP4001A1B 412-122 AY5-4007A 460-155 

Teledyne S 392 423-109 460-33 Toshiba TC4oo1B 412-124 AY5-4007D 460·15E 

620-160 Hughes 400 861-178 TC4oo1UB 412-125 Mitel SlL4oo7B 405-76 

393 National LM393 847-50 IMI MM400 417-138 40014 Fairchild F40014AM 417 -69 SIL4007BE 405-77 

LM393A 847-5 460-59 F4oo14BC 417-68 Mostek MK4oo7 1174-47 
Signetics LM393 847-52 Motorola XC400 460-89 4002 Fairchild F4oo2BC 412-26 MK4007-4 1174-48 

LM393A 847·7 National COP4OOPDS .2042 F4oo2BM 412-27 Motorola MC4oo7 434-93 

Teledyne S 393 423-153 1751 -49 Intel 4002 lt~-98 c • 160-3 

621-60 Siemens TBA400 840-158 Mitel SIL4oo2B 412-31 National CD4oo7C 405-80 
TI LM393 847-54 Sprague UHC/D-400 436-41 SIL4002BC 412-32 CD4007M 405-61 

3930 OEI 3930 919A-4 620-148 SIL4002UB 412-29 MM4oo7 1193-17 

919A-26 UHP-4oo 436-45 Sll4002UBE 412-30 • 198-16 
39301 T1 SN39301 434-19 620-152 Motorola MCM4oo2L 1183-14 OKI MSM4oo7 405-82 
39308 TI SN39308 448-36 400 • 186-13 MCM4oo2P 1183-15 RCA CD4007A 405-83 
39309 TI SN39309 451-52 Un;trode PF400 917 ,39 MHQ4002A 842-127 , 179-15 

39310 TI SN39310 432-6 PR400 917 -40 National CD4oo2AC 412-37 CD4oo7AE 405-64 
39311 TI SN39311 435-116 400-SE Sprague 40c)'SERIES • 180·19 CD4oo2AM 412-38 CD4007UB 405-65 
39312 TI SN39312 451-99 4000 EA EMooo 1184-68 INS4oo2 1756-99 CD4007UBE 405-66 
39316 TI SN39316 430-87 HyComp DA4000 596-41 NEC America IlPD4oo2B 412-39 SGS HBF4007AE 405-87 
39318 TI SN39316 456-159 Mitel Sll4000U8 412-8 OKI MSM4oo2 412-43 Sofitroo CM4007A 405-90 
394 National LM394 842-28 SlL4000uBE 412-9 RCA CD4002A 412-41 CM4oo7AE 405-91 

Teledyne S 394 423-155 Motorola MCM4000 , 197-15 CD4oo2AE 412-42 SSS SCL4007UB 405-88 

621-146 MC4000 450-141 CD4oo2B 412-44 SCL4007UBE 405-89 

395 National LM395 915-157 624-128 CD4002BE 412-45 TI TP4007A/UB 405-92 

t 186-16 National CD4000c 412-12 CD4oo2UB 412-46 Toshiba TC4oo7UB 405·93 
Signetics TBA395 858-198 CD4000M 412-13 CD4002UBE 412-47 4008 AMI 84008 1169-25 
Sprague TBA395 859-16 RCA CD4000 • 152-13 SGS HBF4002AE 412-48 84008-9 1169-27 
Teledyne S 395 423-111 11 152-15 Sotitron CM4oo2A 412-51 Fairchild F4008BC 404-5 

621-23 11 152-19 CM4002AE 412-52 F4008BM 404-6 
396 Signetics TBA396 856-199 11 152-20 SSS SCL4002B 412-49 Mostek MK4008 1169-26 

Sprague TBA396 859-17 11 153-1 SCl4002BE 412·50 Motorola MC4oo8 456-187 
Teledyne S 396 423-116 11 153-6 TI TP4oo2A 412-53 National CD4008BC 404-11 

398 AMD LF398 919-17 , 153-6 Toshiba TC4002B 412-54 CD40088M 404-12 
Fairchild JLAF398 919-38 t 153-9 4003 Burr-Brown 4003 • 921 INS4008 1756-85 

Hugi1as 398 861-78 11 153-11 Intel 4003 1756-89 OK! MSM4008 404-13 
National LF398 .1073 • 153-12 Motorola MPQ4003 842-133 RCA CD4008 t 151-6 

919-67 t 160-11 National INS4oo3 1756-90 CD4008A 404-14 
399 National LM399 .1060 • 186-2 4004 EA EA4004 1157 -44 CD4008AE 404-15 

.1062 CD4000A 412-14 Intel 4004 1756-73 CD40088 404-16 

.1073 11 152-14 1730·2 CD4008BE 404-17 

916-95 • 152-16 Motorola MC4004 448-162 SGS HBF4008AE 404-18 

11 192-5 CD4000AE 412·15 1171-95 SoIitroo CM4oo8A 404-21 

• 192-15 CD4000B 412·16 MPQ4oo4 842-134 CM4oo8AE 404-22 

, 192·17 11 153-10 National INS4004 1756-75 SSS SCL4008B 404-19 

LM399A .1060 CD4000BE 412-17 1737-4 SCL4008BE 404·20 

.1062 CD4000UB 412-18 4005 Motorola MC4oo5 446-163 Tt TP4008A1B 404-23 

918-99 11 153-jO 1171·96 Toshiba TC40088 404-24 

,Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted, 

• Indicates entire Application Note is provided on the page noted, 
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40065 Fairchild F40085BC 404-69 4011 National CD4011BM 410-173 4014 National CD4014AC 1191-121 4016 National MM4016 1187-52 
F40085BM 404-70 NEC AmeriCa IlPD4011 B 410-176 CD4014AM 415-125 OKI MSM4016, 568-102 

4009 Mitel SIL4009B 404-181 OKI MSM4011 410-177 1192-16 RCA CD4016A , 157-2 
SIL4009BE 404-182 RCA CD4011 " 151-8 NEC America IlPD4014 1191-123 CD4016B 568-107 

National CD4009AC 404-183 CD4011A 410-178 IlPD40148 415-126 CD4016BE 568-108 
CD4009AM 404-184 CD4011AE 410-179 OKI MSM4014 415-128 Solitron CM4016A 568-97 
INS4009 1756-86 CD4011B 410-180 RCA CD4014A 415-129 568-109 

RCA CD4009 11 153-13 CD4011BE 410-181 CD4014AE 415-130 CM4016AE 568-98 
CD4009A 404-185 CD4011UB 410-1.82 CD4014B 415-131 568-110 
CD4009AE 404-186 CD4011UBE 410-183 1192-18 SSS SCL4016B 568-95 
CD4009UB 404-187 SGS H8F4011AE 410-184 CD4014BE 415-132 SCL4016BE 568-96 
CD4009UBE 404-188 Solilron CM4011 410-189 1191-125 TI TMS4016-15 1180-45 

SGS HBF4009AE 404-189 410-190 SGS HBF4014AE 415-133 TMS4016-20 1180-47 
Solitron CM4009A 404-192 SSS SCL4011B 410-185 Solitron CM4014A 415-136 TMS4016-25 1180-48 

CM4009AE 404-193 SCL4011BE 410-186 1191-117 TP4016A/B 568-99 
SSS SCL4009UB 404-190 SCL4011UB 410-187 1192-22 Toshiba TC4016 568-101 

SCL4009UBE 404-191 SCL4011UBE 410-188 CM4014AE 415-137 40160 Fairchild F401608C 406-125 
TI TP4009A/UB 404-194 TI TP4011A/B 410-191 SSS SCL4014B 415-134 F40160BM 406-12€ 
Toshiba TC4009UB . 404-195 Toshiba TC4011B 410-193 1192-20 National CD40160BC 4~-12~ 

40097 Fairchild F40097BC 404-158 TC4011UB 410-194 SCL4014BE 415-135 CD40160BM 4 -132 
F40097BM 404-159 40110 RCA CD40110B 407-80 1191-127 RCA CD40160B 406-135 

40098 Fairchild F40098BC 405-48 407-88 TI TP4014A 415-138 CD40160BE 406-13€ 
F40098BM 405-49 CD40110BE 407-81 1192-7 Toshiba TC40160B 406-14C 

401 Cherry CS401 916-173 40114 RCA CD40114B 413-118 Toshiba TC4014 1192-5 40161 Fairchild F40161BC 406-18 
MCC401 851-75 1173-5 TC4014B 415-139 F40161BM 406-19 

917-12 CD40114BE . 413-119 40147 RCA CD40147B 416-155 National CD40161BC 406-22 
917-19 1173-6 CD40147BE 416-156 CD40161BM 406-23 

CMA FX401 901-147 4012 Fairchild F4012BC 410-87 4015 AMI 54015 .1203 RCA CD40161B 406-26 
Motorola MHW401 840-54 F4012BM 410-88 1177-48 CD40161BE 406-27 
Plessey NOM401 1159-4 Mitel SIL4012B 410-92 54015-2 .1203 40162 Fairchild F40162BC 406-143 

4010 Hughes HCTR4010 407-90 SIL4012BE 410-93 1177-19 F40162BM 406-144 
407-149 SIL4012UB 410-90 EA EA4015 1158-13 National CD40162BC 406-147 

Mitel SIL4010B 404-113 SIL4012UBE 410-91 1158-45 CD40162BM 406-148 
SIL4010BE 404-114 Motorola MC4012 453-65 Fairchild F4015BC 415-92 RCA CD40162B 406-151 

Motorola MC4010 456-192 1189-55 1190-16 CD40162BE 406-152 
MFC4010 11 172-19 National CD4012AC 410-98 F4015BM 415-93 Toshiba TC40162B 406-156 

National C.D4010AC 404-115 CD4012AM 410-99 1190-23 40163 Fairchild F40163BC 406-34 
CD4010AM 404-116 MM4012 '" 198-14 Mitel SIL4015B 415-95 F40163BM 406-35 

RCA CD4010 , 153-13 NEC America IlPD4012B 410-102 1190-24 National C040163BC 406-38 
CD4010A 404-117 OKI MSM4012 410-104 SIL4015BE 415-96 CD40163BM 406-39 
CD4010AE 404-118 RCA CD4012A 410-105 1190-25 RCA CD40163B 406-42 
CD4010B 404-119 CD4012AE 410-106 Mostek MK4015 1169-101 CD40163BE 406-43 
CD4010BE 404-120 CD4012B 410-107 Motorola MC4015 439-11 Toshiba TC40163B 406-47 

SGS HBF4010BE 404-121 CD40128E 410'-108 National CD4015AC 415-99 4017 AMI 54017 .1204 
SoIitron CM4010A 404-124 CD4012UB 410-109 1190-19 1180-97 

CM4010AE 404-125 CD4012UBE 410-110 CD4015AM 415-100 54017·3 .1204 
SSS SCL4010B 404-122 SGS HBF4012AE 410-111 1190-27 1180-74 

SCL4010BE 404-123 SoIitron CM4012A 410-114 NEC America 'IlPD4015B 415-101 Fairchild F4017BC 406-177 
TI TP4010AlB 404-126 CM4012AE 410-115 1190-20 F4017BM 406-178 
Toshiba TC4010B 404-127 SSS SCL4012B 410-112 OKI MSM4015 415-102 Mitel SIL4017B 406-180 

40100 RCA CD40100B 416-39 SCL4012BE 410-113 RCA CD4015A 415-103 SIL4017BE 406-181 
CD40100BE 416-40 TI TP4012A 410-116 CD4015AE 415-104 Motorola MC4017 433-114 

40101 RCA CD40:101B 417-46 Toshiba TC4012B 410-117 CD4015B 415-105 National CD4017BC 406-184 
CD40101BE 417-47 4013 fairchild F4013BC 409-80 1190-28 CD4017BM 406-185 

40102 RCA CD40102B .407-31 F4013BM 409-81 CD4015BE 415-106 NEC America IlPD4017B 406-186 
CD40102BE 407-32 Mitel SIL4013B 409-83 1190-21 OKI MSM4017 406-187 

40103 RCA CD40103B 406-99 SIL4013BE 409-84 SGS HBF4015AE 415-107 RCA CD4017 , 155-12 
CD40103BE 406-100 Motorola MH04013 842-128 Solitron CM4015A 415-110 CD4017A 406-188 

40104 OKI MSM40104 1190-10 National CD4013BC 409-87 1190-14 CD4017AE 406-189 
RCA CD40104B 1190-11 CD4013BM 409-88 CM4015AE 415-111 CD4017B 406-190 

CD40104BE 1190-12 MM4013 , 198-14 1190-13 CD4017BE 406-191 
40105 EA EA40105 1157-31 NEC America IlPD40138 409-91 SSS SCL4015B 415-108 SGS HBF4017AE 406-192 

RCA CD40105B 413-80 OKI MSM4013 409-95 1190-29 Solitron CM4017A 406-195 
1159-54 RCA CD4013 , 151-8 SCL4015BE 415-109 CM4017AE 406-196 

CD40105BE 41.3-81 CD4013A 409-93 1190-30 SSS SCL4017B 406-193 
1159-55 CD4013AE 409-94 'n TP4015A1B 415-112 SCL4017BE 406-194 

40106 National CD40106BC 417-73 CD4013B 409-96 1190-15 TI TP4017A 406-197 
CD40106BM 417-74 CD4013BE 409-97 Toshiba TC4015 1190-22 Toshiba TC4017B 406-198 

RCA CD40106B 417 -83 SGS HBF4013AE 409-~8 TC4015B 415-113 40174 Fairchild F40174BC 409-136 
CD40106BE 417-84 Solitron CM4013A 409-101 4016 EA EA4016 1157-116 F40174BM 409-137 

40107 RCA CD40107B 410-120 CM4013AE 409-102 Fairchild F4016C 568-103 National CD40174BC 409-141 
CD40107BE 410-121 SSS SCIA013A 11 153-18 F4016M 568-104 CD40174BM 409-142 

, 153-7 SCI4013B 409-99 GI AY6-4016 576-29 RCA CD40174B 409-145 
40108 RCA CD40108B 413-92 SCL4013BE 409-100 576-71 CD40174BE 409-146 

CD40108BE 413-93 TI TP4013A1B 409-103 SL5-4016 1192-62 Toshiba TC40174B 409-149 
40109 RCA CD40109B 41S-89 Toshiba TC4013B 409-104 Mitel SIL4016B 568-91 40175 Fairchild F40175BC 409-106 

CD40109BE 416-90 4014 Fairchild F4014BC 415-117 SIL4016BE 568-92 F40175BM 409-107 
4011 Fairchild F4011BC 410-159 1191-115 Motorola MC4016 433-112 National CD40175B 409-113 

F4011BM 410-160 F4014BM 415-118 , 161-15 Toshiba TC40175B 409-115 
Mitel SIL4011B 410-164 1192-8 , 185-11 4018 Fairchild F4018BC 408-33 

SIL4011BE 410-165 Mitel SIL4014B 415-120 , 185-13 F4018BM 408-34 
SIL4011UB 410-162 1192-10 National CD4016 .1076 Mitel SIL4018B 408-35 
SIL4011UBE 410-163 SIL4014BE 415-121 CD4016BC, .1076 SIL4018BE 408-36 

National CD4011AC 410-170 1192-11 568-105 Motorola MC4018 433-107 

CD4011AM 410-171 Motorola MH04014 842-129 CD4016BM .1076 , 185-13 

CD4011BC 410-172 National CD4014AC 415-124 568-106 National CD4018BC 408-39 

Arranged alphanumerically from left to right. 
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Ie MASTER 
Base 
Number 

4018 

40182 

4019 

40192 

40193 

40194 

40195 

402 

54 

Source 

National 
RCA 

SGS 
Solitron 

SSS 

TI 
Toshiba 

Device 

CD40188M 
CD4018 
CD4018A 
CD4018AE 
CD40188 
CD40188E 
HBF4018AE 
CM4018A 
CM4018AE 

SCL4018A 
SCL40188 
SCl4018BE 
TP4018A/B 
TC40188 

CD40181BE 
RCA CD401828 

·CD40182BE 
Falrch!!d F4019BC 

1=4019BM 
Mitel SIL4019B 

SIL40198E 
Motorola MC4019 
National CD40198C 

CD40198M 
MM4019 

N~C America J.1PD40198 
OKI MSM4019 
RCA CD4019 

CD4019A 
CD4019AE 
CD40198 
CD40198E 

SGS HBF4019AE 
Solrtron CM4019A 

CM4019AE 
SSS SCL40198 

SCL40198E 
TI TP4019A/B 
Toshiba TC40198 
Fairchtld F401928C 

F401928M 
National CD40192BC 

CD40192BM 
OKI MSM40192 
RCA CD401928 

CD40192BE 
Fairchtld F401938C 

F401938M 
National CD40193BC 

CD40193BM 
OKI MSM40193 
RCA CD40193B 

CD40193BE 
Fairchild F40194BC 

F40194BM 

OKI MSM40194 

RCA CD401948 
CD40194BE 

Fairchild F40195BC 

F40195BM 

NatIOnal CD40195BC 
CD40195BM 

Cherry CS402 
MCC402 

National COP402 

COP402L 

I COP402M 

Sprague UHC/D-402 

UHP-402 

Page-Une 
Base 
Number Source Device 

Base Base 
Page-Line Number Source Device Page-Une Number 

----------------------------- ----------------------------
408-40 

• 155-11 
408-41 

408-42 I 
408-43 

40e-44I' 
408-45 
408-48 
408 -49 

1192-3 
11 153-18 

408-46 
408 -47 
408-50 
408-51 

:~: ~~: I 
404-64 

4020 

404-65 I 
411-7 I 
411 -8 40;'08 
411-11 
411-12 4021 
433-109 
411-15 
411-16 

• 198-16 
411-19 
411-20 

• 151-8 
.411 ·21 
411-22 
411-23 
411-24 
411-25 
411·28 
411·29 
411·26 
411·27 
411-30 
411·32 
407-1 
407·2 
407-10 
407·11 
407-20 
407-21 
407-22 
406·70 
406·71 
406-79 
406-80 
406-88 
406-a9 
406-90 
415-al 

1189·121 4022 
415-a2 

1189-107 
415-89 

1190·5 
1190-6 
1190-7 
415·74 

1189-122 
415-75 

1189-108 
415·76 
415-77 
916-174 
851·76 
917-20 

.2045 
1751-45 
1738-1 4023 

.2045 
1751 -46 
1738·1 

.2045 
1751 -47 
1738-1 
436·63 
621-137 
436-69 
621·141 

Fairchild F4020BC 
F4020BM 

Mitel SIL4020B 
SIL4020BE 

National CD40208C 
CD4020BM 

NEe Amenca IlPD4020B 
OKI MSM4020 
Plessey SP4020 
RCA CD4020A 

CD4020AE 
CD40208 
CD40208E 

SGS HBF4020AE 
Solitron CM4020A 

SSS SCl40208 
SCL4020BE 

TI TP4020A/B 
Toshiba TC4.020B 
RCA CD402088 

GD40208BE 
Fairchild F4021 BC 

F40218M 

Mitel SIL40218 

SIl4021BE 

Motorola MC4021 
National CD4021 AC 

CD4.o21AM 

NEe America IlPD4021 
J.1PD4021B 

OKI MSM4021 
RCA CD4021 A 

CD4021AE 
CD4021B 

CD4021BE 

SoIitron CM4021A 

CM4021AE 

SSS SCL40218 

SCL4021BE 

TI TP4021A 

Toshiba TC4021 
TC40218 

Fairchild F4022BC 
F4022BM 

Mitel SIl4022B 
SIL4022BE 

Motorola MC4022 
National CD4022BC 

CD40228M 
OKI MSM4022 
RCA CD4022A 

CD4022AE 
CD4022B 
CD40228E 

SGS HBF4022AE 
Solitron CM4022A 

CM4022AE 
SSS SCL4022B 

SCL4022BE 
TI TP4022A 
Toshiba TC4022B 
Burr-llrown 4023 
Fairchild F4023BC 

F4023BM 
Mitel SIl4023B 

SIL4023BE 
SIL4023UB 
SIL4023UBE 

Motorola MC4023 
National CD40238C 

CD4023BM 
NEG America J.1PD4023B 

405 -167 4023 
405-168 
405·171 
405·172 
405·173 
405·114 
405·175 
405-176 
462·76 
405·178 
405·179 
405-180 
405·181 
405-182 
405 ·185 4024 
1nJ: .1QjO 

4~;-;8;1 
405-184 
405.1871 
405 -188, 
4i3·94 I 
413-95 
415-142 

1191-116 
415-143 

1192-9 
415·145 

1192·12 
415-146 

1192-13 
427 -105 
415-149 

1191-122 
415-150 

1192·17 
1191-124 
415-151 
415-152 
415·153 4025 
415·154 
415·155 

1192-19 
415·156 

1191·126 
415-159 

1192-23 
415-160 

1192·4 
415-157 

1192-21 
415-158 

1192-2 
415-161 

1191·118 
1192-6 
415-162 
408·8 
408·9 
4,08·10 
408-11 
427 -106 
408-14 
408-15 
408-16 
408-17 
408·18 
408-19 
408 ·20 

408-21 I 
408·24 

408-25 I 
408-22 1 
408 -23 40257 
408-26 
408-27 4026 

* 921 
410-126 
410-127 
410·131 
410-132 
410-129 
410-130 
433-62 
410·140 
410-141 
410·138 

OKI 
RCA 

SGS 
Solitror 

SSS 

TI 
Toshiba 
Fairchild 

MSM4023 
CD4023A 
CD4023AE 
CD40238 
CD40238E 
CD4023UB 
CD4023UBE 
HBF4023AE 
CM4023A 
CM4023AE 
SCl4023B 
SCL4023BE 
TP4023A 
TC40238 
F40248C 
t:,i1)248l ,A 

Mitel SIL40248 
SIL4024BE 

Motorola MC4024 

National CD40248C 
CD4024BM 

NEG America IlPD40248 
OKI MSM4024 
RCA CD4024 

CD4024A 
CD4024AE 
CD4024B 
CD40248E 

SGS ' HBF4024AE 
Solttron CM4024A 

CM4024AE 
SSS SCL40248 

SCl4024BE 
TI TP4024A1B 
Toshiba 
AMD 
AMI 

TC4024B 
MM4025 
84025 

84025-2 

Burr-8rown 4025 
Fairdltkl F40258C 

F4025BM 
GI SL5-4025 

SL6-4025 
Mitel SIL4025B 

SIL4025BE 
SIL402,PUB 
SIL4025UBE 

National CD4025AC 
CD4025AM 
CD40258C 
CD4025BM 
MM4025 

NEe AmeIica IlPD4025B 
OKI MSM4025 
RCA CD4025A 

CD4025AE 
CD40258 
CD4025BE 
CD4025UB 
C04025UBE 

SGS HBF4025AE 
Solitron CM4025A 

CM4025AE 
SSS SCL40258 

SCL4025BE 
TI TP4025A 
Toshiba TC4025B 
RCA CD40257B 

CD40257BE 
AMD MM4026 
NatlOll81 MM4026 
RCA CD4026 

CD4026A 
CD4026AE 
CD4026B 
CD40268E 

Solitron CM4026A 
CM4026AE 

SSS SCL4026A 
SCL4026B 
SCL4026BE 

11 Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted 

410-139 4027 
410-144 
410·145 
410-146 
410-147 
410·146 
410-149 
410·150 
410-153 
410·154 
410·151 
410-152 
410-155 
410·156 
405·117 
.!O'i_l1R 

405.1191 
405·120 

452-1941 
899·109 

• 161·15 I 
• 185-11 

405·123 
405-124 
405-125 
405-126 

• 155-12 
405-127 
405-128 
405-129 
405-130 
405-131 
405·135 
405-136 
405 ·133 
405-134 
405·137 
405-138 

1187-103 
.1203 

1177·49 
.1203 

1177-22 

* 921 
412·59 
412-60 

1192·64 
1192-65 
412-64 
412-65 
412-62 
412-63 
412·71 
412·72 
412·73 
412-74 

1187-105 
412-75 
412-76 
412-77 
412-78 
412-79 
412-80 
412-al 
412-a2 
412-83 
412-a6 
412-87 
412-a4 
412·85 
412-88 
412-a9 
411·34 
41 1 ~35 

1187·104 
1187-106 

• 153-13 
407·55 
407·56 
407-57 
407-58 
407-63 
407-64 

• 153·18 
407-59 
407·60 

4028 

4029 

• Indicates entire Application Note is provided on the page noted, 

Source 

AMD 
Fairchild 

Intersil 

Mitel 

Mostek 

Device 

MM4027 
F40278C 
F40278M 
MK4027-2 
MK4027-3 
MK4027·4 
SIl4027B 
SIL4027BE 
MK4027 

MK4027·1 
MK4027·2 
MK4027-3 
MK4027-4 
MK4027-83 
UK4027-84 

Motorola MCM4027 
1IC'M4027-2 

MCM4027-3 

MCM4027-4 

National CD4027BC 
CD4027BM 
MM4027 

NEe America IlPD40278 
OK! MSM4027 
RCA CD4027A 

CD4027AE 
CD4027B 
CD40278E 

SGS HBF4027 AE 
M4027·2 
M4027·3 
M4027-4 

Signetics 4027 
4027·2 

4027-3 

4027-4 

SoIitron CM4027A 
CM4027AE 

SSS SCL40278 
SCL4ii2iBE 

TI TMS4027 ·15 
TMS4027·20 
TMS4027·25 
TP4027A1B 

Toshiba TC40278 
AMI 54028 

Fairchiid F40288C 
F4028BM 

Mitel SIL40288 
SIL4028BE 

National CD40268C 
CD4028BM 

NEG America IlPD4028B 
OKI MSM4028 
RCA CD4028A 

CD4028AE 
CD40268 
CD4028BE 

SGS HBF4028AE 
Solltron CM4028A 

CM4028AE 
SSS SCL40289 

SCL4028BE 
TI TP4028A/B 
Toshiba TC4028B 
Fai,c.hj!d F4029BC 

F4029BM 
Mitel SIl4029B 

SIL4029BE 
National CD4029BC 

CD4029BM 
NEG AmeriCa IlPD4029B 
OKI MSM4029 
RCA CD4029A 

CD4029AE 
CD4029B 
CD40298E 

SGS HBF4029AE 

;;:jl 
409Ji55 

1169·50 
1169-66 

1169.10~ 
409-157 
409-15 

• 196-6 
, 204-17 

1169-42 
1169-51 
1169-68 
1169-102 
1169-69 
1169·103 

.1522 I 

.1522 
1169·52 

.1522 I 

1169·70 I 
.1522 

1169-106 
409·161 
409·162 

1188-4 
409·165 
409-1691 
409-167 
409-168 
409-170 
409-171 
409-17~ 

1169-53 
1169-72 
1169-11Q 

.1677 

.1677 
1169-54 

.1677 
1169-73 

.1677 
1169-111 
409-175 
409-176 
409·173 
409 ... i74 

1169-55 
1169-74 
1169-11~ 

409·177 
409-178 

.1205 
1180-46 
408-58 
408-59 
408-61 
408-62 
408-66 
408-67 
408-70 
408-74 
408-72 
408-73 
408·75 
408·76 
408·77 
408-a0 
408-al 
408-78 
408-79 
408-82 

408-83\ 
407·H37 
407 -168 
407-169 
407-17<l 
407-173 
407-174 
407·175 
407·176 
407-177 
407-178 
407-179 
407-1~ 
407-181 



PART NUMBER INDEX 
Base Base Base Base 
Number Source Device Page-Une Number Source Device Page-Une Number Source Device Page-Une Number Source Device Page-Une 

4029 Solitron CM4029A 407-184 4034 Soiitron CM4034A 1191-113 4040 National CD4040BC 405-151 4044 Mitel SIL4044BE 413-14 
CM4029AE 407 -185 CM4034AE 415-189 CD4040BM 405-152 Motorola MC4044 457-94 

SSS SCL4029A • 153-18 1191-105 NEe America I1PD4040B 405-153 898-40 
SCL4029B 407-182 SSS SCL40348 415-186 OKI MSM4040 405-154 • 161-15 
SCL4029BE 407-183 1191-112 Plessey SP4040 462-91 • 185-11 

TI TP4029A 407-186 SCL4034BE 415-187 RCA CD4040A 405-156 '185-13 
Toshiba TC40298 407-187 1191-104 CD4040AE 405-157 National CD4044AC 413-17 " 

403 NEC Micro I1P8403 1161-113 Toshiba TC4034 1191-114 CD4040B 405-158 CD4044AM 413-18 
Sprague UHC/D-403 436-64 TC40348 415-190 CD40408E 405-159 NEe America I1PD40448 413-19 

621-138 4035 EA EA4035 1158-17 Solitron CM4040A 405-162 OKI MSM4044 413-20 
UHP-403 436-70 1158-51 CM4040AE 405-163 RCA" CD4044A 413-21 

621-142 Fairchild F40358C 415-50 SSS SCL4040B 405-160 CD4044A/B 413-23 
4030 Fairchild F40308C 411-67 1189-120 SCL4040BE 405-161 CD4044A/BE 413-24 

F40308M 411-68 F40358M 415-51 TI TP4040AlB 405-164 CD4044AE 413-22 
Mitel SIL4030B 411-72 1189-106 Toshiba TC40408 405~165 Solitron CM4044A 413-27 

SIL4030BE 411-73 Mitel SIL40358 415-53 4041 Fairchild F40418C 405-95 SSS SCL40448 413-25 
National CD4030AC 411-78 1189-123 F40418M 405-96 SCL4044BE 413-26 

CD4030AM 411-79 SIL4035BE 415-54 Motorola MC4041 457-58 TI TMS4044 , 197-8 
NEe America I1PD4030B 411-86 1189-124 604-16 TMS4044-15 1181-10 
OKI MSM4030 411-90 National CD4035BC 415-57 National CD4041C 405-97 TMS4044-20 1181-36 
RCA CD4030A 411-88 1189-111 CD4041M 405-98 TMS4044-25 1181-59 

CD4030AE 411-89 CD403513M 415-58 RCA CD4041A 405"-99 TMS4044-45 1181-118 
CD40308 411-91 1189-126 CD4041AE 405-100 TP4044A1B 413-28 
CD40308E 411-92 NEe America I1PD40358 415-59 CD4041U8 405-101 Toshiba TC40448 413-29 

Sanyo LA4030 852-6 1189-113 CD4041UBE 405-102 4045 RCA CD4045A 415-17 
SGS HBF4030AE 411-95 OKI MSM4035 415-61 Solitron CM4041A 405-105 CD4045AE 415-18 
Soiitron C~4030A 411-100 1189-114 CM4041AE 405-106 CD40458 415-19 

CM4030AE 411-101 RCA CD4035A 415-62 SSS SCL4041UB 405-103 CD40458E 415-20 
SSS SCL4030B 411-96 CD4035AE 415-63 SCL4041UBE 405-104 SGS HBF4045AE 415-21 

SCL4030BE 411-97 CD40358 415-64 4042 Fairchild F40428C 412-183 Solrtron CM4045A 415-24 
TI TMS4030 , 197-5 1189-128 F40428M 412-184 CM4045AE 415-25 

TP4030A 411-104 CD40358E 415-65 Mitel SIL40428 412-186 TI TMS4045 1 197-8 
Toshiba TC4030B 411-106 1189-116 SIL4042BE 412-187 TMS4045-15 1178-92 

4031 Fairchild F40318C 416-42 SGS HBF4035AE 415-66 Motorola MC4042 435-129 TMS4045-20 1179-4 
1192-82 Solitron CM4035A 415-69 620-1 TMS4045-25 1179-28 

F40318M 416-43 1189-129 National CD40428C 412-190 TMS4045-45 1180-10 
1192-84 CM4035AE 415-70 CD40428M 412-191 4046 Fairchild F40468C 416-115 

National CD4031BC 416-44 1189 7118 NEe America I1PD40428 412-192 698-55 
1192-88 SSS SCL40358 415-67 OKI MSM4042 412-193 F4046BM" 416-116 

CD4031BM 416-45 1189-117 RCA CD4042A 412,194 898-56 
1192-89 SCL4035BE 415-68 CD4042AE 412-195 Mitel SIL4046B 416-117 

RCA CD4031A 416-46 1189-115 CD40428 412-196 896-57 
CD4031AE 416-47 TI TP40358 415-71 CD40428E 412-197 SIL4046BE 416-116 
CD40318 416-48 1190-2 SGS HBF4042AE 413-2 896-56 

1192-85 Toshiba TC4035 1189-119 Solitron CM4042A 413-5 National CD4046BC 416-121 
CD40318E 416-49 TC40358 415-72 CM4042AE 413-6 696-61 

1192-83 4036 RCA CD4036A 413-105 SSS SCL40428 413-3 CD40468M 416-122 
Sanyo LA4031 652-7 1171-76 SCL4042BE 413-4 696-62 

4032 GI SL5-4032 1192-72 CD4036AE 413-106 TI TP4042A/B 413-7 RCA CD4046A • 165-19 
SL6-4032 1192-73 Solitron CM4036A 413-107 Toshiba TC40428 413-8 CD4046B 416-123 

OKI MSM4032 404-30 1171-80 ·4043 Fairchild F40438C 413-33 698-63 
RCA CD4032A 404-31 CM4036AE 413-108 F40438M 413-34 CD4046BE 416-125 

CD4032AE 404-32 Toshiba TC4036B 413-109 Mitel SIL40438 413-36 898-64 
CD4032B 404-33 4037 RCA CD4037A 410-200 SIL4043BE 413-37 SSS SCL4046A 11 153-18 
CD40328E 404-34 CD4037AE 410-201 Motorola MC4043 620-4 SCL40468 898-65 

Sanyo LA4032 852-8 CD4037B 411-2 • 160-3 SCL4046BE 896-66 
Solitron CM4032A 404-35 CD4037BE 411-3 National CD4043AC 413-40 TI TMS4046 , 197-8 

CM4032AE 404-36 sdlitron CM4037A 411 -4 CD4043AM 413-41 TMS4046-15 1181-12 
Toshiba TC40328 404-37 CM4037AE 411-5 NEe America I1PD40438 413.-42 TMS4046-20 1181-39 

4033 RCA CD4033 III 153-13 4038 Motorola MC4038 435-79 OKI MSM4043 413-43 TMS4046-45 1161-120 
CD4033A 407-67 , 160-3 RCA CD4043A 413-44 4047 Fairchild F4047BC 414-105 
CD4033AE 407-68 OKI MSM4038 404-41 CD4043AE 413-45 F40478M 414-106 
CD40338 407-69 RCA CD4038A 404-42 CD40438 413-46 National CD40478C 414-107 
CD40338E . 407-70 CD4038AE 404-43 CD40438E 413-47 CD4047BM 414-108 

SGS HBF4033AE 407-71 CD40388 404-44 Solitron CM4043A 413-50 RCA CD4047 11 152-16 
Solitron CM4033A 407-76 CD40368E 404-45 CM4043AE 413-51 CD4047A 414-109 

CM4033AE 407 -77 Soiitron CM4038A 404-46 SSS SCL40438 413-48 CD4047AE 414-110 

SSS SCL40338 407-72 CM4036AE 404-47 SCL4043BE 413-49 CD40478 414-111 

SCL4033BE 407-73 Toshiba TC4038B 404-48 TI TP4043A/B 413-52 CD40478E 414-112 

4034 EA EA4034 1156-50 4039 Motorola MC4039 601-121 Toshiba TC40438 413-54 Solitron CM4047A 414-113 " 

1158-65 RCA CD4039A 413-99 4044 AMD 4044-15 1181-2 CM4047AE 414-114 
Fairchild F40348C 415-173 1171-79 4044-20 1181-18 SSS SCL4047B 414-115 

F40348M 415-174 CD4039AE 413-100 4044-25 1181-46 SCL4047BE 414-116 
National CD40348C 415-178 Solitron CM4039A 413-101 4044-30 1181-68 TI TMS4047 '197-8 

1191-108 1171-81 4044-45 1181-105 TMS4047-15 1178-93 
CD40348M 415-179 CM4039AE 413-102 EMIl/Semi L4044 ",1228 TMS4047-20 1179-14 

1191-109 Toshiba TC40398 413-103 1181-108 TMS4047-25 1179-30 
NEe America I1PD4034 1191-110 404 Ferranti ZN404 918-41 4044 ",1228 . 1180-21 

I1PD4034B 415-180 4040 Fairchild F40408C 405-145 1181-107 Toshiba TC40478 414-117 
OKI MSM4034 415-181 F40408M 405-146 4044-3 ",1228 4048 Motorola MC4048 435-76 
RCA CD4034A 415-182 Intel A040 1756-74 1181-70 National CD40488C 412-127 

CD4034AE 415-183 1730-3 Fairchild F40448C" 413-10 CD40488M 412-128 

CD40348 415-184 Mitel SIL4040B 405-147 F40448M 413-11 RCA CD4048A 412-129 

1191-111 SIL4040BE 405-148 Fujitsu M8M4044E 1181-21 CD4048AE 412-130 

CD40348E 415-185 Motorola MC4040 435-88 MBM4044N 1181-71 CD40488 412-131 
Solitron CM4034A 415-188 • 160-3 Mitel SIL40448 413-13 CD40488E 412-132 

Arranged alphanumerically from left to right. 
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4048 Solitron CM4048A 412-137 4052 
cM4048AE 412-138 

SSS SCL4048B 412-133 
4049 Fairchild F4049BC 404-197 

F4049BM 405-2 
Mitel SIL4049B 405-3 I 

SIL4049BE 405-4 I 
I 

National C04049UBC 405-7 
CD4049UBM 405-8 

NEC America ,..PD4049B 405-9 
OKI MSM4049 405-10 
RCA CD4049A 405-11 4053 

CD4049AE 405-12 
CD4049UB 405-13 
CD4049UBE 405-14 I SGS HBF4049AE 405-15 

Solrtron CM4049A 405-18 

I 

CM4049AE 405-19 
SSS SCL4049lJB 405-16 

SCL4049UBE 405-17 
TI TP4049A/UB 405-20 
Toshiba TC4049B 405-21 

405 Datel AM-405-2 • 687 
888-21 

All-4Q5.2M • 687 
888-22 

NEC Micro ,..PB405 .1621 
,..PB405-E .1621 

1164-91 
ILPB40SD-E .1621 4054 

4050 Fairchild F40508C 404-129 
F4050BM 404-130 

IPI IPL4050 916-128 
Mitel SIL4050B 404-131 

SIL4050BE 404-133 
Motorola MC4050 433 -135 
National CD4050BC 404-136 4055 

C040508M 404 -137 
NEe Amenca ,..P04050B 404-138 
OKI MSM4050 404 -139 
RCA CD4050A 404-140 

CD4050AE 404-141 
CD4050B 404-142 
CD4Q50BE 404-143 

Sanyo LA4050 852-9 
SGS HBF4050AE 404-144 
S:emc~s TDM050 840·5 
Solitron CM4050A 404-147 

CM4050AE 404-148 
SSS SCL4050B 404-145 4056 

SCL4050BE 404-146 
TI TMS4050 1170-25 

• 197-6 
TMS4050-1 1169-117 
TMS4050-2 1169-80 
TP4050A/B 404-149 

Toshiba TC4050B 404-150 
4051 Fairchild F4051BC 575-36 

F4051BM 575-37 
Mitel SIL4051B 575 -39 

SIL4051BE 575-40 
Motorola MC4051 433 -137 
NalJonal C04051BC 575-43 4057 

C040518M 575-44 
NEe America j.LPD4051 575-45 
OKI MSM4051 575-46 
RCA CD4051B 575-47 4058 

CD4051BE 575-48 4059 
Sanyo LA4051 852-10 
Solitron CM4051A 575-51 

CM4051AE 575-52 
SSS SCL4051B 575-49 406 

SCL4051BE 575-50 
TI TMS4051 1170-26 

• 197-6 
, 197-7 

TMS4051-1 1169-118 
TP4Q51A/B 575-53 

Toshiba TC4051B 575-54 
4052 Fairchild F4052BC 574-95 

F4052BM 574-96 
Mite! SIL4052B 574-98 

SIL4052BE 574-99 
Motorola MC4052 432-103 
National Cb40528C 574-102 4060 

CD4052BM 574-103 

56 

Base 
SOUrce Device Page-line Number Source Devk:e 

National MM4052 1192-106 4060 Motorola MC4060 
NEe America ,..PD4052 574-104 National CD4060BC 
OKI MSM4052 574-105 CD4060BM 
RCA CD4052B 574-106 RCA C04060A 

CD4052BE 574-107 CD4060AE 
Solitron CM4052B 574-110 CD4060B 

CM4052BE 574-111 1 C04060BE 
SSS SCL4052B 574-108 Siemens HYB4060 

SCL4052BE 574-109 SSS SCL4060B 
TI TP4052A/B 574-112 SCL4060BE 
Toshiba TC4052B 574 -113 TI TMS4060 
Fairchild F4053BC 571-7 

F4053BM 571-8 TMS4060-1 
Mitei SIL40538 571-10 I TMS4060-2 

S!L4053BE 571-11 I 4061 OKI MSM4061 
Motorola MC4053 430-9 I MSM4061A 
NatIOnal CD4053BC 

571 -14 1 
RCA CD4061A 

CD4053BM 571 -15 
MM4053 1193-12 

NEG America ,..PD4053 571-16 4062 Motorola MC4062 
OKI MSM4053 571-17 I RCA CD4062A 
RCA C04053B 571-18 

CD4053BE 571-19 TI TMS4062 
Solitron CM4053A 571-22 

CM4053AE 571-23 4063 NEC Amenca ,..PD4063B 
SSS SCL4053B 571-20 OKI MSM4063 

SCL4053BE 571-21 RCA CD4063B 
TI TP4053A/B 571-24 C040638E 
Toshiba TC4053 571-25 TI TMS4063 
Motorola MC4054 433-54 Toshiba TC4063B 
OKI MSM4054 409-51 4064 IPI IPL4064 
RCA CD4054B 409-52 Motorola MC4064 

602-52 4066 Fairchild F40668C 
CD40548E 409-53 F40668M 

Toshiba TC4054B 409-54 Mitel SIL4066B 
602-53 SIL4066BE 

AMD AM4055 1193-36 National CD4066 
Mltel M04055B 409-17 CD4066BC 

M04055BE 409-18 
SIL40558 602-28 CD4066BM 
SIL4055BE 602-29 

Motorola MC4055 431-64 NEG America ,..PD4066 
National MM4055 1193-33 OKI MSM4066 
RCA CD4055B 409-19 RCA CD4066B 

602-30 CD4066BE 
C04055BE 409-20 SGS HBF4066AE 

602-31 Sig!1etlCS N4066A 
Toshiba TC4055 602-32 SSS SCL4066B 

TC4055B 409-21 SCL4066BE 
AMD AM4056 1193-57 SCL4066S 
Mitel MD4056B 409-24 Toshiba TC4066B 

MD4056BE 409-25 4067 FaIrchild F4067BC 
SIL4056B 602-40 F40678M 
SIL4056BE 602-41 RCA CD4067B 

Motorola MC4056 425-92 C04067BE 
NatlOl1al MM4056 1193-53 4068 FairChild F4068BC 
RCA CD40568 409-26 F40688M 

602-44 Mitel SIL4068B 
CD4056BE 409-27 SIL4068BE 

602-45 Motorola MC4068 
Toshiba TC4056B 409-28 

602-47 NEe America /iPD4068B 
AMD AM4057 1193-66 OKI MSM4068 
GI AY5-4057 460-109 RCA CD4068B 
National MM4057 1193-63 CD4068BE 
RCA CD4057A 404-50 Solrtron CM4068A 
Teledyne P 4058 595-10 CM4068AE 
OKI MSM4059 407-48 SSS SCL4068B 
RCA CD4059 , 186-1 SCl4068BE 

CD4059A 407-47 TI TP4068B 
CD4059AE 407-49 Toshiba TC4068B 

Datel AM-406-2 • 687 4069 Fairchild F4069UBC 
888-17 F4069U8M 

AM-406-2M • 687 Mitel SIL40698 
888-18 SIL4069BE 

NEC Micro j.LPB~ .1625 National CD4069C 
1165-45 CD4069M 

,..PB406-C .1625 NEe America ,..PD4069B 
1165-76 OKI MSM4069 

IlPB406D-E .1625 RCA CD4069U8 
Sprague UHC/D-406 436-42 CD4069UBE 

620-149 Solitron CM4069A 
UHP-406 436-46 CM4069AE 

620-153 SSS' SCL4069UB 
Mitel S!L4060B 405 -190 SCL4069UBE 

SIL4060BE 405-191 TI TP4069A1UB 

• Indicates page number in Application Note Directory_ 
* Indicates additional data is provided on the page noted . 

P~ 
-

458-49 
405-192 
405-193 
405-194 
405-195 
405-196 
405-197 

1170-38 
405-198 
406-2 

1170-39 
1761-125 
1170-4 
1169-95 
413-135 

1174-49 
413-136 

1174-40 
11 197-4 

447 -130 
416-67 

1187 -25 
1169-5 

• 160-19 
404-75 
404-77 
404-79 
404-80 

1169-3 
404-83 
916-129 

1172-91 
568-66 
568-67 
568-71 
568-72 

.1076 

.1076 
568-75 

.1076 
568-76 
568-77 
568-78 
568-79 
568-80 
568-81 
568-82 
568-83 
568-84 
568·61 
568-85 
576-33 
576-34 
576-35 
576-36 
410-63 
410-64 
410-66 
410-67 
455-84 
624·157 
410-73 
410-75 
410-76 
410-77 
410-82 
410-83 
410-78 
410-79 
410-84 
410-85 
405-23 
405-24 
405-25 
405-26 
405-29 
405-30 
405-33 
405-35 
405-36 
405-37 
405-42 
405-43 
405-38 
405-39 
405-44 

• Indicates entire Application Note is prOVided on the page noted_ 

Base 

I Number Source Devk:e Page-Une 

4069 Toshiba TC4069UB 405-46 
407 CMA FX407 901-158 

Sprague UHC/D-407 436-51 
621-45 

UHP-407 436-55 I 
621-49 

4070 Fairchild F40l0BC 411-69 1 
F4070BM 411-70 

Mite! S!L4070B 411 -74 
SIL4070BE 411-75 

National CD4070BC 411-80 
CD4070BM 411-81 

RCA C04070B 411-93 
CD40708E 411-94~ 

Solrtron CM4070A 411-10 
CM4070AE 411-103 

SSS SCL4070B 41198

1 

SCL4070BE 411-99 
4071 Fairchild F4071BC 411-164 

F4071BM 411-165 
Mite! SiL407iB 411-1 671 

SiL4()7i6E 411-i68 
National C04071BC 411-171 

C04071BM 411-172 
NEC America ,..PD4071 B 411-175 
OKI MSM4071 411-176 
RCA CD4071B 411-177 

CD4071BE 411 -178 
Solitron CM4071A 411-181 

CM4071AE 411-182 
SSS SCL4071B 411-179 

SCL4071BE 411-180 
TI TP40718 411-183 
Toshiba TC4071B 411-184 

4072 Fa;rchild F4072BC 411-12B 
F4072BM 411-130 

Mitel SiL4072B 411-133 
SI,-4072BC 411-134 

NEG Arnerica ,..PD4072B 411-137 
OKI MSM4072 411-138 
RCA CD4072B 411-139 

CD4072BE 411-140 
SSS SCL4072B 411-141 

SCL4072BE 

411-"1 TI TP4072B 411-143 
Toshiba TC4072B 411-144 

4073 l=altd1!It; 1=407~Br. 410-20 
F4073BM 410-21 

Mitel SIL4073B 410-23 
SIL4073BE 410-24 

NatlOl18l CD40738C 410-27 
CD40738M 410-28 

NEG America ,..PD4073B 410-29 
OKI MSM4073 410-30 
'RCA C04073B 410-31 

CD4073BE 410-32 
SoIitron CM4073A 410-35 

CM4073AE 410-36 
SSS SCL4073B 410~33 

SCL4073BE 410-34 
TI TP4073B 410-37 
Toshiba TC4073 410-38 

4075 Fairchild F4075BC 411-146 
F4075BM 411-147 

Mitel SIL4075B 411-149 
SIl4075BE 411-150 

Nationai C04075BC 411-153 
C04075BM 411-154 

NEC America p.PD40758 411-155 
OKI MSM4075 411-156 
RCA CD4075B 411-157 

CD4075BE 411-158 
SSS SCL4075B 411-159 

SCL4075BE 411-16C 
TI TP40758 411-161 
Toshiba TC4075B 411-162 

4076 Fairchild F4076BC 409-117 
F4076BM 409-118 

Mitel SIL40768 409-119 
S1L4076BE 409-120 

National CD4076BC 409-125 
CD4076BM 409-126 

RCA CD4076B 409-128 
CD40768E 409-129 

Solrtron CM4076A 409-132 
CM4076AE 409-133 

Ie MASTER 19~ 
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4076 SSS SCl4076B 409-130 4089 RCA C04089BE 416-161 4100 IPI IPl41 00 916-130 411 NEC Micro J.1P0411 1761-124 
SCL4076BE 409-131 409 \ Datel MVD-409 .683 Sanyo LA4100 852-11 J.1PD411-E .1547 

Toshiba TC4076B 409-134 574-90 SMC CG4100 1157-20 1170-50 
4077 Fairchild F4077BC 411-108 . MVO-409M 574-91 4101 Intel 4101 1756-101 J.1PD411-1 .1547 

F4077BM 411-109 MXD-409 .683 Lambda lP04101 620-132 1169-123 
Mitel SIL4077B 411-113 575-7 Sanyo LA4101 852-12 J.1PD411-2 .1547 

SIL4077BE 411-114 MXD-409M .683 4102 Sanyo . LA4102 852-13 1169-90 
RCA C040778 411-119 575-8 Solitron CM4102 407-92 J.1PD411-3 .1547 

C04077BE 411-120 Exar XR-C409 V 159-14 407-93 1169-62 
Solitron CM4077A 411-121 4093 Fairchild F4093BC 417-88 Sprague UCN-4102A 408-89 J.1PD411-4 .1547 

CM4077AE 411-122 F4093BM 417-89 4103 SMC CG41 03 1157-21 1169-45 
SSS SCL4077B 411-123 National C04093BC 417-92 1157-22 J.1PD411A .1554 

SCL4077BE 411-124 C04093BM 417-93 Sprague UCN-4103 414-163 1170-35 
4078 Fairchild F4078BC 411-186 NEC America J.1P04093B 417-94 854-121 ItPD411A-E .1554 

F4078BM 411-187 OKI MSM4093 417-95 4104 B41T-Brown 4104 .921 1170-51 
Mitel SIl4078B 411-189 RCA C04093B 417-96 EMM/Semi M4104UM 1179-34 ItPD411A·l .1554 

SIl4078BE 411-190 11 153-2 M4104US 1179-19 1170-2 
NEC AmericaJ.1P04078B 411-193 C04093BE 417-97 4104A 1179-17 1tPD411A-2 .1554 
OKI MSM4078 411-195 SSS SCl4093B 417-98 4104B 1"178-94 1169-89 
RCA C04078B 411-196 SCL4093BE 417-99 4104UM 1179-35 J.1PD411AC .1554 

C04078BE 411·197 Toshiba TC4093B 417-100 4104US 1179-18 ItPD411AC-E .1554 
Solitron CM4078A 412-4 4094 NEC America J.1P040948 416-2 Fairchild F41048E 416-84 ItPD411AC-l .1554 

CM4078AE 412-5 1192-30 F41048M 416-85 I'PD411AC-2 .1554 
SSS SCL40788 411-198 OKI MSM4094 416-3 lambda LP04104 621-131 " J.1PD411AD .1554 

SCL4078BE 411-199 RCA C04094B 416-4 Mitel M041048 416-86 ItPD411AD-E .1554 
TI TP4078B 413-53 1192-31 M041048E 416-87 ItPQ411AD-l .1554 
Toshiba TC40788 412-6 C04094BE 416-5 Mostek MK4104 11 196-7 ItPD411AD-2 .1554 

408 Sprague UHC/D-408 436-52 1192-32 MK41 04-3 1181-27 J.1PD411D .1547' 
621-46 SSS SCL40948 416-6 MK41 04-33 1181-28 1tPD411D-R .1547 

UHP-408 436-56 1192-33 MK41 04-34 1181-51 ItPD411D-l .1547 
621-50 SCL4094BE 416-7 MK41 04-35 1181-76 ItPD411D-2 .1547 

4081 Fairchild F40818C 410-40 1192-34 MK41 04-4 1181-50 ItPD411D-3 .1547 
F40818M 410-41 4095 RCA C04095B 409-186 MK41 04-5 1181-75 I'PD411D-4 .1547 

Mitel SIl4081B 410-43 C04095BE 409-187 MK41 04-6 1181-92 Siliconix OF411 409-67 
SIL4081BE 410-44 4096 GI R03-4096 1184-41 MK41 04-86 1181-77 602-58 

National C040818C 410-47 Mostek MK4096-11 1170-43 1181-93 11 184-1 
C04081BM 410-48 MK4096-16 1170-17 National MM4104 1187-47 4110 Sanyo LA4110 852-14 

NEC America J.1PD40818 410-51 MK4096-6 1169-104 NEC Micro J.1PD4104 .1610 4111 Sprague UCN-4111 414-180 
OKI MSM4081 410-53 MK4096-77 1169-105 1181-82 854-176 
RCA C04081B 410"-54 MK4096-85 , 1170-44 p.PD4104-1 .1610 Teledyne P 4111 '\I 180-7 

C040818E 410-55 MK4096-86 1170-18 1181-56 4112 Sanyo LA4112 852-15 
Solitron CM4081A 410-58 Motorola MCM4096-11 1170-46 p.PD4104-2 .1610 Sprague UCN-4112 414-169 

CM4081AE 410-59 MCM4096-16 1170-20 1181-33 854-123 
SSS SCL4081B 410-56 MCM4096-6 1169-107 ItPD4104-3 .1610 4114 Mitel M04114 1178-88 

SCL4081BE 4.10-57 RCA C04096B 409-188 1181-7 4115 Burr-Btown 4115 .921 
TI TP4081B 410·60 C04096BE 409-189 )1PD4104-30 .1610 Mostek MK4115 1170-63 
Toshiba TC40818 410-61 4097 RCA C040978 575-115 1181-83 4116 Mostek MK4116 11 204-17 

4082 Burr-Brown 4082 • 921 C040978E 575-116 ItPD4104-31 .1610 MK4116-2 1170-79 
Fairchild F4082BC 410-4 4098 Mitel SIL4098B 414-130 1181-57 MK4116-3 1170-96 

F40828M 410-5 SIL4098BE -414-131 p.PD4104-32 .1610 MK4116-4 1170-115 
Mitel SIL40828 410-7 RCA C040988 414-139 1181-34 MK4116-83 1170-97 

SIL4082BE 410-8 C040988E 414-140 ItPD4104-33 .1610 MK4116-84 1170-11€ 
NEC America j.LP04082B 410-11 4099 National C04099BC 412-160 1181-8 Motorola MCM4116 .1.505 
OKI MSM4082 410-12 C040998M 412-161 ItPD4104-35 .1610 MCM4116-15 .1505 
RCA C040828 410-13 NEC America J.1P04099 412-164 1180-111 1170-78 

C040828E 410-14 RCA C040998 412-165 I'PD4104-36 .1610 MCM4116-25 .1505 
SSS SCL4082B 410-15 C040998E 412-166 1180-102 1170-118 

SCL4082BE 410-16 SSS SCL40998 412-167 1tPD4104-5 .1610 MCM4116-30 .1505 
TI TP40828 410-17 Toshiba TC40998 412-169 1180-110 1171-7 
Toshiba TC40828 410-18 40999 SSS SCL40999BE 412-168 p.PD4104-6 .1610 Siemens HYB4116-3 1170-103 

4085 Burr-Brown 4085 .921 41 Burr·Brown UAF41 • 921 1180-101 HYB4116-4 1170~123 

917 -165 915-19 J.1PD4104C .1610 HYB4116-5 1171-9 
4085M .921 NEC America J.1PC41 851-193 I'PD4104C-E .1610 Solitron CM4116A 568-111 

917-166 410 Micro Net MN410 589-40 1tPD4104C-1 .1610 CM4116AE 568-112 
Fairchild F40858C 411-37 MN410H 589-41 ItPD4104C-2 .1610 Sprague UCN-4116 414-170 

F4085BM 411-38 National COP410l .2034 ItPD4104C-3 .1610 854-124 
Mitel SIL40858 411-39 .2044 J.1PD4104D .1610 TI TMS4116-15 1170-85 

SIL4085BE 411-40 1751-32 "IPD4104D-E .1610 TMS4116-20 1170-105 
OKI MSM4085 411-44 1738-2 ItPD4104D-l .1610 TMS4116-25 1170-125 
RCA C040858 411-45 NEC Micro J.1PD410 .1600 I'PD4104D-2 .1610 4118 Mostek MK4118-1 1180-37 

C040858E 411-46 1181-45 ItPD4104D-3 .1610 MK4118-2 1180-38 
SSS SCL4085B 411-47 J.1PD410-1 .1600 Sprague UCN-4104 414-164 MK4118-3 1180-39 

SCL4085BE 411-48 1181-15 854-122 MK4118-4 1180-40 
Toshiba TC40858 411-49 J.1PD410-2 .1600 4105 Sprague UCN-4105 ·414-157 412 SiIiconix DF412 • 826 

4066 Fairchild F40868C 411-53 1180-106 851-138 4122 EA EA4122-1 1169-121 
F4086BM 411-54 J.1PD410-3 .1600 4106 Lambda LP04106 620-54 4127 BIIT-Brown 4127 .921 

OKI MSM4086 411-56 1180-103 4108 Mostek MK4108 1170-59 839-135 
RCA C04086B 411-57 J.1P041 0-5 1180-98 4109 Teledyne P 4109 11 180-7 4128 IPI IPl4128 916-131 

C04086BE 411-58 J.1PD410D .1600 411 Micro Net MN411 589-38 4131 Burr-Brown 4131 919-15€ 
SSS SCL4086B 411-59 ItPD410D-1 .1600 MN411H 589-39 Raytheon RC4131 880-7 

SCL4086BE 411-60 p.PD410D-2 .1600 National COP411l .2036 RM4131 874-18 
Toshiba TC40868 411-61 1lPD41OD-3 .1600 .2044 4132 Raytheon RC4132 879-19 

4089 National C04089BC 416-158 Siemens SAJ41 0 856-160 1751-34 RM4132 876-24 
C040898M 416-159 Signetics TCA410A 862-11 1738-2 4136 Exar XR4136 11 162-5 

RCA C04089 V 151-9 TCA4108 862-24 NEe Micro J.1PD411 .1547 XR4136C 896-18 
C04089B 416-160 TCA4100 862-25 1170-34 XR4136M 895-24 

Arranged alphanumerically from left to right. 
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4136 Fairchild I-lA4136C 896·19 416 NEe Micro I-lPD416D .1562 4200 Raytheon RC4200A 917·121 42055 Micropac 42055·520 904.18 1 
I-lM136M 895·25 "PD416D-1 .1562 Sanyo LA4200 852·16 42055·620 904·78 

NEC America I-lPC4136 896·20 "PD416D-2 .1562 4201 Burr·Brown 4201 917·108 42055·720 904-86 
PMI PM4136 895·26 "PD416D-3 .1562 Intel 4201 1756·77 42055-820 90530

1 
PM4136C 896·21 I1PD416D-S .1562 National INS4201 1756·78 42055·920 905·45 

Raytheor RC4136 696-22 Toshiba TMM416-2 1170-86 Sanyo L~4201 852·17 Toshiba 42055-1812 907-64 

RC4136C 897·17 TMM416·3 1170-106 4202 Exar XR4202 .930 4206 Burr-Brown 4206 • 921 I 
RM4136 1!!95·27 TMM416·~ 1171·2 866-118 917.1151 
RV4136 896·23 4160 SSS SCL4160B 406-137 895-20 4209 Siemens SAB4209 859·177 

Sprague ULN·4136A 895·10 SCL41608E 406-138 • 162-5 421 National COP421 .2044 
TI RC4136 896·24 4161 SSS SCL4i61B 406-28 XR4202M • 930 1751·38 

RC4136C 897-18 SCL4161BE 406·29 866·119 COP421C .2040 
RM4136 895·28 4162 SSS SCL4162B 406·153 XR4202N .930 1751-39 

4137 Raytheon RC4137 867-51 SCL4162BE 406-154 XR4202P .930 COP421L .2038 
RM4137 867 -52 4163 SSS SCL4163B 406-44 Motorola MC4202 895·21 1751·40 
I=IVA1~7 ~R7.o;~ Sf:1416:lBF 406-45 42022 Hitachi HC42022 861·70 4210 National MM4210 1183-44 

414 Amperex AFT414 

858'''1 41" 
TI TMS4164·10 1171·14 HD42022 ~411 4211 National MM4211 11~~ I Ferranti ZN414 851-54 TMS4164-15 1171·15 4203 Burr·Brown 4203 .921 4212 Exar XR4212 853-80 

• 172·12 TMS4164-20 1171-17 917·109 XR4212C 896-13 

NEC Micro IlPD414 1170-22 417 Amperex AFT417 858·15 42035 917·110 XR4212M 853-81 

J.lPD414·E 1170-48 I NEC Micro I!PB417 .1629 Nationa! MM42030 1162-98 I 895.221 

I!PD414-1 1169·109 1166·75 1163·70 4213 Burr·Brown 4213 • 921 
I1PD414·2 1169·71 I-lPB417C .1629 42030 Hitachi HC42030 861·71 917·116 

Plessey SL414 852·2 I1PB417D .1629 4204 Burr-Brown 4204 • 921 42135 .921 

Siliconix DF414 409-68 4174 SSS SCL4174B 409·147 917·111 917·117 

602·59 4175 NEC America I1PD41758 409·114 4204S • 921 National MM4213 1183·75 

Toshiba TMM414 1169·96 4180 Telefunken TDA4180 839·69 917·112 1184·2 

TMM414·1 1170·5 419 Amperex AFT419 858-16 National MM4204 • 194·19 4214 IkIT-8rown 4214 .921 
415 Amperex AFT415 858·14 4192 SSS SCL41928 407·25 MM42040 1164-114 917-118 

Micro Net MN415 595·41 SCL4192BE 407·26 4205 Burr-Brown 4205 .921 4214M .921 
MN415H 595·42 4193 SSS SCL41938 406·93 917·113 917-119 

Plessey SL415 852-89 SCL4193BE 406·94 42055 .921 Nattonal MM4214 1184-60 

Toshiba TMM415·3 1169·75 4194 Exar XR4194M 914·14 917·114 4215 Mostek MK4215 .'170·117 
TMM415·4 1169·112 XR4194MK 914·17 42050 Micropac 42050 • 187·10 4216 Alii S4216B .1209 

4151 Exar XR4151 919A·13 NEC America /lPD41948 415·88 42050-055 904·15 S42168-1 .12Ot 

• 185·5 1190·4 42050·109 905·72 1185·93 
XR4151C 916·75 Raytheon RC4194D 914-10 42050-128 906·34 S42168-2 .12Ot 

XR4151M 916-76 RC4194TK 914·12 42050-148 906-46 1185·98 

919A·14 RM4194D 914·15 42050-158 907-6 S42160-1 1185·94 
Fairchild J.lM151 916·77 RM4194TK 914·18 42050·168 907-6 542160-2 1185·99 

919A·15 SiliconG SG4194CJ 914-11 42050-188 907-62 4220 National MM4220 1157-47 

Raytheon RC4151 .1094 SG4194CR 914·13 42050-208 907-61 1183·19 

916-88 SG4194MJ 914·16 42050-224 907-86 1183-46 

919A·27 SG4194MR 914·19 42050-244 908·28 MM4220AE 1158·5 

• 179-14 4195 Exar XR4195 911-34 42.050-264 908·30 MM4220AP 1158·26 

• 179·16 Raytheon • RC4195 911-40 I 42050-284 908·33 MM4220BL 1158-34 
RM4151 916-89 , 188·16 42050-304 908-35 MM4220EK 1158-3 

919A-28 RM4195 911-41 42050-324 908-40 1158·30 

• 179·14 , 188·1,6 42050-344 908-44 MM4220LR 1158·1 

• 179·16 42 1III'r-Brown VFC42 
• 658 

42050·364 908-48 1158·28 
RV4151 916·90 916·70 42050·510 904·17 Sanyo LA4220 852·18 

919A·29 919A·8 42050-810 904·77 4221 National MM4221 1183-21 

• 179-16 VFC42M • 658 42050·710 904·85 1183-50 
4152 Raytheon RC4152 .1011 916·71 42050-810 905·28 MM4221RO 1158-191 

916·91 919A-9 42051 MlCropac 42051 911·21 MM4221RR 1158-7 I 

919A·30 Hitachi HCMS42 1751·114 • 187·10 4229 National MM4229 11~"'1 RM4152 916·92 HMCS42 1729-1 42051-055 908-103 423 Ferranti ZN423 918·39 
919A·31 NEC Micro I!COM-42 .2051 42051·065 909-47 NEC America p.PC423 857-182 

RV4152 916·93 1751-11 42051-075 909-48 4230 National MM4230 1183.73 1 
919A·32 1740·4 42051·085 909·76 1183-106 

4153 Raytheon RC4153 .1098 EVACHIP-42 .~~ I 42051-095 909-87 MM423OBO 1158.56 1 
916-94 Teledyne C CAG42 567 ·106 42051·105 909·91 MM4230F~ 1158·53 , 

919A-33 420 Nationlt COP420 .2044 42051·124 910·11 1158-76 1 
RM4153 916-95 1751·35 ' 42051·144 910·12 MM4230JT 1158-31 , 

919A-34 1738-3 , 42051-154 910·59 1158-47 
4156 Raytheon RC4156 .1110 COP42OC .2040 I 42051-164 910·60 MM4230KP 1158·22 

895·5 1751 -36 i 42051-184 910·86 MM42300W 1158-63 
RM4156 894-20 1738·3 42051·204 910·93 MM42300X 1158-41 
RV4156 895-6 COP420L .2038 42051·223 910·94 MM42300Y 1158-11 

416 Micro Net MN416 595-47 1751·37 42051·243 910·121 Sanyo LA4230 852·100 
MN416H 596-2 1738·3 42051·263 910·122 4231 Nabonal MM4231 

1183·n I NEC IIIcro 1-lPD416 .1562 Signetics TCA420 855·73 42051·283 911·2 1184-4 
1171·8 4200 EMM/Semi M4200UM 1181·66 42051·303 911·3 MM4231 BUS 1158·15 

1-lPD416-1 .1562 M4200US 11~1·4A 42051·323 911-8 1158·58 
1170·121 4200 • 195·3 42051·343 911·12 MM4231RP 1158-42 

I1PD41 6-2 .1562 • 195-4 42051·363 911·16 4232 National MM4232 1184-62 
1170·101 • 195·5 42055 Micropac 42055·1020 905·73 1184-83 

I1PD416-3 .1562 4200A 1181-42 42055-1216 906·35 4233 National MM4233 1184-64 

1170·82 42008 1181·14 42055·1416 906·47 4235 National MM4235 1186·108 

I!PD416-5 .1562 4200UM 1181·67 42055·1516 907·7 4236 Sprague ULN-4236A 895-2 
1170·71 4200US 1181-43 42055·1612 907-9 424 Ferranti ZN424 839-71 

I1P[).416C ... 1562 Mostek MK4200 • 196-5 42055·2010 907·82 883-28 

1LP0416C-l .1562 MK4200·11 1170·45 42055-2210 907-87 • 164-11 
IlPD416C-2 .1562 MK4200-16 1170-19 42055-2410 908·29 Fujitsu MB424 458·125 

~PD416C-3 .1562 Raytheon RC4200 .1102 42055-2608 908·31 1758·153 

11P0416C-5 .1562 917·120 42055·2808 908·34 Plessey SL424 852-3 

11 Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 
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4240 National MM4240 1157-39 429 Intersil DG429A 572-11 432 Ferranti ZN432C-9 580-10 4363 Motorola MC4363 458-50 
1184-11 4290 Siemens TDA4290 851-147 Plessey SL432 860-42 TI TP4363A 406-46 

, 193-10 4291 Burr·Brown 4291 • 921 Sprague UHC I 0-432 436-75 4368 Mitel MD4368B 601-29 
4241 National M~4241 1157-41 916-43 622-1 MD4368BE 601-30 

1183'-87 43 Hitachi HMCS43 1751-115 UHP-432 436-79 Motorola MC4368 455-85 
11 193-10 1729-2 622-5 624-158 

4242 National MM4242 1185-57 HMCS43C 1751-116 4320 Mitel MT4320 900-97 437 Plessey SL437 851-92 
4243 National MM4243 1184-6 1729-2 TI TP4320A 414-100 860-43 
4244 AMD 4244-15 1181-3 NEC Micro IlCOM-43 .2059 4321 Mitel MT4321 900-98 860-176, 

4244-20 1181-19 1751-13 Motorola MC4321 427 -107 Sanyo STK437 852-200 
4244-25 1181-47 1741-1 TI TP4321A 414-96 4370 TI TP4370A 409-148 
4244-30 1181-69 EVACHIP-43 .2065 4322 Mitel MT4322 900-99 4376 TI TP4376A 413-31 
4244-45 1181-106 430 Signetics TL430 912-16 Motorola MC4322 427-108 4377 TI TP4377A 413-56 

National MM4244 1184-66 TI TL430 912-17 4324 Motorola MC4324 452-195 43802 Hitachi HC43802 861-73 
4245 Mitel MD4245A 617 -62 918-175 899-110 43803 ,Hitachi HC43803 861-74 

MD4245AE 618-2 11 189-2 11 161-15 43850 Hitachi HC43850 861-50 
425 FerranU ZN425 11 177-3 4300 EMM/Semi 4300A .1230 11 185-11 43870 Hitachi HD43870 854-13~ 

ZN425E 579-47 1180-112 4325 Mitel MT4325 900-100 43890 Hitachi HD43890 854-14C 
589-29 Motorola MC4300 450-142 433 Intersil DG433A 567-95 439 Intersil DG439A 572-87 

ZN425J 579-48 624-129 Sanyo STK433 852-192 Sanyo STK439 852-201 
589-30 4301 Burr-Brown 4301 .921 Sprague UHC/D-433 436-76 44 Hitachi HMCS44 1751-117 

Fujitsu MB425 1759-62 917-127 622-2 1729-3 
1759-151 11 164-15 UHP-433 436-80 NEC Micro p.COM-44 .2059 
1760-77 Mitel MD4301 857-69 622-6 1751-17 

NEC Micro IlPB425 .1621 902-41 4330 Mitel MD4330B 409-56 1741-2 
1164-39 MD4301A 417-118 416-28 440 Intersil DG440A 571-'113 

IlPB425-E .1621 915-35 602-65 NatIonal COP440 .2044 
1164-92 MD4301B 915-36 1192-66 1751-41 

j.lPB425D .1621 TI TP4301A1UB 412-123 MD4330BE 409-57 TBA440 860-165 
I1PB425D-E .1621 4302 Burr-Brown 4302 • 921 416-29 Plessey SL440 656-86 

Plessey SL425 652-90 917-128 602-66 917-55 
4250 Intersil 4250 866-8 Mitel MD4302 857 -70 1192-67 919-84 

866-74 902-42 43300 Hitachi HD43300 653-133 , 186-7 
876-20 MD4302A 417-119 4331 Mitel MD4331B 409-58 TBA440 860-179 

4250C 866-9. 915-37 416-30 TDA440 860-181 
866-75 MD4302AE 916-51 602-68 SGS TDA440 860-199 
879-10 TI TP4302A 411-63 MD4331BE 409-59 Siemens TCA440 851-44 

National LM4250 866-15 4303 Mitel MD4303 857-71 416-31 Signetics TBA440 860-191 
866-81 902-43 602-69 TCA440 851-47 
876-21 MD4303A 417-120 Siemens i884331 897-27 TelefunKen TDA440 640-172 

11 166-6 915-36 43311 Hitachi HD43311 853-134 860-200 
LM4250C 866-16 TI TP4303A 411-65 4332 Mitel MD4332B 409-61 TI TL440C 919A-71 

866-82 43032 Hitachi HC43032 861-72 416-33 4400 Telefooken TDA4400 860-201 
879-11 4304 Mitel MD4304 857-72 MD4332BE 409-62 4401 Sprague UCN-4401 622-54 

MM4250 1174-45 902-44 416-34 44010 Hitachi HD44010 854-83 
Sanyo LA4250 852-101 MD4304A 417-121 Mostek MK4332D-3 1171-12 4402 EMMISemi 4402A 1181-13 
SiliconG SG4250 866-26 915-39 43330 Hitachi HD43330 853-136 4402B 1180-107 

866-93 MD4304AE 916-52 43335 Hitachi HD43335 853-137 SSS SCL4402A 11 153-19 
876-22 Motorqla MC4304 448-164 43337 Hitachi HD43337 853-138 -SCL4402B 412-2 

SG4250C 866-27 1171-97 4334 Hitachi HM4334 414-20 412-56 
866-94 TI TP4304A 417-86 1179-96 412-134 
879-12 4305 Motorola MC4305 448-165 4335 Siemens TBE4335 897-28 SCL44028E 412-3 

So~tron UC4250 866-28 1171-98 4336 Sprague ULN-4336A 895-11 412-57 
876-23 4306 Motorola MC4306 435-64 434 Intersil DG434A 568-9 412-136 

UC4250C 866-29 4307 Motorola MC4307 434-94 4340 Burr-Brown 4340 .921 4404 SSS SCL4,404A , 153-18 
879.13 4306 Intel 4308 1756-108 919-10 SCL4404B 405-14(1 

4252 National MM4252 1183-79 MotorOla MC4308 456-188 4341 Burr·Brown 4341 .921 SCL4404BE 405-141 
4256 EMM/Semi RA3-4256B 1176-60 431 TI TL431 .1140 919-11 441 Intersil DG441A 567 -73 

GI RA3-4256 1176-8 912-67 4344 Motorola MC4344 457-95 Sanyo STK441 852-202 
RA3-4256A 1176-46 4310 Motorola MC4310 456-193 898-41 TI TL441C 839-138 
RA3-4256B 1176-41 4311 Mitel MD4311B· 409-1 11 161-15 TL441M 839-139 

IPI IPL4256 916-132 601-36 11 185-11 4410 Telefunken TDA441 0 860-202 
426 Fujitsu MB426 1759·63 MD4311BE 409-2 435 Datel AM-435-1C .689 4412 SSS SCL4412A 11 153-19 

1759-152 601-37 839-106 SCL4412B 410-80 
1760-78 TI TP4311A 410-192 887-49 410-123 

Intersil DG426A 572-34 43115 Hitachi HD43115 854-138 AM-435-1M .689 SCl4412BE 410-81 
NEC Micro IlPB426 .1625 4312 Motorola MC4312 453-66 839-109 410-124 

1165-51 1189-56 886-51 4416 SSS SCL4416B 568-114 

IlPB426-E .1625 4315 Hitachi HM4315 414-26 AM-435-2C 877-42 SCL44168E 568-115 
1165-77 1181-102 AM-435-2M 877-43 442 Intersil DG442A 572-93 

IlPB426D .1625 TI TP4315A 405-45 Plessey TBA435 905-33 Plessey SL442 914-38 
I1PB426D-E .1625 4316 Intel 4316A 1756-110 Sanyo STK435 852-193 917-184 

4262 National MM4262 , 196-17 Motorola MC4316 433-113 4350 Motorola MC4350 433-136 4420 Sanyo LA4420 852-102 
4264 AMI 84264 .1212 11 185-11 435101 Hitachi HM435101 413-169 Telefunken TDA4420 860-203 

1186-101 TI TP4316A 568-100 1176-13 4421 Telefunken TDA4421 860-204 
4265 Intel 4265 1756-80 4317 Motorola MC4317 433-115 HM435101-1 1175-81 4423 Burr-Brown 4423 • 921 
4269 Intel 4269 1756-82 4318 Motorola MC4318 433-108 HM435101V 1176-14 917-136 
427 NEC Micro j.lPB427 1166-59 4319 Motorola MC4319 433-110 4352 Motorola MC4352 432-104 4426 SSS SCL4426B 407-61 
4270 National MM4270 1170-6 432 Ferranti ZN432-10 580-16 4353 Motorola MC4353 430-10 SCL44268E 407-62 
42716 Hitachi HN42716 1167-105 ZN432-8 579-12 4354 Motorola MC4354 ' 433-55 4428 SSS SCL4428B 406-16C 
4260 National MM4280 1170-9 ZN432-9 580-6 4355 Motorola MC4355 431-65 SCL4428BE 408-161 
42651 Hitachi HD42851 854-53 ZN432B-l0 580-17 4356 Motorola MC4356 425-93 443 Intersil DG443A 570-8 
42653 Hitachi HD42853 854-54 ZN432B-8 579-13 4357 National MM4357 579-44 Plessey SL443 919A-51 
42854 Hitachi HD42854 854-62 ZN432B-9 580-9 4360 TI TP4360A 406-139 4430 Sanyo LA4430 852-19 
42655 Hitachi HD42855 654-63 ZN432C-l0 560-18 4361 TI TP4361 A 406-30 Telefunken TDA4430 661-2 
4289 Intel 4289 1756-84 ZN432C-8 579-14 4362 TI TP4362A 406-155 4433 SSS SCL4433B 407-74 

Arranged alphanumerically from left to right. 
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----------------------
4433 SSS SCL4433BE 
4436 Sprague ULN-4436A 
444 IntefSil DG444A 

National COP444L 

NEe Micro p.PD444 

p.PD444C 
4441 SSS SCL4441UB 

SCL4441UBE 
4444 Raytheon RC4444 

RM4444 

4445 SSS SCL4445B 
SCL44459E 

4446 SSS SCL4446B 

SCL4446BE 
4449 SSS SCL4449UB 

SCL4449UBE 
445 Dionics DI445 

IntefSil DG445A 
NEe Micro p.PD445 

p.PD445l 

11PD445L-1 

p.PD445LC 
I1PD445LC-1 

Pleuey SL445A 

446 Dionics 01446 
Intel'S!l DG446A 
Plessey Sl446 
SSS SCL446BE 

447 PleSsey SL447 
448 Plessey SL448 
4481 Nortec 4481 
449 Plessey SL449 
45 Hitachi HMCS45 

NEe Micro p.COM-45 

Teledyne G CAG45A 
450 Cherry CS450 

MCC450 
Gybemelic CY-450 

Date! AII-45O-2 

AII-45CJ.211 

IMI MM450 

Intersil . MM450 
National MM450 

Siemens TBA450 
Signetics TCA450 

4500 National ADB4500 

4501 NEC America p.PD4501 B 
Silicon G SG4501 

4502 EMM/Semi 4502 
~itel SIL4502B 

SIL4502BE 
OKI MSM4502 
RCA CD4502B 

CD4502BE 
SSS SCL4502B 

SCL45028F 
4503 Hitachi HM4503 

HM4503-1 
National CD4503BC 

CD4503BM 
NEC Ameflca p.PD4503B 
Toshiba TM4503 

4504 National MM4504 
4507 Hitachi HM4507 

National CD4507BC 

60 

407-75 4507 
895-3 
569-100 4508 

.2OoM 
1751-42 
1738-4 

.1580 
414-21 

1179-23 
.1580 

404-105 
404-106 
576-82 451 
901-172 
576-83 
901-173 

415-
22

1 415-23 
416-126 
898-68 
416-1271 4510 
405-40 
405-41 
622-20 
572-78 

.1581 

.1581 
414-22 

1179-98 
.1581 

1180-29 
.1581 
.1581 
.1087 
919A-43 4511 

622-22 
569-84 

919A-52 
898-69 

919A-53 
919A-54 
1157-4 
919A-55 
1751-118 
1729-3 

.2069 
~751 -21 
1741-3 
567-107 
916-175 
917-21 
460-9 

1763-72 
.687 

884-55 
.687 

884-56 
417-139 
460-60 
574-78 
574-80 

• 189-12 
855-151 
916-105 
462-124 4512 
584-72 
412-143 
911-44 
914-6 

1180-77 
405-55 
405-56 
405-59 
405-60 
405-61 
405-62 
405-63 

1170-55 
1170-30 4514 
404-162 
404-163 
404-168 
856-92 
574-65 

1170-31 
411-82 

• National CD4507BM 
Tl TP4507 AlB 
Mitel SlL4508B 

SIL4508BE 
NEG America p.P04508B 
OKI MSM4508 
RCA CD4508B 

Solitron 
SSS 

CD4508BE 
CM4508 
SCL4508B 
SCL4508BE 

Toshiba TC4508B 
Hughes 
Intersil 

National 

451 
DG451 A 
MM451 
MM451 

NEG A'merica p.PC451 
Plessey SL451 
Fairchild F4510BC 

F45iOBM 
Mite! SIL4510B 

SIL4510BG 
National ADB4510 

CD4510BC 
CD4510BM 

NEG America IlPD4510B 
OKI MSM4510 
RCA C04510B 

CD4510BE 
SSS SCL4510B 

SGL4510BE 
Toshiba TC4510B 
Fairchild F4511BC 

F4511BM 

Mitel SIL4511B 

SIl4511BE 

National CD4511BC 

CD4511BM 

NEe .o\me!ica I1PD4511 B 
OKI MSM4511 

RCA CD4511B 

CD4511BE 

SoIitron CM4511B 

CM4511BE 

SSS SCL4511B 

SCL4511BE 

TI TP4511B 

Toshiba TC4511B 
FatfchHd F4512BC 

F4512BM 
Mitel SIL4512B 

SIL4512BE 
National CD4512BC 

CD4512DM 
NEG America IlPD4512B 
OKI MSM4512 
RCA CD4512B 

CD4512BE 
SSS SCL4512B 

SCL4512BE 
TI TP4512A1B 
Toshiba TC4512B 
Fairchild F4514BC 

F4514BM 
Mite! SIL4514B 

SIL4514BE 
National CD4514BC 

CD4514BM 
NEC Amenca p.PD4514B 
OKI MSM4514 

411-83 
411-105 
413-59 
413-60 
413-63 
413-64 
413-65 
413-66 
413-70 
413-67 
413-69 
413-71 
854-141 
567-76 
574-34 
574-36 

• 189-11 1 
• 189-12 

896-52 
859-90 
407-3 I 
407-4 I 

407-6 
407-7 
584-73 
407-12 
407-13 
407-16 
407-17 
407-23 
407-24 
407-27 
407-28 
407-29 
408-167 
601-198 
408-168 
601-199 
408·176 
601-201 
408-177 
601-202 
408-178 
602-6 
408-179 
602-7 
408-180 
408-182 
602-9 
408-183 
602·10 
408-184 
602-11 
408-187 
602-14 
408-188 
602-15 
408-185 
602-12 
408-186 
602-13 
408-189 
602·16 
408-190 
414-75 
414-76 
414-78 
414-79 
414-82 
414-83 
414-84 
414-85 
414-86 
414-87 
414-88 
414-89 
414·90 
414-91 
408-95 
408-96 
408-98 
408-97 
408-101 
408-102 
408-103 
408-104 

4514 RCA CD4514B 
C04514BE 

Solitron CM4514B 
CM4514BE 

SSS SCL4514B 
SCL4514BE 

Toshiba TC4514B 
4515 Fairttrild F4515BC 

F4515BM 
Mitel SIL4515B 

SIL4515BE 
National C04515BC 

CD4515BM 
NEG America p.PD4515B 
OKI MSM4515 
RCA C04515B 

Cu .. 5i56E 
Solitron CM4515B 

CM4515BE 
SSS SCL4515B 

SCL4515BE 
Tosh~ba TC45158 

4516 Fairchild F4516BC 
F4516BM 

Mitel SIL4516B 
SIL4516BE 

National CD4516BC 
CD4516BM 

NEC Amenca p.PD45 i 6B 
OKI MSM4516 
RCA CD4516B 

CD4516BE 
SSS SCL4516B 

SCL4516BE 
Toshiba TC4516B 

4517 NEG America p.PD4517B 

SSS SCL4517 
SCl4517B 

4518 Fatfchild F4518BC 
F4518BM 

Mite! SIL4518B 
SIL4518BE 

National CD4518BC 
CD4518BM 

NEG Amenca p.PD4518B 
OKI MSM4518 
RCA CD4518 

CD4518B 
CD4518BE 

Solitron CM4518B 
CM451,8BE 

SSS SCl4518B 
SCL4518BE 

TI iP4518A/B 
Toshiba TC4518B 

4519 FairchHd F4519BC 

F4519BM 

National CD4519BC 

CD4519BM 

NEG America p.PD4519B 
TI TP4519A/B 

452 Datel AM-452-2 

AM-452-2M 

Intersil 06452 
MM452 

National MM452 
Si!iconix Si452A 

4520 Fairchild F4520BC 
F4520BM 

Mitel SIL4520B 
SIL4520BE 

National CD4520BC 
CD4520BM 

NEG America p.PD4520B 

11 Indicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted . 

408-105 
408-106 
408-109 
408-110 
408-107 
408-108 
408-111 
408-113 
408-114 
408-116 
408-117 
408-120 
408·121 
408-122 
408-123 
408-124 

-+;jS-i2;J1 
408-128 
408-129 
408-126 
408-127

1 408-130 
406-72 
406-73 
406-75 
406-76 
406-81 
406-82 
406-85 
406-86 
406-91 
406-92 
406-95 
406-96 
406-97 
416-56 

1192-95 
1192-96 
416-57 
406-158 
406-159 
406-160 
406-161 
406-164 
406-165 
406-166 
406-167 

• 155-12 
406-168 
406-169 
406·172 
406-173 
406-170 
406-171 
406-174 
406-175 
411-9 
411·110 
414-54 
411-10 
411-111 
414-55 
411-17 
411-117 
414-59 
411-18 
411-118 
414-60 
414-63 
411-31 
414-65 

• 687 
886-14 

.687 
886-15 
568-15 
574-25 
574-27 
574-29 
406-49 
406-50 
406·52 
406-53 
406-56 
406-57 
406-58 

• Indicates entire Application Note is provided on the page noted, 

Base 
Number 

4520 

4521 
4522 

4526 

4527 

4528 

4529 

453 

4530 
4531 

4532 

4538 

4539 

454 

Source Device 

OKI MSM4520 
RCA CD4520B 

CD4520BE 
Solitron CM4520B 

CM4520BE 
SSS SCL4520B 

SCL4520BE 
n TP4520A 
Toshiba TC4520B 
Toshiba TC4521B 
Fairchild F4522BC 

F4522BM 
National CD4522BC 

CD4522BM 
NEG America p.PD4522B 
"''''' SC!"~522~ 

SCL4522BE 
TI TP4522A 
Fairchild F4526BC 

F4526BM 
Nationai CD4526BC 

CD4526BM 
NEG America p.PD4526B 
SSS SCL4526B 

SCL45268E 
TI TP4526A 
National CD4527BC 

CD4527BM 
RCA CD4527 

CD4527B 
CD4527BE 

SSS SCL4527B 
SCL4527BE 

Toshiba TC4527B 
Fairchild F4528BC 

F4528BM 
Mitel SIL4528B 

SIL4528BE 
National CD4528BC 

CD4528BM 
NEG AmerICa p.PD4528B 
SSS SCL4528 

SCL4528B 
SCL4528BE 

Toshiba TC4528B 
National CD4529BC 

CD4529BM 

InlerSiI DG453A 
National MM453 
NEG America p.PD453OB 
Fairchild F4531BC 

F4531BM 
Raytheon RC4531 

RM4531 
SSS SCL4531B 
n TP4531B 
Toshiba TC4531B 
AMI 84532 

Fairchild F4532BC 
F4532BM 

NEC America p.PD4532B 
OKI MSM4532 
RCA CD4532B 

CD4532BE 
SSS SCL4532B 

SCL4532BE 
Tpshiba TC4532B 
OKI MSM4538 
SSS SCL4538B 

SCL4538BE 
Faircr~1d F4539BC 

F4539BM 
NEG America IlPD4539B 
OKI MSM4539 
Toshiba TC45398 
\nIersiI DG454A 
National' MM454 

NEG Micro p.PD454 

406-59 
406·60 ! 

• 153-3 
406-61 
406-64 
406-65 

400-62\ 
406-63 

406-66 I 
406-68 I 
415-33 I 

407-34 1 
407-35 

407-38 1 
407 -39 

407-40 I 
4n7 -41 

407 -421 
407-43 

406-
1021' 

406-103 
I 406-106\ 

--'OJ 406-108 
406-109 
406-11 
406-111 
416-165 

416-164 
'151-9 ! 

416-'1 416-17 
416-171 
416-172 
416-173 
414-127 
414-128 
414-132 
414-133 
414-136 
414-137 
414-138 

• 154-7 
414-141 

.14-
141 414-143 

574-93 
575-54 
574-94 
575-35 
571-116 

• 189-11 
412-151 
417-51 
417-52 

_ .883-29 
881-27 
417-56 
417-57 
417-53 

.1219 
1168-21 
416-142 
416-143 
416·147 
416-148 
416-149 
416-150 
416-151 
416-152 
416-153 
414-123 
414-124 
414-125 
414-67 
414-68 
414-71 
414-72 
414-73 
572-40 
575-24 

• 189,11 
• 189-12 

1159-31 
1162-86 
1761-92 
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4543 National CD4543BC 409-10 459 Ferranti lN459T 852-206 46847 Hitachi HD46847 1763A-9 4720 Fairchild F4720AC 413-127 
CD4543BM 409-11 Raytheon RC459 *1104 46850 Hitachi HD46850 625-7 1174-38 

SSS SCL4543A 602-46 4592 GI AY3-4592 605-36 1758-94 F4720AM • 413-128 
SCL4543B 409-13 46 NEG Micro fLCOM-46 1751-25 46852 Hitachi HD46852 1758-73 F4720C 413-125 

Toshiba TC4543B 409-14 460 Cherry CS460 854-32 46854 Hitachi HD46854 1758-110 1174-36 
455 Intersit MM455 573-64 Oatel AM-460-2 * 687 470 Datel AM-470-2G 879-42 1752-29 

National MM455 573-66 879-20 AM-470-2M 876-31 F4720M 413-126 
Siliconix Si455A 573-68 AM-460-2M * 687 879-43 1174-37 

4551 Teledyne P 4551 576-21 879-21 4700 EA EA4700 11 197-10 1752-30 
4552 Teledyne P 4552 576-63 Fairchild CCD460 1188-9 SGS HBC4700 414-167 4721 Fairchild F4721BC 413-163 
4553 Fairchild F4553BC 407-101 Siemens TBA460 851-71 HBF4700 414-168 F4721BM 413-164 

F4553BM 407-102 4600 EA EA4600 11 197-9 TI TMS4700 1185-49 472114 Hitachi HM472114-3, 1179-52 
4555 Fairchild F4555BC 408-132 Synertek SY4600 1186-46 4701 Hitachi j!.j4701B 1171-27 HM472114-4 1179-113 

F4555BM 408-133 1186-64 1193-85 HM47211<1A-l 1178-90 
NEG America fLPD4555B 408-137 4602 Harris HA-4602 * 998 4702 AMD 4702 1756-93 HM472114A-2 1178-108 
OKI MSM4555 408-138 HA-4602-2 * 998 4702A 1162-112 4723 Fairchild F4723BC 413-73 
RCA CD4555B 408-139 *1000 Fairchild F4702BC 416-177 F4723BM 413-74 

CD4555BE 408-140 894-5 626-25 National CD4723BC 413-75 
SSS SCL4555B 408-141 HA-4602-5 * 998 1752-15 CD4723BM 413-76 
Toshiba TC4555B 408-142 4605 Harris HA-4605 * 998 F4702BM 416-178 4724 Fairchild F4724BC 412-15€ 

4556 Fairchild F4556BC 408-144 HA-4605-5 *1000 626-26 F4724BM 412-157 
F4556BM 408-145 894-24 1752-16 National CD4724BC 412-162 

NEC America fLPD4556B 408-148 461 Cher.ry CS461 854-33 Harris H04702-2 *1926 CD4724BM 412-163 
OKI MSM4556 408-149 Intersit DG461 A 569-86 416-179 4725 Fairchild F4725BC 413-114 
RCA CD4556B 408-150 462 Cherry CS462 854-34 626-27 1752-26 

CD4556BE 408-151 Datel AM-462-1 * 687 1752-17 F4725BM 413-115 
SSS S9L4556B 408-152 879-26 H04702-9 *1926 1752-27 

SGL4556BE 408-153 AM-462-1M 879-27 416-18<1 4726 Fairchild F4726BC 1752-32 
Toshiba TC4556B 408-154 AM-462-2 * 687 626-28 ,F4726BM 1752-33 

4557 Fairchild F4557BC 416-72 879-28 1752-18 4727 Fairchild F4727 856-153 
1192-90 AM-462·2M * 687 H04702A·2 *1926 SGS HBF4727 856-158 

F4557BM 416-73 879-29 1752-19 4731 Fairchild F4731BC 416-69 
1192-86 Intersjl DG462A 570-14 H04702A·9 *'926 1192-100 

4558 Exar XR4558 892-29 462708 Hitachi HN462708 1166-101 1752-20 F4731BM 416-70 
11 162-5 463 Cherry CS463 854-35 Intel 4702A 1162-113 1192-101 

Fairchild fLA4558 892-30 Intarsil DG463A 572-81 1756-94 4732 SMC ROM4732 1186-90 
Motorola MC4558 691-24 ' 464 Cherry CS464 854-36 National INS4702 1756-95 TI TMS4732 1186-92 

MC4558A 891-25 Date! AM-464-2 * 687 MM4702A 1162-114 1761-151 
MC4558C 892-25 665-10 4703 Fairchild F4703BC 413-83 4734 Fairchild F4734BC 408-169 
MC4558N 891-26 882-23 1752-8 601-22 
MC4558NC 892-26 AM-464-2M * 687 F4703BM 413-84 F4734BM 408-170 

NEC America fLPC4558 892,-31 865-11 1752-9 601-23 
Raytheon RC4558 892-32 882-24 4704 Fairchild F4704BC 404-96 4735 Fairchild F4735BC 414-30 

RM4558 891-22 Fairchild F464 *'276 1751-180 1752-35 
TI RC4558 892-33 1171-33 F4704BM 404-97 F4735BM 414-31 

RM4558 891-23 1188-10 1751-181 1752'-36 
4559 Raytheon RC4559 *"04 F464-2 *1276 Hitachi HM4704L-2 1169-48 4736 Fairchild F4736BC 413-191 

892-27 1171-88 HM4704L-3 1169-64 F4736BM 413-192 
RM4559 891-27 F464-2DC *1276 HM4704L-4 1169-98 4737 SGS HBF4737 856-159 
RV4559 892-28 F464-3 *1276 HM4704L-6 1170-41 4738 Signetics HEF4738 1758-124 

456 Plessey SL456 860-177 1171-89 4705 Fairchild F4705BC 404-99 1763-145 
4560 NEC America fLPD4560B 404-88 F464-30C *'276 ·1751 -176 4739 Exar XR4739 853-40 

Toshiba TC4560B 404-89 F464-4 *1276 F4705BM 404-100 892-34 
4561 NEC America I1PD4561 B 404-93 1171-90 1751-177 XR4739M 853-41 

Toshiba TC4561B 404-94 F464-4DC *1276 4706 Fairchild F4706BC 413-86 Raytheon RC4739 892-35 
4568 Mitel MD4568B 409-3 Intersil DG464A 572-99 1752-11 4741 Exar XR4741C 895-7 

MD4568BE 409-4 NEG Micro I1PD464 1183-72 F4706BM 413-87 Harris HA-4741·2 *'002 
457 Plessey SL457 860-178 46502 Hitachi HD46502 1758-23 1752-12 894-22 
458 Ferranti lN458 918-42 1763-121 4707 Fairchild F4707BC 404-102 HA-4741-5 *'002 

NEG Micro I1PD458 1159-46 46503 Hitachi HD46503 1758-43 1752-1 895-8 
1166-91 1763-108 F4707BM 404-103 Motorola MC4741 695-23 

4581 SSS SCL4581B 404"56 46504 Hitachi HD46504 1758-36 1752-2 MC4741C 896-25 
SGL4581BE 404-57 46505 Hitachi HD46505 1758-24 4706 Analogic MN4708 575-75 Raytheon HA4741-2 894-23 

TI TP4581A 404-58 1763-95 MN4708D 576-19 HA4741-5 895-9 
4582 Fairchild F4582BC 404-60 46532 Hitachi HN46532-3 1186-94 Fairchild F4708C 1752-4 4761 Siemens TAA4761 864-4 

F4582BM 404-61 468AOO Hitachi HD468AOO 1757-138 F4708M 1752-5 896-26 
SSS SCL4582B 404-66 468Al0 Hitachi HM468Al0 1173-59 471 Fujitsu MB471 1760-193 4765 Siemens TAA4765 864-5 
TI TP4582A 404-67 1756-173 1762-24 896-27 

4583 Fairchild F4583BC 417-59 468A21 Hitachi HD468A21 1758-145 4710 Fairchild F4710BC 413-122 477 Signetics CG477 855-18€ 
F4583BM 417-60 468A50. Hitachi HD468A50 1758-95 1172-119 4789 National MM4789 856-22 

OKI MSM4583 417-65 46800 Hitachi HD46800 1757-137 1752-23 48 Teledyne C CAG48A 569-11 
Toshiba TC4583B 417-66 1728-4 F4710BM 413-123 480 Cherry CS480 854-37 

4584 National CD4584BC 417-75 46802 Hitachi HD46802 1757-155 1173-2 Cybernetic CY-480 622-178 
CD4584BM 417-76 1728-4 1752-24 1763-125 

NEC America fLPD4584B 417-81 Mitel MD46802 1733-1 Hitachi HM4710 1169-39 Sprague UHP-480 602-137 
OKI MSM4584 417-82 MD46802A 1757-158 TI TMS4710 1157-37 4800 1Iurt-Brown 4800 * 659 
SSS SCL4584B 417-85 MD46802AE 1757-159 4711 Hitachi HM4711-1 1169-44 4801 Burt-8rown 4801 * 659 

4585 OKI MSM4585 404-18 46810 Hitachi HM4681 0 1173-63 HM4711-2 1169-57 EMM/Semi 4801A 1181-109 
SSS SCL4585B 404-81 1758-172 HM4711-3 1169-84 4801B 1181-97 

SGL4585BE 404-82 46821 Hitachi HD46821 1758-144 4716 AMI S4716 *'220 4801U 1182-2 
Toshiba TC4585B 404-84 46830 Hitachi HD46830 1758-197 1167-91 Mostek MK4801-55 1180-33 

459 Ferranti lN459 840-15 HN46830 1185-53 Analoglc MN4716 576-57 MK4801-70 1180-34 
lN459C 840-16 46840 Hitachi HD46840 1758-58 Hitachi HM4716A-2 1170-75 MK4801-90 1180-36 

852-204 46846 Hitachi HD46846 1758-183 HM4716A-3 1170-92 Sprague UCN-4801 622-176 
lN459CP 840-17 Mitel MD46846A 1758-189 HM4716A-4 1170-111 4804 Burr-8rown 4804 * 659 

852-205 MD46846AE 1758-190 472 Fujitsu MB472 1757-183 EMMlSemi 4804A 1179-110 

Arranged alphanumerically from left to right. 
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---------------------- ---------------------------- ---------------------------
4804 

481 

4816 

482 

4821 
4822 
4823 
483 
4830 
4831 
484 
4847 

485 

4856 
486 

487 

488 

4881 

489 

49 

490 

4900 

4902 
4905 

491 

49161 
4920 

4925 

494 

62 

EMU/Semi 

Cherry 
Sprague 
Hitachi 
Mostek 

Cherry 
Sprague 
Harris 
HarriS 
Harris 
Cherry 
Harris 
Harris 
Cherry 
Hitachi 

Cherry 
Fujitsu 

4804B 
4804U 
CS481 
UHP-481 
HM4816 
MK4816·1 
MK4816-2 
MK4816-3 
CS482 
UHP-482 
HD04821 
HD04822 
HD04823 
CS483 
HD04830 
HD04831 
CS484 
HM4847 
HM4847·2 
HM4847·3 
CS485 
MB485 

Teledyne P 4856 
Cherry CS486 
Fujitsu MB486 

Cherry CS487 
Fujitsu MB487 

Cherry CS488 
Fujitsu MB488 

Nortec 4881 

Cherry CS489 
TI TL489 

Teiedyn€ C CAG49 

Datel AM-490 

AII-49OoCK 1 
AIoI-49O-2A 

AIoI-49O-2B 

AIoI-49O-2C 

Plessey SL490 
Signelics TCA490 

Sprague UHD-490 
UHP-490 

TI TL490 

EA 

GI 

Harris 

EA4900 
EA4900c 
EA4900L 
MEM4900 

HA-4900 

Teledyne P 4902 
Harris HA-4905 

Sprague UHD-491 
UHP-491 

TI TL491 

Toshiba TC49161B 
Harris HA-492O 

Harris HA-4925 

Motorola TL494C 
TL494M 

TI Tl494 

1179·91 494 
1180·28 
854·38 
602·141 4944 

1170-67 
1169·34 495 
1169·35 
1169·36 
854·39 
602·175 
861·63 
861-64 4950 
861·65 4955 
854·40 4956 
861-66 
861·67 

1~~:~ 1

496 

1180·59 
1180·66 4962 
854·42 I 
428·61 4963 

1757·190 4968 
919·77 
854·43 497 
429·59 

1758·3 
854-44 4978 
428-62 

1758·4 5 
854·45 
429-60 

1758·5 
1157·1 
1157·2 

TI TL494C 

TL494M 
National NSl4944 

Motorola TL495C 
TL495M 

Sprague UHP-495 
TI Tl495 

TL495C 

HarriS HA-4950 
Harris HA·4955 
GI MEM4956 

TI TL496 
Tl496C 

GI MEM4962 

GI MEM4963 
Mitel SIL4968B 

SIL4968BE 
TI TL497 

TL4971 
TL497M 

Mitei SIL4978B 
SIL4978BE 

Beckman 805-V5 
809-V5 
859-V5 
883·5 

LSI Comp RED5/6 

1157·45 
854·46 
603-83 
916·190 
568·118 
568-119 

5G2401 Mi+subisht M5G2401 
5K4116 MiIIubishi M5K4116 

M5I<411&-2 

M5I<411&-3 

.1144 
914-52 
914-53 
916·169 

• 188-8 
914-33 

5L8224 
5L8226 
5L8228 
5L8255 
5L8279 

914·34 5Soo0 
602-119 5SOO3 

.1144 5SOO4 

.1144 5SOO5 
914·54 5S010 
845·7 5S011 
846-7 5S015 
860-110 SS020 

11 172-18 5S022 
11 175 -4 5S030 

:~!;-1871 ~iE! 
857 ·67 5S085 

11 ~:~~:a I ~~~~; 
410·1 5S114 
410·2 SS133 

• 189-3 5S138 
914-55 5S151 
914-56 SS153 
411 ·126 5S 157 
411·127 5S158 
903-47 5S174 
903 ·69 55175 
908-75 5S181 
900-180 SS182 

• 494 5S251 
415-38 SS257 

1159 ·44 5S258 
.1420 5T4044 
.1420 

1170-77 
.1420 

1170-95 
.690 

868-37 
.690 
.690 

865·114 
568-6 

M5I<411&-4 .1420 

• 690 
865-83 
868-4 

.690 
865-81 
868-3 

• &to 
865-96 
868-5 
859·165 
853·72 
892-40 
602·106 
602-107 
603-84 
917-2 

, 197·11 
1186-57 
1186·59 
576-t07 
619-145 

, 180-13 
.1012 

849·8 
916-35 

.1012 
849·57 
602·117 
602·118 
603-88 
917-4 
406-31 

.1014 
849-7 

.1014 
849·48 
914-31 
914-32 

.1144 

5L1702 Mi!stbsti 

5L2101 MitsullislY 

5L2102 Mi!subishi 
512104 Mitsobishi 
512107 Mitsttlishi 
SL2111 Mitsubishi 

512112 Mitsubishi 

512114 IIitIubiIhi 

M5K4116P-2 
M5K4116P-3 
M5I<411614 
lI5K4116S-2 
M5I(41165-3 
M5K4116S-4 
M5L1702A 

MSL2101A 
MSl2101A·2 
MSl2101 A-4 
MSl2102A-4 
M5L2104 
M5l2107 
M5L2111A 
M5l2111A·2 
MSl2111A-4 
M5L2112A 
MSl2112A·2 
M5l2112A-4 
M5L2114l 

MSl2114l·2 

MSL2114l-3 

MSl2114lP 
1I5U114LP-2 
115U114lP-3 

1170-114 
.1420 
.1420 
.1420 
.1420 
.1420 
.1420 

1162-95 
1761-90 
1175-49 
1175-10 
1175-104 
1178-28 
1170·15 
1169-67 
117S -42 
117S-4 
1175-97 
1175-38 
1174·107 
1175-91 

.1438 
1179·122 

.1438 
1178-117 

.1438 

SL2708 Mitsubishl M5L2708 

1179 -60 
.1438 
.1438 
.1438 
.1441 

5L 51 01 Mitslbshi 
5L8080 MitsIbshi 

5L8085 MitstbShi 

5L8212 Mitsublshl 
5L8216 MiIsttlisIli 

1166·105 
MSL27()8.6S .1441 

1167-10 
1167·13 

M5L2708S .1441 
lI5IJ7OIIS.8S .1441 
M5L5101L·l 1175-84 
M5L8080A 1760 ·30 

1733-2 
M5L8085 1761-169 

M5L8212 
M5L8216 

1733-3 
1761-4 

1760·82 

50 

50X50 
500 

SOO-SE 
5000 

5001 

MiIstDshi 
MiIsOOishi 
MitsIbshi 
MitsIbshi 
Mitsubisti 

Mitsubishi 
Mitsubishi 
Mitsubishi 
Mit$Ubishi 
MitsWishi 
MitsWishi 
Mitsubishi 
Mitsubishi 
Mitslbshi 
Mitstbshi 
IAilsliJishi 
Mitsubishi 
Mitsltlishi 
Mitsubishi 
MitsubishI 
MiisuiJIshj 

Mitsubishi 
Mitsubishi 
MitsObishi 
Mitsubishi 
Mitsubishi 
MilsUbishi 
Mitsubishi 
Mitsubishi 
Mitsubishi 
Mitsubishi 
Mitsubishi 
Mitsubishi 
Mitsubishi 
Mitsubishl 
IIitsubIIhi 

IMI 

M5L8224 
M5L8226 
M5L8228 
M5L8255 
M5L8279 
M5L8279-5 
M5S000 
M5Soo3 
M5Soo4 
M5SooS 
M5S010 
M5S011 
M5S015 
M5S020 
MSS022 
M5S030 
M5S040 
M5S051 
M5S074 
M5S085 
M5Sii2 
M5Sll3 
M5S114 
MSS133 
MSS138 
M5S151 
M5S153 
M5S157 
M5S158 
M5S174 
M5S175 
M5S181 
MSS182 
M5S2S1 
M5S257 
M5S258 
M5T4044 
MST4044-20 

1760-101 5001 Toshiba TC5OO1B 407·106 
1760 -83 5002 Intersil IH5OO2 567 ·12 
1761-71 Mostek MK5OO2 460·136 
1761-42 Synertek SY5OO2 861·169 
1760-176 Toshiba TC5OO2 602·17 
1760·177 TC5OO2B 408·90 
443-150 408.191j 
444·76 5003 Intersil I HS003 567 -84 I 
428 -140 Micro POWEIf MPSOO3 851 ·18 
428·202 Motorola MCM5OO3 '194-17 
443 ·59 MCMS003A 1161 -63 
441·26 Toshiba TCS003 861-6 
441·57 S004 intersil IHSOO4 567 ·108 
442 ·93 Motorola MCMSOO4 ,194 ·17 
442·198 MCMSOO4A 1161-6S 
442 ·9 SMC CG5OO4L 1157 -117 

442 ·1 !l41 losnloa T C5W4 
445 -82 500S Intersi! IHSooS 
438·198 Mostek MK5OO5 
427 -99 I SOO6 Intersil IHSOO6 
437 -1941 National MM5006 
437 -135 5007 Intarsil 1H5C07 
437-165 Mostek MK5007 
442 -32 National MM5007 
435 -40 Signetics NE5007 
451-154 Synertek SY5OO7 
450-182 5008 
449-117 
450·3 
440·35 5009 
439-89 
426-119 
426-169 
452·6 
4S0-75 
4S0·38 

.1432 

.1432 
1181-26 

Signelics NE5OO8 

Synertek 
InterSii 

Mostek 

National 

Signetics 

SE5OO8 
SY5008 
IH5OO9 

IH5009C 
IH5009M 
MK5OO9 

AH5009 
AHSOO9C 

;~;: I 
460·137 
567-85 I 

11·87 ~23 I 
568-11 I 

460-138 
, 198·16 

588-19 
861·170 
586-39 
586-24 I 
861 -55 ! 

'189·7 II 
• 189-8 

573-104 
573·105 
460-207 

, 154-20 
.1073 
.1073 

MST4Q44.30 .1432 
1181·74 

MST 4044-45 .1432 
Synertek 

NE5009 
SE5009 
SY5OO9 

S73-106 
585-45 
585-46 
861-47 
861-189 
865-68 
872-18 
871-16 
871·7 

115T4044NO 
M5T4044P-30 
115T4044I45 
MM50 

1181-112 SOl 
.1432 
.1432 
.1432 

417·131 
460·52 

AD ADM501 

LSI Comp REDSO/60 • 494 
415·42 

CMA 
NPC 
OKI 
Siliconix 

ADMS01B 
ADM501C 
FX501 
ESM501 
MSM501 
00501 A 

,901·149 
901-94 
410-52 
57S·95 
575-101 
575·96 
57S-102 
575-97 

Master Logte ML50 417-147 
460-65 

Teledyne C CAG50 568-120 
Reticon RA50X50 916-159 
Datel AM-5OOGC. 691 

864·32 
867-90 5010 
876-15 

AM-SOOMC • 691 
864·33 
867-91 
876-16 

AM-SOOMM • 691 
876·18 5011 

AM-SOOMR • 691 

Dionics 01500 
Exar XRSOO 

IMI MM500 

Signetics TBA500 
Sprague UHC/D·500 

TI 
Sprague, 
Signelics 
Toshiba 
Intersil 

RCA 
Signeiics 
Synertek 

UHP-500 

500 . 
TL500 
500-SERIES 
SD5000 
TC5000 
IH5OO1 

MWS5001 
505001 
SY5OO1 

876·17 
602-102 

• 932 
460·34 5012 
417-140 
460-61 
858·200 
436-43 
620·150 
436 -47 
620·154 

, 186-13 
584-76 

, 180-19 
573-71 
416-60 
567"11 

, 189·7 
1177-60 
573-70 
861-168 

5013 

5014 

S015 

TI 
Intarsil 

Micro Power 

National 
SMC 
Toshiba 
Intarsi! 

National 

Intersil 

NatiOnal 

Toshiba 
Intersif 

National 

Intersil 

National 
IntersU 

005018 

oo501C 

TL501 
IH5010C 
IH5010M 
MP5010 
MP5010A 
AH5010C 
NMX5010 
TCS010 
IHSOllC 
IH5011M 
AHS011 
AHS011C 

IH5012C 
IH5012M 
AHS012 
AHS012C 

MM5012 
TC5012B 
IHS013C 
IH5013M 
AH5013C 
MM5013 
IH5014C 
IH5014M 
MPS014 
MP5014A 
AH5014C 
IH5015C 
IHS015M 

575-1031 
584·77 
573-111 
573·112 
918-29 
918·30 
573·113 
574·73 
407-115 
573-72 
S73-73 

.1076 

.1076 
573-74 
573-79 
573-80 

.1076 

.1076 
573-81 

, 198·14 

:~~~:91 
573-53 
573·54 

, 198-14 
573-S9 
573-60 
851-19 
851-20 
573-61 
573-41 
573-42 

,Indicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 
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PART NUMBER INDEX 
Base Base Base Base 
Number Source Device page-Une ' Number Source Device Page-Une Number SouI:Ct! Device Page-Une Number 'Source Device Page-Line 

5015 National AH5015 .1076 5025 Intersil IH5025M 573-110 504 AD AD504S 865-105 5048 Intersil IH5048M 567-21 
AH5015C .1076 National MM5025 1187-107 870-49 Toshiba TC5048 405-115 

573-43 SMC GOM5025 626-1 Dionics DI504 602-83 5049 HarriS HI5049 .696 
SMC SA5015 1193-47 Toshiba TC5025 404-109 Micro Net MN504 579-8 HI5049-2 .696 

SR5015-133 1193-45 50250 Mostek MK50250 854-150 MN504H 579-9 571-80 
SR5015-80 1192-109 50253 Mostek MK50253 854-151 OKI MSM504 410-74 H15049-5 .696 
SR5015-81 1193-5 50254 Mostek MK50254 854-152 ATC MS504 575-29 571-81 

5016 Intersil IH5016C 573-46 5026 Intersil lH5026C 574-3 5040 HarriS H15040 .696 Intersil IH5049C 571-79 
IH5016M 573 -47 IH5026M 574-4 HISO~2 .696 IH5049M 571-78 

National AHS016 .1076 National MM5026 1187-108 567-1 505 AD AD505J 875-14 
AHS016C .1076 SMC COM5026 626-19 H15~ 

• 696 
Dionics DI505 602-109 

573 -48 COM5026T 626-20 567-2 OKI MSM505 412-109 
MM5016 1187-53 Toshiba TC50268 407-165 Intersil IH5040 11 189-7 TI TL505 584-13 

Nortec 5016 414-153 5027 Intersil IH5027C 573-77 IH5040C 567-4 5050 GI AYI-5050 856-156 
SMC COM5016 460-13 IH5027M 573-78 IH5040M 567-3 11 174-2 

626-34 National MM5027 11,88-5 5041 Harris HI5041 .696 Harris HI50SO .696 
COM5016T 460-14 SMC CAT5027 1763-96 HI5041·2 .696 HI5050-2 .696 

626-35 11 200-7 567-41 569-49 
5017 Inlersil IH5017C 573-24 Toshiba TC50278 406-116 HI5041·5 .696 HIS050-5 .696 

IH5017M 573-25 5028 Intersil IH5028C 573-84 567-42 569-50 
SMC' SA5017 1159-96 IH5028M 573-85 Intersil IH5041C 567 -43 Intersil IH5050C 569-48 

1193-46 5029 Intersil IH5029C 573-55 IH5041M 567-40 IH5050M 569-47 
5018 Intersil IH5018C 573-37 IH5029M 573-58 5042 Harris HI5042 .696 Toshiba TC5050 416-58 

IH5018M 573-38 Toshiba TC5029 410-197 HI5042·2 .696 5051 GI AYI-5051 856-133 
Signetics NE5018 

• 808 
503 AD' AD503J 888-9 569-62 Harris HlS051 .696 

587-35 AD503K 887-36 HI5042·5 • 696 HIS051·2 .696 
1763-61 AD503S 887-37 569-63 570-57 

SE5018 
• 808 

Dionics DI503 602-82 Intersil IH5042C 569-64 HI5051·5 .696 
587-36 Micro Net MN503 579-6 .. IH5042M 569-60 570-58 

SMC SA5018 1159-95 MN503H 579-7 Toshiba TC50428 408-193 Intersil IH5051C 570-55 
1193-6 OKI MSM503 410-103 5043 HarriS HI5043 • 696 IH5051M 570-54 

Toshiba TC5018B 406-113 Signetics NE503 915-102 HI5043-2 .696 Toshiba TC50518 407-110 
416-175 Silicontx DG503A 575-99 570-69 5052 Intersil IH5052C 568-41 

5019 Intersil IH5019C 573-33 DG5038 575-100 HI5043-5 • 696 
IH5052M 568-37 

IH5019M 573-34 Sprague UHC/D-503 436-68 570-70 National MM5052 1192-107 
National MM5019 11 198-16 621-140 Intersil IH5043C 570-71 Toshiba TCS0528 407-111 
Signetics NE5019 586-10 UHP-503 436-72 IH5043M 570-68 5053 Intarsil IH5053C 568·42 

SE5019 586-11 621-144 5044 Harris HIS044 .696 IH5053M 568-38 
502 AD AD502J 882-19 TI TL503 584-47 HI5044-2 • 696 National MM5053 1193-13 

AD502K 879-6 584-79 571-73 5054 National MM5054 1193-4 
AD502L 879-2 5030 tntersil IH5030C 573-62 HI5044-5 .696 5055 AMD AM5055 1193-37 
AD502S 879-9 IH5030M 573-63 571-74 MMI 5055 1157-6 

Dionics DI502 602-103 Toshiba TC5030 410-198 Intersil IH5044 571-75 National MM5055 1193-34 
MICro Net MN502 579-4 5031 Intarsil IH5031C 573-44 IH5044M 571-72 Nortec 5055 861-143 

MN502H 579-5 IH5031M 573-45 5045 HarriS HI5045 .696 5056 AMD, AM5056 1193-58 
Signetics NE502 915-101 5032 Intersil IH5032C 573-49 HIS045-2 .696 MMI 5056 1157-23 
Sprague UHC/D-502 436-65 IH5032M 573-50 571-92 National MM5056 1193-55 

621-139 Toshiba TC5032 407-157 HI5045-5 • 696 5057 AMD AM5057 1193-67 
UHP-502 436-71 5033 Intersil IH5033C 573-26 571-93 National MM5057 1193-64 

621-143 IH5033M 573-27 Intersil IH5045C 571-94 5058 National MM5058 1193-76 
TI TL502 584-46 5034 Intersil IH5034C 573-39 IH5045M 571-91 50s AD ADM506 865-69 

584-78 IH5034M 573-40 5046 Harris H15046 .696 872-19 
5020 Intersil IH5020C 573-28 Signetics NE5034 .809 HI5046-2 .696 AD506J 877-3 

IH5020M 573-29 579-15 572-67 AD506K 872-9 
Signetics NE5020 

• 809 
Toshiba TC5034 407-45 HIS046-5 .696 AD506L 865-70 

590-39 5035 Intersi! IH5035C 573-35 572-68 871-10 
Toshiba TC50208 416-95 IH5035M 573-36 HI5046A • 696 AD506S 872-10 

5021 .Intersil IH5021C 573-11 5036 Intersil IH5036C 573-30 HI5046A·2 .696 Data General MN506 1752-53 
IH5021M 573-12 IH5036M 573-31 572-64 Harris HI506-2 .707 

5022 Intersil IH5022C 573-18 SMC COM5036 460-17 HI5046A·5 .696 576-39 
IH5022M 573-19 626-36 572-65 HI506-5 .707 

Panasonic OSI5022 855-184 COM5036T 460-18 Inters~ IH5046C 572-69 576-40 
Toshiba TC50228 408-192 626-37 IH5046M 572-66 HI506A·2 • 707 

5023 Intersil IH5023C 573-13 Toshiba TC5036 406-5 SMC COM5046 626-21 576-56 
IH5023M 573-14 5037 Intersil IH5037C 573-15 COM5046T 626-22 HI506A·5 .707 

Toshiba TC5023 576-59 IH5037M 573-16 5047 Harris HI5047 • 696 
576-58 

5024 Intersil IH5024C 573-20 SMC CAT5037 1763-99 HIS047·2 .696 National MM506 11 193-2 
IH5024M 573-21 Toshiba TC50378 407-109 573-2 11 198·11 

National MM5024A 1187-89 5038 Intersil IH5038C 573-22 HI5047·5 • 696 OKI MSM506 412·40 

Nortec 5024 861-142 IH5038M 573·23 573-3 Smconix DG506 11 190-4 

Toshiba TC5024 404-108 50395 Mostek MK50395 460-165 HI5047A 
• 696 

11 190-10 

50240 AMI S50240 857-9 11 155-1 H15047A·2 .696 DG506A 576-43 

11 173-19 11 155-2 572-111 DG5068 576-48 

Mostek MK50240 857-23 50396 Mostek MK50396 460-166 HI5047A-5 • 696 
DG506C 576-49 

, 174-3 11 155-1 572-112 Sprague UHC/D-506 436-44 

50241 AMI S50241 857-10 50397 Mostek MK50397 460-167 Intersil IH5047C 573-4 620-151 

11 173-19 11 155-1 IH5047M 572-113 UHP-506 436-48 

Mostek MK50241 857-24 50398 Mostek MK50398 460-168 Toshiba TC5047 414-24 620-155 

50242 AMI S50242 857-11 50399 Mostek MK50399 460-169 TC5047-1 1180-27 TI TL506C 848;12 
, 173-19 504 AD AD504 11 163-9 TC5047-2 1180-32 TL506M 847·29 

Mostek MK50242 857-25 AD504J 875-43 5048 Harris HI5048 
• 696 

5060 National MM5060 1193-49 

50243 AMI S50243 857-12 AD504K 872-14 HI5048-2 
• 696 

MM5060M 1193-22 

50244 AMI S50244 857-13 AD504L 865-104 567-23 MM5060AB 1193-40 

50245 AMI S50245 857-14 870-48 HI5048-5 .696 MM5060AC 1193-42 

5025 InterSil IH5025 11 189-7 AD504M 865-86 567-24 MM5060AD 1193-50 

IH5025C 573-109 870-47 Intersil IH5048C 567-22 5061 MMI 5061 1157-8 

Arranged alphanumerically from left to right. 
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5061 
5062 
5064 
5065 

5066 

5067 
5.07 

5071 
5072 
5073 
5.074 
508 

5.080 
5081 

5.082 
5.086 

5087 
5089 
5.09 

5090 
5091 
5098 
5099 
51 

National 
MMI 
ToshiIlQ 
Micro Net 

Toshiba 
Micro Net 

Toshiba 
Toshiba 
AD 

MM5061 
5062 
TC5064 
MN5065 
MN5065H 
TC5065 
MN5066 
MN5066H 
TC5066B 
TC5067B 
AD5.o7J 

AD5.o7K 

AD5.o7S 

CMA 1-).:>01 

Dionics 015.07 
Harris HI507·2 

HI507·S 

HI507A·2 

HI507A-5 

Micro Net MN5.o7 
MN5D7H 

OKI MSM507 
Sanyo STK5.o7 
Siliconix DG5.o7 A 

DG5D7B 
DG507C 

Sprague UHC/D-5D7 

UHP-5.o7 

TI TL507 

MMI 5071 
MMI 5.072 
MMI 5.073 
MMI 5.074 
DtOI'llCS 01508 
Harris HI508A·2 

HI508A-5 

OKI MSM508 
Silicol1lx DGS08A 

QGS08B 
DG508C 

Sprague UHC/D-508 

UHP-508 

Toshiba TC508.o 
National MM5081 
Toshiba TC5.o81 
Toshiba TC5082 
Mostek MK5086-; 

MK5086-2 
Mostek MK5.o87 
Mostek MK5089 
AD AD509J 

AD5.o9K 

AD509S 

Dionics 01509 
Harris HI509A-2 

HI509A·5 

Micro Net MN509 
MN509H 

OKI MSM5.o9 
SiliCOnix DG509A 

DG5.o9B 
DG5.o9C 

Mostek MK5090 
Mostek MK5091 
Mostek MK5098 
Mostek MK5099 
NEe America "PC51 A 

1193-16 51 
1157-25 51.0 

404·178 
579-25 
579-26 
404-179 

579-27 'I 579-28 
4.05-108 
4.05-109 

867-128j 
882-21 i 

867.
129

1' 876-29 
867 -13.0 
877-13 
lNl'15S 
602-11.0 

• 707 5100 
575-119 

* 707 
576-3 I 

• 707 
576-18 

• 707 
576-2.0 51.01 
579-1.0 
579-q 
4ii -194 
907-98 
576-6 
576-11 
576-12 
436-53 
621-47 
436-57 
621-51 

.1152 
578-5 

1157-51 I 
1157-53 
1157-1.02 
1157-104 
6.02-85 

• 709 575-78 
.709 

575-79 
405-34 
575-71 
575-72 
575-73 
436-54 

621-48 I 
436-

58
1 

621-52 
408-53 

• 198-
12

1 417-4.0 
414-151 
9.0; -50 . 

901-51 II, 

901-52 
901-53 

:::~:71 
864.63 1 
884-53 
864-64 
884-54 
602-86 

.709 
575-6 

.709 
575-9 
579-2 
579-3 
4.04-111 5101OL1 
574-122 5101Ol2 
575 -3 5101Dl3 
575-4 5101DL8 
901-54 5101ELl 
9.01 -55 5101El2 
900-1.01 5101El3 
900-102 5101El6 
867-141 51011 

NEe America }-lPC51 A 
AD AD510J 

AD51DK 

Dionics 
Fairchild 
National 
OKI 
Plessey 
Signelics 

Ti 

Harris 

AD51DL 

AD51DS 

01510 
TBA51D 
TBA51 0 
MSM510 
SL510 
NE51Q 
8E51Q 
TBA51D 
Ti..5iuC 
TL510M 
HA-51GO-2 

HA-51IlO-S 

Micro Net MN5100 
MN5100H 

Signetics 8051 DC 
AMI S5101 

55101-1 

S5101·2 

S5101-3 

S5101-8 

S5101l 

S5101l·1 

S5101l-2 

S5101l-3 

Intel M51Ql 
M5101-4 
M5101L-4 
5101 

5101-1 
5101-3 
51Q1L 
5101L-l 
5101L-3 

Micro Net MN51Ql 
MN5101H 

NEe Micro ,",POS101 
,",P05101l 

I-lPD5101LC 
jd'D5101LCo1 
PDS101L·l 

Reticon R5101 
Signetics SD5101 
S8S SCM51Ql 

Synertek 

RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
Mitsubishl 

SCM510H 
SCM5tUl-3 
SCM5101-8 
SY51.o1 

MWS5101Dll 
MWS5101Dl2 
MWS5101Dl3 
MWS5101Ol6 
MWS5101EL1 
MWS5101El2 
MWS5101EL3 
MWS5101EL8 
M51011 

881-37 51.02 
868-42 
865-106 
868-27 
865-87 
868-1.0 
865-10T 
868-28 
602-125 5103 
858-97 5104 
858-126 51.05 
411-43 
857-57 5109 
843-3.0 511 
843-32 
858-201 

:~~~~~ 1 5110 
.1006 

869-49 

",1006 I 
869-5.0 
578-12 
578-13 5111 
573-103 

.1206 5112 
413-161 

1176-9 5113 
.1206 5114 

1175-79 5115 
.1206 
1175-80 

.1206 
1176-10 

.1206 51172 
1176-4851177 

.1206 5118 
413-162 

1176-11 
.1206 

1175-77 
.1206 51182 

1175-78 5119 
.1206 

1176-12 5.12 
413-172 

1176-49 

1176-50 I 
413-171 

1176,15 

• 195-10 I 
• 195-13 
11 195-15 

1175-82 I 
1176-17 
1176-16 512.0 
1175-83 
1176-18 
578-8 512.01 
578-9 5121 

.1~62 

.1562 5122 
4i3-182 

1176-21 5123 
.1562 
.1562 51231 
.1562 51232 

1175-86 51233 
915-87 51240 
573-1.02 51247 
413,184 51248 

1176-23 513 
1175-89 5130 
1176-24 
1176-52 
413-186 

1176-25 513.01 
1174-102 
1174-104 513.04 
1175-36 5131 
1175-87 
1174-103 5132 
1174-105 
1175-37 
1175·88 5133 
855-100 

Mostek MK51 02-5 
Reticon R51.o2 
SSS SCM51Q2 

Synertek 
Reticon 
National 
HarriS 

Mits\;"bishl 
Plessey 
SG8 
Signetics 

Harris 

SCM5102-1 
SCM5102-3 
SCM5102-8 
SY51 02-3 
R51Q3 
MM51Q4 
HA-5105-S 

M5109 
SL511 
TCA511 
NE511 

HA·511O-2 

HA-511O-S 

Inters" tH5110 
Micro Net MN5110 
Intersd IH5111 
Micro Net MN5111 
Intarsil IH5112 
Mitsubishi M5112 
lf1tf!f~n IH5113 
inlersil IH5114 
HarriS HA-5115-S 

Inters~ IH5115 
Mitsubtshl M5115 

M5115R 
Mitsubtshi M51172 
Mitsublshi M511 77 
Mitslbshi M5118 
Signetica NE5118 

Mltsubishi 
Signetics 

AD 

Dionics 
IPI 
OKI 
Panasonic 
Reticon 

GI 
Micro Net 

Mltsubishi 
Micro Net 

MICro Net 

Micro Net 

Mrtsubishi 
Mitsubishl 
Mltsublshl 
Mitsubishl 
Mitsubishl 
Mltsubishl 
Dionics 
Micro Net 

Mltsubisni 

Mitsubishi 

Mitsubisnl 
Micro Net 

Micro Net 

SE5118 

M51182 
NE5119 
SE5119 
AD512K 
AD512S 
01512 
M512 
MSM512 
MEL512 
RL512 
RL512SF 
SAD512 

SAD512D 
R03-5120 
MN5120 
MN512QH 
M512Ql 
MN5121 
MN5121H 
MN5122 
MN5122H 
MN5123 
MN5123H 
M51231 
M51232 
M51233 
M51240 
M51247 
M51248 
01513 
MN5130 
MN513QH 
M5130 

M513Q1 

M51304 
MN5131 
MN5131H 
MN5132 
MN5132H 

Mitsubishi M5132 
Micro Ne! MN5133 

MN5133H 

11 Indicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted, 

Base 
Page-Une Number Source Device 

900-171 5133 
915-83 
414-14 5134 

1178-55 5135 
1178-19 5136 
1178-77 51361 
1178-78 . 5138 
1178-56 51380 
915-85 51381 

1187-48 514 
.1006 

871-37 
843-16 
857-58 
859-122 
843-31 
e~3 :!3 

.1008 I 
869-48 5140 

.1008 I 
869-51 
919-42 I 51401 
900-56 5141 
919-43 
900-57 
919-44 5142 
852-72 
919-45 5143 
919-46 

.1008 
871-38 
919-47 5144 
851-175 
851-176 5147 
855 -28 5148.0 
855-29 51481 
851 -177 515 

• 810 
586-46 

• 810 
586-47 
851-18.0 
586-6 
586-7 
876-44 
876-45 
602-126 

916-
140

1 
411-55 
916-143 

916.
148

1 
916-149 
856 -124 

919-92 I 
919-93 

1184-67 1 
578-36 
578-37 
846-56 
578 -38 
578-39 
578-40 
578-41 
578 -42 
578-43 
858-6.0 
858-61 

5150 

51501 
51512 
51513 
51515 
5152 
51521 
5153 
5155 

5156 
516 

858-62 ' 5161 
859-152 5162 
86.0 -152 5169 
860-153 517 
602-90 
578-26 
578-27 
839-3 
851-12 
839-4 
851-13 
839-141 
578-28 
5"18-29 
578-3.0 
578-31 
855-123 

578-32 I 
578-33 

517.0 

51709 
5171 
5172 

5173 

Mrtsubisnl M5l 33 

Mltsubishl M5134 
Milsubishi M5135 
Mitsubishl M5136 
Mitsubishi M51361 
Mitsuliis~; M5 i 38 
MltSllbtsnl M5138Q 
Mijsubishi M51381 
AD AD514J 

AD514K 
AD514L 
AD514S 

Dionics 01514 
DI514A 

OKI MSM514 
T' T~':~J!C 

TL514M 
Dionics 01514.0 
Micro Net MN5140 

MN5140H 
Mitsubishi M5140i 
Micro Net . MN5141 

MN5141H 
Mitsubishi M51 41 
Micro Net MN5142 

MN5142H 
Mielo Net MN5143 

MN5143H 
Mitsubishi M5143 

Mitsubishi M5144 

Mitsubishi M5147 
MiIsOOishi M5148Q 
Mitsubls'1; M5l 481 
AD .AD515J 

Micro Net 

SignetlCS 

Sihconix 

Micro Net 
Mostek 
MI!SlJb,sh; 

Mitsubishl 
M,lsubisnl 
Mitsub:shi 
Mitsubishi 
Mitsublshl 
M!tsubr;hi 
Mitsubishi 
MMI 
Mostek 
MMI 
Micro Net 

Siliconlx 

MMI 
MMI 
Mrtsublshi 
AD 

Micro Net 

Mitsulltshl 
Mostek 
Mrtsubishi 
MMI 
Mjtsubtshi 
MMI 
MMI 

AD515K 

A0515L 

MN515 
MN515H 
NE515 
SE515 
DG515A 
iJG51:,t:! 

DG515C 
MN5150 
MK5150 
M515Q1 
M51512 
M5t513 
11,.151515 
M5152 
M51521 
M5153 
M5155 
5155 
MK5155 
5156 
MN516 
MN516H 
DG516A 
DG516B 
DG516C 
5161 
5162 
M5169 
AD517J 
AD517K 

AD517L 

AD5178 

MN517 
MN517H 
M5170 
MK5170 
M51709 
5171 
M5172 
5172 
5173 

Page-Une 

855-124 
884 ·21 
857 -177 
857 -178 
898-47 
898-48 I 
651·15 . 
859-128 
859-129 
888-15 
887-24 
887 -22 

E~~H II 

411-51 
A1I7_'H 

847.1.0 1 
603-113 
578-18 
578-19 , 
919-1091 
578-20 
578-21 
880-42 
578-22 
578-23 
578-24 
578 -25 ! 
855-26 1 
860-18 

:!~:~~ I' 
86.0-2.0 
859-153 
859 -1541 
865c54 I 

875-45\ 
865-49 
871-2 I 

865-43 I 
87.0-59 II 
581 -45 I 
581-46 i 
839-51 i 
839-52 ! 
571-35 i 

I 
bl1 -;50 . 

571 -37 I 
578 -34 ! 
900-14 1 
851-1791 

851-181 1 

851- 1821 
852-190 

853-49 1 
853-50 
855-125 
851 -1781 

1157-10 I 
900-25 I 

1157-27 I' 

581-47 
582-2 ! 
571-69 I 
571-70 i 
571-71 : 

1157-12 ! 
1157 -29 ! 
860-144\ 
868-55 i 
865-108! 
868-25 : 

865-88 : 
068" I 
;65~;.o91 
868-26 i 
582-38 I 
582-39 , 
915-40 i 
900-120: 

884-4.0 I 
1157-55 , 
919A-47 1 
1157-57 I 
1157-1061 

• Indicates entire Application Note is provided on the page noted 
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PART NUMBER INDEX 
Base Base Base Base 
Number Source Device Page-line Number Source Device Page-line Number Source Device Page-line Nwnber Source Device Page-line 

5174 MMI 5174 1157-108 5209 MMI 5209-1 .1466 5231 National MM5231 1183-78 5261 MMI 5261-1 1185-69 
518 AD AD518 864-77 1183-62 1184-5 5262 National MM5262 • 196-17 

AD518J 883-25 521 AD AD521J 839-78 MM5231 BUS 1158-16 5265 National MM5265 • 196-16 
AD518K 877-15 AD521K 839-79 1158-61 5269 National MM5269-1 1176-6 
AD518S 864-78 AD521S 839-80 MM5231RP 1158-44 527 Signetics NE527 .1107 

877-16 Plessey SL521 840-191 5232 AMI S5232 1184-58 846-29 
5180 Dionics 015180 603-114 11 169-7 1184-82 SE527 .1107 
51802 Milsubishi M51802 881-30 Sanyo STK521 905-114 National MM5232 1184-63 846-5 
5181 Mitsubishi M5181 860-145 Signetics NE521 848-23 1184-84 5270 National MM5270 1169-78 
5183 Mitsubishi M5183 860-146 521 11 182-8 11 197-18 1761-123 
5184 GI R05-5184 1157-119 5210 Micro Net MN5210 581-5 11 197-19 MM5270-5 1170-7 

Milsubistli M5184 860-147 MN5210H 581-6 5233 National MM5233 1184-65 5271 National MM5271 1169-46 
51843 Mitsubishi M51843 902-12 MMI 5210-1 ' .1466 5235 Intel 5235 619-109 1169-79 
5185 Milsubistli M5185 860-148 1183-55 11 195-15 1169-116 
5186 Mitsubishi M5186 860-149 National MM5210 1183-45 MMI 5235-1 .1466 5275 MMI 5275-1 .1469 
5187 Mitsubishi M5187 860-150 5211 Micro Net MN5211 581-7 1183-68 1185-91 
5190 Harris HA-5190 .1010 MN5211H 581-8 National MM5235 1186~5 5276 MMI 5276-1 .1469 

881-49 National MM5211 1183-49 1186-109 1185-92 
Mitsubishi M5190 858-110 5212 Micro Net MN5212 581 ;9 5236 MMI 5236-1 .1466 528 AD AD528 864-79 

51903 Mttsubishi M51903 916-184 MN5212H 581-10 1183-69 AD528J 875-50 
51904 Mitsubishi M51904 916-185 Mttsubishi M5212 853-6 5240 Dionics 015240 603-115 AD528K 871-19 
5192 MitsubishI M5192 858-111 National MM5212 1185~2 EA EA5240 857-15 AD528S 864~0 

5193 Milsubisht M51'93 .858-112 5213 Micro Net MN5213 580-45 Micro Net MN5240-10 580-11 871-20 
5194 Mitsubishi M5194 858-113 MN5213H 580-46 MN5240-12 580-32 . 5280 Dionics 015280 603-116 
5195 Harris HA-5195 .1010 MitsubtShi M5213 853-7 MMI 5240-1 .1466 Micro Net MN5280 583-3 

881-50 National MM5213 1183-76 1184-34 MMI 5280-1 .1466 
Mttsubisti M5195 860-151 1184-3 National MM5240 1184-12 1185-10 

51970 Mitsubishi M51970 856-84 1761-130 11 193-10 5280-2 .1469 
5199 Mitsubishi M5199 912-50 5214 Micro Net MN5214 580-47 11 197-17 1184-99 

M5199A 912-54 MN5214H 581-2 11 197-18 National MM5280 .270 
52 Burr·Brown VFC52 • 659 National MM5214 1184-61 11 197-19 1169~ 

916-72 5215 Micro Net MN5215 58j -3 5241 EA EA5241 857-16 MM5280-5 .270 
919A-l0 MN5215H 581-4 MMI 5241-1 .1466 1170-10 

YFC52M .658 National MM5215 1185~1 1184-35 M115280A-2 .270 
916-73 5216 Micro Net MN5216 581-11 National MM5241 1157-42 .1169-43 

919A-ll MN5216H 581-12 11 193-10 5281 MMI 5281-1 .1466 
Rockwell A52XX 1752-142 5218 National MM5218 854-93 11 197-17 1185-15 

520 AD AD520J 839-75 522 AD AD522A 839-81 11 197-19 5281-2 .1469 
886-2 869-24 5242 EA EA5242 857-17 1184-102 

AD520K 839-76 AD5228 83~-82 5243 National MM5243 1184·7 5282 MM! 5282-1 .1469 
879-45 869·5 5244 Intel 5244 619-74 1185-11 

AD520S 839·77 AD522S 839C83 • 195·15 National MM5282 854-184 
879-46 869~ National MM5244 1184-59 5283 MMI 5283-1 .1469 

Fairchild TBA520 858-98 Sanyo STK522 907-31 5248 MMI 5246-1 .1466 1185·16 
Plessey TBA520 858-153 Signetics NE522 848-24 1184-25 National MM5283 854-185 
Signetics TBA520 858-202 522 11 182-8 5249 MMI 5249-1 .1466 5284 MMI 5284-1 .1469 

TCA520 882-32 5220 National MM5220 1157 -48 1184-27 1185-12 
Telelunken TBA520 859-33 1183-20 525 Plessey SL525 840-193 National MM5284 854-186 

5200 Intersil IM5200 456-22 11113-47 5250 Micro Net MN5250 582·3 5285 MMI 5285-1 .1469 
1160-24 MM5220AE 1158-6 MN5250H 582-4 1185·17 

11 160-2 MM5220AP 1158·27 MMI 5250-1 .1466 5286 MMI 5286-1 .1469 
11 182-2 MM5220BL 1158-35 1184-76 1185~ 

Micro Net MN5200 581-37 MM5220EK 1158-4 52506 TI SN52506 847-13 5286-2 .1469 
MN5200H 581-38 1158-32 5251 Micro Net MN5251 582-5 1184·98 

MMI 5200-1 .1466 MM5220LR 1158-2 MN5251H 582-6 5287 MMI 5287-1 .1469 
1183-33 1158-29 MMI 5251-1 .1466 1185-13 

Signetics SD5200 576-112 5221 National MM5221 1183·22 1184-78 5287-2 .1469 
5201 Micro Net MN5201 581-39 1183-51 National MM5251 1183~8 1184-100 

MN5201H 581-40 MM5221RQ 1158-20 5252 Micro Net MN5252 582-7 5289 MM. 5289-1 .1469 
MMI 5201-1 .1486 MM5221RR 1158-8 MN5252H 582-8 1185-18 

1183-38 5225 MMI 5225-1 .1466 MMI 5252-1 .1466 5289-2 .1469 
5202 Micro Net MN5202 581-41 1184-9 1184-77 1184-101 

MN5202H 581 -42 5229 National MM5229 1183-85 5253 Micro Net MN5253 582-9 529 Signetic:s NE529 .1107 

5203 Micro Net MN5203 581-31 523 AD AD523J 865-59 MN5253H 582·10 846-30 

MN5203H 581-32 888-7 MMI 5253-1 .1466 SE529 .1107 

National MM5203 • 197-18 AD523K 865-56 1184·79 846-6 

MM5203Q 1162-99 887-19 National MM5253 1183~0 529 • 182-8 
1163-71 AD523L 865-51 5255 MMI 5255-1 .1469 5290 MMI 5290 1157·59 

5204 AMI S5204A .1221 887-18 1185-72 National MM5290 .1544 

1164-109 Sanyo STK523 907-117 5256 MMI 5256-1 .1469 .270 

11 194·10 5230 MMI 5230-1 .1466 1185-73 .278 
Micro Net MN5204 581·33 1183·16 5257 National MM5257 1181-115 MM5290-2 .1544 

MN5204H 581-34 National MM5230 1183-74 MM5257-2 1181·31 .270 
National MM5204 • 194-19 1183-107 MM5257·2L 1181-32 .278 

MM5204Q 1164-112 11 197-18 MM5257·25 1181-54 1170-81 
MM5204Q-l 1164-107 MM5230BO 1158-57 MM5257-25L 1181-55 MM5290-3 .1544 

5205 Micro Net MN5205 581-35 MM5230FE 1158-54 MM5257-3 1181-80 .270 
MN5205H 581-36 1158-77 MM5257·3L 1181-81 .278 

MMI 5205-1 .1466 MM5230JT 1158-33 MM5257L 1181-116 1170·100 

1183-102 1158-48 526 Signetics NE526 846-26 MM5290-4 .1544 

5206 Micro Net MN5206 581·43 MM5230KP 1158-23 SE526 846-27 .270 

MN5206H 581-44 MM5230QW 1158-64 526 • 182~ .278 

MMI 5206-1 .1466 MM5230QX 1158-43 5260 Micro Net MN5260 582-46 1170-120 

1183-103 MM5230QY 1158-12 MM! 5260-1 .1489 5291 MMI 5291 1157-62 

5208 MMI 5208-1 .1466 5231 MMI 5231-1 .1466 1185-68 5292 MMI 5292 1157-120 

1183-61 1183·17 5261 MMI 5261-1 .1469 5293 MMI 5293 1157·122 

Arranged alphanumerically from left to right. 
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Ie MASTER 
Base Base 
Number Source Device Page-Une Number 

5298 National MM5298-3 1170-60 53S080 
MM5298-4 1170-64 

53LS080 MMI 53LS080 .1458 53S081 
1161-25 

53LS081 MMI 53LS081 .1458 53S140 
1161-26 

53LS140 MMI 53LS14O .1458 53S141 
1161-116 

53LS141 MMI 53LS141 .1458 53S1640 
1162-2 

53LS1640 MMI 53LS164O .1458 53S1641 
1168-17 

53LS1641 MMI 53LS1641 .1458 53S1680 
1168-18 

53LS1~0 MMI 53LSl680 .1458 53S1681 
1167-85 

53LSI681 MMI 53LSl681 .1458 

I 

53S240 
1167-86 

53LS240 MMI 53LS24O .1458 53S241 
1163-40 

53LS241 MMI 53LS241 .1458 I 538280 
1103-42 

53LS280 MMI 53LS280 .1458 53S281 
1162-53 

53LS281 MMI 53\..8281 .1458 53S440 
1162-55 

53LS440 MMI 53LS440 .1458 53S441 
1165-57 

53LS441 MMI 53LS441 .1458 53S480 
1165-61 

53LS480 MMI 53L8480 .1458 53S481 
1164-41 

53LS481 MMI 53L8481 .1458 53S482 
1164-48 

53LS482· MMI 53LS482 .1458 53S483 
1164-44 

53LS483 MMI 53LS483 .1458 53S840 
1164-51 

53LS840 MMI 53LS84O .1458 53S841 
1167-48 

53LSa41 MMI 53LS841 .1458 53S880 
1167-49 

53LS880 MMI 53LS880 .1458 53S881 
1166-28 

53LS881 MMI 53LS881 .1458 530 
1166-31 

53PS140 MMI 53PS140 1161-79 
53PS141 MMI 53PS141 1161-84 
53PSI640 MMI 53PSl640 1168-10 
53PSI641 MMI 53PS1641 1168-12 
53PSI680 MMI 53PS1680 1167-71 
53PSl681 MMI 53PSl681 1167 -73 
53PS240 MMI 53PS240 1163-7 
53PS241 MMI 53PS241 1163-10 
53PS280 MMI 53PS280 1162-35 
53PS281 MMI 53PS281 1162-37 
53PS440 MMI 53PS440 1165-20 
53PS441 MMI 53PS441 1165-29 
53PS480 MMI 53PS480 1163-102 
53PS481 MMI 53PS481 1163-111 
53PS482 MMI 53PS482 1163-107 5300 
53PS483 MMI 53PS483 1163-118 
53PS840 MMI 53PS840 1167-16 
53PS841 MMI 53PS841 1167-24 5301 
53PS880 MMI 53PS880 1165-88 
53PS881 MMI 53PS881 1165-99 
53RAl641 MMI 53RA1641 .1462 

1168-19 5303 
53RAl681 MMI 53RA1681 1167-88 
53RA1683 MMI 53RA1683 1167-89 
53RA281 MMI 53RA281 1162-67 5304 
53RA283 MMI 53RA283 1162-68 
53RA441 MMI 53RA441 .1462 5305 

1165-63 
53RA481 MMI 53RA481 1164-69 5306 
53RA483 MMI 53RA483 1164-70 
53RA841 MMI 53RA841 .1462 5307 

1167-50 
53RA881 MMI 53RA881 1166-45 5308 
53RA883 MMI 53RA883 1166-46 
53RSl641 MMI 53R81641 .1462 5309 

1168-20 
53RS441 MMI 53RS441 .1462 

1165-64 I 53RS841 MMI 53RS841 .1462 531 
1167-51 

66 

Base 
Source Device Page-Une Number Source Device 

MMI 535080 .1453 531 AD AD531K 
1161-10 AD531L 

MMI 538081 .1453 AD531S 
1161-13 OKI MSM531 

MMI 53S14O .1453 Sanyo STK531 
1161-90 Signetics NE531 

MMI 53S141 .1453 SE531 
1161-93 53100 National MM53100 

MMI 53S1640 .1453 
1168-9 53102 National MM53102 

MMI 53S1641 .1453 53103 Nattonal MM53103 
1168-11 53104 National MM53104 

MMI 53S1680 .1453 I 53105 National MM5~105 

1167-70 I 53107 National MM53107 
MMI 53S1681 .1453 

1167-72 53108 National MM53108 
MMI 53S24O .1453 I 5311 AD AD5311 

1163-20 National MM5311 
MMI 53S241 .1453 

1163-24 I 53110 National MM53110 
MMI 538280 ·~~:~-34 I 

53112 Naiional MM53112 
53116 Naiional MM53116 

MMI 53S281 .1453 5312 National MM5312 
1162-36 

MMI 535440 .1453 5313 National MM5313 
1165-19 5314 National MM5314 

MMI 53S441 .1453 5315 National MM5315 
1165-28 

MMI 53S480 .1453 5316 EA EA5316 
1163-101 National MM5316 

MMI 53S481 .1453 SSS SCM5316 
1163-110 

MMI 53S482 .1453 5318 National MM5318 
1163-106 532 AD AD532 

MMI 53S483 .1453 
1163-117 AD532J 

MMI 53S84O .1453 AD532K 
1167-30 AD532S 

MMI 53S841 .1453 NPC ESM532 
1167-31 Sanyo STK532 

MMI 53S880 .. 1453 Signetics NE532 
1165-107 

MMI 53S881 .1453 
1165-113 

AD AD530 11 184-9 SA532 
.. 184-10 
~ 184-12 SE532 

AD530J 917-92 
AD530K 917-93 
AD530L 917-94 SE532A 
AD530S 917-95 Sprague UHC/O-532 

National TBA530 858-127 
OKI MSM530 409-92 UHP-532 
Plessey SL530C 840-199 

TBA530 858 -154 5320 National MM5320 
Signetics NE530 880-6 53200 Mitsubishi M53200 

SE530 874-20 53201 Mtlsubishi M53201 
TBA530 858-203 53202 Mitsublshl M53202 
TCA530 857-170 53203 Mitsubishi M53203 

Telefunken TBA530 859-34 53204 Mitsubishi M53204 
MMI 5300-1 .1449 53205 Mitsubishi M53205 

1162 -13 53206 Mitsubishi M53206 
Signetics SD5300 576-87 53207 Mitsublshi M53207 
MMI 5301-1 .1449 53208 Mitsubishl M53208 

1162-17 53209 Mitsubishi M53209 
National NF5301 857 -79 5321 National MM5321 
SignetlCs SD5301 901-177 53210 Mitsubishi M53210 
Motorola MCM5303A 1161 -64 53213 Mitsubishi M53213 
National MM5303 625 -73 53214 Mitsubishl M53214 

11 200-13 53216 Mitsubishl M53216 
Mitsubishi M5304 445-173 53217 Mitsubishl , M53217 
Motorola MCM5304A 1161-66 53220 Mitsubishi M53220 
MMI 5305-1 .1449 

I 
53225 Mitsubishi M53225 

1163-58 53227 Mitsubishi M53227 
MMI 5306-1 .1449 53230 Mrtsubishi M53230 

1163-61 53237 Mitsubishi M53237 
National MM5307 460-12 53238 Mrtsubishi M53238 

626-32 53240 Mitsubishi M53240 
MMI 5308-1 .1449 53241 Mitsubishi M53241 

1162-58 53242 MitsubiShi M53242 
MMI 5309-1 .1449 53243 Mitsubishi M53243 

1162-62 53244 Mitsubishi M53244 
National MM5309 854-94 53245 Mitsubtshi M53245 

11 191-9 53247 Mitsubisht M53247 
AD AD531 11 184-9 53248 Mitsubishi M53248 

AD531J 917-123 53250 Mitsubishi M53250 

'I Indicates page number in Application Note Directory. 
* Indicates addi.tional data is provided on the page noted . 

Page-Line 

917-124 
917-125 
917-126 
409-166 
906-28 
883-30 
881-29 
860-89 

• 175-19 
859-160 
859-161 
856-24 
860-90 
414-184 

• 175-19 
854-163 

'1\ 184-12 
854-95 

• 191-9 
854-105 
859-162 
859-163 
854-96 

• 191-9 
854-97 
854-98 
854-99 

• 191-9 
854-128 
854-153 
414-51 

1186-35 
858-55 

11 184-9 
11 184-12 

917-96 
917 -97 
917-98 
852-136 
907-61 

.1109 
866-172 
891-52 
892-47 
866-173 
891-53 

.1109 
866-174 
890-43 
889-19 
436-77 
622-3 
436-81 
622-7 
858-8 
443-103 
444-7 
447 -47 
444-8 
428-92 
428-155 
435-186 
435-154 
441-70 
441-118 
858-9 
443-15 
457-118 
457 -184 
4;j5-169 
435-139 
442-46 
446-169 
447-13 
441-165 
443-162 
444-89 
442-107 
603-92 
433-191 
433-152 
433-167 
434-76 
601-143 
601-55 
445 -144 

• Indicates entire Application Note is provided on the page noted. 

Base 
Number Source Device Page-Une 

53253 Mitstlbishl M53253 445-12 
53260 Milsubishi M53260 445 -174 
53262 Mitsubtshi M53262 433-190 
53270 Mitsubishi M53270 436-194 
53272 Mrtsubishi M53272 436-164 
53273 Mitsubishi M53273 438-22 
53274 Mitsubishi M53274 438-156 
53275 Mitsubisht M53275 448 -75 
53276 Mitsubishi M53276 438-99 
53280 Mitsubishi M53280 425-4 

' 53283 Mitsubishi M53283 425-32 
53284 Mitsubishi M53284 448-169 
53285 Mitsubishi M53285 427-70 
53286 Mitsubish! M53286 445-196 
53289 Mitsubishi M53289 1172-90 
53290 Mitsubishi M53290 431-80 
:>~2\11 MIISUOISIlI M5;;2iil 454-i/OI 

1191-85 
53292 Mitsubishi M53292 433-73 
53293 Mitsubishi M53293 429-93 I 
53295 Mitsubishi M53295 453-64 I 

'::::;; I 53296 Mitsubishi M53296 
1190-36 

533 AD AD533 • 184-9 
• 184-12 

AD533J 917-99 
AD533K 917-100 
AD533L 917-101 
AD533S 917 -102 

Sanyo STK533 908-26 
Sprague UHC/O-533 436-78 

622-4 
UHP-533 436-82 

622-8 
5330 Mitsubishi M5330 443-14 

MMI 5330-1 .1449 
1161-49 

National MM5330 11 178-13 
Panasonic MN5330 859-65 
Raytheon RC5330 1173-111 

RM5330 1174-23 
53307 Mitsubishi M53307 438-23 
5331 MMI 5331-1 .1449 

1161-50 
SSS SCL5331 857 -86 

SCL5331A 857-87 
5332 National MM5332 859-61 
53321 Mitsubisht M53321 452-49 
53322 Mitstilishi M53322 452-85 
53323 MilSlbsht M53323 452-164 
53325 MitSlilishi M53325 427 -146 
53326 Mitslbishi M53326 427-177 
53332 MitsWshi M53332 457 -150 
5334 Signeilcs SE5334 

875-21 I 
SE5334A 875-22 

53345 Mrtsubishi M53345 434 -57 
53347 Mitsubishi M53347 

456-
176

1 
53348 Mitsubishi M53348 456-148 
5335 MMI 5335-1 .1449 

1162-61 
53350 Mrtsubishi M53350 452-26 
53351 Mitsubishi M53351 451-112 
53353 Mitsubishi M53353 450-140 
53354 Mitsubishi M53354 435-101 
53355 Mitsubishl M53355 434-106 
53356 Mitsubishi M53356 434-138 
53357 Mitsubishl M53357 449-64 
53358 Mitsubishi M53358 449-169 
5336 MMI 5336-1 .1449 

1162-66 I 
53360 Mits\Jbishi M53360 431-191 1 
53361 Mitsubishi M53361 430-71 I 
53362 Mitsubishl M53362 432-44 I 
53363 Mitsubisht M53363 430-22 I 
53364 Mitsubishi M53364 454-1381 

1191-47 1 

53365 Mitsubishi M53365 454-98 I 
1191-3 ! 

53366 Mitsubishi M53366 454-1181 
1191-18 i 

53370 Mitsubishi M53370 448-"1 53374 Mitsubishi M53374 439-199 
53375 Mitsubishi M53375 439-48 
53376 Mitsubishi M53376 431-1321 
53377 MllSubishi M53377 429-160 

Ie MASTER 1979 



PART NUMBER INDEX 
Base Base Base Base 
Number Source Device Page-line Number Source Device Page-Line Number Source Device Page-Line Number Source Device Page-line 

53380. Mitsubishi M53380. 457-6 5380. MMI 5380-1 .1449 54C905 National MM54C905 417-31 54H3O National DM54H30. 441-200 
53381 Mitsubishi M53381 426-80. 1166-62 54C906 National MM54C906 404-152 Sqletics 54H30. 4-!\2-3 
53382 Mitsubisht M53382 426-154 5381 MMI 5381-1 .1449 54C907 National MM54C907 404-155 TI SN54H3O 442-5 
53385 Mitsubishi M53385 457-72 1166-68 54C909 National MM54C909 417-20. 54H40 F~rchild 54H40. 442-138 
53390. Mitsubishi M53390 432-139 5384 MMI 5384-1 .1449 849-44 National DM54H40 442-144 
53391 Mitstbshi M53391 430.-150. 1166-63 54C910. National MM54C910. 413-142 Signetics 54H40. 442-147 
53392 MitstiJishi M53392 432-181 5385 MMI 5385-1 .1449 1173-28 TI SN54H40. 442-149 
53393 Mitsubishi M53393 430.-192 1166-69 54C914 National MM54C914 417-79 54H50. Fairchild 54H50 445-156 
53398 Mitslilishi M53398 454-42 National MM5385 854-158 54C915 National MM54C915 409-30 National DM54HSO 445-160 

1190-76 5386 MMI 5386-1 1166-61 602-49 Signetics 54H50. 445-162 
53399 Mitsubishi M53399 454-31 National MM5386 854-159 54C920 National MM54C920 413-178 TI SN54H50. 445-164 

1190.-77 5387 MMI 5387-1 1166-67 1175-15 54H51 Fairchild 54H51 445-67 
534 AD AD534 • 184-9 National MM5387 854-160 54C921 National MM54C921 413-180 National DM54H51 445-72 

AD534J 917-10.3 5388 NEe America I!PD5388 854-170 1175-14 Sqletics 54H51 445-75 
, AD534K 917-10.4 539 Signebcs NE539 864-36 54C922 National MM54C922 605-7 TI SN54H51 445-77 

AD534L 917-10.5 5391 Mitsubishi M5391 454-175 • 155-10 54H52 Fairchild 54H52 444-149 
AD534S 917-106 1191-84 54C923 National MM54C923 605-9 National DM54H52 444-153 
AD534T 917-10.7 5393 Mitsubtshi M5393 429-92 54C929 National MM54C929 414-8 Signetics 54H52 444-155 

Dionics DI534A 60.2-93 National MM5393 900-105 1177-88 TI SN54H52 444-157 
Harris HD534 436-92 5395 MitsOOishi M5395 453-63 54C93 National MM54C93 405-111 54H53 Fairchild 54H53 445-23 
Signetics SA534 867-39 1188-26 54C930. National MM54C93O 414-10 National DM54H53 445-27 

896-44 National MM5395 901-60 1177-89 Sig:letics 54H53 445-29 
5340. Mitsubishi M5340. 443-10.2 5396 National MM5396 854-161 54C95 National MM54C95 415-86 TI sN54H53 445-31 

MMI 5340-1 .1449 5397 National MM5397 854-162 1190-8 54H54 Fairchild 54H54 444-100 
1164-60 54 National MM54C • 152-10. 54HOO Fairchifd 54Hoo ' 443-133 National DM54H54 444-20<1 

Raytheon RC5340. 1173-10.2 TI SN54S • 159-2 National DM54Hoo 443-138 Signetics 54H54 445-2 
RM5340. 1174-19 54COO National MM54Coo 410.-174 Signetics 54HOO 443-141 TI SN54H54 445-4 

5341 MMI 5341-1 .1449 54C02 National MM54C02 412-106 TI SN54Hoo 443-143 54H55 Fairchild 54H55 445-126 
1164-68 54C0.4 National MM54C0.4 405-31 54HO.l Fairchild 54H01 444-59 National DM54H55 445-128 

53478 Mitsubishi M53478 456-139 54C08 National MM54C08 410.-49 National DM54HOl 444-63 Signetics 54H55 445-130 
5348 MMI 5348-1 .1449 54C10 National MM54C10. 410.-142 Signetics 54HOl 444-66 TI SN54H55 445-132 

1164-56 54C10.7 National MM54C10.7 409-183 TI SN54H01 444-68 54H60 Fairchild 54H60 456-47 
53483 Mitsubishi M53483 425-33 54C14 National MM54C14 .262 54H04 Fairchild 54H04 428-122 National DM54H60 456-49 
5349 MMI 5349-1 .1449 417-77 National DM54H04 428-127 Signetics 54H60 456-51 

1164-62 SN54C14 • 161-13 Sigletics 54H04 428-130. TI SN54H60 456-53 
534!M> Mitsubishi M53490 431-81 54C1SO National MM54C15O. 414-98 TI SN54H04 428-132 54H61 Fairchild 54H61 456-56 
53492 Mitsubishi M53492 433-74 54C151 National MM54C151 414-93 54H0.5 Fairchild 54H0.5 428-187 National DM54H61 456-58 
53493 Mitsubishi M53493 429-94 54Cl54 National MM54C154 408-156 National DM54H0.5 428-191 Signetics 54H61 456-60 
535 AD AD535J 916-41 54C157 National MM54C157 414-61 Signetics 54H05 428-193 TI SN54H61 456-62 

AD535K 916 -42 54C160. National MM54C160. 406-133 Ti SN54H0.5 428-195 54H62 Fairchild 54H62 456-65 
Harris HD535 436-2 54C161 National MM54C161 406~24 54HOB Fairchild 54H08 441-98 National - DM54H62 456-68 
Signetics NE535 880.-10. 54C162 National MM54C162 406-149 National DM54H08 441-102 Signetics 54H62 456 c70. 

SE535 874-21 54C163 National MM54C163 406-40. Signetics 54H08 441-104 TI SN54H62 456-72 
5350. MMI 5350-1 .1449 54Cl64 National MM54Cl64 415-164 54H0.9 Fairchild 54H09 441-146 54H71 Fai~ 54H71 437-19 

1165-55 1192-26 54H10. Fairchild 54H10. 443-45 National DM54H71 437-21 
Signebcs SD5350. 463-33 54C165 National MM54C165 415-168 National DM54H10. 443-49 Signetics 54H71 437-23 

573-6 1192-24 Signetics 54H10. 443-52 TI SN54H71 437-25 
575-109 54C173 National MM54C173 409-123 TI SN54H10. 443-54 54H72 Fairchild 54H72 436-174 

5351- MMI 5351-1 .1449 54C174 National MM54C174 409-143 54H10.1 Fairchild 54Hl01 437-29 National DM54H72 436-178 
1165-59 54C175 National MM54C175 409-111 Sig:letics 54H10.1 437-31 Sig:letics 54H72 ,436-180. 

5352 Mitsubishi M5352 445-143 54C192 National MM54C192 A07-14 TI SN54H10.1 437-33 TI SN54H72 436-182 

MMI 5352-1 .1449 54C193 National MM54C193 406-83 54Hl02 Fairchild 54Hl02 437-12 54H73 Fairchild 54H73 438-77 
1165-56 54C19~ National MM54Cl95 415-78 Sqletics 54H10.2 437-14 , National DM54H73 438-83 

5353 MMI 5353-1 .1449 1189-112 TI SN54Hl02 437-16 Signetics 54H73 438-85 

1165-60 54C20. National MM54C20 410-100 54H103 Fairchild 54H10.3 437-37 TI SN54H73 438-87 

5357 - National MM5357 .220 54C200 National MM54C2OO 413-133 National DM54H10.3 437-39 54H74 FairchId 54H74 438-185 

579-41 1174-41 Sigletics 54Hl03 437 -41 National DM54H74 438-189 

• 178-15 54C221 National MM54C221 414-121 TI SN54H103 437-43 Signetics 54H74 438-191 

536 AD AD536 
• 184-9 

54C30 National MM54C30. 410.-71 54Hl06 Fairchild 54H106 437-200 TI SN54H74 438-193 

AD536AJ 919-7 54C32 National . MM54C32 411-173 National DM54H106 437-202 54H76 FairChild 54H76 438-125 

AD536AK 919-8 54C373 National MM54C373 412-153 Sigletics 54Hl06 438-3 National DM54H76 438-127 

AD536AS 919-9 54C374 National MM54C374 409-151 TI SN54H106 438-5 Signetics 54H76 438-129 

AD536J 919-5 54C42 National MM54C42 408-68 54H10.8 Fairchild 54H108 437-47 TI SN54H76 438-131 

AD536K 919-6 54C48 National MM54C48 408-87 National DM54H108 437-49 54H78 Fairchild 54H78 437-77 

Harris HD536 602-73 54C73 National MM54C73 409-181 Signetics 54H108 437-51 National DM54H78 437-79 

Signetics NE536 888-24 54C74 National MM54C74 409-89 TI - SN54Hl08 437-53- TI SN54H78 437-81 

SU536 887-32 54C76 National MM54C76 409-163 54H11 Fairchild 54H11 441-13 54H87 Fairchild 54H87 456-40. 

5369 National MM5369 414-161 54C83 National MM54C83 404-9 National DM54H11 _ 441-17 Motorola MC54H87 456-42 

537 AD AD537J 919A-1 54C85 National MM54C85 404-73 Signetics 54Hl1 441-19 TI SN54H87 456-44-

AD537K 919A-2 54C86 National MM54C86 411-84 TI SN54H11 441-21 54LSoo Fairchild 54LSOO 443-117 

AD537S 919A-3 54C89 National MM54CB9 413-116 54H15 Fairchild 54H15 441-50 Motorola SN54LSoo 443-120 

5370. National MM5370 854-154 1173-3 TI SN54H15 441-52 National DM54LSoo 443-122 

5371 National MM5371 854-155 54C90 National MM54C90. 406-121 54H1B3 Fairchild 54H183 425-111 Raytheon 54LSoo 443-127 

5373 Mitsubishi M5373 438-21 54C90.1 National MM54C901 405-65 TI SN54H183 425-114 Signetics 54LSoo 443-129 

5374 MiIsubisI1i M5374 438-155 416-97 54H2O Fairchild 54H20 442-77 Tl SN54LSOO 443-131 

5375 Mitsubishi M5375 436-163 • 160-7 
National DM54H2O 442-81 54LSOl Motorola SN54LS01 444-34 

National MM5375 854-100 54C902 National MM54C902 404-171 Signetics 54H20. 442-84 National DM54LS01 444-38 

B54-156 416-100 TI SN54H20 442-86 Raytheon 54LS01 444-45 

5376 MitsOOishi M5376 438-98 • 160-7 
54H21 Fairchild 54H21 440-171 SigneIics 54LSOl 444-51 

National MM5376 854-101 54C903 National MM54C903 405-68 National DM54H21 440.-175 TI SN54LSOl 444-55 

854-157 416-10.4 Signetics 54H21 440-177 54LS02 FairctikI 54LS02 447-64 

5377 NatiOOal MM5377 854-10.2 • 160-7 
54H22 Fairchild 54H22 442-183 Motorola SN54LS0.2 447-71 

5378 National MM5378 854-103 54C904 National MM54C904 404-175 National DM54H22 442-187 National DM54LS02 447-75 

5379 National MM5379 854 -104 416!108 Signelics 54H22 442-189 Raytheon 54LS0.2 447-80 

538 Signetics NE538 880-11 
• 160-7 

TI SN54H22 442-191 Signetics 54LS02 447-86 

SE538 874-22 54C905 H8tionII MM54C905 .1073 54H30 Fairchild 54H3O 441-194 TI SN54LS02 447-90 

Arrarlged alphanumerically from left to right. 
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54LS03 Fairchild 54LS03 444-30 
Motorola SN54LS03 444-36 
National DM54LS03 444-40 
Raytheon 54LS03 444-49 
SlgnetiCs 54LS03 444 -53 
Ti SN54LS03 444 -57 

54LS04 Fairchild 54LS04 428-106 
Motorola SN54LS04 428-109 
National DM54LS04 428-111 
Raytheon 54LS04 428-116 
Signetics 54LS04 428-118 
TI SN54LS04 428-120 

54LS05 Fairchild 54LS05 428-171 
Motorola SN54LS05 428 -174 
National DM54LS05 428-176 
Q~yth~0n <;dL8()<; .12"-1"1 
Signetics 54LS05 428-183 
TI SN54LS05 428-185 

54LS08 Fairchild 54LS08 441 -82 
Motorola SN54LS08 441-85 
National DM54LS08 441-87 
Raytheon 54LS08 441-92 
SlgnetiCS 54 LS08 441-94 
TI SN54LS08 441-96 

54lS09 Fairchild 54LS09 441-130 
Motorola SN54LS09 441-133 
National DM54LS09 441-136 
Raytheon 54LS09 441-140 
Signetlcs 54 LS09 441-142 
TI SN54LS09 441-144 

54LS10 f-alrdlilo 54LS10 443-29 
Motorola SN54LS10 443-32 
National DM54LS10 443-34 
Raytheon 54LS10 443-39 
Signetlcs 54LS1O 443-41 
TI SN54lS10 443-43 

54lS107 Fairchild 54LS107 438-48 
Motorola SN54LS107A 438-54 
Nalional DM54LS107 438-58 
Raytheon 54LS107 438-66 
Signebcs 54LS107 438-71 
TI SN54LS107A 438-75 

54LS109 Fairchild 54LS109 437 -95 
Motorola SN54LS109A 437-97 ,il 

National DM54LS109 437 -99 
Raytheon 54LS109 437-104 
5ignellcs '54LSi09 437 -106 
TI SN54LS109A 437-108 

54LS11 Fairchild 54LS11 440-194 
Motorola SN54LSll 440-196 
National DM54LS11 441-2 
Raytheon 54LS11 441 -7 
Signetics 54LS11 441 -9 
TI SN54LS11 441 -11 

54LS112 Fairchild 54LS112 437-175 
Motorola SN54LS112A 437-178 
National DM54LS112 437-180 

I 
Raytheon 54LS112 437-185 
Signetics 54LS112 437 -187 
TI SN54LSI12A. 437-189 

54lS1l3 Fairchild 54LS113 437-1161 
Motorola SN54LS113A 437 -119 
National DM54LS113 437-121 
Raytheon 54LS113 437 -126 
Signetics 54LS113 437-128 
TI SN54LS113A 437 -130 

54LS114 Fairchild 54LS114 437-147 
Motorola SN54LS114A 437 -150 
National DM54lS114 437-152 
Ray1heon 54LS114 437-156 
Signetics 54LS114 437-158 
TI SN54LS114A 437-160 

54LS12 Fairchild 54LS12 443-76 
Motoro!a SN54LS12 443-79 
National DM54LS12 443-81 
Raytheon 54LS12 443-85 
Signetics 54LS12 443-87 
TI SN54LS12 443-89 

54LS122 Motorola SN54lS122 452-91 
National DM54LS122 452-93 
Raytheon 54LS122 452-97 
TI SN54LS122 452-99 

54LS123 AMD SN54LS123 452-176 
Motorola SN54LS123 452 -179 
National DM54LS123 452-181 
Ray1htlon 54LS123 452-185 

68 

Base 
Number 

54LS123 

54LS124 

54LS125 

54LS126 

54LS13 

54LS132 

54LS133 

54LS136 

54LS137 
54LS138 

54LS139 

54LS14 

54LS145 

54LS147 
54LS148 

54LS15 

54LS151 

54LS152 

54LS153 

Base 
Source Device Page-Une Number Source Device 

TI SN54LS123 452-187 54LSl54 National DM54LS154 
• 161-14 Signetics 54LS154 

TI SN54LS124 458-26 54LS155 Fairchild 54LS155 
899-111 Motorola SN54LS155 

Fairch~d 54LS125 427 -159 National DM54LS155 
Motorola SN54LS125A 427-161 Ra'tiheon 54LS155 
National DM54LS125 427 -163 TI SN54LS155 
Raytheon 54LS125 427-167 54LS156 Fairchild 54LS156 
SignetlCS 54LS125A 427 -169 Motorola SN54LSl56 
TI SN54LS125A 427-171 National DM54LS156 
Fairchild 54LS126 427 -190 Raytheon 54LS156 
Motorola SN54LS126A 427-192 TI SN54LSl56 
National DM54LS126 427 -194 54LS157 AMD SN54LS157 
Raytheon 54LS126 428-3 Fairchild 54LS157 
Sigr1etics 54LS126A 428-5 Motorola SN54LS157 
TI <;N<;4t<;I,IiA 4?R-7 NlllionRI DM54LS157 
Fairchild 54LS13 457-131 Raytheon 54LS157 
Motorola SN54LS13 457-134 Signetics 54LS157 
National DM54LS13 457-136 TI SN54LS157 
Ray1heon 54LS13 457-140 54LS158 AMD SN54LS158 
SignetlCS 54LS13 457-142 Fairchild 54LS158 
TI SN54LS13 457-144 Motorola SN54LSl58 
Fairchild 54LS132 457-161 National DM54LSl58 
Motorola SN54LS132 457 -164 Raytheon 54LS158 
National DM54LS132 457-166 Signetics 54LS158 
Ray1heon 54LS132 457 -170 TI SN54LS158 
Signetics 54LS132 457-173 54LSI60 AMD SN54LSI60 
TI SN54LS132 457-174 Fairchild 541.S160 
Fairchild 54LS133 442-25 Motorola SN54LSl60A 
Motorola SN54LSI33 442-27 National DM54LS160 
Fairchild 54LS136 446-70 Raytheon 54LS160 
Motorola SN54LS136 446-73 TI SN54LSl60A 
National DM54LSl36 446-75 54LS161 AMD SN54LSI61 
Raytheon 54LS136 446-79 Fairchild 54LS161 
Signetics 54LS136 446-81 Motorola SN54LS161A 
TI SN54LSI36 446-83 National DM54LS161 
TI SN54LS137 435-55 Raytheon 54LS161 
AMD SN54LSl38 435-13 SignetiCs 54LS161A 
Fairchild 54LS138 435-17 TI SN54LS161A 
Motorola SN54LS138 435-20 54LS162 AMD SN54LS162 
National DM54LS138 435-22 Fairchild 54LS162 
Raytheon 54LS138 435-29 Motorola SN54LS162A 
Signetics 54LS138 435-31 National DM54LS162 
TI SN54LSl38 435-33 Raytheon 54LS162 
AMD SN54lS139 434-173 TI SN54LS162A 
Fairchild 54LS139 434-177 54LSI63 AMD SN54LS163 
Motoroia 5N54LSi39 434-180 Fairchiid 54LSl63 
National DM54LS139 434-182 Motorola SN54LSI63A 
Raytheon 54LS139 434-189 National DM54LSI63 
SignetlCS 54LS139 434-191 Raytheon 54lS163 
TI SN54LS139 434-193 Signetics 54LSl63A 
FaircMd 54lS14 457-195 TI SN54LS163A 
Motorola SN54LSI4 458-4 54LSI64 AMD SN54LSI64 
National DM54LS14 458-6 
Raytheon 54LS14 458-10 Fairchild 54LSI64 
Signetics 54LS14 458-12 
TI SN54LS14 458-14 Motorola SN54LSl64 
Fairchild 54LS145 434-66 
TI SN54LS145 434-69 National DM54LSl64 
TI SN54LS147 456-184 
AMD SN54LS148 456-166 Raytheon 54LSI64 
TI SN54LS148 f.56 -17O 
Fairchild 54LS15 441-35 Signetics 54lS164 
Motorola SN54LS15 441-38 
National DM54LS15 441-40 TI SN54LSl64 
~ytheon 54LS15 441-44 
Signetics 54LS15 441-46 54LS165 Motorola SN54LS165 
TI SN54LS15 441-48 
AMD SN54LSI51 451-124 TI SN54LSl65 
Fairchild 54LS151 451-128 
Motorola SN54LS151 451-131 54LSI66 Motorola SN54lS166 
Nationa! DM54LS151 451-133 TI SN54LSl66 
Raytheon 54LS151 451-141 
Signetics 54LS151 451 -143 54LS1S8 AMD SN54LS1&.lA 
TI SN54LS151 451-145 Fairchild 54LSl68 
Fairchild 54LS152 451-66 Motorola SN54LSI68 
Motorola SN54LS152 451-70 National DM54LS168 
Raytheon 54LS152 451-74 TI SN54LSI68 
TI SN54LS152 451-76 54LSl69 AMD SN54LS169A 
AMD SN54LS153 450-154 Fairchild 54LS169 
FairChild 54LS153 450-158 Motorola SN54LS169 
Motorola SN54LS153 450-161 Nabonal DM54LS169 
National DM54LS153 450-163 TI SN54LSI69 
Raytheon 54LS153 450-170 54LS170 Fairchild 54LS170 
SignebCS 54LS153 450-172 
TI SN54LSI53 450·174 Motorola SN54LS170 

1\ Indicates page number in Application Note Directory, 
* Indicates additional data is provided on the page noted, 

Page-Une 

435-119 
435-121 
434-118 
434-121 
434-123 
434-128 
434-131 
434-150 
434-153 
434-155 
434-159 
434-162 
449-88 
449-92 
449-95 
449-97 
449-104 
449-106 
449-108 
449-174 
449-178 
449-181 
449-183 
449-189 
449-191 
449-193 
432-11 
432-15 
432-18 
432-20 
432-26 
432-29 
430-92 
430-96 
430-99 
430-102 
430-108 
430-110 
430-112 
432-55 
432-59 
432-62 
432-64 
432-72 
432-75 
430-33 
430-37 
430-40 
430-42 
430-48 
430-50 
430-52 
454-151 

1191-37 
454-153 

1191-41 
454-156 

1191-48 
454-158 

1191-54 
454-163 

1191-60 
454-165 

1191-64 
454-167 

1191-69 
454-108 

1191-19 
454-110 

1191-25 
454-125 
454-127 

1191-29 
433-31 
433-34 
433-36 
433-38 
433-40 
431-35 
431-38 
431 -40 
431-42 
431-44 
448-188 

1171-47 
448-190 

• Indicates entire Application Note is provided on the page noted, 

Base 
Number Source. Device Page-una 

54LS170 Motorola SN54LS170 1171-52 
National DM54LS170 448-192 

1171-56 
Raytheon 54LS170 448-196 

1171-43 
Sigr'.etics 54LS170 449-4 

1171-58 
TI SN54LS170 449-6 

1171-62 
54LS173 Fairchild 54LS173A 439-29 

Motorola SN54LS173A 439-31 
National DM54LS173 439-33 
Sigr1etiCs 54LS173 439-35 
TI SN54LS173 439-37 

54LS174 AMD SN54LS174 440-10 
Fairchild 54LS174 440-14 
National DM54LS174 

440-
18

1 Ray\t]eon 54LS174 440-24 
Signetics 54LS174 440-26 
TI SN54LS174 440-28 

54LS175 AMD SN54LS175 439-60 I 
Fairchild 54LS175 439-64 
Motorola SN54LS175 439-67 
National DM54LS175 439-71 
Raytheon 54LS175 439-78 
Signetics 54LS175 439 -80 
TI SN54LS175 439-82 

54LS181 AMD SN54LS\81 426-96 . 
Fairchild 54LS181 426-100 
Motorola SN54LS181 426-102 
Raytheon 54LS181 426-106 
Signetics 54LS181 426-110 
TI SN54LS181 426-112 

54LS183 TI SN54LS183 425-109 
54LS189 Fairchild 54LS189 * 485 

Motorola SN54LS189 1172·70 
National DM54LSI89 1172-113 
TI SN54LS189A 1172-83 

54LSI90 AMD SN54LSl90 432-150 
Fairchild 54LS190 432-154 
Motorola SN54LS190 432-156 
National DM54lS190 432-158 
Raytheon 54LS190 432-164 
Signebcs 54LS190 432-166 
TI SN54lS190 432-168 

54LS191 AMD SN54LSI91 430-161 
Fairchild 54LS191 

~o_ .. ~ Motorola SN54LS191 430-167 
National DM54LS191 430-169 
Ray1heon 54LS191 430-175 
Signetics '54LS191 430-177 
TI SN54LS191 430-179 

54lS192 AMD SN54lS192 432-19 
Fairchild 54LS192 433-4 
Motorola SN54LS192 

433-6 I 
National DM54LS192 433-8 
Raytheon 54LS192 433-15 
Signetics 54LS192 433~17 I 
TI SN54LS192 433-19 1 

54LS193 AMD SN54LSI93 

:;~ :~~ Fairchild 54LS193 
Motorola SN54LSI93 431-16 
National DM54LS193 431-18 
Raytheon 54LS193 431-25 
Signetics 54LS193 431-27 
TI SN54LS193 431-29 

54lS194 AMD SN54LS194A 453-1 

l1M_52~ Fairchild 54LSI94A 453-113 
1188-108 

Motorola SN54LS194A 453-11 
1189-5 

Raytheon SN54LSI94A 11$_27

1 
54LS194A 453-123 

TI SN54LSI94A 453-12 
1188-96 

54LS195 AMD SN54LS195A 453-29 

1188-1001 
Fairchild 54LS195 453-33 

54LS195A 1188-114 
Motorola 'SN54LS195A 

453_
36

1 1189-9 
Raytheon 54lS195A 453-43 

1189-31 
Signetics 54LS195A 453-45 1 

1189-39 
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Bue Base Base Bue 
Number Sowce DevIce Page-lIne Number Source DevIce Page-Une Number Source Device Page-Une Number Sowce Device P8ge-Une 

54LSl95 TI SN54LSl95A 453-47 54LS243 Raytheon 54LS243 458-92 54LS261 TI SN54LS261 425-142 54LS299 Raytheon 54LS299 454-80 
1189-45 615-19 54LS266 Fairchild 54LS266 446-100 TI SN54LS299 454-86 

54LSl96 Fairchild 54LSl96 431-164 TI SN54LS243 458-98 Motorola SN54LS266 446-102 1190-115 
Motorola SN54LSl96 431-166 615-21 National DM54LS266 446-104 54LS30 Fairchild 54LS30 441-178 
National DM54LSl96 431-168 54LS244 AMD SN54LS244 459-72 ,Raytheon 54LS266 446-108 Motorola SN54LS30 441-181 
Raytheon 54LSl96 431-172 607-26 Signetics 54LS266 446-110 National DM54LS30 441-183 
TI SN54LSI96 431-175 Fairchild 54LS244 459-74 TI SN54LS266 446-112 Raytheon 54LS30 441-188 

54LS197 Fairchild 54LS197 429-191 MMI 54LS244 *768 54LS27 Fairchild 54LS27 447-24 Signetics 54LS30 441-190 
Motorola SN54LSI97 429-193 459-76 Motorola SN54LS27 447-27 TI SN54LS30 441-19~ 

National DM54LSI97 429-195 607-40 National DM54LS27 447-29 54L8314 TI SN54LS314 1177-54 
Raytheon 54L5197 429-199 Motorola SN54LS244 459-80 Raytheon 54LS27 447-34 54L8315 TI SN54LS315 1177-43 
TI SN54LSI97 429-202 607-54 Signetics 54LS27 447-36 54LS319 TI SN54L8319 1172-80 

'54LS20 Fairchild 54LS20 442-60 ,Raytheon 54LS244 * 525 TI 5N54LS27 447-38 54L532 Fairchild 54L532 446-138 
Motorola SN54LS20 442-63 459-86 54LS273 AMD SN54LS273 440-45 Motorola 5N54L532 446-141 
National DM54LS20 442-65 608-3 Fairchild 54LS273 440-47 National DM54L532 446-143 
Raytheon 54L520 442-71 TI SN54LS244 459-89 MMI 541S273 * 509 Raytheon 54L532 446-148 

Signetics 54LS20 442-73 608-11 440-49 Signetics 54LS32 446-150 
TI SN54LS20 442-75 54LS245 AMD SN54LS245 459-113 Motorola SN54LS273 440-53 TI 5N54LS32 446-152 

54LS21 Fairchild 54LS21 440-155 618-10 Raytheon 541S273 * 531 54LS32O TI SN54LS32O 458-20 

Motorola SN54LS21 440-158 Fairchild 54L5245 459-115 440-59 54L8321 TI SN54LS321 458-22 

National DM54L521 440-160 618-11 TI SN54LS273 440-62 54L8322 AMD SN54LS322 425-182 
Raytheon 54L521 440-165 MMI 541S245 * 774 54LS275 TI SN54LS275 426-53 454-198 

Signetics 54LS21 440-167 459-117 54LS279 Fairchild 54LS279 448-12(J MMI 54LS322 425-184 

TI SN54LS21 440-169 618-12 Motorola SN54LS279 448-122 455-3 
54LS214 TI SN54LS214 1177-55 Motorola SN54LS245 459-123 National DM54LS279 448-124 Motorola SN54LS322 425-186 

54L5215 TI SN54LS215 1177-45 618-15 Raytheon 54LS279 448-129 455-5 
54L5219 TI SN54LS219 1172-85 TI SN54LS245 459-131 Signetics 54LS279 448-131 Raytheon 541S322 * 537 
54L522 Fairchild 54LS22 442-168 618-18 TI SN54LS279 448-133 455-9 

Motorola SN54LS22 442-171 54L5247 Fairchild 54LS247 601-134 54LS28 Motorola SN54LS28 447-73 TI SN54LS322A 425-190 
National DM541,.822 442-173 Motorola SN54L5247 601-149 Raytheon 54L828 447-84 455-11 
Raytheon 54L822 442-177 National DM54LS247 601-155 SignetlCS 54LS28 447-88 54LS323 AMD SN54LS323 454-59 

8qletics 54L522 442-179 TI SN54LS247 601-168 TI SN54LS28 447-92 1190-95 

TI 8N54LS22 442-181 54LS248 Fairchild 54LS248 601-49 54LS280 Fairchild 54LS280 457-21 Fairchild 54LS323 454-63 

54L5221 Motorola SN54LS221 452-114 Motorola SN54L5248 601-60 TI 5N54LS280 457-23 1190-99 

National DM54LS221 452-116 National DM54L5248 601-70 54L5281 AMD 5N54L5281 426-187 MMI 54L8323 454-68 

Raytheon 54L8221 452-120 TI SN54L5248 601-84 54LS283 Fairchild 54LS283 425-51 1190-103 

Signetics 54LS221 452-122 54LS249 Fairchild 54L8249 601-92 MMI 54L5283 425-55 Motorola 5N54LS323 454-72 

TI 5N54L5221 452-124 Motorola SN54L5249 601-98 Motorola SN54l5283 425-59 Raytheon 54LS323 * 540 
54LS222 TI 5N54L5222 1159-60 National DM5415249 601-104 National DM54L5283 425-63 454-84 

5415224 Tl Sf'/54lS224 1159:62 Tl SNS4lS249 601-114 Ra)'lt:eon 5418283 425-72 1190-1~3 

54L5240 AMD SN54lS240 458-181 54L5251 AMD SN54L5251 451-182 Signetics 54L8283 425-76 TI 5N54L5323 454-88 

608-15 Fairchild 54L8251 451-186 TI 5N54L5283 425-80 1190-117 

Fairchild 54L8240 458-183 Motorola SN54L5251 451-189 54L5289 Motorola 5N54l5289 1172-69 5415324 Tl 5N54l5324 458-17 

608~19 Rayltleon 54L5251 451-196 National DM54l5289 1172-114 899-56 

MMI 541S240 * 768' Signetics 54LS251 451-198 TI SN54lS289 1172-78 54L5325 TI 5N54L8325 458-28 

458-187 452-8 54L5290 Fairchild 54L8290 431-102 899-115 

608-23 TI SN54lS251 451-199 Motorola SN54LS290 431-106 5415326 Tl 5N54l5326 458-30 

Motorola 5N54LS240 458-195 1762-132 National DM54LS290 431-110 899-117 

608-39 54lS253 AMD SN54lS253· " 450-193 Signetics 54L8290 431-118 54L5327 TI SN54L8327 458-32 

Raytheon 541S240 *522 Fairchild 54L8253 450-197 TI SN54L5290 431-122 899-119 

459-4, Motorola SN54L5253 450-200 54L5293 Fairchild 54LS293 429-115 54L8328 TI 5N54l5328 458-36 

/ 608-47 National DM54L5253 450-202 Motorola SN54lS293 429-119 899-121 

TI SN54L5240 459-7 Raytheon 54L5253 451-8 National DM54lS293 429-123 54L833 Fairchild 54L833 447-108 

608-50 Signetics 54LS253 451-10 Signetics 54L5293 429-131 Motorola 8N54LS33 447-110 

5415241 AMD 5N54L5241 459-35 TI SN54LS253 451-12 TI SN54L5293 429-13fl 'Raytheon 54L533 447-114 

607-20 54LS255 Raytheon 54L8255 434-168 54LS295 Fairchild 54L8295 453-140 Signetics 54L533 447-116 

Fairchild 54L8241 459-39 54LS256 Fairchild 54L8256 447 -153 54L8295A 1188-118 Tl 5N54LS33 447-118 

607-30 Motorola 5N54L5256 447-155 Motorola 5N54L5295A 453-142 54L5347 Tl 5N54L5347 601-124 

MMI 54LS241 * 768 54LS257 AMD 5N54LS257 450-47 1189-11 601-170 

459-43 Fairchild 54L8257 450-51 Raytheon 54l8295A 453-147 54LS348 Tl 5N54L5348 456-172 

607-36 Motorola SN54L5257A 450-54 1189-35 54L5352 Fairchild 54L5352 451-22 

Motorola SN54LS241 459-47 National DM54L5257 450-56 Tl 5N54LS295B 453-150 Motorola 5N54L5352 451-24 

607-52 Raytheon 5418257 450-63 1189-47 National ~54L8352 451-26 

Rayt!1eon 541S241 * 525 ~tics 5418257 450-65 54L5297 TI 5N54LS297 457-51 Tl 5N54LS352 451-28 

459-53 TI SN54L5257A 450-67 898-52 54L5353 Fairchild 54L5353 451-31 

607-62 54L5258 AMD 5N54L5258 450-13 54LS298 AMD SN54LS298 449-136 Motorola SN54L5353 451-33 

TI SN54LS241 459-56 Fairchild 54L8258 450-17 Fairchild 54L8298 439-149 National DM54LS353 451-35 

608-7 Motorola SN54LS258A 450-20 449-138 TI 5N54LS353 451-37 

54L5242 AMD SN54LS242 458-68 National DM54L5258 450-22 450-111 54L5360 TI SN54lS360 456-34 

615-8 Raytheon 54LS258 450-29 Motorola 5N54LS298 439-151 54L5361 TI SN54LS361 456-37 

Fairchild 54L8242 458-74 TI SN54lS258A 450-32 449-140 54lS362 TI 5N54LS362 1762-115 

615-10 54lS259 Fairchild 54L5259 447-146 450-114 54lS363 TI SN54LS363 447-182 

Motorola SN54L5242 458-78 Motorola 5N54LS259 447-148 Raytheon 54L5298 439-159 54LS364 TI 5N54lS364 440-88 

615-12 TI 5N54L5259 447-150 449-146 5415365 Fairchild 54L8365 428-30 

Rlytheon 54LS242 * 528 1762-159 450-122 Motorola SN54lS365A 428-35 

458-86 541526 Fairchild 541826 444-126 TI 5N54LS298 439-162 National DM54LS365 428-39 

615-16 Motorila SN54LS26 444-129 449-148 Raytheon 54L5365 428-47 

TI 5N54lS242 458-96 National DM54L826 444-131 450-125 Signetics 54l8365A 428-53 

615-20 Raytheon 54LS26 444-135 54LS299 AMD SN54L5299 454-57 TI 5N54L5365A 428-57 

54L5243 AMD 5N54LS243 458-72 Signetics 54L826 444-137 1190-68 54LS366 Fairchild 54L5366 429-28 

615-9 TI 8N54LS26 444-140 Fairchild 54L8299 454-61 Motorola SN54LS366A 429-33 

Fairchild 54L8243 458-76 54LS260 Fairchild 54L5260 446-192 1190-97 National DM54L5366 429-37 

615-11 Motorola SN54LS260 446-194 MMI 54L5299 454-65 Raytheon 5418366 429-45 

Motorola SN54LS243 458-80 Signetics 54L5260A 446-196 1190-101 Signelics 54l8366A 429-51 

615-13 54LS261 Raytheon 54L5261 425-138 Motorola SN54L5299 454-70 TI 5N54LS366A 429-55 

Raytheon 541S243 * 528 SigJetics 5418261 425-140 Raytheon 541S299 * 533 5418367 Fairchild 54L5367 428-32 

Arranged alphanumerically from left to right. 
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Base 
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Base 
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Base Base 
Device Page-Line Number Source Device Page-Une Number Source 

------------------------------
54LS367 

54LS368 

54LS37 

1 ~~373 

Motorola 
National 
Raytheon 
Signetics 
TI 
Fairchild 

Motorola 
National 

Raytheon 

Signetics 
TI 

Fairchild 

Motorola 

National 

Raytheon 

SiQnetics 

TI 

AMD 

Fairchild 
MMI 

SN54LS367A 
DM54LS367 

54LS367 
54LS367A 
SN54lS367A 

54LS368 

SN54LS368A 
DM54LS368 

54LS368 

54LS368A 

SN54LS368A 
54LS37 

SN54LS37 

DM54LS37 

54LS37 

54LS37 

SN54LS37 
SN54LS373 

54LS373 
54LS373 

Motorola SN54LS373 

Raytheon 54LS373 

TI SN54LS373 
54LS374 AMD SN54LS374 

Fairchild 54LS374 
MMI 54LS374 

Motorola SN54LS374 
National DM54LS374 

Raytheon 54LS374 

TI SN54LS374 
54LS375 Fairchild 54LS375 

6N54LS375 
54LS375 

SN54LS375 

SN54LS377 
54LS377 

54LS3n 

Motorola 

SlQnetics 
TI 

54LS377 AMD 

Fairchild 

MMI 

Motorola SN54LS377 

Raytheon 54LS3n 

54LS378 AMD 

Fairchild 
Motorola 
TI 

54LS379 AMD 

Fairchild 
Motorola 

TI 
54LS38 Fairchild 

Motorola 

National 
Raytheon 

Signetics 

TI 

54LS381 AMD 
TI 

54LS382 TI 

54LS384 AMD 

SN54LS377 
SN54LS378 

54LS37B 
SN54LS378 
SN54LS378 

SN54LS379 

54LS379 
SN54LS379 
SN54LS379 

54LS38 
SN54LS38 

DM54LS3B 
54LS38 

54LS38 

SN54LS38 

SN54LS381 

SN54LS381 

SN54LS382 
SN54LS384 

Motorola SN54LS384 
Raytheon 54LS384 

TI SN54LS384 
54LS385 AMD SN54LS385 

54LS386 

54LS388 
54LS390 

54LS393 

70 

Motorola SN54LS385 

Raytheon 54LS385 

TI 
Motorola 

National 

Raytheon 
Signelics 

TI 

AMD 

Fairchild 

Motorola 
TI 

Fairchild 

Motorola 
TI 

SN54LS385 
SN54LS386 

DM54LS386 
54LS'386 

54LS386 

SN54LS386 

SN54LS388 

54LS390 

SN54LS390 

SN54LS390 
54LS393 

SN541s393 

SN54LS393 

~28 -37 54LS395 Fairchild 
428-41 
428 -51 Motorola 
428-55 
428 -59 Raytheon 

429-30 

429-35\ 
429-39 

429 -49 ,-
429-53 

5Ignetics 

TI 

429-57 II 

443-177 
54LS396 TI 

443 -180 54LS398 Motorola 

443 -1821 
443-187 

443-189. 

TI 

443-
191

1 447-164 
54LS399 AMD 

447-166 

• 505 
4~7-1681 
447-170 

Motoro!a 

T! 

• 543 54LS40 Fairchild 
447 -178 Motorola 
447 -184 National 

440 -67 Raytheon 
440-70 Signetics 

• 505 TI 
440-72 54LS42 Fairchild 
440-74 
440-78 

• 543 
440-84 

440-90 

Motorola 

National 

Raytheon 

Signetics 
TI 

448 -89 54LS424 TI 

448 -93 54LS43 Raytheon 
448 -1 04 54LS44 Fairchild 

448 -1 08 Raytheon 
440 -115 54LS442 TI 

440 -117 54LS443 TI 

• 509 54LS444 TI 
440 -121 54LS445 TI 

440 -1 23 54LS447 TI 
448 -58 54LS47 Fairchild 

• 549 
440-129 
440-132 

Motorola 

National 
Tl 

439 -177 54LS478 TI 
439-179 
439-181 54LS479 TI 
439-184 

439 -99 54LS48 Fairchild 
439 -101 Motorola 

439-103 National 
439-105 TI 
444 -1 04 54LS481 TI 
444-107 
444-113 

444 -111 54LS49 
444-117 

444-118 

426-129 

426 -131 54LS490 
426-134 
425-163 

425 -165 54LS502 

• 551 
425-171 54LS503 
425-176 

425-121 

425 -123 54LS504 

• 554 
425-129 

425-131 54LS51 
446-23 

446-27 
446-36 

446-40 
446-44 

439 -122 54LS533 

432 -11 0 54LS534 
432 -115 54LS54 

432-121 
429-143 

429-1451 
429-148 

Fairchild 

Motorola 
National 

TI 

Fairchild 

Motorola 

TI 
Fairchild 

Motorola 

Fairchild 

Motorola 

Fairchild 

Motorola 
Fairchild 

Motorola 

National 
Raytheon 

Signetics 
TI 

AMD 
AMD 
Fairchild 
Motorola 

National 
Raytheon 

Signetics 

54LS395 

SN54LS395 
SN54LS395A 
54LS395 

54lS395A 

54LS395 

SN54LS395A 

SN54LS396 

SN54LS398 

SN54LS398 

SN54LS399 

SN54LS399 

SN54LS399 

54LS40 

SN54LS40 
DM54LS40 
54LS40 

54LS40 
SN54LS40 

54LS42 

SN54LS42 
DM54LS42 

54LS42 

54LS42 

SN54LS42 
SN54LS424 

54LS43 
54LS44 

54LS44 

SN54LS442 

SN54LS443 
SN54LS444 

SN54LS445 
SN54LS447 

54LS47 
SN54LS47 

DM54LS47 

SN54LS47 
SN54LS478 

SN54LS479 

54LS48 
SN54LS48 

DM54LS48 
SN54LS48 
SN54LS481 

54LS49 

SN54LS49 

DM54LS49 
SN54LS49 

54LS490 

SN54LS490 

SN54LS490 

54LS502 

SN54LS502 

54LS503 

SN54LS503 

54LS504 

SN54LS504 
541.S51 

SN54LS51 
DM54LS51 
54LS51 
54LS51 
SN54LS51 
SN54LS533 
SN54LS534 
54LS54 

SN54LS54 
DM54LS54 

54LS54 

54LS54 

453-155 54LS54 TI 

1188 -122 54LS540 Fairchild 
1189-13 
453-157 

1188-78 
Motorola 

• 557 54LS541 Fairchild 
453-162 
453 -164 Motorola 

453-166 

1189 -49 54LS55 Fairchild 
448-151 
455-15 

439-153 

450-116 

439-164 

450-127 

4_39~1451 450-107 
439-155 

450-118 

439-1661 
450-129 

442-121 

442-124 

54LS568 

54LS569 
54LS573 
54LS574 
54LS63 

54LS640 

Motorola 

National 

Raytheon 

5Ignetics 
TI 

Motorola 

Motorola 
Motorola 
Motorola 
TI 

Motorola 

n 

442 -126 54LS641 Motorola 

442-131 
442-133 

442-135 
TI 

434 -26 54LS642 Motorola 
434-29 
434-31 TI 

434-36 
434 -38 54LS643 TI 

434-40 

1760 -1 05 54LS644 TI 
433-161 

607 -32 54LS645 Motorola 
433 -176 

458-58 TI 
458-60 

458 -62 54LS668 TI 
434-51 

601 -126 54LS689 TI 
601-130 

601 -145 54LS670 Fairchild 
601-153 

60~ -~66 Motomla 
.1713 

1166 -26 National 
.1713 

1166 -24 Raytheon 

601-45 

601-58 
601-68 
601-82 
427-16 

Signetics 

TI 

1756 -112 54LS673 TI 

1747-4 54LS674 TI 
601 -90 54LS681 TI 
601-100 

601 -102 54LS690 TI 

601-112 54LS691 TI 
432 -113 54LS692 TI 
432 -117 54LS693 TI 
432 -123 54LS696 TI 

456 -85 54LS697 TI 

456 -89 I 54LS698 TI 

• 488 54LS699 TI 
456 -86 54LS73 Fairchild 

456 -91 Motorola 

• 488 National 
456 -99 Raytheon 

456 -1 01 Signetics 
445-90 TI 

445 -93 54LS74 Fairchild 
445 -95 Motorola 
445-100 National 
445 -1 02 Raytheon 
445 -1 04 Signetics 
447-197 TI 

440 -1 02 54LS75 F81rchlld 
444-181 
444-184 

444-186 
444-191 

444-193 

Motorola 

National 
Raytheon 
Signetics 
TI 

SN54LS54 
54LS540 

SN54LS540 

54LS541 

SN54LS541 

54LS55 

SN54LS55 

DM54LS55 

54LS55 

54LS55 

SN54LS55 

SN54LS568 

SN54LS569 
SN54LS573 
SN54LS574 
SN54LS63 

SN54LS640 

SN54LS640 

SN54LS641 

SN54LS641 

SN54LS642 

SN54LS642 

SN54LS643 

SN54LS644 

SN54LS645 

SN54LS645 

SN54LS668 

SN54LS669 

54LS670 

SN54LSS7C 

DM54LS670 

54LS670 

54LS670 

SN54LS670 

SN54LS673 
SN54LS674 
SN5415681 

SN54LS690 
SN54LS691 

SN54LS692 

SN54LS693 

SN54LS696 
SN54LS697 

SN54LS698 

SN54LS699 

54LS73 

SN54LS73A 

DM54LS73 

54LS73 
54LS73 
SN54LS73A 

54LS74 
SN54LS74A 
DM54LoS74 
54LS74 
54LS74A 

SN54lS74A 
54LS75 
SN54LS75 
DM54LS75 

54LS75 

54LS75 

SN54LS75 

11 Indicates page number in, Application Note Directory_ 

444 -195 54LS76 Fairchild 
458 -185 Motorola 

608 -21 National 
458 -197 Raytheon 

608 -41 Signetics 
459-41 TI 

607 -34 54LS77 Fairchild 
459 -49 Raytheon 

607-56 TI 

445-109 54LS78 Fairchild 
445-112 
445-114 

445-119 

445-121 

445-123 

Motorola 

National 
Raytheon 

Signetics 

TI 
433 -25 54LS83 Fairchild 

431-54 
447-172 

440-76 
459-146 

459-125 

Motorola 
National 
Raytheon 
Signetics 
TI 

618-16 54LS85 FairChild 
459-133 

618-19 
459-98 

618-5 
459-102 

Motorola 

National 
Raytheon 

Signetics 

TI 
618-7 54LS86 Fairchild 

459 -1 00 Motorola 

618-6 
459-105 

618-8 
459-136 

National 

Ra~'theon 
Signetics 

TI 
618-20 54LS89 Motorola 

459-108 54LS90 Fairchild 
618 -9 Motorola 
459 -127 National 

618-17 Raytheon 
459 -140 Signetics 
618-21 TI 

.1718 54LS91 Raytheon 
433-42 

TI .1718 
431-46 

449-12 

1171-64 
449-14 

1171-66 

449-16 
1171-68 

54LS92 Fairchild 

Motorola 
Naticr.a! 
Raytheon 

Signetics 
TI 

449 -22 54LS93 Fairchild 

1171 -70 Motorola 
449 -24 NatiOnal 

1171 -72 Raytheon 

449 -26 Signetics 
1171-74 TI 

455 -69 54LS95 Fairchild 

455-72 
426 -63 Motorola 
426-189 

432 -80 Raytheon 
430-122 
432-82 TI 

430-124 

433 -48 54LS96 Signetlcs 
431-58 

433-50 

431-60 
TI 

438 -46 54L 164 National 

438-52 TI 

438 -56 54L 187 National 
438 -62 54L91 Nabonal 
438-68 TI 

438 -73 54L95 National 
438-169 TI 

438-172 54L99 
438-174 54SOO 
438-179 
438-181 
438-183 

TI 
Fairchild 
Ferranti 

Signetics 
TI 

448 -87 54S02 Fairchild 

448 -91 Signetics 
448-95 TI 

448 -1 00 54S03 Fairchild 
448 -1 02 Ferranti 

448 -106 Signetics 

• Indicates additional data is provided on the page noted, 
• Indicates entire Application Note is provided on the page noted, 

Device 

54LS76 

SN54LS76A 
DM54LS76 

54LS76 

54LS76 
SN54LS76A 

54LS77 
54LS77 

SN54LS77 

54LS78 
SN54LS78A 

DM54LS78 

54LS78 
54LS78 

SN54LS78A 

54LS83 

SN54LS83A 
DM54LS83A 
54LS83A 
54LS83A 
SN54LS83A 

54LS85 
SN54LS85 
DM54LS85 

54LS85 

54L885 
SN54LS85 

54LS86 

SN54LS86 
DM54LS86 

54LS86 

54LS86 
SN54LS86 

SN54LS89 

54LS90 
SN54L890 
DM54LS90 

54LS90 

54LS90 

SN54LS90 
54LS91 

SN54LS91 

54LS92 

SN54LS92 
D~w~54LS92 

54LS92 

54LS92 
SN54LS92 
54LS93 

SN54LS93 
DM54LS93 

54LS93 
54LS93 

SN54LS93 

54LS95B 

SN54lS958 

54LS95B 

SN54LS95B 

54LS96 

SN54LS96 

DM541164A 
SN54L164 

DM541187A 
DM54L91 

SN54L91 

DM54L95 
SN54L95 
SN54L99 
54800 

ZN54S00 
54SOO 
SN54Soo 

54S02 

54S02 
SN54S02 

54S03 

ZN54S03 
54803 

page-Une I
I 
I 

438-110
1' 

438-113 

438-1151 
438-119 

438-121 1 
438-123, 

448-56 1 
448-63 

448-65 
437-60 

437-63 

437 -65 
437-71 

437 -73 
437 -75 

425-49 

425-57 fl 

425-61 

425-67 
425-74 

425 -78 I 
427-1:15 
427-87 
427-89 

427-93 
427-95 

427-97 
446-17

1

-

446-21 
446-25 

446-32 
446-38 

446-42 

1172-68 
431-100 

431-104 
431-108 

431-114 
431-116 

431-120 

454-190 

1191-93 

454-192 
1191-99 

433-86 
433-89 
433-91 
433-95 

433-97 
433-99 
429-113 
429-117 

429-121 

429 -127 
429-129 

429-133 
453-79 

1188-104 

453-82 
1189-3 

453-86 
1188-48 

453-89 

1188-88 
454-20 

1190-44 
454-22 

1190-48 

1191-31 

1191-33 
1183-70 

1191-77 , 

1191-75 1 

1188-20 

1188-12 1 
1188-13 

443-145 

443-1471 
443-152i 
443-154: 

447-94 II 

447-98 

447-1~ 
444-71 I 

444-73 1 
444-78 
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54803 TI 8N54803 444-80 548175 AMD ,8N548175 • 198-6 548260 Signetics 548260 447-3 548474 n 5N54S474 .1708 
54804 Fairchild 54804 428-134 Fairchild 548175 439-86 TI 8N548260 447-5 1164-78 

SlgOetics 54804 428-142 TI 8N548175 439-93 548266 TI 8N548266 616-47 548475 TI 5N54S475 .1708 
TI 8N54804 428-145 546181 AMD ' 8N548181 426 c114 548270 TI 8N548270 1183-104 1164-74 

54805 Fairchild 54805 428-197 Signetics 548181 426-120 54S2708 TI SN54S2708 1166-9 548476 TI 5N545476 .1713 
Signetics 54805 429-2 TI 8N548181 426-122 548271 TI 8N548271 1183-64 1164-117 
TI 8N54805 429-5 548182 MMI 548182 426-170 548275 TI 8N548275 426-55 548477 n 5N5454n .1713 

54808 Fairchild 54808 441-106 Signetics 548182 426-173 548280 TI 8N548280, 457-33 1164-115 
Signetics 54808 441-108 TI SN548182 426-175 548281 TI SN548281 426-192 548478 TI 5N545478 .1713 
TI 8N54808 441-110 548187 National DM548187 1183-34 548283 MMt 548283 425-82 1166-8 

54809 Fairchild 54809 441-148 548188 National DM548188 1161-19 TI 8N548283 425-84 548479 TI 5N54S479 .1713 
Signetics 54809 441-150 TI SNS4S188 .1708 548287 National DM548287 1161-109 1166-2 
TI 8N54809 441-152 1161-34 n SN545287 .1708, 548482 TI 8N548482 459-179 

54810 Fairchild 54810 443-56 548189 AMD 8N548189 1172-54 1162-19 1752-157 
Signetics 54810 443-61 National DM548189 1172-56 548288 National DM548288 1161-27 1756-116 
TI 8N54810 443-63 Sigrietics 545189 .1678 TI 5N54S288 .1708 54551 Fairchild 54551 445-79 

548109 Fairchild 545109 437-110 1172-58 1161-40 Signetics 54851 445-84 
54811 Fairchild 54811 441-23 TI 8N545189 1172-59 548289 AMD 8N545289 1172 -47 TI 5N54851 445-86 

Signetics 54811 441-28 545194 AMD 8N548194 453-128 National DM548289 1172 -49 548533 AMD 5N545533 448-4 
TI 5N54811 441-30 1189-72 TI 8N548289 1172-53 548534 AMD 5N.545534 440-106 

548112 Fairchild 548112 437-191 • 198-6 548299 TI 5N548299 454-90 545570 National DM545570 1163-41 
Signetics 545112 437-196 Fairchild 545194 453-130 1190-119 545571 National DM545571 1163-43 
TI 5N548112 437-198 1189-78 54830 Fairchild 54530 442-7 548572 National DM548572 1165-58 

548113 Fairchild 54S113 437-132 TI 8N548194 453-134 TI 8N54830 442-11 545573 National DM548573 1165-65 
, Signetics 545113 437-139 1189-82 545301 Signetics 54S301 .1678 545574 National DM548574 1165-66 

TI 5N545113 437-141 548195 AMD 5N545195 453-49 1174-16 54864 Fairchild 54564 445-34 
545114 Fairchild 548114 437-162 1189-74 54832 Fairchild 54832 446-154 Signetics 54564 445-38 

Signetics 545114 437 -167 11 198-6 Signetics 54832 446-156 TI 5N54864 445-40 
TI 5N545114 437-169 TI 8N548195 453-55 TI 5N54832 446-158 54565 Fairchild 54865 445-43 

548124 TI 5N548124 458-34 1189-84 545330 TI 8N548330 456-29 Signetics 54865 445-47 
899-112 548196 TI 8N545196 431-178 1160-27 TI 5N54865 445-49 

545132 Fairchild 548132 457-176 545197 Tl 5N548197 430-6 1756-119 54574 Fairchild 54874 438-195 
TI 5N548132 457 -178 54520 Fairchild 54520 442-88 548331 TI 8N548331 456-31 Signetics 54574 438'200 

545133 Fairchild 548133 442-29 Ferranti ZN54820 442-90 1160-29 TI 5N54574 438-202 
Signetics 545133 442-34" Signetics 54520 442-95 1756-122 54S85 Signetics 54585 427-100 
TI 5N545133 442-36 n SN54520 442-97 548350 AMD 5N545350 456-112 TI 5N54S85 427-102 

545134 Fairchild 548134 442-14 548200 National DM548200 1174-18 Signetics 545350 • 561 54886 Fairchild 54886 446-48 
Signetics 548134 442-18 Sigrietics 545200 .1678 456-114 Signetics 54886 446-53 
TI 5N548134 442-20 1174-21 54537 TI 5N54837 443-194 TI 5N54586 446-55 

548135 Fa;rchiid 54S135 446-116 545201 Signetics 54S201 .1678 548370 Ti 8N545370 1183-105 54589 Signetics 54589 .1678 
TI 5N545135 446-121 1174-22 54S3708 TI SN54S3708 1166-3 1172-96 

545138 AMD 5N545138 435-35 548206 National DM545206 1174-25 548371 TI 5N548371 1183-65 540 AD AD540J 888-16 
Fairchild 548138 435-37 548207 TI 8N545207 1174-64 548373 AMD 8N548373 447-186 AD540K 887-29 
TI 8N548138 435-43 548208 TI 8N548208 1174-66 MMI 545373 • 505 AD5408 887-30 

548139 AMD 8N548139 434-197 1756-130 447-188 Fairchild TBA540 858-99 
Fairchild ~8139 434-199 54822 Fairchild 54822 442-193 TI 8N548373 447 -192 National TBA540 858-128 
Signetics 545139 435-2 Ferranti ZN54522 442-195 545374 AMD 8N545374 440-92 OKI M5M540 416-52 
TI 8N545139 435-4 Signetics 54522 442-200 MMI 545374 

• 505 
Plessey TBA540 858-155 

545140 Fairchild 545140 436-137 TI 8N54522 442-202 440-94 Signetics NE540 851-155 

609-12 545226 TI SN545226 458-118 TI 5N545374 440-98 852-24 
Signetics 545140 436-141 545240 AMD 8N545240 459-9 545378 AMD 5N548378 4;39-188 8E540 852-25 

609-20 608-17 548379 AMD 5N548379 439-109 TBA540 " 858-204 
TI 8N548140 436-143 MMI 545240 .768 54838 TI 8N54838 444-121 TCA540 860-196 

609-24 459-11 548381 MMI 548381 426-136 540 • 182-8 
54515 Fairchild 54815 441-54 608-25 TI 8N548381 426-142 Telefunken TBA540 859-35 

Signetics 54815 441-59 n 8N548240 459-19 545387 National DM548387 1161-102 5400 Fairchild 5400 443-95 
TI -8N54515 441-61 608-52 TI 5N54S387 , .1708 Ferranti ZN5400 443-99 

545151 AMD 5N548151 451-147 548241 AMD 8N54824t 459-58. 1162-15 Motorola MC5400 443-104 

Fairchild 548151 451-149 607-22 548388 AMD 5N548388 439-126 National DM5400 443-106 
Signetics 548151 451-156 MMI 545241 .768 548399 AMD 8N54S399 439-170 Signetics 5400 443-110 
TI 8N545151 451-158 459-60 54840 Fairchild 54840 442-151 TI 5N54oo 443-112 

545153 AMD 8N548153 450-176 607-38 Signetics 54540 442-156 5401 Fairchild 5401 443-197 

Fairchild 545153 450-178 TI 8N545241 459~ TI 5N54840 442-158 Ferranti ZN5401 444-3 
Signetics 545153 450-183 608-9 548412 n 8N548412 447-194 Motorola MC5401 444-9 

n 5N545153 450-185 548242 AMD 8N548242 458-100 1761-8 National DM5401 444-13 

548157 AMD 5N545157 449-110 615-6 545450 TI 5N545450 1166-7 Reticon R5401 915-176 

Fairchild 548157 449-114 548243 AMD 5N548243 458-102 548451 TI 5N545451 1165-120 Signetics 5401 444-18 

Signetics 545157 449-119 615-7 545452 TI 5N545452 .1713 TI 5N5401 444-22 

TI 5N545157 449-121 545244 AMD 8N545244 459'-91 1167-59 5402 Fairchild 5402 447-42 

54S158 AMD SN54S158 449-195 607-28 54S453 TI SN545453 .1713 Motorola MC5402 447-48 

Fairchild 548158 449-197 MMI 545244 .768 1167-56 National DM5402 447-50 

Signetics 54S158 450-5 459-93 548454 TI 5N545454 .1713 MM5402 854-164 

TI 8N548158 450-8 607-42 1167-8 Signetics 5402 447-53 

545160 AMD 8N54816(l 432-31 545251 AMD 8N54S251 451-201 548455 TI 5N54S455 .1193 TI 8N5402 447-57 

545161 AMD SN545161 430-114 FairChild 545251 452-3 1167-6 5403 Fairchild 5403 443-199 
545162 TI 5N545162 432-77 TI 8N548251 452-10 548470 TI 5N54S470 .1708 Motorola MC5403 444-11 
545163 TI 8N545163 430-54 545253 AMD 8N545253 451-14 1162-60 National DM5403 444-15 
545167 Fairchild 548167 456-136 Fairchild 548253 451-16 548471 TI SN545471 .1708 Reticon R5403 915-174 
545168 TI 8N545168 433-44 Signetics 548253 451-19 1162~ Signetics 5403 444-20 
545169 TI 8N545169 431-48 548257 AMD 8N545257 450-70 548472 National DM548472 1164-49 n 8N5403 444-24 
545174 AMD 5N545174 440-30 Fairchild 545257 450-72 n 5N54S472 .1708 5404 Fairchild 5404 428-85 

• 198-6 TI 8N545257 450-78 11~-75 Ferranti ZN5404 428-89 
Fairchild 548174 440-32 545258 AMD 5N545258 450-34 1756-127 Motorola MC5404 428-93 
Signetics 545174 440-37 Fairchild 545258 450-36 548473 National DM545473 1164-42 National DM5404 428-95 
TI 5N545174 440-39 Signetics 545258 450'-40 TI SN54S473 .1708 Signetics 5404 428-100 

54S175 AMD 5N548175 439-84 TI 5N548258 450-42 1164-71 TI 5N5404 428-101 

Arranged alphanumerically from left to right. 
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5405 Fairchild 5405 428-148 54123 AMD SN54123 • 161-9 54156 Fairchild 54156 434-135 5417 TI SN5417 435-146 
Ferranti ZN5405 428-152 Fairchild 54123 452-159 Motorola MC54156 434-139 54170 Fairchild 54170 448-175 
Motorola MC5405 428-156 Ferranti ZN54123 452-161 National DM54156 434-141 1171-45 
National DM5405 428-158 Motorola MC54123 452-165 Signetics 54156 434-144 Ferranti ZN54170 448-177 

MM5405 854-165 National DM54123 452-167 TI SN54156 434-146 1171-49 I 

Signetics 5405 428.161

1 

SiQt,etics 54123 452·170 54157 AMD SN54157 449-55 Nationa! DM54170 1171-54 ! 
TI SN5405 428-165 TI SN54123 452-172 Fairchild 54157 449-59 Signetics 54170 448-1821 

5406 Fairchild 5406 
:~~:~:~I 

54125 Fairchild 54125 427-143 Ferranti ZN54167 449-61 TI SN54170 448-1841 
Motorola MC5406 National DM54125 427 -149 Motorola MC54157 449-68 1171-60 ! 
National DM5406 435-1891 Signetics 54125 427-151 National DM54157 449-72 54173 Fairchild 54173 439-13 
Signetics 5406 :~~:~:~I TI SN54125 427 -153 Signehcs 54157 449-82 National DM54173 439-16 
TI SN5406 54126 Fairchild 54126 427-174 TI SN54157 449-84 TI SN54173 439-25 

5407 Fairchild 5407 435_15'1 National DM54126 427 -180 54158 Signetics 54158 449-170 54174 AMD SN54174 439-191 
Motorola MC5407 435-155 SignetlCs 54126 427-182 54159 TI SN54159 435-126 Fairchild 54174 439-193

1 
National DM5407 435-157 TI SN54126 427 -184 5416 Fairchild 5416 435-166 Ferranti ZN54174 439-196 
Si!lnAtir.~ !>407 4~!>-1!>j:l !>41?A Signefir.~ 541?8 610-20 Motorola MC5416 435-170 Motorola MC54174 439-200 

1
5400 

TI SN5407 435-161 1 TI SN54128 436-85 Nattonal DM5416 435-1721 National DM54174 440-2 

I Fairchild 5408 441-64 610-21 Signetics 5416 435-176 Signetics 54174 440-4 
Ferranti ZN5408 441-66 I 5413 Fairchild 5413 457-113 TI SN5416 435.178

1 
TI SN54174 440-6 

Motorola MC5408 441-71 , Ferranti ZN5413 457-115 54160 AMD SN54t60 431-184 54175 AMD SN54175 439-41 I 
National DM5408 441-73 I Motorola MC5413 457-119 Fairchild 54160 431. 1881 Fairchild 54175 439-43 i 
Signetics 5408 441·75 National DM5413 457-121 Motorola MC54160 

431-1
94

1 

Ferranti ZN54175 43945j TI SN5408 441-77 Signetics 5413 457 -124 National DM54160 431-196 Motorola MC54175 439-49 
5409 Fairchild 5409 441-113 TI SN5413 457-126 Signetics 54160 431-202 National DM54175 439-51 

Ferranti ZN5409 441-115 54132 Fairchild 54132 457-147 TI SN54160 432-7 Signetics 54175 439-54 
Motorola MC5409 441-119 Motorola MC54132 457-151 54161 AMD SN54161 430-58 1 TI SN54175 439-56 
National DM5409 441-121 National DM54132 457-153 Fairchild 54161 430-64 54176 Fairchild 54176 431-12 
Signetics 5409 441-1231 Signetics 54132 457-155 Ferranti ZN54161 4~~1 Motorola MC54176 431-136 
TI SN5409 441-1251 TI SN54132 457-157 Motorola MC54161 430-74 National DM54176 

431-
144

1 
541 Hybrid Sys. ADC541B-8 578-14 54136 Motorola MC54136 446-63 National DM54161 430-76 TI SN54176 431·158 

ADC541C·8 578-15 TI SN54136 446-65 Signetics 54161 430-83 54177 Fairchild 54177 429-152 
OKI MSM541 415-166 5414 Frurchild 5414 457-181 TI SN54161 430-88 Motorola MC54177 

429-'1 Plessey SL541 840-131 Motorola MC5414 457·185 54162 AMD SN54162 432-39 National DM54177 429-17 
Sanyo STK541 905-115 National DM5414 457-187 Fairchild 54162 432-41 TI SN54177 429-185 
Signetics NE541 851·156 Signetics 5414 457 -1 89 Motorola MC54162 432-45 54178 Fairchild 54178 453-17 

5410 Fairchild 5410 443-7 TI SN5414 457-191 National DM54162 432 -47 1188-56 
Ferranti ZN5410 443-11 54141 Motorola MC54141 603-103 Signetics 54162 432-49 TI SN54178 453-178 
Motorola MC5410 443-16 National DM54141 603-105 TI SN54162 432-51 1188-90 
National DM5410 443-18 54143 TI SN54143 433-146 54163 AMD SN54163 430.-15 54179 Fairchild 54179 453-184 
Signetlcs 5410 443-22 54144 TI SN54144 . 433-142 Fairchild 54163 430-17 1188-58 
TI SN5410 443-24 54145 Fairchild 54145 434-54 Ferranti ZN54163 430-19 TI SN54179 453-192 

54100 Motorola MC54100 448-13 Motorola MC54145 434-58 Motorola MC54163 430-23 1188-92 
Signetics 54100 448-15 National DM54145 434-60 National DM54163 430-25 54180 Fairchild 54180 457-1 
TI SN541 00 448-17 S:gnetics 54145 434-62 SignetJcs 54163 430-27 Ferranti ZN54180 457-3 

54101 Mltsubishi M54101 916-176 TI SN54145 434·64 TI SN54163 430-29 Motorola MC54180 457-7 
54104 Fairchild 54104 436-151 54147 National DM54147 456-177 54164 AMD SN54164 454-130 National DM54180 457-9 
54105 F&nchiid 54105 436-153 Siglitttie:> 54147 456-160 1191-35 Signetics 54180 457-17 
54107 Fairchild 54107 438-13 TI SN54147 456-182 Fairchild ,54164 454 -132 TI SN54180 457-19 

Ferranti ZN54107 438-17 54148 National DM54148 456-153 1191-39 54181 AMD SN54181 426-71 
Motorola MC54107 438-26 Signetics 54148 456-156 Ferranti ZN54164 454-135 Fairchild 54181 426-75 
National DM54107 438-30 TI SN54148 456-160 1191·43 Ferranti ZN54181 426-77 
Signetics 54107 438-36 54150 Fairchild 54150 452·21 Nabonal DM54164 454-141 Motorola MC54181 426-81 
TI SN54107 438·40 Ferranb ZN54150 452·23 1191-52 Nationa! DM54181 426-83 

54109 National DM54109 437-87 Motorola MC54150 452-27 Si9netics 54164 454-144 Signetics 54181 426-90 
Signetics 54109 437·89 National DM54150 452-29 1191-62 TI SN54181 426.92 1 
TI SN54109 437-91 Signetics 54150 452·32 TI SN54164 454-146 54182 AMD SN54182 426-147 

5411 Fairchild 5411 440-185 TI SN54150 452-34 1191-66 Fairchild 54182 426-151 
National DM5411 440-188 54151 Fairchild 54151 451·107 54165 Fairchild 54165 454-94 Motorola MC54182 426-155 
Signetics 5411 440-190 Ferranti ZN54151 451-109 1190-123 National DM54182 426-158 
SSS SCL5411 414·171 Motorola MC54151 451-113 Ferranti ZN54165 454-96 SlQf19bcs 54182 426-162 

54110 TI SN54110 436-186 National DM54151A 45.1-115 1190-125 TI SN54182 426-164 
54116 Fairchild 54116 448-24 Signetics 54151 451·118 Motorola MC54165 454-99 54184 Ferranti ZN54184 457 -62 

Signetics 54116 448-31 TI SN54151A 451-120 1191-4 National DM54184 457-64 
TI SN54116 448-37 54152 Fairchild 54152 451-54 National DM54165 454-101 TI SN54184 457-67 

54118 Ferranti ZN54118 448-136 Motorola MC54i52 451-56 1191-6 1158-24 
54119 Ferranti ZN54119 448-138 Signetics 54152 451-62 SlQf19tics 54165 454-103 54185 National DM54185A 457-73 
5412 Fairchild 5412 443·66 TI SN54152A 451-63 1191-8 TI SN54185A 4.57-76 

Ferranti ZN5412 443-69 54153 Fairchild 54153 450 -134 TI SN54165 454-105 1158-36 
Signetics 5412 443-72 Ferranti ZN54153 450-137 1191-10 54186 TI SN54186 1161-61 
TI SN5412 443-74 Motorola MC54153 450-143 54166 Fairchild 54166 454·113 54187 National DM54187 1183-40 I 

54120 Mitsubishi M54120 916-177 National DM54153 450-145 1191-13 TI SN54187 1183-35 
Motorola MC54120 457-79 Signetics 54153 450·148 Ferranti ZN54166 454-115 54188 TI SN54188A 1161-45 
TI SN54120 457-81 TI SN54153 450 -150 1191-15 5419 SSS SCL5419 415-29 1 

54121 Fairchild 54121 452-44 54154 AMD SN54154 435-92 National DM54166 454-119 54190 Fairchild 54190 432-136 
Ferranti ZN54121 452-46 Fairchild 54154 435-96 1191-21 Motorola MC54190 432-140 
Mitsubishi M54121 916-49 Ferranti ZN54154 435-98 Signetics 54166 454-121 NatiOnal DM54190 432-142 
Motorola MC54121 452-50 Motorola MC54154 435-104 1191-23 Signetics 54190 432-144 
National DM54121 452-52 Natio(1al DM54154 435 ·106 TI SN54166 454-123 TI SN54190 432-146 
Signebcs 54121 452-54 Signetics 54154 435-113 1191·27 54191 Fairchild 54191 430-145 
TI SN54121 452-56 TI SN54154 435-117 54167 Fairchild 54167 456-129 Ferranti ZN54191 430·147 

54122 Fairchild 54122 452-81 54155 Fairchild 54155 434-101 Motorola MC54167 456-131 Motorola MC54191 430-151 
Ferranti ZN54122 452 -83 Ferranti ZN54155 434 ·103 TI SN54167 456·134 National DM54191 430·153 
Mitsubishi M54122 918-183 Motorola MC54155 434-107 5417 Fairchild 5417 435-136 Signetics 54191 430-155 
Motorola MC54122 452-86 National DM54155 434-109 Motorola MC5417 435 -140 TI SN54191 430-157 
TI SN54122 452-89 l Signetics 54155 434-112 National DM5417 435-142 54192 AMD SN54192 432-174 

54123 AMD SN54123 452·157 TI SN54155 434-114 Signetics 5417 435-144 Fairchild 54192 432-176 

11 Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 
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54192 Ferranti ZN54192 432-178 5423 Fairch~d 5423 446-179 54366 TI SN54366 429-20 5447 Nfltional DM5447A 601-151 
Motorola MC54192 432-182 Motorola MC5423 446-182 436-111 

• 160-8 
National DM54192 432-186 National DM5423 446-184 54367 National DM54367 428-16 Signetics 5447 601-158 
Signetics 54192 432-191 TI SN5423 446-187 436-114 TI SN5447A 601-162 
TI SN54192 432-193 54246 TI SN54246 601-190 Signetics 54367A 428-20 5448 Fairchild 5448 601-47 

54193 AMD SN54193 430-185 54247 . TI SN54247 601-164 436-116 Motorola MC5448 601-56 
Fairchild 54193 430-187 54248 TI SN54248 601-80 TI SN54367 428-24 National DM5448 601-64 
Ferranti ZN54193 430-189 54249 TI SN54249 601-110 436-118 DM5448A 

• 160-8 
Motorola MC54193 430-193 5425 Fairchild 5425 446-164 54368 National DM54368 429-14 Signetics 5448 601-74 
National DM54193 430-197 Ferranti ZN5425 446-166 436-122 TI SN5448 601-78 
Signetics 54193 431-3 Motorola MC5425 446-170 Signetics 54368A 429-18 5449 Fairchild 5449 601-88 
TI SN54193 431-5 Nabonal DM5425 446-172 436-1-24 Motorola MC5449 601-96 

54194 AMD SN54194 453-92 TI SN5425 446-175 TI 'SN54368 429-21 TI SN5449 601-108 
1188-50 54251 National DM54251 451-176 436-126 54490 TI SN54490 432-106 

Fairchild 54194 453-94 TI SN54251 451-178 5437 Fairchild 5437 443-157 545 AD AD545J 871-6 
1188-61 54259 AMD SN~4259 447-134 Ferranti ZN5437 443-159 AD545K 871-5 

Ferranti ZN54194 453-96 TI SN54259 447-142 Motorola MC5437 443-163 AD545L 869-30 
1188-65 5426 Fairchild 5426 436-5 National DM5437 443-165 AD545M 869-10 

Motorola MC54194 453-99 Motorola MC5426 436-8 Signetics 5437 443-170 Harris HD545 610-15 

1188-69 National DM5426 436-10 TI SN5437 443-172 • 156-6 
National DM54194 453-101 Signetics 5426 436-16 54376 TI SN54376 438-140 • 156-7 

1188-73 TI SN5426 436-18 5438 Fairchild 5438 444-83 OKI MSM545 416-81 

Signetics 54194 453-103 54265 TI SN54265 457-101 Ferranti ZN5438 444-86 Signetics NE5458 851-164 

1188-83 5427 Fairchild 5427 447-8 Motorola MC5438 444-90 5450 Fairchild 5450 445-136 

TI SN54194 453-105 Ferranti ZN5427 447-10 National DM5438 444-92 Ferranti ZN5450 445-140 

1188-94 Motorola MC5427 447-14 Signetics 5438 444-95 Motorola MC5450 445-145 
54195 AMD SN54195 453-3 National DM5427 447-16 TI SN5438 444-99 National DM5450 445-147 

1188-98 Signetics 5427 447-18 5439 Signetics 5439 444-97 Signetics 5450 445-151 

Fairchild 54195 453-7 TI SN5427 447-20 54390 TI SN54390 432-105 SSS SCL5450 861-163 
1188-112 54278 TI SN54278 456-140 54393 TI SN54393 429-139 TI SN5450 445-153 

Motorola MC54195 453-12 54279 Fairchild 54279 448-111 544 OKI MSM544 416-65 54501 Mitsubishi M54501 620-188 

1189-7 Signetics 54279 448-1-14 Signetics NE544 857-62 54502 Mitstilishi M54502 620-189 

National . DM54195 453-16 TI SN54279 448-116 919-106 54503 Mitsubishi M54503 621-42 

1189-17 5428 Ferranti ZN5428 447 -44 5440 Fairchild 5440 442-100 54504 Mitsubishi M54504 620-71 

Signetics 5.4195 453-21 Signetics 5428 447-55 Ferranti ZN5440 442-104 54508 TI SN54508 • 194-5 
1189-37 TI SN5428 447 -59 Motorola MC5440 442-108 5451 Fairchild 5451 445-52 

TI SN54195 453-25 54283 Fairchild 54283 425-26 National DM5440 442-110 Ferranti ZN5451 445-55 

1189-43 TI SN54283 425-43 Signetics 5440 442-114 Motorola MC5451 445-57 

54196 Fairchild 54196 431-128 54284 National DM54284 425-154 TI SN5440 442-116 National DM5451 445-59 

Motoroia MC54196 431-138 Ti SN54284 
425.

155
1 

54401 Mitsubishi M54401 425-117 Slgr.etics 5451 445-62 

National DM54196 431-146 54285 TI SN5428~ 425-158 54402 MiIsubishi M54402 435-62 SSS SCL5451 861-164 

TI SN54196 431-160 54290 Fairchild 54290 431-74 54403 Mitsubishi M54403 454-25 TI SN5451 445-64 

54197 Fairchild 54197 429-154 Motorola MC54290 43H41 1190-37 54510 Mitsubishi M54510 461-54 

Ferranti ZN54197 429-156 TI SN54290 431-92 54405 MitsubIsht M54405 601-33 54514 Mitsubishi M54514 843-74 

Motorola MC54197 429-165 54293 Fairchild 54293 429-86 54406 Mitsubishi M54406 601-144 54516 Mitsubishi M54516 843-49 

National DM54197 429-171 Motorola MC54293 429-97 54408 Motorola MC54408 456-189 54517 MiIsubishi M54517 843-77 

TI SN54197 429-187 TI SN54293 429-105 5441 Fairchild 5441 603-90 54519 Mitsubishi M54519 843-78 

54198 Fairchild 54198 454-39 54298 Fairchild 54298 439-132 National DM5441 A 603-94 54520 MitsWishi M54520 619-16C 

1190-70 449-127 54410 Mitslbishi M5441 0 857-158 54521 Mitsubishi M54521 843-50 

National DM54198 454-43 Motorola MC54298 439-134 5442 Fairchild 5442 433-181 54523 MiIsIbshi M54523 843-96 

1190-78 449-129 Ferranti ZN5442 433-187 54524 MiIsubishi M54524 843-97 

Signetics 54198 454-46 Sigrietics 54298 439-137 Motorola MC5442 433-192 54525 Mitsubishi M54525 843-98 

1190-83 449-131 National DM5442 434-3 5453 Faircliid 5453 445-7 

TI SN54198 454-48 TI SN54298 439-139 S,gnetics 5442 434-12 Ferranti ZN5453 445-9 

1190-87 449-134 TI SN5442A 434-20 Motorola MC5453 445-13 

54199 Fairchild 54199 454-28 543 OKI MSM543 415-115 54425 TI SN54425 427-155 National DM5453 445-15 

1190-72 Sanyo STK543 907-118 54426 TI SN54426 427-186 Signetics 5453 445-18 

National DM54199 454-32 Signetics NE543 857-61 5443 Fairchild 5443 433-149 TI SN5453 445-20 

1190-80 919-105 Motorola MC5443 433-153 5454 Fairchild 5454 444-164 

Signetics 54199 454-34 5430 Fairchild 5430 441-158 Signetics 5443 433-155 Ferranti ZN5454 444-186 . 

1190-85 Ferranti ZN5430 441-162 TI SN5443A 433-157 Motorola MC5454 444-169 

TI SN!\4199 454-36 Motorola MC5430 441-1$ 5444 Fairchild 5444 433-164 National DM5454 444-171 

1190-89 National DM5430 441-168 Motorola MC5444 433-168 Signetics 5454 444-174 

542 AD AD542J 872-23 Signetics 5430 441-171 Signe\ics 5444 433-170 TI SN5454 444-176 

AD542K 871-22 TI SN5430 441-173 TI . SN5444A 433-172 546 Harris HD546 614-22 

AD542L 869-35 54301 SSS SCL54301 861-165 5445 Fairchild 5445 434-73 • 156-6 
AD542S 871-21 54302 SSS SCL54302 861-166 Motorola MC5445 434-77 • 156-7 

Hybrid Sys. ADC542B-8 578-16 54303 SSS SCL54303 861-167 National DM5445 434-79 NEe MIcro p.PD546 .2059 
ADC542C-6 578-17 54304 Mitsubisht M54304 425-103 Signetics 5445 434-82 1751-14 

OKl MSM542 415-170 5432 Fairchild 5432 446-124 TI SN5445 434-84 1741-1 

Sanyo STK542 907-32 Ferranti ZN5432 446-126 54452 Motorola MC54452 432-100 p.P0546C .2058 

Signetics NE542 853-66 National DM5432 446-129 54453 Motbrola MC54453 430-11 Sigletics NE546 851-46 

542 • 182-8 Signetics 5432 446-131 54454 Motorola MC54454 433-~ 5460 Fairchild 5460 445-168 

5420 Fairchild 5420 442-39 TI SN5432 446-134 54455 Motorola MC54455 431-66 Ferranti ZN5460 445-170 

Ferranti ZN5420 442-44 5433 Signetics 5433 447 -103 54456 Motorola MC54456 425-94 Motorola MC5460 445-175 

Motorola MC5420 442-47 TI SN5433 447-105 5446 Fairchild 5446 601-176 NatiOOaI DM5460 445-177 

National DM5420 442-49 54365 National DM54365 428-14 Motorola MC5446 601-181 Si{JIeIics 5460 445-180 

Signebcs 5420 442-53 436-99 National DM5446A 601-183 Tl SN5460 445-182 

TI SN5420 442-55 Signe\ics 54365A 428-18 • 160-8 54600 Mitsubishi M54600 620-72 

5421 Fairchild 5421 .440-148 436-101 Signetics 5446 601-186 54601 MitsIilishi M54601 620-73 

Signetics 5421 440-150 Tl SN54365 428-22 TI SN5446A 601-188 54602 t.biIishI M54602 620-190 

SSS SCL5421 415-27 436-103 54460 Motorola MC54460 458-51 54603 Mitsubishi M54603 621-89 

5422 Fairchild 5422 442-161 54366 National DM54366 429-12 54468 Motorola MC54468 455-86 54604 Mitsubishi M54604 621-155 

TI SN5422 442-164 436-107 624-159 54605 Mitsubishi M54605 620-191 

54221 AMD SN54221 452-108 Signetics 54366A 429-16 5447 Fairchild 5447 601-132 54650 Mitsubishi M54650 606-5 

TI SN54221 452-112 436-109 Motorola MC5447 601-147 54654 Mitsubishi M54654 611-39 

Arranged alphanumerically from left to right. 
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ICMASTER 
II Base I 8;lse I Base Base 

_Numbe __ ' _So_u,_c_e ___ De_V_ic_e ___ Pa_ge-_l_ine I _Nu_m_be_r -.-:S_o_u_rc_e __ De_V_ic_e ___ p_age-_Un_· _e I _Num __ be_' _S_o_ur_c_e __ De_VIC_' _e ___ page-__ Une_' Number ____ Sou_'_ce __ De_v_iC_e ___ pBge-__ UO_e 

Iii E~:: :. ~~E .~:: 'I ::: ~E:i: ~~: ~l~o 550 AD ;~~ !ij~~ 55107 :: ~iE,~gi m~j: 
1741-2 Ferranti ZN5486 445-1921 IMI MM550 417-141 MM55107 898-119 

. J..iPD547C .2059 Motorola . MC5486 445 -1971 460-62 Raytheon RM55107A 613-46 

I p.PD547L .2059 National OM5486 446-3 Intersil MM550 574-79 TI SN55107A 613-48 
I IlPD547LC .2059 Signetics 5486 446-8 National MM550 574-81 SN55107B 614-11 

5470 Falrchllo 5470 436-190 TI SN5486 446-121 11 189-12 55108 AMO SN55108B 614-13 
Ferranti ZN5470 436 -192 54860 Mitsublshi M54860 854 -90 T AA550 908 -36 Fairchild 55108 • 160-1 

54700 
5472 

5473 

54730 
5474 

54740 
54741 
5475 

5476 

5477 

I
I 5479 

548 

5480 

1
548

, 

54810 
54812 
54813 
54814 
54815 
5482 

5483 

5484 

5485 

74 

Motorola MC5470 436-19515488 National OM5488 1183-181 908-41 55108A 613-54 
National OM5470 437-3 TI SN5488A 1183-9 908-45 Motorola MC55108 613-57 
Signetics 5470 437'5 I 5489 National OM5489 1172-1061 911-4 National OS55108 613-59 
TI SN5470 437-9 '\549 Harris H0549 614-23 II 911-9 614-17 
Mitsubishl M54700 1161-101 Signetics NE549 859-62 911-13 MM551 08 898-120 
Fairchiid 5472 436-158 5490 F~ir~hilri <;4QO 4~1 _7? NEr ~i"''' rPD5SQ *2(\59 C\ey!~ ~M55'()!!.A. " • ., "., 

Ferranti ZN5472 436-1601 Ferranti ZN5490 431 -761' 1751 -22 TI SN55108A 6;~ ;~ I 
Motoroia MC5472 436-165! Motorola MC5490 431-82 1741-3 SN55108B 614~19' 
National OM5472 436-16711 National OM5490 431-86 IlPD550C .2059 551088 Fairchild 551088B 614-15 
Signetics 5472 436-170. Signetics 5490 431-88 Plessey SL550 840-132 55109 AMO SN551 09 609-52 

SN5472 436-1711 TI SN5490A 431-90 I 840-180 Fairchild 55109 609-54 I 
Fairchild 
Ferranti 
Motorola 
National 
Signetics 
TI 
Mitsubishl 
Fairchild 

5473 438-11 5491 Fairchild 5491 454-170 TBA550 859-197 • 160-1 
ZN5473 438-15 1191-79 SGS TAA550 857-172 National OS55109 609-58 
MC5473 438-24 Ferranti ZN5491 454-172 Stgnetics NE550 913-26 MM551 09 898-121 
OM5473 438-28 1191-81 SE550 912-71 Raytheon RM55109 609-60 
5473 438-34 Motorola MC5491 454-177 SE550L 913-27 TI SN55109A 609-61 
SN5473 438-38 MC5491A 1191-86 TAA550 857-169 5511 OKI M8M5511 407-152 
M54730 1161-31 I' National OM5491A 454-179

1

1 908-38 55110 AMD SN55110 610-2 
5474 438-150 SN5491A 1191-88 908-43 Fairchild 55110 • 160-1 

448-68 Signetics 5491 454-183 908-47 55110A 610-4 
ZN5474 438-152 1191-95 911-6 National 0855110 610-8 Ferranti 

Motorola 
National 
Signetics 

TI 

Milsubish, 
Mltsublsh, 
Fairchild 
Motorola 
Nationa! 
Signetics 
l"alfch,ld 
Ferranti 
Motorola 
Nat'onal 
Signetics 
TI 
Fairchild 
Motorola 
S'gnet,cs 
TI 

MC5474 
OM5474 
5474 

SN5474 

M54740 
M54741 
5475 
MC5475 
OM5475 
5475 
5476 
lN5476 
MC5476 
DM5476 
5476 
SN5476 
5477 
MC5477 
5477 
SN5477 

Motorola MC5479 
Harris H0548 
NEC Micro !-,PD548 

IlPD548C 
Fa~child 5480 
Motorola MC5480 
Signetics 5480 
TI SN5480 
TI SN5481A 

Mltsubishl M 5481 0 
MltsublSh, M 5481 2 
Mitsubishl M 5481 3 
Mitsubishl M54814 
Mitsubishl M54815 
Fairchild 5482 
Ferranti lN5482 
TI SN5482 
Fairchild 5483 
Ferranti ZN5483A 
Motorola MC5483 
National OM5483 

Signeflcs 5483 
TI SN5483A 
TI SN5484A 

Fairchild 5485 
Ferranti ZN5485 
Motorola MCS485 

448-72 TI SN5491A 454-185 911-11 MM55110 898-122 
438 -157 1191 -97 911 -15 Raytheon RM55110 610-10 
438-1595492 Fairchild 5492 433-68 TBA550 858-205 TI SN55110A 610-11 
438-162 Ferranti ZN5492 433-70 860-2 55113 National OS55113 609-6 
448-80 I Motorola MC5492 433-75 550' 182-8 TI SN55113 609-8 
438-1641 National OM5492 433-77 5500 Micro Net MN5500 581-21 55114 National OS55114 608-62 
448 -84 Signetlcs 5492 433 -79 OKI MSM5500 407 -95 MM55114 898 -123 

1165-74 TI SN5492A 433-81 Raytheon RC5500 1176-99 TI SN55114 609-4 
1165-75 5493 Fairchild 5493 429-82 RM5500 '1176-98 55115 TI 8N55115 612-47 
448-70 Ferrant' ZN5493 429-88 Siemens TOA5500 860-190 55116 National MM55116 898-124 
448-76 Motorola MC5493 42~-95 5501 Micro Power MP5501A 870-51 TI SN55116 618-50 
448-78 Nationa. OM5493 429-99 MP5501C 879-49 55117 National MM55117 898-149 
448-82 SignetlCs 5493 429-101 MP5501E 874-8 TI SN55117 618-52 
438-51 TI SN5493A 429-103 MP5501F 874-9 55118 National MM55118 898-150 
438-95 5494 Fairch~d 5494 453-197 MP5501G 879-50 TI SN55118 618-54 
438-1001 1189-93 I MP5501H 870·52 55119 National MM55119 898-151 
438-102 Ferranti ZN5494 453-199j OKI MSM5501 407-107 TI SN55119 618-56 
438 -106 1189-95 I Retlcon R5501 917 -163 5512 Toshiba MSM5512 407 -113 
438-107 Motorola MC5494 453-2011 Signetlcs NE5501 843-148 55120 National MM55120 898-152 
448-49 1189-98 TI TMS5501 1760-128 55121 Fairchild 55121 • 160-1 
448-51 I S.gnetlcs 5494 453-2031 1761-15 NatiQl1al OS55121 606-19 
448-53 1189-1001 • 207-13 TI SN55121 606-241 
448-55 TI SN5494 454-3 '207-14 55122 Fairchild 55122 611-26 
438-146 1189-102 Toshiba TC5501 1175·90 • 160-1 
614-21 5495 Fairchild 5495 453-58 TC5501-1 1176-26 National OS55122 611-29 

.2051 1188-54 TG5501 413-187 MM55122 898-125 
1751-12 Ferranti ZN5495A 453-60 5502 OKI MSM5502 407-108 TI SN55122 611-33 
1740 -4 1188 -63 Signetlcs NE5502 843 -149 55123 Fairchild 55123M 606 -28 

.2051 Motorola MC5495A 453-67 5503 OKI MSM5503 407-18 55124 Fairchild 55124 611-16 
425-2 1189-51 Signetics NE5503 843-150 55128 TI SN55128 609-41 
425-5 National OM5495 453-70 5504 National MM5504 574-62 5513 OKI MSM5513 861-144 
425-8 1188-71 OKI MSM5504 406-8755138 SiliconG SG55138 617-6 
425-11 1189-15 Signetics NE5504 843-151 TI SN55138 617-7 
448-166 Signetics 5495A 453-72 Toshiba TC5504 414-28 5514 OKI MSM5514 861-145 

1171-91 1188-80 TC5504-1 1181-126 55140 TI SN55140 611-2 
462-72 TI SN5495A 453-74 TC5504-2 1182-355141 TI SN55141 611-4 
461-118 1188-865505 OKI MSM5505 407-1955142 TI SN55142 611-6 
461-120 5496 Fairchild 5496 454-6 5506 OKI MSM5506 416-167 55143 TI SN55143 611-8 
461 -67 1190 -31 5507 OKI MSM5507 405 -155 5515 OKI MSM5515 861 -146 
461-122 Ferranti ZN5496 454-8 5508 OKI MSM5508 405-177 55150 Raytheon AM55150 606-7 
425 -15 1190 -33 Toshiba TC5508 414 -15 55154 Fairchild 55154 611 -37 
425 -17 Motorola MC5496 454 -12 1178 -10 Raytheon RM55154 611 -41 
425-21 1190-38 TC5508-1 1178-51 SiliconG SG55154 
425-24 National OM5496 454-14 5509 OKI MSM5509 854-109 55157 II SN55157. 
425-28 1190-40 551 Inters" MM551 574-35 5516 OKI KilSM5516 
425 -34 Signetics 5496 454 -16 National MM551 574 -37 55180 TI SN55180 
425-36 1190-42 • 189-12 55182 TI SN55182 

• 151-7 TI SN5496 454-18 NEG Micro IlP0551 1751-26 55183 TI SN55183 
425 -39 1190 -46 OKI MSM551 407 -164 552 Intarsil MM552 
425-41 5497 Fairchild 5497 456-122 Siemens S551 853-100 National MM552 
448-171 Motorola MC5497 456-12455104 National MM55104 898-117 

1171 -93 TI SN5497 456 -126 55106 National MM55106 898 -118 
427-6255 NECAmencallPC55A 881-3455107 AMO SN55107B 614-5 

427-66 i 
427-71 

550 AD AD550J . 571 -451 f'alfcnild 55107 11 160-1 
A0550K 571-46 55107A 613-38 

11 Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted 

• Indicates entire Appiication Note is provided on the page noted. 

NEC Micro IlPD552 

IlPD552C 
OKI MSM552 

612-35 
861-45 
455-106 
613-13 
609-26 
574-26 
574-28 

• 189-12 
.2059 

1751-19 
.2059 

407-83 
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PART NUMBER INDEX 
s- a.. .... a-
Number Source 0eYic:e Pege-Une NI.I1Iber ~e 0eYic:e hge-Une Number SOUrce Devic:e Pege-Une Number SOUrce Device hge-Une 

552 Siemens S552 853-101 5532 Signetics NE5532 890-17 5540 Uicro Power MP5540 918-51 555 NEe Micro p.P05550 .2055 
Siliconix Si5528 574-30 NE5532A .1116 Panasonic MN5540 853-196 Raytheon RC555 902-18 

5520 FairChild 5520 624-27 890-18 5541 . Micro Power MP5541 918-74 RM555 902-19 
Micro Power MP5520A 585-10 SE5532 .1116 5542 Micro Power MP5542 918-151 RCA CA555 902-20 

MP55208 585-11 889-41 55426 TI SN55426 603-118 CA555C 902-21 

MP5520C 585-12 SE5532A .1116 55427 n SN55427 603-120 Si!J1etics NE555 902-22 

MP55200 585-17 I 889-42 55450 Fairchild . 55450A/8 620-58 SA555 902-25 
MP5520F 585-13 55325 Fairchild 55325M 620-26 National OS55450 620-78 SE555 902-23 

MP5520H 585-14 Motorola MC55325 620-28 Raytheon RM55450 620-86 555 , 182-8 

National OS552O 624-29 National OS55325 620-30 Silicon G SG55450 620-91 Silicon G SG555 902-26 
Silicon G SG5520 624-34 Signetics 55325 620-32 TI SN55450B 620-99 SG555C 902-27 

TI SN5520 624-38 Silicon G SG55325 620-34 55451 Fairchikl 55451A18 620-59 SiIiconix .Si5558 573~9 

55207 Fairch~d 55207 613-23 TI SN55325 620-36 National 0855451 620-79 TI NE555. 902-33 

55208 Fairchild 55208 613-32 55326 Fairchild 55326M 620-13 Raytheon RM55451 620-87 SE555 902-32 

5521 NatiOnal 085521 624-30 TI SN55326 620-15 Silicon G SG55451 620-92 5550 Panasonic MN5550 853-197 
. OKI MSM5521 407-84 55327 Fairchild 55327M 620-18 TI SN554518 620-100 5551 Signetica NE5551 .1122 

Silicon G SG5521 624-35 n SN55327 620-20 55452 Fairchild 55452A 620-181 911-17 

5522 National OS5522 624-42 5533 Exar XR5533 .929 NatiOnal OS55452 620-195 SE5551 .1122 

OKI MSM5522 407-85 XR5533AC 890-16 Raytheon RM55452 621-4 911-18 

Silicon G 8G5522 624-46 XR5533C .929 Silicon G SG55452 621-6 55516 Harris HC55516 • 170-17 

SSS SCM5522 413-154 890-14 TI SN55452B 621-14 HC55516-2 900-73 

1176-75 XR5533CN .929 55453 Fairchild 55453A18 621-82 HC55516-8 900-74 

TI SN5522 624-50 XR5533CP .929 NatiOnal OS55453 621-93 HC55516-9 900-75 

5()224 Fairchild 55224 624-7 XR5533M .929 Ray\t1eon RM55453 621-97 5552 Siptic8 NE5552 .1122 
55225 Fairchild 55225 624-8 889-40 SiIiconG SG55453 621-99 911-19 

5523 National O'S5523 624-43 Signetics NE5533 .1117 TI SN554538 621-103 SE5552 .1122 

OKI MSM5523 851-113 890-19 55454 Fairchil.!l 55454A18 621-148 911-20 
854-187 NE5533A .1117 National OS55454 621-159 5553 Signetics NE5553 .1122 

Silicon G S<35523 624-47 890-20 Raytheon RM55454 621-163 911-25 

55232 Fairchild 55232 624-93 SE5533 .1117 SiIiconG SG55454 621-165 SE5553 .1122 

TI SN55232 624-108 889-43 TI 8N554548 621-169 911-26 

55233 Fcurchild 55233 624-94 SE5533A .1117 55460 Fairchild 55460 620-60 55532 Harris HC55532 • 170-17 

55234 Fairchikl 55234 624-74 889-44 National OS55460 620-80 HC55532-2 900-76 

TI SN55234 624-79 5534 Exar XR5534 .929 Silicon G SG55460 620-93 HC55532-8 900-77 

55235 Fairc;tlild 55235 624-75 XR5534AC 877-32 TI SN55460 620-101 HC55532-9 900-78 

55238 Fairchild 55238 624-83 XR5534AM 877-33 55461 Fairdlikl '55461 620~1 5554 National MM5554 856-144 

TI SN55238 624-87 XR5534C • 929 NatiOnal OS55461 620-81 Signetics NE5554 .1122 

55239 Fairchild 55239 624-84 XR5534CN .929 SiIiconG SG55461 620-94 911-46 

5524 Fairchild 5524 624-5 XR5534CP .929 n SN55461 620-102 914-2 

National OS5524 624-14 XR5534M .929 55462 Fairchild 55462 620-182 SE5554 .1122 

OKI MSM5524 851-114 Fairchild 5534 624-91 National 0855462 620-196 911-47 

854-188 Nalionat OS5534 624-99 Silicon G SG55462 621-7 5555 National MM5555 857-26 

Silicon G SG5524 624-19 SignetIcs NE55'14 .1117 TI SN55462 621-16 SIgnetIcs NE5555 .1122 

TI SN5524 624-23 877-34 55463 Fairchild 55463 621-83 911-30 

5525 Fairchild 5525 624-6 NE55:MA .1117 National OS55463 621-9<1 SE5~ .1122 

National OS5525 624-15 . 877-36 Silicon G SG55463 621-100 911-31 

Silicon G SG5525 624-20 SE5534 .1117 TI SN55463 621-104 SSS SCM5555 413-144 

5528 Fairchild 5528 624-56 877-35 55464 Fairchild 55464 621-149 1173-26 

OKI MSM5528 854-110 SE55:MA .1117 National OS55464 621-160 5556 Nalionat MM5556 857-27 

Silicon G SG5528 624-64 877-37 Silicon G SG55464 621-166 Panasonic MN5556 853-196 

TI SN5528 624-68 Silicon G SG5534 624-104 TI SN55464 621-170 5559 Nalionat MM5559 463-29 

5529 Fairchild 5529 624-57 TI NE5534 877-38 55470 n SN55470 620-104 857-7 

National OS5529 624-60 NE5534A 877-40 55471 Fairchild 55471 620-62 1192-77 

OKI MSM5529 854-111 SE5534 877-39 TI SN55471 620-105 556 AMO NE556 902-93 

Silicon G SG5529 624-66 SE5534A 877-41 55472 Fairchild 554728 620-183 SE556 902-94 

553 AD AD553J 571-51 5535 Fairchild 5535 624-92 TI SN55472 621-18 Exar XR556C 902-95 

AD553K 571-52 National OS5535 624-100 55473 Fairchild 554738 621-84 XR556M 902-96 

AD553L 571-53 OKI MSM5535 416-168 TI SN55473 621-105 Fairchild p.A556 902-97 

AD553S 571-54 S91e1ics NE5535 890-45 55474 Fairchild 55474 621-150 Intersil NE556 902-98 

AD553T 571-55 SE5535 889-21 TI SN55474 621-171 SE556 902-99 

AD553U 571-56 Silicon G SG5535 624-105 555 AD AD555J 571~1 Nalionat LM556 902-102 

NEe Micro p.P0553 .2059 5536 OKI MSM5536 406-15 571-62 LM556C 902-103 

1751-15 406-4 AD555K 571-60 NEe IIicro p.PD556 .2065 

p.P0553C .2059 5537 Signetics NE5537 .1119 AD555L 571-58 1751-29 

5530 Micro Power MP5530 918-50 919-74 AD555S 571~5 p.P0556B .2065 

MMI L5530 1174-33 SE5537 .1119 AD555U 571-59 RayIheon RC556 902-104 

5530 1174-14 919-75 AMO NE555 902-2 RM556 902-105 

OKI MSM5530 406-118 5538 Fairchild 5538 624-112 SE555 902-3 Siemens S556 856-74 

Panasonic MN5530 853-195 National OS5538 624-116 Cherry CS555 902-4 Sig1eIics NE556 902-107 

SignetIca NE5530 .1114 OKI MSM5538 406-115 Ex ... XRL555 .923 SA556 902-109 

890-35 Signetica NE5538 .1120 902-7 SE556 902-108 

SE5530 .1114 890-46 XRL555CN .823 Silicon G SG556 902-110 

889-22 SE5538 .1120 XRL555CP .823 SG556C 902-111 

5531 Micro Power MP5531 918-73 889-23 XRL555M .823 n NE556 902-112 

MMI L5531 1174-34 Silicon G SG5538 624-120 XR555C 902-5 SE556 902-113 

5531 1174-17 5539 Fairc::hild 5539 624-113 XR555M 902-6 5560 MMI L5560 1172-117 
. OKI MSM5531 406-6 National OS5539 624-117 Fairchild p.A555C 902-8 5560 1172-104 

5532 Ex ... XR5532 .929 SignetiCs NE5539 867-96 Intersil MM555 573-65 SigneticI NE5560 .1123 
XR5532C .929 881-51 NE555 902-10 914-40 

890-13 SE5539 881-52 SE555 902-11 SE5560 914-41 

XR5532CN .929 Silicon G SG5539 624-121 National LM555 • 178-17 5561 MMI L5561 1172-118 

XR5532CP • 929 554 National MM554 575-25 LM555C 902-15 5561 1172-105 

XR5532M • 929 NEe America p.PC554 855-134 LM555M 902-16 5562 OKI MSM5562 406-4 

889-39 NEe IIicro p.P0554 .2059 MM555 573~7 5563 OKI MSM5563 406-11 

Micro Power MP5532 918-150 1751-23 NEe Micro p.PD556 .2055 5564 OKI MSM5564 406-9 

SignetIc:I NE5532 .1116 p.PD554C .2059 1751-28 5576 OKI M.SM5576 405-143 

Arranged alphanumerically from left to right 
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Ie MASTER 
Base 
Number Source Device 

5577 
558 

5580 

5583 
559 

5596 
560 

5600 

5601 

5602 
5603 

5604 

5605 

5608 

561 

5610 

5612 

76 

OKI MSM5577 
NEC Amenca IlPC558 

Signetics 

Fairchild' 
OKI 
OKI 
AD 

Motorola 
Signetics 

Signetics 
Cherry 
Fairchild 
Hitachi 
MotoiOla 
National 
Plessey 

NE558 
SA558 
SE558 
5580 
MSM5580 
MSM5583 
AD559K 
AD559S 
MHW559 
NE559 
SA559 
::>t::!:>il9 
N5596 
CS560 
TBA560 
SAS560 
MHW560 
TBA560 
SL560 
TBA560 

Siemens SAS560 

Signetics NE560 
SE560 
TBA560 
560 

Telefunken TBA560 
TI TL560C 
!ntersi! IM5600C 

IM5600CF 
IM5600M 

National LX5600 

Signetics SD5600 
Rellcon R5601-1 

R5601·2 
Retieon R5602 
Inte's,1 IM5603AC 

IM5603AM 
Intersll IM5604C 

IM5604M 
inters,! IM5605C 

IM5605M 
Harris HI5608 

AD 

Motorola 
OKI 

Plessey 
SignebCS 

Harris 

Intersil 

Harris 

HI5608-2 

HI5608-4 

H15608-5 

H15608-8 

AD561J 
AD561K 
AD561S 
AD561T 
MHW561 
MSM561 

SL561 
NE561 
SE561 
561 
HI5610-2 

HI561D-4 

H15610-5 

H15610-S 

IM5610C 
IM5610CF 
IM5610M 
H15612-2 

H15612-4 

H15612-5 

Base Base 
Page-l.ine Number Source Device Page-lil1e Number Source Device 

405-1145612 
854-48 
860-32 562 
917-14 
902-139 
902-140 
902-141 
624-114 
406-7 
406-13 
587 ·10 
587 -11 i 

858-
17

1 
902·143 
902-144 

9U<!-1 45\ 
915-139 
919-159 
858-1001 
857-1121 
858-18 
858-129 
840-133 
858-156 
857-114 
858-67 
899-62 
899-63 
859-2 

11 182-8 
859-36 
916-178 

1161-43 
1161 -53 5621 
1161 -44 5623 

11 192-2 5624 919-
145

1 
.. 192-3 
11 192-6 5625 

570-80 
919-174 563 
919-175 
919-171 

1161-111 
1161-112 
1163-52 
1163-53 
1164-23 
1164-59 

• 730 
• 730 

585-28 

• 730 I 
585-29 

• 730 I 585-30 

• 730 I 
585-31 

~:~~~! II 

590-14 
589 -45 
858-19 
408-181 
602-8 
853-20 
899-64 
899-65 

11 182-8 

• 724 
589-47 

564 

• 724 I 
589-48 565 

* 724 
590-2 

• 724 
590-3 

1161-47 
1161-54 
1161-48 

" 718 
593 -47 

* 718 
594-2 566 

• 718 
594-3 

Harris HI5612-8 

AD AD562K/BCD 
AD562K/BIN 
AD562S/BCD 
AD562S/BIN 

Analogie MN562·AD-BCD 

Harris 

MN562-AD·BlN 
MN562·ID-BCD 
MN562·ID-BIN 
MN562·KD·BCD 
MN562·KD·BlN 
MN562·SD·BCD 
MN562·SD-BIN 
H1562-2 

HI562-4 

HI562-5 

HI562-8 

Motorola MHW562 
NEC America "PC562 
PMI SSS562AIBCD 

SSS562AIBIN 
SSS562KIBCD 
SSS562KIBIN 
SS5562S/BCD 
SSS562SIBIN 

Signetics NE562 

OKI 
.Intersil 

Intersil 

Intersil 

AD 

SE562 
562 
MSM5621 
IM5623C 
IM5623M 
IM5624C 
IM5624M 
IM5625C 
IM5625M 
AD563J/BCD 
AD563J/BIN 
AD563K/BCD 
AD563K/BIN 
AD563S 
AD563S/BCD 
AD563S/BIN 
AD563T/BCD 
AD563T/BIN 

Analoglc MN563.JD-BCD 
MN563.JD·BlN 
MN563-KD·BCD 
MN563-KD-BlN 
MN563-SD-BCD 
MN563-SD-BIN 
MN563-TD-6CS 
MN563-TD-BlN 

OKI M5M563 
AD AD564/BIN 

AD564J/BCD 
AD564J/BIN 
AD564K/BCD 
AD564S/BCD 
AD564S/BIN 
AD564T/BCD 
AD564T/BIN 

OKI MSM564 
Siemens SM564 
Signetics NE564 

5E564 

AD AD565J 
AD565K 
AD565S 
AD565T 

Motorola LM565 
National lM565 

LM565C 
Signetlcs NE565 

SE565 
565 

AD AD566J 
AD566K 
AD566S 

• 718 
594-4 
597-48 
594-43 
597-49 
593-33 
598-40 
594-47 
598-41 
595-2 
598-42 
595-3 
598-8 
593-38 

* 713 

bl:lJ-~O \ 
* 713 

594-24 

* 713 I 
594-25 

• 713 
593-31 
858-20 
858-131 
598-37 
594-45 
598-38 
594-46 
598-7 
593-34 
899-67 
899-68 

• 182-8 
409-12 

1161-114 
1161-115 
1163-55 
1163-56 
1164-34 
1164-67 
598-3 
594-44 
598-4 
593-35 
916-24 
598·5 
593-36 
598-6 
593-37 
598-43 
595-4 
598-44 
595-5 
598-9 
593-39 
598-45 
595-6 
408-158 
593-40 
598-10 
595-27 
598-11 
598-12 
593-41 
598-13 
593-42 
408-71 
859-74 

*1111 
898-50 

*1111 
898-51 
594 ·23 
593-27 
593-28 
593-29 
899"59 
899-60 

, 185-17 
899-61 
899-69 
899-70 

11 182-8 
594-20 
593-24 
593-25 

566 AD AD566T 
National LM566 

LM566C 
NEC America "PC566 
Signetics NE566 

SE566 
566 

567 Exar XR567 

XR567C 

XR567M 
National LM567 

LM567C 

Signetics NE567 

57LS300 MMI 

57LS301 MMI 

57LS304 MMI 

57LS305 MMI 

57LS306 MMI 

57LS307 MMI 

57LS310 MMI 

57LS313 MMI 

57LS314 MMI 

57LS315 MMI 
57LS376 MMI 

57LS380 MMI 

57S300 MMI 

57S301 MMI 

57S304 MMI 

57S306 MMI 

575307 MMI 

57S373 MMI 

57S374 MMI 

57S376 MMI 

57S378 MMI 

57S380 MMI 

57S382 MMI 

57S581 MMI 
57S582 MMI 
57S583 MMI 
57S584 MMI 

5E567 

567 
57LS300 

57L5301 

57LS304 

57LS305 

57LS306 

57L5307 

57L5310 

57L5313 

57L5314 

57LS315 
57L5376 

57L5380 

575300 

575301 

57S304 

575306 

575307 

575373 

575374 

575376 

575378 

575380 

575382 

575581 
575582 
575583 
57S584 

11 Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted . 

Base 
Page-line Number 'Source Device 

593-26 
899-78 
899-79 
853-10 
899-84 
899-85 

11 182-8 
900-128 

57S585 
57S586 
57S587 
57S588 
57S589 
570 

• 170-11 
898-165 
900-129 
898-166 
898-169 
900-132 
898-170 
i:lOO-l<1<1 
898-173 
900-137 5700 
898-174 
900-138 

, 182 -8 ~ 5701 

* 768 
458-189 
608-27 

*768 
459 -45 . 5703 
607-44 

* 768 5704 
459-78 5706 
607-48 

* 774 
459-119 5707 
618-13 

* 768 571 
458-191 
459-23 
6OB-31 

* 768 
458-193 
459·25 ' 
608-35 

* 774 
459-121 5710 
618-14 57100 

• 509 57103 
440-51 57104 

* 509 57105 
440-119 57106 
440-141 57109 

* 505 
440-104 

* 505 
448-2 I 5711 

.768 
459-13 57110 
608-29 

* 768 5712 
459-62 
607-46 ' 

* 768 57123 
459 -95 57126 
607-50 

* 768 5713 
459-15 
459 -27 57135 
608-33 57136 

* 768 5714 
459-17 
459-29 57140 
60B-37 

* 505 57186 
447-190 57190 

* 505 
440-96 572 

*505 
440-108 

* 505 
440-110 5725 

* 505 573 
448-6 

* 50,5 5733 
448-8 
426-138 5734 
426-140 5736 
426-178 
426-180 5737 

MMI 575585 
MMI 575586 
MMI 57S587 
MMI 575588 
MMI 575589 
Hitachi SA5570 
Motorola MHW570 
NEC America IlPC570 
Plessey T AA570 
Siemens SAS570 

Signetics NE570 

5E570 

TBA570 
Telefunken TBA570 
National LX5700 

MM! 5701 

Panasonic MN5701 
Reticon R5701 
Sprague UDN-5703A 

UDS-5703H 
Nationai MM5704 
Spragoe UDN-5706A 

UDS-5706H 

Sprague UDN-5707 A 
UDS-5707H 

AD AD571J 
AD571K 
AD571S 

NEC ArneOca "PC571 
Plessey SL571 
SignetIcs NE571 

SE571 

Panasonic MN5710 
National MM57100 
National MM57103 
National MU57104 
National MM57105 
National MM57106 
National MM57109 

Signetics UDN5711 
Sprague UDN-5711 
MMI 57110 

Harris HI5712 
Signetics UDN5712 
Sprague UDN-5712 
National MM57123 
National MM57126 

Signetics 
Sprague 
National 
National 
Signetics 
5prague 
National 

National 
National 

UDN5713 
UDN-5713 
MM57135 
MM57136 
UDN5714 
UDN-5714 
MM57140 

MM57186 
MM57190 

AD AD572A 
AD572B 
AD5725 

Motorola MHW572 
National MM5725 
NEC America /-lPC573 
OKI MSM573A 
Sprague UDN·5733A 

UDS·5733H 
National MM5734 
National MM5736 

National MM5737 

Page-line 

1426-182 
427-130 
427-127 
427-133 
427 -137 

857-113\· 
858-21 
859-89 
860-44 
857-115 
858-69 

.1112 
900-52 

*1112 
900-53 

:~~ ~~~21 
919-146 

11 ~92-2 

• 192-4 1 
427-35 

1763-35 
, 204-11 

853-199 
915-114 
621-133 
621-134 

11 ;57-10 
436-37 
436-38 
620-145 
620-157 
620-158 
580-29 
580-20 

580-30 1 
852-80 
840-192 

*1112 

*1!~~:~: 
853-2 
856-25 
853-17 
853-177 
856-26 
856-27 
853-178 

1756-145 
1763-68 

11 205-13 

620-1251 
620-127 

1763-38 
1763-76 
595-39 
621-33 
621-35 
853-168 

1756-140 
1756-154 
621·122 
621-124 

1756-137 
1756-138 
621-188 
621-190 

1756-146 
1740-3 
856-28 
854-55 
898-92 
581-15 
581-16 
581-17 
858-22 
853-156 
853-11 

1176-22 
621-195 
621-196 
853-157 
853-158 

11 155-9 
853-159 

• Indicates entire Application Note is provided on the page noted. 
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PART NUMBER INDEX 
Bae Bae 'Bae Bae 
Number Socwc:e DevIc:e Page-Une Number Source Device Page-UIe Number Source Device Page-I.ine Number Source Device Page-Une 

5738 National MM5738 853-160 581 AD AD581J 864-81 5863 National MM5863 582-31 6 Teledyne C CAG6-10 567-8 
5739 National MM5739 853-161 918-120 5865 National MM5865 460-209 CDA6 570-36 

, 155-9 AD581K 864-82 902-135 60Vl0 Lambda L60Vl0 917-151 
574 AD AD574J 582-25 918-121 11 191-11 60V12 Lambda L60V12 917-152 ' 

AD574K 581-24 AD581L 918-122 11 191-12 60V15 Lambda L60V15 917-153 
AD574S 581-25 AD581S 918-123 58656 Mitsubishi M58656 1159-24 60V18 Lambda L60V18 917 -154 
AD574T 581-26 AD581T 918-124 587 NEC Amenca ".PC587 855-136 60V20 Lambda L60V20 917-155 

OKI MSM574 1178-80 AD581U 918-125 Signetics NE587 601-16 60V24 Lambda L60V24 917-156 
5740 National MM5740 605-21 Hybrid Sys, AOC581B-12 581-22 5871 National MM5871 856-186 6OV28 Lambda L60V28 917-157 

, 157-11 AOC581C-12 581-23 58730 Mitsubishi M58730 1185-60 60V5 Lambda L60V5 917-148 
57401 MMI ,57401 .1472 OKI MSM581 411-87 1761-135 60V6 Lambda L60V6 917-149 

1159-86 5810 Intel 5810 861-79 58731 MitsubiShi M58731 1186-56 60V9 Lambda L60V9 917-150 
1763-41 National MM5810 858-56 1761-142 60 8IIT-Brown ADC60 .658 

57401 A .1476 OKI MSM5810 856-94 58741 Mitsubishi M58741 1763-147 DAC60 .658 
1159-89 58100 ,National MM581 00 900-16 58751 Mitsubishi M58751 1761-115 SHM60 .659 

57402 MMI 57402A .1476 58101 National MM581 01 861-172 58755 Mitsubishi M58755 1761-122 LSI Camp D60 415-44 

1159-91 58102 National MM58102 861-173 M58755-1 1169-86 Unitrode PF60 917-31 

5745 National MM5745 605-12 58104 National MM581 04 861-112 M58755-2 1170-8 PA60 917-32 
5746 National MM5746 605-11 58106 National MM581 06 858-58 58756 Mitsubishi M58756 1170-16 600 Plessey SL600 , 171-4 

575 NEC America I1PC575 860-33 5811 OKI MSM5811 856-95 5880 National MM5880 861-121 SGS TCA600 , 182-7 

OKI MSM575 1183-1 58115 National MM58115 861-113 58801 National MM58801 861-122 Unitrode PIC600 914-57 

MSM575A 1157-36 58117 National MM58117 861-114 5882 National MM5882 861-123 6000 GI LP6O()O 1759-55 

Sigletics NE575 898-141 58118 National MM58118 861-115 58840 Mitsubishi MP58840 1763-47 Signetics SD6000 857-55 

5750 Panasonic MN5750 853-201 58119 National MM58119 861-116 58842 Mitsubishi M58842 1763-49 6001 SMC I1PC6001 1760-182 

57508 MMI 57508 l\' 498 58120 National MM58120 861-117 5885 National MM5885 861-124 6002 Intersil lM6oo2 11195-16 
426-12 58127 National MM58127 861-126 5886 National MM5886 861-125 1M6002-11 1169-12 

57516 MMI 57516 .498 58128 National MM58128 861-127 589 GI C/CF589 853-108 Nortec 6002 1169-13 
426-43 58129 National MM58129 861-128 NEC America I1PC589 854-49 11 196-20 

57518 MMI 57518 .498 58130 National MM58130 861-129 5890 National MM5890 861-188 , 197-1 

426-45 5814 OKI MSM5814 856-96 5891 National MM5891 857-30 6003 Intersil 1M6003-10 1169-32 

5752 Panasonic MN5752 853-202 58143 National MM58143 854-166 58981 IIitsubishi M58981 .1435 IM6003-11 1169-29 

57558 MMI 57558 .495 58144 National MM58144 854-167 M58981-30 .1435 Nortec 6003 , 197-3 

426-3 5815 OK! MSM5615 856-97 1179-37 600311 Nortec 600311 1169-30 

57558-1 .495 58150 National MM56150 900-29 M58981-45 .1435 600314 Nortec 600314 1169-33 

426-5 58155 Mitsubishi M58155-3 1169-60 1179-97 601 CMA FX601 901-152 

57559 MMI 57559 426-15 5816 OKI MSM5616 856-98 M58981S .1435 902-147 

5758 National MM5758 853-162 58190 National MM58190 861-130 M589818-30 .1435 Data General MN601 1752-38 

57588 MMI 57588 1763-44 58192 National MM58192 861-131 M58981S-45 .1435 1723-3 

576 NEC America I1PC576 860-34 56193 National MM58193 861-132 590 AD AD590J 919-132 Motorola MHW601 840059 

5760 National MM5760 853-163 582 AD AD582 919-18 AD590K 919-133 NEC America J,lPB601 B 422-29 

5762 National MM5762 853-164 AD582S 919-19 AD590L 919-134 Teledyne C CAM601A 575-27 

5763 National MM5763 853-165 OKI MSM582 404-76 Motorola MHW590 840-55 TI TL601C 570-50 

5764 National MM5764 853-166 Signetics NE582 603-15 Siemens SAS590 857-117 TL60lI 570-46 

5765 National MM5765 853-167 622-72 858-71 TL601M 570-47 

5766 National MM5766 853-169 5821 EA EA5821 856-154 SignetIcs NE590 .807 Uni\rode PIC601 914-58 

5767 National MM5767 853-170 5823 EA EA5823 856-140 622-141 6010 Hughes HCTA6010 407-91 

577 NEC America I1PC577 851-63 National MM5823 856-145 1763A-19 407-15C 

5777 National MM5777 853-171 5824 EA EA5824 856-141 5902 OEI 5902 917-167 Motorola MFC6010 , 172·19 

578 NEC America I1PC578 852-81 National MM5824 856-146 591 Motorola MHW591 840-56 6011 TI TMS6011 625-98 

5180 National MM5780 853-172 5829 National MM5829 861-118 OKI MSM591 417-163 1762-15E 

5781 National MM5781 1756-135 583 AD AD583K 919-20 Signetics NE591 .807 602 Motorola MHW602 840-60 

174<?-1 AD583S 919-21 622-142 NEC America /-lPB602B 422·24 

5782 National MM5782 1756-133 GI \ C/CF583 853-106 1763A-2O 603 Data General MN603 1752-47 

1740-1 5832 National MM5832 857-28 592 AMD 592C 840-94 Dionics DI603A 602-111 

5785 National MM5785 1756-142 5833 National MM5833 857-29 592M 840-95 Motorola MHW603 840-61 

1756-152 58333 Mitsubishi M58333 1186-84 Motorola MHW592 840-57 NEe America J,lPB6038 422-19 

5788 National MM5788 1756-148 5837 National MM5837 856-176 NE592 840-118 /-lPC603 585-4 

5789 National MM5789 856-23 917-132 SE592 840-119 Nee Micro J,lPC603 , 178-20 

5790 Sprague UDS-5790 462-187 , 174-5 NEC America /-lPC592 853-12 Panasonic AN603 857-136 

621-55 564 AD AD584J 918-65 Signetics NE592 622-143 6032 Panasonic MN6032 462-121 

917-179 AD564K 918·67 840-159 604 Dionics Dl604A 602-112 

5791 National MM5791 853-173 AD584L 918-68 SE592 840-160 NEC America /-lP8604B 422-5 

Sprague UDS-5791 462-188 AD584S 918-69 592 , 182-8 Teledyne C CAM604A 568-116 

621-56 AD584T 918-70 5929 OKI MSM5929 854-112 TI TL604C 570-43 

917-180 AD564U 918-71 593 GI C/CF593 853-109 TL6041 570-41 

5794 National MM5794 853-174 5840 National MM5840 , 175-19 , 154-9 TL604M 570-42 

5795 National MM5795 853-175 5841 National" MM5841 858-57 Motorola MHW593 840-58 6040 Panasonic MN6040 898-133 

5799 National MM5799 ' 1756-144 58412 Mitsubishi M58412 854-148 594 GI C/CF594 853-110 MN6040A 898-134 

1740-2 58413 Mitsubishi M58413 854-149 Motorola MHW594 858-24 MN60408 898-135 

580 AD AD580J 918-44 58478 Mitsubishi M58478 414-182 595 GI 9/CF595 853-111 605 Dionics DI605A 602-113 

, AD580K 918-45 58479 Mitsubishi M58479 902-130 Motorola MHW595 858-25 NEC America J,lPB6058 422-39 

AD560L 918-46 58482 MitstiMsht M58482 902-132 NEC America J,lPC595 860-166 Panasonic AN605 861-34 

AD580S 918-47 585 GI C/CF585 853-107 596 GI C/CF596 853-112 6050 Panasonic MN6050 861-148 

AD580T 918-48 NEC America /-lPC585 855-135 NEe America /-lPC596' 860-167 6051 PanasoniC MN6051 861-149 

AD580U 918-49 56502 Mitsubishi M58502 1187-34 597 GI C/CD597 , 154-9 6052 Panasonic MN6052 854-171 

Cherry CS580 854-47 56503 Mi1sWshi M56503 1187-63 5970 OKI MSM5970 861-147 861-150 

Motorola MHW580 858-23 58504 a.tIlilDshi M58504 1187-79 598 GI C/CF598 853-113 6053 Panasonic MN6053 854-172 

NEC Amenca /-lPC580 858-132 56531 MiIsLtlishi M58531 1174-56 599 GI C/CF599 853-114 861-151 

OKI MSM580 404-26 58533 MiIsWshi M58533 1169-20 6 Datel SHM-6GC .686 6055 MMI 6055 1157-7 

Siemens SAS580 857-116 56561 MiIsWshi M58561 1159-41 919-34 6056 MMI 6056 1157-24 

858-70 58563 ~ M58563-1 1162-109 SHM-6MC .686, 606 Data General MN606 1752-51 

SIgnetics NE580 .805 586 Signetics NE586 601-15 SHM-6MM .686 Micro Tech MC606 417-157 

603-86 5860 National MM5860 861-119 919-35 460-78 

TCA580 901-71 56601 National MM58601 861-120 SHM-6MR .686 NEC America /-lPB606B 421-127 

916-167 58609 ItbJbishi M58609 605-17 LSI Conll D6 415-40 PanaSonic AN606 840-128 

5807 OKI MSM5807 898-132 58620 Mitsubishi M58620 605-28 Teledyne C CAG6 567-6 6060 Panasonic MN6060 858-10 

Arranged a1phanumerically from left to right. 
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Base Base Base Base 
Number Source Device Page-Line Number Source Device Page-Line Number Source Device page-Une Number Source Device Page-Une 
--------------------------
6061 
6062 
607 

6070 

6071 

6072 

6073 

6074 
6078 

608 
6080 

6081 

6090 
6091 

6092 

61 

610 

6100 

78 

MMI 6061 
MMI 6062 
CMA FX607 
NEG Al'Mrica !-,PB607B 
Panasomc AN607 
Siemens 5607 
TI TL607C 

TL6071 
TL607M 

AMD AM6070AC 

AM6070AM 

AM6070C 

A"e","""" r.~"!V\Jf VI..,I 

Panasonic MN6070 

AMD ,A,M6071 AC 

AM6071AM 

AM6071C 

AM6071M 

MMI 6071 
AMD AM6072C 

AM6072M 

MMI 6072 
AMD AM6073C 

AM6073M 

MMI 6073 
MMI 6074 
ACA CA6078A 

Panasonic AN608 
AMD AM6080AC 

AM6080AM 
AM6080C 
AM6080M 

Panason:c MN6080 
AMD AM6081AC 

AM6081AM 
AM6081C 
AM6081M 

Panasonic MM6090 
Panasonic MN6091 

Panasonic MN6092 

Siemens SM61 A 
SM61B 

NEG America !-,PC61O 
NEe Micro !-,PC61 0 
Panasonic AN610 
Plessey SL610C 
SGS TCA6l 0 
TI TL610C 

TL61 01 
TL61 OM 

Unitrode PIC61 0 
Harris HM6100 

HM6100A 

HM6100c 

Intersil IM6100 

1157 -9 6100 
1157-26 
901-160 
422-10 
840-129 

1184-70 
570-51 
570-48 
570-49 
589-6 6101 
599-17 
589-7 
599-18 
589-14 
599-20 

H::~:31 
861 -152 6102 
589-8 
593-10 I 
589-9 
593-116103 
589-16 
593-16 6104 
589-17 
593-17 

1157 -52 
589-24 
599-24 
589-25 
599-25 

1157-54 6116 
589-26 
593-21 
589-27 
593-22 

1157-103 
1157-105 6118 
866-22 
877-5 
840-130 
586-2 
586-3 612 
586-40 
586-41 
854-64 6126 
586-4 6128 
586-5 
586-42 613 
586-43 
861-153 614 
854-173 6144 
861-154 
854-174 6147 
861-155 
900-33 6155 
900-39 6156 
592-44 616 

11 178-20 
915-125 
840-134 6161 

11 182-7 6162 
567-20 6164 
567-18 
567-19 6171 
914-59 6172 

.1918 6P3 

.1923 6174 
1756-157 618 
1728-2 

11 200-17 
11 200-18 6184 
11 203-9 
11 203-10 620 
11 203 -11 620L08 
11 203-12 6200 
.1918 

1756-158 6201 
1728-3 

.1918 6205 
1756-159 
1732-4 6206 

11 199-4 

11 201 -4 16208 
11 201-5 

Intersil 1M61oo 

IM6100A 
IM6100C 
IM6100M 

Toshiba TD61 00 
Harris HD6101-2 

HD6101-5 
HD6101A-2 
HD6101A-9 
HD6101G-9 

Intersil IM6101A 

Toshiba TD61 01 

Intersil IM6102A 
!M6102AM 

Toshiba TD61 02 

Intersil IM6103 
IM6103M 

Zilog Z6104-2 
Z6104-3 
Z6104-4 
Z6104-5 

Plessey SL611C 
SGS TAA611 

Unrrrode PIC611 
Intersil IH6116C 

IH6116M 
Sprague UDN·6116 
Zilog Z6116-2 

Exar 

Z6116-3 
Z6116·4 
XR6118 

XR6118N 
XR6118P 

Sprague UDN-6118 
Plessey SL612C 
ATC MS612 

Sprague UDN-6126 
Exar XA6128 
Sprague UDN-6128 
Plessey SL613C 

NEe Micro !-,PC614 
Sprague UDN-6144 

Hitachi HM6147 

MMI 6155 
MMI 6156 
Micro Tech MC616 

NEG Micro !-,PC616 
MMI 6161 
MMI 6162 
Sprague UDN-6164 

MMI 6171 
MMI 6172 
MMI 
MMI 
ATC 

6173 
6174 
MS618 

11 201 -6 6209 
, 204-5 
11 204-6 621 
11 204-7 
, 204-8 6210 

1756-160 
1756-161 6216 
1757-16 
433-66 622 

1757 -18 6225 
1757-19 
1757 -20 .623 
1757-21 
1757 -22 6230 
1757-23 

1 ~~~ ~~~ I 0",,"" 

899-30 6235 
1757 -40 
1757 -41 '6236 
898-83 
898-190 624 

1757-43 
1757 -44 
1181-11 6240 
1181-38 
1181 -61 6241 
1181-84 
840 -136 6248 
852-20 

'176-5 6249 
914-60 
576-50 625 
576-51 
602-87 

1170-87 
1170-107 
1171-3 

• 931 
602-94 

• 931 
.931 

602·97 
840-137 
416·50 

1192-92 
602-88 
602-95 
602-98 
840-182 
840-194 

• 178·21 
602-104 

, 160-15 
414-27 

1180·78 
1157-11 
1157·28 
417-158 
460-79 

11 192-11 
1157·13 
1157-30 
602-116 

, 160-15 
1157-56 
1157-58 
1157·107 
1157-109 
416-77 

1159-65 
1192-63 

6250 

6251 

6252 

6253 

6255 

6256 

626 

6260 

6261 

6275 . 

6276 

6280 

6281 

6282 

6283 
Sprague UDN-6184 602·135 

Plessey 
National 
MM! 

MMf 

MM! 

MMI 

MM! 

11 160-15 
SL620C 839 -16 
LM620L08 .1061 
6200-1 

6201-1 

6205-1 

6206-1 

6208-1 

.1466 
1183·25 

.1466 
1183·27 

.1466 
1183-95 

.1466 
1183·97 

.1466 
1183-57 

6284 

6285 

6286 

6287 

6289 

MMI 

Plessey 
SGS 
MMI 

Intersil 

Plessey 
MM! 

Plessey 

MMI 

lUllUlI 

MMI 

MM! 

Plessey 

MM! 

MMI 

MMI 

MMI 

Plessey 

ATC 

Unitrode 
MMI 

MMI 

MM! 

MMI 

MMI 

MMI 

MICro Tech 

Unitrode 
MM! 

MMI 

MMI 

MMI 

MMI 

MM! 

MMI 

MMI 

MMI 

MMI 

IIMI 

MMI 

MM! 

6209-1 

SL621C 
TAA621 
6210~1 

IH6216C 
IH6216M 
SL622C 
6225-1 

SL623C 

6230-1 

6235-1 

6236-1 

SL624C 

6240-1 

6241-1 

6248-1 

6249-1 

TBA625A 
TBA625B 
TBA625C 
MS625 

PIC625 
6250-1 

6251-1 

6252-1 

6253-1 

6255-1 

6256-1 

MC626 

PIC626 
6260-1 

6261-1 

6275-1 

6276-1 

6280-1 

6280-2 

6281-1 

6281-2 

6282-1 

6283-1 

6284-1 

6285-1 

6286-1 

6286-2 

6287·1 

6287-2 

6289-1 

.1466 6289 
1183·59 
839-13 

----M-M-I-----6-2-89---1------11-8-5--7- Ii 

6289-2 .1469 
1184-90 I 
1752·41 I 11 176·5 

.1466 
629 Data General MN629 

SGS H629 
1183-54 
576-13 
576-14 
839·17 

.1466 
1184-8 

6290 MMI 
6291 MMI 
6292 MMI 
6293 MMI 
63LS080 MMI 

851 ·116 63LS081 MM! 
857·98 

.1466 
1183-11 

.1466 

1183-
13

1 
.1466 

1183-66 
.1466 

1183·67 I 
851-93 
851·109 
857-99 

.1466 
1184-32 

.1466 

63LS140 MMI 

r,U/1l 

63LSl640 MM! 

63LS1641 MMI 

63LS16BO MMI 

63LSl681 MM! 

63LS240 MM! 

1184 -33 63LS241 MMI 
.1466 

1184-21 63LS280 MMI 
.1466 
1184 -23 63LS281 MMI 
. 903-33 

905 -88 63LS440 MM! 
906·64 
416-79 63LS441 MM! 

1193·18 
914-61 63LS480 MMI 

.1466 
1184·71 63LS481 MMI 

.1466, 
1184 -73 63LS482 MMf 

.1466 
1184 ·72 63LS483 MMI 

.1466 
1184 -74 63LS840 MM! 

.1469 
1185·70 63LS841 MM! 

.1469 
1185·71 63LS880 MMI 
417·159 
460-80 63LS881 MM. 
914-62 

.1469 63PS140 MMI 
1185-66 63PS141 MMI 

.1469 63PSl640 MMI 
1185 -67 63PSl641 MMI 

.1469 63PS16BO MMI 
1185·89 63PSl681 MMI 

.1469 63PS240 MMI 
1185 ·90 63PS241 MMI 

.1466 63PS280 MMI 
1184·106 63PS281 MMI 

.1469 63PS440 MMI 
1184 -88 63PS441 MMI 

.1466 • 63PS480 MMI 
1185·3 63PS481 MMI 

.1469 63PS482 MMI 
1184 -91 63PS483 MMI 

.1469 63PS840 MMI 
1184·107 63PS841 MMI 

.1469 63PS880 MMI 
1185·4 63PS881 MMI 

.1469 63RA1641 MMI 
1184·108 

.1469 
1185·5 

63RAl681 
63RA1683 

.1469 63RA281 
1184 ·1 05 63RA283 

.1469 63RA441 
1184-87 

MMI 
MMI 
MMI 
MMI 
MMI 

.1469 63RA481 MMI 
1185 ·2 63RA483 MMI 

.1469 63RA841 MM! 
1184-89 

.1469 63RA881 MMI 

6290 
6291 
6292 
6293 
63LS080 

63LS081 

63LS140 

63LS1640 

63LS1641 

63LS1680 

63LS1681 

63LS240 

63LS241 

63LS280 

63LS281 

63LS440 

63LS441 

63LS480 

63LS481 

63LS482 

63LS483, 

63LS840 

63LS841 

63LS880 

63L5881 

63PS140 
63PS141 
63PS1640 
63PS1641 
63PSl680 
63PS1681 
63PS240 
63PS241 
63PS280 
63PS281 
63PS440 
63PS441 
63PS480 
63PS481 
63PS482 
63PS483 
63PS840 
63PS841 
63PS880 
63PS881 
63RA1641 

63AA1681 
63AA1683 
63RA281 
63RA283 
63RA441 

63AA481 
63AA483 
63RA841 

63RA881 

856-169 
li57.-61 i 
1157-63 I 
1157-121 
1157-123 

.1458 
1161-11 

.1458 
1161-14 

.1458 
1161-92 

·~~7 -951 
.1458 

1168-13 
.1458 I 

1168-14 I . 
.1458 

1167-75 
.1458 

1167-80 
.1458 

1163-21 
",1458 

1163-25 
.1458 

1162-40 
.1458 

1162-41 
.1458 

1165-35 
.1458 
1165-37 

.1458 
1164-5 

.1458 
1164·11 

.1458 
1164-8 

.1458 
1164-14 

.1458 
1167-32 

.1458 
1167 -33 

.1458 
1165-119 

.1458 
1166-4 

1161·71 I 
1161-72 
1168-6 
1168-8 
1167-63 
1167-68 
1163-4 
1163·5 
1162·31 
1162-33 
1165-2 
1165·6 
1163-77 
1163-83 
1163-80 
1163-86 
1167-11 
1167-12 
1165-80 
1165·81 

.1462 
1168·15 
1167 -83 
1167-84 
1162-51 
1162·52 

.1462 
1165·38 
1164·36 
1164·37 

*1462 
1167-34 
1166-5 

11 Indicates page number in Application Note Directory, 
* Indicates additional data is prOVided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 

Ie MASTER 1979 



PART NUMBER INDEX 
Base Base Base Base 
N\Inber Souree Device PagtH..ine Number Source Device Page-Une Number Source Device Page-line Number Source Device Page-line 

63RA883 MMI 63RA883 1166-6 633 Data General MN633 1752-49 6403 Intersil IM6403 1757-36 6501 Hams HM6501 .1356 
63R51641 MM. 63RS1641 .1462 6330 MM. 633()"1 .1449 IM6403M 625-94 413-165 

1168-16 1161-32 1757-37 HM6501·2 .1356 
63RS441 MM. 63R8441 .1462 6331 MMI 6331·1 .1449 Nitron ' NC6403 898-129 1175-20 

1165-39 1161-38 6405 Harris HD6405-2 .1926 HM6501·5 .1356 
63RS841 MMI 63RS841 .1462 6335 MM. 6335-1 .1449 416-181 HM6501-9 .1356 

1167-35 1162-45 626-29 1175-21 
63S080 MM. 63S080 .1453 6336 MMI 6336-1 .1449 1757-47 HM6501 B-2 .1356 

1161-8 1162-50 HD6405-9 .1926 1174-95 
638081 MM. 63S081 .1453 63~ Data General MN634 1752-45 416-182 H1I65018-9 .1356 

1161-9 6340 MM. 6340-1 .1449 626-30 1174-96 
63S140 MM. 63S14O .1453 1164-24 1757-48 HM6501D-5 1175-58 

1161-80 6341 MM. 6341·1 .1449 HD6405A-2 .1926 6502 MOS MCS6502 1757-54 
638141 MM. 63S141 .1453 1164-35 1757-49 Rockwell R6502 1757-63 

1161-85 6348 MM. 6346-1 .1449 HD6405A-9 .1926 6503 Harris HM6503 .1360 
6351640 MMI 63S1640 .1453 1164-16 1757-50 HM6503-5 .1360 

1168-5 6349 MM. 6349-1 .1449 Nitron NC6405A 898-130 1180-44 
63S1641 MM' 63S1641 .1453 1164-27 898-155 HM6503-9 .1380 

1168-7 635 Unitrode PIC635 914-63 641 Fairchild TBA641 .937 1180-43 
63S1680 MM. 63S1680 .1453 6350 MM. 6350-1 .1449 851-169 MOS MCS6503 1757-55 

1167-62 1165-17 Plessey SL641C 915-128 Rockwell R6503 1757-64 
6351681 MM. 6351681 .1453 6351 MM. 6351·1 .1449 SGS TBA641 852-21 Synertek SY6503 1757-76 

1167-67 1165-26 , 176-5 6504 Fujitsu MBM6504 1181-89 
63S240 MMI, 63S24O .1453 6352 MMI 6352·1 .1449 641A12 Fairchild TBA641A12 .937 Harris HM6504 .1363 

1163-8 1165-18 641Bl1 Fairchild TBA641811 .937 HM6504-2 .1363 
63S241 MM. 63S241 .1453 6353 MM. 6353-1 .1449 6410 Nitron NC6410A 898-157 1181-90 

1163-11 1165-27 6422 Nitron NC6422 898-159 HM6504-5 .1363 \ 

63i:mo MM. 63S280 .1453 636 Data General MN636 1752-43 6423 Nitron NC6423 898-160 1181-94 
1162-30 Micro Tech MC636 417-160 6431 Hams HD6431·2 .733 HM6504-9 .1363 

63S281 MM. 63S281 .1453 460-81 1756-168 1181-91 
1162-32 NEC America ",PB636B 421-128 HD6431·9 .733 Intarsil IM6504 1181-16 

638440 MM. 63S440 .1453 Unitrode PIC636 914-64 1756-169 MOS MCS6504 1757-56 
1164-121 6376 National DH6376C 842-137 H06431A-2 .733 Rockwell R6504 1757-66 

63S441 MM. 638441 .1453 6380 MM. 6380-1 .1449 1756-170 Synertak SY6504 1757-77 

1165-5 1166-35 HD6431A-9 • 733 6505 Intersil IM6505 1181-17 

63S480 MM. 63S480 .1453 6381 MM. 6381·1 .1449 1756-171 MOS MCS6505 1757-57 

1163-76 1 1166~ ·6432 Harris HD6432·2 .737 Rockwell R6505 1757 -67 
63S481 MM. 638481 .1453 6384 MM. 6384-1 .1449 1756-163 Synertek SY6505 1757-78 

, 1163-82 1166-36 H06432·9 .737 6506 MOS MCS6506 1757-58 

63S482 MM. 638482 .1453 6385 MM. 6385-1 .1449 1756-164 Rockwell R6506 1757-68 
1163-79 1166-44 H06432A·2 .737 Synertek SY6506 1757-79 

63S483 MM. 638483 .1453 6386 MMI 6386-1 1166-34 1756-165 6507 Rockwall R6507 1757-69 
1163-85 6387 MMI 6387-1 1166-42 HD6432A-9 .737 6508 AM. 86508 .1207 

639840 MM. 63S640 .1453 6388 Harris HM6368 .1352 1756-166 413-189 

1167-17 1186-106 6433 Harris HD6433-2 .741 1'178-37 

63S841 MM. 63S841 .1453 6389 Hams HM6389 .1354 1756-174 86506-1 .1207 
1167-25 1186-107 HD6433-9 .741 1177-90 

63S880 MM. 63S860 .1453 64 Micro Tech CCD64 915-89 1757-3 S6508A .1207 
1165-89 Reticon RL64 916-145 HD6433A·2 • 741 413-190 

638881 MMl 638881 .1453 R064 916-110 1757 -4 1177 -109 
1165-100 SAM64 919-100 HD6433A-9 .741 S6508A-l 1177-62 

630 Fairchild TAA630 858-96 640 ' Plessey SL640C 915-126 1757-5 Harris HM6508 .1366 

Plessey SL630C 839-142 Signetics TCA640 859-4 644 Signetics NE644 857-63 413-193 

Signetics TAA630 858-196 6400 Nitron NC6400 898-154 919-107 HM6506-2 .1366 

6300 MM. 6300-1 .1449 NC6400A 8~8-127 6440 Hams HD6440-2 .745 1178-42 

1161-91 6401 National SHM6401 919-64 1757-7 HM6508-5 .1366 

6301 MM. 6301·1 .1449 6402 Harris HD6402 , 203-10 HD6440-9 .745 HM6508-9 .1366 

1161-94 HD6402-2 .1930 1757-8 1178-17 

Siemens TAA6301 858-190 625-87 HD6440A·2 • 745 HM6508B-2 .1366 

6305 MM. 6305-1 .1449 1757-27 1757-9 1177-105 

1163-32 HD6402-9 .1930 " HD644OA-9 .745 HII6508B-9 .1366 

6306 MM. 6306-1 .1449 625-88 1757-10 1177-106 

1163-38 1757-28 645 Plessey SL645C 919·120 HM6508D-5 1178-54 

6308 MM. 6308-1 .1449 HD6402A·2 .1~ Signetics NE645B 851-165 Intersil IM6508 414-2 

1162-42 625-99 646 Signetics NE646B 851-166 1178-52 

6309 MM. 6309-1 .1449 1757-29 ~95 Harris HD6495-2 1757-12 , 196-4 

1162-46 HD6402A-9 .1930 HD6495-9 1757-13 IM6508-1 1177-91 

631 NEC America /LPB631 B 422-30 625-100 HD6495A·2 .749 IM6508A 1177-57 

6312 Hams HM6312 .1348 625-101 1757-14 1M6508A-l 1177-52 

414-47 1757-30 HD6495A·9 .749 IM6508C 1177-66 

HM6312·2 .1348 

I 

HD6402C-9 .1930 1757-15 IM6508M 1177 -67 

1185-78 625-86 650 NEC Micro ",PD650 .2059 NEC MicrO ",PD6508 .1562 

HM6312-9 .1348 1757·31 1751-16 414-11 

1185-79 Intersil IM6402 625-91 ",PD65OC .2059 1177-94 

HM6312A-2 .1348 1757-34 Plessey SL650 899-106 p.PD6508-1 .1562 

1185-75 IM6402M 625-92 • 185-18 1177-68 

HM6312A-9 .1348 1757-35 Signetics TCA650 859-5 651 NEe MicrO ",PD651 .2059 
1185-76 Nitron NC6402B 898·128 6500 MOS MCS6500 , 201-7 1751.·20 

HM6312C-9 .1348 SMC COM6402 625-95 , 204-12 ,...PD651C .2059 

1185 -80 6403 Harris HD6403-2 625-89 6500 1734-2 Ptessey SL651 899-103 
Intersil IM6312 414-48 1757·32 Rockwell R6500 1744-3 , 185-18 . 1185-77 HD6403-9 625-90 , 206-16 SGS TBA651 851-48 

IM6312A 1185-74 1757-33 R6500/1 1757-62 6511 Harris HM6511-2 1173-37 

63135 MMI 63135-1 1162-70 HD6403A-2 625-102 Synertek SY6500 1757-74 HM6511-9 1173-38 

63137 MMI 63137-1 1164-83 HD6403A-9 625-103 1747-1 HM6511C-9 1173-39 

63139 MMI 63139-1 1164-84 Intersil IM6403 625-93 SY65OO/1 1757-75 6512 Harris HM6512 .1~70 

Arranged alphanumerically from left to right. 
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Base 
Number Source Device 

Base Base Base 
Page-line Number Source Device Page-Line Number Source Device Page-line Number Source 

----------------------------- -----------------------------
6512 

6513 

6514 

6515 

6518 

652 

6520 

6522 

6523 

6524 
6525 
6526 
6527 
6530 

80 

Harris 

Intersil 

MOS 
Rockwell 
Synertek 
Harris 

HM6512-2 
HM6512·9 
HM6512C-9 

IM6512 

IM6512A 
IM6512C 
IM6512M 
MCS6512 
R6512 
SY6512 
HM6513 
HM651.3·5 

nMo5i:i·S 

Rockwell R6513 
Synertek SY6513 
Fujitsu MBM6514 
Harris HM6514 

HM6514-i 

HM6514·5 

HM6514·9 

MOS MCS6514 
Rockwell R6514 
Synertek SY6514 
MOS MCS6515 
Rockwell R6515 
Synertek SY6515 
AMI S6518 

Harris 

S6518·1 

S6518A 

56518A·l 

HM6518 

HM6518-2 

HM6518-5 
HM6518-9 

HM6518B-2 

HM6518B-9 

HM65180·5 
Intersil IM6518 

IM6518·1 
IM6518A 
IM6518A-l 
IM6518C 
IM6518M 

NEC Micro j,lPD652 

p.PD652C 
Plessey SL652 
MOS MCS6520 

Rockwell R6520 
Synertek SY6520 

MOS MCS6522 

Rockwell R6522 
Synertek SY6522 

Intersil IM6523 

IM6523C 
IM6523M 

Intersil IM6524 
Motorola MC6525 
Motorola MC6526 
Motorola MC6527 
MMI L6530 

6530 
MOS MCS6530 

1173 -40 6530 
1173-41 

.1370 65308 
1173-42 6531 
413-156 

1173-43 
1173-36 
1173 -44 6532 
413-157 

1757-59 
1757 -70 
1757 -80 6533 

.1373 

.1373 
1176-79 

·!~~:_781 
1757 -71 
1757-81 

J~;:-36 I 
.1376 

1179-84 
.1376 

1179-88 
.1376 

1179-85 

6540 
6541 
6542 
6543 

1757-60 I 
1757 -72 6545 
1 ~57 -82 

, 1757 -61 I' 

1757 -73 

1757 -831655 
.1208 6550 

1178 -39 6551 
.. 1208 

1177-95 
.1208 

1178-40 
.1208 

1177-96 
.1379 

413-194 
.1379 

1178-43 
.1379 
.1379 

1178-18 
.1379 

1177-107 
.1379 

1177-108 
1178-57 
414-3 

1178 -53 65551 
1177 -97 6560 
1177-59 
1177-53 
1177-70 
1177-71 

.2059 
1751 -24 

.2059 6561 
898 -49 

1757-107 
1763-164 
1757-109 
1757 -111 

1763A-4 
1757-108 
1763-165 
1757-110 
1757-112 

1763A-5 
413-130 

• 196-4 
1174-46 
1174-43 

• 196-4 
859-156 
859-157 
859-158 

1174 -31 6562 
1173-110 
1757-85 

'204-13 

Rockwell 
Synertek 
Motorola 
MMI 

ROCKwell 
Synertek 
MOS 
Rockwell 

Synertek 
Harris 

Synertek 
Synortek 

R6530 1757 -87 
SY6530 1757 -89 
MCM65308 1758-198 
L6531 1174 -32 
6531 1174-4 

R6531 1757-1041' 
SY6531 1757-105 
MCS6532 1757 -86 
R6532 1757-88 I 

1757-91 I 
SY6532 1757 -92 

HM6533 •• 1383 I 
HM6533-2 .1383 

1179-89 
HM6533-9 .13~~ __ I 

I I fl:l-l:IU I 
HM6533C·9 .1383 

1179-99 
SY6540 1757-1161 
SY6541 1757 -117' 

6562 

6570 

6571 

6572 

6573 

Rockwell R6542 1757 -1 02 
Harris HM6543 .1386 

HM6543·2 .1386 
6574 

1181-95 6575 
HM6543-9 .1386 

1181-96 6576 
HM6543C·9 .1386 

1181.·104 6577 
Motorola MC6545 11 193·9 6578 
Rockwell R6545 ~ 1757 -99 6579 
Synertek SY6545 1757·100 6580 

1758-29 
Hybnd Sys, R655C-8 918·141 

856-185 6581 
.1389 

Motorola MCM6550 
HarriS HM6551 

413-166 
HM6551·2 .1389 p583 

1175-22 
RM6551·5 .1389 
HM6551·9 .1389 6590 

1175·23 
HM6551B·2 .1389 6591 

1174,·97 
HM6551B·9 .1389 66 

1174-98 66L41 
InterSl1 IM6551 413 ·173 

IM6551AC 1174-85 
IM6551 AM 117 4 ·86 
IM6551C 
IM6551M 

1175·60 660 
413-174 

1175-62 
Rockwell R6551 1757-96 
Synertek 8Y6551 1757 ·97 

Harris 
MMI 

MOS 
Motorola 

Nitron 

Harris 

Intersil 

MMI 

Motorola 
Nitron 
Harris 

HM65551 0·5 
L6560 
6560 
MCS6560 
MCM6560 

NC6560 

HM6561 

1758·100 
1175·59 
1172-111 
1172 -48 6600 

1763A·17 
1185·31 
1185-85 
1185·32 
1185 -86 6603 

.1389 6604 
413·167 

HM6561·2 .1389 
1175·18 

HM6561·5 .1389 6605 
HM6561-9 .1389 

1175-19 
HM6561B-2 .1389 

1174·93 
HM6561B·9 .1389 

HMtio61U-5 
IM6561 

IM6561A 
IM6561M 
L6561 
6561 
MCM6561 
NC6561 
HM6562 

1174·94 
1175·56 
413·175 

1175·57 661 
1174-87 
413·176 

1172·112 6610 
1172·55 6611 
1158-68 
1158-70 

.1397 
413 .. 158 

HM6562·2 .1397 
1175·16 

Harris 

Motorola 
Motorola 

Nitron 
Motorola 

Nitron 

Motorola 
Nitron 
Motorola 

Nltron 
Motorola 
Nitron 
Motorola 
Nitron 
Motorola 
Nitron 
Motoroia 
Motorola 
Motorola 
Motorola 
Nitron 

Motorola 
Nitron 

Motorola 
Nitron 

Motorola 
Nitron 
Motorola 
Nitr~n 

Rockwell 
Motorola 

Motorola 

Plessey 
Signetics 
Telefunken 

Harris 

MMI 

Telefunken 
Intersil 
Intersil 
Motorola 

Hams 

MMI 

Motorola 

Motorola 
Plessey 

Telefunken 
Harris 

HM6562-5 .1397 6611 Harris 
HM6562-9 .1397 

1175·17 
HM6562B·2 .1397 

HM6562B-9 

HM65620-5 
MCM6562 
MCM6570 

NC6570 
MCM6571 
MCM6571A 
NC6571 
;~CQ57iA 

1174-91 
.1397 

1174·92 
1175-55 
1158-69 
1157·78 

11 193-9 
1157-89 

• 193·9 
1157-79 
1157·90 

MCM6572 1157 -80 

6616 
662 

663 

664 

6641 

~C6572 1157 ·92 665 
MCM6573 1157 ·81 
MCM6573A 1157·82 666 
NC6573 1157 ·93 6661 
MCM6574 1157·83 
NC6574 1157 ·94 667 
MCM6575 1157 ·84 6670 
NC6575 1157 -95 
MCM6576 1157 ·85 66700 
NC6576 1157·96 
MCM6577 1157·86 66710 
MCM6578 1157·87 66714 
MCM6579 1157 ·88 66720 
MCM6580 1157 ·110 66730 
NC6580 1157 ·97 66734 

1157-113 6674 

Motorola 
Motorola 
Plessey 
Motorola 

Motorola 

Plessey 
Motorola 

Motorola 
Plessey 
Motorola 
Harris 

Motorola 
Motorola 

Motorola 

Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 

MCM6581 1157·111 66740 Motorola 
NC6581 1157·98 66750 Motorola 

1157 ·114 66751" Motorola~ 

MCM6583 1157 ·112 66760 Motorola 
NC6583 1157 ·99 66770 Motorola 

1157·115 66780 Motorola 
MCM6590 1186 -51 66790 Motorola 
NC6590 1186 -52 668 Motorola 
MCM6591 1158·72 669 Motorola 
NC6591 11!5a ·73 67LSaOO MMI 
A66XX 1752 ·144 
MCM66L41-2Q 1181·30 
MCM66L41-25 1181 ·53 67LSa01 MMI 
MCM66l41-30 1181·79 
MCM66L41-45 1181 ·114 
MC660 423 ·106 67LS304 MMI 

, 159-3 
, 159·5 
, 159 -6 67LS305 MMI 

SL660 855·91 
TCA660 859-6 
SAS660. 857·121 67LS306 MMI 

860·100 
HD6600-2 457 -84 
HD66oo·5 457 ·85 
HD66oo·2 
HD66oo-5 
SAS6600 
IM6603 

457 ·88 67LS307 MMI 
457 -89 
857 -123 

1165·79 
IM6604 1164·98 67LS310 MMI 
MCM6604A 1170 ·47 
MCM6604A·2 1169 ·1 08 
MCM6604A·4 1170·21 67LS313 MMI 
HD6605·2 457 ·86 
HD6605·5 457 ·87 67LS314 MMI 
HD6605·2 457 -90 
HD6605-5 457 ·91 67LS315 MMI 
MCM6605 11 196·9 67LS376 MMI 

"96·10 
MCM6605A 1170 -33 67LS380 MMI 
MCM6605A·l 
MCM6605A·2 
MC661 
TAA661 

SAS661() 
HM6611 

HM6611·2 

HM6611·9 

1169·61 
1169 -87 
423·107 
855·46 
860-45 
857·124 

.1401 
413-97 

.1401 
1162-26 

.1401 
1162-27 

HM6611A·2 .1~1 

67S3OO MMI 

67S301 MMI 

67S304 Mill 

678306 MMI 

11 Indicates page number in Application Note Directory, 
* Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted, 

Device 

HM6611A-2 
HM6611A-9 

HM6611[)'5 

MCM6616-20 
MC662 
SL662 
MC663 

MC664 

8L664 
MCM6641·20 
MCM6641·25 
MCMa04i a 3\j 

MCM6641-45 
MC665 
SL665 
MC666 
HM6661 

MC667 
MCM6670 

MCM66700 

MCM66710 
MCM66714 
MCM66720 
MCM66730 
MCM6f)734 
MCM6674 
MCM66740 
MCM66750 
MCM66751 
MCM66760 

. MCM66770 
MCM66780 
MCM66790 
MC668 
MC669 
67LS300 

67LS301 

67LS304 

67LS305 

67LS306 

67LS307 

67LS310 

67LS313 

67LS314 

67LS315 
67LS376 

67LS380 

675300 

675301 

67S304 

67S306 

Page-Line I 
1162-24 I 

.1401 I 
1162~251 

.1401 
1162-29 , 
1170-98 i 
423-71 I 
855-92 i 
423-94 1 

11 159-4, I 
423-85 

· !~:~31 
1181-29 
1181-52 

~~:~~~~3'1 
424-55 
855-94 I 
424-43 I 

.1405 i 

1162-28 
424-29 

.1490 
1157-14 

.1495 
1157-64 I 

1157-65 ! 
1157-66 
1157-67 
1157-68 
1157-69 
1157-15 
1157-70 
1157-71 
1157-72 
1157-73 
1157-74 
1157·75 
1157-76 
423-130 
424-10 

.768 
458·190 
608-28 

.768 
459-46 
607-45 

.768 
459·79 
607·49 

• n4 
459·120 
618-33 

.768 
458·192 
459-24 
608-32 

.768 
458-194 
459·26 
608-36 

.674 
459·122 
618·34 

• 509 440-52 
.509 

:440·120 
440·142 

• 505 
440·105 

• 505 
448·3 

.768 
459·14 
608·30 

.768 
459-63 
607-47 

.768 
459·96 
607·51 

'" 768 
459·16 
459·28 
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PART NUMBER INDEX 
Base Base Base Base 
Number Source DeviCe Page-Une Number Source Device Page-Une Number Source Device Page-line Number Source Device Page-Une 

678306 MMI 678306 608-34 67559 MMI 67559 426-16 68A50 Motorola MC68A50 1763-142 6800 AMI S6800 '.1780 
678307 MMI 675307 .768 676 Motorola MC676 423-57 68A52 Fairchild F68A52 .1887 1757-122 

459-18 603-75 1758-68 1722-3 
459-30 603-93 Motorola MC68A52 .1973 S6800M .1780 
608-38 677 Motorola MC677 423-17 1758-76 1757-123 

678373 MMI 675373- • 505 678 Motorola MC678 423-22 68A54 AMI S6BA54 .1826 Fairchild F6800 .1886 
447-191 679 Motorola MC679 423-64 1758-103 .1888 

678374 MMI 675374 • 505 423-77 Fairchild F68A54 .1887 1757-128 
440-97 68 AMI 68 .1838 1758-105 1725-2 

678376 MMI 675376 • 505 68AOO AMI S68AOO .1780 Motorola MC68A54 .1971 F6BOOCL .1888 
440-109 1757-124 1758-112 F6BOOCP .1888 

678378 MMI 675378 
• 505 

Fairchild F68AOO .1887 68A708 Motorola MCM68A708L 1166-82 F6BOOL .1888 
440-111 1757-129 68800 AMI S6BBoo .1780 F6B00P .1888 

678380 MMI 67S3BO • 505 Motorola MC68Aoo .2002 1757-125 Fujitsu MBL6800E 1757 -134 
448-7 1757-141 Fairchild F68Boo .1887 MBL6800H 1757-135 

678382 MMI 675382 
• 505 

68A02 Fairchild F68A02 .1887 1757-130 MBL6800N 1757-136 
448-9 1757-150 Motorola MC68BOO .2002 MBM6800 1726-4 

678581 MMI 678581 426-139 68A09 Fairchild F68A09 .1887 1757-142 Motorola MC6800 .2002 
678582 MMI 678582 426-14'1 1757-132 68B02 Fairchild F68B02 .1887 1757 -139 
678583 MMI 678583 426-179 F68A09E .1887 1757-151 1736-1 
678584 MMI 678584 426-181 1757-163 '68809 Fairchild F68B09 .1887 11 196-9 
678585 MMI 678585 426-183 Motorola MC6BA09 .2005 1757 -133 11 199-8 
678586 MMI 678586 427-131 1757-144 F68B09E .1887 11 199-10 
678587 MMI 67~87 427-128 MC68A09E .2005 1757-164 11 199-11 
678588 MMI 678588 427 -134 1757-166 Motorola MC68B09 .2005. 11 201-10 
678589 MMI 678589 427-138 68Al0 AMI S68A10 .1794 1757-145 11 204-18 
670 ',Motorola MC670 423-123 1758-166 MC68B09E .2005 11 204-19 

Telefunken 8A8670 857 -122 Fairchild F68A10 .1887 1757-167 11 205-1 
860-101 1173-58 68Bl0 AMI S68B10 .1794 11 205-3 

6700 Telefunken 8A86700 857-125 I 1758-170 1758-167 MC6800M .2002 
67000 MMI 67000 1734-1 Motorola MCM68Al0 1173-60 Fairchild F68B10 .1887 1757-140 
6701 MMI 6701 427-36 1758-176 1173-53 M6800 11 201-9 

1763-36 68A21 AMI S68A21 .1798 1758-171 8iemens 8A86Roo 857-118 
1734-1 1758-130 Motorola MCM68Bl0 1173-54 68000 Motorola MC68000 1763-52 

11 204-11 1763-157 1758-177 1737-1 
6703 Mitel MD6703A 1193-59 Fairchild F68A21 .1887 68B21 AMI S68B21 .1798 6801 AMI 56801 .1784 

,MD6703AE 1193-60 1758-136 1758-131 1757 -169 
671 Motorola MC671 423-124 17630162 1763-158 Fairchild F6801 .1887 

8iemens TCA671 842-180 MotorW MC6BA21 .1991 FeIn:t1iId F6BB21 .1887 1757-170 
6710 Telefunken 8A86710 857-126 1758-149 1758-137 1725-3 
67110 MMI 67110 1763-39 1763A-2 1763-163 F6801E .1887 

1763-77 68A30 Motorola IICM68A30A .1530 Motorola MC68B21 .1991 1757-174 
11 2Q4-10 1185-28 1758-150 1725-3 

~72 Motorola MC672 423-131 1759-2 1763A-3 Motorola MC6801 1757-171 
6721 GI AYI-6721 15 856-135 68A308 Fairchild F68A308 .1887 68B30 Motorola MCM68B30A 1185-20 1736-2 

AYI-6721 16 856-142 1185-26 1759-3 MC6801E 1757-175 
673 ' Motorola MC673 423-166 1758-195 688308 Fairchild F68B308 .1887 1736-2 

11 182-3 Motorola MCM68A308 .1530 1185-19 6802 AMI S6B02 .1785 
Plessey TBA673 915-150 1185-29 1758-196 1757 -147 
Signetics TBA673 915-151 1759-4 Motorola MCM68B308 1185-21 172,2-3 

674 Motorola MC674 423-167 68A308P7 Motorola MCM68A308P7 .1530 1759-5 Fairchild F6802 .1887 
67401 MMI 67401 .1472 1185-30 688316 Fairchild F68B316 .1887 .1888 

1159-88 68A316 Fairchild F6BA316 .1887 1759-16 1757-149 
1763-42 1759-15 68B364 Motorola MCM68B364 1186-97 F6B02L .1888 

67401A .1476 Motorola MCM68A316 1759-19 68840 Fairchild F68B40 .1887 F6802P .1888 
1159-90 MCM68A316A .1530 1758-56 Fujitsu MBL6802E 1757-153 

,67402 MMI 67402A .1476 1185-106 Motorola MC68B40 .1989 MBL6802H 1757-154 
1159-92 MCM68A316E 1185-107 1758-i>2 MBL6802N 1757 -152 

6741 RCA CA6741 880-53 68A316EP91 Motorola MCM68A316EP91 1185-108 68844 Motorola MC68B44 .1985 MBM6802 1726-4 
675 Hybrid Sys, R675B-l 918-129 68A332 Motorola MCM68A332 1186-73 1758-40 Motorola MC6802 .1995 

A675B-2 918-131 1759-21 68B45 Motorola MC68B45 .1983 1757-156 
A675B-3 918-166 68A332P2 Motorola MCM68A332P2 1186-74 1758-28 1736-1 
A675B-4 918-133 68A364 Motorola MCM68A364 .1530 68B46 Motorola MC68B46 .1981 11 205-2 
A675B-5 918-136 1186-99 1758-187 6803 Fairchild F6803 1757-178 
A675B-6 918-168 68A364P3 Motorola MCII68A364P3 .1530 68B488 Motorola MC68B4BB .1975 Motorola MC6803 .1993 
A675B-7 918-138 1186-100 I 1758-123 1757-179 
R675B-8 918-140 68MO Fairchild F68A40 .1887 68B50 AMI S6BB50 .1818 68047 AMI S68047 .1830 
R675C-l 918-130 1758-55 1758-86 856-67 
A675C-2 918-132 Motorola MC68A40 .1989 1763-137 1763A-7 
R675C-3 918-167 1758-61 fairchild F68B50 .1887 6809 AMI 56809 .1789 
A675C-4 918-135 68A44 Motorola MC68A44 .1985 1758-90 1757-161 
A675C-5 918-137 1758-39 Motorola MC68B5O .19n Fairchild F6B09 .1887 
R675C-6 918-169 68A45 Motorola MC68A45 .1983 1758-99 1757-131 
A675C-7 918-139 1758-,27 1763-143 1725-4 

Motorola MC675 424-64 68M6 Motorola MC68A46 .1981 68B52 Fairchild F68B52 .1887 F6809E .1887 
67508 MMI 67508 

• 498 
1758-186 1758-69 1757-162 

426-13 68A488 Motorola MC68A4B8 .1975 Motorola MC68B52 .1973 Motorola MC6B09 .2005 
67516 MMI 67516 .498 1758-122 1758-77 1757-143 

426-44 68A50 AMI S6BA5O .1818 68B54 Fairchild F68B54 .1887 1736-3 
67518 MMI 67518 

• 498 1758-85 1758-106 MC6809E .2005 
426-46 1763-136 Motorola MC68B54 .1971 1757-165 

67558 MMI 67558 • 495 Fairchild F68A50 .1887 1758-113 681 Datel DAC-681 .674 
426-4 1758-89 680 Motorola MC680 423-6 DAC-S81C • 674 

1763-45 1763-140 Plessey 8L680 915-161 593-23 

67558-1 .495 Motorola MC6BA5O .19n ATC M8680 861-156 DAC-681M .674 

426-6. 1758-98 6800 AMI S6B00 .1n6 594-19 

Arranged alphanumarically from laft to right. 
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BlSe Sase Base 
Number Source Device Page-Une Number Source Device ,Page-Line Number Source Device 

-------------------------- -----------------------------
681 

6810 

5814 
6816 
682 

6820 

6821 

6828 

683 

6830 

68308 

6831 

68316 

Motorola 
RTC 
AMI 

Fairchild 

MOloroia 

Sierr,ens 
Fairchild 
Fairchild 
Motorola 
RTC 
AMI 

Fairchild 

Fujitsu 

Motorola 

AMI 

Flirchild 

Fujitsu 

Motorola 

GI 

Motorola 
RTC 
Fairchild 

Fairchld 

AMI 

Fairchild 

MC681 
MS681 
56810 

56810A 

5681 OM 

F6810 

F6810L 
F6810P 
MCMotilU 
MCM6810A 
MCM6810A-l 
MCM681OM 
SAS68W 
F6814 
F6816 
MC682 
MS682 
56820 

F6820 

MBL6820E 
MBL6820H 
MBL6820N 
MC6820 

M6820 
56821 

56821M 

F6821 

F6821L 
F6821P 
MBL6821E 
MBL6821H 
MBL6821N 
MC6821 

MC6821M 

MC6828 

C/CF683 
C6830 
MC683 
MS683 
F6830 

F68308 

F68308l 
F68308P 
S6831 

S6831A 

S6831B 

S6831C 
F68316 

423-13 68316 
861-157 

.1790 
1173-65 
1758-163 

.1790 I' 
1758-164 

.1794 I 
1758-165 

.1887 I 

.1888 I 
1173-62 

1758-169
1 

.1888 

.1888 
1 ft>ti-1/4 

1173-56 

68317 
6832 

68332 

6834 

1173-64 684 
1758-175 6840 

857 -119 
.1887 
.1887 

424-18 
861-158 

.1802 
1758-126 
1763-153 

.1887 
1758-132 
1763-159 
1758-138 6842 
1758-139 6843 
1758-140 
1758-146 
1763-166 

• 199-7 6844 
.1798 
.1802 

1758-128 
1763-155 

.1798 
1758 -129 6845 
1763-156 

.1887 

.1889 
1758-135 
1763-161 

.1889 

.1889 6846 
1758-141 
1758-142 
1758-143 

.1991 
J758-147 
1763-167 

• 199-10 
.1991 

1758-148 
1757-184 
1763-103 
853-116 6847 
853-115 
424-1 
861-159 

1185-50 
1758 -192 68488 

.1887 

.1889 
1185-52 
1758-194 

.1889 

.1889 

.1215 

.1806 
1186-37 
1759-8 

.1215 

.1806 
1186-10 685 
1759-10 

.1215 

.1806 
1186-12 
1759-12 
1186-13 

.1887 6850 

Fairchild 

Malorola 

Fai~ch'ld 

Motorola 

AMI 

AMI 

Motorola 
AMI 

Fairchild 

Fujitsu 
Motorola 

Motorola 
Fairchild 

Motorola 

Fairchild 

Motorola 

Fairchild 

Motorola 

Signetics 
AMI 

Fairchild 

FUjitsu 
Motorola 

Fairchild 

Motorola 

AMI 

Fairchild 

Fujitsu 
Hitachi 
Motorola 

AMD 

GI 

Motorola 
AMI 

F68316 

F68316L 
F68316P 
F68316 
MCM68316 
F68317 
MCM6832 

MC6832 
S68332 

S6834 

56834-1 

MC684 
S6840 

F6840 

.1889 
1759-14 

.1889 

.1889 
1186-38 

1158-74 I 
1759-17

1 

1186-40 
1186-48 
1759-18 ' 

.1216 I 
1186-80 I 

.1809 I 
1164-105 

11 194-10 I 
.1809 I' 1164-110 , 

423-35 
.1813 I 

1758-52 i 
.1887 
.1890 

1758-54 

6850 

F6840L .1890 6852 
F6840P .1890 
MBL6840 1758 -57 
MC6840 .1989 

1758-59 
MC6840M .1989 

1758-60 
MPQ6842 1758 -20 
F6843 .1887 

1758 -42 
MC6843 .1987 

F6644 

MC6844 

1758-44 
.1887 

1758-35 
.1985 

1758-37 
MC6844M .1985 

1758 -38 6854 
F6845 .1887 

1758-22 
MC6845 .1983 

1758-25 
MC6845M .1983 

1758-26 
6845 • 161-5 
S6846 .1817 

1758-179 6856 
F6846 .1887 

.1890 
1758-181 

F6846i.. .1890 
F6846P .1890 
MBl6846 1758 -182 
MC6846 .1981 

1758-184 686 
MC6846M .1981 

F6847 

MC6847 

S68488 

1758-185 
.1887 
1763A-8 

·':~:_681 
1763A-l0 6860 
.1834 

1758-115 
F68488 .1887 

F68488L 
F68488P 
MBL68488 
H068488 
MC68488 

.1890 
1758-117 

.1890 

.1890 
1758-118 
1758-119 6862 

.1975 
1758-120 

MC68488M .1975 
1758·121 

685 
685l 
685M 
C/CF685 
C685 
C6SSD 
MC68S 
S68S0 

11 171 -9 687 
845-9 
845-10 
853-118 

11 191-4 
853-117 
423-27 

.1818 6870 

AMI 

Fairchild 

Fujitsu 

Motorola 

AMI 

Fairchild 

Fujitsu 

Motorola 

AMI 

Fairchild 

Fujitsu 
Motorola 

Fairchild 

AMO 

Motorola 

Fairchild 

Motorola 

Fairchild 

Motorola 

AMD 

GI 

Motorola 

S6850 

S6850M 

F6850 

F6850L 
F6850P 
MBL6850E 
MBL61150H 
MBL6850N 
MC6850 

MC6850M 

S6852 

F6852 

F6852L 
F6852P 
MBL6852E 
MBL6852H 
MBl6852N 
MC6852 

MC6852M 

56854 

F6854 

F6854L 
F6854P 
MBL6854 
MC6854 

F6856 

F6856DC 
F6856DL 
F6856DM 
F6856PC 
686 
686C 

686M 

MC686 

F6860 

MC6860 

MC6860L 

F6862 

MC6862 

687 
687AL 
687AM 
687l 
687M 
CFS87 
CS870 
MC6870 

11 Indicates page number in Application Note Directory, 
,. !ndicates additional data is provided on the page noled, 

Base 
Page-Line Number Source Device Page-Une 

625-4 68701 
1758 -83 68708 
1763-134 

.1818 
1758-84 
1763-135 6871 

.1887 68716 

.1891 
625-6 6875 

1758-68 
1763 -139 688 

.1891 

.1891 6880 
1758-91 
1758-92 6881 

1758-
93

1' 

.19n 6885 
625-8 6886 

1758 -96 I 6887 
1763-1411 6888 

'I 156-13 6889 
.19n 

1758-97 
.1822 689 

1758-64 
.1887 
.1891 

1758-66 690 
1763-131 691 

.1891 693 

.1891 
1758-70 
1758-71 696 
1758-72 697 

.1973 699 
1758-74 
1763-132 

11 199-7 70 
.1973 

1758-75 
.1826 

1758-102 
.1887 

1758-104 
.. 1891 
.1891 

1758-109 
.1971 

1758-111 
.1887 
.1892 70C95 

625 -56 70C96 
1758 -1 08 7OC97 

.1892 70C98 

.1892 700 

.1892 

.1892 7000 
• 171-9 

458-39 7001 
845-55 
458-40 
845-11 
424-36 

1189-105 7005 
625-13 

1758 -46 7008 
625-14 
901-104 702 

1758-48 
11 156-11 
11 156·12 
.1968 

1758-49 
1758-32 
1758-47 

.1966 
1758-33 
1758-50 

• 171-9 
847-27 
847-8 
847-28 
847-9 
853-119 
853-120 

1758-16 

Ualorola MC68701 1757 ·181 
Fairchild F68708 .1887 

1166-99 
Motorola MCM68708L 1166 -1 08 

MCU68708ML 1166-107 
Motorola MC6871 1758·17 j 
Fairchild F68716 .1887 

1167 -10d 

Motorola MC6875 1758-18 

• 204-21 
Motorola MC688 423 -96 

11 182-3 
Motorola MC6880 616-5 

1758-154 
Motorola MC6881 458 -55 

Motorola 
Motorola 
Motorola 
Motorola 
MolOfola 

GI 

Motorola 
Motorola 
Motorola 
Motorola 

Motorola 
Motorola 
Motorola 
Teledyne C 

Burr-Brown 

MC6885 
MC6886 
MC6887 
MC6888 
MC6889 

CF689 
CF689/HV 
C6890 
MC689 
MC690 
MC691 
MC693 

MC696 
MC697 
MC699 
CAG7 
GAG7-10 
DAC70 
DAC70/CCD 

1758-11 I' 1758-6 
1758-7 
1758-8 
1758-9 

458-108 
616-18 

1758-155 
853-121 
853-122 
853-123 
423-14 
423-7 
424-60 
423-146 
424-71 
621-40 
424-53 
423-8 
423-67 
569-65 
569-66 

• 658 .658 
600-16 

DAC70/COB • 658 
600-7 

CAC70/CSa • 658 
600-5 

DAC70C/CCD • 658 
600-17 

DAC7OC/COB • 658 
600-6 

DAC70C/CSa • 658 
600·6 

NatiOnal MM7OC95 
National MM7OC96 
National MM70C97 
Nabonal MM70C98 
Beckman 00700 
Signetics TBA700 
Intersit IM7000 
Rockwell RC7000' 
Intel'Stl IM7001 

IM7001-12 
IM7001-15 
IM7001-16 

Nortec 7001 
Intersil IM7005 

Intersil IM7008-10 
IM7008-11 

Fairchild p.A702 
IlA702A 
IlA702C 

p.A702M 

Plessey Sl702C 

Raytheon RC702 

RM702 

TI p.A702M 

Tl702C 

404-164 
405·50 
404-165 
405-52 
602-144 
851 -97 

• 195-19 
1752-121 

• 195-18 
1177-5 
1177-25 
1177-47 
1177-6 

• 196-1 
11 196-3 

1170-57 
1170-61 

11 181-5 

• 163-18 
867 -133 
881-39 
867 -134 
875-28 
867 -142 
881-40 
867-143 
881-41 
867 -144 
881-42 
867 -145 
875·29 
867 -148 
873-60 
875-30 
867-147 
886-37 

• Indicates entire Application Note is provided on the page noted, 
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PART NUMBER INDEX 
Base Base Base Base 
Number Source Device Page-Une Number Source Device Page-Une Number Source Device Page-line Number Source Device Page-line 

702 TI TL702M 867-146 7072 Fujitsu MB7072E 1174-60 7101 Intersil. ICL7101 584~34 714 Fairchild /lA714A 868-8 
881-43 MB7072N 1174-62 Nitron NC7101 460-182 /lA714C 865-141 

7027 Intersil IM7027-1 1169-41 Toshiba TA7072 860-82 7102 Nitron NC7102 ' 460-175 868-56 
7028 Intersil ICM7028 854-86 7073 Toshiba TA7073A 860-83 7103 Intersil ICL7103 584-35 /lA714E 865-129 
703 Fairchild /-tA703 11 172-8 7074 Toshiba TA7074 861-8 ICL7103A 584-65 868-35 

/lA703C 840-98 7075 Toshiba TA7075 861-9 11 183-3 7140 Toshiba TA7140 852-38 
/-tA703M 840-99 7076 Toshiba TA7076 861-10 11 183-5 7141 Intersil IM7141 1181-110 

Hybrid Sys, SH703 919-41 7077 Fujitsu MB70n 1178-85 7104 Intersil ICL71 04 11 177-16 IM7141-2 1181-24 
National LM703 840-123 7078 Fujitsu MB7078 1180-49 11 204-9 IM7141-3 1181-72 

,11 169-6 708 Novonics FP708 1761-160 ICL7104-12 582-42 IM7141L 1181-111 
11 174-5 7084 Toshiba TA7084 840-176 ICL7104-14 583-1 IM7141L-2 1181-25 

LM703C 840-124 TA7084A 840-177 ICL71 04-16 583-5 IM7141L-3 1181-73 
7030 LSI Comp LS7030 • 494 7085 Toshiba TA7085 913-41 Micro Power MP71 04- 584-49 Toshiba TA7141A 859-48 

460-185 913-63 7105 Intersil ICL7105 599-27 7145 Micro Power MP7145 861-99 
7031 LSI Comp LS7031 • 494 7086 National DM7086 11 157-12 11 177-15 Toshiba TA7145 861-12 

460-172 7089 Toshiba TA7089 912-55 7106 Intersil ICL7106 584-21 7146 Toshiba TA7146 860-85 
7032 GI ACF7032 11 162-6 709 Fairchild /-tA709 11 181-5 11 183-4 7147 Toshiba TA7147 861-13 

ACF7032C 915-24 JLA709AM 875-15 7107 Intersil ICL7107 584-22 7148 Toshiba TA7148 859-49 
7033 Nitron MC7033 11 201-16 JLA709C 884-39 11 183-4 7149 Toshiba TA7149 859-50 

~NC7033 1159-5 JLA709M 880-32 7108 Toshiba TA7108 853-77 715 AMD 715 881-33 
7038 Intersil ICM7038 854-145 Motorola MHW709 840-62 7109 Intersil ICL7109 582-23 715C 884-27 

ICM7038A 
f 

414-174 National LM709 .1035 711 Fairchild 1J.A711 11 181-5 Fairchild /lA715 11 164-3 
854-87 880-34 /lA711C 848-3 1J.A715C 867-106 

ICM7038B 414-175 11 166-1 jJ.A711M 847-34 884-29 
854-88 LM709A .1035 National LM711 847-35 /lA715M 867 -107 

ICM7038C 415-1 875-17 LM71tC 848-6 881-32 
ICM7038D 415-2 LM709C .1035 Raytheon RC711 848-7 7150 Panasonic AN7150 852-87 
ICM7038E 415-5 884-41 RM711 847 -36 Toshiba TA7150 859-51 
ICM7038F 415-6 Raytheon RC709 884-42 RM711A 847-1 7151 Fairchild 1J.A7151 916-78 
ICM7038H 415-9 RM709 876-48 Signetics 1J.A711 847-37 919A-16 

704 Beckman D0704 602-154 RM709A 872-4 JLA711C· 848-8 Panasonic AN7151 852-88 ' 
7040 Fairchild FCM7040 851-128 Signetics JLA709 880-35 Silicon G SG711 847-38 Toshiba TA7151 859-111 

LSI Comp LS7040 • 494 /lA709A 875-19 SG711C 848-9 7152 Toshiba TA7152 860-137 
460~147 /-tA709C 884-43 TI JLA711C 848-10 7155 Micro Power MP7155 861-100 

Nitron NC7040 1159-9 SA709C 884-44 /lA711M 847-39 Toshiba TA7155 855-165 
7042 Fujitsu MB7042 420-4 TI /-tA709AM 875-20 7110 LSI Comp LS7110 • 494 7156 Micro Power MP7156 898-74 

1173-70 /lA709C 884-45 462-180 Toshiba TA7156 855-16€ 
MB7042H 1173-67 1J.A709M 880-36 575-111 7157 Toshiba TA7157 855-167 

7045 intersil ICM7045 461·13 7090 LSIComp LS7090 • 494 Micro Net MN7110 916-6 7158 Toshiba TA7158 917-86 
861-179 460-203 MN7110H 916-7 7160 National DM7160 427-116 
902-47 National DM7090 447-127 Sanyo LC7110 898-140 7161 Toshiba TA7161 859-52 

ICM7045A 461-17 7091 National DM7091 443-167 7113 Intersil ICL7113J 599-10 7162 Toshiba TA7162 861-14 
902-48 ,7092 GI ACF7092 11 162-6 ICL7113K 598-33 7165 Toshiba TA7165 857-162 

7047 Fujitsu MB7047 419-185 11 162-7 ICL7113S 599-11 7167 Toshiba TA7167 859-53 
1173-47 ACF7092C 915-25 ICL7113T ~98-34 7168 Toshiba TA7168 859-54 

Intersil ICM7047 861-51 National DM7092 443-4 7114 Intersil IM7114A-2 1178-113 7169 Toshiba TA7169 859-55 
7049 Intersil ICM7049 854-146 7093 National DM7093 427-147 lM7114L 1179-119 717 GI C717X 854-5 
7050 EA EA7050 602-190 11 162-1 IM7114L-2 1178-114 Micro Tech MC717 460-83 

Intersil ICM7050 854-147 7094 National DM7094 427 -178 IM7114L-3 1179-57 7171 Toshiba TA7171 858-82 
IPI IPL7050 916-133 7095 National DM7095 428-10 7116 Intersil ICM711&-3 1170-94 7172 Toshiba TA7172 858-83 
LSIComp LS70SO .494 7096 National DM7096 429-8 IM7116-4 1170-1,13 7173 Toshiba TA7173 859-56 

460-159 7097 National DM7097 428-11 7120 Intersil ICL7120 11 177-15 7174 Toshiba TA7174 859-57 
7051 Intersi! ICM7051 854-89 7098 National DM7098 429-10 Micro Net MN7120 578-46 7175 Micro Power MP7175 861-101 

Toshiba TA7051 860-81 7099 National DM7099 444-143 916-8 7176 Toshiba TA7176 860-86 
7052 EA EA7052 602-191 71 NEG America JLPC71 846-21 MN7120H 578-47 7177 Toshiba TA7177 858-84 
7053 Fujitsu MB7053 1163-48 71LS95 AMD DM71 LS95 428-73 916-9 7178 Toshiba TA7178 858-85 

Nitron NC7053 1159-18 National DM71 LS95 428-77 Sanyo LC7120 854-56 7179 Toshiba TA7179 911-45 
7054 Fujitsu MB7054 1165-47 71 LS96 AMD DM71LS96 429-70 Toshiba TA7120 853-31 718 GI C718 854-6 

Nitron NC7054 1159-23 National DM71 LS96 429-74 7121 National DM7121' 451-162 7180 Sprague UDN-7180 602-166 
7055 Fujitsu MB7055 1166-79 71LS97 AMD DM71 LS97 428-75 7122 Toshiba TA7122A 853-32 7181 Sanyo LC7181 854-65 
7058 Fujitsu MB7058 1163-44 National DM71 LS97 428-79 7123 National DM7123 449-124 7183 Sprague UDN-7183 602-172 
7059 FUjitsu MB7059 1165-41 71 LS98 AMD DM71 LS98 429-72 Sanyo LC7123 854-57 11 160-15 
706 Fairchild /lA706 .937 National DM71 LS98 429-76 7124 Toshiba TA7124 861-11 7184 . Sprague UDN-7184 602-173 

852-49 710 Fairchild /lA71 0 11 181-5 7125 Toshiba TA7125 860-92 11 160-15 

11 172-11 /lA71 OM 845-19 7126 Toshiba TA7126 859-139 7186 Sprague UDN-7186 602-174 

11 174-1 Motorola MHW710 840-63 7128 IPI IPL7128 916-136 11 160-15 

/-tA706APC .937 National LM710 845-21 7129 Toshiba TA7129 853-33 Toshiba TA7186 912-28 

/-tA706BPC .937 LM710C 846-20 7130 Micro Net MN7130 919-56 7189 Micro Power MP7189 898-10ll 
7060 Fujitsu MB7060 1166-78 Raytheon RC710 846-22 919-79 719 Fairchild JiA719 11 154-8 

LSIComp LS7060 * 494 RM710 845-26 11 178-2 GI C719 854-1 
460-103 RM710A 845-8 MN7130H 919-57 7190 Sanyo LC7190 854-66 

7061 LSI Comp LS7061 • 494 Signetics /lA71 0 845-22 919-80 7191 Sanyo LC7191 854~67 

460-106 /-tA71OC 846-24 National DM7130 427 -140 7192 Toshiba TA7192 859-58 
Toshiba TA7061A 840-175 Silicon G SG710 845-23 Toshiba TA7130 860-84 7193 Toshiba TA7193 859-59 

7063 Toshiba TA7063 853-30 SG710C 846-23 7131 National DM7131 427-110 72C19 National MM72C19 414-10~ 

7064 IPI IPL7064 916-134 TI /-tA710C 846-25 7133 Toshiba TA7133 899-71 720 Fairchild /lA720 851-34 
7066 Toshiba TA7066 852-37 I1A71 OM 845-25 7134 Toshiba TA7134 859-67 11 172-11 
7067 FUjitsu MB7067 1178-86 TL710C 846-51 7135 Toshiba TA7135 859-131 Reticon R0720A 916-111 
7068 Fujitsu MB7068 1180-53 TL710M 846-28 7136 National DM7136 427-113 Signetics TBA720A 859-102 
7069 Toshiba TA7069 861-7 7100 IPI IPL71 00 916-135 Toshiba TA7136A 853-34 TI TL720C 848-25 
707 CMA FX707 901-163 LSI Comp LS7100 • 494 7137 Toshiba TA7137 840-36 7200 Intersil ICM7200 861-82 

Micro Tech MC707 460-82 602-39 TA7137-ST 840-37 National DM7200 427-54 

7070 Toshiba TA7070 858-3 Micro Net MN7100 578-44 7138 Micro Power MP7138 584-24 Toshiba TA7200 852-39 

7071 Fujitsu MB7071E 1174-61 916-4 7139 Micro Power MP7139 898-107 7201 Intersi! ICM7201 917-43 

MB7071H 1174-59 MN7100H 578-45 714 Fairchild /lA714 865-97 Toshiba 'TA7201 852-121 

MB7071N 1174-63 916-5 868-33 7202 Intersil ICM7202 861-83 

Arranged alphanumencally from left to right. 
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Base 
Number Source Device 

Base Base Base 
Page-Une Number Source Device page-Une Number Soutce Device Page-Une Number Source 

--------------------------- --------------------------- ---------------------------
7202 
7203 

7204 

7205 

7206 

7207 

1

7208 

I 7209 

721 
7210 

7211 

7212 

7213 

7214 

1

7215 

7216 

7217 

7218 

7219 

84 

Toshiba 
Intarsi! 
Toshiba 
Intarsil 
Toshiba 
intersil 

Toshiba 
Intersil 

Intersil 

Toshiba 
Intersil 

Toshiba 
intersii 

Toshiba 
Fairchild 
Intersil 

NatKJnaI 

Toshiba 
Intersi! 

National 
Toshiba 
Inta~ 

Toshiba 
IntarSii 
Toshiba 
InterSil 

National 

Toshiba 
Intersil 

Toshiba 
Intersil 

Toshiba 
In1ersi1 

Toshiba 
!ntersil 

Toshiba 
Inters~ 

TA7202 
ICM7203 
TA7203 
ICM7204 
TA7204 
ICM7205 

TA7205A 
ICM7206 
ICM7206A 
ICM7206B 
ICM7207 
ICM7207A 

TA7207 
iCM7208 

TA7208 
ICM7209 

TA7209 
/lA721 
ICM7210 
ICM7210C 
ICM7210M 
ICM7210MC 
DM7210 

TA721 0 
ICM7211 

ICM7211A 

ICM7211AM 
ICM7211M 
DM7211 
TA7211 
ICM7212 

ICM7212A 

ICM7212AM 

ICM7212M 

TA7212 
ICM7213 
TA7213 
ICM7214 
ICM7214M 
DM7214 

TA7214. 
ICM7215 

TA7215 
ICM7216A 
ICM7216B 
ICM7216C 
ICM7216D 
TA7216 
ICM7217 

ICM7217A 

ICM7217B 

ICM7217C 

TA7217 
ICM721SA 

ICM7218B 

ICM7218C 

ICM7218D 

ICM7218E 

TA7218 
ICM7219 

852·122 7219 
861·84 
852·184 

861·85 I 
852·46 

7220 

461-8 i 
861.1801 
852·123' 
901·47 I 
901·48 I 

901·49 
414·178 
415-12 7221 

, 154-19 
852·40 
407 -161 7222 
460·179 

• 154-19 
852·41 
414·149 7223 
619-24 
852·42 7224 
851·77 
861-86 
861·87 7225 
861-88 
861-89 
451-58 7226 

• 161-2 
852·174 
409·65 7227 
602·56 
409-66 
602-57 
602·63 
602-62 
451·59 
852-43 
409-37 
602·178 
409·38 
602 -179 7228 
409-43 723 
602·171 
409-42 
602·170 
852-44 
415-15 
852·124 
861·90 
861·91 
450·188 

• 162·1 
852-185 
461·9 
861·181 
852·186 
460-191 
460·192 
460·199 
460·200 
852-125 
407-132 
460-124 
407 -133 
460-125 
407 ·134 
460 -126 7230 
902·125 
407·135 724 
460 ·127 7240 
902·126 
852-126 7241 
462 ·173 7242 
602-184 725 
462·174 
602-185 
462-175 
602-186 
462-176 
602-187 
462-177 
602-188 

652. 1271 
416-140 
856-50 i 

Infersil ICM7319 

National DM7219 
Intarsil ICM7220 

ICM7220A 
ICM7220B 
ICM7220C 
ICM7220M 
ICM7220MA 
ICM7220MC 

National DM7220 
Toshiba TA7220 
Intersil ICM7221 

Toshiba TA7221 
InterSl1 ICM7222 

Toshiba TA7222 
TA7222A 

Nationai DM7223 
Tu:shiba TA7223 
Inters" ICM7224 

ICM7224A 
Toshiba TA7224 
Intersll ICM7225 

ICM7225A 
Toshiba TA7225 
Inters" ICM7226A 

ICM7226B 
Toshiba TA 7226 
Intersil ICM7227 

ICM7227A 

ICM7227B 

ICM7227C 

Toshiba T A 7227 
Toshiba TA7228 
AMD 723 

723C 
FairehikI j.iA 723 

p.A723C 

p.A723M 
Intersil 723 

723C 
Lambda LAS723 

LAS723B 
Nabonal LM723 

LM723C 
Raytheon RC723 

RM723 
RCA CA723 

CA723C 
Signetlcs /lA723 

f.lA723C 
SA723C 

Silicon G SG723 
SG723C 

TI /-lA723C 
/lA723M 

National DM7230 

Fairchild /lA724 
LSI Comp LS7240 

Motorola MC7241 
Motorola MC7242 
AMD SSS725 

SSS725A 

SSS725B 
SSS725E 
725 
725C 

Fairchild f.lA 725 
IJ.A725A 
!lA725AM 
IJ.A725C 
!lA725E 

857·95 725 
1763A·24 

452·37 
861-92 
861·42 
861-93 
861·187 
861-94 
861-95 
861·96 
456·195 
852·45 
861·43 
861-97 
906·36 

:E~~i81 
852-129 
435·85 I 
851-27 
407 -143 
407 -144 
85,7 -150 7250 
407 -145 
407 ·146 7251 
857 -153 7256 
460·193 726 
460-194 
857-39 7260 
407·136 7261 
460-128 
407 -137 7266 
460 ·129 7267 
407·138 727 
460·130 
902-127 
407 -139 7270 
460·131 
902-128 
852·195 
852·130 
912-72 7271 
912·73 

'* 934 
11 187-8 7272 
'* 934 7273 

912·74 7280 
912·75 
912-77 
912-78 7281 
912-118 
913·31 7288 
912·81 7290 
912-82 7291 
912·87 730 
912·88 
912-85 
912-86 7300 
912·89 

'182·8 7302 
912-90 7303 
912·91 7306 
912·93 7307 
912·94 
912·95 
912·96 
434·96 

• 162·1 7310 
11 186·5 
• 494 7311 

460·95 7312 
445·199 7314 
446·92 7315 
872-11 7316 
865-95 
868·45 7317 
870·56 
872·13 7318 
871·53 732 
875·36 

11 164-2 7320 
865·115 
870-44 7321 
875-37 7323 
865·116 

Fairchild p.A725M 
National LM725 

LM725A 

LM725C 
NEC America /lPC725 
PMI PM725 

Raytheon 

Motorola 
Sanyo 
EA 
IPI 
Fairchild 

Motorola 
EA 
Motorola 
Motorola 
Motorola 
Fairchild 

Micro Tech 
GI 
!ntersil 

Motorola 

GI 
Motorola 

GI 
GI 
!ntersil 
Motorola 
National 
Motorola 
National 
National 
National 
National 
Fairchild 

Signetics 
Fairchild 
GI 
Toshiba 
Toshiba 
Toshiba 
Fairchild 

PM725C 
SSS725 

SSS725A 

SSS725B 

SSS725C 

SSS725E 

RC725 
RM725 
MC7250 
LC7250 
EA7251 
IPL7256 
/lA726C 
p.A726M 
MC7260 
EA7261 
MC7261 
MC7266 
MC7267 
/lA727C 
IJ.A727M 
MC727 
ACF7270C 
IM7270 
IM7270-14 
MC7270 

ACF7271C 
MC7271 

ACF7272C 
ACF7273C 
IM7280 
MC7280 
DM7280 
MC7281 
DM7281 
007288 
DM7290 
DM7291 
/lA73OG 
/lA730M 
TCA730 
/lA7300 
ACF7300C 
TA7302 
TA7303 
TA7306 
/-lA7307 

871 ·50 733 AMD 
871-51 

• 167 -5 Fairchild 
865·119 
872 -12 Intarsil 
875-38 
875-39 
872·3 

, 172·6 
875-40 
865-120 
870-46 

• 167-10 
865·101 
868-44 
865-121 
870·55 7330 
865·137 734 
872·8 
865·102 7363 
870·45 737 
875-41 7383 
871·52 739 
435-65 
851·107 
854.3 
916·137 
919·129 7390 
919·130 7391 
426·195 
854·4 7392 
427-6 
449·152 74 
449·161 
840 ·30 74COO 
840·31 
460-84 74C02 
901·34 

• 196-3 74C04 
1170·49 
453-172 

NaflOnal 

Raytheon 

Signetics 

Silicon G 

TI 

Fairchild 
Fairchild 

Gi 
Micro Tech 
GI 
Fairchild 

Fairchild 
Fairchild 

Fairchild 

National 
TI 
NatlOflal 

National 

National 

1188-37 74C08 National 
901 -35 74Cl0 National 
453-186 74Cl07 National 

1188·38 74C14 NatIonal 
901-36 
901·37 

• 196·3 
431·133 
431·140 
429·161 
429-167 
433·102 
431·142 
429·169 
839·46 
839-47 

74Cl50 
74C151 
74C154 
74C157 
74CI60 
74C161 
74C162 
74C163 
74Cl64 

National 
National 
National 
National 
National 
National 
National 
National 
National 

851 ·149 74C165 National 
851-160 
901-27 74C173 National 
855·14 74C174 National 
855-15 74C175 National 
851-51 74C192 National 

'* 936 74C193 National 
851·188 74C195 National 

IJ.A7307TC • 936 
Toshiba TA7307 840·38 74C20 National 

GI 
Toshiba 
GI 
Toshiba 
Toshiba 
Toshiba 
EA 
Toshiba 
EA 
Toshiba 
Toshiba 
Fairchild 

GI 
Toshiba 

ACF7310C 
TA7310 
ACF7311C 
TA7312 
TA7314 
TA7315 
EA7316 
TA7316 
EA7317 
TA7317 
TA7318 
/lA732 

ACF7320C 
TA7320 

Toshiba TA7321 
GI ACF7323C 
Toshiba TA7323 

853 ·38 74C200 National 
901·22 
898·80 
901·23 
853·78 
860·87 
858-86 
854·129 
903·9 
854-130 
857-42 
857·37 
855·111 

, 172·10 
901-24 
915·144 
855·89 

74C221 
74C30 
74C32 
74C373 
74C374 
74C42 
74C48 
74C73 
74C74 
74C76 
74C83 
74C85 
74C86 
74C89 

National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 

901 -10 74C90 National 
855 ·168 74C901 National 

11 Indicates page number in Application Note Directory . 
.. Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 

Device 

733 
733C 
/lA733C 
/lA733M 
733C 
733M 
LM733 
LM733L 
RC733 
RM733 
/lA733 
/lA733C 
SG733 
SG733C 
/lA733C 
/lA733M 
/lA7330 
}LA734C 
p.A734M 
ACF7363C 
MC737 
ACF7383C 
/-lA739 

pA7390 
/lA7391 

p.A7392 

MM74C 
SN74S 
MM74Coo 

MM74C02 

MM74C04 

MM74C08 
MM74Cl0 
MM74Cl07 
MM74C14 

SN74C14 
MM74Cl50 
MM74C151 
MM74C154 
MM74C157 
MM74Cl60 
MM74C161 
MM74C162 
MM74Cl63 
MM74Cl64 

MM74C165 

MM74C173 
MM74C174 
MM74C175 
MM74C192 
MM74C193 
MM74C195 

MM74C2O 
MM74C200 

MM74C221 
MM74C30 
MM74C32 
MM74C373 
MM74C374 
MM74C42 
MM74C48 
MM74C73 
MM74C74 
MM74C76 
MM74C83 
MM74C85 
MM74C86 
MM74C89 

MM74C90 
MM74C901 

p§f~1 
840-1~ 
840-107 
840-125 
840·126 
840·143 
840-144 
840·164 
840-165 
840·166 
840·167 
840·173 

~~. :;~.41 846-8 
845-29 
901-11 I 
460-65 
901·12 
853-42 
892-41 

, 163-19 
, 172·11 
18 173·21 I 

856-70 
856-81 
917·52 
856-82 
917·53 

, 152·10 
• 159·2 

410·175 
• 152-8 

412·107 
, 152·8 

405-32 
1752-68 

, 152-8 
410-50 
410·143 
409·184 

.262 
417.78 

, 161·13 
414·99 
414·94 
408·157 
414-62 
406·134 
406·25 
406·150 
406-41 
415·165 

1192-27 
415-169 

1192·25 
409·124 
409·144 
409·112 
407-15 
406-84 
415-79 

1189·127 
410·101 
413·134 

1174·42 
414·122 
410·72 
411·174 
4 1 2.154 

409-152 
408-69 
408-88 
409·182 
409-90 
409-164 
404-10 
404·74 
411·85 
413·117 

1,.,3-4 
406-122 
405-68 

Ie MASTER 1979 



PART NUMBER INDEX 
Base Base Base Base 
Number Source DevIce Page-Une Number Source Device Page-Une Number Source Device Page-Line Number Source Device Page-Une 

74C90l National MM74C901 416-98 74Hl0l Signetics 74Hl0l 437-32 74H62 TI SN74H62 456-73 74LS09 Signetics 74LS09 441-143 
, 160-7 TI SN74Hl0l 437-34 74H71 Fairchild 74H71 437-20 TI SN74LS09 441-145 

74C902 National MM74C902 404-172 74Hl02 Fairchild 74Hl02 437-13 National DM74H71 437-22 74LS10 Fairchild 74LS10 443-30 
416-101 Signetics 74Hl02 437-15 Signetics 74H71 437-24 Hitachi HD74LS10 443-31 

, 160-7 TI SN74Hl02 437-17 TI SN74H71 437-26 Motorola SN74LS10 443-33 
74C903 National MM74C903 405-69 74Hl03 Fairchild 74Hl03 437-38 74H72 Fairchila 74H72 436-175 National DM74LS10 443-35 

416-105 National DM74Hl03 437-40 National DM74H72 436-179 NEG America "PB74LS10 443-36 

• 160-7 Signetics 74Hl03 437-42 Signetics 74H72 436-181 Raytheon 74LS10 443-40 
74C904 National MM74C904 404-176 TI SN74Hl03 437-44 TI SN74H72 436-183 Signetics 74LS10 443-42 

416-109 74Hl06 Fairchild 74Hl06 437-201 74H73 Fairchild 74H73 438-78 TI SN74LS10 443-44 

• 160-7 National DM74Hl06 437-203 National DM74H73 438-84 74LS107 Fairchild 74LS107 438-49 
74C905 National MM74C905 *1073 Signetics 74Hl06 438-4 Sigletics 74H73 438-86 Hitachi HD74LS107 438-51 

417-32 TI SN74Hl06 438-6 TI SN74H73 438-88 Motorola SN74LS107A 438-55 
74C906 National MM74C906 404-153 74Hl08 Fairchild 74Hl08 437-48 74H74 Fairchild 74H74 438-186 National DM74lS107 438-59 
74C907 National MM74C907 404-156 National DM74Hl08 437-50 National DM74H74 438-190 Raytheon 74LS107 438-67 
74C908 National MM74C908 '409-74 Signetics 74Hl08 437.52 Sigletics 74H74 438-192 Signetics 74LS107 438-72 

, 152-12 TI SN74Hl08 437-54 TI SN74H74 438-194 TI SN74LS107A 438-76 
74C909 National MM74C909 417-21 74Hll Fairchild 74Hl1 441-14 74H76 Fairchild 74H76 438-126 74LS109 Fairchild 74LS109 437-96 

849-45 National DM74Hll 441-18 National DM74H76 438-128 Motorola SN74LS109A 437-98 
74C91 0 National MM74C910 413-143 Signetics 74Hl1 441-20 Signetics 74H76 438-130 National DM74LS109 437-100 

1173-27 TI SN74Hll 441-22 TI SN74H76 438-132 NEG America "PB74LS109 437-101 
74C911 National MM74C911 409-34 74H15 Fairchfld 74H15 441-51 74H78 Fairchild 74H78 437-78 Raytheon 74LS109 437-105 

601-3 TI SN74H15 441-53 National DM74H78 437-80 Signetics 74LS109 437-107 
74C912 National MM74C912 409-46 74H183 Fairchild 74H183 425-112 TI SN74H78 437-82 TI SN74LS109A 437-109 

601-6 Hitachi HD74H183 425-113 74H87 Fairchild 74H87 456-41 74LS11 Fairchild 74LSll 440-195 
74C914 National MM74C914 417-80 TI SN74H183 425-115 Motorola MC74H87 456-43 Hitachi HD74LS11 440-187 
74C915 National MM74C915 409-31 74H20 Fairchild 74H20 442-78 TI SN74H87 45645 Motorola SN74LS11 440-197 

602-50 National DM74H20 442-82 74LSoo Fairchild 74LSoo 443-118 National DM74LSll 441-3 
74C917 National MM74C917 409-49 NEG America p.PB74H20 442-83 - Hitachi HD74LSOO 443-119 NEG America "PB74LS11 441-4 

601-9 Signetics 74H20 442-85 Motorola SN74LSoo 443-121 Raytheon 74LSll 441-8 
74C918 National MM74C918 409-75 TI SN74H20 442-87 National DM74LSoo 443-123 Signetics 74LS11 441-10 

• 152-12 74H21 Fairchild 74H21 440-172 NEG America "PB74LSOO 443-124 TI SN74LSll 441-12 
74C920 National INS74C920 1761-105 National DM74H21 440-176 Raytheon 74LSoo 443-128 74LSl12 Fairchild 74LS112 437-17E 

MM74C920 413-179 Signetics 74H21 440-178 Signetics 74LSoo 443-130 Hitachi HD74LSl12 437-177 
1174-100 TI SN74H21 440-179 TI SN74LSoo 443-132 Motorola SN74LSl12A 437-179 

74C921 National MM74C921 413-181 440-180 74LSOl Hitachi HD74LSOl 444-32 National DM74LS112 437-181 
1174-99 74H22 Fairchild 74H22 442-184 Motorola SN74LSOl 444-35 Raytheon 74LS112 437 -186 

74C922 National MM74C922 605-8 National DM74H22 442-188 National DM74LSOl 444-39 Signetics 74LS112 437-188 

• 155-10 Signetics 74H22 442-190 Raytheon 74LSOl 444-46 TI SN74LSl12A 437-190 I", 
74C923 NatlOl1al MM74C923 605-10 TI SN74H22 442-192 Signebcs 74LS01 444-52 74LS113 Fairchild 74LS113 437-117 
74C925 National MM74C925 407-118 74H30 Fairchild 74H30 441-195 TI SN74LSOl 444-56 Hitachi HD74LS113 437-118 
74C926 National MM74C926 407-119 National DM74H30 441-201 74LS02 Fairchild 74LS02 447-65 Motorola SN74LS113A 437-120 
74C927 National MM74C927 407-122 NEG America p.PB74H30 442-2 Hitachi HD74LS02 447-68 National DM74LSl13 437-122 
74C928 National MM74C928 407 -125 Signetics 74H30 442-4 Motorola SN74LS02 447-72 NEG America "PB74LSl13 437-123 
74C929 National MM74C929 414-9 TI SN74H30 442-6 National DM74LS02 447-76 Raytheon 74LS113 437 -127 

1177-69 74H40 Fairchild· 74H40 442-139 NEG America IIPB74LS02 447-77 Signetics 74LSl13 437-129 
74C93 National MM74C93 405-112 National DM74H40 442-145 Raytheon 74LS02 447-81 TI SN74LS113A 437-131 
74C930 National MM74C930 414-12 NEG America p.PB74H4O 442-146 Signetics 74LS02 447-87 74LS114 Fairchild 74LS114 437-148 

1177-72 Signetics ,74H40 442-148 Tt SN74LS02 447-91 Hitachi HD74LSl14 437-149 
74C935 National MM74C935"1 584-30 TI SN74H40 442-150 74LS03 Fairchild 74LS03 444-31 Motorola SN74LSl14A 437-151 
74C936 National MM74C936-1 584-56 74H50 Fairchild 74H50 445-157 Hitachi HD74LS03 444-33 National DM74LSl14 437-153 
74C937 National MM74C937-1 584-31 National DM74H50· 445-161 Motorola SN74LS03 444-37 Raytheon 74LSl14 437 -157 
74C938 National MM74C938-1 584-57 Signetics 74HSO 445-163 National DM74LS03 444-41 Signetics 74LS114 437-159 
74C948 National MM74C948 579-23 TI SN74H50 445-165 NEG America IIPB74LS03 444-42 TI SN74LS114A 437-161 

916-15 74H51 Fairchild 74H51 445-69 Raytheon 74LS03 444-50 74LS12 Fairchild 74LS12 443-77 
74C95 National MM74C95 415-87 National DM74H51 445-73 Signetics 74LS03 444-54 Hitachi HD74LS12 443-78 

1190-9 NEG America p.PB74H51 445-74 TI SN74LS03 444-58 Motorpla SN74LS12 443-80 
74Hoo Fairchild 74Hoo 443-134 Signetics 74H51 445-76 74LS04 Fairchild 74LS04 428-107 National DM74LS12 443-82 

National DM74Hoo 443-139 TI SN74H51 445-78 Hitachi HD74LS04 428-108 Raytheon 74LS12 443-86 
NEG America p.PB74HOO 443-140 74H52 Fairchild 74H52 444-150 Motorola SN74LS04 428-110 Signetics 74LS12 443-88 
Signetics 74Hoo 443-142 National DM74H52 444-154 National DM74LS04 428-112 TI SN74LS12 443-90 
TI SN74HOO 443-1'44 Signetics 74H52 444-156 NEG America IIPB74LS04 428-113 74LSl22 Motorola SN74LS122 452-92 

74HOl Fairchild 74HOl 444-60 TI SN74H52 444-158 Raytheon 74LS04 428-117 National DM74LSl22 452-94 
National DM74HOl 444-64 74H53 Fairchild 74H53 445-24 Signetics 74LS04 428-119 NEG America IIPB74LS122 437-182 
NEG America p.PB74HOl 444-65 National DM74H53 445-28 TI SN74LS04 428-121 Raytheon 74LS122 452-98 
Signetics 74HOl 444-67 Signetics 74H53 445-30 74LS05 Fairchild 74LS05 428-172 TI SN74LSl22 452-10C 
TI SN74HOl 444-69 TI SN74H53 445-32 Hitachi HD74LS05 428-173 74LS123 AMD SN74LS123 452-177 

74H04 Fairchild 74H04 428-123 74H54 Fairchild 74H54 444-199 Motorola SN74LS05 428-175 Hitachi HD74LS123 452-17~ 

National DM74H04 .428-128 National DM74H54 444-201 National DM74LS05 428-177 Motorola SN74LS123 452-18C 
NEG America p.PB74H04 428-129 Signetics 74H54 445-3 NEG America IIPB74LS05 428-178 National DM74LS123 452-182 
Signebcs 74H04 428-131 TI SN74H54 445-5 Raytheon 74LS05 428-182 Raytheon 74LS123 452-186 
TI SN74H04 428-133 74H55 Fairchild 74H55 445-127 Signetics 74LS05 428-184 TI SN74LS123 452-188 

74H05 Fairchild 74H05 428-188 National DM74H55 445-129 TI SN74LS05 428-186 • 161-14 
National DM74H05 428-192 Signetics 74H55 445-131 74LS08 Fairchild 74LS08 441 -83 74LS124 TI SN74LS124 458-27 
Signetics 74H05 428-194 TI SN74H55 445-133 Hitachi HD74LS08, 441-84 899-113 
TI SN74H05 428-196 74H60 Fairchild '74H60 456-48 Motorola SN74LS08 441-86 74LS125 Fairchild 74LS125 427-16C 

74H08 Fairchild 74H08 441-99 National DM74H60 456-50 National DM74LS08 441-88 Motorola SN74LS125A 427-162 
National DM74H08 441-103 Signetics 74H60 456-52 NEG America IIPB74LS08 441-89 National DM74LS125 427 -164 
Signetics 74H08 441-105 TI SN74H60 456-54 Raytheon 74LS08 441-93 Raytheon 74LS125 427-168 

74H09 Fairchild 74H09 441-147 74H61 Fairchild 74H61 456-57 Signetics 74LS08 441-95 Signetics 74LS125A 427 -17C 
74Hl0 Fairchild 74Hl0 443-46 National DM74H61 456-59 TI SN74LS08 441-97 TI SN74LS125A 427-172 

National DM74Hl0 443-50 Signetics 74H61 456-61 74LS09 Fairchild 74LS09 441-131 74LS126 Fairchild 74LS126 427-191 
NEG America p.PB74Hl0 443-51 TI SN74H61 456-63 Hitachi HD74LS09 441-132 Motorola SN74lS126A 427-193 
Signetics 74Hl0 443-53 74H62 Fairchild 74H62 456-66 Motorola SN74LS09 441-134 National DM74LSl26 427-195 
TI SN74Hl0 443-55 National DM74H62 '456-69 National DM74LS09 441-137 Raytheon 74LS126 428-4 

74Hl0l FaJrchild 74Hl0l 437-30 Signetics 74H62 456-71 Raytheon 74LS09 441-141 Signetics 74LS126A 428-6 

Arranged alphanumerically from left to right. 
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Base Base 
Number SOUrce DeVice Page..Une Number 

74LSl26 TI SN74LSl26A 428-8 74LS153 
74LS13 Fairchild 74LS13 457-132 

Hitachi HD74LS13 457-133 74LSl54 
Motorola SN74LS13 457-135 
National DM74LS13 457-137 74LS155 
Ray1heoo 74LS13 

457-
141

1 
Signetics 74LS13 457-143 
TI SN74LS13 457-145 

74LS132 Fairchild 74LS132 457-1621 
Hitachi HD74LS132 457-163 
Motorola SN74LS132 457-1651 
National DM74LS132 457-1671 
Raytheon 74LS132 457-171 74LSl56 
Signetics 74LS132 457 -1721 
TI SN74LS132 457-175 

!~L~~ 3~ !=ei:-:hHd 74LS~ 23 

'''~ I Motorola SN74LS133 442-28 
74LS136 Fairchild 74LSl36 446-71 

Hitachi HD74LSI36 446-72 
Motorola SN74LSl36 446-74 74LS157 
National DM74LSl36 446-76 I 
Raytheon 74LS136 446-80 

.Signetics 74LS136 446-82 
TI SN74LS136 446-84 

74LS137 TI SN74LS137 435-56 
74LSl38 AMD SN74LSI38 435-14 

Fairchild 74LSI38 435-18 
Hitachi HD74LSI38 435-19 
Motorola SN74LSI38 435-21 74LSl58 
National DM74LSl38 435-23 

1760-136 
NEe America p.PB74LSI38 435-24 
Raytheon 74LSl38 435-30 
Signetics 74LSl38 435-32 
TI SN74LSI38 435-34 

1760-138 
74LS139 AMD SN74LS139 434-174 74LSI60 

Fairchild 74LS139 434-178 
Hitachi HD74LS139 434-179 
Motorola SN74LS139 434-181 
National DM74LS139 434-183 
NEe America "PB74LS139 434-184 
Raytheon 74LS139 434-190 
Signetics 74LS139 434-192 
TI SN74LS139 434-194 74LS161 

74LS14 Fairchild 74LS14 458-2 
Hitachi HD74LS14 458-3 
Motorola SN74LS14 458-5 
National DM74lS14 458-7 
Raytheon 74LS14 458·11 
Sigoetics 74LS14 458-13 
TI SN74LS14 458-15 

74LS145 Fairchild 74LS145 434-68 
TI SN74LS145 434-70 74LSI62 

74LS147 TI SN74LS147 456-185 
74LSl48 AMD SN74LSl48 456-167 

TI SN74LSl48 456-171 
1762-139 

74LS15 Fairchild 74LS15 441-36 
Hitachi HD74LS15 441-37 
Motorola SN74LS15 441-39 
National DM74LS15 441-41 74LSl63 
Raytheon 74LS15 441-45 
Signetics 74LS15 441-47 
TI SN74LS15 441-49 

74LSI51 AMD SN74LS151 451-125 
Fairchild 74LS151 451-129 
Hitachi HD74LS151A 451-130 
Motorola SN74LS151 451-132 
National DM74lS151 451-134 74LSI64 
NEe America "PB74LS151 451-135 

451-191 
Raytheon 74LS151 451-142 
S~netics 74LS151 451-144 
TI SN74LS151 451-146 

74LSI52 Fairchild 74LS152 451~7 

Hitachi HD74LS152 451-69 
Motorola SN74LSl52 451-71 
Raytheon 74LS152 451-75 

74LS153 AMD SN74LS153 450-155 
Fairchild 74LS153 450-159 
Hitachi HD74LS153 450-160 
Motorola SN74LS153 450-162 
National DM74LS153 450-164 

I NEC America IlPB74LS153 450-165 
Raytheon 74LS153 450-171 

86 

Base 
Source Devlc:e p.-una NUmber' Source Devlc:e 

SignetICS 74LS153 450-173 74LSl64 TI SN74LSl64 
TI SN74lS153 450-175 74LSl65 Fairchild 74LSl65 
National DM74LSl54 435-120 
Signetics 74LSI54 435-122 Motorola SN74LS165 
Fairchild 74LS155 434-119 
Hitachi HD74LS155 434-120 Ti SN74LS165 
Motorola SN74LS155 434-122 
National DM74LS155 434-124 74LSI66 Motorola SN74LSI66 
NEe America p.PB74LS155 434-125 TI SN74LSI66 
Raytheon 74LS155 434-129 
Sigoetics 74LS155 434-130 74LSl68 AMD SN74LSl68A 
TI SN74lS155 434-132 Fairchild 74LSI68 
Fairchild 74LS156 434-151 Motorola SN74LSl68 
Hitachi HD74LSl56 434-152 National DM74LSl68 
Motorola SN74LSI56 434-154 TI SN74LSI68 
NaftCiia: DM74lS15C 434-1!>G '··u .. \)IOa AMD SN74LSi69A 
Raytheon 74LSl56 434-160 Fairchild 74LS169 
Signetics 74LSI56 434-161 Motorola SN74LSI69 
TI SN74LSl56 434-163 National DM74LS169 
AMD SN74LS157 449-89 T! SN74LSl69 
Fairchild 74LS157 449-93 ?4LS170 Faird1ik1 74LS170 
Hitachi HD74LS157 449-94 
Motorola SN74lS157 449-96 Motorola SN74LS170 
National DM74LS157 449-98 
NEe America p.PB74LS157 449-99 National DM74LS170 
Raytheon 74LS157 449-105 
Signetics 74LS157 449-107 Raytheon 74LS170 
n SN74LS157 449-109 
AMD SN74lS158 449-175 Signetics 74LS170 
Fairchild 74LSI58 449-179 
Hitachi HD74LSI58 449-180 TI SN74LS170 
UoIoroia SN74LSI58 449-182 
National DM74lS158 449-184 74LS173 Fairchild 74LS173A 
Raytheon 74LSl58 449-190 Motorola SN74LS173A 
Signetics 74LSl58 449-192 National DM74LSl73 
TI SN74LSl58 449-194 Signetics 74LS173 
AMD SN74LSl60 432-12 TI SN74LS173 
Fairchild 74LSl60 432-16 74LS174 AMD SN74LS174 
Hitachi HD74LSI60A 432-17 Fairchild 74LS174 
Motorola SN74LS16OA 432-19 Hitachi HD74LS174 
National DM74LSI60 432-21 Motorola SN74LS174 
Raytheon 74LSl60 432-27 National DM74LS174 
Sigoetics 74LSl60A 432-28 Raytheon 74LS174 
TI SN74LSl60A 432-30 Signetics 74LS174 
AMD SN74LS161 430-93 TI SN74LS174 
Fairchild 74LS161 430-97 74LS175 AMD SN74LS175 
Hitachi HD74LS161A 430-98 Fairchild 74LS175 
Motorola SN74lS161A 430-100 Hitachi HD74lS175 
National DM74LS161 430-103 Motorola SN74LS175 
NEe America p.PB74LS161 430-101 National DM74LS175 
Raytheon 74LS161 430-109 NEe America p.PB74LS175 
Signetics 74LS161A 430-111 Raytheon 74LS175 
n SN74LS161A 430-113 Signetics 74LS175 
AMD SN74LS162 432-56 TI SN74LS175 
Fairchild 74LS162 432-60 74LS181 AMD SN74LS181 
Hitachi HU74LSI62A 432-61 Fairchild 74LS181 
Motorola SN74LSl62A 432-63 Motorola SN74LS181 
National DM74LSI62 432-65 Raytheon 74lS181 
Raytheon 74LS162 432-73 Signetics 74LS181 

S9l8tics 74LSI62A 432-74 TI SN7~LSI81 

TI SN74LSl62A 432-76 74LS183 TI SN74LSI83 
AMD SN74LSl63 430-34 74LSI89 FIirdIIId 74LS118 
Fairchild 74LSl63 430-38 
Hitachi HD74LSI63A 430-39 Motorola SN74LS189 
Motorola SN74LSI63A 430-41 National DM74LSI89 
National DM74LSl63 430-43 TI SN74LSI89A 
Raytheon 74LS163 430-49 74LSI90 AMD SN74LSI90 
Signetics 74LS163A 430-51 Fairchild 74LSl90 
TI SN74LS163A 430-53 Motorola SN74LSI90 
AMD SN74LSI64 454·152 National DM74LSl90 

1191-38 Raytheon 74LS190 
Fairchild 74LS164 454-154 SignetlCS 74LS190 

1191-42 TI SN74LSl90 
Hitachi HD74LSi64 454-155 74LSi9i AMD SN14LS191 

1191-46 Fairchild 74LS191 
Motorola SN74lS164 454-157 Motorola SN74LS191 

1191-49 National DM74LS191 
National DM74LS164 454-159 Raytheon 74LS191 

1191-55 Signetics 74LS191 
NEC America IlPB74LSl64 454-160 TI SN74LSi91 

1191-57 74LS192 AMD SN74LS192 
Raytheon 74LS164 454-164 Fairchild 74LS192 

1191-61 Motorola SN74LS192 
Signetics 74LSl64 454-166 National DM74LS192 

1191-65 NEe Amenca p.PB74lS192 
TI SN74LSl64 454-168 Raytheon 74lS192 

,Indicates page number in Application Note Directory. 
* Indicates additiOnal data is provided on the page noted . 

Pege-Une 

1191-70 
454-107 

1191-12 
454-109 

1191 ~20 
454-111 

1191-26 
454-126 
454-128 

1191-30 
433-32 
433-35 
433-37 
433-39 
433-41 
43.-36 
431-39 
431-41 
431-43 
431·45 
448-189 

1171-48 
448-191 

1171-53 
448-193 

1171-57 
448-197 

1171-44 
449-5 

1171-59 
449-7 

1171-63 
439-30 
439-32 
439-34 
439-36 
439-38 
440-11 
440-15 
440-16 
440-17 
440-19 
440-25 
440-27 
440-29 
439-61 
439-65 
439-66 
439-70 
439-72 
439-73 
439-79 
439-81 
439-83 
426-97 
426-101 
426-103 
426-107 
426-111 
426-113 
425-110 

• <485 
1172-46 
1172-44 
1172-107 
1172-84 
432-151 
432-155 
432-157 
432-159 
432-165 
432-167 
432-169 
430-162 
430-166 
430-168 
430-170 
430-176 
430-178 
430-180 
432-199 
433·5 
433-7 
433-9 
433-10 
433-16 

• Indicates entire Application Note is provided on the page noted. 

Base 
Pege-Une I Number Source Device 

74lS192 Signetics 74LS192 433-18 
TI SN74LS192 433-20 

74LS193 AMD SN74LS193 431-11 
Fairchild 74LS193 431-15 
Motorola SN74LS193 431-17 , 
National DM74lS193 431-19

1 
NEe America p.PB74LS193 431-20 
Raytheon 74LS193 431-26 
Signetics 74LS193 431-28 1 
TI SN74LS193 431-30 

74LS194 AMD SN74LSI94A 453-110 
1188-53 

Fairchild 74LSl94A 453-114 
1188-109 

Hitachi HD74LSI94A 453-115 
I iaa-os 

Motorola SN74LSl94A '5311~ 1189-6 
NEe America p.PB74LSI94 453-11 

1188-75 
Ra~'Iheon SN74LS194A 1189-28 

74LS194A 453-124 
Signetics 74LS194 1188-85 

74LS194A 453-125 
TI SN74LSI94A 453-127 

1188-97 
74lS195 AMD SN74LS195A 453-30 

1188-101 
Fairchild 74LS195 453-34 

74LS195A 1188-115 
Hitachi HD74LS195A 453-35 

1189-2 
Motorola SN74LSI95A 453-37 

1189-10 
NEC America p.PB74LS195 453-38 

1189-22 
Raytheon 74LS195A 453-44 

1189-32 
Signetics 74LS195A 453-46 

1189-40 
TI SN74lS195A 453-48 

1189-46 
74LSl96 Fairchild 74LSl96 431-165 

Motorola SN74LSl96 431-161 
National DM74LSl96 431-16!l 
Raytheon 74LSl96 431-17~ 

Signetics 74LSI96 431-174 
TI. SN74LSl96 431-17E 

74LS197 Fairchild 74LS197 429-192 
Motorola SN74LS197 429-194 
National OM74LS197 429-19E 
Raytheon 74LS197 429-2OC 
Sigletics 74LS197 429-201 
TI SN74LS197 430-3 

74LS2O Fairchild 74LS20 442-61 
Hitachi HD74LS20 442-62 
Motorola SN74LS2O 442-64 
National DM74LS2O 442-66 
NEe America p.PB74LS20 442-67 
Raytheon 74LS20 442-72 
Signetics 74LS20 442-74 
TI SN74LS20 442-76 

74LS207 TI SN74LS207 1174-80 
74LS208 TI ,SN74LS208 1174-81 
74LS21 Fairchild 74LS21 440-156 

Hitachi HD74LS21 440-157 
Motoroia SN74LS21 440-159 
National DM74LS21 440-161 
NEe America p.PB74LS21 440-162 
Raytheon 74LS21 440-166 
Signebcs 74LS21 440-168 
TI SN74LS21 440-170 

74LS214 TI SN74LS214 1177-51 
74LS215 11 SN74LS215 1177-46 
74LS219 TI SN74LS219 1172-86 
74LS22 Fairchild 74LS22 442-169 

Hitachi HD74LS22 442-170 
Motorola SN74LS22 442·172 
National DM74LS22 442-174 
Raytheon 74LS22 442-1781 
Signetics 74LS22 442-1801 
TI SN74LS22 442-182 

74LS221 Motorola SN74LS221 452-115 
National DM74LS221 452-117 
Raytheon 74LS221 452-121 
Signetics 74LS221 452-123 
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PART NUMBER INDEX 
Base Base Base Base 
Number Source DeVIce p.,une Number Source Device Page-line Number Source Device Page-line Number Source Device Page..Une 

74LS221 TI SN74LS221 452-125 74LS245 Signetics 74L8245 459-129 74L827 TI 8N74L827 447-39 74LS299 TI SN74LS299 454-87 
74LS222 TI SN74LS222 1159-61 618-38 74LS273 AMD SN74LS273 440-46 1190-116 
74LS224 TI SN74LS224 1159-63 TI SN74LS245 459-132 Fairchild 74L8273 440-48 74L830 Fairchild 74L830 441-179 
74LS24O AMD SN74LS240 458-182 618-40 MMI 74LS273 *509 Hitachi HD74L830 441-180 

608-16 74LS247 Fairchild 74L8247 601-137 440-50 Motorola 8N74L830 441-182 
Fairchild 74L8240 458-184 Hitachi HD74LS247 601-142 Motorola SN74LS273 440-54 National DM74L830 441-184 

608-20 Motorola SN74LS247 601-150 Raytheon 74LS273 * 531 NEe America I1PB74LS30 441-185 
MMI 74LS240 .768 National DM74LS247 601-156 440-60 ' Raytheon 74L830 441-189 

458-188 n SN74LS247 601-169 Signetics 74L8273 44q-61 Signetics 74L830 441-191 
608-24 74LS248 Fairchild 74L8248 601-50 TI SN74LS273 440-63 TI 8N74L830 441-193 

Motorola SN74LS240 458-196 Hitachi HD74LS248 601-54 74LS275 TI SN74LS275 426-54 74LS314 TI SN74LS314 1177-50 
.608-40 Motorola SN74L5248 601-61 74LS279 Fairchild 74L8279 448-121 74LS315 TI SN74LS315 1177-44 

Raytheon 74lS240 .522 National DM74LS248 601-71 Motorola SN74LS279 448-123 74LS319 TI SN74LS319 1172-81 
459-5 TI SN74LS248 601-85 National DM74LS279 448-125 74L832 Fairchild 74L832 446-139 
608-48 74[S249 Fairchild 74L8249 601-93 NEe America I1PB74LS279 448-126 Hitachi HD74L832 446-140 

Signetics 74L8240 459-6 Hitachi HD74LS249 601-95 Raytheon 74L8279 448-130 Motorola 8N74L832 446-142 
608-49 Motorola SN74LS249 601-99 Signetics 74L8279 448-132 National DM74L832 446-144 

TI SN74LS24O 459-8 National DM74LS249 601-105 TI SN74LS279 448-134 NEe America I1PB74LS32 446-145 
608-51 TI SN74LS249 601-115 74L828 Fairchild 74L828 447-67 Raytheon 74L832 446-149 

74LS241 AMD 8N74LS241 459-36 74LS251 'AMD SN74LS251 451-183 Motorola 8N74L828 447-74 Signetics 74L832 446-151 
607-21 Fairchild 74L8251 451-187 Raytheon 74L828 447-85 TI 8N74L832 446-153 

Fairchild 74L8241 459-40 Hitachi HD74LS251 451-188 Signetics 74L828 447-89 74LS320 TI SN74LS320 458-21 
607-31 Motorola SN74LS251 451-190 TI 8N74L828 447-93 74LS321 TI SN74LS321 458-23 

MMI 74LS241 .768 NEe America I1PB74LS251 1762-131 74LS280 Fairchild 74L8280 457-22 74LS322 AMD SN74LS322 425-183 
459-44 Raytheon 74L8251 451-197 TI SN74LS280 457-24 454-199 
607-37 TI SN74LS251 451-200 74LS281 AMD SN74LS281 426-188 MMI 74L8322 425-185 

Motorola St-I74LS241 459-48 1762-133 74LS283 Fairchild 74L8283 425-52 455-4 
607-53 74LS253 AMD SN74LS253 450-194 Hitachi HD74LS283A 425-54· Motorola SN74LS322 425-187 

Raytheon 74LS241 *,525 Fairchild 74L8253 450-198 MMI 74L8283 425-56 455-6 
459-54 Hitachi HD74LS253 450-199 Motorola SN74LS283, 425-60 Raytheon 74LS322 • 537 
607-63 Motorola SN74LS253 450-201 National DM74LS283 425-64 455,.710 

Signetics 74L8241 459-55 National DM74LS253 451-2 Raytheon 74L8283 425-73 TI SN74LS322A 425-191 
608.-5 NEe America I1PB74LS253 451-3 Signetics 74L8283 425-77 455-12 

TI SN74LS241 459-57 Raytheon 74L8253 451-9 TI SN74LS283 425-81 74LS323 AMD SN74LS323 454-60 
608-8 Signetics 74L8253 451-11 74LS289 Motorola SN74LS289 1172-45 1190-96 

74LS242 AMD SN74LS242 458-69 TI SN74LS253 451-13 National DM74LS289 1172-110 Fairchild 74L8323 454-64 

616-28 74L5255 Raytheon 74L8255 434-169 TI SN74LS289 1172-79 1190-100 
Fairchild 74L8242 458-75 74LS256 Fairchild 74L8256 447-154 74LS290 Fairchild 74L8290 431-103 MMI 74L8323 454-69 

616-33 Motorola SN74lS256 447-156 Motorola SN74LS290 431-107 1190-104 

Motorola SN74LS242 458-79 74LS257 AMD SN74LS257 450-48 National DM74LS290 431-111 Motorola SN74LS323 454-73 
616-35 Fairchild 74L8257 450-52 Signetics 74L8290 431·119 Raytheon 74LS323 * 540 

Raytheon 74LS242 • 528 Hitachi HD74LS257 450-53 TI SN74LS290 431-123 454-85 
458-87 Motorola SN74LS257A 450-55 74LS293 Fairchild 74L8293 429-116 1190-114 
616-39 National DM74LS257 450-57 Motorola SN74LS293 429-120 TI SN74LS323 454-89 

Signetics 74L8242 458-94 Raytheon 74L8257 450-64 National DM74LS293 429-124 1190-118 

616-43 Signetics 74L8257 450-66 Signetics 74L8293 429-132 74LS324 TI SN74LS324 458-18 

TI SN74LS242 458-97 TI SN74LS257A 450-68 TI SN74LS293 429-137 899-57 

616-45 74LS258 AMD SN74LS258 450-14 74LS295 Fairchild 74L8295 453-141 74LS325 TI SN74LS325 458-29 

74L5243 AMD SN74LS243 458-73 Fairchild 74L8258 450-18 74L8295A 1188-119 899-116 ' 

616-32 Hitachi HD74LS258 450-19 Motorola SN74LS295A 453-143 74LS326 TI SN74LS326 458-31 

Fairchild 74L8243 458-77 Motorola SN74LS258A 450-21 1189-12 899-118 

616-34 National DM74LS258 450-23 NEe America I1PB74LS295 453-144 74LS327 TI SN74LS327 458-33 

Motorola SN74LS243 45~-81 NEe America I1PB74LS258 450-24 1189-23 899-120 

616-36 Raytheon 74L8258 450-30 Raytheon 74L8295A 453-148 74LS328 TI SN74LS328 458-37 

Raytheon 74LS243 .528 Signetics 74L8258 450-31 1189-36 899-122 

458-93 TI SN74LS258A 450-33 Signetics 74L8295A 1188-45 74L833 Fairchild 74L833 447 -109 

616-42 74LS259 Fairchild 74L8259 447-147 74L82958 453-149 Motorola 8N74L833 447-111 

Signetics 74L8243 458-95 Motorola SN74LS259 447 -149 TI SN74LS295B 453-151 Raytheon 74L833 447-115 

616-44 TI SN74LS259 447-151 1189-48 Signetics 74L833 447-117 

TI 'SN74LS243 458-99 1762-160 74LS297 TI SN74LS297 457-52 TI 8N74L833 447-119 

616-46 74L826 Fairchild 74L826 444 -127 898-53 74L5347 TI SN74LS347 601-125 

74LS244 AMD SN74LS244 459-73 Hitachi HD74L826 444-128 74L5298 AMD SN74LS298 449-137 601-171 

607-27 Motorola 8N74L826 444-130 Fairchild 74L8298 439-150 74LS348 AMD SN74LS348 1762-142 

Fairchild 74L8244 459-75 National DM74L826 444-132 449-139 TI SN74LS348 456-173 

607-33 Raytheon 74L826 444-136 450-112 1762 -143 

MMI 74LS244 .768 5ignetics 74L826 444-139 Hitachi HD74LS298 450-113 74LS352 Fairchild 74L8352 451-23 

459-77 TI 8N74LS26 444-141 Motorola SN74LS298 439-152 Motorola SN74LS352 451-25 

607-41 74LS260 Fairchild 74L8260 446-193 449-141 National DM74LS352 451-27 

Motorola SN74LS244 459-81 Motorola SN74LS260 446-195 450-115 TI SN74LS352 451-29 

607-55 Signetics 74L8260A 446-197 Raytheon 74L8298 439-160 74LS353 Fairchild 74L8353 451-32 

Raytheon 74LS244 • 525 74LS261 Raytheon 74L8261 425-139 449-147 Motorola SN74LS353 451-34 

459-87 Signetics 74L8261 , 425-141 450-123 National DM74LS353 451-36 

608-4 TI SN74LS261 425-143 Signetics 74L8298 439-161 TI SN74LS353 451-38 

Signetics 74L8244 459-88 74LS266 Fairchild 74L8266 446-101 450-124 74LS360 TI SN74LS360 456-35 

608-6 Motorola SN74LS266 446-103 TI SN74LS298 439-163 74LS361 TI SN74LS361 456-38 

TI SN74LS244 459-90 National DM74LS266 446-105 449-149 74LS362 TI SN74LS362 1762-116 

608-12 Raytheon 74L8266 446-109 450-126 74LS363 Signetics 74L8363 447-180 

74LS245 AMD SN74LS245 459-114 Signetics 74L8266 446-111 74LS299 AMD SN74LS299 454-58 TI SN74LS363 447-183 

618-30 TI SN74LS266 446-113 1190-69 74LS364 Signetics 74L8364 440-86 

Fairchild 74L8245 459-116 74L827 Fairchild 74L827 447 -25 Fairchild 74L8299 454-62 TI SN74LS364 440-89 

618-31 Hitachi HD74L827 447-26 1190-98 74LS365 Fairchild 74L8365 428-31 

MMI 74LS245 * 774 Motorola 8N74L827 447-28 MMI 74L8299 454-66 Motorola SN74LS365A 428-36 

459-118 National DM74L827 447-30 1190-102 National DM74LS365 428-40 

618-32 NEe America I1PB74LS27 447-31 Motorola SN74LS299 454-71 NEe America I1PB74LS365 428-43 

Motorola SN74LS245 459-124 Raytheon 74L827 447-35 Raytheon 74LS299 * 533 Raytheon 74L8365 428-48 

618-35 Signetics 74L827 447-37 454-81 Signetics 74L8365A 428-54 

Arranged alphanumerically from left to right. 
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--------------~----------- ---------------------------
74LS365 TI SN74LS365A 
74LS366 Fairchild 74LS366 

Motorola SN74LS366A 
National DM74LS366 
NEe America "PB74LS366 
Raytheon 74LS366 
Signetics 74LS366A 
TI SN74LS366A 

74LS367 Fairchild 74LS367 
Hitachi HD74LS367 
Motorola SN74LS367A 
National DM74LS367 
NEe America "PB74LS367 
Raytheon 7 4LS367 
Signetics 74LS367A 

1

< 74LS368 ;~rchild ;~~~L;::iA 
Hitachi HD74lS368 
Motorola SN74LS368A 
National DM74LS368 
NEe America "PB74LS368 
Raytheon 74LS368 
Signetics 74LS368A 
TI SN74LS368A 

74LS37 Fairchild 74LS37 
Hitachi HD74LS37 
Motorola SN74LS37 
NaIlOnal DM74LS37 
NEe America "PB74LS37 
Raytheon 74LS37 
Signetics 74LS37 
TI SN74LS37 

74LS373 AMD SN74lS373 
Fairchild 74LS373 
MMI 74lS373 

Motorola SN74LS373 
Raytheon 74lS373 

Signetics 
TI 

74LS374 AMD 
Fairchild 
MMI 

Motorola 
NaOOnal 
Raytheon 

74LS373 
SN74LS373 
SN74LS374 
74LS374 
74lS374 

SN74LS374 
DM74LS374 
74lS374 

Signetics 74LS374 
Ti SN74LS374 

74LS375 Fairchild 74LS375 
Motorola SN74LS375 
NEe America "PB74LS375 
Signetics 74LS375 
TI SN74LS375 

74lS377 AMD SN74LS377 
Fairchild 74LS377 
MMI 74lS3n 

Motorola SN74LS377 

Raytheon 74LS3n 

Signetics 
TI 

74LS378 AMD 

74LS377 
SN74LS377 
SN74LS378 

Fairchild 74LS378 
Motorola SN74LS378 
Signetics 74LS378 
TI SN74LS378 

74LS379 AMD SN74LS379 
Fairchild 74LS379 
Motoroia SN74lS379 
TI SN74LS379 

74LS38 Fairchild 74LS38 
Hitachi HD74LS38 
Motorola SN74LS38 
National DM74LS38 
NEe America "PB74LS38 
Raytheon 74LS38 
Signetics 74LS38 
TI SN74LS38 

74LS38~ AMD SN74LS381 
. T1 SN74l-S381 

74LS382 TI SN74lS382 

428 -58 74LS384 AMD SN74lS384 
429 -29 Motorola SN74lS384 
429 -34 Raytheon 74lS384 
429-38 
429-41 TI SN74lS384 
429 -46 ,'74LS385 AMD SN74LS385 
429 -52 Motorola SN74LS385 
429 -56 Raytheon 74LS385 
428-33 
428-34 TI 
428-38 74LS386 Hitachi 
428 -42 Motorola 
428 -44 National 
428-52 
428-56 
4<!I:H:lO 

429-31 
429-32 
429-36 
429-40 
429-42 
429-50 

Raytheon 
t>l9nellCS 
TI 

74LS388 AMD 
74LS390 Fairchild 

Motorola 
Sigr06tics 
TI 

429-54 74LS393 Fairchild 
Motorola 
Signetics 
TI 

429-58 
443-178 
443-179 
443 -181 74LS395 
443-183 

Fairchild 

SN74LS385 
H074LS366 
SN74LS366 
DM74LS386 

74LS386 
14L~386 

SN74LS386 
SN74LS388 
74LS390 
SN74LS390 
74LS3SO 
SN74LS390 
74LS393 
SN74LS393 
74LS393 
SN74LS393 
74LS395 

443-184 Motorola SN74LS395 
443-188 
443-190 
443-192 
447 -165 
447-167 

• 505 
447-169 
447 -171 

• 543 447-179 

SN74lS395A 
NEe America flPS74LS395 

Raytheon 74LS395 
74LS395A 

Signetics 74LS395 

TI SN74LS395A 

447-181 74LS396 TI 
447-185 

SN74LS396 

440-69 '74LS3116 Motorola SN74LS396 
440-71 

• 505 
440-73 TI SN74lS398 
440-75 
440·79 74LS399 AMD SN74LS399 

• 543 440 -85 Motorola SN74LS399 
440-87 
440-91 
448 -90 TI SN74LS399 
448-94 
448 -97 74LS40 Falrchiid 74LS40 
448-105 Hitachi HD74LS40 
448-109 Motorola SN74LS40 
440-116 National DM74LS40 
440 -118 . NEe Amefica p.PB74LS40 

• 509 Raytheon 74LS40 
440 -122 Signetics 74LS40 
440-124 TI SN74LS40 
448 -59 74LS42 Fairchild 74LS42 

• 549 Hitachi HD74LS42 
440-130 Motorola SN74LS42 
440-131 National DM74LS42 
440 -133 NEe AmerY'..a ilPB74LS42 
439-178 Raytheon 74LS42 
439-180 Sl9netics 74LS42 
439-182 TI SN74LS42 
439-183 74LS424 TI SN74LS424 
439-185 74LS43 Raytheon 74LS43 
439-100 74LS44 Raytheon 74L844 
439-102 74LS442 TI SN74LS442 
439-104 74LS443 TI SN74LS443 
439-106 74LS444 TI SN74LS444 
444 -105 74LS445 Signetics 74LS445 
444 -106 TI SN74LS445 
444-108 74LS447 TI SN74LS447 
444 -114 74LS47 Fairchild 74LS47 
444 -115 Hitachi HD74LS47 
444 -112 Motorola SN74LS47 
444-116 National DM74L847 
444-119 TI SN74LS47 
426-130 74LS476 TI SN74lS478 
426-133 
426-135 74LS479 TI SN74LS.79 

425 -164 74LS479 TI 
425 -166 74LS48 Fairchild 

• 551 
425-1721 
425-177i 

425-
122

1' 

425 -124 74lS481 
.554 

425-1301 
425 -13211 74LS49 
446-20 
446-24 I 

445-
195

1 
446-28 
446-37 74LS490 

446·41 I 
446-45 
439-123 
432 -1111 74LS502 
432·1161 
432-1191 74LS503 
432 -122 

Hitachi 
Motorola 
National 
TI 
TI 

Fairchild 
Hitachi 
Motorola 
National 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motoroia 
Fait¢hiId 

SN74LS479 
74LS48 
HD74LS48 
SN74LS48 
DM74LS48 
SN74LS48 
SN74LS481 

74LS49 
HD74LS49 
SN74LS49 
DM74LS49 
SN74LS49 
74LS490 
SN74LS490 
74LS490 
SN74LS490 
74LS502 
SN74LS502 
74LS503 

429 -144 Motorola SN74LS503 
429 -146 74LS504 Fairchild 74LS504 
429-147 
429 -149 Motorola SN74LS504 
453-156 74LS51 Fairchild 74LS51 

1188-123 Hitachi HD74LS51 
1189-14 Motorola SN74LS51 
453-158 Natlona! DM74LS51 
453-159 NEe Amenca flPB74LS51 

1189 -24 Raytheon 74LS51 
1188-79 Signatits 74LS51 

• 557 TI SN74LS51 
453 -163 74LS533 AMD SN74LS533 
453-165 74LS534 AMD SN74LS534 

1189 -41 74LS54 Fairchild 74LS54 
453-167 Hitachi HD74LS54 

1189 -50 Motorola SN74LS54 
448-152 National DM74LS54 
455-16 NEe America "PB74LS54 
439-154 Raytheon 74LS54 
449-142 Signetics 74LS54 
450-117 TI SN74LS54 
439-165 74LS540 Fairchild 74LS540 
450-128 
439-146 Motorola SN74LS540 
450-106 
439 -1 56 74LS541 Fairchild 74LS541 
449-143 
450-119 Motorola SN74LS541 
439-167 
450-130 74LS55 Fairchild 74LS55 
442-122 Hitachi HD74LS55 
442-123 Motorola SN74LS55 
442 -125 National DM74LS55 
442-127 NEe AmeIica "PB74LS55 
442 -128 Raytheon 7 4LS55 
442-132 SlQI1etics 74LS55 
442-134 TI SN74LS55 
442-137 74LS568 Motorola SN74LS568 
434 -27, 74LS569 Motorola SN74LS569 
434 -28 74LS57 NEe America "PB74LS57 
434 -30 74LS573 Motorola SN74LS573 
434 -32 74LS574 Motorola SN74LS574 
434 -33 74LS63 TI SN74LS63 
434 -37 74LS640 Motorola SN74LS640 
434-39 
434-41 

1760-106 
433-162 
433-177 

TI SN74LS640 

SN74LS640-1 

458 -59 74LS641 Motorola SN74LS641 
458-61 
458-63 
434-50 
434-52 
601-127 

TI 

601-131 74LS642 Motorola 
601-140 
601-146 Ti 
601-154 
601-167 

.1713 I 
1166-27 74LS643 TI 

.1713 

SN74LS641 

SN74LS642 

SN74LS642 

SN74LS642-1 

SN74LS643 

• Indicates page number in ApplicatiOn Note Directory, 
.. Ind,cates additional data is provided on the page noted . 

Base 
Page-Une Number Source DeYice 

1166 -25 74LS643 T1 SN74LS643-1 
601-46 
601 -53 74LS644 TI SN74LS644 
601-59 
601 -69 SN74LS644-1 
601-83 
427 -17 74LS645 Motorola SN74LS645 

1756-113 
1747 -4 TI SN74LS645 

601-91 
601-94 
601-101 
601 -103 74LS668 TI 
601-113 
432-114 

432-
118

1 432-120 
432-124 
456-87 
456-90 I 

.48& 
456-88 
456-92 

• 488 
456-100 
456-102 
445-91 
445-92 

I 

74LS669 TI 

74LS670 Fairchild 

Motorola 

Nalionai 

Raytheon 

Signetics 

TI 

445-94 74LS673 TI 
445 -96 74LS674 TI 
445-97 74LS681 TI 
445-101 

SN74lS645-1 

SN741.S668 

SH74LS669 

74LS670 

SN74LS670 

DM74LS670 

74LS670 

74LS670 

SN74LS670 

SN74LS673 
SN74LS674 
SN74LS661 

445 -103 74LS690 TI SN74LS690 
445-105 74LS691 TI SN74LS691 
447 -198 74LS692 TI SN74LS692 
440-103 74LS693 TI SN74LS693 
444 -182 74LS696 TI SN74LS696 
444 -183 74LS697 TI SN74LS697 
444-185 74LS696 TI SN74LS698 
444-187 74LS699 TI SN74LS699 
444-18 74LS73 Fairchild 74LS73 
444-192 Hitachi HD74LS73 
444 -194 Motorola SN74LS73A 
444-196 National DM74LS73 
458 -186 Raytheon 74LS73 
608-22 ~Iics 74LS73 
458-198 TI SN74LS73A 
608-42 74LS74 Fairchild 74LS74 
459 -42 Hitachi HD74LS74A 
607 -35 Motorola SN74LS74A 
459 -50 National DM74LS74 
607 -57 NEe America "PB74LS74 
445-110 Raytheon 74LS74 
445-111 Signetics 74LS74A 
445-113 TI SN74LS74A 
445-115 74LS75 F8Irchiid 74LS~5 

445-116 \ Motorola SN74LS75 
445-1 National DM74LS75 
445-122 Raytheon 74LS75 
445-124 Sigletics 74LS75 
433-26 TI SN74LS75 
431 -55 74LS76 Fairchild 74LS76 
450-58 Hitachi HD74LS76 
447 -173 Motorola SN74LS76A 
440-77 NaOOnal DM74LS76 
459-147 Raytheon 74LS76 
459-12 Signetics 74LS76 
618 -36 TI SN74LS76A 
459·134 74LS77 Fairchild '74LS77 
618-41 National DM74LS77 
459 -135 Raytheon 74LS77 
618-42 TI SN74LS77 
459·99 74LS78 Fairchild 74LS78 
618-22 Hitachi HD74LS78 
459-103 Motorola SN74LS78A 
618-24 National DM74LS78 
459 -104 Raytheon 74LS78 
618-25 Signetics 74LS78 
459-101 TI SN74LS78A 
618-23 74LS83 Fairchild 74LS83 
459 -1 Hitachi HD74LS83A 
61S-26 Motorola SN74LS83A 
459-107 National DM74LS83A 
618-l!{ Raytheon 74LS83A 
459 -137 Signetics 74LS83A 
618-43 TISN74LS83A 

Page-Une 

459-13 
618-44 
459-109 
618-28 
459-11 
618-29 
459-128 
618-37 
459-141 
618-45 
459-142 
618-46 

.1718 
433-43 

.1718 

:!!~~.~ 1 1171-65 
449-15 

'~7~ -6~ I 
44!:1-11 

1171-69 
449-23 

1171-71 
449-25 

1171-73 
449-27 

1171-75 
455-70 
455-73 
426-65 
426-1 

431-61 
438-47 
438-50 
438-53 
438-57 
438-63 
438-69 
438-74 
438·17 
438-171 
438-17 
438-175 
438-17 
438-18 
438-18 
438-184 
448-88 
448-92 
448-96 
448-101 
448-10 
448-10 
438-111 
438-11 
438-11 
438-11 
438-12 
438-122 
438-124 
448-57 
448-60 
448-64 
448-66 
437-61 
437--62 
437-64 
437-66 
437-72 
437-74 
437-76 
425-50 
425-53 
425-58 
425-62 
425-68 
425-75 
425-79 

• Indicates entire Application Note is provided on the page noted, 
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PART NUMBER INDEX 
a- Base Base Base 
Number Source Devtce Page-Une Number Source Device Page-Une Number ,Source Device Page-Une Number Source Device Page-Une 

74LS85 Fairchild 74LS85 427-86 74S05 Signetics 74S05 429·3 74S153 AMD SN74S153 450·177 74S195 TI SN74S195 1189-85 
Motorola SN74LS85 427 -88 TI SN74S05 429·6 Fairchild 74S153 450-179 74S196 TI SN74S196 

.. 
431-179 

National DM74LS85 427-90 74S08 Fairchild 74S08 441-107 Hitachi H074S153 450-180 74S197 Signetics 74S197 430·4 
Raytheon 74LS85 427-94 Signetics 74S08 441-109 National DM74S153 450-181 TI SN74S197 430·7 
Signetics 74LS85 427-96 TI SN74S08 441-111 Signetics 74S153 450·184 74S20 Fairchild 74S20 442-89 
TI SN74LS85 427-98 74S09 Fairchild 74S09 441-149 TI SN74S153 450·186 Ferranti ZN74S20 442-91 

74lS86 Fairchild 74LS86 446-18 Signetics 74S09 441-151 74S157 AMD SN74S157 449-111 Hitachi HD74S20 442·92 
Hitachi HD74LS86 446-19 TI SN74S09 441-153 Fairchild 74S157 449-115 National DM74S20 442-94 
Motorola SN74LS86 446-22 74S10 Fairchild' 74S10 443·57 Hitachi HD74S157 449-116 Signetics 74S20 442_96 
National DM74LS86 446-26 Hitachi HD74S10 443-58 National DM74S157 449·118 TI SN74S20 442-98 
NEC America p.PB74lS86 446-29 National DM74S10 443-60 Signetics 74S157 449·120 74S2OO National DM74S2oo 1173·100 
Raytheon 74LS86 446-33 Signetics 74S10 443-62 TI SN74S157 449-122 Signetics 748200 .1678 
Signetics . 74LS86 446-39 TI SN74S10 443-64 74S158 AMD SN74S158 449-196 1173-104 
n SN74LS86 446-43 74S109 Fairchild 74S109 437-111 Fairchild 74S158 449-198 74S201 Signetics 748201 .1678 

74LS89 Motorola SN74LS89 1172-43 74S11 Fairchild 74S11 441-24 Hitachi HD74S158 450-2 1173-105 
74LS90 Fairchild 74LS90 431-101 Hitachi HD74S11 441-25 National DM74S158 450-4 TI SN74S201 1174-12 

Motorola SN74LS90 431·105 National DM74S1\ 441-27 Signetics 74S158 450-6 74S206 National DM74S206 1174.-6 
National DM74LS90 431-109 Signetics 74S11 441-29 TI SN74S158 450-9 74S207 TI SN74S207· 1174-65 
Raytheon 74lS90 431-115 TI SN74S11 441-31 74S160 AMD SN74S160 432-32 74S208 TI SN74S208 1174-67 
Signetics 74LS90 431-117 74S112 Fairchild 74S112 437-192 74S161 AMD SN74S161 430-115 1756-131 
TI SN74LS90 431-121 Hitachi HD74S112 437-193 74S162 TI SN74S162 432-78 748214 TI SN74S214 1177-39 

74LS91 Raytheon 74LS91 454-1~1 National DM74S112 437-195 74S163 TI SN74S163 430-55 SN74S214A 1177-2 
1191-94 Signetics 748112 437-197 74S167 Fairchild 74S167 456-137 74S22 Fairchild 74S22 442-194 

TI SN74LS91 454-193 TI SN74S112 437-199 74S168 TI SN74S168 433-45 Ferranti ZN74S22 442-100 
1191-100 74S113 Fairchild 74S113 437-133 74S169 TI SN74S169 431-49 Hitachi HD74S22 442-197 

74lS92 Fairchild 74LS92 433-87 Hitachi HD74S113 437·134 74S172 Signetics 74S172 449-31 National DM74S22 442.-199 
Hitachi HD74LS92 433-88 National DM74S113 437-138 1171-84 Signetics 74S22 442-201 
Motorola SN74LS92 433·90 Signetics 74S113 437 -149 74S174 AMD SN74S174 440-31 TI SN74S22 443-2 
National DM74LS92 433-92 TI SN74S113 437-142 , 198-6 74S225 TI SN74S225 449-51 
Raytheon 74LS92 433-96 74S114 Fairchild 74S114 437 -163 Fa\rchild 74S174 440-33 1159-64 
Signetics 74LS92 433-98 Hitachi HD74S114 437-164 Hitachi HD745174 440-34 1756-125 
TI SN74LS92 433-100 National DM74S114 437-166 National DM74S174 440-36 74S226 TI SN74S226 458-119 

74LS93 Fairchild 74LS93 429·114 Signetics 74S114 437 -168 Signetics 74S174 440·38 616-48 
MotOrola 5N74LS93 429-118 TI SN74S114 437-170 TI SN74S174 440-40 74S240 AMD SN74S240 459-10 
National DM74L593 429-122 74S12· Hitachi HD74512 443-91 74S175 AMD SN745175 439-85 608-18 
Raytheon 74LS93 429-128 74S124 TI SN74S124 458-35 • 198-6 MMI 748240 .768 
Signetics 74LS93 429-130 899-114 Fairchild 74S175 439-87 459-12 
TI SN74LS93 429·134 74S132 Fairchild 74S132 457-177 Hitachi HD74S175 439-88 608-26 

74LS~ Fairchild 74LS~8 453-80 TI SN74S132 457-179 National OM745175 439-90 TI 5N74S240 459-20 
1188-105 74S133 Fairchild 74S133 442-31 Signetics 74S175 439-91 608-53 

Hitachi H074lS95B 453-81 Hitachi HD74S133 442-30 TI SN74S175 439c92 74S241 AMD SN745241 459-59 
Motorola SN74lS95B 453-83 National DM74S133 442-33 74S178 Signetics 74S178 453-180 607·23 

1189-4 Signetics 74S133 442-35 1189-65 MMI 748241 .768 
Raytheon 74LS958 453-87 TI SN74S133 442-37 74S179 Signetics 74S179 453-194 459-61 

1188-49 74S134 Fairchild 74S134 442-15 1189-66 607-39 
Signelics 74L595B 453-88 Hitachi HD745134 442-16 74S181 AMD· 5N74S181 426-115 TI SN745241 459-65 

1188-82 National DM745134 442-17 Hitachi HD74S181 426-118 608-10 
TI SN74LS95B 453-90 Signetics 74S134 442-19 Signetics 745181 .426-121 745242 AMD 5N74S242 458-101 

1188-89 TI SN74S134 442-21 TI SN74S181 426-123 616-29 
74L596 SigneticS 74L596 454-21 745135 Fairchild 74S135 446-117 74S182 Hitachi HD74S182 426-168 74S243 AMD SN74S243 458-103 

1190-45 Hitachi HD74S135 446-118 MMI 74S182 426-171 616-31 
TI SN74LS96 454-23 National DM74S135 446-119 National DM74S182 426-172 74S244 AMD SN74S244 459-92 

1190-49 Signetics 745135 446·120 .Signetics 74S182 426-174 607-29 
741164 National DM741164A 1191-32 TI SN74S135 446.-122 TI SN74S182 426-176 MMI 748244 .768 

TI 5N741164 1191-34 745136 National DM74S136 446-85 74S187 National DM745187 1183-28 459·94 
74LH!7 National OM741187A 1183-71 745138 AMD SN745138 435-36 74S188 National DM745188 1161-12 607-43 
74L91 National DM74L91 1191-78 Fairchild 74S138 435-38 Supertex MM74S188 .1704 745251 AMD SN74S251 451-202 

TI 5N74L91 1191-76 National DM74S138 435-41 1161-3 Fairchild 74S251 4524 
74L95 National DM74L95 1188-21 Signetics 74S138 435-42 SM74S188 .1704 Hitachi HD74S251 452-5 

TI SN74L95 1188-15 TI SN74S138 435-44 1161-1 National DM74S251 452-7 
74L99 TI SN74L99 1188-14 74S139 AMD 5N74S139 434-198 n SN74S188 .1708 Siignetics 74S251 452-9 
74SOO Fairchild 74Soo 443-146 Fairchild 74S139 434·200 1161-20 TI SN74S251 452-11 

Ferranti ZN74Soo 443-148 National DM74S139 434-201 745189 AMD SN74S189 1172-33 74S253 AMD SN74S253 451-15 
Hitachi HD74SOO 443-149 Signetics 74S139 435-3 Fairchild 74S189 1172-34 Fairchild 745253 451-17 
National DM74SOO 443-151 TI SN74S139 435-5. Hitachi HD74S189 1172-35 National DM74S253 451-18 
Signelics 74Soo 443-153 74S140 Fairchild 74S140 436-138 National DM74S189 1172-36 Signetics 74S253 451-20 
TI SN74Soo 443-155 609-13 Signetics 74S189 .1678 74S257 AMD SN745257 450-71 

74S02 Fairchild 74S02 447-95 Hitachi HD74S140 436-139 1172-37 Fairchild 74S257 450-73 
Hitachi HD74S02 447-96 609-14 TI 5N74S189 1172-38 Hitachi HD74S257 450-74 
National DM74502 447-97 National DM74S140 436-140 74S194 AMD SN74S194 453-129 National DM74S257 450-76 
Signe\ics 74S02 447-99 609-15 1189-73 Signetics 74S257 450-77 
TI SN74502 447-101 Signetics 74S140 436-142 11 198-6 TI 5N74S257 450-79 

74S03 Fairchild 74S03 444-72 609-21 Fairchild 745194 453-131 74S258 AMD SN74S258 450-35 
Ferranti ZN74S03 444-74 TI SN74S140 436-144 1189-79 Fairchild 745258 450-37 
Hitachi HD74503 444-75 609·25 National DM74S194 453-132 National DM74S258 450-39 
National DM74S03 444-77 74S15 Fairchild 74S15 441·55 Signetics 74S194 453-133 Signetics 74S258 450-41 
Sigletics 74S03 444·-79 Hitachi HD74S15 441·56 1189-80 TI 5N74S258 450-43 
TI 5N74503 444-81 National DM74S15 441-58 TI SN74S194 453-135 74S260 National DM74S260 447-2 

74504 Fairchild 74S04 428-135 Siignetics 74S15 441-60 1189-83 Signetics 745260 447-4 
Hitachi HD74S04 428·139 TI SN74S15 441-62 74S195 AMD SN74S195 453-50 TI 5N74S260 447-13 
National DM74S04 428·141 74S151 AMD SN74S151 451-148 1189-75 74S270 National DM74S270 1183-93 
Signetics 74504 428-143 Fairchild 74S151 451·150 , 198-6 TI 5N74S270 1183-99 
TI 5N74S04 428-146 Hitachi HD745151 4517153 National DM745195 453-53 74S2708 TI SN74S2708 1165-104 

74505 Fairchild 74S05 428-198 National DM74S151 451-155 Signetics 745195 453-54 745271 TI 5N74S271 1183·58 
Hitachi HD74505 428-201 Signetics 74S151 451-157 1189-81 745274 TI 5N74S274 425-148 
National DM74S05 428-203 TI 5N745151 451-159 TI 5N745195 453·56 74S275 TI SN74S275 426-56 

Arranged alphanumericatly from left to right. 
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Base 
Number 

745280. Hitachi 
National 
Signetics 
TI 

745281 National 
Tf 

745283 MMI 
TI 

745287 National 

TI 

748288 National 
&lpertex 

I 
TI 

I 
748289 AMD 

I=airchi!d 
Hitachi 
National 
TI 

745291 TI 
748299 TI 

HD748280 
DM748280 
748280 
SN745280 
DM748281 
SN74S28i 
748283 
8N748283 
DM745287 

SN74S281 

457 -29 745452 TI 
457-30 
457 -31 748453 TI 
457-34 
426-191 748454 TI 
426-193 
425-83 748455 TI 
425-85 

1161-88 748470 TI 
, 194-18 
.1708 748471 TI 

1162-3 
DM748288 1161-15 748472 NaliOral 
MM74S288 .1704 TI 

1161-4 

sr"i.tS2oo * "iiU4 
1161-2 

SN74S288 .1708 
1161-24 

SN74S289 
748289 
HD748289 
DM748289 
8N748289 
8N74S291 
8N745299 

1172-25 
1172-26 
1172-28 
1172-31 
431-70 
454-91 

1190-120 

748473 National 
TI 

74$474 T! 

748475 TI 

748476 TI 

748477 TI 

74830 Fairchild 74830 442 -8 748478 TI 
National DM74830 442-10 
TI 8N74S30 442-12 748479 TI 

748301 Signetics 745301 .1678 
1173-98 748481 TI 

TI 
748314 TI 

8N7453011174-9 
5N745314 1177-32 

74832 Fairchild 
Signetics 
TI 

748330 TI 

748331 TI 

SN74S314A 
74532 
74832 
8N74832 
5N748330 

8N748331 

748350 AMD 8N748350 
Signetlcs 745350 

748365 
748366 
748367 
748368 
74837 

Slgnetics 
Signetics 
5ignetics 
Signetics 
Signetics 
TI 

745370 T. 
74S3708 TI 
748371 TI 
748373 AMD 

MMI 

TI 
748374 AMD 

MMI 

TI 
745378 AMD 
748379 AMD 
74538 Signetics 

TI 
745381 MMI 

TI 
748387 National 

TI 

748388 AMD 
745399 AMD 
74540 Fairchild 

Hitachi 
National 
Signetics 
TI 

745412 TI 

748428 TI 
74S438 TI 
745450 TI 
74S451 TI 

745365 
748366 
748367 
748368 
74837 
5N74837 
SN74S370 
SN74S3708 
8N748371 
8N748373 
74S373 

8N748373 
8N748374 
74S374 

8N748374 
8N748378 
8N748379 
74838 
8N74838 
748381 
8N748381 
DM748387 
SN74S387 

SN748388 
8N748399 
74840 
HD74840 
DM74840 
74840 
8N74840 
8N748412 

8N748428 
SN745438 
8N748450 
SN745451 

1176 -120 748482 TI 
446-155 
446-157 
446 -159 74851 Fairctlild 
456 -30 Hitachi 

1160 ·28 Nabonal 
1756-120 Signetics 
456-32 TI 

1160 -30 748533 AMD 
1756-123 745534 AMD 

456-113 748570 National 
• 561 7485701 ,National 

456-115 748572 Nabonal 
428-70 748573 National 
429 -67 748574 National 
428-71 74564 Fairchild 
429 -68 Hitachi 
443 -193 National 
443 -195 Signetlcs 

1183-101 
1165-93 74865 
1183-60 
447-187 

• 505 
447 -189 
447 -193 74874 
440-93 

• 505 
440-95 
440-99 
439-189 74885 
439-110 
444-120 74586 
444-122 
426-137 
426-143 

1161-86 
.1708 74589 

1161-117 
439-127 740 
439-171 
442-152 
442-153 
442-155 
442-157 
442-159 
447-195 7400 

1761-9 
1761-78 
1761-79 

1165-1021 
1165-91 I 

! 

Tt 
Fairchild 
Hitachi 
Natlonal 
Signetlcs 
TI 
Fairchild 
Hitachi 
Nationai 
Signeties 
TI 
Signeties 
TI 
Falrctlild 
Hitachi 
Nationa! 
Signetles 
TI 
Signetics 

National 

Signeties 

Fairchiid 
Ferranti 
Hitachi 
Motorola 

National 

SN74S452 .1713 7400 
1167-60 

SN74S453 .1713 
1167-58 

SN74S454 .1713 
1167-9 

SN74S455 .1713 ltO' 
1167-7 

SN74S470 .1708 
1162-44 

SN74S471 .1708 
1162-48 

DM745472 1163-112 
SN74S472 .1708 

1164 -50 7402 

DM748473 ~~!~:;~~I 
SN74S473 .1708 

1164-43 I 
SN74S474 .17()8 I 

1164 ~54 I 

SN74S475 .1708 
1164-47 

SN74S476 .1713 
1164-118 

SN74S4n .1713 
1164-1Hl 

SN74S478 .1713 
1165-103 

SN74S479 .1713 
1165-92 

SN748481 427 -52 

SN745482 

1756-114 
1748-1 

459-1 8°1 
1752·158 
1756-117 
445·80 
445-81 
445 -83 
445·85 
445-87 
448-5 
440-107 

1163-22 
1163-26 
1165-21 
1165-30 
1165-31 
445-35 
445-36 
445-37 
445-39 
445-41 
445 -44 
445-45 

7403 

7404 

7405 

7406 

7407 

74851 
HD74851 
DM74S51 
74S51 
5N74S51 
SN74S533 
SN748534 
DM745570 
DM748571 
DM745572 
DM748573 
DM748574 
74864 
HD74S64 
DM74864 
74S64 
SN74S64 
74865 
HD74565 
DM74S65 
74865 
8N74865 
74874 
HD74S74 
DM74S74 
74S74 
8N74S74 
74885 
8N74885 
74586 
HD74S86 
DM74886 
74886 
8N74886 
74589 

445-46 7408 

J.LA740 
/iA740C 
J.LA74QM 
LH740A 
LH740AC 
J.LA740C 
TCA740 
7400 
ZN7400 
HD7400 
MC7400 

DM7400 

445-48 
445-50 
438-196 
438-197 
438-199 
438-201 
439-3 7409 
427-101 
427 -103 

446-49 " 
446-50 
446-51 
446-54 
446-56 741 

.1678 
1172-52 

• 164-7 
888-26 
887-38 
887-8 
887 ·34 
888-2 
851-150 
443-96 
443-100 
443-101 
443 -105

1 

• 185-13 
4113-107 

Source Device 

National DM7400 
NEG America /iPB74oo 
Signeties 7400 
TI SN7400 

Toshiba 
Fairchild 
Ferranti 
GI 
Hitachi 
Motorola 
National 
Signeties 
TI 
Fairchild 

TC7400B 
7401 
ZN7401 
ACF7401C 
HD7401 
MC7401 
DM7401 
7401 
SN7401 
7402 

Nllacnl NU/4UZ 

Motorola MC7402 
National DM7402 
NEG America J.LPB7402 
Signetics 7402 

Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 

FalrCl'llld 

SN7402 
7403 
HD7403 
MC7403 
DM7403 
7403 
8N7403 
1404 

Ferranti ZN7404 
Hitachi HD7404 
Motorola MC7404 
National DM7404 
NEG America /iPB7404 
Signetics 7404 
TI 8N7404 
Fairchild 7405 
Ferranti ZN7405 
Hitachi HD7405 
Motorola MC7405 
National DM7405 
NEG America /iPB7405 
Signetics 7405 
TI 5N7405 
TRW 7405 
Fairctlild 7406 
Hitachi HD7406 
Motorola MC7406 
National DM7406 
Signeties 7406 
TI SN7406 
Fairchild 7407 
Hitachi HD7407 
Motorola MC7407 
Natlonai 
Slgneties 
T! 
Fairchild 
Ferranti 
Hitachi 
Motorola 
National 
Signetlcs 
TI 
Fairchild 
Ferranti 
Hitachi 
Motorola 
National 
Signetics 
TI 
AD 

AMD 

Exar 
Fairchtld 

DM7407 
7407 
SN7407 
7408 
lN7408 
HD7408 
MC7408 
DM7408 
7408 
5N7408 
7409 
ZN7409 
HD7409 
MC7409 
DM7409 
7409 
8N7409 
AD741 

AD741C 
AD741J 
AD741K 
AD741L 
AD7418 
8SS741 
5S5741C 
741 
741M 
XR741M 

/iA741 

J.LA741AM 
~A741C 

11 Indicates page number in Application Note Directory . 
.. Indicates additional data is provided on the page noted . 

Base 
Number Source Device 

, 156-17 741 
443-109 
443-111 
443-113 

• 160-19 

410-195/ 
443-198 
444-4 
901-29 
444-5 
444-10 
444-14 
444-19 
444-23 
447-43 

::;::: I 
447-51 
447-52 

447-54 I 
447-58 
443-200 
444-6 
444-12 
444-16 
444·21 
444-25 
428-86 
428-90 
428-91 
428-94 
428-96 
428-98 
428-99 
428-102 
428-149 
428-153 
428-154 
428-157 
428-159 
428-1 
428-164 ' 

435-192 
435-194 
435-152 7410 
435-153 
435-156 
435-158 
435-160 
435-162 
441-65 
441-67 
441--69 
441-72 
441-74' 74100 
441-76 
441-78 
441-114 74104 
441-116 74105 
441-117 
441-120 74107 
441-122 
441-124 
441-126 
863-23 
880-38 
883-4 
876-43 
874-46 74109 
870-42 
874 -45 
874-15 7411 
879-56 
863-22 
880-39 74110 
894·21 74111 
863-24 74116 

, 164-6 
870-57 
883-5 74118 

Fairchild 

Inml 

National 

IlA741EC 
J.LA741M 
ICL741 

lCL741C 
ICL741CHS 
ICL741CLN 
ICL741MHS 
741LN 
LM741 

LM741 A 

I..M741C 

LM741E 

NEe AlnetiCa I1PC741 

NPC SFC741C 
PMI PM741 

Raytheon 

RCA 

Signetics 

Silicon G 

TI 

Fairchild 
Ferranti 
GI 

PM741C 
888741 

SSS741B 
88S741C 
S8S741G 

RC741 

RM741 
CA741 

CA741C 

/iA741 

J.LA741C 
SA741C 
SG741 

8G741C 
8G7418 
5G7418C 
J.LA741 
IlA741C 
J.LA741M 
7410 
ZN7410 
ACF7410C 

Hitachi HD74iO 
Motorola MC7 410 
National DM7410 
NEe America ).IPB74iO 
Signetics 7410 
n 5N7410 
Toshiba TC7410B 
Motorola MC74100 
Signetics 74100 
TI SN741 00 
Fairchild 74104 
Fairchild 74105 
NEe America /iPB7 4105 
Fairchild 74107 
Ferranti ZN74107 
Hitachi HD74107 
Motorola MC74107 
National DM74107 
NEG America /iPS741 07 
Signetics 74107 
TI SN74107 
National DM74109 
Signetics 74109 
n SN741 09 
Fairchild 7411 
National DM74H 
Signetics 7411 
Tt 8N74110 
TI SN74111 
Fairchild 
Signetics 
TI 
Ferranb 

74116 
74116 
8N74116 
IN74118 

Page..Une I 
870-58 
880-40 
863-26 
880-41 
883-7 
883-22 
882-43 
881-28 
880-52 

.1035 
863-28 
880-45 

, 167-5 
",1035 

876-36 

::§:,I 
863-29 I 
883·11 
883-12 
863-32 
880-46 
883-13 
863-33 
874-16 
876-40 
876-35 
882-31 
876-41 
880-2 
863-35 
883-14 
880-47 
863-34 
880-48 
883-15 
863-37 
880-49 
883·16 
883-18 
863-36 
880-50 
883-20 
881-22 
882-36 
863-39 
883-21 
880·51 
443-8 
443-12 
901·31 
443-13 
443-17 
443-19 
443-21 
443-23 
443-25 
410-157 
448-14 
448-16 
448-18 
436-15 
436-154 
436-15 
438-14 
438-18 
438-20 
438·27 
438-31 
438-33 
438-37 
438-41 
437-88 
437-90 
437-92 
440-18 
440-18 
440-191 
436·18 
438-134 
448-25 

448-
32

1 448-38 
448-137 

I 

• Indicates entire Application Note is provided on the page noted. 
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74119 Ferranti ZN74119 448-139 74147 Signetics 74147 456-181 74161 National DM74161 430-77 74173 Signetics 74173 439-24 
7412 Fairchild 7412 443-67 TI SN74147 456-183 NEG America ILPB74161 430-80 TI SN74173 439-26 

Ferranti ZN7412 443-70 74148 Hitachi HD74148 456-147 Signetics 74161 430-84 74174 AMD SN74174 439-192 
Hitachi HD7412 443-71 National DM74148 456-154 TI SN74161 430-89 Fairchild 74174 439-194 
Signetics 7412 443-73 NEG Amel'ica ",PB74148 . 456-155 11 155-13 Ferranti ZN74174 439-197 
TI SN7412 443-75 Signetics 74148 456-157 74162 AMD SN74162 432-40 Hitachi HD74174 439-198 

74120 Motorola MC74120 457-80 TI SN74148 456-161 Fairchild 74162 432-42 Motorola MC74174 439-201 
TI SN74120 457-82 74150 Fairchild 74150 452-22 Hitachi HD74162 432-43 National DM74174 440-3 

74121 Fairchild 74121 452-45 Ferranti ZN74150 452-24 Motorola MC74162 432-46 Signetics 74174 440-5· 
Ferranti ZN74121 452-47 Hitachi HD74150 452-25 National DM74162 432-48 TI SN74174 440-7 
Hitachi HD74121 452-48 Motorola MC74150 452-28 Signetics 74162 432-50 74175 AMD SN74175 439-42 
Motorola MC74121 452-51 National oM74150 452-30 TI SN74162 432-52 Fairchild 74175 439-44 
National DM74121 452-53 NEG America ILPB74150 452-31 11 155-13 Ferranti Z~74175 439-46 
Signetics 74121 452-55 Signetics 74150 452-33 74163 AMD SN74163 430-16 Hitachi HD74175 439-47 
TI SN74121 452-57 TI SN74150 452-35 Fairchild 74163 430-18 Motorola MC74175 439-50 

74122 Fairchild 74122 452-82 74151 Fairchild 74151 451-1Q8 Ferranti ZN74163 430-20 National DM74175 439-52 
Ferranti ZN74122 452-84 Ferranti ZN74151 451-110 Hitachi HD74163 430-21 NEG America ",PB74175 439-53 
Motorola MC74122 452-87 Hitachi HD74151A 451-111 Motorola MC74163 430-24 Signetics 74175 439-55 
Signetics 74122 452-88 Motorola MC74151 451-114 National DM741tl3 430-26 TI SN74175 439-57 
TI SN74122 452-90 National DM74151A 451-116 Signetics 74163 430-28 74176 Fairchild 74176 431-12/ 

74123 AMD SN74123 452-158 NEG America ",PB74151 451-117 TI SN74163 430-30 Hitachi HD74176 431-13(J 
11 161-9 Signetics 74151 451-119 f 155-13 M.otorola MC74176 431-137 

Fairchild 74123 452-160 TI SN74151A 451-121 74164 AMD SN74164 454-131 National DM74176 431-145 
Ferranti ZN74123 452-162 74152 Fairchild 741'52 451-55 1191-36 Signetics 74176 431-154 
Hitachi HD74123 450-139 Motorola MC74152 451-57 Fairchild 74164 454-133 TI SN74176 431-159 

452-163 74153 Fairchild 74153 450-136 1191-40 74177 Fairchild 74177 429-153 
Motorola MC74123 452-166 Ferranti ZN74153 450-138 Ferranti ZN74164 454-136 Hitachi HD74177 429-1 58 
National DM74123 452-168 Motorola MC74153 450-144 1191-44 Motorola MC74177 429-~64 
NEG America JLPB74123 452-169 National DM74153 450-146 Hitachi HD74164 454-137 National DM74177 429-174 
Signetics 74123 452-171 NEG America ",PB74153 450-147 1191-45 Signetics 74177 429-183 
TI SN74123 452-173 Signetics 74153 450-149 National DM74164 454-142 TI SN74177 429-186 

74125 Fairchild 74125 427-144 TI SN74153 '450-151 1191-53 74178 Fairchild 74178 453-171 
Hitachi HD74125 427-145 74154 AMD SN74154 435-93 NEG America ",PB74164 454-143 1188-57 
National DM74125 427 -150 Fairchild 74154 435-97 1191-56 TI SN74178 453-179 
Signetics 74125 427-152 Ferranti ZN74154 435-99 Signetics 74164 454-145 1188-91 
n SN74125 427-154 Hitachi HD74154 435-100 1191-63 74179 Fairchild 74179 453-185 

74126 Fairchild 74126 427-175 Motorola MC74154 435-105 TI SN74164 454-147 1188-59 
Hitachi HD74126 427-176 National DM74154 435-107 1191-68 TI SN74179 453-193 
National DM74126 427-181 NEe Americ;a /olPB74154 435-110 74165 Fairchild 74165 454-95 1188-93 
Signetics 74126 427-183 Signetics 74154 435-114 1190-124 74180 Fairchild 74180 457-2 
n SN74126 427-185 TI SN74154 435-118 Ferranti ZN74165 454-97 Ferranti ZN74180 457-4 

74128 Signetics 74128 436-84 74155 Fairchild 74155 434-102 1191-2 Hitachi HD74180 457-5 
610-18 Ferranti ZN74155 434-104 Motorola MC74165 454-100 Motorola MC74180 457-8 

TI SN74128 436-86 Hitachi HD74155 434-105 1191-5 National DM74180 457-10 
610-19 Motorola MC74155 434-108 National DM74165 454-102 NEG America ,.,.PB74180 457.-12 

7413 Fairchild 7413 457-114 National DM74155 434-110 1191-7 Signetics 74180 457-18 
Ferranti ZN7413 457-116 Signetics 74155 434-113 Signetics 74165 454-104 TI SN74180 457-20 

, Hitachi HD7413 457-117 TI SN74155 434-115 1191-9 74181 AMD SN74181 426-72 
Motorola MC7413 457-120 74156 Fairchild 74156 434-136 TI SN74165 454-106 Fairchild 74181 426-76 
National DM7413 457-122 Hitachi HD74156 434-137 1191-11 Ferranti ZN74181 426-78 
NEG America ,.,.PB7413 457-123 Motorola MC74156 434-140 74166 Fairchild 74166 454-114 Motorola MC74181 426-82 
Signetics 7413 457 "125 National DM74156 434-142 1191-14 National DM74181 426-84 
TI SN7413 457-127 NEG America ,.,.PB74156 434-143 Ferranti ZN74166 454-116 NEG America,.,.PB74181 426-85 

74132 Fairchild 74132 457-148 Signetics 74156 434-145 1191-16 Signetics 74181 426-91 
Hitachi HD74132 457-149 TI SN74156 434-147 Hitachi HD74166 454-117 TI SN74181 426-93 
Motorola MC74132 457-152 74157 AMD SN74157 449-56 1191-17 74182 AMD SN74182 426-148 
National DM74132 457 ~154 Fairchild 74157 449-60 National DM74166 454-120 Fairchild 74182 426-152 
Signetics 74132 457 -156 Ferranti ZN74157 449'-62 1191-22 Hitachi HD74182 426-153 
TI SN74132 457-158 Hitachi HD74157 449-63 Signetics 74166 454-122 Motorola MC74182 426-156 

74136 Hitachi HD74136 446-62 Motorola MC74157 449069 1191-24 National DM74182 426-159 
Motorola MC74136 446-64 National DM74157 449-73 n SN74166 454-124 NEG America /olPB74182 426-151 
TI SN74136 446-66 NEG America ,.,.PB74157 449-74 1191-28 Signetics 74182 426-163 

7414 Fairchild 7414 457-182 Signetics 74157 449-83 74167 Fairchild 74167 456-130 TI SN74182 426-165 
Hitachi HD7414 457-183 Tl SN74157 449-85 Motorola MC74167 456-132 11 198-3 
Motorola MC7414 457 -186 74158 Sigletics 74158 449-171 TI SN74167 456-135 74183 TI SN74183 ',198-3 
National DM7414 457-188 74159 Hitachi HD74159 435-125 7417 Fairchild 7417 435-137 74184 Ferranti ZN74184 457-63 
Signetics 7414 457-190 TI SN74159 435-127 Hitachi HD7417 435-138 National DM74184 457-66 
TI SN7414 457-192 7416 Fairchild 7416 435-167 Motorola MC7417 435-141 n SN74184 457-68 

74141 Fairchild 74141 6O~-101 Hitachi HD7416· 435-168 National DM7417 435-143 1158-25 
Hitachi HD74141 603-102 Motorola MC7416 435-171 Signetics 7417 435-145 , 151-10 
Motorola MC74141 603-104 National DM7416 435-173 TI SN7417 435-147 74185 National DM74185A 457-74 
National DM74141 603-106 Signetics 7416 435-177 74170 Fairchild 74170 448-176 NEG America ,.,.PB74185 434-111 
NEG America ,.,.PB74141 603-107 TI SN7416 435-179 1171-46 TI SN74185A 457-77 
TI SN74141 603-108 74160 AMD SN74160 431-185 Ferranti ZN74170 448-178 1158-37 

74142 TI SN74142 433-139 Fairchild 74160 431-189 1171-50 , 151-10 
74143 TI SN74143 433-147 Hitachi HD74160 431-190 National DM74170 448-180 74186 TI SN74186 1161-62 
74144 TI SN74144 433-143 Motorola MC74160 431-195 1171-55 74187 National DM74187 1183-41 
74145 Fairchild 74145 434-55 National DM74160 431-197 NEG America ,.,.PB74170 448-181 TI SN74187 1183-36 

Hitachi HD74145 434-56 Sigletics 74160 432-3 Signetics 74170 448-183 74188 TI SN74188A 1161-46 
Motorola MC74145 434-59 TI SN74160 432-8 TI SN74170 448-185 74190 Fairchild 74190 432-137 
National DM74145 434-61 , 155-13 1171-61 Hitachi HD74190 432-138 
Signetics 74145 434-63 74161 AMD SN74161 430-59 74172 TI SN74172 449-30 Motorola MC74190 432-141 
TI SN74145 434-65 Fairchild 74161 430-65 1171-85 National DM74190 432-143 

74147 Hitachi HD74147 456-175 Ferranti ZN74161 430-67 74173 Fairchild 74173 439-14 Signetics 74190 432-145 
National DM74147 456-178 Hitachi HD74161 430-68 Hitachi , HD74173 439-15 TI SN74190 432-147 

NEe America ,.,.PB74147 456-179 Motorola MC74161 430-75 National DM74173. 439-17 74191 Fairchild 74191 430-146 

Arranged alphanumerically from left to right. 
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74191 Ferranti ZN74191 430-148 74199 National DM74199 1190-81 74290 TI SN74290 431-93 7442 Fairchild 7442 433-182 

Hitachi HD74191 430-149 Siglelics 74199 454-35 74293 Fairctlild 74293 429-87 Ferranti ZN7442 433-188 

Motorola MC74191 430-152 1190-86 Hitachi HD74293 429-91 Hitachi HD7442A 433·189 

National DM74191 430-154 TI SN74199 454·37 Motorola MC74293 429·98 Motorola MC7442 433·193 

Signelics 74191 430·156 1190·90 TI SN74293 429·106 National DM7442 434-4 

TI SN74191 430.1581 742 Fairchild J.lA742 • 189·5 74298 Fairchild 74298 439·133 NEe America /-IPS7442 434·7 

74192 AMD SN74192 432·175 JLA742C 919A-46 449·128 Signelics 7442 434·13 

Fairchild 74192 432.1771 7420 Fairchild 7420 442-40 Motorola MC74298 439·136 TI SN7442A 434·21 

Ferranti ZN74192 432·179i Ferranti ZN7420 442·4i) 449·130 74425 TI SN74425 427·156 

Hitachi HM74192 432.180j Hitachi HD7420 442·45 SignetlCS 74298 439·138 74426 TI SN74426 427 ·187 

Motorola MC74192 432·183 Motorola MC7420 442·48 449·132 7443 Fairchild 7443 433·150 

National DM74192 432·187 National DM7420 442·50 TI SN74298 439·140 Hitachi HD7443A 433-151 

NEe America /-IPB74192 432·188 NEe America I-IPB7420 442-52 449·135 Motorola MC7443 433-154 

Signetics 74192 432·192 Signetics 7420 442·54 7430 Fairchild 7430 441·159 Signelics 7443 433-156 

TI SN74192 432·194 TI SN7420 442·56 Ferranti ZN7430 441·163 n SN7443A 433·158 

I 
I"'I~" ';jll1D Si,,74ii13 ,J<j;601 losnloa TCI4~Ot::l 410'11tl Hitachi HD7430 

«"'1 
7444 Fairchild 7444 

4~"~ Fairchild 74193 430·188 7421 Fairchild 7421 440·149 Motorola MC7430 441·167 Hitachi HD7444A 433-1 

Ferranti ZN74193 430·190 Signetics 7421 440·151 National DM7430 441·169 Motorola MC7444 433·16 

Hitachi HD74193 430·191 7422 Fairchtld 7422 442-162 NEe America I-IPS7430 441·17 Signelics 7444 433·171 

Motorola MC74193 430-194 Hitachi H07422 442·163 Signeti<i 7430 441·172 TI SN7444A 433-17 

I Natior.a! DM74193 430-198 TI SN7422 442·165 " SN7430 441·174 7445 Fairchiid 7445 434-74 

NEe America /-IPB74193 430·199 74221 AMD SN74221 452·109 7432 Fairchild 7432 446·125 Hitachi HD7445 434·75 

Signelics 74193 431·4 Hitachi HD74221 452-110 Ferranti ZN7432 446·127 Motorola MC7445 434·78 

TI SN74193 431·6 Signetics 74221 452·111 Hitachi HD7432 446·128 National DM7445 434-80 

74194 AMD SN74194 453·93 TI SN74221 452-113 National DM7432 446-130 NEe America I1PB7445 434-81 

1188·51 7423 Fairchild 7423 446·180 Signelics 7432 446-133 Signetics 7445 434-83 

Fairchild 74194 453-95 Hitachi HD7423 446-181 TI SN7432 446·135 TI SN7445 434·85 

1188·62 Motoroia MC7423 446·183 7433 Signelics 7433 447·104 74452 Motorola MC74452 432·101 

Ferranti ZN74194 453·97 National DM7423 446·185 TI SN7433 447·106 74453 Motorola MC74453 430·12 

1188-66 Signetics 7423 446·186 74351 TI SN74351 452·19 74454 Motorola MC74454 433-57 

Hitachi HD74194 453-98 TI SN7423 446·188 74365 National DM74365 428-15 74455 Motorola MC74455 431-67 

1188-67 74246 TI SN74246 601-191 436·100 74456 Motorola MC74456 425-95 

Motorola MC74194 453-100 74247 TI SN74247 601-165 Signetics 74365A 428-19 7446 Fairchild 7446 601·177 

1188·70 74248 TI SN74248 601-81 436·102 Hitachi HD7446A 601-1B<l 

National DM74194 453·102 74249 T! SN74249 601·111 TI SN74365 428·23 Motorola MC7446 601·182 

1188-74 7425 Fairchild 7425 446·165 436·104 National DM7446A 601·184 

Signetics 74194 453-104 Ferranti ZN7425 446-168 74366 National DM74366 429·13 , 160-8 

1188-84 Hitachi HD7425 446-167 436-108 NEC AmerIca I1PB7446 601·185 

TI SN74194 453 ·106 Motorola MC7425 446-171 Signetics 74366A 429-17 Signetics 7446 601-187 

1188-95 National DM7425 446-173 436-110 TI SN7446A 601·189 

74195 AMD SN74195 453·4 Signetics 7425 446·174 TI SN74366 429·22 74460 Motorola MC74460 458-52 

1188-99 TI SN7425 446-176 436·112 74468 Motorola MC74468 455-87 

Fairchild 74195 453·8 74251 HitaChi HD74251 451-175 74367 National DM74367 428'·1] 624-16< 

1188-113 National DM74251 451-177 436·115 7447 Fairchild 7447 601-1~ 

Hitachi HD74195 453-9 TI SN74251 451-179 Signetics 74367A 428·21 Hitachi HD7447A 601·141 

1188·126 74259 AMD SN74259 447-135 436·117 Motorola MC7447 601-1~ 

Motorola MC74195 453·13 TI SN74259 447-143 TI SN74367 428-25 Nalionaf DM7447A 601-15~ 

1189-8 7426 Fairchild 7426 436-6 436-119 • 160-8 

National DM74195 453·17 Hitachi HD7426 436-7 74368 National DM74368 429·15 NEe America /-IPS7447 601·157 

1189·18 Motorola MC7426 436·9 436-123 &plies 7447 601·15S 

NEe Amenca I-IPB74195 453·18 National DM7426 436-11 Signelics 74368A 429·19 TI SN7447A 601·16~ 

1189-21 Signetics 7426 436-17 436·125 7448 Fairchild 7448 601-48 

Signetics 74195 453-22 TI SN7426 436·19 TI SN74368 429-23 Motorola MC7448 601-57 

1189-38 74265 TI SN74265 457·;02 436·127 National DM7448 601-65 

TI SN74195 453-26 7427 Fairchild 7427 447,-9 7437 Fairchild 7437, 443·158 Signetics 7448 601·75 

1189-44 Ferranti ZN7427 447-11 Ferranti ZN7437 443·160 n SN7448 601-79 

74196 Fairchild 74196 431·129 Hitachi HD7427 447-12 Hitachi HD7437 443·161 7449 F8Irchild 7449 601-89 

Hitachi HD74196 431-131 Motorola MC7427 447·15 Motorola MC7437 443·164 Motorola MC7449 601-97 

Motorola MC74196 431·139 National DM7427 447·17 National DM7437 443·166 TI SN7449 601·109 

National DM74196 431-147 Sigrfetics 7427 447-19 NEe America I1PB7437 443·169 74490 TI SN74490 432·108 

Signetics 74196 431·155 TI SN7427 447-21 Signelics 7437 443-171 74492 TI SN74492 , 184·5 

TI SN74196 431·161 74273 TI SN74273 440-42 TI SN7437 443·173 74495 TI SN74495 , 184-5 

74197 Fairchild 74197 429-155 74276 TI SN74276 438-144 74376 TI SN74376 438-141 7450 Fairchild 7450 445-13 

Ferranti ZN74197 429-157 74278 TI SN74278 456·141 7438 Fairchild 7438 444-84 Ferranti ZN7450 445·141 

Hitachi HD74197 429-159 74279 Fairchtld 74279 448-112 Ferranti ZN7438 444-87 Hitachi HD7450 445-142 

Motorola MC74197 429-166 Hitachi HD74279 448·113 Hitachi HD7438 444·88 Motorola MC7450 445-146 

National DM74197 429-172 Signetics 74279 448·115 Motorola MC7438 444-91 National DM7450 445·148 

Signetics 74197 429·184 TI SN74279 448·117 National DM7438 444·93 NEe America /-IPB7450 445-150 

TI SN74197 429-188 7428 Ferranti ZN7428 447 -45 NEG America /-IPB7438 444-94 Signetics 7450 445-152 
74198 Fairchild 74198 454-40 Signetics 7428 447-56 Signetics 7438 444·96 TI SN7450 445-154 

1190-71 TI SN7428 447-60 TI SN7438 444-100 ' 7451 Fairchild 7451 445·53 

Hitachi HD74198 454·41 74283 FairChild 74283 425-27 7439 Fairchtld 7439 444-85 Ferranti ZN7451 445·54 
1190-74 Hitachi HD74283 425-31 Signetics 7439 444·98 Hitachi HD7451 445·56 

National DM74198 454-44 NtC Amenca /-IPB74283 425-38 74390 TI SN74390 432-107 Motorola MC7451 445·58 

1190·79 TI SN74283 425-44 74393 TI SN74393 429-140 National DM7451 445-60 

NEC America I1PB74198 454-45 , 151·10 7440 Fairchild 7440 442-101 NEe America I1PB7451 445-61 

1190-82 , 198-3 Ferranti ZN7440 442·105 Signetics 7451 445-63 

Signetics 74198 454 ·47 74284 TI SN74284 425·156 Hitachi HD7440 442·106 n SN7451 445-65 

1190-84 , 151-10 Motorola MC7440 442·109 7453 Fairchild 7453 445-8 

TI SN74198 454 -49 , 198-3 National DM7440 442-111 Ferranti ZN7453 445·10 

1190-88 74285 TI SN74285 425-159 NEe America /-IPB7440 442-113 Hitachi HD7453 445·11 

74199 Fairchild 74199 454·29 , 151-10 Signelics 7440 442·115 Motorola MC7453 445-14 

1190·73 • 198·3 TI SN7440 442-117 National DM7453 445·16 

Hitachi HD74199 454-30 74290 Fairchld 74290 431-75 74408 Motorola MC74408 456-190 NEC ".merica ).lPB7453 445·17 

1190·75 Hitachi HD74290 431·79 7441 Fairchild 7441 603-91 Signetics 7453 445-19 

National DM74199 454·33 Motorola MC74290 431·85 National DM7441A 603-95 TI SN7453 445·21 

1/lndicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 
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7454 Fairchitd 7454 444-165 7476 Ferranti ZN7476 438-96 7490 Motorola MC7490 431-83 75S97 National DM75S97 1183-39 
Ferranti ZN7454 444-167 Hitachi HD7476 438-97 National DM7490 431-87 75VOl SiIiconIx S75V01 * 833 
Hitachi HD7454 444-168 Motorola MC7476 438-101 • 162-1 603-13a 
Motorola MC7454 444-170 National DM7476 438-103 Signetics 7490 431-89 621-65 
National DM7454 444-172 NEe America p.PB7476 438-104 TI SN7490A 431-91 75V03 SiIiconIx S75V03 * 833 
NEC America p.PB7454 444-173 Signetics 7476 438-105 7491 Fairchild 7491 454-171 603-139 
Signetics 7454 444-175 TI SN7476 438-108 1191-80 621-68 
TI ' SN7454 444-177 Toshiba TC7476B 409-179 Ferranti ZN7491 454-173 750 Fairchild p.A750 , 171-12 

746 Fairchild flA746 858-91 7477 Fairchild 7477 448-50 1191-82 Plessey SP750 , 179-1 
NaIi<lrW LM746 858-119 Motorola MC7477 448-52 Hitachi HD7491 A 454-174 TBA750 855-48 

7460 Fairchild 7460 445-169 Signetics 7477 448-54 Motorola MC7491 454-178 860-47 
Ferranti ZN7460 445-171 7479 Motorola 'MC7479 438-147 MC7491A 1191-87 Signetics TBA750 855-72 
Hitachi HD7460 445-172 748 AMD 748C 882-47 National DM749~A 454-180 860-64 
Motorola MC7460 445-176 748M , 881-9 SN7491A 1191-89 TCA750 857-171 
National DM7460 445-178 Fairchild p.A748C 882-48 NEe America flPB7491 454-181 7501 AD AD7501J 575-55 
NEe America p.PB7460 445-179 p.A748M 881-10 1191-90 AD7501K 575-56 
Signetics 7460 445-181 National LM748 881-12 Signetics 7491 454-184 AD7501S 575-57 
TI SN7460 445-183 LM748C 881-13 1191-96 Micro Power MP7501J 575-61 

747 AMD SSS747 889-15 NPC SFC748C 882-50 TI SN7491A 454-186 MP7501K 575-64 
SSS747C 890-29 Plessey SL748 882-51 1191-98 MP7501S 575-65 
747C 891-58 SL748A 881-14 7492 Fairchild 7492 433-69 7502 AD AD7502J 574-114 
747M 890-53 Raytheon RC748 882-52 Ferranti ZN7492 433-71 AD7502K 574-115 

Fairchild p.A747AM 890-2 RM748 881-15 Hitachi HD7492A 433-72 AD7502S 574-11E 
pA747C 891-60 RCA CA748 881-16 Motorola MC7492 433-76 Micro Power MP7502J 574-117 
p.A747EC 890-3 CA748C 882:53 National DM7492 433-78 MP7502K 574-11E 
p.A747M 890-55 Signetics p.A748 881-17 Signetics 7492 433-80 MP7502S 574-1H 

National LM747 891-3 p.A748C 882-54 TI SN7492A 433-82 Toshiba TA7502 880-30 
LM747A 890-4 Silicon G SG748 881-18 7493 Fairchild 7493 429-83 TA7502A 880-31 
LM747C 892-7 SG748C 882-56 Ferranti ZN7493 429-89 TA7502B 872-5 
LM747E 890-5 TI p.A748C 883-2 Hitachi HD7493A 429-90 7503 AD AD7503J 575-58 

PMI PM747 891-5 , p.A748M 881-19 Motorola MC7493 429-96 AD7503K 575-59 
PM747C 892-11 7480 Fairchild 7480 425-3 National DM7493 429-100 AD7503S 575-60 
SSS747 889-16 Motorola MC7480 425-6 Signetics 7493 429-102 Micro Power MP7503J 575-66 
SSS747B 889-55 NEe America p.PB7480 425-7 TI SN7493A 429-104 MP7503K 575-67 
SSS747C 890-30 Signetics 7480 425-9 7494 Fairchild 7494 453-198 MP7503S 575-68 
SSS747G 890-31 TI SN7480 425-12 1189-94 7504 Toshiba TA7504 863-40 

Raytheon RC747 892-15 7481 TI SN7481A 448-167 Ferranti ZN7494 453-200 7506 AD AD7506J , 576-44 
RM747 891-9 1171-92 1189-96 AD7506K 576-45 

RCA CA747 891-7 7482 Fairchild 7482 425-16' Motorola MC7494 453-202 AD7506S 576-37 
CA747C 892-13 Ferranti ZN7482 425-18 1189·99 AD7506T 576-38 

Signetics p.A747 891-13 Motorola MC7482 425-20 Signetics 7494 454·2 Micro Power MP7506J 576-46 
p.A747C 892-17 TI SN7482 425-22 1189-101 MP7506K 576-47 
SA747C 892-18 7483 Fairchild 7483 425-25 TI SN7494 454-4 MP7506S 576-41 

Silicon G SG747 891-14 Ferranti ZN7483A 425-29 1189-103 MP7506T 576-42 
SG747C 892-21 Hitachi HD7483A 425·30 7495 Fairchild 7495 453-59 Toshiba TA7506 863-17 

TI p.A747C 892-23 Motorola MC7483 425-35 1188·55 7507 AD AD7507J 576-7 
p.A747M 891·16 National DM7483 425-37 Ferranti ZN7495A 453·61 AD75Q7K 576-8 

7470 Fairchild 7470 436-191 , 151-7 1188-64 AD7507S 575-117 
Ferranti ZN7470 436·193 Signetics 7483 425-40 Motorola MC7495A 453-68 AD7507T 575-118 
Motorola MC7470 436-196 TI SN7483A 425-42 1189-52 Micro Power MP7507J 576-9 
National DM7470 437-4 7484 NEe ~ p.PB7484 448·170 National DM7495 453-71 MP7507K 576-10 
Signetics 7470 437-6 TI SN7484A 448-172 1188·72 MP7507S 576-4 
TI SN7470 437-10 1171-94 1189-16 MP7507T ' 576-5 

7472 Faircbild 7472 436-159 7485 Fairchild 7485 427-63 Signetics 7495A 453-73 7510 AD AD7510D1J 568-44 
Ferranti ZN7472 436-161 Ferranti ZN7485 427-67 1188-81 AD7510D1K 568-45 
Hitachi HD7472 436-162 Hitachi HD7485 427-69 TI SN7495A 453-75 AD7510D1S 568-46 
Motorola MC7472 436·166 Motorola MC7485 427·72 1188-87 Micro Power MP7510D1J 568-52 
National DM7472 436·168 National DM7485 427 -76 7496 Fairchild 7496 454-7 MP7510DtK 568-53 
Signetics 7472 436-169 NEe America p.PB7485 427-77 1190-32 MP7510DtS 568-54 
TI SN7472 436-172 Signetics 7485 427-79 Ferranti Z"l7496 454-9 PMI SSS7510A 568-121 

7473 Fairchild 7473 438-12 TI SN7485 427-83 1190-34 SSS7510B 569-2 
Ferranti ZN7473 438-16 7486 Fairchild 7486 445-191 Hitachi HD7496 454-10 SSS7510E 569-3 
Hitachi HD7473 438-19 Ferranti ZN7486 445-193 1190-35 SSS751OF 569-4 
Motorola MC7473 438-25 Hitachi HD7486 445-194 Motorola MC7496 454·13 75107 AMD SN75107B 614-6 
National DM7473 438-29 Motorola MC7486 445-198 1190-39 Fairchild 75107 , 160·1 
NEe America p.PB7473 438-32 National DM7486 446-4 National DM7496 454-15 75107A 613-39 
Signetics 7473 438-35 NEC America p.PB7486 446-5 1190-41 75107B 614-8 
TI SN7473 438-39 Signetics 7486 446-9 Signetics 7496 454-17 Hitachi HD75107A 613-40 

7474 Fairchild 7474 438·151 TI SN7486 446-13 1190-43 Motorola MC75107 613-42 
448-69 7488 National DM7488 1183-12 TI SN7496 454-19 National DS75107 613-44 

Ferranti ZN7474 43a-153 TI SN7488A 1183-10 1190-47 614·10 
Hitachi HD7474 438-154 7489 AMD SN7489 1172-87 7497 Fairchild 7497 456-123 Raytheon RC75107A 613-45 
Motorola MC7474 438·158 Fairctild 7489 1172-88 Motorola MC7497 456-125 TI SN75107 , 160-19 
National DM7474 438-160 Hitachi HD7489 1172-89 TI SN7497 456·127 SN75107A 613-49 
NEC America p.PB7474 438-161 National DM7489 1172-75 75 Master Logic ML75 417·148 SN75107B 614-12 
Signetics 7474 438-163 TI SN7489 1172-92 460-66 75108 AMD SN7510sB 614-14 

448-81 749 Fairctild p.A749 853-44 Rockwell MM75 1752-77 Fairchild 75108 , 160-1 
TI SN7474 438-165 , 164-4 75S107 Signetics 75S107 613-47 75108A 613-55 

7475 Fairchild 7475 448-71 , 164-5 75S108 Signetics 75S108 614-2 75108B 614·16 
Ferranti ZN7475 448-73 , 173-21 75S207 Signetics 75S207 613-26 Hitachi HD75108A 613-56 
Hitachi HD7475 448·74 p.A749C 890-9 624-148 Motorola MC75108 613-58 
Motorola MC7475 448-77 p.A749D 893-16 75S208 Signetics 75S208 613·35 National DS75108 613-60 
National DM7475 448·79 p.A749M 890-10 624-149 614-18 
Signetics 7475 448-83 7490 Fairchild 7490 431-73 75S28 National DM75S28 1184-104 Raytheon RC75108A 613-61 
TI SN7475 448-85 Ferranti ZN7490 431-77 75S29 National DM75S29 1184-103 TI SN75108A 614-4 

7476 Fairchild 7476 438·92 Hitachi HD7490A 431·78 75S50 National DM75S50 433-64 SN75108B 614-20 

Arranged alphanumerically from left to right. 
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75109 AMo SN75109 609-53 75151 
Fairchild 75109 609·55 75152 

, 160·1 75153 
Hitachi H0751 09 609-56 75154 
Motorola MC751 09 609-57 
National 0575109 609·59 i 
TI SN75109A 609-62 I 

7511 AD AD7511DIJ 568-47 
A07511DIK 568-48 
A0751101S 568-49 
A0751101T 568·50 75157 

Micro Power MP751101J 568·55 75158 
MP7511DIK 568·56 75159 
MP751101S 568-57 7516 
MP751101T 568-58 

N3tto~~1 !)M7!:~ ~ "t')O "I: 

I 

PMI 5557511A 569-5 
SSS7511B 569·6 
SSS7511E 569-7 
SSS7511F 569-8 

I Telaris 7511-01 900-4 
75110 AMo SN75110 610-3 

Fairchild, 75110 , 160-1 75160 
75110A 610-5 75161 

Hitachi H075110 610-6 75162 
Motorola MC75110 610-7 75180 
National 0575110 610-9 75162 
TI SN75110A 610-12 75183 

75112 Fairchild 75112 610-13 75188 
, 160-1 

TI SN75112 610-14 75189 
75113 National OS75113 609-7 

TI 5N75113 609-9 
75114 National OS75114 608-63 7519 

TI 5N75114 609-5 
75115 TI SN75115 612....a 7520 
75116 TI SN75116 618-51 
75117 TI SN75117 618·53 
75118 TI SN75118 618-55 
75119 TI SN75119 618·57 
7512 AD AD7512DIJ 570-72 

AD7512DIK 570·73 
AD7512DIS 570·74 
AD75.12QIT 570-75 

Micro Power MP7512DiJ 570·76 
MP75120iK 570·77 
MP7512D1S 570·78 

National DM7512 438·136 
75121 Fairchild 75121 606·17 

, 160-1 
National 0575121 606·20 
TI 5N75121 606-25 

75122 Fairchild 75122 611-27 
, 160-1 

NaIionaI OS75122 611-30 
TI 5N75122 611-34 

75123 Fairchild 75123 606·29 
, 160-1 

National OS75123 606·31 
TI SN75123 606·35 

75124 Fairchild 75124 611·17 
, 160-1 

National OS75124 611·19 
75125 TI 5N75125 612·25 
75127 TI SN75127 612·26 
75128 TI SN75128 612·27 
75129 TI SN75129 612·28 
7513 AD A07513J 567-45 

A07513K 567-46 
A07513S 567·34 
A07513T 567-35 

Micro POW9( MP7513J 567-48 
MP7513K 567-49 
MP7513S 567·37 

75136 TI SN75136 458·136 
616·14 

75138 Silicon G SG75138 617·51 
TI SN75138 617·52 75207 

75140 Motorola MC75140 611·1 
TI SN75140 611·3 

75141 TI SN75141 611·5 
75142 TI SN75142 611·7 
75143 TI 5N75143 611-9 
75150 Fairchild 75150 606-4 

National 0575150 606·6 
TI SN75150 . 606-8 

94 

a.. 
Source DnIce Pege-Une Number Source DevIce 

TI SN75151 610-34 75207 Tl SN75207 
TI SN75152 613-17 SN75207B 
TI SN75153 610-35 75208 AMo SN75208 
Fairchild 75154 611-38 

, 160·1 Fairchild 75208 
Hitachi HD75154 .611-481 

' National oS75154 611-40 
Raytheon RC75154 611-42 National DS75208 
Silicon G SG75154 611-44 
TI SN75154 611-45 TI SN75208 
TI SN75157 612-36 
TI SN75158 609-42 SN75208B 
TI SN75159 609-46 7521 AD A07521 
AD A07516J 568-86 \ A07521J 

A07516K 568-64 I A07521K 
:'.D,?5~eS c::..c::o 0"7 An"?.::') .. ' 

A07516T ;;.; I A07521S 
Micro Power MP7516J 568-89 A07521T 

MP7516K 568-69 I AD7521U 
MP7516S 568-90 Beckman 7521M 
MP7516T 568-70 I Intersil A07521J 

Telaris 7516-01 900-164 A07521K 
TI SN75160 618-47 A07521L 
Tl SN75161 618-48 A07521S 
TI SN75162 618-49 AD7521T 
Tl SN75180 455-107 AD7521U 
TI 5N75182 613-14 Micro Power MP7521G 
Tl SN75183 609·27 MP7521H 
Hitad1i H075188 606·51 MP7521J 
TI SN75188 606-58 MP7521K 
Hitachi H075189 611-59 MP7521L 
TI SN75189 611·55 MP7521M 

5N75189A 612·3 MP7521N 
AD A07519J 571-30 MP7521P 
Micro Power MP7519J 571-31 MP7521S 
AD A07520 , 176·10 MP7521T 

A07520J 592-11 MP7521U 
AD7520K 591·30 NItIonaI AD7521 
A07520L 590·21 AD7521J 
A07520S 592·12 
A07520T 591·31 AD7521K 
AD7520U 590·22 

Fairchild 7520 624·28 AD7521L 
IntersiI A07520J 592·14 

A07520K 591-33 AD7521S 
AD7520L 590·24 
A075205 592-15 AD7521T 
A07520T 591-34 
A07520U 590·25 A07521U 

Micro Power MP7520G 592-42 OS7521 
MP7520H 592-36 Silicon G SG7521 
MP7520J 592·17 7522 AD AD7522 
MP7520K 591-36 A07522J 
MP7520L 590-27 A07522K 
MP7520M 592·18 AD7522L 
MP7520N 591-37 AD7522S 
MP7520P 590-28 AD7522T 
MP7520S 592·19 A07522U 
MP7520T 591·38 Micro Power MP7522J 
MP7520U 590·29 MP7522K 

NIIIonII AD75!O .1073 MP7522L 
AD7520J .1073 MP7522S 

592·28 MP7522T 
AD7520K .1073 MP7522U 

592·3 National OS7522 
AD7520l .1073 S9l8tics 7522 

591·17 Silicon G SG7522 
AD7520S .1073 TI SN7522 

592-29 75~4 Fairchild 75224 
AD7520T .1073 75225 FairchHd 75225 

592-4 7523 AD A07523 
A07520U 591·18 A07523J 
DM7520 433·124 A07523K 
D57520 624·31 A07523L 

Signetics 7520 624-33 Micro Power MP7523J 
SiIiconG SG7520 624·36 MP7523K 
TI SN7520 624·39 MP7523L 
AMO SN75207 613·22 Silicon G SG7523 

624-137 75232 Fairchild 75232 
Fairchild 75207 613·24 Signetics 75232 

624-141 TI SN75232 
, 160·1 75233 Fairchild 75233 

National 0575207 613·25 75234 Fairchild 75234 
624·146 Signetics 75234 

TI SN75207 613·27 TI SN75234 
624·150 75235 Fairchild 75235 

,Indicates page number in.Application Note Directory. 
* Indicates additional data is provided on the page noted . 

Pege-Une 

, 160·19 
613·28 
613-31 
624·138 
613·33 
624-142 

, 160·1 
613-34 
624-147 
613-36 
624-151 
613-37 

, 176-10 
597-30 
597·14 

,~" I 597-31 
597~15 

596-43 
595-11 
597-33 I 
597-17 
596·45 
597-34 
597-18 
596-46 
597-46 
597-45 
597·38 
597·20 
597·2 
597-37 
597·21 
597-3 
597-38 
597·22 
597-4 

.1073 

.1073 
597·39 

.1073 
597·24 

.1073 
597-8 

.1073 
597-40 

.1073 
597-25 
597·9 
624-32 
624-37 

, 176·10 
592·20 
591-39 
590-30 
592·21 
591-40 
590·31 
592·22 
591-41 
590·32 
592-23 
591-42 
590·33 
624-44 
624-45 
624-48 
624-51 
624·11 
624·12 

, 176·10 
586·27 
585-47 
585·26 
586·28 
585-48 
585·27 
624-49 
624·97 
624·103 
624-109 
624·93 
624-76 
624-78 
624-80 
624·77 

• Indicates entire Application Note is provided on the page noted. 

a-
Number Source DevIce hgHJne 

75238 Fairchild 75238 624-85 
TI SN75238 624-88 

75239 Fairchild 75239 624-86 
7524 AD A07524 , 176·10 

Fairchild 7524 624-9 
Nationai DS7524 624·16 . 
Signetics 7524 624-18 
Silicon G SG7524 624-21 
TI SN752A 624-24 

7525 AD AD7525 , 176-10 
Fain:hiId 7525 624·10 
National DS7525 624-17 
Silicon G SG7525 624·22 

7526 Tl' SN7526 624-53 
75261 TI SN75261 , 194-6 

75270 1: SN?5270 :-1 , 160·19 
7528 FaifchiId 7528 624-58 

National OS7528 624-61 
Signetics 7528 624-63 
Silicon G SG7528 624-85 
TI SN7528 624·71 

7529 Fairchild 7529 624-59 
MOS MPS7529-OO1 853·139 

MPS7529-007 853-140 
MPS7529-4lOO 853·141 
t.f>S7529.Ot2 853-142 
MPS7529-013 853-143 
MPS7529-014 853-144 
MPS7529-017 853·145 
MPS7529-022 853-146 
MPS7529-103 853-147 
MPS7529-104 853-148 
MPS7529-201 853-149 
MPS1529-216 853·150 
MPS7529-305 853·151 

National OS7529 624-62 
Silicon G SG7529 624-67 

753 Fairchild ~753 840·102 
..... 854·19E 

, 172-8 
, 172·11 

Intersil 753 840·1013 
7530 AD A07530 , 176·10 

A07530J 592·13 
A07530K 591·32 
A07530l 590·23 

InIersiI A07530J 592·18 
A07530K 591·35 
AD7530L 590·26 

MOS MPS7530-001 853·152 
UPS7530-01 0 853·153 
MPS7S30-201 853·154 
MPS~7 853-155 

7531 AD A07531 , 176·10 
AD7531J 597·32 
A07531K 597·16 
A07531L 596-44 

!ntersiI. AD7531J 597·35 
AD7531K 597·19 
A07531L 596-47 

75320 TI SN75320 619·148 
75321 TI SN75321 619·149 
75322 National OS75322 619-124 

TI SN75322 619·125 
, 197·5 

75324 Fairchild 75324 620·7 
National [)S75324 620·9 
Signetics 75324 620·10 
TI SN75324 620-11 

75325 Fairchild 75325 620·27 
Motorola MC75325 620·29 
National DS75325 620·31 
S9Ietics 75325 620·33 
SIicon G SG75325 620-35 
TI SN75325 620-37 

75326 Fairchild 75326C 620·14 
TI SN75326 620·16 

75327 Fairchild 75327C 620·19 
TI SN75327 620·21 

75328 TI SN75328 620·23 
7533 AD A07533 , 176·10 
75330 Tl SN75330 620·24 
7534 Fairchild 7534 624·95 

National OS7534 624-101 
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BaH BaH Base Base 
Number Soun:e Device hge-Une Number Source Device Page-Une Number Source Device Page-Une Number Source Devic:e Page.One , 

7534 Silicon G SG7~34 624-106 75450 S~icon G SG75450 620-95 75477 TI SN75477 621-26 76 Burr-Brown AFT76 915-13 
7535 Fairchild 7535 624-96 TI SN75450 11 160-19 75478 TI SN75478 621-115 PMI OAC-76 589-18 

National OS7535 624-102 SN754508 620-110 75479 TI SN75479 621-181 599-22 
Silicon G SG7535 624-107 75451 Fairchild 75451 620-65 75480 TI SN75480 602-150 , 167-14 

75350 TI SN7535C 619-118 Hitachi H075451A 620-70 75481 TI SN75481 602-120 , 174-6 
75355 TI SN75355 619-140 Motorola MC75451 620-75 75484 TI SN75484 602-151 11 179-9 
75357 TI SN75357 455-130 SN754518 620-76 75490 TI SN75490 622-187 OAC-768 589-10 

619-100 National OS75451 620-83 75491 Fairchild 75491AC .603-60 593-12 
75358 Motorola MC75358 420-68 Signetics 754518 620-90 754918C 603-61 OAC-76C 589-19 

455-126 Silicon G SG75451 620-96 Motorola MC75491 603-62 593-18 
619-152 TI SN75451 , 160-19 National QS75491 603-65 OAC-760 589-23 

7536 .11 SN7536 , 197-5 SN754518 620-111 
• 160-8 

OAC-76E 589-11 
75361 National OS75361 619-113 75452 Fairchild 75452 620-184 TI SN75491 603-68 593-13 

Signetics 75361 A £19-117 Hitachi H075452 620-187 SN754~lA 603-69 Rockwell MM76 1752-711 
TI SN75361A 619-119 Motorola MC75452 620-192 75492 Fairchild 75492AC 603-7 MM76EL 1752-80 

75362 National OS75362 619-114 SN754528 620-194 754928C 603-8 MM76L 1752-79 
75363 TI SN75363 619-126 National OS75452 621-2 Motorola MC75492 603-9 76LS03 Harris HII76lS03-6 .1288 
75364 National OS75364 619-115 11 156-1.7 National OS75492 603.10 1162-73 

n SN75364 619-156 Signe1ics 754528 621-5 11 160-8 76LS52 National OM76LS52 448-155 
75365 Motorola MC75365 619-136 Silicon G SG75452 621-8 TI SN75492 603-17 455-19 

National OS75365 619-137 TI SN754528 621-15 SN75492A 603-18 76LS62 National QM76LS62 448-157 
TI SN75365 619-141 75453 Fairchild 75453 621-85 75493 National OS75493 603-67 455-21 

, 194-6 Hitachi 75453 621-88 TI SN75493 603-70 760 Fairchild p.A760 , 171:11 
75366 TI SN75366 619-142 Motorola MC75453 621-90 75494 National OS75494 603-11 p.A76OC 846-31 
75367 TI SN75367 455-131 SN754538 621-92 TI SN75494 603-19 p.A760M 846-32 

619-101 National OS75453 621-95 75497 TI SN75497 603-22 Signelics TCA760 852-27 
75368 Motorola MC75368 420-69 Signe1ics 754538 621-98 75498 TI SN75498 603-40 7600 Fairchild p.A7600 , 187-8 

455-127 Silicon G SG75453 621-101 7550 AO A075508 582-45 MOS MPS7600-001 856-13 
619-153 TI SN754538 621-110 Micro Power MP75508 582-44 MPS760().()()2 856-14 

TI SN75368 455-128 75454 Fairchild 75454 621-151 75500 TI SN75500 603-126 MPS7600-004 856-15 
619-154 Hitachi H075454 621-154 75501 TI SN75501 603-127 MPS7600-005 856-16 

75369 TI SN75369 619-51 Motorola MC75454 621-156 75502 TI SN75502 603-12'8 76000 TI SN76000 852-33 
75370 TI SN75370 619-129 SN754548 621-157 75503 TI SN75503 603-129 76005 TI SN76005 852-120 

, 160-19 National OS75454 621-161 7551 National -DM7551 439-18 7601 MOS MPS7601-OO1 856-17 
75375 TI SN75375 619-143 Signetics 754548 621-164 • 162-1 MPS7601-002 856-18 
7538 National OS7538 624-118 Silicon G SG75454 621-167 75510 TI SN75510 603-123 MPS7601-004 856-19 

Silicon G SG7538 624-122 TI SN754548 621-176 75511 TI SN75511 603-124 MPS7601-005 856-20 
7539 Fairchild 7539 624-115 75458 Toshiba TA75458 891-18 7552 National OM7552 433-120 Telaris 7601-01 919A-69 

National OS7539 624-119 7546 Be<*man 7546C 596-.23 7553 National . DM7553 447-159 76011 TI , SN76011 852-34 
SiliconG SG7539 624-123 7546M 596-24 75530 TI SN75530 602-100 7602 Harris HM7602 .1284 

75401 n SN75401 620-106 National DM7546 454-51 7554 National DM7554 433-117 HM7602·2 .1284 
75402 TI SN75402 621-10 1190-66 7555 Beckman 7555C 582-11 1161-30 
75403 n SN75403 621-106 75460 Fairchild 75460 620-66 7555M 582-12 HM7602·5 .1284 
75404 TI SN75404 621-172 National OS75460 620-84 Intersil ICM7555 902-58 1161-18 
7541 AO A07541 , 176-10 Silicon G SG75460 620-97 National OM7555 432-90 HM7602-8 .1284 

AD7541 A 596-31 TI SN75460 620-112 7556 Beckman 7556C 581-29 76021 TI SN76021 852-35 
A075418 594-36 75461 Fairchild 75461 620-67 '7556M 581-30 76024 TI SN76024 852-36 
A07541J 596-32 Motorola MC75461 620-77 Intersil ICM7556 902-118 7603 HarriS HM7603 .1284 
A07541K 594-37 National OS75461 620-85 National OM7556 430-131 HM7603-2 .1284 
A07541S 596-35 Silicon G SG75461 620-98 7560 National OM7560 432-184 1161-37 
A07541T 594.-38 TI SN75461 620-113 7563 National OM7563 430-195 HM7603-5 .1284 

Intersil ICL7541J 596-33 75462 Fairchild 75462 620-185 757 Fairchild p.A757 840-179 1161-23 
ICL7541K 594-39 Motorola MC75462 620-193 851-61 HM7&03-8 .1284 
ICL7541S 596-34 National OS75462 621-3 11 168-19 Telaris 7603-01 901-62 
ICL7541T 594-40 SiliconG SG75462 621-9 7570 AO A07570J 579-16 7603-02 901-63 

75411 n SN75411 620-107 n SN75462 621-17 A07570L 580-21 919A-70 
75412 TI SN75412 621-11 75463 Fairchild 75463 621-86 Micro Power MP75.70J 579-17 7604 Toshiba TA7604 855~169 

75413 TI SN75413 621-107 Motorola MC75463 621-91 MP7570L ·580-22 7606 Toshiba TA7606 919A-72 
75414 TI SN75414 621-173 National OS75463 621 -96 MP7570P 579-18 7608 Harris HM7608 .1290 
75416 TI SN75416 620-120 Silicon G SG75463 621-102 MP7570S 580-23 HM7608-2 1166-16 
75417 TI SN75417 621-28 TI SN75463 621-111 . National OM7570 454-139 HM7608-5 .1290 
75418 TI SN75418 621-117 75464 Fairchild 75464 621-152 1191-50 1165-94 
75419 n SN75419 621-183 Motorola MC75464 621-158 75747 Toshiba TA75747 891-19 761 Siemens TAA761 863-152 
7542 National OM7542 4~0-145 National OS75464 621-162 7575 National OM7575 456-14 883-26 
75426 TI SN75426 603-119 Silicon G SG75464 621-168 1160-32 7610 Harris HM7610 .1284 
75427 TI SN75427 603-121 TI SN75464 621-177 7576 National OM7576 456-15 .1292 
75430 n SN75430 619-2 75466 TI SN75466 620-103 1160-33 HM7610-2 .1284 

620-108 622-119 758 Fairchild 1J.A758 855-112 1162-12 

75431 TI SN75431 619-5 843-129 
• 172-8 

HM7610-5 .1284 
620-109 75467 TI SN75467 622-137 • 172-9 

1161-99 
75432 TI SN75432 621-12 843-130 11 172-11 HM761 0-8 .1284 
75433 TI SN75433 621-108 75468 TI SN75468 622-90 Plessey SL758 855-143 HM7610A·2 .1292 
75434 TI SN75434 621-174 843-131 RCA CA758 855·145 1161-100 
7544 National OM7544 457-97 75469 TI SN75469 622·103 Signetics p.A758 855-152 HM7610A-5 .1292 
75441 TI SN75441 619-158 843-132 7580 Beckman 75801 IV 595-40 1161-73 

621-126 75470 n SN75470 620-114 759 Fairchild p.A759 863-116 76104 TI SN76104 855-158 
75447 n SN75447 621-13 75471 Fairchild 754718 620-68 866-139 76105 TI SN761 05 855-159 
75448 TI SN75448 621-109 TI SN75471 620-115 876-39 7611 Harris HM7611 .1284 
75449 n SN75449 621-175 75472 Fairchild 754728 620-186 1J.A759C 863-117 .1292 
7545 Beckman 7545C 595-12 TI SN75472 621-19 866-140 HM7611·2 .1284 

7545M 595-13 75473 Fairchild 754738 621-87 882-33 1162-16 
75450 Fairchild ·75450 620-63 TI SN75473 621-112 7590 National DM7590 1190-121 HM7611-5 .1284 

Hitachi H075450A 620-69 75474 Fairchild 754748 621-153 75902 Toshiba TA75902 896-28 1161-101 
Motorola MC75450 620-74 TI SN75474 621-178 7598 National OM7598 • 162-1 HM7611-8 .1284 
National OS7545O 620-82 75475 TI SN75475 621-20 7599 National OM7599 1172-102 HM7611A·2 .1292 
Sig1e1ics 754508 620-89 75476 n SN75476 620-118 76 Bwr-Brown AFT76 .921 1161-108 

Arranged alphanumerically from left to right. 
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7611 

76110 
76111 
76113 
76115 
76116 
7613 

76130 
76131 
7614 
76149 
7615 

76160 

76161 

7617 
7618 
762 

7620 

7621 

7624 
76242 
76243 
76246 
7625 

96 

Source 

Harris 

TI 
TI 
Ti 
TI 
TI 
National 
Toshiba 
TI 
TI 
Toshiba 
TI 
Toshiba 
H::m: 

Harris 

Harris 

HM7611A-2 
H1I7611A-5 

5N76110 
SN76111 
SN761i3 
SN76115 
SN76116 
DM7613 
TA7613 
SN76130 
SN76131 
TA7614 
SN76149 
TA7615 
HM7S1S 
HM7616-2 

HM7616-5 

HM76160 
HM76160-2 

Base 
Number 

1162-87 7625 
.1292 76267 

1161-75 7628 
855 -160 7629 
855-161 
855-162 76298 
855-163 7640 
855-164 
439-8 
851-104 
853-74 
853-75 
851-105 
853-76 
851-52 

.1294 I .12M 
1167-78 

.1294 
1167-65 'I 

*1296 
.1296 

1167-74 
HM76160-S .1296 

1167-61 
HM76161 .1296 
HM76161-2 .1296 76400 

1167-79 76401 
HM78161-5 .1296 76402 

1167 -66 7641 
Toshiba TA7617 857-156 

854-69 
883-153 
877-30 

Toshiba TA7618 
Siemens TAA762 

Harris HM7620 .1284 
.1298 

HII7620-2 .1284 
1163-63 

H1I7620-5 .1284 
1163-45 

HM7620-8 .1284 
HII762OA-2 .1298 

1163-31 
HII762OA-5 .1298 

1163-6 
Micro Power MP7620J 589 -42 

MP7620K 589 -46 
MP7620L 590 -34 
MP7620M 591 -43 7642 

Motorola MCM7620C 1163 -46 
MCM7620M 1163 -64 

Harris HM7621 .1284 
.1298 

HII7621·2 .1284 
1163-65 

HM71S21·5 .1284 
1163-49 

HM7621-8 .1284 
HM7621A-2 .1298 

1163-37 
HM7621A-5 .1298 

1163-9 
Micro Power MP7621A • 765 

Motorola 

Toshiba 
TI 
TI 
TI 
Harris 

596-36 
MP71S21B • 765 

595-7 
MP71S21J • 765 76423 

596 -37 76424 
MP7621K • 765 76425 

595-8 76426 
596 -30 76427 

MP1621S • 765 76428 

MP7621T 

MCM7621C 
MCM7621M 
TA7624 
SN76242 
SN76243 
SN76246 
HM7625 
HM7625R 
HM7625R-2 

596 -38 76429 
.765 

595-9 
1163-50 
1163-66 
855-170 
859-43 
859-44 
859-45 

.1300 

.1300 

.1300 
1162-65 

7643 

Sour<:e Device I
Slae 

Page-Une _NUtn_ber __ Sou_FC_e __ ,_Devlc __ e ___ PIge-Une __ 

Harris 
TI 
Toshiba 
HarriS 

TI 
Harris 

Motorola 

National 
Telaris 
TI 
TI 
TI 
Harris 

Motorola 

Nvtional 
Harris 

Motorola 

TI 
TI 
TI 
TI 
TI 
TI 
TI 
Harris 

HM7625R-5 
SN76267 
TA7628 
HM7629-5 

SN76298 
HM7640 

HM7640-2 

HM7640-5 

HM7640-8 
HM7640A-2 

HM7640AR 
HM764OAA-2 

HM7640AR-5 

MCM7640C 
MCM7640M 
OS7640 
7640-01 
SN76400 
SN76401 
SN76402 
HM7641 

1162-38 
859-46 
851-28 

.1302 
1162-49 
859-47 

.1284 

.1304 

.1284 
1164-72 

.1284 
1164-19 

.1284 

.1304 I 

1164-20 I 
.IM 

1163-78.1 .1306 
.1306 

1164-58 I 
.1306 

1163-104 
1164-25 
1164-73 
612-6 
900-178 
856-30 
856-31 
856-32 

.1284 

.1304 
HM7641·2 .1284 

1164-76 
HM7641-5 .1284 

1164-30 
HM7841-8 .1284 
HM7641A·2 .1304 

1164-31 
HM7641A-5 .1304 

1163-84 
HII7841AR .1306 
HM7641AR-2 .1306 

1164-65 
HM7641AR-5 .1306 

1163-114 
MCM7641 C 1164-38 
MCM7641M 1164-77 
057641 615-61 
HM7642 .1284 

HM7S42-2 

HM7642·5 

HM7642-8 
HM7642A·2 

HM7642A-5 

H1I7642P 
HM7642P·2 

MCM7642C 
MCM7642M 
SN76423 
SN76424 
SN76425 
SN76426 
SN76427 
SN76428 
SN76429 
HM7643 

HM7643-2 

HM7643-5 

HM7643-8 
HM7643A·2 

HM7643A-5 

HM7643P 
HM7643P-2 

.1308 

.1284 
1165-69 

.1284 
1165-42 

.1308 
1165-14 

.1308 
1164-1191 

.1310 

.1310 
1165-15 

.1310 
1164-120 
116544 
1165-70 
856-33 
856-34 
856-35 
856-36 
856-37 
856-38 
856-39 

.1284 

.1308 

.1284 
1165-71 

.1284 
1165 -48 

.1308 
1165-23 

.1308 
Q65·3 

.1310 

.1310 

7643 

76430 
76431 
7644 

76442 
76443 
76445 
7645 

76450 
76460 
76462 
7647 

76477 

7648 

7649 

765 

76524 
76525 
76544 
76545 
76565 
76600 
76635 
7664 
76642 
76643 

76644 
76650 
76651 
7~60 
76665 
76666 
76669 
76675 
76676 
76678 
76688 
76689 
767 

76701 
76702 
767~O 

76721 
76727 

Hartis HM7643P·2 
HM7643P-6 

Motorola MCM7643C 
MCM7643M 

TI SN76430 
TI SN76431 
Harris HM7644 

HM7644-2 

HM7644-5 

HM7644-8 
HM7644A·2 

Hlli7644A-ii 

TI SN76442 
TI SN76443 
TI SN76445 
Harris HM7545 

HM7645-2 

HM7645-5 

HII7645P 
HM7645P-2 

TI SN76450' 
TI SN76460 
TI SN76462 
Harris HM7647R 

HM7647R-2 

HM7647A-5 

TI SN76477 

Harris HM7648 
HM7648-2 

HM7648-5 

Harris HM7649 
HM7648-2 

HM7649-5 

NEe Micro JLPD765 

JLPD765C 
Siemens TAA765 

TI SN76524 
TI SN76525 
TI SN76544 
TI SN76545 
TI SN76565 
TI SN76600 
TI SN76635 
National OS7664 
TI SN76642 
TI SN76643 

TI SN76644 
TI SN76650 
TI SN76651 
TI SN76660 
TI SN76665 
TI SN76666 
TI SN76669 
TI SN76675 
TI SN76676 
TI SN76678 
TI SN76688 
TI SN76689 
Fairchild JLA767 

TI SN76701 
TI SN76702 
TI SN76710 
TI SN76721 
TI SN76727 

11 Indicates page number in Application Not~ Directory, 
• Indicates additional data is provided on the page noted . 

1165-24 
.1310 

1165-4 
1165-50 
1165-72 

856-40 " 856-41 

.1312 I 

.1284 
1165-73 i 

.1284 
1165-54 

.1284 

.1312 
1165-33' 

·~~~~-91 
856-42 
856-43 

856-44 I 
.1314 
.1314 

1165-52 
.1314 

1165-7 
.1316 
.1316 

1165-53 
.1316 

1165-8 
856-45 
856-46 
856-47 

.1318 

.1318 
1164-66 

.1318 
1163-115 
856-61 
857-96 

1763A-25 

.1320 
1164-55 

.1320 
1163-100 

.1320 
1164·61 

.1320 
1163-109 

.2146 
1763-119 

.2146 
863-154 
883-27 
860-8 
859-110 
860-9 
860-10 
858-2 
861-3 
851-50 
603-57 
855-84 
855-85 
860-75 
861-4 
861-5 
860-76 
860·77 
860·78 
860·79 
855-86 
855-87 
855-12 
855-13 
860-80 
855-88 
855-113 

• 172-10 
858-77 
858-78 

858-79 I 
858-80 
858-81 

• Indicates entire Application Note is provided on the page noted, 

Base 
Number 

76730 
768 
7680 

7681 

76810 
76811 
76812 
7683 

7684 

7685 

7686 

Source 

T1 
IPI 
Harris 

Motorola 

Harris 

Motorola 

TI 
TI 
TI 
Harris 

Harria 

Harris 

HarriS 

Device 

SN76730 859-184 
M768 916-141 
HM7110 .1322 
HM7680-2 .1322 

1166-10 
HM7680-5 .1322 

1165-84 
HM7680P .1326 
HM768OP-2 .1326 

1166-11 
HII768OP-5 .1328 

1165-85 
H1I768OR .1324 
HM76IIOR-2 .1324 

1166-12 

HM11i801't-5 .1324 I 
1165-86 

HM7680RP .1328 
HII76ICIRP-2 .1328 I 

1166-13 I 
H1I7'"v8ORP-5 .1328 

1165 -87 
MCM7680C 1165-108 
MCM7680M 1166-29 
HM7681 .1322 
HM7681·2 .1322 

1166-17 
HII7681-5 .1322 

1165-95 
H1I7681P .1328 
HM7II1P.2 .1326 

1166-18 
HM7flllP-5 .1328 

1165-96 
HM7681R .1324 
HM7681A-2 .1324 

1166-19 
HM7II1R-5 .1324 

1165·97 
HM7681RP .1328 
HM7111AP-2 .1328 

1166-20 
HM7111RN 

MCM7681C 
MCM7681M 
SN7681 0 
SN76811 
SN76812 
HM7613 
HII76I3-2 

.1328 
1165·98 
1165·11 
1166-32 
857-137 
463-24 
902-56 

.1331 

.1331 
1166·23 

HM7683-5 .1331 
1165-10 

HM7684 .1333 
HM7684-2 .1333 

1167-36 
HM7684-5 .1333 

1167-14 
HM7684P .1335 
HM7684P·2 .1335 

1167-37 
HM7S84P-5 .1335 

1167-15 
HM7685 .1333 
HM7685-2 .1333 

1167-42 
HM7685-5 .1333 

1167·22 
HM7685P .1335 
HM76I5P-2 .1335 

1167-43 
HII7685P-5 .1335 

1167·23 
HM7686 .1337 
HM7686-2 .1337 

1167-38 
HM7686-5 .1337 

1167-18 
HM7686P .1341 
HM78IeP-2 .1341 

1167-39 
HII76I6P-5 .1341 

1167-19 
H1I7686R .1338 
HM7686A-2 .1338 

Ie MASTER 1978 



PART NUMBER INDEX 
a.. a.. ane ane 
NumIIw Sourc:e Dmc:e PegKN Number Source DevIce Page-Line Number SOurce Device Page-Une NIII1IbeI' Source Device PIgtI-lIne 

7686 Harris HM7686R·2 1167-40 772 Fairchild !!An2LTC .938 78H12 Fain:hIkI !!A78H12 .934 78L12 n IlA78L12AC 905-84 
HII7686R-5 .1339 !!An2PC .938 • 952 JAA78L12C 905-83 

1167·20 !!An2TC .938 906·32 78L132 Toshiba TA78L132 906·37 
HM7686RP .1343 774 Flirchild !!An4 

• 938 
78H15 Fain:hIId !!A78H15 .934 TA78L132A 906-38 

HM7686RP-2 .1343 894·26 • 952 78Lt5 Fain:hlId !!A78L15C .935 
1167-41 !!An4A .938 907-4 906-49 

HM7686RP-5 .1343 893-48 78LS120 National DS78LS120 612-31 Motorola MC78L15C 906-50 
1167-21 !!An4ADC • 938 78LOO Fairchild JAA78LOO • 187-8 National LM78L15A .1060 

7687 Harris HM7687 .1337 I1An4ADM • 938 Motorola MC78LOO • 187-13 906-54 
HM7687-2 .1337 I1An4APC .938 National LM78LOO • 188-15 LM78L15C .1060 

1167-44 "An4BDC 
• 938 

78LOO5 Toshiba TA78L005 903-21 906-55 
HM7687-5 .1337 !!An4BDM 

• 938 
TA78LOO5A 903-22 NEC America "PC78L 15 906-56 

1167-26 ~n4Bpc .938 78LOO6 Toshiba TA78LOO6 904-24 Signetics "A78L15C 906-57 
HM7687P .1341 ~n4C .938 TA78LOO6A 904-25 TI !lA78L1 5AC 906-59 
HM76I7P-2 .1341 897-3 78L007 Toshiba TA78LOO7 904-83 "A78L15C 906-58 

1167-45 ~n4DC .938 TA78l007A 904-84 78L18 Fairchild 11A78L18 .935 
HM7687P-5 .1341 I1An4L .938 781008 Toshiba TA78LOO8 904-103 907-12 

1167-27 897-20 TA78LOO8A 904-104 Motorola MC78L18C 907-13 
HM7687R .1339 ~n4LDC .938 78LOO9 Toshiba TA78LOO9 905-42 NationII LM78L18A .1060 
HII7681R-2 .1339 ~n4Lpc * 938 TA78LOO9A 905-43 907-17 

1167-46 ~n4PC .938 78L010 Toshiba TA78L010 905-53 LM78L18C .1060 
HM7687R-5 .1339 776 Fairclild JAA776 866-4 TA78L010A 905-54 907-18 

1167-28 • 164-1 78L012 Toshiba TA78L012 905-85 78L20 National D578L20 612-41 
HM7687RP .1343 "A776C 866-5 TA78l012A 905-86 78L24 Fairc:hiId ~78L24 .935 
HM7687RP-2 .1343 866-70 78L015 Toshiba TA78L015 906-60 907-88 

1167 -4.7 891-47 TA78L015A 906-61 Motorola MC78L24C 907-89 
HM7687RP-5 .1343 1JA776M 866-71 781018 Toshiba TA78L018 907-19 NatIonal LM78L24A .1060 

1167-29 890-24 TA78L018A 907-20 907-93 
7699 Rockwell A7699 1752-87 n7 Fairchild "A777 • 164-8 

78L02 Motorola MC78L02C 903-5 LM78L24C .1060 
77 Rockwell MM77 1752-81 • 164-10 Signetics JAA78L02C 903-6 907-94 

MM77L 1752-82 1JA777C 879-55 TI !lA78L02AC 903-8 78L26 Fairchild JAA78L26C 903-4 
775228 National DM775228, 1166-47 "A777M 874-6 "A78L02C 903-7 78L62 Fairchild JAA78L62C 904-79 
775229 National DM775229 1166-37 SiIiconG 5G777C 879-53 78L020 Toshiba TA78L020 907-65 78L82 Fairchild "A78L82C 905-32 
775295 National DM775295 1164-45 TI JAA777C 879-54 TA78L020A 907-66 78MHVOS Signetics !lA78MHVOS 903-61 
77S296 National DM77S296 1164-52 IlA777M 874-7 78L024 Toshiba TA78L024 907-95 !lA78MHVOSC 903-62 
77595 National DM77595 1184-26 7770 5G5 TDA7770 857 -144 TA78L024A 907-96 78MHV06 Sigletics !lA78MHV06 904-39 
77S96 National DM77S96 1184-28 78 FairChIld ~78CB .934 78L05 Fairchild ~78L05C • 935 IlA78MHVoeC 904-40 
770 Signetics TCA770 855-74 906-41 903-10 78MHV08 Signetics !lA78MHV08 904-11ti 

855·108 ~78G .934 Motorola MC78L05C 903-11 !lA78MHV08C 904·117 
7700 Motorola MC7700 • 187-13 912-40 National LM78L05 .1060 78MHV12 Signe~ ,.A78MHV12 905-1ml 
7705. Motorola MC7705C 903·50 "A78HG 

• 934 
LM78LOSA .1060 !lA78MHV12C 905~107 

771 Fairchild JAAF771 863-86 .953 903-15 78MHV15 Signetics !lA78MHV15 906-78 

~n1 .938 912·11 LM78L05C .1060 !lA78MHV15C 906·79 
878-65 912-49 903-16 78MHV20 Signetics !lA78MHV20 907-73 

~n1A .938 p.A78MG .934 NEC America "PC78L05 903-17 IlA78MHV2OC 907-74 
873-23 912·37 Signetics "A78L05C 903-18 78MHV24 Signetics !lA78MHV24 907-111 

~n1AHC .938 Rockwell MM78 1752-83 TI IlA78LOSAC 903-20 !lA78MHV24C 907-112 

~n1AHM .938 MM78L 1752-84 JAA78L05C 903-19 78MOO Fairchild JAA78MOO 1 187-8 
pAn1ATC • 938 Signelics J.LA78G 912-41 78L06 National LM78L06A .1060 Motorola MC78MOO • 187-13 
pAn1BHC • 938 "A78GC 912-42 904-22 78M05 Fairdlild ~78M05C • 935 
~n1BHM .938 JAA78MG 912·38 LM78L06C .1060 903-48 

!!An1BTC • 938 JAA78MGC 912-39 904-23 ~78M05M .935 
pAn1C .938 78COB Fairdlild ~78C08C .935 Signetics IlA78lOOc 904-80 903-49 

885'-49 904-107 TI !lA78L06AC 904-82 Motorola MC78M05C 903-51 

pAn1HC .938 78C10 Flirchild ~78C1OC .935 "A78L06C 904-81 National LM78M05 .1060 
pAn1L .938 905-57 78L075 Toshiba TA78L075 904-87 ~3-53 

887·9 78C12 Flirchild ~78C12C .935 TA78L075A 904-88 NEC America "PC78M05 903-54 

pAn1lTC .938 905·91 78L08 FaIrcIIIId pA78L08C • 935 Signelics JAA78M05 903-59 

~n1TC .938 78C15 FIIrChIId ~78C15C .935 904-93 "A78MOSC 903-60 
An1LHC .938 906-68 Motorola MC78L08C 904-94 n "A78M05C 903-65 

7711 GI ACF7711C 901·13 78C17 FaIrdIIkf ~78C17C .935 National LM78LOSA .1060 "A78M05M 903-66 

772 Fairchild ,~n2 * 938 907-10 904-98 78M06 FairChIld pA78M06C * 935 
890·22 78C18 FaIrdIIkf ~78C18C * 935 LM78LOBC .1060 904-28 

~172A * 938 907-23 904·99 ~78M06M * 935 
889·7 78C2O FaIrChild ~78C2OC * 935 NEe America "PC78L08 904-100 904-29 

~172ADC • 938 907-67 TI "A78L08 904-101 Motorola MC78M06C 904-30 

!!An2ADM * 938 National DS78C20 612·51 !lA78L08AC 904-102 NatIonal LM78M06 *1060 
~n2AHC .938 78C22 FIIrChIId ~78C22 • 935 78L09 Fairchild pA78L09C .935 904-32 

",,172AHM • 938 907-83 905·39 Signetics "A78M06C 904-37 

~n2Apc .938 78C24 FaIn:hIId ~78C24C .935 TI !lA78L09AC 905-41 "A78M06M 904-38 

~n2ATC * 938 907-99 ~A78L09C 905-40 TI JAA78M06C 904-41 

pA7728DC * 938 78C29 National MM78C29 417-26 78L10 National LM78L10A 905-49 JAA78M06M 904-42 

",,77280. • 938 610-37 LM78L1OC .1060 78M08 Fairchild pA78M08C .935 

",,7728HC • 938 78C30 Niitional MM78C30 417-23 905-50 904-106 

IlAn2BHM .938 609-50 TI !lA78L10AC 905-52 pA78M08M .935 
~n2BPC * 938 78C82 Fairchild "A78C82C 905-31 1JA78L10C 905-51 904·109 

~7728TC • 938 78HV05 SigneIics JAA78HV05 903-113 78L12 Fairchild pA78L12C .935 Motorola MC78M08C 904-110 

""n2C * 938 78HV06 Signetics JAA78HV06 904-63 905-74 National LM78M08 .1060 

893-8 78HV08 Sig1e1ics 1JA78HV06 905·16 Motorola MC78112C 905-75 904-11~ 

pAn2DC * 938 78HV12 Signelics "A78HV12 906·17 National D578L12 455·111 NEC America "PC78M08 904·113 

~n2HC .938 78HV15 SigneIics J.LA78HV15 906~111 LM78L12A .1060 Sigletics 1JA.78M08C 904-114 

pAn2L .938 78HV18 Signetics J.LA78HV18 907-52 905-79 "A78M08M 904-115 

893-17 78HV24 Signetics ~A78HV24 908·16 LM78L12C .1060 TI "A78M08C 904-122 

~n2LDC .938 78H05 F8In:hIId ~78H05 .934 905-80 "A78M06M 904-12~ 

~772lHC * 938 .952 NEC America "PC78L 12 905-81 78M10 NatIonal LM78M10 .1060 

~172LPC .938 904-12 Signetics "A78L12C 905-82 905·58 

Arranged alphanumerically from left to right. 
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Ie MASTER 
Base Base Base Base 
Number Source DevICe Page-Une NUrilber Source Device Page-line Number Source DevICe page-Une Number Source. Device Page-Une 

78Ml0 
78M12 

78M15 

78M18 

78M20 

78M22 
78M24 

78P05 

78P05 

78S40 

78S60 
780 

7800 

78005 
78012 
78015 
7802 
7803 
7805 

98 

TI JlA78Ml0C 905-59 7805 
Fairchild JlA78M12C. 935 

905-92 
JlA78M12M • 935 

905-93 
Motorola MC78M12C 905 -94 
National LM78M12 .1060 

905-96 
NEG Af11er,ca JlPC78M12 905 -97 
Signeltcs JlA 78M 12C 905 -1 04 

iJ.A78M12M 905-105 
TI JlA78M12C 905-109 

}lA78M12M 905-108 
Fairchild JlA78M15C. 935 

Motorola 
National 

906-69 
J.LA78M15M • 935 7806 

906-70 
MC78M15C 906-71 
LM78M15 .1060 

906-73 
NEG America JlPC78M15 906-74 
Signetics JlA 78M 15 906 -76 

JlA78M15C 906-77 
TI JlA78M15C 906-84 

JlA78M15M 906-85 
Motorola MC78M18C 907-24 
NatiOnal LM78M18 .1060 

907-26 
Fairchild JlA78M2OC.935 

907-68 
}lA78M20M .. 935 

907-69 
Motorola . MC78M20C 907 -70 
Signetics JlA78M20C 907 -71 

IlA78M20M 907-72 
TI JlA78M20C 907 -75 

IlA78M20M 907 -76 
TI IlA78M22C 907 -84 
Fairchild JlA78M24C. 935 

Motorola 
National 

Signetics 

TI 

Fairchild 

Fairchild 

907-100 
JlA78M24M • 935 

MC78M24C 
LM78M24 

JlA78M24 
p.A78M24C 
JlA78M24C 
}lA78M24M 
}lA78P05 

1lA78P05 

907-101 
907 -1 02 7807 

.. 1060 7808 
907-108 
907-109 
907-110 
907-113 
907-114 

• 934 
904-16 

• 934 
• 952 

Fairchild 1lA78S40 • 935 

Fairchild JlA78860 
Fairchild JlA780 
GI MEM780 

NEe Micro JlPD780 

)J.PD78o-1 

IlPD780C 
I'PD78OC-1 

Fairchild JlA7800 
Motorola MC7800 
National 087800 

LM7800 
Toshiba TA78005 
Toshiba TA78012 
Toshiba TA78015 
National OS7802 
National OS7803 
Fairchild JlA780SC 

914-25 
914-26 
858-92 
574-23 

11 189-6 
.2069 

1753 -47 
1742-1 

.2069 
1753-48 

.206& 

.2069 
11 187-8 
11 187-13 

455-104 781 
11 188-15 

903-~6 . 7810 
905 -122 
906-96 
624-162 
'619-53 

.935 7811 
903-98 

JlA7805M • 935 7812 

Motorola MC7805C 
National LM7805 

NEG America IlPC7805 
8GS L78e5 

L7805C 
Signellcs JlA7805 

903-99 
903·77 

.1060 
903-106 
903-107 
903-85 
903-86 
903-111 

Signetics JlA7805C 
Silicon G SG7805ACK 

SG7805ACP 
SG7805ACR 
SG78Q5ACT 
SG7805AK 
SG7805AR 
SG7805AT 
SG7805CK 
SG7805CP 
SG7805CR 
SG7805K 
SG7805R 

TI TL7805AC 
TL7805C 

FairehHd :.A.7~!JI!!C 

Motorola 
National 

Siemens 
Signetics 

Silicon G 

TI 

National 
Fairchild 

JlA7806M 

MC7806C 
OS7806 
LM7806 

TDB7806 
JlA7806 
JlA7806C 
SG7806ACK 
SG7806ACP 
SG7806ACR 
SG7806ACT 
8G7806AK 
SG7806AR 
SG7806AT 
SG7806CK 
SG7806CP 
SG7806CR 
8G7806CT 
SG7806K 
SG7806R 
SG7806T 
JlA7806C 
JlA7806M 
OS7807 
1lA7808C 

JlA7808M 

Motorola MC7808C 
National LM7808 

NEC America JlPC7808 
Signetics JlA7808 

}!A7808C 
Silicon G SG7808ACK. 

SG7808ACP 
SG7808ACR 
SG7808ACT 
SG7808AK 
8G7808AR 
8G7808AT 
SG7808CK 
8G7808CP 
8G7808CR 
8G7808CT 
SG7808K 
SG7808R 
SG7808T 

TI JlA7808C 
.Fairchild JlA781 
GI MEM781 
National 087810 

LM7810 

TI JlA7810C 
National 087,811 

Fairchild 'JlA7812C 

JlA7812M 

Motorola MC7812C 
National OS7812 

LM7812 

903-112 7812 
903-116 
903-117 
903-93 
903-64 

903-
115

1 
903-92 
903-63 

903-1181 
903-119 
903-94 
903-120 
903-95 
903-122 
903-123 

* :0.
3
;_47

1 
.935 

904-48 
904-50 
624-1631 7814 

.1060 
904-55 7815 
904-56 
904-64 
904-66 
904-58 
904-61 
904-43 
904-34 
904-57 
904-44 
904-33 
904-59 
904-62 
904-45 
904-36 
904-60 
904-46 
904-35 
904-69 
904-70 
619-55 

• 935 
905-4 

.935 
905-5 
905-7 

.1060 7818 
905-12 
905-13 
905-14 
905-15 
905-19 
905-22 
904-125 
904-119 
905-18 
904-124 
904-118 
905-20 
905-23 
905-3 
904-121 
905-21 
905-2 
904-120 
905-25 
858-93 
574-24 
436-12 
455-118 

.1060 
905-66 
905-68 
436-14 7819 
455-120 

• 935 782 
906-2 7820 

• 935 
906-3 
906-6 
435-174 
455-109 

.1060 
906-11 

NEe America }lPC7812 
SGS L7812 ' 

L7812C 
Signetics JlA7812 

}!A7812C 
Siiicon G SG7812ACK 

SG7812ACP 
SG7812ACR 
SG7812ACT 
SG7812AK 
SG7812AR 
SG7812AT 
SG7812CK 
SG7812CP 
SG7812CR 

SG7812K 
SG7812R 
SG7812T 

T! }lA7812C 
Signetics }lA7814 

iJ.A7814C 
Fairchild JlA781SC 

906-12 7820 
_ 905-116 

905-117 7822 
906-15 
906-16 7824 
906-21 
906-23 
905-119 
905-102 
906-20 
905-1·18 
905-100 
906-22 
906-24 
905-120 

906-19 
905-121 
905-103 
906-25 
906-39 
906-40 

.935 
906-97 

}lA7815M • 935 

Motorola 
National 

SGS 

Signetics 

Silicon G 

MC7815C 
LM7815 

L7815 
L7815C 
JlA7815 
JlA7815C 
SG7815ACK 
SG7815ACP 
SG7815ACR 
SG7815ACT 
SG7815AK 
SG7815AR 
SG7815AT 
SG7815CK 
SG7815CP 
SG7815CR 
SG7815CT 
SG7815K 

906-98 
906-101 

.1060 
906-106 
906-90 
906-91 783 
906-109 
906-110 783P3 
906-114 783P4 
906-117 7830 
906-93 
906-81 
906-113 
906-92 
906-80 
906-115 
906-118 7831 
906-95 
906-82 
906-116 

SG7815R 906-94 
SG7815T 906-83 

TI }!A7815C 906-119 

Fairchild JlA7818C '. 935 
907-39 

1lA7818M • 935 
907-40 7832 

Motorola MC7818C 907-41 
National LM7818 .. 1060 

NEG America IlPC7818 
SG8 L7818 

L7818C 
Signetics JlA7818 

JlA7818C 
Silicon G SG7818ACK 

SG7818ACP 
SG7818ACR 
SG7818ACT 
SG7818AK 
SG7818AR 
SG7818AT 
8G7818CK 
SG7818CP 
8G7818CR 
SG7818CT 
SG7818K 
SG7818R 
SG7818T 

TI IlA7818C 
National OS7819 

Silicon G 
AMO 

National 

Signetics 

8G782CR 
OM7820 
OM7820A 
087820 

087820A 
087820 

907 -47 
907-48 
907-33 
907-34 
907-50 
907-51 
907-54 
907-57 
907-36 
907-28 
907-53 
907-35 
907-27 
907-55 
907-58 
907-38 
907-29 
907-56 
907-37 
907-30 

7833 

7834 

7835 

7836 

7837 

7838 

7839 

7842 
7853 
7856 907-59 

435-132 
455-123 7858 
907-124 
612-49 787 
613-5 7875 
612-53 

11 156-15 
11 156-16 788 

11 156-17\7880 
613-7 7885 
612-55 

11 Indicates page number in Application Note Directory, 
* Indicates additional data is provided on the page noted_ 

• Indicates entire Application Note is provided on the page noted. 

Signetics D87820A 
TI 087820 
National 087822 
TI }lA7822C 
Fairchild /J.A7824C 

1lA7824M 

Motorola MC7824C 
National LM7824 

NEG America }lPC7824 
SGS L7824-

L7824C 
Signetics JlA7824 

JlA/I:I~4('; 

Silicon G SG7824ACK 
SG7824ACP 
SG7824ACR 
SG7824ACT 
SG7824AK 
8G7824AR 
8G7824AT 
8G7824CK 
8G7824CP 
8G7824CT 
8G7824K 
SG7824R 
8G7824T 

TI ).tA7824C 
Fairchild JlA783 

613-9 
613-11 
611-12 
907-85 

• 935 
908-2 

• 935 
908-3 
908-5 

.1060 
908-10 
908-11 
907-119 
907-120 
908-14 

908-15\ 
908-19 
908-22 
907 -1221 

907-1041 
908-18 
907-121 
907-103 
908-21 
908-23 
907-106 

908-20 I 
907-123 
907-105 
908-24 

• 936 
852-48 

Fairchild 
Fairchild 
AMO 
National 

IJ-A 783P3C .. 936 
1lA783P4C • 936 

Signetics 
TI 
AMO 

National 

TI 

AMO 
National 

TI 

National 

National 

National 

National 

National 

AMO 
National 

National 

National 
National 
National 

National 

Fairchild 
National 
S,GS 

Fairchild 
Nat.ona: 
Fairchild 
National 

OM7830 609 -1 0 
DS7830 

OS7830 
087830 
OM7831 

087831 

OS7831 

OM7832 
087832 

OS7832 

OS7833 

087834 

087835 

087836 

087837 

087838 
087838 

087839 

OM7842 
OM7853 
087856 

087858 

JlA787 
OM7875 
L7875 
L7875C 
JlA788 
087880 
JlA7885 
OS7885 

609-16 
11 156-15 
11 156-16 
11 156-17 

609-18 
609-22 
607-7 
609-28 

11 155-14 
607-9 
609-30 

11 156-16 
11 161-17 

• 162-1 
607-11 
609-32 
609-34 
607-13 
609-36 

11 156-16 
607-15 
609-37 
617-53 

11 156-16 
617-59 

11 156-16 
617-55 

11 156-16 
612-4 

11 156-16 
612·19 

11 156-16 
616-49 
616-50 

11 156-16 
617-57 

11 156-16 
11 161-2 

452-19 
601-72 

11 160-8 
601-11 

11 160-8 
858-94 
425-151 
904-89 
904·90 
858-95 
602-145 
905-34 
602-139 
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..... Bae Bae Bae 
NumbIi' SouIice Device Page-Une Number Source Device Pege-Une Number Source Devtc:e Page-Une Number Source DevIce Page-line 

7885 SGS L7885 905-35 79M12 Sig1eIics IlA79M12 909-107 7918 National LM7918 *'061 8TOS Signetics S8T05 601-n 
L7885C 905-36 J.lA79M12C 909-108 910-82 8T06 Signetics N8T06 601-106 

TI J.lA7885C 905-37 TI IlA79M12 909-109 Sigletics J.lA7918 910-83 S8T06 601-107 
7887 National OS7887 602-130 79M15 Flirdild p.A79M15C * 934 J.lA7918C 910-84 8T09 Raytheon RC8T09 436-94 
7889 National OS7889 602-164 910-26 TI J.lA7918C 910-85 606-63 
7891 National OS7891 602-114 NatIonal LM79M15 *'061 7924 Fairchild p.A7924C * 934 RM8T09 436-95 
7895 National OS7895 603-63 910-28 910-114 607-2 
7897 National 057897 602-133 Signetics JLA79M15 910-29 Motorola MC7924C 910-116 Signetics . N8T09 436-96 
7899 Rockwell MM7899 1752-85 J.lA79M15C 910-30 National LM7924 *'061 607-3 
79 FIirChIId p.A79G * 934 TI J.lA79M15 910-31 910-117 S8T09 436-97 

913-56 79M18 Flirdild A79M18C * 934 Signetics IlA7924 910-118 607-4 

p.A79HGC * 934 National LM79M18 *'061 JlA7924C 910-119 8T10 Raytheon RC8Tl0 439-20 

* 953 910-72 TI J.lA7924C 910-120 RM8Tl0 439-21 
913-43 Signetics J.lA79M18 910-73 7952 TI J.lA7952C 909-17 Signetics N8T10 439-22 

p.A79MG * 934 J.lA79M18C 910-74 796 Fairchild J.lA796C 915-118 S8Tl0 439-23 
913-53 79M20 Fairchild J.lA79M2OC 910-87 7960 Sanyo LC7960 407-99 8T1oo Signetics N8T1oo 610-24 

Signetics J.lA79G 913-57 TI J.lA79M20 910-88 798 Fairchild J.lA798 866-179 8T101 Signetics NST101 610-25 

J.lA79GC 913-58 79M24 Fairchild JlA79M24C * 934 J.lA798~ 891-56 8T125 Signetics NST125 459-130 

J.lA79MG 913-54 910-103 J.lA798M 890-28 618-39 

J.lA79MGC 913-55 National LM79M24 *'061 8 Beckman 883-X 901-3 8T126 SIgnetIc:s N8T126 *22'¥l 
79Eoo Fairctikl J.lA79Eoo , 187-8 910-1OS Bwr-Brown MPCaD * 659 616-10 
79E02 Fairchild J.lA79E02 908-53 Signetics IlA79M24 910-106 576-15 S8T126 *22'¥l 

J.lA79E02C 908-54 J.lA79M24C 910-108 MPC8S * 659 458-131 
79EOS Fairchild p.A79EOS 908-98 TI J1A79M24 910"109 575-74 616-11 

J1A79EOSC 908-99 7900 Motorola MC7900 • 187-13 Date! ADC-EK88 *662 8T127 SignetIcs N8T127 *22'¥l 
79Loo Motorola MC79Loo • 187-13 7902 Motorola MC7902C 908-51 579-31 458-132 
79L03 Motorola MC79L03C 908-55 7905 Fairchild p.A7905C * 934 ADC..£T88C * 663 616-12 
79LOS Motorola MC79LOSC' 908-57 908-79 579-35 SST127 *22'¥l 

National LM79L05 *'061 Motorola MC7905C 908-82 ADc-maM * 663 458-133 
908-59 National LM7905 *'06' 579-34 616-13 

LM79L05A *'060 908-81 ADC-MCSB * 664 8T128 Signetica N8T128 *2297 
908-58 Signetics IlA7905 908-88 ADC-MC88C * 664 458-112 

79L06 National LM79L06A *'060 J.lA7905C 908-89 579-46 616-23 
909-22 Silicon G SG7905 908-95 DAc-HF88 * 6n S8T128 *2297 

79L08 National LM79L08A *'060 SG7905C 908-96 DAC-HF88GC * 677 458-113 
909-SO TI J1A7905C 908-97 586-14 616-24 

79L10 National LM79L10A 909-88 7905.2 Motorola MC7905.2C 909-2 DAC-HF88MC * 677 8T129 SIgnetIc:s N8Tt29 *%2W1 
79L12 Motorola MC79L12C 909-92 National LM7905.2 *'06' DACHF88MM. 677 458-114 

NaIIonII LII79L12 *'061 909-7 586-15 616-25 

909-95 Signetics IlA7905.2 909-8 DAC-HF8BIIR • 677 S8T129 .22'¥l 

LM79L12A .1060 jJA7905.2C 909-9 DAC-IC8B .671 458-115 
909-94 Silicon G SG7905.2 909-15 DAC-IC8BC • '671 616-26 

79L15 Motorola MC79L15C 910-13 SG7905.2C 909-16 587-14 8T13 Fairchild JlA8T13C 606-15 

National LM79L15 .1061 7906 FaIrc:hId p.A7906C .934 DAC-IC8BM .671 JlA8T13M 606-16 

910-16 909-34 587-15 8T13 • 160-1 
LM79L15A .1060 Motorola MC7906C 909-36 DAC-UP8B * 672 Motorola MC8T13 606-18 

910-15 National LM7906 .1061 ' DAC4JP8BC .672 Signetics N8T13 606-21 

79L18 Motorola MC79L18C 910-61 909-37 DAC-UP88M .672 S8T13 606-22 

NaIIonII lM79L18 .1061 Signetics J1A7906 909-42 HDAs-aMC .660 TI NST13 606-23 

910-65 J.lA7906C 909-43 580-39 8Tr4 Fairchild JlA8T14C 611-24 

LM79L18A .1060 TI IlA7906C 909-44 916-18 /LA8T14M 611-25 

910-64 7908 Fairchild JlA7908C * 934 HDAS-8MM * 660 8T14 • 160-1 

79L24 Motorola MC79L24C 910-95 909-62 580-40 Motorola MC8T14 611-28 

National LM79L24 .1061 Motorola MC7908C 909-65 916-19 Signetics N8T14 611 c31 

910-98 National LM7908 .1061 HDAs-aMR .660 S8T14 611-32 

LM79L24A ' *'060 909~ Delco OVR-8 904-92 8T15 Signetics N8T15 606-3 

910-97 Sig1eIics J.lA7908 909-71 Fairchild F8 .1871 8T16 Signetics N8T16 612-30 

79M05 FIi'diId p.A79M05C .934 J.lA7908C 909-72 1751-54 8T18 Signe\ics N8T18 455-92 

908-63 Silicon G SG7908 909-73 1724-1 S8T18 455-93 

NaIIonII LM79M05 .1061 SG7908C 909-74 
• 203-6 

8TlO Raytheoo RC8T2O 452-103 

908-68 TI J1A7908C 909-75 Mostek . F8 1734-3 RMST20 452-104 

Signetics JlA79MOS 908-69 791 Fairchild J.lA791C 882-44 • 199-5 
Signetics N8T2O 452-1OS 

JlA79MOSC 908-70 7912 fIIrchIId p.A7912C .934 , 199-6 8T22 SigneIics N8T22 452-71 

TI J.lA79MOS 908·74 909-118 
• 201-8 

8T23 Fairchild i&A8T23C 606-26 

79M05.2 National lJI79II05.2 .1061 Motorola MC7912C 909-121 , 204-14 J.lA8T23M 606-27 

908-110 National LM7912 .1061 , 204-15 8T23 , 160-1 

Signe\ics j.lA79M05.2 908-111 909-122 • 204-16 
Motorola MC8T23 606-30 

j.lA79M05.2C 908·112 Signetics J.lA7912 909-123 National IMP-8 • 199·13 Signe\ics N8T23 606-32 

79M06 FIirChIId p.A79M06C .934 IlA7912C 910-2 , 199-15 TI N8T23 606-33 

909-25 Silicon G SG7912 910-8 , 200-15 S8T23 606-34 

NMionII LM79M06 .1061 SG7912C 910-9 IMP-8C , 199-14 8T24 Fairchild JlAST24C 611·14 

909-30 TI JlA7912C 910-10 
• 205-7 

J.lA8T24M 611-15 

Signetics JlA79M06 909-31 7915 FIIrchIIcI JlA7915C .934 ISP-8A/500 1752-164 8T24 , 160-1 

JlA79M06C 909-32 910-40 ISP-8A1SOO 1752·165 Motorola MC8T24 611-18 

TI J1A79M06 909-33 Motorola MC7915C 910-43 ISP-8A/650 1753-23 SigneIics NST24 611-20 

79M08 FaIrdIId p.A79II08C * 934 NationII LM7915 *'06' Rockwell PPS-8 1744-2 8T25 Signetics NST25 624-166 

909-53 910-44 , 206-17 8T26 AMO NST26 458-121 

NaIIonII LM79M08 *'06' 5q1elics p.A7915 910-45 . SigneIIcI 1SP-8A/600 .2314 615-65 

909-58 J.lA7915C 910-46 1753·3 1754·129 

SigneIics J.lA79M08 909-59 Silicon G SG7915 910-52 TRW MPY8AJ' 426-7 N8T26A 458-123 

J.lA79M08C 909-60 SG7915C 910-53 MPY8AJM 426-8 S8T26 458-122 

TI J.lA79M08 909-61 TI J.lA7915 910·55 MPY8HJ 426-9 616-2 

79M12 Flirchild p.A79M12C .934 J.lA7915C 910-54 MPY8HJM 426·10 S8T26A 458-124 

909-104 7918 fIIrchIId p.A7918C .134 8T04 SigneIics N8T04 601-122 Fairctild 8T26 616.-3 

NItionII LM79M12 .1061 910-79 S8T04 601-123 Motorola MC8T26A 458·127 

909·106 Motorola MC7918C 910-81 8TOS Signe\ics NSTOS 601-76 616-6 

Arranged alphanumerically from left to right. 
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8T26 

8T26 

8T30 
8T31 

8T32 

8T33 

8T34 
8T35 

8T36 

8T363 
8T37 
8T38 
8T380 
8T39 

8T40 

8T58 

8T80 

8T90 

8T93 
8T94 
8T95 

8T96 

,------------------- ---------------------------
Motorola 
National 

Signetics 

TI 
AMD 

Fairchild 
Motorola 

MC8T26A 
DS8T26A 

DS8T26AM 

N6T26 
N6T26A 

N8T26 
N8T26 
N8T28A 
S8T28A 
8T28 
MC8T26 

National DS8T28 

DS8T28M 

Signetics N8T28 

Signetics N8T30 
Signetics N8T31 

Signetics N8T32 

58T32 

SlgnetieS N8T33 

SST33 

Signetics N8T34 
Signetics NeT3S 

SST3S 

Signeties N8T36 

Signetics 
Signetics 
Signetics 
Signetics 
Signeties 

58T36 

N8T363 
N8T37 
N8Tl8 
N8T380 
N8T39 

S8T39 

Signetics N8T40 

Signetic:s N8T58 

Signetics N8T80 
S8T80 

Signetics N8T90 

Signetics 
Signetics 
Motorola 

Signetic:s 

S8T90 

N8T93 
N8T94 
MC8T95 

N8T95 

S8T95 

Motorola MC8T96 

1754-130 6T96 
458-126 
616-7 

1754-132 
458-129 
616-6 

1754-134 8T97 
458-130 
616-9 
458-135 
456-106 
616-15 
616-16 
616-17 
458-107 8T96 
616-19 

1754-
131

1 
458-109 
616-20 

1754-133 
458-1101 
616-21 
458-111 8XOl 
616-22 8X02 

1754-135 
615-1 

*2290 
458-165 

1754-111 
1759-39 

*2291 8X08 
458-167 

1759 -29 8X300 
.2291 

458-168 
1759-30 

.2291 
458 -169 

1759-31 
*2291 8X350 

458-170 
1759-32 
617-61 80 

*2291 
458-171 

1759-34 
",2291 

458-172 
1759-35 

*2291 
458-173 

1759-36 
.2291 

458-174 
1759-37 
457 -104 
612-22 
616-54 
612-9 

*2292 
458-175 

1759-41 

*2292 
458-176 

.2293 
459-144 

",2294 
1759 -43 80C95 
436 -23 80C96 
436 -24 8OG97 
428 -162 80C98 
436-88 800' 
428-163 
436-89 
428-144 
429-4 
428-63 

1754-98 
.2295 

428-65 
1754 -102 8000 

",2295 
428-66 

1754-103 8001 
429-61 

1754 -99 

Signetict N8T9fS 

S8T96 

Motorola MC8T97 

Signeties N8T97 

~T97 

Motorola MC8T98 

Signeties N8T98 

S8T98 

Signetics 8XOl 
Signetics N8X02 

8X02 
Signetics 8X08 

Signeties N8X300 

S8X300-1 

saX300-2 

8X300 
SIgnetics N8X350 

AD DAC80/CBI 
DACBO/CCD 

Burr-8rown ADC80 
ADC80-12 

ADC80A·12 

*2295 8002 
429-63 

1754-104 8007 
.2295 

429-64 
1754-105 

428-64 1 
1754-100 

.2295 
428-67 

1754-106 
.2295 

428-68 
1754-107 
429-62 8008 

'~~I 
*2295 

429-66 I 
1754-109 
604-10 

*2280 
459-175 

1755-40 
1763-84 'I 202-15 

, 207-10 
1745-4 

*1124 
898-96 

.1982 
1759-25 

.2282 
1759-26 

.2282 
1759-27 
1746-1 

*1678 
1176-63 
1759-45 
594-16 
598-16 

.658 

* 658 
581-19 

• 658 
581-18 

801 

8010 
8013 

8015 
8016 

8017 

8018 
8019 
802 
8020 
8021 

DAcao 
DAC80/CBI 

.658 

.658 
594-9 

DAC80/CCD * 658 
598-23 

8022 

Intel 
Micro Net 

Mostek 

Zilog 

National 
National 
National 
National 
Fairchild 

Hitachi 
Plessey 

SGS 

Signetics 
GI 
National 
Rockwell 
Intersi! 

Rockwell 

SHcao 

PLlM-80 
ADC80·10 
ADC80-12 
DAC80/CBI 
OAC80/CCD 
MNADC80 
Z80 

Z80 

MM80C95 
MM80C96 
MM80C97 
MM80C98 
TBA800 

TBASOOA 
TBA800 
TBA800 
TCA800 
TBA800 

TCA800 
LP8000 , 
DM8000 
CRC8000 
ICL8001C 
ICL8001M 
CRC8001 

• 659 
919-24 

, 201-1 
580-19 
581-20 
594-13 
598-26 

, 178-2 
1735-1 

, 204-17 
1751-3 

11 202-17 
11 207-15 

404-166 
405-51 
404-167 
405-53 

.937 
852-50 

* 937 
852-69 
852-91 
858-158 
852-105 

11 176-5 
859-7 

1759-47 
, ·'93-2 

900-109 
846-11 
845-52 
900·110 

8023 

803 
8030 

8035 

8038 

8039 

SMC 

Intersil 

Intel 

CG8002 
CRT8002 
ICL8007 

ICL8007AC 

ICL8007AM 

ICL6007C 
ICL8007C-4 
ICL8007C-5 
,ICL8007M 
ICl8007M-2 
ICL8007M-5 
8008 

Intarsil ICL8oo8C 
ICL8008M 

AD AD801A 
AD801B 
AD801S 

Fairchild /lA801 C 
Fairchild FCB8010 
Intarsi! ICL8013C 

ICL8013M 
Sanyo LB8015 
SMC COM8016 

COM8016T 
Intersil ICL8017C 

ICL801'i'M 
SMC COM8017 

Intersil ICL8018A 
Intersil ICL8019A 
Beckman 802 
Intersi! ICL8020A 
Intel 8021 

Intersil ICL8021C 

ICL8021M 

NEe Micro p.PD8021 

MPD802'IC 
Signetics 8021 

Intel 8022 

Inters~ ICL8022C 

ICL8022M 

Intersil ICL8023C 

ICL8023M 

Dionics DI803A 
Rockwell CRC8030 

AMD 8035 
Intel 8035 

8035-4 

NEe Micro /lPD8035 

/lPD8035C 
/lPD8035D 

Slgnatlcs 8035 

Exar XR803a 
XR8038M 

Intersil ICL8038 

ICL8038C 
ICL8038M 

Intel 8039 

11 Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted, 

Base 
Page-Line Number Source Device 

1157-118 
1763-93 

, 165;6 
, 183-5 

865-61 
867 -47 
865-62 
887-46 
888-13 
885-7 
885-8 
887-23 
672-16 
885-9 

1759-57 

1;!;~;0 1 
879-7 
879-4 
879-3 
879-5 I 
588-12 
854-61 
917-72 

8039 

604 

6040 
8041 

917-73 8043 
463-8 
626-38 
626-39 8046 
883-31 
880-22 8048 
625-70 
625-82 

, 177-10 
, 177-10 

912-12 
, 177-10 
.1936 

1759-94 
1731-1 

866-10 
866-76 
882-28 
866-11 
866-77 
876-30 

.2085 
1759-9T 

.2085 8049 
1759-100 
1745-2 

.1937 
1759-119 
1731-2 
866-99 
891-48 
866-100 
889-54 
866-104 805 
893-40 8050 
866 -1 05 8052 
893-28 
602-127 
900-163 

, 171-5 
1759-109 

.1934 
1759-110 
1731-3 

, 204-1 
.1934 

1759 -111 8053 
.2098 
1759-114 

.2098 806 

.2098 8060 

.2310 
1759-116 
1745-3 
899-95 8063 
899-96 

"83-1 8068 
, 183-2 

899-97 
899-98 8069 

.1935 
1759 -112 807 

Intel 8039-6 

NEe Micro /lPD8039 

Beckman 
Dionics 
Rockweli 
AMD 

Intel 

/lPD8039C 
/lP080390 
804 
DI804A 
R8040 
8041 

8041 

NEe Micro /lPD8041 

Intersil 

SMC 

AMD 
Fujitsu 

Intel 

/lPD8041C 
/lPD8041D 
ICL8043 
ICL8043C 
ICL8043M 
COMB046 
COM8046T 
8048 
MBL8048 
MBM8048 
8048 

*1935 I ' 
1759-113 

*2104 
1759-115 

*2104 I 
*2104 I 

912-53 , 
602-126 
901-76 

1759-137 
1760-41 
1762-54 

*1939 
1759-138 
1760-42 

'Ii;~~~~[jj 
• 204-2 
.2090 

1759-14_ 
1760-44 I 
1762-57 

.2090 

.2090 
, 165-7 

893-27 
893-26 

626-23 1 
626-24 

1759-91 

1759-
92

1' 

1727-1 
.1934 

1759-95 1 
1731-3 

• 199-2 'I 201-2 

• 204-1 
839-136 Intersil ICL8048C 

NEe Micro /iPD8048 .2098 
1759-98 
1142-2 

/iPD8048C .2098 
/iPD8048D *2098 

Slgnetics 8048 .2310 

Fujitsu 

Intel 

MBL8049 
MBM8049 
8049 

Intersil ICL8049C 
NEe Micro j.lPD8049 

/lPD8049C 
/lPD8049D 

Dionics DI805A 
Rockwell R8050 
Intersil ICL8052 

ICL8052A 

SMC COM8052 
Intersil ICL8053 

ICL8053A 
Backman 800 
National INS8060 

Rockwell 
Intersil 

intersil 

Intersil 

Datel 

R8060 
iCLa063 
ICL8063M 
ICL8068 

ICL8068A 
ICt6069 
ICL8069M 
MVD-807 

1759-101 
1745-3 
1159-93 
1727-2 

.1935 
1759-96 
1731 -4 
839-132 

*2104 
1759-99 

.2104 

.2104 
602-129 
901-82 
584-36 

~ 177:11 
11 177-16 
11 204·9 

582-43 
583-2 
583-6 
584-66 

, 183-3 
, 183-5 

625-71 
584-37 

11 177-11 
584-67 
912-3 

.2029 

.297 
1752 -163 

901-79 
839-187 
839-188 
584-38 

11 177-16 
584-68 
918-36 
918-37 

.683 

• Indicates entire Application Note is provided on the page noted. 
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PART NUMBER INDEX 
Bae Bae Bae Bae 
MunIber Sourte DevIc:e p ...... Number Source DevIc:e PagHJne Number Source Device Page-Une Number Source Device Page-Une 

807 Datal MVD-807 575-113 8094 National DMS094 427-179 812 AD AD812 842-4 825100 Signetics S8251 00 1160-17 

MVD-807M .683 • 161-17 8121 National DM8121 451-163 825101 MMI 825101 456-24 
575-114 8095 National DM8095 428-13 8123 National DM8123 449-125 1160-3 

MXD-807 .683 8096 National DM8096 429-9 81~ AD AD813 842-5 SigneIIcI N82S1 01 .1684 
576-16 8097 National DM8097 428-12 8130 National DM8130 427-141 456-27 

MXD-807M .683 8098 National DM8098 429-11 8131 National DM8131 427-111 1160-6 
576-17 8099 National DM8099 444-144 8132 Fujitsu _MB8132E 1171 "11 S82S101 .1684 

Panasonic- ANS07 842-138 81 PMI 5MP81E 919-71 MB8132H 1171-10 456-28 
8071 5anyo LMB071 857-33 5MP81F 919-72 MB8132N 1171-13 1160-14 

808 Datal MV-808 .683 81L595 AMD DM81L595 428-74 8136 National DM8136 427-114 825102 SigneIIcI N82S102 .1687 
575-30 National DM81L595 428-78 814 AD AD814 842-6 1160-109 

MV-808M 575-31 81L596 AMD DM81L596 429-71 815 AD AD815 842-7 S82S102 .1687 

MX-808 .683 National DM81L596 429-75 NEe AmeriCa I1PD815 854-107 1160-111 

575-76 81L597 AMD DM81L597 428-76 8154 National IN581 &4 1753-22 825103 SigneIIcI N82S103 .1687 

MX-808M .683 National DM81L597 428-80 1761-85 1160-110 

575-77 81L598 AMD DMS1LS98 429-73 8155 AMD 8155 1759-124 S82S103 .1687 

8080 AMD 8080A 1760-23 ~tional DM81L598 429-77 1761-175 1160-112 

• 202-19 
810 AD AD810 842-2 Intel 8155 .1945 825104 SigneIIcI N82S104 .1690 

Intel M8080A 1760-29 fIirChIId TBA810 .936 1759-125 1160-124 

8080 • 199-:; 852-51 1761-176 825105 SigneIIcI N825105 .1690 

• 203-14 TBA810A5 .936 • 199-2 1160-125 

8080A 1760-26 TBA810DAS .936 • 204-1 825106 SIgneIica N82S106 .1696 

1732-1 TBA8100s .936 8155-2 .1945 1160-120 

• 200-20 TBA810S .936 1759-126 825107 SigneIIcI N82S107 *'696 

• 201-1 Hitachi TBA81Q 852-71 1761-177 1160-121 

• 203-18 NEe America I1PD81O 861-133 NEe MIcrO I1PD8155 .2164 82511 Signelics NS2511· 1176-101 

• 203-19 RCA CA810 852-92 1759-129 S82S11 .1678 
8080A-1 1760-27 CA810A 852-94 1761-180 1177-37 
8080A-2 1760-28 CA810AM 852-95 I1PD8155C .2164 825110 SigneIIcI N82S110 .1678 

National IN58080 
• 200-5 

CA81 OM 852-93 8156 Intel 8156 .1945 1176-88 

INsaoeoA .238 5G5 TBA81 0 852-106 1759-127 825111 SignetIcs N82S111 .1678 

1760-31 , 168-16 1761-178 1176-91 
1739-2 • 176-5 8156-2 .1945 825112 SigneIIcI N82S112 .1678 

• 206-2 
TeIefiJ1ken TBA81 0 852-116 1759-128 449-34 

INS808OA-1 .238_ TI TL810C 845-58 1761-179 1171-87 

1760-32 TL81 OM 845-12 _NEe IIao I1PD8156 .2184 825114 SIgneticI N82S114 .1680 

1NS808OA-2 .238 8100 GI AY5-8100 857-46 1759-130 1162-39 

1760-33 • 172-14 1761-181 S82S114 .1680 

NEe ... I1PD801OA .211. National MM8100 900-69 f-LPD8156C .2184 1162-72 

1742-3 8101 AMD 8101 1761-101 816 AD AD816 842-8 825115 Signetics N82S115 .1680 

~ .2119 Intel 8101A-4 1761--103 NEe America f-LPD816 854-1oe 1164-2 

1760-34 National MM8101A-4 1761-106 8160 National DM8160 427-117 S82S11$ .1680 

"JIDIOIIAF.f .2119 8102 AMD 8102A-4 1761-112 8164 Fujitsu MB8164E 1171-18 1164-90 

1760-35 GI AY5-8102 857-47 MB8164H 1171-16 825116 SigneIIcI N82S116 .1678 

~ .2111 Intel M8102A 1761-114 MB8164N 1171-19 1173-86 

1760-36 8102A-4 1761-113 818 AD AD818 842-51 825117 SIgneIica N82S117 .1678 

~ .2119 8107 Fujitsu MB8107 1761-120 8185 Intel 8185 1762-65 1173-84 

pPDIIIIIAfC. t .2119 MB8107H 1169-83 819 NEe America 11PD819 861-134 82512 SignetIcs N82S12 .1678 

~ .2119 M68107N 1170-29 8192 GI R05-8192 1183-6 449-33 

p.PDII08OAfD .2119 MB8107Y 1169-56 82 BIIT.fJrown ADC82A .658 1171-86 

pPDIOIOAFO-t .2119 Intel 81078-4 1761-121 578-35 825123 SigneIIcI N825123 .1680 

,IIPDI08IIAFD-2 .2119 8108 EMM/SemI 8108 .1232 DAC82 .658 1161-39 

SignetIcs 8080A .2312 8108-3 .1232 DAC82K .658 S825123 .1680 

1760-38 t"180-41 587-8 1161-52 

1746-2 . 8108-5 .1232 DAC82S .658 825126 SIgneIica N82S126 .1680 

TI TMS8080 • 207-14 
1180-42 587-9 1161-87 

TMS8oeOA 1760-39 NEe MIcro 11PD8108 .1616 82C06 National INS82C06 1-760-187 5825126 .1680 

1749-2 1180-35 82C19 National MM82C19 414-103 1162-5 

• 207-13 ~108C .1618 82lSOS National INS82LS05 1760-137 825129 SIgneIica N825121 .1680 

8085 AMD 808SA 1761-166 11PD8108D .1816 82LS10 Si!Jle1ics N82l51 0 1176-111 1161 -89 
Intel 8085 

• 200-20 
811 AD AD811 842-3 S82L51 0 1177-29 5825129 .1680 

• 204-3 
NEG America 11PD811 854-1.06 82L511 SigneIics NS2L511 1176-117 1162-7 

8085A .1944 TI Tl811C 848-2 S82L511 1177-36 825130 SigneIIcI N82S13O .1680 

17t/1-167 TL811M 847-30 821.S180 SigneIIcI N82LS180 .1700 1163-15 

1732-2 8110 GI AY3-8110 851-120 1166-73 S82S13O .1880 

• 203-16 8111 AMD 8111 1761-102 S82lS180 .1700 1163-47 

• 204-3 Intel 8111A-4 1761-104 1166-76 825131 SIgnetIcs N82S131 .1680 

8085A-2 .1944 National MM8111A-4_ 1761-107 82LS181 SIgneIIca . N82LS181 .1700 1163-19 

1761-168 8112 GI AY3-8112 851-121 1166-74 S82S131 .1680 

• 203-16 • 191-6 S82L5181 .1700 1163-51 

NEe MIcrO 11PD8085A .2133 8114 Fujitsu MB8114E 1178-106 1166-77 825136 SIgnetica N82S138 .1680 

1761-170 MB8114EL 1178-107 82509 Signetica N82S08 .1678 1165-22 

1742-4 MB8114H 1178-89 1173-33 S82S136 .1680 

jd'DI085AC .2133 MB8114N 1179-50 S82S09 .. 1678 1165-67 

IlPDlOl5AD .2133 MB8114NL 1179-51 1173-35 825137 SIgneIIca Nl2S137 .1680 

8086 1n1a1 8086 .1147 GI AY3-8114 851-122 82510 SigneIics N82S10 .1878 1165-32 

1762-71 8115 GI AY3-8115 851-123 1176-100 S82S137 .1680 

1732-3 • 172-17 S82S10 .1678 1165-68 

809 NEG America 11PD609 861-54 8116 Fujitsu MB8116 
• 195-8 

1117-30 825140 SIgnetica N82S140 .1880 

8090 National DM8090 447-128 MB8116E 1170-91 825100 MMI 825100 456-23 1163-1<18 

8091 National DM8091 443-168 MB8116H 1170-74 1160-8 S82S140 .1880 

5anyo LM8091 854-191 MB8116N 1170-110 SigneIIca N82S100 .1884 1164-85 

8092 National DM8092 443-5 MB8116Y 1170-70 456-25 825141 SigneIIcI N82S141 .1680 

5anyo LM8092 854-192 GI AY3-8f16 851-124 1160-11 1164-3 

8093 National DM8093 427-148 • 172-17 S82S100 .1684 ~5141 .1680 

• 161-17 8117 GI AY3-8117 851-125 456-26 1164-89 

Arranged al;Jhammerically from left to right. 
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ICMASTER 
Base BaM Baae Base 
Number Source Device Pllge-Une Number Source Device Page-Line Number Source Device Pege-Une Number 
---------------------------
828146 Signetics N82S146 

828147 Signetics N82S147 

82816 Signetics N82S16 

182817 ' Signetics 

S82S16 

N82517 

582517 

825180 Signetics N825180 

5825180 

825181 Signetics N825181 

S825181 

828182 Signetics 

825183 Signetics 

.1680 
1163-74 

.1680 
1163-75 

1173.103\ 
.1678 

1174·20 
.1678 

1173-97 
.1678 

1174·15 

82525 

82827 
82S2708 

82S280 

825281 

.1680 825290 

1165-1111825291 
.1680 82530 

1166-40 

.1680 182831 
1165·117 

.1680 82532 
1166-50 
1165 -90 I 828400 
1166-41 
1165-101 
1166-51 

Signelics 

Signetics 
Signetics 

Signetics 

Signetics 

Signetics 
Signetics 
Signetics 

Signetics 

Signetics 

Signetics 

N82825 1172 -50 
582525 .1678 

1172-77 
N82827 1161 -74 
N82S2708 .1702 

S82S2708 

N828280 
5828280 
N828281 
8825281 
N825290 
N828291 
N82830 
8132810 
N82831 
582S31 
N82S32 
S82832 
N82S400 

1165-116 
.1702 

1166-52 
1184-95 
1184-109 
1184-97 
1185-6 
1185-87 
1185-88 
451-100 

;;~ ~~~;I 
451-103 
451-104 

.1:~~ -105
1 

1180-93 
N82S400A .1678 

1180-60 

---------------------------
8205 

8208 
821 
8210 

82100 

82101 

8211 

8212 

Mitel 

National 
AD 
National 

Motorola 

Motorola 

GI 

Intersil 

AMD 

GI 

Intel 

ML8205 

11\188208 
AD821 
DM821 0 

MC82100C 
MC82100M 
MC82101C 
MC82101M 
S85-8211 
S86-8211 
ICL8211 
ICL8211C 
ICL8211M 

8212 
8212C 
8212M 
SS5-a212 
886-8212 

• M8212 
8212 

900-185 8224 
919-167 

1760-91 8226 
842-40 
451-60 

11 161.2 
1160-10 
1160-16 
1160-5 
1160-13 
1192-58 
1192-60 

11 186-14 
919-192 
919-193 

11 202-19 
1760-191 
1760 -192 8227 
1192-59 
1192-61 
1761-3 
1759 -59 8228 

828184 Signetics 

N825182 
5825182 
N825183 
5825183 
N825184 .1680 

1167-52 
.1680 

82S401 Signetics N82S401 .1678 
1759-172 
1761-2 

582S184 
1167-54 

825185 Signelics N825185 
1185-83 

.1680 
1167-53 

.1680 
1167-55 
1185-84 

828190 Signetics 

Supertex 

5825185 

N825190 

5825190 

.1680 
1167-76 

.1680 
1167-87 

MM825190 .1706 
1167-77 

5M82S190 .1705 
1167-64 

825191 Signetics N825191 .1680 
1167-81 

,,1680 
1167-90 

.. 1705 
1167-82 

.1705 
1167-69 
456-18 

1160-20 
1160-22 
456-19 

1160-19 
1160-21 

,,1678 

825200 Sigoencs 

828201 Signetics 

825208 Signetics 

82521 Signetics 

828210 Signetics 

S825191 

MM82S1t1 

5M825191 

N825200 

8828200 
N825201 

5825201 
N82S208 

N82S21 

N825210 

825212 Signetics N825212 

828214 

828215 

828226 

828229 

82823 

828230 

828231 

828240 

828241 

82825 

102 

Signetics 

Sigoetics 

Signetics 

Signetics 

Signetics 

Signetlcs 

Signetics 

Signetics 

Signetics 

Signetics 

N828214 
582S214 
N82S215 
S82S215 
N82S226 
5828226 
N825229 
8825229 
N82523 

S82523 

N828230 
8825230 
N828231 
5825231 
N825240 
5825240 
N825241 
8828241 
N8~25 

1176-65 
.1678 

449-39 
1173-7 

.. 1678 
1176-72 

.1678 
1176-71 
1183-56 
1183-63 
1184-16 
1184-30 
1183-29 
1183-42 
1183-31 
1183-43 

.1680 
1161-33 

.1680 
1161-51 
1183-90 
1183-98 
1183-92 
1183-100 
1184-15 
1184-29 
1184-17 

1184-31 I 
.1678 

82S41 
82542 
82S50 
82S52 
82562 

82866 

82S67 
82S70 

82S71 

82582 
82883 
82S90 
82591 
820 

8200 

8201 

8202 

8203 

8204 

8205 

Signetics 
Signetics 
Signetics 
Signetics 
AMD 

Signetics 
Signetics 

Signetics 
Signetics 

Signetics 

Signetics 
Sigletics 
Signetics 
Signelics 
AD 
Fairchild 

8GS 

Signetics 
TI 

National 
Raytheon 

Signetics 

Raytheon 

Signetics 

Intel 

National 
Raytheon 

Signetics 

GI 

National 
Raytheon 

Signetics 

Mite\ 

Signetics 
Intel 

1180-95 
N82S401A .1678 

N82541 
N82S42 
N82S50 
N82S52 
82S62C 
82S62M 
N82562 
N82S66 

N82S67 
N82570 

N82871 

N82S82 
N82S83 
N82S90 
N82S91 
AD820 
TBA820 

TBA820l 
TBA820 

TCA820 
TL820C 
TL820M 
DM8200 
RC8200 
RM8200 
N8200 
S8200 
RC8201 
RM8201 
N8201. 
88201 
8202 

INS8202 
RC8202 
RM8202 
N8202 
S8202 
AY3-8203 

INS8203 
RC8203 
RM8203 
N8203 
58203 
ML8204 

N8204 
8205 

1180-61 
446-52 
446-114 
435-74 
434-42 
457-25 
457-26 
457-32 
449-158 
450-7 
449-167 
453-181 

1189-63 
453-195 

1189-64 8213 
425-134 8214 
425-97 
431-177 
430-5 
842-39 

• 936 
851-170 

.936 
852-22 

11 168-14 
11 176-5 

915-140 
847-32 
847-11 
427-55 
455-47 
455-48 
455-49 
455-50 
455-53 
455-54 
455-55 
455-56 

.1938 
1760-161 
1760-64 
455-25 
455-26 
455-27 
455-28 
860-109 

11 172-18 
1760-65 
455-31 
455-32 
455-33 
455-34 
900-184 
919-166 

1158-38 
1759-84 
1759-163 
1760-135 
1762-9 

8216 

8219 
822 
8220 
8223 
8224 

Intersil 

National 

ICL8212 
ICL821'2C 
ICL8212M 
DP8212 

1"188212 

176i-25 

• 199-3 
11 186-14 

919-194 
919-195 

1761-5 

• 206-2 
1753-5 
1761-6 

NEe Micro IlPB8212 .2172 

I1PB8212C 

I1PB8212D 
National DP8213 
Intel M8214 

8214 

National DM8214 

NEC MIc:ro I1PB8214 

1759-60 
1759-173 
1761-7 823 
1762 -26 8230 

.2172 

.2172 
1761-11 
1761-22 
1759-81 
1759-175 
1761-21 
1762-28 
450-189 

, 161-17 
.2178 

1759-82 
1759-176 

8231 

8232 

1761 -23 8233 
1762-29 

,..PB8214C .2178 
AMD M8216 1760-74 

8216 1760-73 8234 
Intel M8216 

8216 

National DP8216 

INS8216 
NEe Micro I1PB8216 

National 
AD 
National 
National 
AMD 

Intel 

IlPB8216C 
IlPB8216D 
DM8219 
AD822 
DM8220 
DM8223 
8224C 
8224M 
M8224 
1:1224 

National DP8224 

INS8224 
NEe Micro I1PB8224 

1760-81 
1759-64 
1759-153 
1760 -79 8235 
1761-191 
,1760-86 

• 206-2 
1760 -92 8238 

.2184 
1759-66 
1759-155 
1760-94 
1761-193 

.2184 

.2184 
452-38 
842-41 
456-196 
435-86 824 

1760-97 8240 
1760-98 8241 
1760-100 
1760-99 

11 199-3 
1760-102 

• 206-2 8242 
1760-103 

.2188 
1760-104 

11 Indicates page number in Application Note Directory, 
• Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted, 

Source DevIce 

NEe Micro I1PB8224C 
I1PB82240 

AMD M8226 
8226 

Intel 8226 

National DP8g26 

INS8226 
NEe MIc:ro IlPB8226 

I1PB8226C 

I1PB8226D 
Fujitsu MB8227 

MB8227E 
MB8227H 
MB8227N 

AMD 8228C 
8228M 

Intel M8228 
8228 

Nationai DP8228 

IN58228 
NEe Micro p.PB8228 

Page-Une I 
i 

.2188 i 

.2188 I 

1760-
76

1 
1760-75 
1759-65 , 
1759-154' 
1760-80 
1761-192 
1760-87 

• 206-2 
1760-93 

.2184 
1759-67 
1759-156 
1760-95 

l/t:>,:!-:J 1 .2184 
.2184 
11 195-9 

1169-63 I 
1169-47 I 

1169-97 
1761-63 
1761-64 
1761-69 
1761-68 

11 199-3 I 
1761-72 

, 206-2 
1761-74 

.2193 
1761-76 

I1PB8228C .2193 
IlPB8228D .2193 

Signetics "18228 1184 -75 
N8228CB i 157 -43 

TI TIM8228 1761-80 
Beckman 823 839 -38 
National DM8230 434 -97 

Raytheon 

Signetics 

Raytheon 

Signetics 

Raytheon 

Signetics 

Raytheon 

RC8230 
RM8230 
N8230 
88230 
RC8231 
RM8231 
N8231 
88231 
RC8232 
RM8232 
N8232 
S8232 
RC8233 
RM8233 

Signetics N8233 
S8233 

Raytheon RC8234 
RM8234 

Signetics N8234 
S8234 

Raytheon RC8235 
RM8235 

Signetics N8235 
S8235 

AMD 8238C 
8238M 

Intel 8238 
National DP8238 

IN88238 
NEe Micro IlPB8238 

p.PB8238C 
I1PB8238D 

TI TIM8238 
NEe America p.PD824 
Intersil ICL8240 
Motorola MC8241 
Raytheon RC8241 

RM8241 
Signetics N8241 

S8241 
Motorola MC8242 
Raytheon RC8242 

RM8242 
Signetics "18242 

, 161-17 
451 -87 
451-90 
451-93 
451-94 

451-1681 
451-169 
451-17C 
451-171 
451-88 
451-91 
451-95 
451-96 
449-75 
449-76 
449-79 
449-80 
450-81 
450-82 
450-83 
450-84 
450-87 
450-88 
450-89 
450-90 

1761-65 
1761-66 
1761-70 
1761-73 

, 206-2 
1761-75 

.2193 
1761-77 

.2193 

.2193 
1761-81 
861-135 
902-79 
446-2 
446-6 
446-7 
446-10 
446-11 
446-93 
446-94 
446-95 
446-96 
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PART NUMBER INDEX 

a.. a.. a.. Base 
NumIIer Source DevIce Pege-lIne Number Source Device Page-Une Number Source Device Page-Une Number Source Device Page-Une 

8242 Signetics S8242 446-97 8253 NEC IIicro j.lPD8253 .2221 8263 Raytheon RC8263 450-92 8277 Raytheon RM8277 1192-42 
8243 AMD 8243 1759-142 1759-72 RM8263 450-93 Signetics N8277 455-66 

1760-47 1760-9 Sigoetics N8263 450-94 1192-43 
1762-60 1761-36 S8263 450-95 8279 AMD 8279 1760-1n 

Intel 6243 1759-143 1762-38 8264 Raytheon RC8264 450-98 8279-5 1760-17:3 
1760-48 j.lPD8253C .2221 RM8264 450-99 Intel 8279 1759-79 

1762-61 82!4 National IN58254 1753-11 Signetics N8264 450-100 1760-174 

• 199-2 
1761-43 58264 450-101 • 199-3 

• 204-1 
8255 AMD 8255 • 202-19 8266 Motorola MC8266 449-153 8279-5 1760-175 

• 204-2 
8255A 1760-12 Raytheon RC8266 449-154 NEC IIicro j.lPD8279 .2260 

NECIIicro j.lPD8243 .2199 8255A-5 1762-40 RM8266 449-155 1760-178 
1759-144 Intel M8255A 1761 -41 SigneIics 1)18266 449-156 11PD8279-5 .2260 
1762-62 8255 , 203-13 58266 449-157 1760-179 

j.lPD8243C *2199 8255A 1759-75 8267 Motorola MC8267 449-162 11P08279C-5 .2260 
j.lP08243D .2199 1760-13 Raytheon RC8267 449-163 828 NEC America j.lPD828 861-137 

Raytheon RC8243 456-106 1761-40 RM8267 449-164 8280 National DM8280 431-141 

RM8243 456-107 8255A-5 '1762-41 Siptics N8267 449-165 IN58280 1753-13 

Sigoetics N8243 456-108 National INS8255 1753-18 58267 449-166 Raytheon RC8280 431-148 

58243 456-109 1761-44 8268 Sigoetics N8268 425-10 RM8280 431-150 

8243 .2313 
• 206-2 

8269 Sigoetics N8269 427-56 Sigoetics N8280 431-152 

1759-1.45 NEe IIicro ".PD8255 .2229 58269 427-57 58280 431-156 

1760-49 1759-76 8270 Motorola MC8270 453-173 8281 Motorola MC8281 _ 429-162 

1762-63 1760-14 1188-39 National DM8281 429-168 

8244 National IN58244 1760-168 1761-45 Raytheon RC8270 453-1.74 Raytheon RC8281 429-175 

8245 National IN58245 1760-169 j.lPD8255A 1762-42 1188-41 RM8281 429-177 
- 8246 National IN58246 1760-170 JlPD8255A-5 .~ FlM8270 453-175 Signetics N8281 429-179 

8247 National INS8247 1760-140 1759-77 1188-42 58281 429-180 

8248 National IN58248 1760-141 1760-1l'i Signetics N8270 437-7 8282 Intel 8282 .1948 

8250 Intersil ICl8250 902-86 1761-46 453-177 1762-73 

Motorola MC8250 435-66 pP08255AC-5 .2229 1188-32 8283 Intel 8283 .1948 

NationII DP8250 .2018 pPIl8255AM .2229 S8270 437-8 1762-75 

.297 j.lPD8255C .2229 453-176 National INS8283 1761-59 

1760-109 j.lPD82550 .2229 -1188-33 8284 AMD N8284 430-135 

INS8250 .2018 Sigoetics 8255 1761-48 82707 Motorola MCM82707C 1165-109 58284 430-136 

625-81 8256 Harris HPROM8256-2 1161-41 MCM82707M 1166-30 Intel 8284 .1948 

1760-110 HPR0U8256-5 1161-42 82708 Motorola MCM82708C 1165-115 1762-77 

Raytheon RC8250 435-69 8257 AMD 8257 1760-143 MCM82708M 1166-33 Raytheon RC8284 430-13~ 

RM8250 435-70 1762-11 8271 Intel 8271 .1940 RM8284 430-14<: 

5qletics N8250 435-71 Intel 8257 1760-.146 1759-167 Signetics N8284 430-141 

S8250 435-72 1762-12 1760-163 S8284 430-14~ 

8251 AMD 8251 1759-87 • 199-3 1762-20 8265 AMD N8265 432-12E 

1759-159 8257-5 1760-147 Motorola MC8271 453-187 58285 432-127 

1760-117 1762-13 " 1188-40 Raytheon RC8285 432-12E 

1762:5 National IN58257 1760-148 Raytheon RC8271 453-188 RM8285 432-125 

• 202-19 NEC IIicro ".PD8257 .2236 1188-43 Sigoetics N8285 432-13C 

Intel M8251 1760-120 1760-149 RM8271 453-189 58285 432-131 

8251 625-35 1762-14 1188-44 8286 Intel 8286 .1948 

1759-88 "PD8257C .2236 Sanyo lM8271 856-187 1762-79 

1759-160 8259 Intel 8259 1759-179 Signetics N8271 453-190 8287 Intel 8287 .1948 

1760-118 1761-27 1188-34 1762-81 

1762-6 1762-31 S8271 453-191 8288 Intel 8288 .1948 

• 156.-8 • 203-15 
1188-35 1762-83 

• 199-3 
8259-5 1759-180 8272 Sanyo lM8272 856-188 National DM8288 433-10:3 

8251 A 1760-119 1761-28 8273 Intel 8273 .1941 Sigoetics N8288 433-104 

National IN58251 1753-16 1762-32 1760-17 58288 433-105 

1760-123 8259A 1762-85 1761-50 829 NEC America "PD829 861-14C 

• 206-2 National IN 58259 1761-29 1762-44 8290 National DM8290 431-14:3 

NEC IIIcro "PD8251 .2204 NEe IIicro "PD8259 .2244 • 156-9 Raytheon RC8290 431-14~ 

625-36 -1760-3 Raytheon RC8273 455-41 RM8290 431-151 

1759-89 1761-30 1192-52 Sigoetics N8290 431-15:3 

1759-161 1762-33 RM8273 455-42 S8290 431-157 

1760-124 11PD8258-5 .2244 1192-53 8291 Intel 8281 .1943 

1762-7 1760-4 Signetics N8273 455-43 1760-184 

"PD8251 A .2204 1761-31 1192-54 1762-47 

1760-125 1762-34 S8273 455-44 National DM8291 429-170 

~lAC .2204 ".PD8259C .2244 1192-55 Raytheon RC8291 429-176 

11PD8251AD .2204 p.PD8259C-5 .2244 8274 Raytheon RC8274 455-36 RM8291 429-178 

"PD8251C .2204 J.LPD8259D .2244 1192-48 Signelics N8291 429-181 

".PD8251D .2204 JlPD82591).~ .2244 RM8274 455-37 58291 429-182 

Raytheon RC8251 434-8 826 NEG America I1PD826 861-136 1192-49 8292 National INS8292 579-24 

RM8251 434-10 8260 Intarsii ICl8260 902-89 Signetics N8274 455-38 1753-9 

Siptics N8251 434-14 Motorola MC8260 426-196 1192-50 1760-58 

58251 434-16 Raytheon RC8260 426-197· S8274 455-39 Sptics N8292 432-86 

8251 1760-127 RM8260 427-2 1192-51 58292 432-87 

8252 Raytheon RC8252 434-9 Siptics N8260 427-3 8275 Intel 8275 .1942 8293 Signelics N8293 430-127 

RM8252 434-11 S8260 427-4 1759-165 S8293 430-128 

Signetics N8252 434-15 8261 Motorola MC8261 427-7 1760-153 8294 -Intel 8294 1760-159 

58252 434-17 Raytheon RC8261 427-8 • 199-3 National IN58294 1760-52 

8253 AMD 8253 1760-7 RM8261 427-9 8275-5 .1942 8295 National INS8295 1753-25 

1761-33 SigneticS N8261 427-10 1762-18 8298 National INS8298E 1761-158 

8253-5 1762-36 58261 427-11 8276 Signetics N8276 454-182 830 Panasonic DN830 462-143 

Intel 8253 1759-71 8262 NEG AmeriCa "P88262 457-11 1191-102 SGS TCA830 852-23 

1760-8 Raytheon RC8262 457-13 8277 National IN58277 1760-156 TCA830S • 168-17 

1761-34 RM8262 457-14 Raytheon RC8277 455-64 Telefunken TCA830 852-32 

8253-5 1762-37 SigleticS N8262 457-15 1192-41 8300 GI AY5-83oo 858-45 

National IN58253 1761-35 S8262 457-16 RM8277 455-65 Motorola MC8300 453-10 

Arranged alphanumerically from left to right. 
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ICMASTER 
Bne Bne Base 
Number Source Device Page.Une Humber Source DevIce p...... NI.Inber Source Device 

--------------------------- ---------------------------
8300 

8301 

8302 

8304 

8309 

831 

8310 

8311 

8312 

8314 
8316 

8318 

832 
8320 
8321 

8322 

8324 

8328 

833 
8330 

8331 
8332 

8334 
8335 
834 
835 

8350 

8355 

Motorola 
National 

GI 
Motorola 
National 

Intel 
National 
AMD 

Motorola 
National 

Motorola 
AMD 
EA 

Intel 

Motorola 
Motorola 
National 
Beckman 
Panasonic 
GI 
Motorola 
National' 
GI 
Motorola 
National 
Motorola 
National 
Motorola 
AMD. 

AMI 
EA 

GI 

Intel 
Motorola 
National 

MC8300 
DM8300 

AY5-a301 
MC8301 
DM8301 
DP8301 
8302 
DP8302 
AM8304 
8304 
MC8304 
DP8304 

MC8307 
8308 
EA8308A 
EA8308AC 
EA8308AL 
8308 

MC8308 
MC8309 
DM8309 
831 
DM831 
AY5-a31 0 
MC831 0 
DM831 0 
AY5-a311 
MC8311 
DM8311 
MC8312 
DM8312 
MC8314 
831SA 
8316E 
S8316 
EA8316E 
EA8316EC 
EA8316EL 
R03-8316A 
R03-8316B 
831SA 
MC8316 
DM8316 

MM8316E 
Siemens SAB8316 
Synertek SY8316A 
TI SBP8316C 

SBP8316M 
Motorola MC8S18 
National DM8318 
NEC America IlPD832 
GI AY5-a320 
GI AY5-8321 

GI 
Motorola 
National 
GI 
Motorola 
Motorola 

AY5-a322 
MC8322 
DM8322 
AY5-8324 
MC8324 
MC8328 

NEC America IlPD833 
GI AY3-8330 

AY3-8330A 
GI AY3-8331 
National MM8332 
Siemens SAB8332 
National DM8334 
GI AY3-8335 
Panasonic DN834 
Panasonic DN835 

National DP8350 

AMD 8355 

Intel 8355 

1188 -28 8355 
453-14 

1189-19 
858-46 
433-194 
434-5 . 

1752-661 
1761-129 

1761-131,· 
618-3 

459-112 1 

425-104, 
618-4 ! 8356 

1760 -88 18364 
601-62 . 
11A~_44 a~7 

• 197-10 8371 
1185 -39 8372 
1185-55 838 
1185-47 839 
1761 -134 84 
448-26 
451-44 
451-46 
621-78 
462-144 
858-49 
431 -192 8400 
431-198 
858-50 
435 -1 02 8402 
435-108 
451-a2 
451-84 
448-44 8404 

1761-138 
1761-139 8410 
1186-148411 

• 197 -10 8420 
1186-15 844 
1186-41 845 
1186 -53 8450 
1186-17 
1761-141 8460 
430-72 
430-78 8461 

1761-144 6470 
1761 -145 8471 
1186-29 8475 
1186-47 8495 
1185-112 
1185-113 85 
456-.149 
456-151 
854-168 
858-51 
858-52 

• 175-5 
858-53 
449-66 
449-70 
858-54 
427-73 
455-62 

1192-39 
854-169 

• 175-5 
860-116 
860-117 

1761-149 
1186-88 
447-138 
860-118 
462·145 
462·146 
916-104 

.793 

.238 

.297 
1760-155 
1763-87 

• 199-12 

• 200-5 
1759-132 

1761 -183\ 
.1946 

85S28 
85S29 
85S68 

85S97 
8500 

Intel 8355 

8355-2 

NEC Micro IlPD8355 

National 
National 

Sanyo 
Sanyo 
Panasonic 
Panasonic 
Burr-Brown 

IlPD8355C 
DP8356 
MM8364 
MM8364E 
DN~3? 

LM8371 
LM8372 
DN838 
DN839 
ADC84 
ADC84-10 

ADC84-12 

Micro Net MNADC84·10 
MNADC84-12 

Intech/FMI A8400 

lntec:h/FMI A8402 

Intech/FMI A8404 

GI AY5-8410 
GI AY5·8411 
GI AY5-8420 
NEC America IlPD844 
Beckman 845 
GI AY5-a450 

GI AY5-8460 

GI AY5-8461 
Gi 
Sanyo 
GI 
Intecl1/FMI 

AD 

Bwr-Brown 

AY:1-t1410 

LM8471 
AY3-8475 
A8495 

DAC85/CBI 
DAC8S/CCD 
DAC85C/CBI 
DAC85C/CCD 
ADC85 
AOCS5-1 0 

1759-133 
1761-184 

• 199-2 
• 204-1 
.1946 

1759-1341 
1761·185 

.2269 

1759-135
1 

1761·186 
1762·49 

.2269 ! 
1761·83 II 

1761 -153 
1761-154 
~e2 ~ 47 
856-189 
856-190 
462·148 

8500 

8501 
8502 
8503 
8504 

8505 

8507 

462-149 851 
.658 
• 658 8510 

580·14 
.658 

580·43 
580-12 
580·33 

.1027 
916·79 

919A-17 
.1028 

916-80 8511 
919A-18 8512 

• 177-9 
916·81 

919A·19 8515 
859·142 
859·143 
859-144 
861-141 

• 116·11 
859·145 8516 

• 172·17 
859-146 

• 172-17 8518 
859·147 
859·148 
856·191 
859-149 852 
917-70 

• 184-17 8520 
594·17 
598·17 
594-18 
598·18 

.658 

.658 
580-15 

ADC85-12 • 658 
580-44 

Micro Net 

National 
National 
MMI 

National 

DAC85 .658 
DAC85/CBI • 658 8521 

594-10 
DAC85/CCD * 658 853 

598-24 8530 
DAC85C/CBI • 658 

594·11 
DAC85C/CCD • 658 

SHC85 

SHC85ET 
DAC85/CBI 

DAC8S/CCO 
DAC85C/CCO 
MNADC85·10 
MNADC85·12 
DM85S28 
DM85S29 
85S68 

DM85S68 

598·25 

• 659 
919-25 
919·26 
594-14 
594·15 
598-27 
598-28 
580-13 
580-34 

1184-96 
1184-94 
449-36 

1172·39 
449-37 

8542 
8544 
8546 

855 
8550 

8551 

8552 

1172 -40 8553 
National DM85S97 1183 -30 8554 
GI AY3-8500 855 -188 8555 

GI AY3-8500 
AY3·8500·1 

/ntersil ICH8500 

Motorola 
Motorola 
Motorola 
Motorola 
Motorola 

Motorola 

Plessey 

Motorola 

G! 
Telehlllken 
Intersil 

National 
National 
DOC 

National 
GI 

OKi 
Plessey 
DOC 

OKI 
DOC 
Fujitsu 

ICH8500A 

MC8500 
MC8501 
MC8502 
MC8503 
MC8504 

MC8505 

SP8505 

MC8507 

MEMeSl 
TAA851 
ICH8510 

ICH85foc 

ICH851OM 

IH8510 
DM8510 
DM8511 
ADH-8512-7 
ADH-8512-8 
DM8512 
AY3·8515 

MSL8515 
SP8515 
AIJH.a516-11 
ADH.aSI6-12 
MSL8516 
SH-8518 
MB8518 
MB8518E 
MB8518H 

Beckman 852 
Panasonic AN852 
Intersil ICH8520 

Motorola 
National 
OKI 
Intersil 
OKI 
GI 
Intersil 

ICH8520C 

ICH8520M 

IH8520 
MC8520 
DM8520 
MSL8520 
lH8521 
MSL8521 
MEM853 
ICH8530 
ICH8530C 

ICH8530M 

National DM8542 
National DM8544 
Niltionai DM8546 

GI MEM855 
GI AY3-8550 

AY3-855().1 
National DM8551 

National DM8552 

National DM8553 
National DM8554 
National DM8555 

11 Indicates page number in Application Note Directory . 
• Indicates additional data is provided on the page noted . 

Base 
Page-line NUn1ber Source Device 

11 175·1 
855-189 
865-47 
888-6 
865-41 
888-5 
604-9 
604-14 
604-15 
604·18 
457-54 
604-19 

8556 

856 
8560 
8563 
8564 
857 
8570 

8575 

457-106 8576 
619-9 
461-179 

1~~;:~~51 
1763-105 
574-31 I 

863.1471 

• 165-8 
, 168-7 

8590 
8595 

8596 
8597 
8598 
8599 

839-173 86 
863-108 
865-29 
839-174 

lliational 

Gl 
National 
National 
AMI 
GI 
National 

National 

National 

National 
Intecl1/FMI 

Nal10nal 
Nationa! 
National 
National 
Intel 
PMI 

DM8556 

MEM856 
DM8560 
DM8563 
58564 
MEM857 
DM8570 

DM8575 

DM8576 

UMo57oAAA 
DM8590 
A8595 

DM859€ 
MM8597 
DM8598 
DM8599 
SDK86 
DAC-86C 

863 -1 09 DAC-86E 
865-30 

11 177-15 
11 193-2 86LS52 National DM86LS52 

439-6 
579 ·36 86LS62 National DM86LS62 
578·11 
438 -138 8600 
855-190 
856-53 

11 175-6 8601 
11 175-7 

1161-55 
461-180 
582-24 
580-31 

1161-56 8602 
919-36 

• 194-13 
1167-5 
1166·100 

913-40 
435-68 8603 

11 165-8 
839-175 
863-100 
865·31 
839 -I 76 8604 
663-101 
865-32 

, 177-15 
604-11 8605 
433-125 

1162 -22 8606 
11 177-15 

1162 -23 8607 
574-74 

11 165-8 
839·177 
863-95 8608 
865-33 
839·178 8609 
863-96 
865-34 861 
440·146 
457-98 
454-52 

1190-67 8610 
574·54 
855-191 
855-192 
439-19 

11 161-17 8611 
11 162-2 

433-121 

• 161-17 
447·160 8613 
433-118 
432-91 

Plessey SP8600A 
SP8600B 
SP8600M 

Motorola MC8601 
National DM8601 
Plessey SP8601 A 

SP8601B 
SP8601M 

Rayltleon RF8601 
Motorola MC8602 
National DM8602 
Plessey SP8602A 

SP8602B 
SP8602M 

Rayltleon RF8602 
GI AY3-8603 

AY3-8603-1 
Plessey SP8603A 

SP8603B 
SP8603M 

GI AY3-8604 
Plessey SP8604A 

SP86048 
SP8604M 

GI AY3-8605 
AY3-8605·j 

GI AY3-8606 
A Y3-lI606-1 

GI AY3-8607·1 
Plessey SP8607 A 

SP8607B 
SP8607M 

Plessey SP8608B 
SP8608M 

Plessey SP8609B 
SP8609M 

NEC America IlPD861 
Siemens T AA861 

TeletunKen 
GI' 

Plessey 

Plessey 

National 
Plessey 

TAA861 
AY3·8610 
AY3-8610-1 

SP8610 

SP86118 

SP8611M 

DM8613 
SP8613B 
SP8613M 

Page-Une 

430·132 
III 162-3 

574-55 
432-185 
430-196 

1157 -49 
574-71 
454-14 ' 

1191-51 
456-16 

1160-34 
11 161·3 

456-17 
1160-35 

11 161-3 

:~::~~21 
917-71 

• 184-17 

11 197-19 I 
'I 197-19 
11 161-17 

1172-57 
.1949 

589-20 
593-19 

EE!!11 599-19 
448-15 
455-20 
448-158 
455-22 
461·95 
461-96 
461-97 
452-64 
452-67 
461-98 
461-99 

855·194 
461-76 
461-77 
461-78 
855-195 
461-79 
461-80 
461-81 

461-82 
461-83 
461-84 
461-85 
461 -86 
461-88 
461-89 

886-31 

461-11 
421-104 
461-113 
439·9 
461-101 
461·102 

• Indicates entire Application Note is provided on the page noted. 
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PART NUMBER INDEX 
a- Base a- Base 
Number SoItce DevIce PagH.Ine Number Sourc:e Device Page-Une Number Source Device Page-line Number Source Device Page-Une 

8614 Plessey SP8614B 461-103 8651 Plessey SP8651B 462-50 8701 Teledyne S 8701 11 207-11 8755 NEC Micro j.LPD8755A 1762-52 
SP8614M 461-104 SP8651M 462-51 8702 AMO 8702A 1162-103 p.PD8755AD .2269 

8615 GI AV3-8615 855-203 8652 Plessey SP8652A 462-52 1761-88 8760 GI AV3-8760 856-3 
856-54 SP8652B 462-53 8702A-4 1163-2 Plessey SP8760 898-75 

• 174-16 SP8652M 462-54 Intel 8702A 1162-104 8765 GI AY3-8765 856-4 
• 175-6 8654 Natiooal 088654 622-189 1761-89 8770 Plessey SP8770B 462-93 

Plessey SP8615B 461-105 8655 National 0S8655 622-190 National MM8702A 1162-105 8771 AMI 88771 1183-2 
SP8615M 461-106 Plessey SP8655A 462-68 MM8702A-4 1163-3 1183-3 

8616 Plessey SP8616B 461-107 SP8655B 462-69 Teledyne S 8702 582-21 Plessey SP8771B 462-94 
461-114 SP8655M 462-70 11 207-11 8772 Plessey SP8772B 462-95 

8617 Plessey SP8617B 421-105 8656 Natiooal OS8656 (>22-191 8703 Teledyne S 8703 579-33 8785 Plessey SP8785 421-120 
461-115 8657 Plessey SP8657A 462-59 8704 Teledyne S 8704 580-26 899-34 

8619 Plessey SP8619B 421-106 SP8657B 462-60 8705 Teledyne S 8705 582-22 SP8785B • 518 
461-116 SP8657M 462-61 871 Siemens TCA871 842-181 462-63 

862 Burr-Brown OAC862B 594-21 8658 National 088658 602-194 8710 GI AV3-8710 856-2 SP8785M • 518 
OAC862S 594-22 8659 Natiooal 088659 603-2 AV3-8710-1 11 174-17 462-64 

Siemens TAA862 864-17 Plessey SP8659A 462-55 .. 175-3 8786 Plessey SP8786 421-121 
877-31 SP8659B 462-56 8720 Plessey SP8720 461-91 899-35 

8620 . Plessey SP8620A 461-124 SP8659M 462-57 898-186 SP87868 • 518 
SP8620B 461-125 8660 Plessey SP8660A 462-3 8725 Plessey SP8725 898-187 462-65 
SP8620M 461-127 SP8660B 462-4 8735 Plessey SP8735B 461-162 SP8786M .518 

8621 Plessey SP8621A 461-128 SP8660M 462-5 8736 Plessey SP8736B 461-163 462-66 
SP8621B 461-129 8664· National OS8664 603-58 8740 Plessey SP8740 899-3 8790 Plessey SP8790 898-4 
SP8621M 461-130 1756-150 SP8740A 461-139 SP8790A 462-105 

8622 GI AYl-8622 854-190 8665 Natiooal 088665 603-54 SP8740B 461-140 899-45 
Plessey SP8622B 461-131 Plessey SP8665B 462-7 SP8740M 461-141 SP8790B 462-106 

SP8622M 461-132 8666 National OS8666 603-55 8741 Intel 8741 .1939 899-46 
8627 Plessey SP8627 462-84 Plessey SP8666B 462-8 1759-139 SP8790M 462-107 

462-87 8667 Plessey SP8667B 462-9 1760-43 899-47 
898-86 8670 Plessey SP8670A 461-153 1762-56. 8794 Plessey SP8794A 462-109 

8628 Plessey SP8628 462-88 SP8670B 461-154 • 201-2 899-41 
898-87 SP8670M 461-155 • 204-2 

SP8794B 462-110 
8629 National 058629 462-86 8671 Plessey SP8671A 461-156 NEe Micro I1PD8741 .2090 899-42 

898-85 SP8671B 461-157 1759-103 SP8794M 462-111 
Plessey SP8629 462-89 SP8671M 461-158 1760-45 899-43 

898-88 8672 Plessey SP8672A 461-159 1762-58 88 Beckman 873-88 581-28 
8630 Plessey SP8630A 461-181 SP8672B 461-160 j.LPD8741C .2090 PMI MUX-88A 575-81 

SP8630B 461-182 SP8672M 461-161 I1PD87410 .2090 MUX-88B 575-93 
SP8630M 461-183 8673 Nati0n8t D58673 601-38 PIessey SP8741 899-6 MUX-88E 575-82 

8631 Plessey SP8631A 461-184 8674 National OS8674 601-42 SP8741 A 461-146 MUX-88F 575-94 
SP8631B 461-185 8675- Plessey SP8675B 461-165 SP8741B 461-'47 Rockwell A88XX 1752-146 
SP8631M 461-186 SP8675M 461-166 SP8741M 461-148 88C20 National OS88C20 612-52 

8632 Plessey SP8632A 461-187 8676 Plessey SP8676B 461-167 8743 Plessey SP8743 899-11 88C29 National MM88C29 417-27 
SP8632B 461-188 SP8676M 461-168 SP8743B 461-174 610-38 
SP8632M 461-189 8677 Plessey SP8677B 461 e169 SP8743M 461-175 88C30 National MM88C30 417-24 

8634 Plessey SP8634B 461-190 SP8677M 461-170 8745 Plessey SP8745 899-4 609-51 
8635 Plessey SP8635B 461-191 8678 National OM8678 1157-3 SP8745A 461-142 88LS120 National DS88LS120 612-32 
8636 Plessey SP8636B 461-192 1157-46 SP8745B 461-143 88L12 National 0S88L12 455-112 
8637 Plessey SP8637B 462-2 • .193-11 SP8745M 461-144 88L20 National OS88L20 612-42 
8640 National 058640 612-8 8680 Plessey SP8680 421-118 8746 Plessey SP8746 899-7 8800 National 058.800 455-105 

Plessey SP8640 899-21 SP8680A • 514 SP8746A 461-149 8802 National OS8802 624-164 

SP8640A 462-17 462-34 SP8746B 461-150 8803 National OS8803 619-54 

SP8640B 462-18 SP8680B • 514 SP8746M 461-151 8804 Mite! MT8804B 576-75 
SP8640M 462-19 462-35 8748 Intel 8748 .1934 576-78 

8641 Motorola OS8641 615-60 8685 Plessey SP8685 899-27 1759-104 901-179 

National 058641 615-62 SP8685A 462-36 1731-3 MT8804BE 576-76 

Plessey SP8641 899-22 SP8685B 462-37 • 199-2 576-79 

SP8641 A 462-20 SP8685M 462-38 , 201-2 901-180 

SP8641B 462-21 8690 Plessey SP8690 899-28 • 204-1 8805 National MH8805 619-1Hl 

SP8641M 462-22 SP8690A 462-39 8748-4 .1934 8806 National 0S8806 624-165 

8642 National 058642 615-64 SP8690B 462-40 1759-105 8807 National 0S8807 619-56 

Plessey SP8642 899-23 SP8690M 462-41 NEe Micro I1PD8748 .2098 881 Beckman 881 915-8 
SP8642A 462-23 8692 National OS8692 622-192 1759-106 8810 National OS881 0 436-13 

SP8642B 462-24 8693 National OS8693 622-193 1742-2 455-119 

SP8642M 462-25 8694 National 0S8694 623-2 j.LPD8748D .2088 8811 National OS8811 436-15 

8643 Plessey SP8643 899-24 8695 Plessey SP8695 899-29 Plessey SP8748 899-12 455-121 

SP8643B 462-26 SP8695A 462-42 SP87488 461-176 8812 National OS8812 435-175 

SP8643M 462-27 SP8695B 462-43 SP8748M 461-177 455-110 

8646 Plessey SP8646 899-25 SP8695M 462-44 Signetics 8748 1759-107 8813 National OS8813 619-57 

SP8646A 462-28 87 Burr-8rown DAC87-CBI 594-12 1745-3 8817 National OS8817 619-58 

SP8646B 462-29 PMI OAC-B7C 589-21 8750 Plessey SP8750B 462-78 8819 National OS8819 435-133 

SP8646M 462-30 593-20 SP8750M 462-79 455-124 

8647 Plessey SP8647 899-26 OAC-87E 589-13 Teledyne S 8750 582-48 8820 AMO DM8820 612-50 

SP8647A 462-31 593-15 584-32 DM8820A 613-6 

SP8647B 462-32 87S228 National DM87S228 1165-116 8751 Plessey SP8751B 462-80 Mite! MT8820 900-16" 
SP8647M 462-33 87S229 National 0M87S229 1165-110 SP8751M 462-81 900-170 

~ Siemens TAA865 864-18 87S295 National DM87S295 1164-9 8752 Plessey SP8752B 462-82 MT8820A 898-181 

886-32 87S296 National OM87S296 1164-15 8755 Intel 8755 • 199-2 MT8820AE 898-182 

TeleftIlken TAA865 863-148 87S95 National DM87S95 1184-18 • 204-1 
National 0S8820 612-54 

886-34 87S96 National OM87S96 1184-19 8755A .1946 • 156-15 
8650 National OS8650 602-193 8700 OOC MSDC-8700 918-199 1759-121 • 156-16 

Plessey SP8650A 462-46 GI AY3-8700-1 855-204 1761-172 • 156-17 
SP8650B 462-47 Teledyne S 8700 579-32 1762-51 058820A 613-8 

SP8650M 462-48 .. 180-10 NEe Micro j.LPD8755A .2269 Sig1etics OS8820 613-2 

8651 National OS8651 602-196 11 207-11 1759-122 OS8820A 613-10 

Plessey SP8651A 462-49 8701 Teledyne S 8701 580-25 1761-173 TI OS8820 613-12 

Arranged alphanumericatly from left to right. 
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Ie MASTER 
I Base 
j Number Source Device Page-Une 

I 88200 Mitel MH88200 900-166 
88205 Mitel MH88205 900-167 
8822 National OS8822 611-13 
8830 AMO OM8830 609-11 

National OM8830 • 193-2 
OS8830 609-17 

• 156-15 
• 156-16 
• 156-17 

Signetics OS8830 609-19 
TI OS8830 609-23 

8831 AMO OM8831 607-8 
609-29 

'" 155-14 
National OS8831 607-10 

an(\ ?~ 

'" 156-16 
'" 161-17 
'" 162-1 

TI OS8831 607-12 
609-33 

8832 AMO OM8832 609-35 
National OS8832 607-14 

609-45 

'" 156-16 
TI OS8832 607-16 

609-38 
11833 Nationa! OS8833 617-54 

1760-89 
'II 156-16 

8834 National OS8834 617-60 
'II 156-16 

8835 Nalional 088835 617-56 
1760-90 

'II 156-16 
8836 National D88836 612-5 

• 156-16 
8837 National OS8837 612-21 

'" 156-16 
8838 AMO OS8838 616-51 

National OS8838 616-53 
11 156-16 

8839 National OS8839 617-58 
11 156-16 

8840 National OM8840 11 161-17 
8842 National OM8842 '" 161-2 

11 161-17 
8844 National OS8844 603-21 
8846 National OM8846 '" 161-17 
8853 National OM8853 452 -~ 91 
8855 National OS8855 603-34 
8856 National OS8856 601-73 

'" 160-8 
8857 National 088857 60r -17 

11 160-8 
8858 National OS8858 601-12 

• 160-8 8859 National OS8859 602-75 
8861 National OS8861 603-72 

'" 160-8 
8863 National OS8863 603-29 

11 160-8 
8864 National OS8864 603-43 

'" 160-8 
8865 AMI S8865 1183-5 

National OS8865 603-30 
11 160-8 

8866 National OS8866 603-25 
11 160-8 

8867 Fujitsu MB8867 1758-14 
National OS8867 603-76 

8868 FUjitsu M88868A 625-107 
National OS8868 603-52 

8869 Nationa! DS8869 602-76 
8870 National OS8870 603-12 
8871 National 088871 603-31 
8872 National OS8872 603-35 
8873 National OS8873 603-44 
8874 National 088874 603-47 
8875 National OM8875 425-152 
8876 National OS8876 603-48 
8877 National OS8877 603-13 
8879 National OS8879 603-49 
8880 National OS8880 602-146 

Signetics 088880 602-149 
8884 National OS881l4A 602-147 

106 

Base Base 
Number Source Device Page-Une Number Source DevIce Page-Une 

8885 National 088885 602-140 9LS11 Fairchild 9LS11C 440-192 
8887 National OS8887 602-131 9lS11M 440-193 
8889 National OS8889 602-165 Raytheon 9LS11C 441-5 
8890 AMI S8890 856-182 9LS11M 441-6 

• 173-19 9LS112 Fairchild 9LS112C 437-173 
889i National 058891 602-115 9LSl12M 437-174 
8892 National OS8892 603-14 Raytheon 9LSl12C 437-183 
8895 National 088895 603-64 9LSl12M 437-184 
8897 National OS8897 602-134 9LS113 Fairchild 9LS113C 437-114 
8898 National OM8898 457 -70 9LS113M 437-115 
8899 National OM8899 457-75 Raytheon 9LS113C 437-124 
890 Signetics TBA890 860-3 9LS113M 437 -125 
8900 GI AV3-8900 856-5 9LSl14 Fairchild 9LS114C 437-145 

AY3-8900-1 856-6 9LS114M 437-146 
National OS8900 898-114 Raytheon 9LS114C 437-154 

896-i46 9lS114M 437 -155 
INS8900 1752-64 9lS12 Raytheon . 9LS12C 443-83 

1739-3 9LS12M 443-84 
8910 GI AV3-8910 856-59 9LS122 Raytheon 9LS122C 452-95 

857-93 9LS122M 452-96 
1763A-22 9LS123 Rayihaon 9lS123C 452-163 

8912 GI AV3-8912 856-60 9LS123M 452-184 
857-94 9LS125 Fairchild 9LS125C 427-157 

1763A-23 9LS125M 427-158 
8915 GI AV3-8915 856-57 Raytheon 9LS125C 427-165 
8920 GI AV3-8920 856-65 9LS125M 427 -166 

Plessey SP8920 898-136 9LS126 Fairchild 9LS126C 427-188 
8921 Plessey SP8921 898-137 9LS126M 427 -189 
8922 Plessey SP8922 898-138 Raytheon 9lS126C 427 -196 
8923 Plessey SP8923 898-139 9LS126M 428-2 
8942 San yo LM8942 462-163 9LS13 Fairchild 9LS13C 457-128 
8950 GI AV3-8950 856-7 .9LS13M 457 -13C 

AY3-8950-1 856-8 Raytheon 9LS13C 457 -138 
8963 National OS8963 603-32 9LS13M 457-139 
8972 Sanyo LM8972 856-192 9LS132 Fairchild 9lS132C 457 -15~ 
8973 National OS8973 603-36 9LS132M 457 -16C 
8974 National OS8974 603-37 Raytheon 9LS132C 457-168 
8975 National OS8975 603-38 9LS132M 457-169 
8976· National OS8976 603-39 9LS133 Fairch~d 9LS133C 442-23 
8977 National OS8977 603-26 9LS133M 442-24 
8980 National OS8980 602-148 9LS136 Fairchild 9LS136C 446-67 
8996 AMI S8996 1183-8 9LS136M 446-69 
9 Beckman 809-V9 905-44 Raytheon 9LS136C 446-77 

Supertell ED-9 .834 9LS136M 446-78 
417-7 9LS138 Fairchild 9LS138C 435-15 

9 AM27S2.8MO 9 AM27S28C 1163-90 9LS138M 435-16 
9LSoo 

9LSOl 

9LS02 

9LS03 

9LS04 

9LS05 

9LS08 

9LS09 

9LS10 

9LS107 

9LS109 

Fairchild 9LSooC 443-115 Raytheon 9LS138C 
9LSooM 443-116 9LS138M 

Raytheon 9LSooC 443-125 9LS139 Fairchild 9LS139C 
9LSooM 443-~26 9LS139M 

Raytheon 9LS01C 444-43 Raytheon 9LS139C 
9LS01M 444-44 9LS139M 

Fairchild 9LS02C 447-62 9LS14 Fairchild 9LS14C 
9LS02M 447-63 9LS14M 

Raytheon 9LS02C 447-78 Raytheon 9LS14C 
9LS02M 447-79 9LS14M 

Fairchild 9LS03C 444-28 9LS15 Fairchild 9LS15C 
9LS03M 444-29 9lS15M 

Raytheon 9LS03C 444-47 Raytheon 9LS15C 
9LS03M 444-48 9LS15M 

Fairchild 9LS04C 428-104 9LS151 Fairchild 9LS151C 
9LS04M 428-105 9LS151M 

Raytheon 9LS04C 428-114 Raytheon 9LS151C 
9LS04M 428-115 9LS151M 

Fairchild 9LS05C 428-169 9LS152 Fairchild 9LS152C 
9LSOSM 428-170 9LS152M 

Raytheon 9LS05C 428-179 Raytheon 9LS152C 
9LS05M 428-180 9LS152M 

Fairchild 9LS08C 441-80 9Ls153 Fairchild 9LS153C 
9LS08M 441-81 9LS153M 

Raytheon 9LS08C 441-90 Raytheon 9LS153C 
9LS08M 441-91 9LS153M 

Fairchild 9LS09C 441-128 9LS155 Fairchild 9LS155C 
9LS09M 441-129 9LS155M 

Raytheon 9LS09C 441-138 Raytheon 9LS155C 
9LS09M 441-139 9LS155M 

Fairchild 9LS10C 443-27 9LS156 Fairchild 9LS156C 
9LS10M 443-28 9LS156M 

Raytheon 9LS10C 443-37 Raytheon 9LS156C 
9LS10M 443-38 9LS156M 

Raytheon 9LS107C 438-64 9LS157 Fairchild 9LS157C 
9LS107M 438 -65 9LS157M 

Fairchild 9LS109C 437-93 Raytheon 9LS157C 
9LS109M 437 -94 9LS157M 

Raytheon 9LS109C 437 -102 9LS158 Fairchild 9LS158C 
9LS109M 437 ·103 9LS158M 

11 Indicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted . 

• indicates el1tlre Application Note is provided on the page noted. 

435-25 
435-26 
434-175 
434-176 
434-185 
434-186 
457-193 
457 -194 
458-8 
458-9 
441-33 
441-34 
441-42 
441-43 
451-126 
451-127 
451-137 
451-138 
451-64 
451-65 
451-72 
451-73 
450-156 
450-157 
450-166 
450-167 
434-116 
434-117 
434-126 
434-127 
434-148 
434-149 
434-157 
434-158 
449-90 
449-91 
449-100 
449-101 
449-176 
449-177 

Base 
I 

Number Source Device Page-Une I 
I 

9L8158 Raytheon 9LS158C 
.. 9-

185
1 9lS158M 449-188 

9LS160 Fairchild 9LS16OC 432-13 
9LS160M 432-14 j 

Raytheon 9LS16OC 432-:<>2 , 
9LS160M 432-23 1 

9LS161 Fairchild 9LS161C 430-94 
9LS161M 430-95 

Raytheon 9LS161C 430-104 
9LS161M 430-105 

9L8162 Fairch~d 9LS162C 432-5/ 
9LS162M 432-58 

Raytheon 9LS162C 432-66 
9LS162M 432-67 

9LS163 Fairchild 9LS163C 430-35 
9LS163M 

430-36 I Raytheon 9LS163C 430-44 
9LS163M 430-45 

9L8164 Raytheon 9LSl64C 454-161 

9LSi64M 
11~1-58 I 
404-162 

1191-59 
9LSl68 Fairchild 9LSl68C 433-33 
9LS169 Fairchild 9LS169C 431-37 
9LS170 Fairchild 9LS170C 448-186 

9LS170M 448-187 
Raytheon 9LS170C 448-1941 

9LS170M 448-195 
9LS173 Fairchild 9LS173C 439-27 

9LS173M 439-28 
9LS174 Fairchild 9LS174C 440-12 

9LS174M 440-13 
Raytheon 9LS174C 440-20 

9LS174M 440-21 
9LS175 Fairchild 9LS175C 439-62 

9LS175M 439-63 
Raytheon 9LS175C 439-75 

9LS175M 439-74 
9LS181 FairchJld 9LS181C 426-98 

9LS181M 426-99 
Raytheon 9LS181C 426·104 

9LS181M . 426-105 
9LSl90 Fairch~d 9LS190C 432-152 

9LS190M 432-153 
Raytheon 9LSl90C 432-160 

9LS190M 432-161 
9LS191 Fairchild 9LS191C 430-163 

9LS191M 430-164 
RaYtheon 9LS191C 430-171 

9LS191M 430-172 
9LS192 Fairchild 9LS192C 432-200 

9LS192M 433-3 
Raytheon 9LS192C 433-11 

9LS192M 433-12 
9lS193 Fairchild 9lS193C 431-12 

9LS193M 431-13 
Raytheon 9lS193C 431-21 

9LS193M 431-22 
9LS194 Fairchild 9LS194C 453-111 

1188 -lOE 
9LS194M 453·112 

1188-107 
Raytheon 9LS194AC 453-11S 

1189-25 
9LS194AM 453-120 

1189-26 
9LS195 Fairchild 9LS195C 453·31 

1188-110 
9LS195M 453-32 

1188-111 
Raytheon 9LS195AC 453-39 

1189-29 
9LS195AM 453-40 

1189-30 
9LSl96 Fairchild 9LS196C 431-162 

9LS196M 431-163 
Raytheon 9LS196C 431-17C 

9LS196M 431-171 
9LS197 Fairchild 9LS197C 429-189 

9LS197M 429-19C 
Raytheon 9LS197C 429-197 

9LS197M 429-198 
9LS20 Fairchild 9LS20C 442-58 

9LS20M 442-59 
Raytheon 9LS2OC 442-69 

9LS20M 442-70 

Ie MASTER 1979 



PART NUMBER INDEX ... ane ... SUe 
~ ,Source DevIc:e P8ge-Une Number Source DeYlce PIg8-Une Number Source Oevice PIg8-Une Number Source Device PIge-Une 

9LS21 Fairchild 9LS21C 440-153 9LS28 Raytheon 9LS28M 447-83 9LS38 Fairchild 9LS38C 444-102 9LS91 Raytheon 9LS91C 454-188 
9LS21M 440-154 9LS283 Fairchild 9LS283C 425-47 9LS38M 444-103 1191-91 

Raytheon 9LS21C 440-163 9LS283M 425-48 Raytheon 9LS38C 444-109 9LS91M 454-189 
9LS21M 440-164 Raytheon 9LS283C 425-69 9LS38M 444-110 1191-92 

9LS22 Fairchild 9LS22C 442-166 9LS283M 425-71 9LS384 Raytheon 9lS384C • 551 9LS92 Fairchild 9LS92C 433-84 
9LS22M 442-167 9LS290 Fairchitd 9LS290C 431-98 425-169 9LS92M 433-85 

Raytheon 9LS22C 442-175 9LS290M 431-99 9LS384M • 551 Raytheon 9LS92C 433-93 
9LS22M 442-176 9LS293 Fairchild 9LS293C 429-111 425-170 9LS92M 433-94 

9LS221 Raytheon 9LS221C 452-118 9LS293M 429-112 9LS385 RIytheon 9LS385C .554 9LS93 Fairctild 9LS93C 429-109 
9LS221M 452-119 9LS295 Fairchild 9LS295C 453-138 425-127 9LS93M 429-110 

9LS240 Raytheon 9LS24OC .522 1188-116 9LS385M .554 Raytheon 9LS93C 429-125 
458-199 9LS295M 453-139 425-128 9LS93M 429-12t: 
608-43 1188-117 9LS386 Raytheon 9LS386C 446-34 9LS95 Fairchild 9LS95C 453-77 

9LS24OM • 522 Raytheon 9LS295AC 453-145 9LS386M 446-35 1188-102 
458-200 1189-33 9LS390 Fairchild 9LS39OC 432-109 9LS95M 453-78 
608-44 9LS295AM 453-146 9LS393 Fairchild 9LS393C 429-141 1188-103 

9LS241 RIytheon 9LS241C • 525 1189-34 9LS393M 4?9-142 Raytheon 9LS95BC 453-84 
459-37 9LS298 Fairchild 9LS298C 439-147 9LS395 Fairchild 9LS395C 453-154 1188-46 
607-58 450-109 1188-120 9LS95BM 4f}3-85 

9LS241M • 525 - 9LS298M 439-148 9LS395M 1188-121 1188-47 
459-38 450-110 RIytheon 8LS395AC .557 9504 Fairctild 9S04AC 428-137 
607-59 Raytheon 9LS298C 439-157 453-160 9S04AM 428-138 

9LS242 Raytheon 9LS242C • 528 - 449-144 9lS395AM .557 9805 Fairchild 9805AC 428-199 
458-82 450-120 453-161 9S05AM 428-200 
616-37 9LS298M 439-158 9LS395C 1188-76 9S41 Fairctild 9S41C 441-155 

9LS242M 
• 528 

449-145 9LS395M 1.188-77 9S41M 441-156 
458-83 450-121 9LS40 Fairchild 9LS4OC 442-119 9S42 Fairchild 9S42C 444-146 
615-14 9LS299 Raytheon 9lS299C .533 9LS4OM 442-120 9S42M 444-147 

9LS243 Raytheon 9LS243C .528 454-74 Raytheon 9LS4OC 442-129 90 Bwr-IInMn DAC90 .658 
458-88 1190-109 9LS4OM 442-130 DAC90B .658 
616-40 9l.S299M * 533 9LS42 Fairchild 9LS42C 434-24 586-44 

9LS243M *528 454-75 9LS42M 434-25 DAC90S * 658 
458-89 1190-110 Raytheon 9LS42C 434-34 586-45 
615-17 9LS30 Fairchild 9LS3OC 441-176 9LS42M 434-35 9OL5O AMO 9OLSOC 1170-24 

9LS244 Raytheon 9LS244C * 525 9LS3OM 441-177 9LS43 Raytheon 9LS43C 433-159 90L500 1169-115 
459-82 Raylheon 9LS3OC 441-186 9LS43M 433-160 90L50E 1169-77 
607-64 9LS30M 441-187 9LS44 Raylheon 9LS44C 433-174 9OL60 AMO 90L60C 1170-28 

iLS244M * 525 9LS32 Fairchild 9LS32C 446-136 9LS44M 433-175 90L600 1169-120 
459-83 9LS32M 446-137 9LS490 Fairchild 9lS49OC 432-112 90L6OE 1169-82 
607-65 Raytheon 9LS32C 446-146 9LS51 FClIfchild 9LS51C 445-88 900 BEl FM900 900-188 

9lS251 Fairchitd 9LS251C 451-184 9lS32M 446-147 9lS51M" 445-89 Oionics 01-900 908-49 
9LS251M 451-185 9lS322 RIytheon 9LS322C * 537 Raytheon 9lS51C 445-98 SGS TCA900 856-87 

Raytheon 9LS251C 451-192 455-7 9LS51M 445-99 917-57 
9LS251M 451-193 ILS322M * 537 9lS54 Fairchitd 9LS54C 444-F9 , 182-7 

9lS253 Fairchild 9lS253C 450-195 455-8 9LS54M 444-180 Signetics TBA900 860-4 
9LS253M 450-196 9LS323 Raytheon 9lS323C * 540 Raytheon 9LS54C 444-189 9000 Fairchitd 9000C 436-147 

Raytheon 9LS253C 451-4 454-82 9LS54M 444-190 9000M 436-148 
9LS253M 451-5 1190-111 9LS55 Fairchild 9lS55C 445-107 9001 Fairchild 9OO1C 436-14g 

9LS255 Raytheon 9lS255C 434-166 9lS323M * 540 9LS55M 445-108 9OO1M 436-150 
9LS255M 434-~67 454-83 Raytheon 9LS55C 445-117 9002 Fairctild 9002C 443-97 

9lS257 Fain:hlld 9lS257C 450-49 1190-112 9LS55M 445-118 9002M 443-98 
9LS257M 450-50 9lS33 Fairchild 9LS33C 447-107 9lS670 Fairchild 9lS67OC 449-10 National OM9002C 443-100 

Raytheon 9LS257C 450-59 Raytheon 9LS33C 447-112 9lS670M 449-11 900~ Fairchild 9003C 443-9 
9LS257M 450-60 9LS33M 447-113 Raytheon 9LS67oC -449-18 9OO3M 443-10 

9LS258 Fairchild 9LS258C 450-15 9lS365 Fairchild 9LS365C 428-26 9LS670M 449-19 NaOOnal DM9003C 443-20 

9lS258M 450-16 9LS365M 428-27 9lS73 Fairchild 9LS73C 438-44 9004 Fairchikl 9OO4C 442-41 

Raytheon 9LS258C 450-25 Raytheon 9LS365C 428-45 9lS73M 438-45 9004M 442-42 

9LS258M 450-26 9lS365M 428-46 Raytheon 9LS73C 438-60 National DM9004C 442:51 

9LS259 Fairchild 9lS259C 447-144 " 9lS366 Fairchild 9LS366C 429-24 9LS73M 438-61 9005 Fairchikl 9005C 445-1~ 

9LS259M 447-145 9lS366M 429-25 9LS74 Fairchild 9lS74C 438-167 9005M 445-13!l 
9LS26 Fairchild 9LS26C 444-124 Raytheon 9LS366C 429-43 9LS74M 438-168 National OM9005C 445-14!l 

9lS26M 444-125 9LS366M 429-44 Raytheon 9lS74C 438-177 9006 Fairchild 9OO6C 445-186 
Raytheon 9LS26C 444-133 9lS367 Fairchild 9LS367C 428-28 9LS74M 438-178 . 9006M 445-187 

9LS26M 444-134 9LS367M 428-29 9LS75 Raytheon 9LS75C ¥11-98 National DM9OO6C 445-188 
9lS260 Fairchild 9lS26OC 446-190 Raytheon 9LS367C 428-49 9lS75M 448-99 9007 Fairchitd 9OO7C 441-160 

9lS260M 446-191 9lS367M 428-50 9lS76 Raytheon 9lS76C 438-117 9OO7M 441-161 

9LS261 Raytheon 9lS261C 425-136 • 9LS368 Fairchild 9LS368C 429-26 9LS76M 438-118 9008 - Fairchild 9008C 444-160 

9lS261M 425-137 9LS368M 429-27 9LS77 Raytheon " 9lS77C 448-61 9008M 444-161 

9LS266 Fairchild 9LS266C 446-98 Raytheon 9LS368C 429-47 9LS77M 448-62 National OM9008C 444-162 

9LS266M 446-99 9LS368M 429-48 9LS78 Raytheon 9LS78C 437-67 9009 Fairchild 9OO9C 442-102 

Raytheon 9LS266C 446-106 9lS37 Fairchild 9lS37C 443-175 9LS78M 437-70 9009M 442-103 

9LS266M 446-107 9lS37M 443~176 9LS83 Fairchild 9LS83C 425-45 National OM9009C 442-112 

9lS27 Fairchild 9lS27C 447-22 Raytheon 9LS37C 443-185 9LS83M 425-46 901 Plessey Sl901 858-149 

9LS27M 447-23 9LS37M 443-186 Raytheon 9lS83AC 425-65 9012 Fairchild 9012C 443-201 

Raytheon 9lS27C 447-32 9lS373 Raytheon 8LS373C .543 9lS83AM 425-66 9012M 444-2 

9lS27M 447-33 447-174 9lS85 ~airchild 9lS85C 427-84 NatiOnal OM901.2C 444-17 

9LS273 Raytheon 8LS273C * 531 9lS373M * 543 Raytheon 9lS85C 427-91 9014 Fairchild 9014C 446-59 

440-55 447-175 9lS85M 427-92 9014M 44&-60 

8LS273M * 531 9LS374 Raytheon 8LS374C * 543 9lS86 Fairchild 9LS86C 446-15 9015 Fairchitd 9015C 446-161 

440-56 440-80 9LS86M 446-16 9015M 446-162 

9LS279 Fairchild 9LS279C 448-118 9LS374M * 543 Ray1heon 9LS86C 446-30 9016 AMO 9016C 1171-4 

9LS279M 448-119 440-81 9lS86M 446-31 90160 1170-88 

Raytheon 9lS279C 448-127 9lS377 Raytheon 9lS377C * 549 9lS90 Fairchild 9l$9OC 431-96 1170-108 

9LS279M 448-128 440-125 9LS9OM 431-97 9016E 1170-89 

9lS28 Fairclild "9lS28C 447-66 1K.S377M * 548 Raytheon 9LS9OC 431-112 FairctikI 9016C 428-87 

Ray1heon 9lS28C 447-82 440-126 9lS9OM 431-113 9016M 428-88 

Arranged alphanumerically from left to right. 
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Base Base Base Base 
Number Source DeVice Page-Une Number Source Device Page-Une Nilmber Source Device Page-Une Number Source Device Page-Ulle 

9016 National DM9016C 428-97 91147 AMD 91147 1180-81 9130 AMD 9130DC 1179-32 931415 AMD 93l415C 11-77-7 
9017 Fairchild 9017C ' 428.-150 910 SGS TCA910 856-88 9130EC 1179-16 93l415M 1177'·26 

9017M 428-151 917-58 9140 AMD 9140 DC 1181-63 Fairchild 93l415C .1240 
9020 Fairchild 9020C 438-8 • 182-7 9140AC 1181-124 1177-9 

9020M 438-9 9100 GI AY5-9100 900-87 9140AM 1181-125 93L415DC .1240 
I 9022 FaircN!d 9022C 438-93 • 157-6 9140BC 1181-100 93L415DM .,240 
I 9022M 438-94 11 170-13 9140BM 1181-101 93L415FM .1240 I 9024 Fairchild 9024C 437 -85 • 170-14 9140CC 1181-87 93l415M .1240 

9024M 437-86 Toshiba TC91 00 898-94 9140CM 1181 -88 1177-27 

I 903 Panasomc AN903 842-166 9101 AMD 9101A 1176-4 9140EC 1181-41 93L415PC .1240 
904 IPI MC904 584-23 9101AM 1176-5 9142 AMD 9142B 1180-14 Signetics N93l415 1177-12 

Panasonic AN904 843-23 9101B 1175-75 9142C 1179-71 S93l415 1177-31 
905 Dionics DI-905 908-50 9101BM 1175-76 9142E 1179-8 931420 Fairchild 93L42OC .1252 

Panasomc AN905 842-167 9101C 1175-34 9147 AMD 9147 1180-79 1173-95 
9050 AMD 9050C 1170-23 9101CM 1175-35 9147-3 1180-64 93L420DC .1252 

90!';on 11llA_lld 9101!:' 1175-9 915 S;gne!;cs TBA915 

::';:~;Sl 
S3i..420DM *12S~ 

I 
I90W 

9050E 1169-76 9102 AMD 9102 1178-59 9151 GI AY5-9151 93l420FM .1252 
GI AY5-9050 622-56 9102A 1178 -45 9152 GI AY5-9152 900-93 93L420M .1252 

900-190 9102AM 1178-46 9153 GI AY5-9153 900-94 1174-3 I AMD 9060C 1170-27 9102B 1178-13 9154 GI AY5-9154 900-95 93L420PC *1252 
9060D 1169-119 9102BM 1178-14 917 Plessey Sl917 858-1501 93Ld2l Fairchild 93l421C *1252 I 
9060E 1169-81 9102C 1177-102 918 Plessey 51918 858-151 1174-27 I 

9080 AMD 9080A 1721-3 9102CM 1177-103 920 Fairchild TBA920 859-79 93L421DC .1252 

• 202-18 9102D 1177-73 National TBA920 859-88 93l421DM .1252 

• 202-19 9102M 1178-60 Plessey Ml920 859-164 93L421FM .1252 

• 203-1 Plessey MN9102 • 512 TBA920 859-91 93l421M .1252 
9080AC 1760-24 462-165 RCA CA920A 859-97 1174-30 , 
9080AM 1760-25 Toshiba TC9102 898-142 Signetics TBA920 859-103 93L421PC .1252 I 

9086 GI AY9-9086 901 -69 9105 Plessey MN9105 460-141 9200 GI AY5-9200 900-119 931422 Fairchild 93L422C .1249 
909 Harris HA-909 

• 958 
9106 GI AY5-9106 900-88 • 170-13 1174-75 

880-27 Toshiba TC91 06 898-143 • 170-14 93L422DC .1249 
, 164-12 9107 AMD 9107-6 1170-56 • 170-15 93L422DM .1762 

• 164-13 foshiba TC9107 898-144 9208 AMD 9208 1761-133 93l422FM .1249 
9ilO, AMD 91L01A 1176-2 9109 Fairchild 9109C 455-75 9208BC 1185-40 93L422M .1249 

91l01AM 1176-3 9100M 455-76 9208BM 1185 -41 1174-79 
91l01B 1175-73 911 Harris HA-811 * 958 9208CC 1185-25 93L422PC .1249 
91l01BM 1175-74 883-24 9208D 1185-22 931425 AMD 93l425C 1177-13 
91l01C 1175-32 • 164-12 9214 AMD 9214C 1184-42 93l425M 1177-33 
91l01CM 1175-33 11 164-13 9214M 1184-43 Fairchild 93L425C .1240 

91L02 AMD 91102 1178-61 Siliconix L911 .1135 9216 AMD 9216 1761-140 1177-15 
91 L02A 1178-47 857-65 9216BC 1186-2 93L425DC .1240 
91l02AM 1178-48 915-41 9216BM 1186-3 93L425DM .1240 
91l02B 1178-11 9110 GI AY5-9110 900-89 9216C 1185-100 93L425FM .1240 
91l02BM 1178-12 9111 AMD 9111A 1175-120 9217 AMD 9217AC 1186-42 93l425M .1240 
91l02C 1177-100 9111AM 1175-121 9217AM 1186-43 1177·34 
91l02CM 1177-101 9111B 1175-71 9217BC 1186-5 93L425PC .1240 I 
91l02M i 176-63 g111BM 1175-72 9217BM 1186-6' Signetics N93l425 1177-18 

91111 AMD 91L11A 1175-118 9111C 1175-30 9218 AMD 9218BC 1186-7 5931425 1177-38 
91L11AM 1175-119 9111CM 1175-31 9218BM 1186-8 931470 Fairchild 93L47OC .1234 
91ll1B 1175-69 9111D 1175-3 9218C 1185-103 1180-54 

/ 91L11BM 1175-70 9112 AMD 9112A 1175-113 9227 Fairchild 9227 
• 160-1 

93L47ODC .1234 
B1LllC 1175-28 9112AM 1175-114 9232 AMD 9232BC 1186-76 93L47ODM .1234 
91L11CM 1175-29 9112B 1175 -67 9232BM 1186-77 93L470FM .1234 

91Ll2 AMD 91L12A 1175-111 9112BM 1175-68 9232C 1186·68 93L470M ,..1234 
91L12AM 1175-112 9112C 1175-26 9233 AMD '9233BC 1186-78 1180-55 
91l12B 1175-65 9112CM 1175-27 9233BM 1186-79 93L470PC .1234 
91Ll2BM 1175-66 9112D 1174-106 9233C 1186-69 931471 Fairchild 93L471C .1234 
91L12C 1175-24 Fairchild 9112C 455-78 9260 AMI S9260 

• 648 
1180-57 

91L12CM 1175-25 9112M 455-79 857-103 93L471 DC .1234 
91114 AMO 91l14B 1179-102 Toshiba TC9112 898-147 "189-4 93L471OM .1234 

91L14BM 1179-103 9114 AMD 9114B 1179-100 9261 AM. 89261 .648 93L471FM .1234 
91114C 1179-40 9114BM 1179-101 857-104 93L471M .1234 
91L14CM 1179-41 9114C 1179-38 9262 AMI S9262 • 652 1180-58 
91L14E 1178 c99 9114CM 1179·39 857-105 93L471PC .1234 

91124 AMD 91L24B 1179-106 9114E 1178-98 9263 AMI S9263 .648 93500 Fairchild 93500C 453-51 
91L24BM 1179-107 9116 Toshiba TC9116 854-58 857 -106 1189-76 
91L24C 1179-44 9117 Toshiba TC9117 854-59 9264 AMI S9264 

• 648 
93SooM 453-52 

91L24CM 1179-45 9118 GI AY5-9118 900-90 857-107 1189-77 
91L24E 1178-101 9120 GI AY5-9120 900-91 9265 AMI S9265 • 648 93505 Fairchild 93S05C 433-130 

91130 AMD 91l30AC 1180-23 11 170-15 857-108 93S05M 433-133 
91l30AM 1180-24 9121 Toshiba TC9121 857-147 9266 AMI S9266 .652 93510 AMD 93S10C 432-33 
91l.30SC 1179-92 9122 Toshiba TC9122 407-97 857-109 93S10M 432-34 
91l30BM 1179-93 460-100 93Hoo Fairchild 93HooC 1189-68 Fairchild 93Si0C 432-35 
91l30CC 1179-77 9123 Toshiba TC9123 898 -101 93HOOM 1189-69 93510M 432-36 
91L30CM 1179-78 9124 AMD 9124B 1179-104 93H72 Fairchild 93H72C 1189-70 93512 Fairchild 93S12C 451-151 
91l30DC 1179-33 9124BM 1179-105 93H72M 1189-71 93S12M 451-152 

91140 AMD 91l40AC 1181-122 9124C 1179-42 93loo AMD 93l00c 1188-18 935137 Fairchild 935137C 435-57 
91l40AM 1181-123 9124CM 1179-43 93looM 1188-19 935137M 435-58 
91l40BC 1181-98 9124E 1178-100 Fairchild 93l00c 1188-24 93516 AMD 93S16C 430-116 
91l40BM 1181-99 Toshiba TC9124 898-102 93l00M 1188-25 93S16M 430-117 
91l40CC 1181-85 9130 AMD 9130AC 1180-25 93L28 AMD 93L28C 1192·35 Fairchild 93S16C 430-118 
91l40CM 1181-86 9130AM 1180-26 93L28M 1192·36 93S16M 430-119 
91l40DC 1181-64 9130BC 1179-94 Fairchild 93L28C 1192-37 93521 AMD 93521C 434-195 

91142 AMD 91l42B 1180-15 9130BM 1179-95 93l28M 1192-38 93S21M 434-196 

L 91l;.42C 1179-72 

I 
9130CC 1179-79 931412 Fairchild 93l412C 1174-72 93S22 AMD 93522C 449-112 

91L42E 1179-9 9130CM 1179-80 93l412M 1174-78 93S22M 449-113 
I I 

,Indicates page number in Application Note Directory . 
• Indicates additional data is prOVided on the page noted 

• Indicates entire Application Note is provided on the page noted. 
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PART NUMBER INDEX 
Baa Baa Baa Baa 
Nwnber Source DevIce Pege-Une HunIber Source DevIce PagHJne NumbIr Source DevIce Pege-Une NumbIr Source DevIce Pege-Une 

93541 Fairchild 93541C 426-116 9310 FairChild 931 OM 431-187 9328 AMD 9328C 1192-44 9342 Fairchild 9342M 426-150 

93541M 426-117 Motorola MC9310 431-193 9328M 455-59 Raytheon RC9342 426-160 
93542 Fairchild 93542C 426-166 National DM931 0 431-199 1192-45 RM9342 426-161 

93542M 426-167 Raytheoo RC9310 431-200 Fairchild 9328C 455-60 93421 Flirchild 93421 .1252 
93S43 Fairchild 93S43 , 151-4 RM9310 431-201 1192-46 93421AC 1173-85 

93543C 425-199 Signetics 9310 432-4 9328M 455-61 93421ADC .1252 
93S43M 425-200 9311 AMD 9311C 435-90 1192-47 93421C .1252 

93546 Fairclild 93S46C 427-118 9311M 435-91 Motorola MC9328 455-63 1173-99 
93547 Fairchild 93S47C 427-121 Fairchild 931iC 435-94 1192-40 93421 DC .1252 

93547M 427-122 9311M 435-95 9332 GI R03-9332A 1186-95 93421DII .1252 
93548 AMD 93S48C 457-38 Motorola MC9311 435-103 R03-9332B 1186-82 93421FM .1252 

93548M 457-39 National DM9311 435-109 Roo..9332C 1186-72 9342111 .1252 
93862 Fairchild 93S62C 457-27 Raytheoo RC9311 435-111 9334 AMD 9334C 447-132 1174-7 

93S62M 457-28 RM9311 435-112 9334M 447-133 93421 PC .1252 
9300 AMD 9300c 453-1 9312 AMD 9312C 451-78 Fairchild 9334 , 196-6 93422 FIirchIId 93422 .1249 

1188-22 9312M 451-79 9334C 447-136 93422C .1249 
9300M 453-2 Fairchild 9312C 451-80 9334M 447-137 1174-70 

1188-23 9312M 451-81 National DM9334 447-139 93422DC .1249 
Fairchild 9300c 453-5 Motorola MC9312 451-83 Signelics N9334 447-140 93422DM .1249 

1188-124 National DM9312 451-85 89334 447-141 93422FM .1249 
1189-61 NEe America ILPB9312 451-86 9338 AMD 9338 , 195-2 93422M .1249 . 

9300M 453-6 Raytheoo RC9312 451-89 9338C 448-145 1174-76 
1188-125 RM9312 451-92 9338M 448-146 93422PC .1249 
1189-62 Signetics N9312 451-97 Fairchild 9338 , 198-8 Motorola MCM93422C 1174-71 

Motorola MC9300 453-11 9313 Fairchild 9313C 451-166 9338C 448-147 MCM93422M 1174-77 
1188-29 9313M 451-167 9338M 448-148 93425 AMD 93425C 1176-113 

National DM9300 453-15 Sigletics N9313 451-172 9340 AMD 9340C 426-58 93425M 1177-14 
1189-20 9314 AMD 9314C 448-40 9340M 426-59 Flirdild 93425 .1240 

Raytheon RC9300 453-19 9314M 448-41 Fairchild 9340C 426-60 93425AC 1176-90 
1188-30 Fairchild 9314C 448-42 9340M 426-61 93425ADC .1240 

RM9300 453-20 9314M 448-43 93407 Fairchild 93407C 448-160 93425C .1240 
1188-31 Motorola MC9314 448-45 93407M 448-.161 1176-114 

Signetics N9300 453-23 Sigletics N9314 448-46 9341 AMD 9341C 426-67 93425DC .1240 
S9300 453-24 S9314 448-47 9341M 426-68 93425DM .1240 

1189-42 9316 AMD 9316C 430-60 Fairchikl 9341C 426-73 93425FII .1240 
9301 AMD 9301C 433-180 931 eM 430-61 9341M 426-74 93425M .1240 

9301M 433-179 Fairchikl 9316C 430-62 Raytheon RC9341 426-88 1177-16 

Fairchild 9301C 433-183 9316M 430-63 RM9341 426-89 93425PC .1240 
435-60 GI R03-9316A 1186-54 93410 Fairchild 93410AC 1173-89 Motorola MCM93425C 1176-116 

9301M 433-184 R03-9316B 1186-18 93410C 1174-5 MCM93425M 1177-17 

435-61 R03-9316C 1185-104 9341 OM 1174-13 Signelics N93425 1176-118 

Motorola MC9301 434-2 Motorola MC931S 430-73 93411 Fairchild 93411AC 1173-90 N93425A 1176-92 

National DM9301 434-6 National DM9316 430-79 93411C 1173-108 93427 FIIrchIId 93427 .1258 
Sigletics 9301 435-73 Raytheon RC9316 430-81 93411M 1174-8 , 194-12 

9302 Fairchild 9302C 433-185 RM93i6 430-82 93412 Fairchild 93412C 1174-68 93427C .1258 
9302M 433-166 Signetics 9316 430-85 93412M 1174-73 1161-83 

9304 AMD 9304C 425-99 9317 Fairchikl 9317BC 601-138 Motorola MCM93412C 1174-69 93427DC .1258 
9304M 425-100 9317BM 601-139 MCM93412M 1174-74 93427DM .1258 

Fairchild 9304C 425-101 9317CC 601-178 93415 AMD 93415C· 1176-106 93427FM .1258 
9304M 425-102 9317CM 601-179 93415M 1177-8 9342711 .1258 

Motorola MC9304 425-105 93174 Fairchild 93174C 439-195 1177-42 1161-106 

Raytheon RC9304 425-106 9318 AMD 9318C 456-143 fairchild 93415 .1240 93427PC .1258 

RM9304 425-107 9318M 456-144 ·93415AC 1176-88 93431 Fairchild 93431C 1183-89 

Signetics 9304 425-108 Fairchild 9318C 456-145 93415ADC .1240 93431M 1183-94 

9305 Fairchikl 9305C 429-84 9318M 456-146 93415C .1240 93432 Fairchild 93432C 1184-13 

433-128 Motorola MC9318 456-150 1176-107 93432M 1184-20 

9305M 429-85 National DM9318 456-152 93415DC .1240 93436 FaIrc:hIId 93436 .1260 
433-129 9319 Fairchild 9319C 432-93 93415011 .1240 , 194-12 

9306 AMD 9306C 432-134 458-43 93415FM .1240 ~ .1260 
9306M 432-135 9319M 432-94 93415M .1240 1163-14 

9307 Fairchild 9307C 601-51 458-44 1177-10 93436DC .1260 

9307M 601-52 9320 Fairchild 9320C 432-95 93415PC .1240 . 93436DII .1260 
Motorola MC9307 601-63 458-45 Fujitsu MBM93415A 1176-108 93436FM .1260 

9308 AMD 9308C 448-20 9320M 432-96 MBM93415AH 1176-87 9343611 .1260 

9308M 448-21 458-46 Motorola MCM93415C . 1176-110 1163-30 

Fairchild 9308C 448-22 9321 AMD 9321C 434-88 MCM93415M 1177-11 93436PC .1260 

9308M 448-23 9321M 434-89 Si!Jletics N93415A 1176-89 93438 FIirchIId 93438 .1262 

Motorota MC9308 448-27 Fairchild 9321C 434-90 1176-112 , 194-12 

NEC AmeriCa 1LPB9308 448-28 9321M 434-91 93417 Fairchild- 93417 .1258 93438C .1262 

Raytheon RC9308 448-30 9322 AMD 9322C • 449-53 , 194-12 1163-93 

RM9308 448-29 9322M 449-54 93417C .1258 93438DC .1262 

Signetir.s N9308 .448-33 Fairchild 9322C 449-57 1161-71J 93438DM .1262 
S9308 448-34 9322M 449-58 93417DC .1258 93438FII .1262 

9m AMD AM9309 , 151-2 Motorola MC9322 449-67 93417DM .1258 9343811 .1262 

9309C 451-40 National DM9322 449-71 93417FII .1258 1164-18 

9309M 451-41 Raytheon RC9322 449-77 9341711 .1258 93438PC .1262 
Fairchild 9309C 451-42 RM9322 449-78 1161-98 9344 Fairchild 9344C 425-145 

9309M 451-43 Signetics N9322 449-81 93417PC .1258 9344M 425-146 

Motorola MC9309 451-45 9324 AMD 9324C 427-60 93419 FIirchIId 93419C .1255 93441 Fairchild 93441C 1183-91 

National DM9309 451-47 9324M 427-61 1173-31 93441M 1183-96 

NECAmericaILPB9309 451-48 Fairchild 932.4C 427-64 9341911 .1255 93442 Fairchikl 93442C 1184-14 

5q1etics N9309 451-49 9324M 427-65 1173-34 93442M 1184-22 

S9309 451-50 Motorola MC9324 427-74 Fujitsu MBM93419 1173-32 93446 FIirchiId 93446 .1260 

9310 AMD 9310C 431-182 Signetics N9324 427-80 9342 AMD 9342C 426-145 934MC .1260 

931 OM 431-183 S9324 427-81 9342M 426-146 1163-18 

Fairchild 9310C 431-186 9328 AMD 9328C 455-58 Fairchild 9342C 426-149 93446DC .1260 

Arranged alphat',1llfl1Elficity from left to right 
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Ie MASTER 
Base Base 
Number Source Device Page-Line Number 

93446 Fairc:hNd 934460M .1260 93471 
93446FM .1260 
93446M .1260 

1163-36 9348 
93446PC .1260 

93448 Fairchild 93448 *'262 93481 

• 194-12 
93448C .1262 

1163-98 93546 
93448DC *'262 936 
934480M .1262 9360 
93448FM *'262 
93448M *'262 

1164-29 
93448PC *'262 9364 

I 

Q':I"50 ~e~r:~~!~ 93450 .. ~25e 

I 

v ..... v\J 

93450C .1266 
1165 -82 

93450DC *'266 
934500M *'266 9368 
93450FM .1266 I 9370 
93450M *'266 9374 

1165-106 9386 
93450PC *'266 

93451 Fairchild 93451 .1266 940 
93451C *'266 

1165-83 
93451 DC *'266 
93451 OM .1266 
93451FM *'266 
93451M *'266 9400 

1165-112 
93451 PC *'266 

93452 Fairc:hikl 93452 *'264 

• 194-12 9401 
93452C .1264 

1165-11 
93452DC .1264 
93452DM .1264 
93452FM *'264 
93452M *'264 

1165-40 
93452PC *'264 

93453 FairchHd 93453 *'264 
• 194-12 

93453C *'264 
1165-13 

93453DC *'264 
934530M *'264 
93453FM *'264 
93453M *1264 

1165046 9403 
93453PC *'264 

93454 F",ircnilc! 93454C 1184·85 
93454M 1184-92 

93457 Fairchild 93457C 1183-24 
93457M 1183-32 

93458 Fairchild 93458 *'269 
1160-2 

93458DC *'269 
93458FM *1269 
93458PC *'269 

93459 Fairchild 93459 .1269 
1160-7 9404 

93459DC *'269 
93459FM *'269 
93459PC *'269 

93464 Fairchild 93464C 1184-86 
93464M 1184-93 9405 

93467 Fairchild 93467C 1183-26 
93467M 1183-37 

93470 Fairchild 93470 *1234 
93470C *'234 

~ 180 -62 
934700C *'234 
93470DM *'234 
93470FM *'234 
93470M *'234 

1180-75 
93470PC *'234 9406 

93471 Fairchild 93471 *'234 
93471C *'234 

1180-63 
93471 DC *'234 
93471 OM *'234 
93471FM *'234 

110 

Base 
Source Device page-Une Number Source Device Page-Line 

Fairchild 93471M .1234 9407 Falrc:hiId 9407 .1893 
1180-76 8407C .1893 

93471 PC .1234 1751-136 
Fairchild 9348C 457-36 9407M .1893 

9348M 457-37 1751-137 
Fairchild 93481 1169-40 9408 FaIrChild 9408 .1893 

93481 A 1169-38 9408A *'893 
93481B 1169-37 9408AC .1893 

Fairchild 93546M 427-119 1751-121 
Reticoo RL936 916-150 9408AM *'893 
AMD 9360C 432-172 1751-124 

9360M 432-173 ' $408C *'893 
Ray1heon RC9360 432-189 1751-120 

RM9360 432-190 9408M *'893 
GI R03-93648 1186-102 1751-123 
f"\IYtU G366C 430-i63 ii40ii fal'Clllkl 9409 *'893 

9366M 430-184 1754-147 
Raytheon RC9366 430-200 1724-2 

RM9366 430-201 9409AC 427-26 
Falrchl!d 9368C 601-28 9409AM 427-29 
Fairchild 9370C SOl -118 941 NEG America /LPD94 i 853-186 
Fairchild 9374C 601-41 9410 Fairchild 9410 *'893 
Fairchild 9386C 446-90 9410C *'893 

9366M 446-91 449-42 
NEe America MPD940 653-165 1171-103 
Plessey TBA940 859-92 1751-173 
SGS TCA940 652-137 9410M *'893 

• 168-15 449-43 
TCA940E 852-107 1751-174 

Telefunken TCA940 652-117 GI AY3-9410 901-68 
GI AY3-94oo 901-65 9411 Falrdlild 9411 .1893 
Teledyne S 9400 916-96 9411C *'893 

919A-35 *'894 
• 180-11 457-49 

AMD 9401C 1187-100 604-6 
9401M 1187-101 1751-168 

Fairchild 9401 *'893 9411DC *'894 
9401C .1893 9411FC .1894 

.1894 9411M *'893 
457 -45 *'894 
604-2 604-8 

1751-164 1751 -170 
9401 DC *'894 9412 F8lfchild 9412C 1751-156 
9401FC *'894 9412M 1751-157 
9401M *'893 9413 Fairchild 9413 427-30 

*'894 1754-150 
457-47 ,9414 Fairchild 9414-1 457-108 
604-4 1751-151 

1751-166 9414-2 457 -109 
9401 PC *'894 1751-152 

GI AY3-9401 901-66 9414-3 457-110 
Fairchild 9403 *'893 1751-153 

9403C *'893 9414-4 457-111 

*'896 1751-154 
1159-57 9415 Fairchild 9415 617-12 
1751-141 1755-117 

9403DC .1896 9416 Fairchild 9416 617-19 
9403FC *'896 1755-118 
9403M *'893 9417 Fairchild 9417 617-26 

*'896 1755-119 
1159-59 9419 Fairchild 9419 459-155 
1751-143 1755-9 

9403PC *'896 9420 Fairchild 9420 1754-185 
FairchHd 9404 *'893 9421 Fairchild 9421 459-158 

9404C *'893 1755-10 
1751 -132 9423 Fairchild 9423 *'893 

9404M *'893 1159-87 
1751-133 9423C *'893 

Fairc:hikl 9405A *'893 *'896 
9405AC .1893 1751-147 

427-13 9423DC *'896 
1751-127 9423FC *'896 

9405AM *'893 9423M *'893 
427-14 *'896 

1751-129 1751-149 
9405C .1893 9423PC *'896 

1751-126 9424 Fairchild 9424 1755-75 
9405M .1893 9425 Fairchild 9425 615-37 

1751-128 1755-120 
Fairchild 940ti *'893 9426 Fairchild 9426 615-45 

9406C *'893 1755-121 
1159-93 9427 Fairchild 9427 615-47 
1751-159 1755-122 

9406M *'893 943 NEG America /.iPD943 853-187 
1159-94 9440 FaIrChIld 9440 *'903 
1751 -160 1726-1 

,Indicates page number in Application Note Directory. 
* Indicates additional data is provided on the page noted . 

• Indicates entire Application Note is provided on the page noted. 

Base 
Number Source Device Page-Une 

9440 Fain:hIId 9440C .1900 
1762-89 

9440M .1903 
1762-90 

9441 Fairchild 9441C 1762-93 
9442 Fairchild 9442C 1762-95/ 
946 NEe AmeriCa MPD946 853-186 
947 NEe America MPD947 853-189 
95HOO Fairchild F95HOOC 421-17 

95HOOC 1189-86 
95H90 Fairchi.1d 95H90C 462-13 

899-16 
95H90M 462-14 

699-17 
95H91 Fairchild 95H91C 461-136 

696-193 
95H91M 898-194 

950 NEe America MPD950 853-190 
Plessey TBA950 659-93 

9500 Gi AY5-9500 900-123 

11 i70-131 
• 170-14 

R03-9500 856-10 

""~I 95000 Fairchild F95000 421-18 
1189-88 

95002 Fairchild F95002 421 -3 
95003 Fairchild F95003 421-7 I 
95004 Fairchild F95004 420-168 
9501 GI R03-9501 856-11 

1186-61 
1753-117 

95010 Fairchild F95010 420-154 
95016 Fairchild F95016 420-152 
9502 GI R03-9502 1186-63 

1753-118 
95029 Fairchild F95029 420-156 
9503, GI R03-9593 856-12 

1753-115 
951 BEl FM951 901 -4 

NEe America MPD951 853-191 
95101 Fairchild F95101 . 421-13 
95102 Fairchild F951 02 421-11 
95103 Fairchild F951 03 421-9 
95105 Fairchild F951 05 421-5 
95106 Fairchild F951 06 

:~:;~ 95107 Fairchild F951 07 
95109 Fairchild F951 09 421-1 
9511 AMD 9511 460-5 

1763-66 
9511-4 460-6 

1763-67 
9511C 1760-60 
9511M 1760-61 

95fl0 Fairchild F95110 420-162 
95111 Fairchild F95111 420-164 
95115 F8Irchild F95115 421-24 
95116 Fairchild F95116 421-22 
95124 Fairchild F95124 421-20 
9513 AMD 9513 1760-13C 
95130 Fairchild F95130 421-15 
9517 AMD 9517C 1760-144 

9517M 1760-145 
DDC 9517 919-2 

9518 DDC 9518 919-3 
9519 AMD 9519C 1761-25 

9519M 1761-26 
952 BEl FM952 901-5 

NEe America MPD952 853-192 
95231 Fairchild F95231 420-158 
953 BEl FM953 901-6 
954 BEl FM954 901-7 I 
955 Siemens TCA955 856-89 

917-56 
9551 AMD 9551 • 202-19 

9551C 1760-115 
9551M 1760-116 

9555 AMD 9555 • 202-19 
9555C 1761-38 
9555M 1761-39 

96LS02 FaIrc:hiId 96LS02 * 472 
96LS02C * 472 

452-147 
96LS02M * 472 

452-148 
96LS32 Fairchild 96LS32 .479 
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PART NUMBER INDEX 
Base Base Base Base 
Number Source Device Page-Line Number Source Device Page-Une Number Source Device Page-I.ine Number Source Device Page-I.ine 

96LS32 Fairchild 96LS32 619-12 9624 Fairchild 9624C 455-100 9711 National AM9711 .1076 9914 OEI 9914 864-34 
96L02 Fairchild 96L02C 452-134 9624M 455-101 AM9711C .1076 867-86 

96L02M 452-135 9625 Fairchild 9625C 455-81 573-76 888-4 
96S02 Fairchild 96502 .472 9625M 455-82 9712 National AM9712 .1076 TI TMS9914 1762-136 

96S02C .472 9627 Fairchild 9627C 613-15 AM9712C .1076 9915 OEI 9915 846-55 
452-151 9627M 613-16 573-83 9916 OEI 9916 864-48 

96S02M • 472 9634 Fairchild 9634 .. 160-1 980 Signelics TCA980 839-146 867-88 
452-152 9634C 609-43 9801 GI AY5-9801 900-146 888-3 

96S32 Fairchild 96532 • 479 9634M 609-44 9802 <31 AY5-9802 900-147 TI TMS9916 1762-12<l 

619-13 9635 Fairchild 9635 • 160-1 9803 GI AY5-9803 900-148 9917 OEI 9917 864-59 

960 Signetics TAA960 839-25 9636 Fairchild 9636 11 160-1 9804 GI AY5-9804 900-149 867-131 

9600 AMD 9600C 452-74 9636AC 606-1 9805 GI AY5-9805 900-150 888-28 

9600M 452-75 9636AM 606-2 9806 GI AY5-9806 900-151 9922 TI TMS9922 1762-121 

Fairchild 9600c 452-78 96364 NPC SFF96364 1763-89 9807 GI AY5-9807 900-152 9923 TI TMS9923 1763-74 

9600M 452-79 ~ NPC SFF96366 1763-91 9808 GI AY5-9808 900-153 9927 TI TMS9927 1762-123 

GI AY9-9600 900-96 9637 Fairchild 9637 • 160-1 9818 TI SBP9818C 1185-96 1763-97 

RA3-96oo 856-9 ' 9637C 612;33 SBP9818M 1185-97 9932 DEI 9932 864-39 

9601 AMD 9601C 452-60 9637M 612-34 9821 GI AY5-9821 900-154 867-124 

9601M 452-61 9638 Fairchild 9638 11 160-1 9822 GI AY5-9822 900-155 888-29 

Fairchild 9601C 452-62 9638C 609-39 9823 GI AY5-9823 900-156 9940 AMI S9940 .1850 

9601M 452-63 9638M 609-40 9824 GI AY5-9824 900-157 1762-109 

Motorola MC9601 452-65 9640 Fairchild 9640 , 160-1 9825 GI AY5-9825 900-158 1723-1 

National DM9601 452-68 9640C 458-146 9826 GI AY5-9826 900-159 TI TMS9940 1762-110 

Raytheon RF9601 452-70 617-42 9827 GI AY5-9827 900-160 1749-4 

9602 AMD 9602C 452-130 9640M 458-147 9828 GI AY5-9828 900-161 TMS9940E 1762-112 

9602M 452-131 617-33 99 National AF99 901-25 9960 n S8P996OC 1762-164 

Fairchild 9602C 452-136 9641 Fairchild 9641C 458-148 915-30 SBP9960M 1762-165 

9602M 452-137 617-43 990 Fairchild TBA990 858-101 9961 n SBP9961C 1762-167 

Motorola MC9602 452-139 9641M 458-149 National TBA990 858-130 SBP9961M 1762-168 

National DM9602 452-141 617-34 Plessey TBA990 858-157 9962 n SBP9962C 1762-170 

NEC America pPB9602 452-142 9642 Fairchild 9642C 617-50 Signelics TBA990 859-3 SBP9962M 1762-171 

Raytheon RF9602 452-144 9642M 617-39 Telefunken TBA990 859-37 9963 OEI 9963 839-33 

Signetics N9602 452-145 9643 Fairchild 9643 619-122 9900 AMI .S9900 .1840 862-2 

S9602 452-146 9644 Fairchild 9644 619-112 1762-97 TI SBP9963C 1762-174 

96101 Fairchild 96101 436-60 9645 Fairchild 9645 619-106 1722-4 SBP9963M 1762-176 

96101C 607-5 9646 Fairchild 9646 619-38 GI AY3-9900 900-38 9980 AMI 59980 ' .1851 

96101M 607-6 965 Siemens TCA965 919A-41 TI SBP9900A 1747-3 1762-98 

96106 Fairchild 96106 612-10 9660 AMI S9660 856-183 SBP9900AC 1762-102 1723-2 

9612 Fairchild 9612 • 161M 9664 Fairchild 9664AC 603-5 S8P99OOAE 1762-101 SMC SMC9980 1762-100 

9612C 608-55 9664BC 603-6 SBP9900AM 1762-103 
1746-3 

9612EC 608-57 9664C 603-4 TMS9900 1762-104 TI TMS9980 1750-1 

9612M 608-56 9665 Fairchild 9665 622-109 1749-3 
TMS9980A 1762-105 

9613 Fairchild 9613 • 160-1 843-92 • 200-8 
9981 AMI 58981 .1851 

1762-99 
9613C 613-3 9666 Fairchild 9666 622-125 • 200-9 TI TMS9981 1762-1OE 
9613M 613-4 843-93 • 207-12 9985 TI TMS9985 1762-107 

9614 AMD 9614 • 155-14 9667 Fairchild 9667 622-77 • 207 -14 1750-2 
9614C 608-58 843-94 9901 AMI 59901 .1844 

9996 AMI 59996 1183-7 
9614M 608-59 9668 Fairchild 9668 622-96 1762-147 

Fairchild 9614 .. 160-1 843-95 TI TMS9901 1762-148 
9614C 608-60 97C09 National AM97C09 .1073 9902 AMI 59902 .1846 
9614M 608-61 573-107 1762-155 

TI 9614C 609-3 AM97C09C .1073 TI TMS9902 1762-157 

9615 AMD 9615 • 155-14 97C10 National ,AM97C1OC 573-114 9903 AMI S9903 .1848 
9615C 612-43 97C11 National AM97C11 .1076 1762-151 

9615M 612-44 AM97C11C .1076 TI TMS9903 • 1762-152 

Fairchild 9615 11 160-1 573-75 9904 AMI 59904 1762-114 

9615C 612-45 97C12 National AM97C12 .1076 TI nM9904 1762-118 

9615M 612-46 AM97C12C .1076 9905 TI nM9905 1762-134 

9616 AMD 9616C 606-36 573-82 9906 DEI 9906 864-56 

9616M 606-37 970 Fairchild TBA970 840-103 867-92 
Fairchild 9616 606-38 860-139 885-52 

"59-16 Signetics TAA970 839-145 TI TIM9906 1762-161 

• 160-1 
9702 AMD 9702-1 1162-83 9907 TI TIM9907 1762-140 

961~ 606-39 9706 Fairchild pA9706 859-140 9908 OEI 9908 864-58 

9616M 606-40 pA9706A 859-141 867-93 

9617 AMD 9617C 611-21 pA9706AC • 585;24 888-30 
9617M 611-22 ""A9706AM 585-25 TI nM9908 1762-144 

Fairchild 9617 11 159-16 pA9706C 585-22 9909 OEI 9909 864-30 

.. 160-1 pA9706M 585-23 867-94 

9617C 611-23 9708 AMD AM9708 1166-96 888-25 

9620 AMD 9620 • 155-14 Fairchild ~9708 
• 944 

TI TMS9909 1762-128 

9620C 612-39 916-1 991 ,Siemens TAA991 851-69 

9620M 612-37 1763-59 TCA991 842-183 

Fairchild 9620C 612-40 ~9708C 
• 944 

9910 OEI 9910 839-30 

9620M 612-38 580-6 862-48 

9621 AMD 9621 , 155-14 ~9708M 
• 944 

9911 AMI S9911 1762-125 

9621C 606-9 580-7 OEI 9911 839-39 

9621M 606-10 TI SBP9708C 425-174 862-26 

Fairchild 9621 606-11 1762-178 TI TMS9911 1762-126 

9621M 606-12 SBP9708M 425-175 9912 OEI 9912 864-14 

Raytheon RC9621 606-13 1763-2 864-38 

RM9621 606-14 9709 NatIonal AM9709 .1073 867-95 

9622 Fairchild 9622C 613-18 AM9709C .1073 867-110 

9622M 613-20 573-108 887-45 
Raytheon RC9622 613-19 971 Siemens TCA971 842-182 9913 DEI 9913 840-20 

RM9622 613-21 9710 National AM9710C 573-115 9914 OEI 9914 863-133 

Arranged alphanumerically from left to right. 
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42 year.) of experience in 
United 

Electronic.) Divi.)ion 

eem/ELECTRONIC ENGINEERS 
MASTER CATALOG-
The "blue-ribbon" catalog / directory 
that has become "the standard of the 
industry" for electronic engineers, 
buyers and specifiers. 

IC MASTER AND THE 
UPDATES-
The only complete single-source direc­
tory including all Ie devices manufac­
tured in the United States. Updated 
three times· yearly with accumulative 
supplements. 



•• 
cataloqinq', 22 editionl of eel 
Technical Publicationl 

Electronic Distributors 
MASTER CATALOG-
The only national catalog designed 
exclusively for distributors and their 
customers featuring electronic parts, 
instruments and equipment. 

ELECTRONIC PRODUCTS 
MAGAZINE-
The products magazine ... A 100% 
product-oriented magazine including 
hundreds of new products and special 
features every month. 

eem FILE SYSTEM-
The only filing system designed espe­
cially for the electronics engineer. 
Instant retrieval and organization of 
data sheets and catalogs. 

UNITED COST AND 
PRICING SERVICES-
The electronic distributors' proven 
method of being up to the minute on 
his cost and selling prices. 

UTP CUSTOM CATALOGS­
The Cadillac of individualized cata­
logs for the electronic parts distribu­
tor, featuring solely his lines and 
services. 

«?united Technical Publications, Inc., Div. of Cox Broadcasling Corp. 645 Stewart Avenue, Garden City, New York 11530 / 516 222· 2500 



PART NUMBER GUIDE 
Each Ie manufacturer has his own special method of identifying products, usually through a system of logos, device number 
prefixes and suffixes. This Part Number Guide is arranged alphabetically by manufacturer and describes each company's part 
number system. JAN nomenclature is also covered. 

Manufacturer 

ADVANCED 
MICRO DEVICES 

Note: Alternate source 
devices follow original 
manufacturer's part 
number and marking system. 

AMERICAN 
MICROSYSTEMS 

AIMII~ 
(Current) 

(Discontinued) 

ANALOG DEVICES 

-.ANALOG 
WOEVICES 

ICs are marked with an AD prefix. 

BECKMAN 
INSTRUMENTS, INC. 

BECKMAN' 

'---'" ----. 
i Beckman:o:l 
~~-__ . __ .-----J 

(Discontinued) 

BURR-BROWN 

BURR-BROWN 

IElElI 

114 

Functional Groilp 
25 MSI 

Prefix 

26 Computer Interface 
27 Bipo"lar Memory 
28,MOS 
29 Bipolar Microprocessor 
90 MOS 
91 MOS 
92 MOS 
94 MOS 
95 MOS 

Type 
L low Power 
S Schottky 

LS low Power Schottky 
(Blank) Standard 

Family 
S Standard 

AD Analog Devices 

Family (Model Number) 
801-809,851-859 Voltage Regulators 
811-816,862, 863 ladder Networks 
822, 823, 833, 866 Amplifiers 
840 Voltage References 
845-872, 877 01 A Converters 
873, 876 AI D Converters 
882, 883 Active Filters , 

Part Number 

Package 
o Hermetic DIP 
P Molded 
F Flat 
X Dice 

Temperature Range 
C Commercial 
M Military 

Package Type 
P Plastic 
E Cer-DIP 
S SLAM 

Suffix 

C Ceramic (Three layer) 
T TO Type 

Package/ Pins 
C 22 Pin Plastic or Cer-DIP 
o 14 Pin Plastic or Ceramic 
F 12 Pin TO 
H 16 Pin Cer-DIP, SLAM, or Ceramic 
I 28 Pin Cer-DIP or SLAM 
L 24 Pin Cer-DIP or SlAM 
M 40 Pin SLAM 
P 18 Pin Plastic or Cer-DIP 
T 40 Pin Plastic 
U 16 Pin Plastic 
W 24 Pin Plastic 
Z 28 Pin Piastic 

Temperature Range 
A,B,e Industrial Range 
J,K.L Commercial Range 
S,T,U Military Range 

Package 
o 8 Pin Ceramic DIP 

ON Ceramic DIP 
F Ceramic Flatpack 
H TO-5 Type Can 
N Plastic DIP 

Package Type 
M Metal 
C Ceramic 
G Glass 

Version (Function) 
I Current 
V Voltage 

Accuracy Level 
01 Best level 

.02 

Temperature 
H, J, K, L O°C to + 70°C 

R, S, T - 55°C to + 125°C 
A, B, C - 25°C to + 85°C 

Package 
M Metal 
P Plastic 
Q Mll·883 Screening 

Example 

PrefIX Device Suffix 

AM25 S 05 0 M 
I I. ! I 

Fun~tio, nal I 
Group 

Type 

Device Number 

Package I 

Temperature' Range -----.l 

Prefix Device Suffix 
S 103X·l P 

amlly I r
l

." ~ 
Version ---1 
Package Type 

Prefix Device Suffix 
AD 7516 IN 

Temperature Range ~ I 
Package -------'1 

Prefix Device Suffix 
01 

~~NJ J" 
Package Type 

Version (Function)J I 
Accuracy level ..------J 
Prefix Device Suffix 

3532 AMQ 

Temperature Range ~ I 
Package ~ I 
Mll-883 Screening ~ 
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Ie MASTER 

Manufacturer 

CHERRY 
SEMICONDUCTOR 
(Micro Components) 

(Older ICs may be marked with MCC 
prefix instead of CS prefix.) 

DATEL SYSTEMS 

ELECTRONIC 
ARRAYS 

Note: Alternate source 
devices follow original 
manufacturer's part 
number and marking system. 

EMM/SEMI 
A. Semi Product 

EmmSEMI, INC. 

©IC MASTER 1979 

Prefix 

CS Cherry Semiconductor 
o Diode Flip Chip 
N NPN Flip Chip 
P PNP Flip Chip 

Family 
AoC AI D Converters 
AM Amplifiers 

oAC D / A Converters 
oAS Data Acquisition System 
FlT Filters 

MY, MX Multiplexer 
SHM Sample-Hold 

VF Voltage to Freq. Converters 

Family 
10 Static Shift Register 
12 Dynamic Shift Register 
15 N Channel ROM 
20 Keyboard Encoder 
3X Dynamic ROM 
4X Static ROM 

Clock Circuit 
EPROM 

Special Application 
B Reduced Power Supply level 

Operation 
L Very low Power Operation 
M Mll-STD-883, Condition B 

Electrical Variation 
U Standard 
A Variation A 
B Variation B, etc. 

PART NUMBER GUIDE 
Part Number 

Suffix 

Package 
o loose Component' 
o Dual-In-line 
P "Pill," Small Round Package 
T TO-Can 
4 4 leads 
8 8 leads 

Circuit Style 
B National Dual Source 
S Signetics Dual Source 

Package - Monolithic 
1 14 Pin DIP 
2 10-99 

Seal- Hybrid 
G Epoxy 
M Hermetic 

Temperature 
C O°C to 70°C 
M-55°C to 125°C 
R -25°C to +85°C 

Package 
o Hermetic DIP 
F Flat Pack 
P Molded DIP 
T TO-Can 
X Dice 

Temperature Range 
C 0° to 70°C 
I - 55°C to 85°C 
L - 55°C to 100°C 
M -55°C to 125°C 
X Other 

Temperature Range 
C O°C to + 70°C 
o O°C to + 70°C Plus 

168 Hour Supplemental Burn-in 
M - 55°C to + 125°C Plus 

168 Hour Supplemental Burn-in 
S - 35°C to + 85°C Plus 

168 Hour Supplemental Burn-in 

Package 
A DIP, Ceramic, 18 Pin 
B DIP, Plastic, 18 Pin 
C DIP, Ceramic, 22 Pin 
o DIP, CERDIP, Ceramic, 22 Pin 
E DIP, CERDIP, Ceramic, 18 Pin 
G Chip Carrier, Ceramic, 

leadless, 22 Pin 
P DIP, Plastic, 22 Pin 

Example 

Prefix Device Suffix 
CS 122 008 
CS 555 B 
0 823 

J Package/ Circuit 

Prefix Device Suffix 
AM 490 2 A 

package~11 
selection~ 
oAC HZ12B G C 

Seal -II 
Temperature~ 

Prefix Device Suffix 
EA 1500A OM 

FamiIY'~d I 
paCkage~ 
Temperature Range 

Prefix 
M 
I 

Special 
Application 

Device 
4200 

Temperature Range 

Package 

Suffix 
UCC 
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Ie MASTER 

Manufacturer 

EXAR INTEGRATED 
SYSTEMS 

FAIRCHILD 

F (Currentl. 

F=AIRCHILO 

(Discontinued) 

Note: Alternate source 
devices follow original 
manufacturer's part 

(Current) 

number and marking systems. 

FUJITSU 

FUJITSU LIMITED 

GENERAL 
INSTRUMENT 

116 

PART NUMBER GUIDE 
Part Nu'mber 

XR Exar 

F Fairchild 
SH Hybrid 
pi. Linear 

Prefix 

MB Micro Block 
MBM Micro Block Modified and 

Industry Standard Numbers 

DeSignation 
CU Array 
AY Array 
DL Shift Register Dynamic ~ 50 Bits 
OS S~ift Register Dynamic < 50 Bits 
LC linear Circuit 
LG logic Cells 

MEN Nand P Channel FETs 
MU Multiplexer 
RA RAM 
RD ROM 
SL Shift Register Static ~ 50 Bits 
SS Shift Register Static < 50 Bits 

Temperature and ProcessJng 
o MTOS - 55°C to 85°C 
1 MTOS DoC to 70°C 
4 N Channel 
5 MTNS DoC to lO°C 
6 -55°C to 125°C 
7 MTNS 

Suffix 

Grade 
C Commercial 
M Military (Ceramic package and 

- 55°C to 125°C) 
() The absence of C or M 

Indicates a Commercial 
Part with Tighter Specs 

Package 
o Dice 
P Plastic 
N Ceramic 
T TO-99, TO-I 00, TO-101 Metal Can 

Package 
o Ceramic DIP 
E Plastic Can 
F Flat Pac 
H Metal Can 
J Metal Power Package nO-66) 
K Metal Power Package (10-3) 
P Plastic DIP 
R Ceramic Mini DIP 
T Mini DIP 
U Power Package (Molded, TO-220) 
W Plastic TO-92 

Temperature -
Check Device Data for Specific Values 

C DoC to 70°C 175°C 
(CMOS - 40°C to 85°C) 

L MOS - 55°C to 85°C 
Hybrid - 20°C to 85°C 

M -55°C to 125°C 

Speed 
N Slowest 
E 
H 
Y Fastest 

Package 
C Ceramic 
M Molded (Plastic) 

Package Identification 
(Not Marked on Package) 

01 Dice 
12 8 lead DIP , 
14 TO-5 4lead 
15 TO-78 8 lead 
16 TO-5 8 lead 
17 TO-5 8 lead High Profile 
21 TO-5 10 lead 
22 TO-5 10 Lead Isolated 
23 TO-laO 10 Lead 
29 24 lead Plastic DIP 
30 14 lead Plastic DIP 
31 16 Lead Plastic DIP 
32 24 Lead Plastic DIP 
33 40 Lead Plastic DIP 
35 36 lead Plastic Flat Pack 
51 TO-8 12 Lead low Profile 
55 16 Lead DIP 
60 10 lead Flat Pack 
61 14 lead Flat Pack 

Example 

Prefix Device Suffix 
XR 567 CP 

Grade ~II 
paCkage-' 

Prefix Device Suffix 
/LA 741 AHM 

Eleotrical Class II· 
(if used) 

Package . 

TemperaturtJ ___ --'I 

Prefix Device Suffix 
. MB 8227 E M 
Speed ____ --II I 
Package------', 

Prefix Device 

!,:~WXYZ 
nation 

Temp. and 
Processing 

Suffix 
(XX) 

T 

Description --' J 
Package Identification 
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Ie MASTER 

Manufacturer 

GENERAL 
INSTRUMENT (cont) 

iii 

HARRIS 

HITACHI 

~ 
Hitachi 
HUGHES AIRCRAFT 

r------------------, 
I I 

: HUGHES: 
I I L __________________ ~ 

©IC MASTER 1979 

PART NUMBER GUIDE 
Part Number 

Prefix 

8 Silicon Gate -55°C to 125°C 
9 Silicon Gate O°C to 70°C 

Description - Multiplexers 
WX Indicates Typical Rds(on) 

I n Hundred Ohms Steps: 
01 ~ 100 ohms 
02 ~ 200 ohms 
03 ~ 300 ohms, etc. 

Yl Total Number of Channels 

Custom 
Custom Number Assigned 

ROM/RAM 
WXYl Total Number of Bits 

Shift Registers 
W Indicates the Number of 

Redundant Configura'tions: 
1 Single 3 Triple 
2 Dual 4 Quad, etc. 

XYl Total No. of Bits per Configuration 

Arrays / Linear/Logic 
WXYl Arbitrary Number Assigned 

Suffix 

62 16 Lead Flat Pack 
63 20 Lead Flat Pack 
64 24 Lead Flat Pack 
65 40 Lead Flat Pack 
66 36 Lead 
68 44 Lead Flat Pack 
69 14 Lead DIP 
71 16 Lead DIP 
72 24 Lead DIP .6 MIL Centers 
73· 24 Lead DIP .5 MIL Centers 
74 40 Lead DIP .6 MIL Centers 
75 40 Lead DIP 1.05 MIL Centers 
76 28 Lead DIP 
77 18 Lead DIP 
79 24 Lead DIP .6 MIL Centers 
80 14 Lead Ceramic RIP 
81 16 Lead Ceramic DIP 

Family Temperature Range 
A Analog 
B PC Board 
D Digital 
I Interface 

M Memory 
S Programs Division 

Package 
1 DIP 
2 TO-5 Type 
3 Plastic OIL 
4 Leadless 
7 Mini DIP 
9 Flat Pack 
o Chip Form 

Exceptions 
HPROMX·0512 

2 .. -55°C to 125°C 
4 - 25°C to 85°C 
50°C to 75°C 
625°C Probe 
8 Dash 8 Program, MtL·STD·883, 

Class B - Example: HA·2700·8 
9 -40°C to 85°C 

Type Package 
HA Analog 
HD Digital 

P Plastic 

HM Memory (RAM) 
HN Memory (ROM) 

Prefix . Family 
Ii Standard CMP Microprocessor 
S Special CTR Counter 

CUS Custom 
DSR Dynamic Shift Register 
SSR Static Shift Register 
SUB Subsystem 
MUL Multiple 
DIG Discrete Insulated Gate 
DGP Discrete General Purpose 
DSW Discrete Switch 
PLA Programmable Logic Array 

Package 
D Cerdip or Ceramic DIP 
F Flat Pack 
P Plastic DIP 
TTO 

Example 

Prefix Device Suffix 
H M 1 7620 - 5 

Fa~ih J 
paCkageJ 
Temperature Range 

Prefix Device Suffix 
HM 472114 A P 
Description I II 
Model No. . 
Modification 
Package 

Prefix Device Suffix 
H CTR 0320 D 

Fa~ilY . I 
paCkage~ 
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Ie MASTER 

Manufacturer 

HYBRID SYSTEMS 

Hybrid Systems 
I~ 

INTEL 

INTERNATIONAL 
MICROCIRCUITS 

(Most ICs are custom 
and are marked only with 
the purchaser's marks) 

INTERSIL 
A. General 

(Current) 

~1.4111 
(Discontinued) 

118 

PART NUMBER GUIDE 
Part Number 

Prefix 

Family 
DAC3 Digital to Analog Converter 
ADC5 Analog to Digital Converter 

R6 Precision Voltage Reference 

Package 
B CerDIP (Ceramic or Window Lid) 

(Hermetic) 
C Ceramic (Metal Lid) DIP (Hermetic) 
o CerDIP (Glass Seal) DIP (Hermetic) 
P Plastic DIP 
M Metal Can Package (Hermetic) 

On military temperature devices I B indicates 
Mll-STD-883 level B processing; IC, levelC 
processing. 

·OM Omnichip (Analog Bipolar) 
MM Master MOS Array <Digital CMOS) 

SCC Special Custom Circuit 

Package 
o Dual-In-line Package Ceramic 
E Small lO-8 Type 
F Flat Package, Ceramic 
I 16 Pin DIP (0.6 x 0.7 lead Space) 
J Dual-In-Line Cerdip 
K lO·3 Metal Can 
l lead less Ceramic 
P Dual-In·line Package, Plastic 
Q 2 lead Metal Can 
T lO-5 Type 

DR lO-72 with No. 4 lead Connected 
to Case 

Family 
OG Analog Switch 
o Driver 
G Multi·Channel FET 

IH Hybridl Analog Gate 
ICl Linear 

ICM Watch & Clock Circuit 
1M Memory 

Suffix 

Processing 
C Commercial Industrial Use 
B Per MIL-STD883B, Class B 

Resolution 
8 8·Bits Binary 

10 10 Bits Binary 
11 Il-Bits Binary 
12 12-Bits Binary 
14 14-BitsBinary 
16 16-Bits Binary 
20 20-Bits Binary 
20 2-Decade BCD 
3D 3·Decade BCD 
4D 4·Decade BCD 

Package 
CD Cerdip 
P Plastic DIP 

S8 Side Brazed 

Gate Capacity 
50 64 Gates 

100 112 Gates 
150 160 Gates 
200 220 Gates 
250 264 Gates 
300 312 Gates 
350 364 Gates 
400 420 Gates 
450 480 Gates 
500 512 Gates 
555 544 Gates 

Temperature 
C Commercial (OOC to 70°C)· 
I Industrial (- 20°C to 70°C) 

M Military (- 55°C to 125°C) 

Pins (No. of) 
F 22 

A 8 G 24 
B 10 I 28 
C 12 J 32 
D 14 K 36 
E 16 L 40 
N 18 M 48 
V 8, .230" Pin Circle 
W 10, .230" Pin Circle 
Y 8, No.4 lead Connected to Case 
Z 10, No.5 lead Connected to Case 

Example 

Prefix Device Suffix 
DAC3 31 C·14 

Processing _1 T 
Resolution ~ 

Prefix Device Suffix 

P 5101 l 
C 8080 A 

M 0 3601 IC 

JiIi:.ry Temp. I I 
paCkage~ 
Suffix 

Prefix Suffix 
MM 100 P·28 

F~IY:ur 
Gate Capacity 

Package 

No. of Pins ___ --"-'1 

Prefix Device Suffix 

A~Og 126A

J
' M 0

1 

0 

Gate 

Temperature~ I 
Package =----.J 
No. of Pins ------' 
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Ie MASTER 

Manufacturer 

INTERSIL (cont) 
B. Memory Circuits 

(Current) 

(Discontinued) 

, \ 

JAN 
NOMENCLATURE 

LAMBDA 

MASTER LOGIC' 

(Most ICs are marked 
with ML prefix as well 
as purchaser's marks) 

©IC MASTER 1979 

PART NUMBER GUIDE 

Process 
5 Bipolar 
6 CMOS 
7 MOS 

General Type 

Prefix 

1 Processing Element 
2 Field Programmable Logic Array 

(FPLA> 
3 Read Only Memory (ROM) 
4 Interface Element 
5 Random Access Memory (RAM)' 

Part Number 

Speed Select 
Alpha Bipolar 

Suffix 

Numerical MOC and CMOS 

, 6 Programmable Read Only Memory 
(PROM) 

~AN Qualified Device 

M38510 Military Designation 

L Overvoltage Regulator 
LAS Regulator 
LPD Dual Power Driver 
PM Switching Transistor 

PMD Discrete 
PMR Dual Rectifier 

Family 
ML CMOS Gate Array 

MLA CMOS Custom 
F Other 

Gate Capacity 
50 50 Gates 
75 75 Gates 

100 100 Gates 
150 150 Gates 
200 200 Gates 
350 .350 Gates 

Device 
The "Slash" numbering signifies 
the specification and 
specifies the device type. 
See Military Parts Directory. 
Note: The J or JAN prefix is 
very important. If it is not 
there it is not a JAN device. 
Device Class 

A Missiles and Manned Spacecraft 
B General Military 
C Less Critical Military Applications 

Case Outline 
A IA" x ~" Flat Pack, 14-Pin 
B lfs" x ~" Flat Pack, l4-pin 
C ~"x %" Dual-ln~Line, l4-Pin 
D ~"x %" Flat Pack, l4-Pin 
E ~"x %" Dual-ln·Line, I6-Pin 
F *" x %" Flat Pack, I6-Pin 
G 8-Lead Can 
H *" x IA" Flat Pack, lO-Lead 
I lO-Lead Can 
J ¥2"X l~" Dual-In-Line, 24-Pin 
K %" x ¥2" Flat Pack, 24-Pin 
L %" x ¥2" Flat Pack, 24-Pin 
Z IA" x %" Flat Pack, 24-Pin 

Lead Finish 
A Kovar or Alloy 42, with Hot Solder Dip . 
B Kovar or Alloy 42, with Bright Acid Tin Plate 
C Kovar or Alloy 42, with Gold Plate 

Package 
P Plastic 

CD CerDiP 
SB Side Brazed 

Pins 
By Count 

Example 

Prefix Suffix 

I M 5 5 08 - ACJ E 

l~ter~iIl1 
Memo~ 
Circuit 
Process 
General Type 
Specific Type 
Speed Select 
Temperature ----' 
Package ____ -I 

No. of Pins------' 

Prefix Device Suffix 

JM38510 IXXXXX B C B 

Device Class~I.11 
Case Outline~ 

, . 
Lead Finish 

, Prefix Device Suffix 

12 

Voltage -------'1 
LAS 14 

Prefix Device Suffix 
ML 150 P·24 

F~iIY :U 
Gate Capacity. 

Package 

Pins ______ ......J 
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Ie MASTER 

Manufacturer 

MICRO NETWORKS 

MICRO 
PO,WER SYSTEMS 

• 
MITEL 
SEMICONDUCTOR 

MiTSUBISHI 

MONOLITHIC 
MEMORIES 

MMI 
(Current) 

(Discontinued) 

120 

PART NUMBER GUIDE 
Part Number 

Prefix 

MN Micro Networks 

MP Micro Power 

Description 
MA linear 
MH Hybrid 
MT Telecom 
MS Special 
MD Digital 
SIL Silek CMOS 

M Mitsubishi 

Temperature 
5 Industria 1/ Commercia I 
9 Military 

Series 
1 linear Circuit 

17 linear Circuit 
3 TTL 

32 TTL 
33 TTL 
43 TTL 
44 TTL 
45 TTL 
46 TTL 

Temperature Range 
5 Military 
6 Commercial 

Memory Type 
3 PROM 
2 ROM 

Family 
S Schottky 

LS low Power Schottky 

47 TTL 
5S TTL-Schottky 
53 TTL 
51 linear 
81 MOS 
85 MOS 
86 MOS 

9 DTl 

PS Power Switched Schottky 
RA Registered Asynchronous, Schottky 
RS Registered Synchronous, Schottky 

"LA Latched 

Suffix 

Temperature Range 
(No Suffix) OOC to 70°C 
E -55°C to 85°C 
H - 55°C to 125°C 
B Processing to Mll-STD-883 

Temperature Range 
J, K, L Commercial 
S, T, U Military 

Package 
D Ceramic DIP 
N Plastic DIP 
H TO-IOO Type Can 

Version 
A Modified Version, 
B Standard Parameters (3-18v) 

Package Style, Temperature Range: 
C Ceramic DIP, -40°C to 85°C 
D Ceramic DIP, - 55°C to 125°C 
E Plastic DIP, -40°C to 85°C 
H Chip, -40°C to 85°C 
I Chip, -55°C to 125°C 
K Ceramic Flat Pack, - 55°C to 125°C 
L leadless Chip Carrier, as specified 
W Wafer, as specified 

MIL Process Option 
B MIL~883, 5004.1 

Package 
E Plastic-Sealed Metal Oil 
K Glass-Sealed Ceramic Oil 
L Plastic-Molded Sil 
P Plastic-Molded Oil 
S Metal-Sealed Ceramic Oil 
T Can-Sealed Glass Metal 
Y Can-Sealed Glass Metal 

Performance 
(None) Standard 

A Enhanced (Speed) 

Package 
J Cerdip 

*0 Side Brazed 
N Plastic 

*F Flatpack 

Example 

Prefix Device Suffix 
MN 3000 H B 

Temperature Range~ 1 

Proc~ssing ____ -I 

Prefix Device Suffix 
MP 7520 T D 0025 

level of I I -'--1· 
Performance .--J 
Package ~ 
Special Processing 

Prefix Device Suffix 
MT 8804 BEB 

Version ~ II 
paCkage/Temperatu~ 
MIL Process Option 

Prefix 
M 5 1 
IL 

TempoJ 

Series 

Device 
99 

Suffix 
AY 

Version -------' 

Package ------' 

Prefix Device Suffix 

5 3 S 4 0 A J 

Tlm~)1 
Range J 

Memory Type 
Family 
Memory Size 

No. of Outputs 
Output I Pinout 
Performance-----' 

I 

Package ____ --I 
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Ie MASTER 

Manufacturer 

MONOLITHIC 
MEMORIES (cont) 

MMI 
(Current) 

m 
(Discontinued) 

MOSTEK 

MOSTEI( 

MOTOROLA 

® 

(lCs may not have the circle on the 
marking) 

Some second source ICs follow the 
original marking system. 

NATIONAL 

DEVICE NUMBER (for 
Digital Devic-es): 
COXXXX-CMOS -
C Suffix - 40°C to 85°C, 
M Suffix - 55°C to 125°C. 

DM54XX - All numbers 
beginning with 5 denote 
- 55°C to ·125°C 
temperature operation. 

DM74XX - If the "74" is 
indicated" the operating 
temperature is DoC to 70°C. 

DM7XXX - All other 
numbers beginning with 7 
(besides the "74" shown 
above) are NSC 
proprietary products 
and a 7 here indicates 
-55°C to 125°C. 
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PART NUMBER ·GUIDE 
Part Number 

Memory Size 
o 256 Bit 
1 1024 Bit 
2 2048 Bit 
4 4096 Bit 
8 8192 Bit 

16 16384 Bit 
*65 65536 Bit 

Prefix 

Number of Outputs 
44 
8 8 

*9 9 
*0 10 

Outputl Pinout 
o Open Collector 
1 Tri-State 
2 Open Collector 
3 Tri-State 

MK Mostek 

Description 
MC Packaged Integrated Circuits 

MCB Packaged Beam-Lead Integrated 
Circuits. (Followed by F Suffix 
When in Flat Pack) 

MCBC Beam~Lead Integrated Circuit Chips 
Unencapsulated Integrated Circuit 
Chips 

MCC Unencapsulated Integrated Circuit 
Chips 

MCCF Flip-Chip Linear Integrated Circuits 
MCE Dielectrically Isolated Integrated 

Circuits 
MCMlntegrated Circuit Memories 
-LM Pin-for-Pin Equivalent to Linear 

Integrated Circuits Made by 
National Semiconductor 

MMS Memory Systems 

Description 
AD Analog to Digital 
AH Analog Hybrid 
AM Analog Monolithic 
CD CMOS 
DA Digital to Analog 
DH Digital Hybrid 
OM Digital Monolithic 
OS Digital Special 

LFT Linear FET Monolithic 
LH Linear Hybrid 
LM Linear Monolithic 
LX Transducer 

MA Module 
MH MOS Hybrid 
MM MOS Monolithic 

Form 
C Complete 
B Building Block 
o Digital Panel Meter Chip 
M Module 
S Card Systems 

Suffix 

Package , 
E Leadless Chip Carrier 
F Fla,t Ceramic Package 
K Tin Plated Frit-Sealed Ceramic 
N Plastic Dual-In-Line 
P Ceramic Dual-In-Line 
T Ceramic Dual-In-Line with 

Transparent Lid 

Package 
F Flat Ceramic Package 
G Metal Can Package (T0-5 Types) 
K Metal Power Package ITO..J Types) 
L Ceramic Dual-In-Line Case 
P Plastic Package 

PQ ICs Packaged In Staggered-Lead 
Plastic DIP Packages 

R Metal Power Packages 
(TO-66 Types) 

U Ceramic Package 

Characteristics 
A Improved Electrical Specs 
C Reduced Tempeiature Range 

Package 
o Glass! Metal DIP 
F Flat Pack (0.25" Wide) 
G TO-8 (12 Lead) Metal Can 
H TO-5 (Multi·Lead) Metal Can 
J Glass! Glass 
K TO-13 Power Pack 
M Wide Trak Power Pack 
N Molded DIP 
P TO·202 Plastic Power Pack 
R Low Temperature Ceramic Pack 
S 14 Lead Power Pack 

SGS Power Pack 
T TO·220 Plastic Power Pack 
W Flat Pack (0.275" Wide) 
Z TO·92 

Example 

Prefix Device Suffix 
P 

package--------JI 

MK 4096 

Prefix Device Suffix 
MC 14510 L 

T .. I 
DescnptlOn I 

I Package 

Prefix Device Suffix 
AD C 08 00 P C N 

T J Converter 
Products: 

Form 

Resolution ' 

More Than One 
in family 

Technology 

Temperature Range 

Package 
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Ie MASTER PART NUMBER GUIDE 
Part Number 

Manufacturer 

NATIONAL (cont) 
DMaxxx - All numbers 
beginning with 8 denote 
O°C to 70°C temperature 
operation. 

(Current) 

(Discontinued) 

Resolution 
08 8 Bits 
10 10 Bits 
12 12 Bits 
25 2¥2 Digit 
35 3% Digit 
37 3% Digit 
45 4% Digit 

linear Devices 

Prefix 

With proprietary linear circuits, a 1-2-3 
numbering system is employed. 
The 1 denotes a Military temperature range 
device (- 55°C to 125°C), the 2 denotes an 
Industrial device (- 25°C to 85°C), and the 3 
denotes a Commercial device (O°C to 70°C). 
i.e. lM101 /lM201!lM301. Exception to this 
are the lM1800 Series; some hybrid circuits 
which employ a "C" Suffix; and second­
source products which foliow the originai 
manufacturers numbering system. 

Technology 
P PMOS 
C CMOS 
H Hybrid 
B Bipolar 
N NMOS 
L linear 
I 12l 

Suffix 

NEC p.P Micropackage 
Family 

Package 

NEe 
NITRON 

NJ 

NORTEC 

NORIEC 

A Discrete 
B Digital Bipolar 
C linear 
o Digital CMOS 

Description 
NC Standard 
SC Custom 

Family 
3xx Siliconix Second Source, Telecom 

11xx Music Circuits 
220 Motorola Second Source, TNRX 
36xx CMOS ROMs 

64xxx Proprietary Frequency Synthesizers 
65xxx Motorola Second Source, ROMs 
70Xxx Proprietary MNOS Memories 
71xxx Proprietary MNOS Counters 

NE Nortec Electronics 
NE 6003BZD 
NE 1103-1460 

OPTICAL ELECTRONICS Description 
2000 log! Anti·log 

~! 3000 V!F-F/V 
~ 5000 Non-linear Functions 

7000 A/D,D/A,IlC 

PANASONIC 
(MATSUSHITA) 

AMATSUSHITA 

122 

9000 Op Amps, Comparators, etc. 

Description 
AN Analog 
ON Digital Bipolar 
M,J Development Type 
MN MOS 

C Plastic 
0_ Ceramic or CerDIP 

Temperature Range 
C Commercial, O°C to 70°C 
E Extended, - 20°C to 85°C 
T Telecom! Auto, -40°C to 85°C 
M Military, - 55°C to 125°C 

Package 
o Cer-DIP (Glass/ Glass) Hermetic 
F Flat Pack 
L Ceramic (Glass! Metal) Hermetic 
P Plastic 
T TO-5 Type Metal Can 
W Wafers, Probed and Inked 
X Die in Waffle Carriers 

Electrical Selections 
11 
BZ Electrica1 Selections 

146 
etc. 

Package 
o Ceramic DIP 
f Flatpack 
H Metal Can 
J CerDIP 
N Molded DIP 
P S-Pin DIP 
Y Dice 

Example 

Prefix Device Suffix 
LM 101 A F 

I I 

I I 
Characteristics-----Ji I 

paCkage-------I.I .... , 

Prefix Suffix 

~P f XXXlXdC
1

, S 
Family 
Package 
Modification 

Prefix Device Suffix 
NC 64058 PC-0246 

Sla~ard J I T 
Family I 

I 
Package I 
Temperalure Range----1 I 
Custom Code 
(for Custom Devices) 

Prefix Device Suffix 
NE 6003 11 0 

Electrical Selections--.I 

Package -~-----I 

Prefix Device 

ON 830 
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Ie MASTER. 

Manufacturer. 

PLESSEY 

(All ICs are marked PLESSEY> 

PRECISION 
. MONOLITHICS 

IPMIl 

PRO ELECTRON 

©IC MASTER 1979 

PART NUMBER GUIDE 
Part Number 

Prefix Suffix Example 

Description Package Prefix Device Suffix 
ML MOS Linear (wi Gate Protection) 
MP MOS Digital 
MT MOS Linear 

(without Gate Protection) 
NOM MNOS Memory Elements 

and Arrays 
SAA, SBA Alternate Sourced Consumer 

Devices 
SL Bipolar Linear 

. SP Bipolar Digital 

CM Multilead TO-5 
DC Dilmon 
DG Ceramic Dual-In-Line 
DP Plastic Dual-In-Line 
EP Power Stud 
FM Ten lead Flatpack 
GM Fourteen Lead Flatpack 
KM TO-3 
OG Ceramic Quad-In-Line 
OP Plastic Quad-In-line 
RP Power Findip 
SP P'lastic Single-In-line 

SP 8735B DG 

DrriPtion I 
paCkage~ 

Description 
BUF Voltage Follower (Buffer) 

CMP Voltage Comparator 

Package (Last Alphabetical Character) 
H G-Pin TO-78 

Prefix ,Device Suffix 
DAC 01 C Y 

DAC Digital to Analog Converter 
MAT Matched Transistors 
MUX MUX Analog Multiplexer 

OP Operational Amplifier 
PM Second Source Devices 

REF Voltage Reference 
SMP Sample and Hold 
SSS Second Source Devices 

J 8-Pin TO-99 
K 10-Pin TO-IOO 
L 10-Pin Flatpack 
M 14-Pin Flatpack 
N 24-Pin Flatpack 
P 8-Pin Plastic Mini DIP 
o IG-Pin Hermetic DIP 
Y 24-Pin Hermetic DIP 
X 18-Pin Hermetic DIP 
Y 14-Pin Hermetic DIP 

Grade ~I 
paCkage~ 

First Two Letters Suffix orYersion Letter (Recommended) Prefix Device Suffix 
Digital 

FA- FZ 
GA - GZ Identify the Family 
etc. 

Solitary Circuits 
S Solitary Circuit 
T Analog Circuit 
U Mixed Analog/Digital 

(The second letter has no special signifi­
cance, except H means Hybrid,) 

Third Letter 
Temperature Range 

A Temp. Range not specified below 
B DoC to + 70°C 
C -55°C to + 125°C 
o - 25°C to + 70°C 
E -25°(: to +85°C 
F -40°C to +'a5°C 
G - 55°C to + 85°C 

If a circuit is designed for a wider tem­
perature range, the letter indicating a 
narrower temperature range or the letter 
uA'~ can be used. 

Device or Serial. Number 
Either a 4-digit number assigned by PRO 
ELECTRON or the serial number (even a 
combination of figures and letters) of an 
existing type designation which can be 
extended to a minimum of a 4-digit num­
ber by adding zeros in front of it. 

Single Letter -=G-=FB--=-74-0-0 -----OP-
C Cylindrical 0 Quad-In-Line' GMB 74LSOOA -DC 
P Plastic Dll F Flat Pack 

, 0 Ceramic DlL U (Uncased) Chip SAC 2000 
Other letters have no fixed meaning ex- TDA 1000 
cept Z means customized wiring. 

Two Letters 
First Letter: General Shape 

C Cylindrical 
o Dual-In-Line (Dll) 
E Power Dll (with External Heat Sink) 
F Flat (leads on 2 Sides) 
G Flat (leads on 4 Sides) 
K Diamond (TO-3 Family) 
M Multiple-In-Line (Except Dual-, 

Triple-, Quad-In-Line) 
o Quad-In-Line (QUIl) 
R Power QUll (with External Heat Sink) 
S Single-In-Line (as TO-127 or TO-220) 
T Triple-In-Line 

Second Letter: Material 
C Metal-Ceramic 
G Glass-Ceramic (cerDIP) 
M Metal 
P Plastic 

P 
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Manufacturer 

RAYTHEON 
SEMICONDUCTOR 

• 

Raytheon ICs are identified by 
an RAY prefix to the date code. 

Prefix 

Temperature 
LH1, LM1 -55°C to 125°C 
lH2, LM2 - 25°C to 85°C 
lK3, LM3 O°C to lO°C 

RC O°C to 700 e 
RM -55°C to 125°C 
RV -40°C to 85°C 
54 - 55°C to 125°C 
740°C to 70°C 

MAX·xxxx·2 - 55°C to 125°C 
MAX·xxxx·5 O°C to 70°C 

HASerles 
HA1 14·Pin Ceramic DIP 
HA3 14·Plii Plastic DIP 

Microcomputer Components 
AM 

R 
93 

PART NUMBER GUIDE 
Part Number 

Suffix 

Package 

Most Devices 
BM 16-Pin Epoxy·B DIP 
CH Gold-Backed Chip, Visually Inspected 

to MIL-STD·883A, Method 2012, 
and Packaged in Waffle Pack. 

CJ 14·Pin Ceramic Flatpak 
Cl 16-Pin Ceramic Flatpak 
CK 14-Pin Ceramic Flatpak 
D 14-Pin Metal DIP 

DB 14·Pin Epoxy-B DIP 
DC 14·Pin Ceramic DIP 
00 16·Pin Ceramic DIP 
DE 8~P:n Ceram:c DIP 

OM 16·Pin Ceramic DIP 
DZ 40-Pin Ceramic DIP 
F Flatpak 

FV 28·Pin Ceramic Flatpak 
FZ 42·Pin Ceramic Flatpak 
H 3, 8 or lO·Pin Metal Can 
J 14 or IS-Pin Ceramic DIP 
I TO·3 Power Pack 

MB I6·Pin EpoxY-B DIP 
Ml 16·Pin Ceramic DIP, Side Brazed 
MS 20-Pin Ceramic DIP, Side Brazed 
MZ 40-Pin Ceramic DIP, Side Brazed 

N 24-Pin Glass/ Metal Flatpak 
N Epoxy-B DIP (LM Series) 

NB 8-Pin Epoxy·B DIP 
PS 20-Pin EpoxY-B DIP 
PU 24~Pin Epoxy-B DIP 
PV 28-Pin Epoxy·B DIP 
PZ 40-Pin Epoxy·B DIP 
Q 10·Pin Flatpak (JA" x JA") 
R 24·Pin Ceramic DIP 
T 3,8, 10 or 12·Pin Metal Can 

TI g·Pin TO·66 Power Pack 
W 14·Pin Ceramic Flatpak 

Beam Lead thip 
Bl 

HA Series 
2 -55°C to +125°C 
5 acc to + 70°C 
8 - 55°C to + 125°C 

XR Series 
M Ceramic -55°C to + 125°C 
N Ceramic -40°C to +85°C 
P Epoxy - 40°C to + 85°C 

eN Ceramic O°C to + l5°C 
CP Epoxy aoc to + 75°C 

Microcomputer Components Package 
o Hermetic DIP 
F Flatpak 
P Plastic DIP 
X Chip 

Temperature 
C OoC to + 75°C 
M - 55°C to + 125°C 

Process to MIL·M·883B 
B 

Example 

Prefix Device Suffix 
54 153 DO 
RC 4130 DB 
LM 118 H 
HAl 4741 5 
XR 2207 eN 

Prefix Device Suffix 
AM 2901 0 M B 

Package T T T 
Temperature Range ~ I 
Processing ---------', 

---------_._-_._----------------------------------
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Manufacturer 

RCA 

nen 

RETICON 

ROCKWELL 
(COLLINS) 

'1' Rockwell 

SANYO 

Solid 
State 

SGS-ATES 
SEMICONDUCTOR 

~ 
(Current) 

!SiEi5~~ 
(Oisconti nued) 

©IC MASTER 1979 

Prefix 

Description 
CA Linear ICs 
CD Digital ICs 

COP Microprocessor ICs 
MW MOS ICs 

Previous Products 
RA Area Array 
Rt Linear Array 

SAD Serial Analog Delay 
SAM Serial Analog Memory 
SAP Serial Analog Processor 
TAD Tapped Analog Delay 

New Analog Products 
R5 Reticon Analog 

Family 
o Complex Special Functions 
1 Simple Delays 
2 Tapped Delay 
3 Analog Memory 
4 Correlator 
5 Multiplexer, Parallel to 

Serial Converter 
6 Filters 

CRC Products 
RBM Bubble Memory 

R Rockwell 

Designation 
LA Bipolar Linear 
LB Bipolar 
LC CMOS 
LM PMOS 

(Prefixes assigned by the European 
Association "PRO ELECTRON") . 

H High Level Logic 
HB CMOS 

L Linear Professional 
M MOS 

TAA Linear Consumer 
TBA Linear Consumer 
TCA Linear Consumer 
TDA linear Consumer 

PART NUMBER GUIDE 
Part Number 

Suffix 

Version 
A Modified Version, Unilaterally 

Interchangeable with Prototype 
B Modified Version, Unilaterally 

Interchangeable with A'Version, 
and with Prototype 

C Modified Version, Unilaterally 
Interchangeable with B, A, 
and Prototype Versions 

Package 
o Ceramic DIP 
E Plastic DIP 
F Ceramic DIP, Frit Seal 
G Hermetic Chip in Plastic Package 
H Chip 
K Ceramic Flat Package 
t Beam-Lead Device 
Q Quad-ln;Line Plastic Paokage 
S TO-5 Package with OIL-CAN 
T TO-5 Package 

Code (for Corresponding Products) 
No. of Columns and Lines ' 
No. of Elements 
No. of Storage Elements 
No. of Storage Elements 
No. of Storage Elements 
No. of Taps 

CRC Devices 

Package 
1 Ceramic DIP 
2 Flatpack 
3 Plastic DI,P 

Temperature . 
1 - 55°C to 125°C 
2 -25°C to 85°e 
3 ooe to 700C 

'Example 

Prefix Device Suffix 
CD 4070 BD 

Version -' ., I 
paCkage--.-J 

Prefix Device Suffix 
RA 5Ox50 A 
RL 1024 C 

TAD ~2 
COde~ 
Revision 

Prefix Device Suffix 

R,5 ~ yy ~A.1 
Family 

Revision (If Required) . 

Member of Device Type 
(If Required) 

Prefix - Device Suffix 
CRC 1504 ·1 ·2 

Package ' _I I 
Temperature Range~ 

Prefix Device 
LA 1230 

Prefix Device 
TDA 1200 
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Ie MASTER 

Manufacturer 

SIGNETICS 

9 
Temperature 

Nor NE or 

Prefix 

None OOC to 700C 
N8 O°C to 75°C 

S(E) -55°C to 125°C 
SA -40°C to 85°C 

5400 
Series - 55°C to 125°C 

7400 
Series O°C to 70°C 

Linear ICs (Second Source) 
55 - 55°C to 125°C 
750°C to 70°C 
78 

18L 
78M 

79 
79M 

OS 
MC 
TL 

UDN 
ULN 

p.A 

PART NUMBER GUIDE 
Part Number 

Suffix Example 

Package _Pr_efi_x __ D_ev_ic_e __ S_u_ffi_x 
N 8, 14, 16, 18, 20, 22, 24, 28,24 Slim line, 40 Lead 74123 N 

OIL Plastic N 8X02 . N 
f 8, 14, 16, 18, 20, 22, 24, 28,40 Lead Ceramic DIP I ~ 
I 8, 14, 16, 18,22,24,28,40,50 Lead Temperature 

Ceramic DIP Side Brazed 
W 10, 14, 16, 24 Lead Ceramic Flat Pack Package 
Q 10, 14, 16, 24 Lead Ceramic Flat, Bottom Brazed 
K 10 Lead TO-100 Header, low Profile 
L 10 lead TO-I00 Header Tall Can 
T 8 lead TO-99 Header 

DA TO-3 Solid Header, Can 
DB TO-5 Solid Header, Can 
R 16, 18,24,28,40 Lead Beryllia Flat Pack 
S TO-92 Plastic 
ij 3,4,5,7,9 lead Sil riastic 

K, T, L, and DB Suffixes to be converted to H 
DA Suffix to be converted to K 

SILICON GENERAL SG Silicon General Characteristics Prefix Device Suffix 

ffiE 
liLiCOO BOOOPOL 

SILICON IX 

SOLID STATE 
SCIENTIFIC 

126 

Descriptioa 
o Driver for FET Switch 

Of Digital LSI 
DGM Driver with FET Switches 

(Monolithic Version of 
Hybrid Device) 

G Multi-Channel FET Switches 
H High Voltage (28y) logic 
L linear IC 

LD AID Converter 
LH Hybrid linear IC (2nd Source) 
LM linear IC (2nd Source) 
Si 2nd Source Part 
S Power logic Switch. 

Reliability 
A MIL-883-A 
B MIL-883-B 
C Mll-883-C 
S Standard 

Other Letters 
C Complementary 
L logic 
M Memory 
P Microprocessor 
S System/Software 

A Improved Electrical Specifications 
C Reduced Temperature Range 

Package 
f Flat Pack 
J 14, 16-Pin DIP (CerDIP) 
K T0-3 Power Pack 
M 8-Pin Plastic DIP 
N 14, 16-Pin Plastic DIP 
T TO-5 Metal Can (TO-39/99/l00/1Ol) 
Y 8-Pin DIP (CerDIP) 

Temperature 
A - 55°C to 125°C 
B - 200 e to 85°C 
C O°C to 70°C 

Package 
A Metal Can 
f Flatpack 
J Plastic DIP 
K Ceramic DIP 
L Flatpack 
P Hermetic DIP 
R Hermetic DIP 

MIL Process Option 

MIL-883, Class A 
2 MIL-883, Class B 
3 Mll-883, Class C 
4 In-House Screening Plus 168 Hr. Burn-In 

Process 
A AL Gate Bulk 
B High Voltage Al Gate 
L 4-6 V Range 
S Silicon on Sapphire 

Package 
C Cerdip DIP 
o Ceramic DIP 
E Epoxy DIP 
H Chip 
f Flat Pack 
T TO-5 

SG 1524 
SO 108A 

CharacteristicJ 

J 
T 

I Package ____ ---I. 

Prefix Device Suffix 

T:perature 200 ~r 
Package 

MIL Process Option 

Prefix Device Suffix 
SCL 4000 AE+ 

Reliability 'I 
Process 

Package 

Special Screening·---l 
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Manufacturer 

SOLITRON 

(Current) <Discontinued) 

SPRAGUE ELECTRIC 
A. UC Series 

UD Series 
UG Series 
UL Series 

SPRRGUE 

® 
B. UH Series 

STANDARD 
MICROSYSTEMS 

SYNERTEK 

TELEDYNE PHILBRICK 

-~m.EDYNE PHILBRICK 

©IC MASTER 1979 

PART NUMBER GUIDE 

Prefix 

CM CMOS 

Family 
C CMOS 
D Display Drivers 
G Hall Effect Circuits 
L linear Circuits 

Temperature 
N limited Temperature Range, 

- 25°C to lO°C Typical 
S Extended Temperature Range 

Family 
CG Character Generator 

COM Communications 
CRT CRT Display 

KR Keyboard Encoding 

Temperature Range 
None aoc to 70°C 

M -55°C to 125°C 
X Special 

Package 
C Ceramic 
P Molded 
D Cerdip 
X Dice 
F Flat Pac 
T TO Can 

Description 

Part Number 
Suffix 

Package Style, Temperature Range 
AD Ceramic DIP, -55°C to 125°C 
AE Epoxy Encapsulated DIP, 

-40°C to 85°C 
AF CerDIP, -55°C to 125°C 

Package 
A Plastic DIP 
B Plastic DIP with Heat Sink Tabs 
C Chip 
D TO-99 
E 8-Pin Plastic DIP with Pins 

1, 4, 5, 8 Only 
F TO-86 or 30 Lead Hat Package 
G TO-99 
H 9-·Pin Hermetic DIP 
J TO-8l 
K TO-I00 
L TO·lOO 
M 8-Pin Plastic DIP 
N 14-Pin Plastic Quad·ln·line 
P Batwing DIP 
Q Batwing Quad·ln·line 
R 8-Lead DIP with Unformed Leads 

.S 4-Pin SIP 
T 3-Pin SIP , 
W TO-I00 with Miniature Tube Base 

Adapter Base 

Package 
C Hermetic Flatpack 
D Hermetic DIP 
P Plastic DIP 

Package 
P Plastic 
C Ceramic 

Temperature 
T - 25°C to 85°C 
(Blank) O°C to lO°C 
An H in the Suffix Indicates High Speed 
A U in the Suffix Indicates 
Ultra High Speed 

1000 Series Operational Amplifier, Module 
1300 Series Operational Amplifier, IC 
1400 Series Operational Amplifier, FET IC 
1700 Series Operational Amplifier Chopper Stabilized 
2200 Series Power Supply, AC Input, PC Mount 
2300 Series Power Supply, DC Input, PC Mount 
2400 Series Power Supply, AC Input, Chassis Mount 
4000 Series Digital to Analog Converters 
4100 Series Analog to Digital Converters 
4300 Series Non·linear Function Modules 
4400 Series Non-linear Function Modules 
4t500 Series Multiplexers 
4700 Series Voltage to Frequency and Frequency to Voltage Converters 
4800 Series Sample·Hold Amplifiers 

Example 

Prefix Device Suffix 
CM 4000 AD 

Package! Temperature-.I 

Prefix Device Suffix 

r1\IY I ·1 
Temperature 

Package 

Prefix Device 

UHP 400 

I 
Package 

Prefix Device Suffix 

F

CfM 
2502 r I amlly 

Package . 

Temperature Range 

Prefix Device 

;:m!.:~ture~21. 14 
Range 

Package 

Device Code 

Suffix 
L3 

Performance or -----' 
Processing Designator 
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Ie MASTER PART NUMBER GUIDE 
Part Number 

Manufacturer Prefix Suffix Example 

TELEDYNE Temperature I Electrical Package Device Suffix 

SEMICONDUCTOR A - 55°C to 125°C, Selected H Flat Pack 8700 CJ 
Electrical Performance (HiNll J Plastic DIP 

Tempe rature I Electrica I~ ~~ 
-30°C to 70°C) 15V Supply l CerDIP 

8 - 55°C to 125°C, Premium N Ceramic DIP 
Electrical Performance Y Dice Package 

For alternate source devices, C ooe to 7OCe, Industrial Electrical 
the originai manufacturer's Performance (HiNll 
part number and -30°C to 85°C); 12V Supply 
marking system is used. M -55°C to 125°C 

TELEFUNKEN (Prefixes Assigned by the European Prefix Device Suffix 
~ Association "PRO ElECTRON") U 113 B 

~11~ Proprietary Devices .,.. li ilitegrated Circuiis il Bipoiar 

Note: ICs are marked TFK M MOS . 
TEXAS Package Prefix Device Suffix 

iNSTRUMENTS RSN Radiation Hardened Circuit FA Flat Package SN 74 S188 J 
S8P Bipolar Processor J Ceramic Flat Package 

d.,:;iPtion ·1 SMC MOS High Reliability JA DIP 

~ 
SN Standard Prefix J8 DIP 

SNM High Reliability, level I JP DIP Temperature Range 
SNA High Reliability, level II L Metal Can 
SNC High Reliability, level III LA Metal Can Package 
SNH High Reliability, level IV N Plastic DIP 

TL Linear NO Plastic DIP with Tab 
TMS MOS NE Plastic DIP with Tabs 

Prefix Device Suffix P Plastic DIP 
Temperature (Most Devices) RA Flat Package TMS 4027 -15 JL 

52 Series - 55°C to 125°C S8 Flat Package 

Speed ~ 54 Series - 55°C to 125°C T Metal flat Package 
55 Series - 55°C to 125°C W Ceramic Flat Package 
62 Series - 25°C to 85°C Package 
72 Series OoC to 70°C Speed (MOS O.'y) 
74 Series O°C to 70°C -15 150ns Max. Access Temperature Range 
75 Series O°C to 70°C - 20 200ns Max. Access 
TF Series - 4Q°C to 85°C - 25 250ns Max. Access 
TP Series -55°C to 125°C 

TMS C Series -25°C to 85°C 
TMS L Series OCC to 70°C 
TMS M Series - 55°C to 125°C 
TMS R Series - 55°C to 85°C 

TOSHIBA Description Package Prefix Device Suffix 
TA Bipolar linear P Plastic TA 7173 AP 
TC CMOS M Metal 
TO Bipolar Digital A Improved Type 
TM MOS C Ceramic 

WESTERN DIGITAL Package Prefix Device Suffix 

g5 
A 40 lead DIP, Ceramic TR1602 A 01 
B 40 lead DIP, Plastic 

paCkage~ ~ C 24 lead DIP, Ceramic 
o 24 lead DIP, Plastic 
E 28 lead DIP, Ceramic 
F 28 lead DIP, Plastic 

Special Parameter 

G 22 lead DIP, Ceramic 
H 22 lead DIP, Ceramic 

ZILOG Family Package Prefix Device Suffix 
l80 C Ceramic l80 A CPU CM 

~Zilog 
Z P Plastic JrnilU Speed Screening 
A 4.0 MHz S Standard Speed . 
blank 2.5 MHz M Military 

Device 
Package 

CPU Central Processor Unit Screening 
PIO Parallel Input/Output Unit 
eTC Counter Timer 
SID Serial Input/ Output 

DMA Direct Memory Access 
.~.-.-~ --.---'-~ 
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up 
SUBSCRIBE TO ELECTRONIC PRODUCTS 
MAGAZINE. IT'S YOUR COMPLETE 
GUIDE TO EVERYTHING THAT'S NEW IN 
THE FAST-CHANGING WORLD OF 
ELECTRONIC PRODUCTS AND 
SYSTEMS. 

FEATURE STORIES every month on electronic products, applications and availability. 

FORUMS-Reports on meetings of manufacturers, users and dis­
tributors. Get the very latest news on a wide variety of products. 

NEW PRODUcr NEWS-Hundreds of new products are intro­
duced each month. You'll get the facts on not only what the new 
product is, but also where to get it, basic prices and current delivery. 

EP/IC UPDATE-Exclusive in ELECTRONIC PRODUCTS. A 
monthly report on everything that's new in the fast-moving world of 
integrated circuits. 

QUARTERLY PRODUCT REVIEW-Another exclusive in 
ELECTRONIC PRODUCTS. A complete report of every new elec­
tronic product introduced in the previous quarter. This feature is in 
the January, April, July and October issues. 

QUARTERLY PRODUCT PLANNING DIRECTORY-A 
compilation of the latest catalogs of a wide variety of electronic prod­
ucts and systems. 

OUTLOOK-Important industry news affecting electronic products 
and systems. 

COMPONENT CAPERS-A humorous look at the strange and 
wonderful world of electronics. 

MlNI.GLOSSARIES, QUizzes and more-Each and every month 
for over twenty years. the readers of ELECTRONIC PRODUCTS 
learn something new about the products they work with and specify. 

If you are not now a subscriber, write to: 
Dorothy Renoud, ELECTRONIC PRODUCTS MAGAZINE, 645 Stewart Avenue, Garden City, NY 11530. 
Ask for a free qualification card. 

United Technical Publications, Inc., Div. of Cox Broadcasting Corp., 645 Stewart Ave., Garden City, NY 11530/(516) 222-2500 



ABBREVIATIONS, OF COMPANY NAMES 

AD Analog Devices Monoail Monosil 
AMD Advanced Micro Devices MOS MOS Technology 
AMI American Microsystems, Inc. Mostek Mostek 
Amperex Amperex Electronics Corp. Motorola Motorola Semiconductor 
Analogic Analogic Corp. National National Semiconductor 

NCR NCR Corp:, Microelectronics Division 
Beckman Beckman Instruments, Helipot Division NEC America NEC America 
BEl BEl Electronics NEC Micro NEC Microcomputers 
Burr-Brown Burr-Brown Research Nitron Nitron 

Cermetek Cermetek 
Nortec Nortec Electronics 
NoYonics Novonics 

Cherry Cherry Semiconductor NPC Nucleonic Products Co. 
CMA Consumer Microcircuits of America 
Cybernetic Cybernetic Micro Systems OEI Optical Electronics, Inc. 

Data General Data General 
OKI OKI Semiconductor 

Datel Datel Systems Panasonic Panasonic, Matsushita Electric Corp. 
DOC Data Devices Corp. Photo Therm Photo Therm 
Delco Delco Electronics Plessey Plessey Semiconductors 
Dionics Dionics Inc. PMI Precision Monolithics, Inc. 

EA Electronic Arrays Raytheon Raytheon Semiconductor 
EMM/Semi EMM Semi, RCA RCA Solid State Division 

Div. of Electronic Memories & Magnetics Reticon Reticon 
Essex Essex International RIFA RIFA 
Exar Exar Integrated Systems Rockwell Rockwell Microelectronic Devices 

RTC Real Time Corp. 
Fairchild Fairchild 

Sanken Sanken Electric Ferranti Ferranti Electric 
Fujitsu Fujitsu Sanyo Sanyo Electric 

SGS SGS-Ates Semiconductor 
GI General Instrument Siemens Siemens 

Signetics Signetics (Philips) 
Harris Harris Semiconductor Silicon G Silicon General 
Hitachi Hitachi America Ltd. Siliconix Siliconix 
Holt Holt Inc. Silicon Sys. Silicon Systems, Inc. 
Hughes Hughes Aircraft Solid State Products Silitronics Silitronics 
Hybrid Sys Hybrid Systems SMC Standard Microsystems 
HyComp HyComp Solitron Solitron Devices 

IMI International Microcircuits, Inc. 
Sprague Sprague Electric Company 
Supertex Supertex, Inc. 

Intech/FMI Intech/Function Modules Inc. SSM Solid State Microtechnology for Music 
Intel Intel SSS Solid State Scientific 
Interdesign Interdesign Synertek Synertek 
Intersil Intersil 
IPI Integrated Photomatrix, Inc. Telaris Talaris 

Teledyne C Teledyne Crystalonics 
Lambda Lambda Electronics Teledyne P Teledyne Philbrick 
LSI LSI Computer Systems Teledyne S Teledyne Semiconductor 

Telefunken AEG-Telefun ken 
Maruman Maruman Integrated Circuits TI Texas Instruments 
Master Logic Master Logic TMX TMX 
Matrox Matrox Electronics Systems Toshiba Toshiba 
Micro Net Micro Networks Trans-Data Trans-Data 
Micropac Micropac Industries TRW TRW 
Micro Power Micro Power Systems 
Micro Tech Microcircuits Technology Unitrode Unitrode 
Mitel Mitel Semiconductor Western Western Digital 
Mitsubishi Mitsubishi Electric Co. 
MMI Monolithic Memories, Inc. Zilog Zilog 



",000 MANUFACTURER LOGO 

~AM ADVANCED 
MICRO DEVICES X1' 

AMII. AMERICAN 
F 

Ai: MICROSYSTEMS F=AIRCHIL.C 

$* F* a ANAlOG 
DEVICES 

ANALOG DEVICES 
FERRANTI 

ANALCG1C. ANALOGIC 
@ 

BECKMAN 
BECKMAN 

FUJITSU U",'TED 

[!~~~~j* 
INSTRUMENTS 

&I 
BURR-BROWN II 

CS MCC 
CHERRY· 
SEMICONDUCTOR 
(Micro Components) • • CONSUMER 
MICROCIRCUITS 

~ ... --- ---- --- ----- ~ 

; HUGHES 
~ --- ---- ----- -- ----~ 

CY CYBERNETIC 
MICRO DEVICES* ~ 

eBB DATA DEVICE 
CORPORATION 

Hvbrid Syst.ms 

-. DATA GENERAL I!I~. 

il DATEL SYSTEMS 

[lID ELECTRONIC 
ARRAYS 

EIRIRSEMI, INC. 

4> 
inteI· • 

I 
EMM/SEMI 

SEmi * ........ 
* DISCONTINUED LOGOS PROVIDED TO IDENTIFY OLDER DEVICES. 
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GUIDE TO 
Ie LOGOS 
The following logos and symbols are provided to 
help you identify the manufacturers of Ie products. 
Sometimes different marks are used on a com-· 
pany's products, depending upon individual pack­
age sizes. 

MANUFACTURER LOGO MANUFACTURER 

EXAR INTEGRATED 
SYSTEMS D~Dl INTERSIL 

~I~III* 

FAIRCHILD LSI LSI COMPUTER 
SYSTEMS 

& LAMBDA 

FERRANTI Ml MASTER LOGIC 

FUJITSU !R7I MICRO NETWORKS 

GENERAL 
INSTRUMENT _-. .. MICROPAC 

INDUSTRIES 

HARRIS • MICRO 
POWER SYSTEMS 

HITACHI e MITEL 
SEMICONDUCTOR 

HUGHES 
AIRCRAFT 

J... MITSUBISHI 

HYBRID SYSTEMS 

MMIID* MONOLITHIC 
MEMORIES 

INTECH/FMI - MOS 
TECHNOLOGY 

INTEGRATED J'AOSTEK MOSTEK 
PHOTOMATRIX 

M MOTOROLA 

INTEL 

1~13I~J NCR 

INTERDESIGN NEe NEC 

Contmued 
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LuGO MANUFACTURER LOGO MANUFACTURER LOGO MANUFACTURER 

~~S* NATIONAL 'l' . ROCKWELL 

RockweU (COLLINS) § SYNERTEC 

NJ NITRON 

NC* 
NORIEC NORTEC 

Q NPC NUCLEONIC 
PRODUCTS 

~ 
, 

SGS-ATES 

* 
SEMICONDUCTOR 

~, ... 
® SANYO 

!i SIGNETICS 

(i) TELARIS 
COMMUNICATIONS 
(formerly Telenetics) 

~ TEXAS 
INSTRUMENTS 

TMX TMX 

TRW TRW 

~ OKI 

0Zi I 
OPTICAL 

1>1i'* 
ELECTRONICS 

~ 

ffi] SIt.ICON 
GENERAL I ........ 

H SILICON IX 

.,... ~ALONCSI TELEDYNE 
CRYSTALONICS 

"""TEl..E[1(NE TELEDYNE 
PHILBRICK PHILBRICK 

A PANASONIC 

MATSUSHITA (Matsushita) %i SILICON 
SYSTEMS ~~ 

TELEDYNE 
SEMICONDUCTOR 

PLESSEY PLESSEY ~ 
I 

SOLID STATE I 

SCIENTIFIC 
..... 

~1lW~ TFK TELEFUNKEN 

IPMI) PRECISION 
MONOLITHICS 

[SJ~* SOLITRON 

T 

IPMI) * ® SPRAGUE 

SPRRGUr ELECTRIC 

TOSHIBA 

nCIi Solid RCA State 

RAY RAYTHEON 
SEMICONDUCTOR 

, STANDARD 
MICROSYSTEMS 

¢ WESTERN 
DIGITAL 

RfnCOI'r' RETICON '" SUPERTEX ZZilog ZILOG 

* DISCONTINUED LOGOS PROVIDED TO IDENTIFY OLDER DEVICES. 
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"I need to know if this device exists, and if there are 
any alternate sources. Where do I start?" 

• Memory IC • CMOS 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If you're spending hours to solve a problem similar 
to the one above, you're. behind the times ... 

It only takes a few seconds with uTHE MASTER:' 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over· 
40,000 standard products from more 
than 87 different companies ... five 
different selection gUides (memory, 
microprocessor, interface, linear and digital.) 

IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

. . . alternate source directory for 
pin- for- pin, function~ for- function 
replacements ... applications directory ... 
complete military section ... a complete 
part numbering guide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor - etc. 

uTiI ' 

._-



IIUTIRY 
PARTS 

how to use 

This section is divided into three parts: a table ~f 
those manufacturers willing to perform MIL-STD-
883 screening, a two way military to commercial 
cross reference index, and the Qualified Parts List 
broken down into functions. It not only shows what 
devices are on the list and which manufacturers 
supply them, but also it decodes the military 
numbers into familiar terms. 

the military parts directory 
The next page contains a table showing the manu­
facturers who have advised that they want to screen 
devices to MIL-STD-883 and/or perform other 
environmental screening. The table also indicates 
which companies are currently qualified to supply 
one or more devices on the QPL list. Such achieve-

. ment is apt to indicate that these companies are 
well equipped to perform 883 testing. The follow­
ing two pages provides convenient cross references 
between M38510 numbers and their commercial 
equivalents; plus indication of what devices are 
listed in the latest QPL. 

The heart of this section is the functional QPL 
parts list. It is based on the latest Defense Elec­
tronics Supply Center Qualified Products List 
(QPL-38510-XX) at the time of publication. The 
revision and date of this list are indicated at the 
bottom of each page. Like the Master Selection 
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Guide, the devices are classified my major func­
tions; within each function the devices are arranged 
in alphanumeric order, which automatically groups 
CMOS together, 5400 Series together, etc. . 

A complete military part number includes a three 
letter suffix signifying the device class and pack­
aging. The definitions of these letters are given in 
the Part Number Guide under "JAN Nomencla-. 
ture." All the devices listed here meet class B 
and C requirements, a few devices (CMOS) meet 
class A specifications. The package styles and 
lead finishes that each manufacturer is qualified 
to supply can be determined by consulting the 
official QPL or by contacting the individual man­
ufacturers. Once you have found the names of 
the companies you need to contact, you can reach 
them by using the information in the Manufacturers 
and Distributors Directory. 
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IC· MASTER MILITARY DEVICE TESTING 
, 

MIL-M-38510 MIL-STD-883 OTHER 
QPL SCREENING SCREENING 

Other 
MANUFACTURER Linear TTL Bipolar CMOS Class A Class B ClassC Military Industrial 

Advanced Micro Devices x x x x x x X 
American Micro-
systems, Inc. X X X X 
Analog Devices X X 
Beckman Instruments X X X X X 
Burr-Brown Research X X X X 
Cherry Semiconductor X X X X X 
Data Device X X X X 
Datel X X X X 
Electronic Arrays X X X X 
EMM/Semi X X X X 
Exar Integrated Systems X X X X 
Fairchild Semiconductor X X DTL X X X X X 
General Instrument X X X 
Harris Semiconductor PROM X X X X X 
Hughes X X X X X 
Hybrid Systems X X X X X 
Intel p.P X X X· X 
Interdesign X X X X 
International Microcircuits X X X X 
Intersil X X X X X X 
LSI Computer Systems X X X X X 
Micro Networks X X X X 
Micropac X X X X X 
Micro Power Systems X X X X X 
Mitel Semiconductor X X X X X 
Monolithic Memories PROM X X X X X 
Mostek ! i X X ! X j X 
Motorola Semiconductor' X ECL,p.P X X X X X X 
National Semiconductor X X ! X X X X X I X 
NEC America X X X 
NEC Microcomputers X X X 
Nitron X X X X 
Nortec X X X X 
Optical Electronics X X 
Plessey Semiconductor X X X 
Precision Monolithics X X X X X 
Raytheon Semiconductor X X X X X X 
RCA Solid State X X X X X X X 
Rockwell X X X X 
Signetics X X PROM X X X X X 
Silicon General ·X X X X X 
Siliconix X X X X X 
SMC Microsystems I X X X X 
Solid State Scientific X X X i X X X 
Solitron X X X X X 

Sprague Electric X X I X X X 
Standard Microsystems X X ! X X X 

Synertek i X 
; 

X X X i 

Teledyne Crystalonics I X I X I X X X 
Teledyne Philbrick I I X I X X X X 
Teledyne Semiconductor ! X I X X I X 
Texas Instruments X X RAM X X X X X 
TRW X I X X X X 
Zilog I X X .1 X X 

EXPLANATION: 
The "MIL·M·38510" section indicates the Ie manufacturers currently providing Q.P.L. ICs. More detailed information on the specific devices is given in 
the Qualified Products lists which follow. 
The "MIL·STO·883 Screening" section lists those manufacturers who are both set up and actively want to screen devices to the levels indicated. 
"Other. Screening" shows those who report that they want business calling for special military and industrial environment screening procedures. 
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IC MASTER 

Device M38510/ QPL Device M38510/ 

HPROM0512 20101 X 54L5126 32302 
lM109 10701 54L513 31301 
TM54050 23502 X 5415132 31302 
TMS4060 23501 54lS138 30701 
0026 03501 54L5139 30702 
lOlA 10103 X 54lS14 31303 
102 10601 541515 31002 
10501 06001 X 

I 

54L5151 30901 
10502 06002 X 54L5153 30902 
10504 06201 54L5157 30903 
10505 06003 X 54L5158 30904 
10506 06004 X 54lS160 31503 
10507 06005 X 54LS161 31504 
10509 06006 X I 54lS162 31511 
10531 06101 54lS163 31512 
10535 06104 

I 

54lS164 30605 
10576 06103 54LS168 31505 
10597 06202 54LS169 31506 
106 10303 54LS174 30106 
1/'11>31 0151n2 54tS17~ 30107 
108A 10104 X 54LS181 30801 
110 10602 X 54lS190 31513 
111 10304 X 54lS191 31509 
118 10107 X 54lS192 31507 
148 11001 X 54LS193 31508 
2101 10105 X 54LS194 30601 
2108 10106 54lS195 30602 
2110 10603 54lS196 32001 
2111 10305 54LS197 32002 
2680 23501 X 54lS20 30007 
3018 10801 X 54lS21 31003 
3045 10802 X 54lS22 30008 
4000 05201 X 54lS221 31402 
4001 05202 X 54lS251 30905 
4002 05203 X 54lS253 30908 
4006 05701 X 54lS257 30906 
4007 05301 X 54lS258 30907 
4008 05401 X 54lS26 32102 
4009 05501 X 54LS266 30303 
4010 05502 X 54lS27 30302 
4011 05001 X 54lS28 30204 
4012 05002 X 54lS283 31202 
4013 05101 X 54lS290 32003 
4014 05702 X 54lS293 32004 
4015 05703 X 54lS295 30606 
4017 05601 X 54lS30 30009 
4018 05602 X 54lS32 30501 
4019 05302 X 54lS365 32201 
,4020 05603 X 54lS366 32202 
4021 05704 X 54LS367 32203 
4022 05604 X 54lS368 32204 
4023 05003 X 54lS37 30202 
4024 05605 X 54lS38 30203 
4025 05204 X 54lS395 30607 
4027 05102 X 54lS40 30201 
4030 05303 X 54lS42 30703 
4031 05705 X 54lS47 30704 
4034 05706 54lS51 30401 
4041 05505 X 54lS54 30402 

.4049 05503 X 54lS73 30101 
4050 05504 X 54lS74 30102 
4136 11004 X 54lS76 30110 
5280 23505 54lS83 31201 
5303 20101 54lS85 31101 
5304 20102 54lS86 30502 
54HOO 02304 X 54lS~0 31501 
54H01 02306 X 54lS 2 31510 
54H04 02305 X 54lS93 31502 
54H08 15501 X 54lS95 30603 
54H10 02303 X 54lS96 30604 
54H101 02205 X 54100 02004 
54H103 02206 X 54102 02701 
554Hll 15502 X 54103 02006 
43H20 02302 X 54104 02005 
54H21 15503 X 54110 02003 
43H22 02307 X 54L121 04201 
54H30 02301 X 541122 04202 
54H40 02401 X 541164 02802 
54H50 04001 X 541193 02503 
54H51 04002 X 54120 02002 
54H53 04003 X 54130 02001 
54H54 04004 X 54142 02901 
54H55 04005 X 54143 02902 
54H72 02201 X 54144 02903 
54H73 02202 X 54146 02904 
54H74 02203 X 54147 0290~ 
54H76 02204 X 54151 0410 
54lS00 30001 X 54154 04102 
54lS02 30301 X 54155 04103 
54lS03 30002 X 54L71 02101 
54lS04 30003 X 54L72 02102 
54lS05 30004 X 54173 02103 
54lS08 31004 X 54L74 02105 
541510 30005 X 54178 02104 
54lS107 30108 X 54186 02601 
54lS109 30109 X 54L90 02501 
54lS11 31001 X 54191 02806 
54LS1l2 30103 X 54193 02502 
54lS113 30104 X 54L95 02801 
54lS114 30105 X 54S00 07001 
54LS12 30006 X 54S02 07301 
54LS122 31403 X 54S03 07002 
54lS123 31401 X 54S04 07003 
54lS125 32301 X 54S05 07004 

MILITARY PARTS INDEX-DEVICE/QPL 

Cross Reference 
Commercial to Military 

QPL Device 

X 54508 
X 54509 
X 54510 
X 54511 
X 545112 
X 545113 
X 545114 
X 

I 
545133 

X 54S134 
X 545135 
X 

I 
545140 

X 54515 
X 54S151 
X 545153 
X 545157 
X 545158 
X 545174 
X 54S175 
X 54S181 
X 54S182 
X 545194 
X 54S195 
X 54520 
X 54522 
X 54S251 
X 545257 
X 54S258 

54S30 
54S40 

X 54S51 
X 54S64 
X 54S65 
X 54S74 
X 54S85 
X 54S86 
X 5400 
X 5401 
X 5402 
X 5403 
X 5404 
X 5405 
X 5406 
X 5407 
X 5408 
X 5409 
X 5410 
X 54107 
X 5412 
X 54116 
X 54121 
X 54122 
X 54123 
X 54125 
X 54126 
X 5413 
X 54132 
X 5414 
X 54145 
X 54147 
X 54148 
X 54150 
X 54151 
X 54153 
X 54154 
X 54155, 
X 54156 
X 54157 
X 5416 
X 54160 
X 54161 
X 54162 
X 54163 
X 54164 
X 54165 
X 5417 

54170 
54174 
54175 
54180 

X 54181 
X 54182 

54192 
54193 
54194 
54195 
5420 
5423 
5425 
5426 

X 5427 
X 5428 

·X 5430 
X 5432 
X 54365 
X 54366 
X 54367 

54368 
X 5437 
X 5438 
X 5440 
X 5442 
X 5443 
X 5444 
X 5445 

M38510/ QPL 

08003 
08004 
07005 X 
08001 X· 
07102 X 
07103 
07104 
07009 X 
07010 X 
07502 
08101 X 
08002 X 
07901 X 
07902 X 
07903 X 
07904 X 
07105 X 
07106 
07801 X 
07802 
07601 X 
07602 
07006 X 
07007 ·X 
07905 
07906 X 
Oi907 X 
07008 X 
07201 X 
07401 X 
07402 X 
07403 X 
07101 X 
08201 X 
07501 X 
00104 X 
00107 X 
00401 X 
00109 X 
00105 X 
00108 X 
00801 X 
00803 X 
01601 X 
01602 X 
00103 X 
00203 X 
00106 X 
01503 X 
01201 X 
01202 X 
01203 X 
15301 
15302 X 
15101 X 
15103 X 
15102 X 
01005 X 
15601 
15602 
01401 X 
01406 X 
01403 X 
15201 X 
15202 X 
15203 X 
01405 X 
00802 X 
01303 X 
01306 X 
01305 X 
01304 X 
00903 X 
00904 X 
00804 X 
01801 X 
01701 X 
01702 X 
01901 X 
01101 X 
01102 X 
01308 X 
01309 X 
00905 X 
00906 X 
00102 X 
00402 X 
00403 X 
00805 X 
00404 X 
16201 
00101 X 
16101 X 
16301 X 
16302 X 
16303 X 
16304 X 
00302 X 
00303 X 
00301 X 
01001 X 
01002 X 
01003 X 
01004 X 

Device M38510/ QPL 

5446 01006 
5447 01007 
5448 01008 X 
5449 01009 X 
5450 00501 X 
5451 00502 X 
5453 00503 X 
5454 00504 X 
5470 00206 X 
5472 00201 X 
5473 00202 X 
5474 (lO205 X 
5475 01501 X 
5476 00204 X 
5477 01502 X 
5479 00207 X 
5480 00604 X 
5482 00601 X 
5483 00602 X 
5485 15001 X 
5486 00701 X 
5490 01307 X 
5492 01301 X 
5493 01302 X 
5495 00901 X 
5496 00902 X 
55107 10401 i 55108 10402 
55113 10405 X 
55114 10403 X 
55115 10404 . X 
555 10901 X 
556 10902 X 
5603 20201 
5623 20202 
6604 23602 
6605 23601 
6800 4001 X 
710 10301 X 
711 10302 X 
723 10201 X 
733 10501 X 
741 10101 X 
747 10102 X 
76142 02906 X 
76170 02805 X 
78M05 10702 X 
}8M12 10703 X 
78M15 10704 X 
78'V124 10705 X 
78{J5 10706 X 
7812 10707 X 
7815 10708 X 
7820 10408 
7824 10709 X 
7830 10409 X 
7831 10406 
7832 10407 
8080A 42001 X 
82S126 20301 X 
82S129 20302 X 
82S130 20401 X 
82S131 20402 X 
82S136 20601 
82S137 20602 
8250 15204 X 
8251 15205 X 
8252 15206 X 
9093 03304 
930 03001 X 
9300 15901 X 
9304 00603 X 
9309 01404 X 
9312 01402 X 
9314 01504 X 
9317 15802 
9318 15603 X 
932 03101 
9321 15801 
9322 01405 X 
9324 15002 X 
9328 15902 
933 03105 
9334 16001 
9338 15701 
93410 23001 
93411 23002 
93412 23003 
935 03002 X 
936 03003 X 
940 03002 X 
944 03102 
945 03301 
946 03004 X 
948 03302 
950 03303 
951 03201 
957 03103 
958 03104 
9601 01204 X 
9602 01205 X 
962 03005 X 
00101 5430 X 
00102 5420 X 

NOTE: Items marked X in the OPl column are listed on OPl·3a5l0·36 with at least one source. 
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Ie MASTER MILITARY PARTS INDEX - QPL/DEVICE 

M38510/ Device QPL M38510/ 

00103 5410 X 02303 
00104 5400 X 02304 
00105 5404 X 02305 
00106 5412 X 02306 
00107 5401 X 02307 
00108 5405 X 02401 
00109 5403 X 02501 
00201 5472 X 02502 
00202 5473 X 02503 
00203 54107 X 02601 
00204 5476 X 02701 
00205 5474 X 02801 
00206 5470 X 02802 
00207 5479 X 02805 
00301 5440 X 02806 
00302 5437 X 02901 
00303 5438 X 02902 
00401 5402 X 02903 
00402 5423 X 02904 
00403 5425 X 02905 
00404 5427 X 02906 
00501 5450 X 03001 
00502 5451 X 03002 
00503 5453 X 03003 
00504 5454 X 03004 
00601 5482 X 03005 
00602 5483 X 03101 
00603 9304 X 03102 
00604 5480 X 03103 
00701 5486 X 03104 
00801 5406 X 03105 
00802 5416 X 03201 
00803 5407 X 03301 
00804 5417 X 03302 
00805 5426 X 03303 
00901 5495 X 03304 
00902 5496 X 03501 

. 00903 54164 X 04001 
00904 54165 X 04002 
00905 54194 X 04003 
00906 54195 X 04004 
01001 5442 X 04005 
01002 5443 X 04101 
01003 5444 X 04102 
01004 5445 X 04103 
01005 54145 X 04201 
m006 5446 04202 
01007 5447 05001 
01008 5448 X 05002 
01009 5449 X 05003 
01101 54181 X 05101 
01102 54182 X 05201 
01201 54121 X 05102 
01202 54122 X 05202 
01203 54123 X 05203 
01204 9601 X 05204 
01205 9602 X 05301 
01301 5492 X 05302 
01302 5493 X 05303 
01303 54160 X 05401 
01304 54163 X 05501 
01305 54162 X 05502 
01306 54161 X 05503 
01307 5490 X 05504 
01308 54192 X 05505 
01309 54193 X 05601 
01401 54150 X 05602 
01402 9312 X 05603 
01403 54153 X 05604 
01404 9303· X 05605 
01405 9322 X 05701 
01405 54157 X 05702 
01406 54151 X 05703 
01501 5475 X 05704 
01501 5475 X 05705 
01502 5477 ·X 05706 
01503 54116 X 06001 
01504 9314 X 06002 
01601 5408 X 06003 
01602 5409 X 06004 
01701 54174 X 06005 
01702 54175 X 06006 
01SOl 54170 06101 
01901 541SO X 06102 
02001 54L30 X 06103 
02002 54L20 X 06104 
02003 54110 X 062Q1 
02004 54LOO X 06202 
02005 54lO4 X 07001 
02006 54L03 X 07002 
02101 54L71 X 07003 
02102 54172 X 07004 
02103 54L73 X 07005 
02104· 54L78 X 07006 
02105 54L74 X 07007 
02201 54H72 X 07008 
02202 54H73 X 07009 
02203 54H74 X 07010 
02204 54H76 X 07101 
02205 54H101 X . 07102 
02206 54H103 X 07103 
02301 54H30 X 07104 
02302 54H20 X 07105 

Device 

54H10 
54HOO 
54H04 

. 54H01 
54H22 
54H40 
54190 
54193 
541193 
54L86 
54102 
54L95 
541164 
76170 
54L91 
54L42 
54143 
54L44 
54146 
54147 
76142 
930 
935 
936 
946 
962 
932 
944 
957 
958 
933 
951 
945 
948 
950 
9903 
0026 
54H50 
54H51 
54H53 
54H54 
54H55 
54L51 
54L54 
54L55 
541121 
541122 
4011 
4012 
4023 
4013 
4000 
4027 
4001 
4002 
4025 
4007 
4019 
4030 
4008 
4009 
4010 
4049 
4050 
4041 
4017 
4018 
4020 
4022 
4024 
4006 
4014 
4015 
4021 
4031 
4034 
10501 
10502 
10505 
10506 
10507 
10509 
10531 
10631 
10576 
10535 
10504 
10597 
54S00 
54S03 
54S04 
54S05 
54S1O 
54820 
54S22 
54S30 
54S133 
54S134 
54S74 
54S112 
54S113 
54S114 
54S174 

Cross Reference 
Military to Commercial 

QPL M38510/ 

X 07106 
X 07201 
X 07301 
X 07401 
X 07402 
X 07403 
X 07501 
X 07502 

07601 
X 07602 
X 07801 
X 07802 

07901 
07902 
07903 
07904 
07905 
07906 
07907 
08001 
08002 

X 08003 . 
X. 08004 
X OS101 
X 08201 
X 10101. 

10102 
10103 
10104 
10105 
10106 
10107 
10201 
10301 
10302 
10303 
10304 

X 10305 
X 10401 
X 10402 
X 10403 
X 10404 
X 10405 
X 10406 

10407 
10408 
10409 

X 10501 
X 10601 
X 10602 
X 10603 
X 10701 
X 10702 
X 10703 
X 10704 
X 10705 
X 10706 
X 10707 
X 10708 
X 10709 
X 10801 
X 10802 
X 10901 
X 10902 
X 11001 
X 11004 
X 15001 
X 15002 
X 15101 
X 15102 
X 15103 
X 15201 
X 15202 
X 15203 
X 15204 

15205 
X 15206 
X 15301 
X 15302 
X 15501 
X 15502 
X 15503 

15601 
15602 
15603 
15701 
15702 
15801 

X 15802 
X 15901 
X 16001 
X 16101 
X 16201 
X 16301 
X 16302 
X 16303 
X 16304 
X 20101 
X 20102 
X 20201 

20202 
20301 

X 20302 

NOTE: Items marked X in the QPI.. column are listed on QPL·38510·36 with at least one source. 
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Device QPL M38510/ Device QPL 

54S175 X 20401 82S130 X 
54S40 X 20402 82S131 X 
54802 X 20601 82S136 
54S51 X 20602 82S137 
54S64 X 23001 83410 
54S65 X 23002 93411 
54S86 X 23002 93421 
54S135 23501 26SO X 
54S194 X 23501 TMS4060 
54S195 23502 TMS4050 X 
54S181 X 23505 5280 
54S182 23601 6605 
54S151 X 23602 6604 
54S153 X 30001 54lS00 X 
54S157 X 30002 54lS03 X 
54S158 X 30003 54lS04 X 
54S251 30004 54LS05 X 
54S257 X 30005 54lS10 X 
54S258 X 30006 54LS12 X 
54S11 X 30007 54lS20 X 
54S15 X 30008 54lS22 X 
54S08 X 30009 54LS30 X 
54S09 30101 54LS73 X ' 
54S140 X 30102 54lS74 X 
54SS5 X 30102 41574 X 
741 X 30103 54LS112 X 
747 X 30104 54LS113 X 
lOlA X 30105 54LS114 X 
108A X 30106 54LS174 X 
2101 X 30107 54LS175 X 
2108 30108 54lS107 X 
118 X 30109 54LS109 X 
723 X 30110 54LS76 X 
710 X 30201 54LS40 X 
711 X 30202 54lS37 X 
106 30203 54lS38 X 
111 X 30204 54LS28 X 
2111 30301 54LS02 X 
55107 X 30302 54LS27 X 
55108 X 30303 54lS266 X 
55114 X 30401 54lS51 X 
55115 X 30402 54lS54 X 
55113 X 30501 54LS32 X 
7831 30502 54LS86 X 
7832 30601 54LS194 X 
7820 X 30602 54LS195 X 
7830 X 30603 54LS95 X 
733 X 30604 54LS96 X 
102 30605 54lS164 X 
110 X 30606 54LS295 X 
2110 X 30607 54LS395 X 
lMI09 30701 54LSI38 X 
78M05 X 30702 54lS139 X 
78M12 X 30703 54lS42 X 
78M15 X 30704 54lS47 X 
78M24 X 30801 54lS181 X 
7805 X 30901 54LS151 X 
7812 X 30902 54lS153 X 
7815 X 30903 54lS157 X 
7824 X 30904 54lS158 X 
3018 30905 54lS251 X 
3045 X 30906 54LS257 X 
555 X 30907 54lS258 X 
556 X 30908 54lS253 X 
148 X 31001 54lS11 X 
4136 X 31002 54lS15 X 
5485 X 31003 54LS21 X 
9324 X 31004 54lS08 X 
5413 X 31101 54lS85 X 
5414 X 31201 54LS83 X 
54132 X 31202 54lS283 X 
54154 X 31301 54LS13 X 
54155 X 31302 54LS14 X 
54156 X 31303 54lS132 X 
8250 X 31401 54LS123 X 
8251 X 31402 54lS221 X 
8252 X 31403 54lS122 X 
54125 31501 54lS90 X 
54126 X 31502 54lS93 X 
54H08 X 31503 54lS160 X 
54Hll X 31504 54LS161 X 
54H21 X 31505 54LS168 X 
54147 31506 54lS169 X 
54148 31507 54LS192 X 
9318 X 31508 54LS193 X 
9338 31509 54lS191 X 
9328 31510 54lS92 X 
9321 31511 54lS162 X 
9317 31512 54LS163 X 
9300 X 31513 54lS190 X 
9334 32001 54LSl96 
5432 X 32002 54lS197 
5428 32003 54LS290 X 
54365 X 32004 54lS293 X 
54366 X 32102 54lS26 X 
54367 X 32201 54LS365 X 
54368 X 32202 54lS366 X 
HPROM0512 X 32203 54lS367 X 
5304 32204 54lS368 X 
5603 32301 54LS125 X 
5604 32302 54LS126 X 
82S126 X 40001 6800 X 
82S129 X 42001 80S0A X 
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DIGITAL 
iARITHMETIC FUNCTION 

Device 

4008 

5480 

~~82 
5483 

5485 

M38510/ 

05401 

00604 

00601 

00602 

15001 

Description 

4-Bit Full Adder 

Gated Full Adder 

2-Bit Binary Full Adder 

4-Bit Binary Full Adder 
(Look-Ahead Carry) 

4-Bit Magnitude 
Comparator 

54181 01101 Arithmetic Logic/ 
Function Generator 

54182 01102 Look-Ahead Carry 
Generator 

54LS83 31201 4-Bit Binary Full Adder 

Source 

RCA 

Motorola 

Motorola 

Motorola 
National 
Signetics 
TI 

Motorola 
Signetics 

Motorola 
National 

Motorola 
Signetics 

Fairchild 
Raytheon 
Signetics 
TI 

~~_~~~_:I_~_~ ____ J:~~~;J~:tud~ _______ ~:gnetics 
54LSi81 30801 ALU/Function Generator Raytheon 

Signetics 

54LS283 31202 4-Bit Binary Full Adder Fairchild 

=~~: __ ~~~~ __~;~r~_f~~t~~ ___ _ 
54S181 07S01 

9304 00603 

9324 15002 

ALU/Function Generator 

Dual Full Adder 

4·Bit Magnitude 
Comparator 

BUFFERS, INVERTERS 

Raytheon 
Signetics 
TI 

SJ.~~~~i_~~ 
Signetics 

Motorola 

Motorola 

4007 05301 Dual Complementary Pair National 

4009 

plus Inverter RCA 

05501 Hex Buffer/Converter, 
Inverting 

SSS 

National 
RCA 

4010 05502 Hex Buffer/Converter, National 

------~~~~~.':!!~----~---
4041 05505 Quad True/ 
___________ C~o~mplementB~ ___ ~~A __ 
4049 05503 Hex Buffer/Converter, 

Inverting 
National 
RCA 

I __________________________ S~S~S ___ _ 

4050 05504 Hex Buffer/Converter, 
Non·lnverting 

National 
RCA 

________________________________ -,--SS_S ___ _ 

5404 00105 Hex Inverter Fairchild 
Motorola 
National 
Signetics 
TI 

5405 0010S Hex Inverter, O/C Fairchild 
Motorola 
National 
Signetics 

---------- ---------------...!!--
5437 

5438 

5440 

00302 Quad 2·lnput NAND 
Buffer 

00303 Quad 2-loput NAND 
Buffer,O/C 

00301 Dual 4·lnput NAND 
Buffer 

Motorola 
National 
Signetics 
TI 

Fairchild 
Motorola 
National 
Signetics 
TI 

Fairchild 
Motorola 
National 
Signetics 
TI 

54125/6 15301/2 Quad Gated Buffer, 3 state Signetics 

1_54 __ 3_65 __ 3_2_2_0_1 ___ H_ex Buffer, TS Signetics 

54366 32202 Hex Inverter, TS Signetics --------------------------
1_54 __ 3_67 __ 32_2_0_3 __ H_e_x ___ B_u!!.~~,_! __ S _____ S_ig_n-=tics 

54368 32204 

54H04 02305 

Hex Inverter, TS 

Hex Inverter 

Signetics 

Fairchild 
Motorola 
Signetics 
TI 

-----"------------.---~-------- .. ----------.---. 
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BUFFERS, INVERTERS (cont) 

Device M38510/ Description Source 

54H40 02401 Dual 4·lnput NAND Buffer Motorola 
Signetics 
TI 

54LS04 30003 Hex Inverter Fairchild 
Motorola 
National 
Signetics 
TI 

54LS05 30004 Hex Inverter, O/C Motorola 
National 
Signetics 
TI 

54LS28 30204 

54LS37 30202 

54LS40 30201 

Quad 2.lnput NOR Buffer Signet:cs 

Quad 2·lnput NAND Buffer Motorola 
National 
Signetics 
TI 

Dual4·lnput NAND Buffer National 
Signetics 

54LS125 32301 Quad Gated Buffer, TS Signetics 

54LS12~2302 Quad Gated Buffer, TS 

54LS293 32004 Dual Quad Inverter, TS 

54L~365 32201 Hex Buffer, TS 

54LS366 32202 Hex Inverter, TS 

54LS367 32203 Hex Buffer, TS 

Signetics 

Ti 

Fairchild 
Signetics 
TI 

Fairchild 
Signetics 

Motorola 

54LS368 32204 Hex Inverter, TS Fairchild 
Motorola 

_______________________________ ~ig'!.~t!~~ 

54L04 02005 Hex Inverter National 

54504 __ 0_70 __ 0_3 __ H_e_x_l_n_ve_r_te_r _____ S_ig=.n_e_ti_cs 

54S05 07004 Hex Inverter, O/C Signetics 

54S40 07201 Dual 4-lnput NAND Buffer Signetics 

935 03002 Hex Inverter 

936 03003 Hex Inverter 

COUNTERS 

4017 05601 Decade Counter/Divider, RCA 
Decoded Output' SSS 

4018 05602 Pres~ttable Divide·by·N 
Counter RCA 

4020 05603 14·Bit Binary Counter RCA 

Divide·by·8 Counter/ 
Divider, Decoded Output RCA 

4022 05604 

4024 05605 7·Bit Binary Counter RCA 
SSS 

,---------------~-------------

?~~~Q~_~~~~~.!.~!_R_ip_e!~ ____ ~_~toro~_ 
5492 01301 Divide.by-12 Counter Motorola 

(+2, +6) Signetics 

5493 01302 4·Bit Binary Counter Motorola 

54160 01303 Synchronous Decade 
Counter 

Signetics 

AMD 
Motorola 
National 

___________________________ S~i~g~ne~t~ic~s 

54161 01306 Synchronous 4·Bit Binary AMD 
Counter Motorola 

National 
Signetics 

54162 01305 Fully Synchronous Decade Motorola 
Counter National 

Signetics ---. ---------------------------
54163 01304 Fully Synchronous 4·Bit Motorola 

Binary Counter National 
_________________________________ -=S.:.<:ig>.:..:n-=-et::.:.ic=.s 

54192 01308 Decade Up/Down Counter Motorola 

54193 01309 Binary Up/Down counter Motorola 
Signetics 

54LS90 31501 Decade Counter TI 

54LS92 31510 Divide·by·12 Counter TI 
-------------------------------------
54LS93 31502 4·Bit Binary Counter TI 

54LS160 31503 Synchronous Decade 
Counter TI 

-------------~~~--------------
54LS161 31504 Synchronous 4·Bit Binary 
___ . _______ .______ _ __ ~~~n_te_~ ___________ T_1 __ _ 

54LS162 31511 Fully Synchronous 
Decade Counter TI 

~------,,-.---.. ~ ,----~--, .. ~-.. "--_._------------

COUNTERS (conI) 

Device M38510/ DeSCription Source 

54LS163 31512 Fully Synchronous 4·Bit 
Binary Counter TI 

54LS190 31513 Synchronous Decade 
Up/Down Counter TI 

54LS191 31509 Synchronous Binary 
Up/Down Counter TI 

54lS192 31507 Decade Up/Down Counter TI 

54LS193 31508 Binary Up/Down Counter TI 

54LS290 32003 Decade Counter, 
Divide·by·2 and 5 TI 

54L90 02501 Decade Counter, Ripple National 

54L93 02502 4-Bit Binary Counter National 

DECODERS 

5442 01001 BCD·to-Decimal Decoder Motorola 
National 
Signetics 

5443 01002 Excess 3·to·Decimal Motorola 
Decoder Signetlcs 

5444 01003 Excess 3·Gray·to·Decimal Motorola 
Decoder Signetics 

5445 01004 BCD-to·Decimal Decoder, 
O/C Motorola 

5448 01008 

5449 01009 

54145 01005 

54148 15602 

54154 15201 

54155 15202 

54156 15203 

54LS138 30701 

54LS139 30702 

BCD·to-Seven Segment 
Decoder/Driver with 
30V Output Motorola 

B_CD-tO.7 Segment 
Decoder, O/C Motorola 

BCD·to-7 segment 
Decoder Motorola 

8·Bit Priority Encoder Signetics 

4-Line to I6·Line 
Decoder/Demultiplexer Motorola 

Dual 2·Line to 4-Line 
Decoder/Demultiplexer 

Dual 2·L1ne to 4-Line 

Motorola 

Decoder/Demultiplexer Motorola 

3·to·8·Line Decoder/ Fairchild 
Demultiplexer Motorola 

Dual 2-Line to 4·Line Fairchild 
Decoder IDemultiplexer Motorola 

54LS42 30703 

54LS47 30704 

BCD to Decimal Decoder Motorola I 

8250 15204 Binary·to·OctaIDecoder Signetics I 
----------------------

8251 15205 BCD·to_·Decimal Decoder Signetics I 
S252 15206 BCD-to-Decimal Decoder Motorola I 
-93-1--8---1-5-60-3---S-.-ln-p-u-t ~pr-i~r-it--y-E-n-Co-d-e-r-M-o-t-o-ro-Ia-I 

DRIVERS 

5406 00801 

5407 00S03 

Hex Inverter Buffer/ 
Driver! O/C High Voltage 
Output: ' 

Hex Buffer/Driver, O/C 
High Voltage Output 

I 
I 

Fairchild I 
Motorola -
TI 

Fairchild 
Motorola 
TI 

5416 00802 Hex Inverter Buffer/ Fairchild 
Driver, O/C High Voltage Motorola 
Output TI 

------------~----------------
5417 00804 Hex Buffer/Driver, Fairchild 

O/C High Voltage Output ~otorola 

-FLIP-FLOPS 

4013 05101 

4027 05102 

5470 00206 

5472 00201 

Dual "D" Flip·Flop with 
Set/Reset 

Dual J·K Master·Slave 
Flip·Flop 

Positive Edge·Triggered 
J·K Flip·Flop 

J·K Master Slave 
Flip·Flop (AND Inputs) 

Motorola 
National 
RCA 
SSS 

National 
RCA 

Fairchild 
Motorola 
Signetics 
TI 

National I 

Signeticsl 

TI I 
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FLIP-FLOPS (cont) GATES, AND/NAND GATES, AND/NAND (cont) 
DeY/ce M385l0/ Description source DIYice M385l0/ Description SOurce Device M385l 0/ Description Source 

5473 00202 FliP-FIOt Motorola 4011 05001 Quad 2-lnput NAND Gate National 54LSI0 30005 Triple 3-lnput NAND Gate Fairchild 
Dual J- Master Slave National. RCA Motorola 

Signetics SSS National 
TI 

-4012 05002 Dual 4-lnput NAND Gate National Signetics 
TI 

5474 00205 Dual D-Type Ed,e. Fairchild RCA 
Triggered Flip· lop National SSS 54LSll 31001 Triple 3-lnput AND Gate Fairchild 

Signetics 4023 05003 Triple 3-lnput NAND Gate National National 
TI Motorola RCA Raytheon 

5476 00204 Dual J·K Master Slave National SSS Signetics 
Flip-Flop with Signetics 5400 00104 Quad 2-lnput NAND Gate Fairchild TI 

, Preset and Clear TI Motorola 54LS12 30006 Triple 3-lnput NAND Gate, Signetics 
5479 00207 Dual D-Type Flip~Flop Motorola National O/C TI 

54107 00203 Dual J-K Master Slave Motorola 
flgnetics 

54LS15 31002 Triple 3-lnput AND Gate, National 
Flip-Flop National 5401 00107 Quad 2.lnput NAND Gate, Fairchild O/C Signetics 

Signetlcs TI O/C Motorola 
TI National 54LS20 30007 Dual 4-lnput NAND Gate Fairchild 

54174 01701 Hex D-Type Flip-Flop Fairchild Signetics National 
Motorola TI i;gnetics 
Signetics 5403 00109 Quad 2-lnput NAND Gate, Fairchild 

54175 01702 Quad D-Type Flip-Flop Motorola O/C Motorola 54LS21 31003 Dual 4-lnput AND Gate . Fairchild 
National National. Signetics Signetlcs Raytheon 

54H72 02201 J-K Master-Slave Flip- Motorola TI Signetics 
Flip (AND Inputs) Signetics 5408 01601 Quad 2-lnput AND Gate Fairchild TI 

54H73 02202 Dual J-K Master-Slave Signetics Motorola 54LS22 30008 Dual 4-lnput NAND Gate, National 
National O/C Signetics Flip-Flop MotorC?la Signetics TI 

54H74 02203 Dual D-Type Edge- Signetics 5409 01602 Quad 2-lnput AND Gate, Fairchild 54LS26 32102 Quad 2-lnput NAND Gate, Signetlcs 
Triggered Flip-Flop O/C Motorola O/C, to 15V . 

54H76 02204 Dual J-K Flip-Flop TI 
Signetics 

54LS30 30009 8-lnput NAND Gate Fairchild 
Signetics 5410 00103 Triple 3·lnput NAND Gate. Fairchild Motorola 

Motorola 
Motorola National 

54H101 02205 J-K Negative Edge· National Signetics 
. Triggered Flip-Flop Signetics Signetics 

54lS38 30203 Quad 2-lnput NAND Gate, National (AND-OR Inputs) TI 
O/C. . Raytheon 

54HI03 02206 Dual J-K Nefaative Edge Motorola 5412 00106 ' Triple 3-lnput NAND Gate, TI ¥ignetic~ Triggered F Ip-Flop Signetics O/C 

54LS73 30101 Dual J-K Master Slave Signetics 5420- 00102 Dual 4-lnput NAND Gate Fairchild 54loo 02004 Quad 2-lnput NAND Gate National 
Flip-Flop TI Motorola 

54103 Quad 2·Input NAND Gate, National 02006 National 
54LS74 30102 Dual D-Type Positive Motorola Signetics O/C 

Ed~e. Triggered Flip·Flop Signetics TI 54UO 02003 Tripte 3-lnput NAND Gate Natfonal wit. Preset and Clear Tl 
5426 00805 Quad 2-lnput NAND Gate, Signetics 

54lS76 30110 Dual J·K Master Slave TI ole 54L20 02002 Dual 4-lnput NAND Gate National 
Flip-Flop with Preset Signetics 5430 00101 8-lnput NAND Gate Fairchild 541.30 02001 8-lnput NAND Gate National and Clear Motorola 

54lS107 30108 Dual Master Slave Signetics National 54500 07001 Quad 2-lnput NAND Gate Fairchild 
Flip·Flop TI Signetics Signetics 

TI 54503 07002 Quad 2-lnput NAND Gate, Fairchild 
54LSI09 30109 Dual J·K Positive Edge- Fairchild 54HOO 02304 Quad 2-Input NAND Gate Fairchild OIC Signetics 

Triggered Flip-Flop with Signetics Motorola 54S0B OB003 Quad 2-lnput AND Gate Fairchild Preset and Clear TI Signetics 
54LS1l2 30103 Dual J·K Nefiative Edge- TI Signetic~ 

Signetics 
Triggered F ir.-FIOP with TI 54H01 02306 Quad 2·lnput NAND Gate, Motorola 54S10 07005 Triple 3-lnput NAND Gate Fairchild 
Preset and C ear O/C Signetics Signetic~ 

I 

54lSli3 30104 Dual J-K Negative Edge- Signetics TI 54S11 08001 Triple 3-lnput AND Gate Fairchild 
Signeticl Triggered Flip-Flop with TI 54H08 15501 Quad 2-Input AND Gate Motorola 

Separate Preset and Clock Signetics 54S15 OB002 Triple 2-Input AND Gate, Signetic~ 

54lS1l4 30105 Dual J·K Ne~tive Ed~e- Signetics 15504 Quad i·lnput AND Gate Motorola O/C 
Triggered F ip·Flop With TI 54HI0 02303 Triple 3-lnput NAND Gate Fairchild 54520 07006 Dual 4-lnput NAND Gate . Fairchild 
Clock, Clear, and Preset Motorola Signetics 

54LS174 30106 Hex D·Type Flip·Flop AMD Signetics 54522 07007 Dual 4-lnput NAND Gate, Signetics 
Fairchild TI O/C 
Motorola 54Hll 15502 Triple 3-lnput AND Gate Motorola 
Tf Signetics 54S30 07008 B·lnput NAND Gate Fairchild 

54LS175 30107 Quad D-Type Flip·Flop AMD 54H20 02302 Dual 4-lnput NAND Gate Fairchild 54S133 07009 13-lnput NAND Gate Signeticl Motorola Motorola 
TI Signetics 548134 07010 12-lnput NAND Gate, Signetic! 

54171 J-K Master·Slave Flip- National 
TI 3 State 02101 

54H21 15503 Dual 4-lnput AND Gate Signetics Flop (AND·OR Inputs) 930 03001 Dual 4-tnput NAND Gate, Fairchild 

54172 02102 J·K Master·Slave Flip- National 54H22 02307 Dual 4-lnput NAND Gate, Fairchild Expandable 
O/C Motorola 946 03004 Quad 2-lnput NAND Gate Fairchild Flop (AND Inputs) Signetics 

54173 02103 Dual J·K Master·Slave National 54H30 02301 8-lnput NAND Gate Fairchild 962 03005 Triple 3-lnput NAND Gate Fairchild 
Flip-Flop Motorola 

Dual D-Type Ed~e- National 
Signetics 

54174 02105 TI 
, Triggered Flip· lop 

54LSOO 30001 Quad 2-lnput NAND Gate Fairchild GATES, AND-ORI AND-OR-INVERT 
54178 02104 Dual J-K Master-Slave National National 

Flip·Flop Motorola 
4019 05302 Quad AND·OR Select Gate National Signetics 

TI RCA 
54S74 07101 Dual 0 Flip-Flop Signetics SSS 

54LS03 30002 Quad 2-Input NAND Gate, Motorola 
5450 00501 2-2-lnput AOI Gate, Motorola 54S112 07102 Dual J·K Negative Edge-' O/C Signetics 

Triggered Flip·Flop with TI Expandable National 
Preset and Clear Signetics 

54lSOB 31004 Quad 2-Input AND Gate Fairchild ~:gnetic~ 
Motorola 54S174 07105 Hex D·Type Flip·Flop AMD 

2-2-lnput AOI Gate, Motorola Fairchild National 5451 00502 
Raytheon Expandable National 

54S175 07106 Quad D-Type Flip-Flop Fairchild Signetics Signetic! 
AMD TI TI 
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GATES, AND-ORf AND-OR-INVERT (cont) GATES, ORfNOR (cont) MULTIVIBRATORS 

Device M38510/ Description Source Device M38510/ Description Source Device' M38510/ Description Source 

5453 00503 2-2-2-2-lnput AOI Gate, Motorola 54lS32 30501 Quad 2-lnput OR Gate Fairchild 54121 01201 Monostable Multivibrator Motorola 
Expandable National Motorola Signetic~ 

Signetics National 54122 01202 Retriggerable Monostable Motorola 11 Signetics Multivibrator with Clear 
5454 00504 2.2-2-2-lnput AOI Gate Motorola 54102 02701 Quad 2-lnput NOR Gate National 

54123 National 01203 Dual Retriggerable Motorola 
Signetics 54S02 07301 Quad 2·lnput NOR Gate Signetics Monostable Multivibrator Signetic! 
TI with Clear 

10501 06001 Quad 2-lnputOR/NOR Motorola 
54H50 04001 2-2-lnput AOI Gate, Motorola Gate 54LS122 31403 Retriggerable Monostable 

Expandable Signetics Multivibrator with Clear TI 
54H51 04002 Dual 2-2-lnput AOI Gate Motorola 

10502 06002 Quad 2-lnput Gate Motorola 
(3 NOR, lOR/NOR) 54lS123 31401 Dual Retriggerable 

Signetics Monostable 
54H53 04003 2-2-2-3-lnput AOI Gate, Motorola 10505 06003 2-3-2-lnput OR/NOR Gate Motorola Multivibrator with Clear 11 

-
Expandable Signetics 10506 06004 4-3-3-lnput OR/NOR Gate Motorola 54LS221 31402 Dual Monostable 

54H54 04004 2-2-2-3-lnput AOI Gate Motorola 10509 06006 4-5;lnput OR/NOR Gate Motorola 
Multivibrator, Schmitt 

Signetics Trigger Input TI 

54H55 04005 4-4-lnput AOI Gate, Motorola 9601 01204 One Shot Multivibrator Motorola 
Expandable Silo!netics LATCHES 9'"'''' C!205 Dua! Or.a Shot ~~~otcro!a V"L 

54LS51 30401 Dual 2-3-lnput AOI Gate Motorola 5475 01501 Quad Bistable Latch, Motorola 
Multivibrator 

National Complementary Output Signetics Signetics 
TI 5477 01502 Quad Bistable Latch Motorola MISCELLANEOUS ------------ Signetics 54lS54 30402 2-2-2-3-lnput AOI Gate Motorola 
National 9314 01504 Quad Multifunction Latch Motorola 5413 15101 Duai 4-input NAND Motorola 
Signetics Schmitt Trigger Signetics 
TI 5414 15102 Hex Schmitt Trigger, Motorola 

54S51 07401 2-2-lnput AOI Gate Signetics MULTIPLEXERS Inverting Signetics 

54S64 07402 4-2-3-2-lnput AOI Gate Signetics 54150 01401 16-Channel Data Motorola 54132 15103 Quad 2-lnput NAND Motorola 
Selector/Multiplexer Schmitt Trigger Signetics 

GATES, EXCLUSIVE OR/NOR 
54151 01406 8-lnput Multiplexer Motorola 54180 01901 9-Bit Odd/Even Parity Motorola 

National Generator/Checker National 

4030 05303 Quad Exclusive OR Gate National 
Signetics Signetlcs 

SSS 54153 01403 Dual 4-Channel Data Motorola 54LS13 31301 Dual 4-ln/,ut NAND Signetics 
Selector/Multiplexer National Schmitt rigger TI 

5486 00701 Quad 2-lnput Exclusive Fairchild Signetics 
OR Gate. Motorola 54LS14 31302 Hex Schmitt Trigger, Signetics 

National 54LS151 '30901 8-lnput Multiplexer Motorola . Inverting TI 
Signetics R~ytheon -------------,-~, ... _---------
TI - -_ .. --.--- 54LS132 31303 Quad 2-lnput NAND Motorola' 

54LS153 30902 Dual 4-Channel Data AMD Schmitt Trigger Signetics 
54LS86 30502 Quad 2-lnput Exclusive Motorola Selector/Multiplexer Fairchild 11 I 

OR National Motorola 
Signetics Raytheon 

54LS266 30303 
Signetics I 

Quad 2-lnput Exclusive National TI 
NOR Gate, O/C Signetics 

54LS157 30903 Quad 2-lnput Multiplexer, AMD INTERFACE TI 

54586 07501 Quad 2-lnput Exclusive Signetics 
Non-Inverting Fairchild 

Raytheon LINE DRIVERS AND RECEIVERS ________ ~~_te ____ Signetics 
10507 06005 Triple 2-lnput Exclusive Motorola TI 545140 08101 Dual 4·lnput Positive Signetics 

OR/NOR Gate 54LS158 30904 Quad 2-lnput Multiplexer, AMD NAND Line Driver 
Inverting Raytheon 

55107 10401 Differential Line Receiver Fairchild Signetics 
GATES, ORiNOR TI TI 

4000 05201 Dual 3-lnput NOR Gate RCA 54LS251 30905 8-lnput Multiplexer, Fairchild 55108 10402 Differential Line Receiver Fairchild 
Complementary Input, TI TI 

plus Inverter SSS Strobe, TS 
4001 05202 Quad 2-lnput NOR Gate National 55113 10405 Dual Differential Line 

54LS253 30908 Dual 4-lnput Multiplexer, Fairchild Driver, Three-State T! RCA TS Motorola -__________________ SSS ___ 
~ignetics 55114 10403 Dual Differential Line Fairchild 

4002 05203 Dual 4-lnput NOR Gate National TI Driver TI --RCA 54LS257 30906 Quad 2-lnput Multiplexer, Signetics 55115 10404 Dual Differential Line Fairchild SSS Non-Inverting, TS TI Receiver TI 
-"----4025 05204 Triple 3-lnput NOR Gate National 54LS258 30907 Quad 2-lnput Multiplexer, RCA Inverting, TS TI _______________ ,_, _____ SS~ ____ 

5402 00401 Quad 2-lnput NOR Gate Fairchild 54S151 07901 8-lnput Multiplexer Fairchild LINEAR Motorola Signetics 
National 54S153 07902 Dual 4-Channel Data Signetics AMPLIFIERS Signetics Selector/Multiplexer 
TI 

AMD" 
5423 00402 Dual 4-lngut NOR Gate Motorola 54S157 07903 Quad 2-lnput Multiplexer, AMD lOlA 10103 Operational Amplifier 

Non-Inverting Fairchild Fairchild 
with Stro e, Expandable TI Signetics National 

5425 00403 Dual 4-lnput NOR Gate Motorola 54S158 07904 Quad 2-lnput Multiplexer, AMD 10BA 10104 Operational Amplifier Fairchild with Strobe TI Inverting Fairchild National 
5427 00404 Triple 3-lnput NOR Gate Fairchild ___________ Signeti~ --

Motorola ----- 118 10107 Operational Amplifier National 
Signetics 54S257 07906 Quad 2-lnput Multiplexer, -------~--- I Non~lnve,rting, TS AMD 118 11001 Quad Operational 
TI Amplifier Fairchild 

5432 16101 Quad 2-lnput OR Gate Signetics 54S258 07907 Quad 2-lnput Multiplexer; 
Inverting, TS AMD 741 10101 Operational Amplifier AMD 

54LS02 30301 Quad 2-lnput NOR Gate Fairchild Fairchild 
Motorola 9309 01404 Dual 4-lnput Multiplexer AMD National 
National Motorola Raytheon 
Raytheon Signetics 

10102 Dual Operational AMD Signetics 
8-Channel Data Selector/ 

747 
TI 9312 01402 AMD Amplifier Fairchild 

Multiplexer Motorola National 
54LS27 30302 Triple 3-lnput NOR Gate Fairchild 

Quad 2-lnput Data Motorola 9322 01405 AMD 2101 10105 Dual Operational Amplifier Fairchild 
National Selector/Multiplexer Motorola 
Signetics (Non-Inverting) National 4136 11004 Quad Operational 
TI Signetics Amplifier Signeties 

------~---.-. -
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~OMPARATORS MEMORY· SHIFT REGISTERS (cont) 

~eYlce M38510/ Description SOllrce PROM 
Dewlce M38510/ Description SOllrce 

111 10304 Voltage Comparator Fairch.ild 
Dewice M38510/ Description Source 

5496 00902 5-Bit S.R. Motorola 
National Signeties 
AMD 

HPROM0512 512-8it Programmable Harris National 

710 10301 Voltage Comparator Fairchild 20101 Read Only Memory 54164 00903 8·Bit Serial-In • National 

.711 10302 Dual Voltage Comparator Fairchild 825226 20301 PROM, 256x4, OC Harris Parallel·Out S.R. Signetics 
MMI 
5ignetics 

54165 00904 8·Bit Parallel·Serial S.R. Motorola 

FOLI,.OWERS 825129 20302 PROM, 256x4. TS. Harris 54194 00905 4·Bit Universal S.R. Motorola 
MMI National 

110 10602 Voltage Follower Fairchild Signetics 54195 00906 4-Bit Parallel Access S.R. Motorola 
82S130 20401 PROM, 512x4. OC Harris S4lS95 30603 4·Bit Parallel Access S.R. Signetics MMI 

TIMERS Signeties TI 

5·Bi! S.R. 
10901 Signeties 825131 20402 PROM. 512x4. TS Harris 54LS96 30604 Signetics 

555 Timer MMI TI 

556 10902 Dual Timer Signetics Signeties 
54lS164 30605 8·Bit Serial In. Parallel AMD 

Out; S.R. National 
RAM Signetics 

TRANSISTOR ARRAYS TI 
2680 23501 4096xl Dynamic RAM TI 

3045 10802 Transistor Array Fairchild 
54lS 194 3060 1 4-Bit Universal AMD 

TMS4050 23502 4096x1 Dynamic RAM TI Bidirectional 5.R. Signeties 
n 

VOLTAGE REGULATORS SHIFT REGISTERS 54LS195 30602 4·Bit Parallel In. Parallel AMD 
Out, S.R. Signetics 

723 10201 Voltage Regulator Fairchild 4006 05701 18·Bit Static S.R. National· TI 
RCA 

78M05 10702 5V. 500mA Voltage SSS 54lS295 30606 4·Bit Parallel In. Parallel Signetics 

Regulator Fairchild Out. Right/left S.R. TI 
4014 05702 8·Bit Static S.R. National 

78M12 10703 l2V. 500mA Voltage (Synchronous) RCA 54lS39S 30607. 4·Bit Parallel In. Parallel Signetics 

Regulator Fairchild 4015 05703 Dual 4·Bit Static S.R. National 
Out. Cascadable S.R. TI 

78MlS 10704 lSV. SOOmA Voltage 
RCA 545194 07601 4·Bit Universal S.R. AMD 

Regulator Fairchild SSS 
9300 15901 Universal 4·Bit S.R. Motorola 

78M24 10705 24V. 500mA Voltage 
4021 05704 8·Bit Static S.R. National 

(Asynchronous) RCA 9328 15902 Dual 8·Bit S.R. Motorola 
Regulator Fairchild 

4031 05705 64-Bit Static S.R. National 
780S 10706 5V, 1A Voltage Regulator Fairchild RCA 

7812 10707 12V. 1AVoitage Regulator Fairchild 54L95 02801 4·Bit Parallel Access S.R. National MICROPROCESSOR 

7815 10708 lSV. lAVoltage Regulator Fairchild 5495 00901 4·Bit Parallel Access S.R. Motorola 6800 40001 Microprocessor Motorola 

7824 10709 24V. 1A Voltage Regulator Fairchild 
Signeties 
National 8080A 42001 Microprocessor intel 

t 
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how to use 

APPUCADII 
liTE IIIECTIIY 
The Application Note Directory is a comprehensive 
guide to the many Ie application notes available. 
It lists the devices covered, describes each note, 
and tells· who publishes each one. 

the application note directory 
The appiication notes in this directory can be lo­
cated by function or device number. 

number of categories to be sure you've found 
everything you want, but finding suitable informa­
tion can save you considerable design time. 

1. To find out what is published by function, 
locate the closest topics in the index below, turn to 
the pages indicated, and. scan through th~ listings." 

If an application note covers specific devices or 
it shows in some detail how certain devices are 
used, these device numbers are listed in paren­
theses just below the title. 

2. To find all the application notes covering a 
given device, look u.p the device in the Part Number 
Index at the front of this book. The ~ sign leads to 
application notes. 

The application note descriptions are organized 
under the headings: Digital, Linear, Memory and 
Microprocessor. Beneath those headings are 
functional and applications categories arranged 
alphabetically. Within each category the notes are 
arranged in alphabetical sequence by manufacturer. 
The mixing of functions and applications is neces­
sary, since application notes do not lend them­
selves to classification entirely by function Or 
entirely by application. When an application note 
fits under several categories, it is listed in one and 
cross referenced by the others. This may mean 
that you have to spend five minutes checking a 

The application note descriptions are as short as 
possible. They are designed to save you time in 
reading while giving an overall sense of the con­
tents. The length of each note is indicated in 
parentheses on the last line; if the note is bound 
into a book, the last line will show that it is part 
of a handbook, databook, catalog, etc. 
Once you have determined which application 
notes you need, check to see if the manufacturer has 
placed the complete application note in the back of 
this section (immediately following the short de­
scriptions). If not, contact the manufacturer's sales 
office or write to the manufacturer. Be sure to give 
both the title and the application note number. 
Addresses and phone numbers are listed in the 
Manufacturers and Distributors Directory. 
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APPLICATION NOTE DIRECTORY'~ 

DIGITAL 

Arithmetic Arithmetic (cont) 

1 "The AM2506 - A Latching ALU" Compares conventional shift and add technique to conversion from 
(AM2506) binary to BCD using the 74185A. Tells how to interconnect these 
Combines four-bit arithmetic logic unit and four-bit latch. Describes converter packages for 6-bit through 20-bit binary inputs and 4, 5 
application in high-speed multiple word adder, multiple master-slave or 6 decade BCD inputs. Describes conversion of fractions using the 
registers, 16-word arithmetic register, multiplication at 16 MHz rate. 74283, 74284 and 74285. 
Advanced Micro Devices Application Note (4 pgJ Texas Instruments Application Report CA-171 (19 pg.) 

2 "Overflow Detector in Binary Adders" 11 "Fast Multipliers Using TTL Read Only Memories" 
, (AM9309) See listing under (Memory) ROMs. (Texas Instruments) 
Discusses the detection of overflow errors using an IC multiplexer. 
Advanced Micro Devices (2 pgJ 

3 "AM25S10 Four-Bit Shifter" CMOS 
(AM25S1Q) 
Provides functional description and discusses logic equivalents. 

12 "Intrinsically Safe Data Acquisition" App~ications: up-shift, d.own and around end shifts, scaling and fixed 
multiplication. Presents methods by which CMOS circuitry can be used in the con-
Advanced Micro Devices Application Note (10 pg,) struction of intrinsically safe low-level multiplexers, AI Os, and 

instrumentation amplifiers. . 

4 "Applications of the TTL/MSI 93S43 4-Bit by 2-Bit Two's Burr-Brown AN-84 (4 pg,) 
Complement Multiplier" 
(93S43) 13 "Minimizing Gate Oxide Failures Due to Handling" 
How to implement a combinatorial multiplication array of any size Describes oxide failure mechanisms, evaluates rnput protection 
for two's complement numbers. How to multiply in other number techniques, and recommends handling procedures to avoid failure. 
representations. Speed/ hardware tradeoffs, normalization of float- Harris Application Report 208 (3 pg,) 
ing point numbers after multiplying, rounding or truncation of 
double length products. 
Fairchild Application,. Note 329 (15 pgJ 14 "CMOS: Some Application Guidelines" 

Presents General Guidelines when using CMOS. 
5 "MECL 10,000 Arithmetic Elements MC10179, MC10180, Harris Application Note 209 (7 pgJ 

MC10181" 
'See listing under (Digital) High Speed Logic (Motorola). 15 "Using Junction Isolated CMOS" 

6 "NBCD Sign and Magnitude Adder'lSubtracter" 
Covers problems and application rules related to forward biasing 
CMOS inputs and outputs. 

(MC14560, MC14561) Harris Application Note 210 (4 pgJ 
Describes CMOS parallel adder-subtracters for both signed and un-
signed natural binary coded decimal (NBCo) numbers. 
Motorola AN-738 (7 pgJ 16 "Avoiding CMOS Noise-Sensitivity Problems" 

Describes noise sensitivity problems peculiar to MOS technologies 
7 "High-Speed TTL Adders" and solutions to these problems. 

(DM5483, DM7483) Harris Semiconductor AN-21 I (6 pgJ 

Describes I6-bit parallel adders, using the DM7283/DM8383, and 
connections for ripple-carry.addition. Also describes BCD adder tech- 17 "CMOS Analog Multiplexers and Switches; Applications, 
niques implemented with these, devices. Shows how the devices Considerations" 
can be used to improve the performance of MOS storage systems. Covers selection criteria, parameter definitions, handling and de-
National AN-35 (6 pgJ sign precautions, typical applications, and other topics concerning 

CMOS ana log multiplexers and switches. 
8 "Arithmetic Arrays Using Standard COS/MOS Building Harris Semiconductor AN-520 (9 pgJ 

Blocks" ' ' 
(CD4001, CD4008, CD4011, CD4013, CD4019) 18 "Getting the Most Out of CMOS Devices for 
Describes design of a 32-bit full adder/arithmetic Jogic system. Dis- Analog Switching Jobs" 
cusses four-bit full adder, quad AND-OR select gate, dual D-type Describes latch-proof junction isolation, floating-body junction isola-
flip-flop, input NAND gates, input NOR gates, and arithmetic register. tion, and dielectric isolation as solutions to CMOS problems when 
RCA ICAN-6600 (6 pgJ applied to analog design. 

Harris Semiconductor AN-521 (7 pgJ 
9 "COS/MOS Rate Multipliers - Versatile Circuits for 

Synthesizing Digital Functions" 
19 "MasterMOS, a Custom CMOS System" (CD4089, CD4527) 

Describes operation of a rate multiplier, and the effects of cascad- (MasterMOS) 

ing. Covers addition,subtraction, multiplication, division, square and Describes the construction of these devices which are customized 

higher order roots, frequency ratios and i,ntegration. Also discusses by changing the metalization pattern. 

symmetric operations. International Microci rcuits (6 pgJ 

RCA ICAN-6739 02 pgJ 
20 "MasterMOS Design Manual" 

10 "Converting To and From Binary Using the SN74184 and (MasterMOS) 
SN74185A" Detailed instructions and drawing for customizing these arrays. 
(SN74184, SN74185A, SN74283, SN74284, SN74285l International Microcircuits $35.00 (70 pg.l 
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DIGITAL 

CMOS (cont) CMOS (cont) 
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152 

"A New CMOS Analog Gate Technology" 
See listing under (Linear) Switches. (Jntersil) 

"NSCD Sign and Magnitude Adder/ Subtracter" 
See listing under Arithmetic (Motorola) 

"A 31f2 Digit DVM Using 'an Integrated Circuit Dual Ramp 
System" 
See listing under (Linear) Instrumentation (Motorola) 

"Noise Immuniti Compaiiscn cf CMOS Ve;o:;u:; Po;::.:!:::, 
Bipolar Logic Families" 
Compares the noise immunities of TTL, DTL, HTL, and CMOS logic 
families. Discusses common noise sources, precautions against 
noise, noise specification, and standard noise tests. 
Motorola AN-707 (S pg.) 

"Introduction to CMOS Integrated Circuits with 
Three-State Outputs" 
Describes a wide variety of CMOS ICs incorporating transmission I 
gates with stan~ard logic. Gives design rules. Covers applications in 
analog switching and multiplexing, digital multiplexing, and data 
bussing. 
Motorola AN-715 (19 pg.) 

"Scanning Logic for RF Scanner-Receivers Using CMOS 
Integrated Circuits" 
Describes rf scanner·receiver control functions using standard CMOS 
devices. Covers crystal switching and priority channel monitoring 
with mention of phase·locked loop designs. 
Motorola AN-753 (7 pg.) 

"CMOS Monostable Multivibrators" 
(MC1453SB) 
Covers theory of operation with emphasis on pulse widths, retrig­
gerable and non-retriggerable operation. Describes use in a tach· 
ometer. 
Motorola AN-772 (7 pg.) 

"CMOS Linear Applications" 
(MM74COO, MM74C02, MM74C04) . 
Describes use of CMOS devices biased to operate at the midpoint 
of the transfer characteristics. 
National AN-S3 (3 pg.) 

"CMOS Oscillators" 
Oescribes square wave oscillators that can be built with CMOS logic 
elements. 

13 

14 

15 

16 

17 

18 

National AN·UB (4 pgJ 
I 19 

"54C/74C Family Characteristics" 
(MM54C Series, MM74C Series) 
Discusses output, noise and temperature characteristics, power con· 
sumption, and propagation delay for the 54C/74C logic family. 
National AN-90 (6 pg.) 

"MM54C/74C Voltage Translation/Buffering" 
See listing under Interface (National) 

"DeSigning with MM74C908, MM74C918 Dual High 
Voltage CMOS Drivers" 
(MM74C90S, MM74C91S) 
Presents curves for power dissipation design limits. Shows simple 
driver circuits plus flasher, oscillator, siren and latch applications. 
National AN-Ill 02 pg.) 

20 

"COS/MaS Integrated Circuits Manual" 
(CD4000 series) 
Discusses fabrication, logic system design, and applications of RCA 
COS I MOS circuits. 
RCA CMS-272 $2.50 (224 pg.) 

"Noise Immunity of COS/MaS Integrated-Circuit Logic 
Gates" 
(CD4000A, CD4001A) 
Evaluates noise immunity of the CD4000A/OIA gates with respect 
to ~xt~rn~1 n(li~e, N(lc:c:talk, trtlnc:mic:sinn-linp. rp.flp.r.tinns; power. 
line noise, and ground-line noise. Includes schematics and logic 
diagrams. 
RCA ICAN-6176 (S pg.l 

"A Typical Data-Gathering & Processing System Using 
CD4000A-Series COS/MaS Parts" 
(CD4000 Series) 
Describes data·gathering and processing system using CMOS cir· 
cuits. Includes discussion of input signal conditioning and transmis· 
sion, the digital processor unit, receiver, memory, arithmetic unit, 
display unit, output buffer, output transmitter, receiver, and control 
unit. 
RCA ICAN-6210 01 pgJ 

"Radiation Resistance of the COS/MaS CD4000A Series" 
(CD4000A Series) 
Provides a graph plotting permanent radiation resistance of CD4000A 
series. Discusses design considerations for increasing resistance. 
RCA ICAN-6224 (2 pgJ 

"Guide to Better Handling and Operation of 
CMOS integrated Circuits" 
Recommends specific handling and operating practices to minimize 
the probability of damage in the manufacturing and field environ· 
ments. 
RCA ICAN-6525 (5 pg.) 

"Using the CD4047A in COS/MaS Timing Applications" 
(CD4047l 
Compares this monostable·astable multivibrator with simpler types 
of oscillator circuits and discusses applications, including a noise 
discriminator, low-pass and band-pass filters, a frequency discrimina· 
tor, and a pulse generator. 
RCA ICAN-6230 (13 pg.) 

.. Astable and Monostable Oscillators using RCA 
COS/MOS Digital Integrated Circ.uits" 
(CD4000 Series) 
Describes several techniques used to compensate for the normal 
threshold variation of MOS devices in the design of stable multi­
vibrator circuits for operation at frequencies up to 1 MHz. Also 
cO\ler~ applications for muitivibrator circuits including VCGs, volt­
age controlled pulse-width circuits, and phase·locked VCOs. 
RCA ICAN-6267 

"A COS/MOS PCM Telemetry and Remote Data 
Acquisition Design" 
(CD4000 Series) 
Descripes data transmission formats and the following data acquisi. 
tion sections: analog and digital multiplexers, AI D converters, trans· 
mission formatters and system programmers. 
RCA ICAN-6289 (12 pg.l 
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"Power Supplies for COS/MOS" 
(CD4000 Series) 
Discusses the factors involved in the selection of CMOS supply 
voltages including the system operating frequency, noise immunity 
and power dissipation. Examples of simple power supply circuits are 
also given. 
RCA ICAN-6304 (5 pgJ 

"Applications of the RCA.;CD4093B COS/MOS Schmitt 
Trigger" . , 
(CD4093B) 
Describes characteristics of the CD4093 quad 2-input Schmitt 
trigger. Covers applications in waveshaping (sinewave to square­
wave, edge delay, edge detection), power-on reset, astable multi­
vibrators and use as a Schmitt trigger for noise immunity. 
RCA ICAN-6346 (6 pgJ 

"Using the CD4520B to Design Dividers with Symmetrical 
Outputs" 
(CD4520B) 
Describes how to use this CMOS counter to divide an input fre­
quency by N where N is any integer from 2 to 256 and obtain out­
puts with approximately 50% duty cycles. 
RCAICAN-6362 (10 pgJ 

"Fundamentals of Testing COS/MOS Integrated Circuits" 
Describes the techniques employed in testing CMOS devices to 
assure their adherence to data sheet specs. 
RCA ICAN-6532 (14 pgJ 

"Understanding Buffered and Unbuffered CMOS 
Characteristics" 
Presents the relative merits of buffered and unbuffered CMOS de­
vices. Provides background, definitions, and an applications chart. 
RCA ICAN-6558 (8 pgJ 

"Radiation Resistance of the COS/MOS CD4000A and 
CD4000B Series" 
(CD4000 Series) 
Studies permanent and transient radiation as they affect CMOS 
devices~ 
RCA ICAN-6563 (3 pg.) 

"Applications of CD40107Be COS/MOS Dual Buffer" 
(CD40107BE) , 
Details the characteristics of the CD40107BE and the variety of 
applications including a lamp driver, an LED driver, and a relay driver. 
RCA ICAN-6564 

"COS/MOS Electrostatic-Discharge Protection Networks" 
(CD4000 Series) 
Discussion and illustrations of the various electrostatic-discharge 
protection networks provided on RCA CMOS parts. 
RCA ICAN-6572 (2 pg.l 

"Power-Supply Considerations for COS/MOS Devices" . 
(CD4000 Series) . 
Includes discussion of quiescent d'evice dissipation, switching char­
acteristics, ac dissipation and ac performance characteristics, cal­
culating system power, power supply regulation and filtering re­
quirements. 
RCA ICAN-6576 (6 pg.) 
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CMOS (cont) 

10 "Noise Immunity of COS/MOS B-Series 
Integrated Circuits" 
(CD4000UB Series, CD4000B Series) 
Evaluates noise immunity of B-series CMOS devices with respect to 
noise-energy immunity,and dcl ac noise-immunity. I ncludes defini­
tions of test terms, discussion of logic-system noise and rejection, 
and schematics. 
RCA ICAN-6587 (9 pgJ 

11 "Interfacing Analog and Digital Displays with CMOS 
Integrated Circuits" 
(CD4000 Series) 
Details some of the CMOS ICs most suitable for interfacing the elec­
tronic circuit and the display. For digital displays, basic display 
operation' is also covered as an aid in selecting the appropriate 
interfacing device, 
RCA ICAN-6595 02pg.) 

12 "Interfacing COS/MOS with Other Logic Families" 
(CD4000A Series) , 
Describes conditions governing interface of CMOS 4000A series with 
other logic families. 
RCA SSD-203 ICAN-6602 (12 pg.) 

13 "Battery-Powered Digital-Display Clock/Timer and 
Metering Applications Utilizing the RCA CD4026A and 
CD4033A Decade Counters 7-Segment Output Types" 
(CD4009, CD4010, CD4026, CD4033) 
Describes the CD4026A/33A ICs and their use with 7-segment dis­
play units. Discusses interface packages and methods to help the 
designer optimize his system. Includes a discussion of battery­
operated systems for digital clocks and watches. 
RCA ICAN-6733 (16 pgJ 

14 "CMOS/MOS Interfacing Simplified" 
See listing under (Digtial) Interface (RCA) 

15 "CMOS/MOS Rate Multipliers - Versatile Circuits for 
Synthesizing Digital Functions" 
See listing under (Digital) Arithmetic (RCA) 

16 "Design of Fixed al)d Programmable Counters Using the 
RCA 4018A COS/MOS Presettable Divide-by-"N" Counter" 
See listing under (Digital) Counters. (RCA) 

17 "Application of CD4016A Quad Bilateral Switch" 
See "Transmission and, Multiplexing of Analog or Digital Signals 
Using the CD4016A Quad Bilateral'Switch" Under (Digital) Data 
Transmission. (RCAl 

18 "Using Complementary MOS Circuits" 
(SCL4013A, SCL4046A, SCL40I8A, SCL4026A, SCL4029A, SCL4404AJ 
Reviews CMOS operation, cost, and reliability. Discusses application 
of the SCL40I8A in a three decade rate multiplier; the SCL4029A 
in counting devices; the SCL4404A and SCL403IA in AID converters; 
and SCL40I6A in analog switching. 
Solid State Scientific AN-lOI (6 pg.l 

19 "CMOS Expandable Gates" 
(SCL4402A, SCL44I2A) 
Compares the transfer characteristics of ordinary CMOS gates to 
those gates-using double buffered, output. Includes performance 
characteristics and discusses expansion of SCL44I2A and SCL4402A 
to 12-input NOR, I6-input OR, and other combinations. 
Solid State Scientific AN-102 (3 pgJ 
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"CMOS Integrated Circuits in Automotive Applications" 
General discussion, also includes discussion of high current cir· 
cuits, constant current or constant impedance circuit, digital time 
delay circuit, digital low-pass filter. 
Solid State Scientific AN·I03 (5 pg.) 

"Interfacing with CMOS" 
Describes electrical characteristics of CMOS inputs and outputs. 
Discusses interfacing CMOS with CMOS, PMOS, NMOS, DTL/ TTL, 
HTL, and CL. 
Solid State Scentific An-l04 (5 pgJ 

"Improved CMOS Gate Design" 
(SCl4000 Series) 
Description of the output buffering of the SCL4000 Series 
Solid State Scientific AN·I05 (3 pgJ 

"A Simplified Approach to Testing CMOS Inverters and 
Gates" 
Bench tests using a lower supply and a V-O-M are described. They 
include continuity, input leakage, Quiescent device current, output 
voltage, noise immunity, output drive current and threshold voltage. 
Solid State Scientific AN·I07 (4 pg.) 

"Applications of CMOS Integrated Circuits in 
Communications Equipment" 
(SCL4000 Series) 
Uses of SCl4000 Series circuits as frequency synthesizers, digital 
frequency displays, frequency scanners, and squelch circuits. 
Solid State Scientific AN·108 (4 pgJ 

"CMOS Wave Shaping and level Detection" 
Describes methods to obtain modified transfer charactertistics of 
doubie buffered NAND gates, by connecting inputs together, con­
necting extra inputs to Vee, etc. Shows how to obtain variable 
amounts of hysteresis, and describes systems of level detection 
using trigger circuits. 
Solid State Scientific AN-l09 (5 pg.l 

"Using the SCl 4528 Dual Monostable Multivibrator" 
(SCL4528) 
Describes operating modes and timing, equations for pulse width 
calculations. 
Solid State Scientific AN·l1I (6 pg.) 

Consumer 

"A Navigation Receiver That Uses A Digital Frequency 
Synthesizer" 
CuA719l 
Gives schematics for a navigation receiver. Discusses the digital 
frequency synthesizer, vaiactor tuned RF amplifier, AGe amplifier, 
mixer, IF amplifier, and detector portions. 
Fairchild Application Note 178 (6 pg.l 

.. 'Little Teacher'. Using the C593/ C597 Calculator 
Circuit" . 
(C I CF593, C I CD597) 
Describes a calculator circuit used as a teaching toy. If a child 
answers a given problem correctly a pass lamp is lit; otherwise a 
fail lamp is lit. 
Genera! Instrument Bulletin 0202 (3 pg.l 

Consumer (cont) 
--------------

10 "12/24 Hour Digital Auto Clock" 
(AY9-1000, CK330Q) 
Provides circuit diagram and description of a 12 or 24 hour auto 
clock. 
General Instrument Bulletin 0301 (3 pg.l 

11 "Industrial Clock/Timer Featuring Back~up Power Supply 
Operation" 
Describes the design and operation of a clock timer with digital 
readout suitable for industrial control applications. CMOS circuits 
are used for reduced power. 
Motorola AN·718A 

12 "Calculator Learns to Keep Time" 
Describes stopwatch and keyboard controiled intervai timing func· 
tions using the MM5736 calculator chip. 
National AN·119 (8 pg,) 

13 "Handheld Calculator Battery Systems" 
Describes the tradeoffs in battery performance for 6.5-9.5v calcu· 
lators driven by 2, 3 and 4 cell as well as 9v. batteries. 
National AN·149 (4 pg,) 

14 "High Voltage Shift Registers Move Displays" 
See listing under (Memory) Shift Registers (National) 

15 "Timekeeping Advances Through COS/MOS Technology" 
Discusses basic oscillator design considerations, practical oscil· I 
lator circuits, and some typical timing·circuitapplications, including I 
wrist watches, wall clocks, and auto clocks. I 
RCA ICAN-6086 (12 pg.l 

16 "CMOS Integrated Circuits in Automotive Applications" 
See listing under (Digital) CMOS. (Solid State Scientific) 

17 "Automotive Electronics: Choosing the Right Technology" I 
Defines operational considerations and compares CMOS, PMOS, and 
bipolar. 
Sprague TP 74·5 (10 pg.l 

Counters 

18 "Single IC Forms 2~to~9-Bit Ring Counter" 
(AM2503) 
Describes use of device to make a ring counter. 
Advanced Micro Devices (2 pg.) 

19 "Design for a Battery Operated Frequency Counter" 
(lCM7207A, ICM7208} 
Describes the design, circuit and layout of a 7 digit frequency and 
period measurement counter. 
Intersil A015 (6 pgJ 

20 "Using the MK5009P MOS Counter Time-Base Circuit" 
(MK5009) 
Describes the use of the MK5009 along with complete circuits for a 
digital frequency meter, pulse generator and digitally.program- I 

mabie one-shot. Discusses operation of the units oscillator circuit. 
Moste1< AN·I04 {4 pg.l 
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Counters (cont) 

1 "Applications Using the MK50395 Six 'Decade Counter 
Display Totalizer" 
(MKS039S, MKS0396, MKS0397) 
Discusses use of the counter in batch control position measurement, 
greater-than less-than detection, automatic stop, frequency counter, 
darkroom timer, digital tuning, and N-Pulser applications. 

, Mostek (16 pgJ 

2 "Application Information Using Mostek's Six-Decade 
Counter/Display Totalizer" 
(MKS039~ , 
Covers circuit operation and input! output requirements. Describes 
use in a batch control system, a position measurement system and 
greater-than less-than detection. 
Mostek (8 pg:) 

3 "Programmable Counters Using the MC10136 and 
MC10137 MECL Universal Counters" 
(MC10136, MCI0137) 
Circuit operation and use in programmable counters with no external 
gating. Also use in high-frequency counters operating up to 
110 MHz. 
Motorola AN-S84 (4 pgJ 

4 "Battery-Powered 5 MHz Frequency Counter" 
Describes a battery operated 5 MHz counter built with CMOS for 
low power operation. Discusses methods to minimize power con­
sumption. 
Motorola AN-7l7 (9 pg,) 

5 "A 200 MHz Autoranging MECL-McMOS 
Frequency Counter" 
(MCI0000 Series) 
Presents basic frequency counter design along with the schematics 
and diagrams needed to build a 200 MHz autoranging frequency 
counter. 
Motorola AN-742 (11 pg.) 

6 "Five Digit Accumulator/Elapsed Time Indicator" 
(MC14S34) 
Describes in detail the circuit for a CMOS 5 digit elapsed time 
indicator and a 99,999 count accumulator with a 1-999 prescaler. 
Motorola AN-743 (S pg,) 

7 "The Logical Design of St'lift Counters" 
Presents two techniques to aid in designing shift-register counters. 
Gives results for "sequence tree" and I'count multiplication" tech­
niques for cycle lengths of 30 or less. Shows solutions for both 
"0" flip-flops and J-K flip-flops as the input elements of the shift 
register. 
Motorola AN-576 (S pg,) 

8 "An NISI 500 MHz Frequency Counter Using MECL and 
MTTL" 
See listing under High Speed logic. (Motorola) 

9 "Calculator Chip Makes A Counter" 
(MMS736, MMS739) 
Discusses use of the MMS736 calculator chip as a counter operating 
up to 120 Hz. 
National AN-1I2 (6 pg,) 

10 "Keyboard Programmable Divide-by-UN" Counter with 
Symmetrical Output" 
(MM54C922, MM74C922) 
Describes a circuit to divide by 1 through 16 by pushing a single 
key for each division ratio. ' 
National DB-S (2 pg,) 
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Counters (cont) 

11 "Design of Fixed and Programmable Counters USing the 
RCA 4018A COS/MOS Presettable Divide-by-UN" Counter" 
(CD4018) 
Describes the use of this device in single-decade and multi-decade 

. fixed and programmable divide-by-"N" counters. System considera­
tions, such as switch simplifications, components minimization, and 
speed are also discussed. 
RCA ICAN-6498 (6 pgJ 

12 "A Basic Selection Guide to Digital Counters" 
(CD4017, CD4024, CD4S1S) 
Discusses the advantages of the binary ripple counter and compares 
it with the Johnson decade counter and the BCD counter. Also covers 
selection of the most suitable counter for specific applications. 
RCA ICAN-65S2 (6 pg.) 

13 "Using the SN74160 Family of Synchronous Counters" 
(SN74160, SN74161, SN74162, SN74163) 
Describes carry circuit operation, cascading and programming. 
Texas Instruments Application Report CA-174 (7 pg,) 

Data Transmission 

14 "Line Drivers and Receivers" 
(AM2614, AM261S, 9614, 961S, 9620, 9621, DM783i, DM8831) 
Discusses single ended, differential, unbalanced differential digital 
communications systems and line matching methods. Describes the 
above circuits and their use in systems. 
Advanced Micro Devices Application Note 02 pgJ 

15 "Remote Multiplexing" 
Discusses acquisition of data at sensors distant from the ,location ' 
where the data is required and the control of actuators at a distance 
from the control system. Topics include interconnection, data 
transmission integrity, temperature, and electrical and mechanical 
protection. ' 
Burr Brown AN-SO (6 pg,) 

16 "Distributed Data Processing" 
Outlines design consideraUons dealing with remote data acquisition 
systems. Discusses distributed data processing and related topics 
such as system reliability, maintenance, network configurations and 
partitioning, and data base management. 
Burr Brown ,AN-Sl (S pgJ ' 

17 "Intrinsically Safe Data Acquisition" 
See listing under (Digital) CMOS. (Burr-Brown) 

18 "Stable FSK Modems Featuring the XR-2207, XR-2206, 
and XR-2211" 
(XR2206, XR2207, XR2211) 
Describes designing a modulator-demodulator for use in frequency­
shift keying. Circuit designs and the adjustment procedure for 
frequency tuning is included. 
Exar AN-01 (5 pg.) 

19 "Tri-State FSK Modem Design Using XR2206/XR2211" 
(XR2206, XR2211) 
Design of FSK modems with carrier detection and control capability 
are discussed. 
Exar AN-OS 
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Data Transmission (conI) 

1 

2 

"Using the Data Concentrator in Data Communications" 
(AY5-1016) 
Presents description of device and outlines general operating con­
siderations. Provides schematics of its use in a commutator! de· 
commutator, a polling system, and a digitally programmed gain 
amplifier. 
Generalillstruments Bulletin 0801 (8 pg.) 

"Using the UAR/T in Data Communications" 
Describes device and operation of both receiver and transmitter 
portions of circuit. Outlines use in computer interfacing, terminal 
interfacing, and a location identifier. 
General Instruments Bulletin 0802 (6 pg.) 

3 "The UAR/T in Data Communications" 
(AY5·1013) 
Describes this full duplex receiver/transmitter and discusses its 
application in computer, terminal and slow speed device inter· 
facing. Also covers use in polling. 
General Instrument Microelectronics (4 pgJ 

4 "Using the Data Concentrator in Data Communications',' 
(AY5-10I6) 
Describes counter, decoding matrix, and multiplexer switch sections 
of the AY5-1016 data concentrator. Describes commutator.decom· 
mutator and poliing system applications plus use as a digitally prQ­
grammable gain amplifier, and as a clock generator. 
General Instrument Microelectronics (11 pgJ 

5 "The AY-5-1011 Terminal Transmitter for Key-To-Tape 
Data Accumulation System and Other Applications" 
(AY5-1011) 
Describes features of this parallel·to·serial converter and discusses 
its use in key·to·tape systems. 
General Instruments Microelectronics (6 pgJ 

6 "High Speed Digital Communications" 
(HD245, HD246, HD545, H0546) 
Describes the use of the HO·245 family in a current mode digital 
communication system (up to 2 Mbs over 1,OOO·ft·long line.) 
Harris Application Note 205 (4 pgJ 

7 "Receiver/Transmitter Noise Immunity" 
(H0245, H0246, H0545, H0546) 
Discusses HD-245 transmitter/receiver system noise: External mag­
netic and capacitive effects, crosstalk, and ground line noise. 
Includes a comparison with voltage mode and differential voltage 
switching type systems. 
Harris Application Note 207 (4 pg.) 

8 "Using the 8251 Universal Synchronous/ Asynchronous 
Receiver/Transmitter" 

9 
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(8251) 
Oescribes this USART, covering its use as a component and as a 
communication·link in 8080 systems. Includes flowcharts· and pro· 
gram listings. .. 
Intel Application Note AP-16 $1.00 (32 pgJ 

"Using the 8273 SOLC/HOLC Protocol Controller" 
(8273) 
Explains the 8273 as a component and shows its use in a generalized 
loop configuration. 
Intel Ap-36 (44 pg.l 

Data Transmission (cont) 

10 "Bussing with MECL 10,000 Integrated Circuits" 
(MClOlll, MCI0123) 
Describes use of MECl 10,000 circuits in high speed data trans­
mission systems with emphasis on transmission iine construction and 
termination. 
Motorola AN-726 (6 pgJ 

11 "low 'Speed Modem Fundamentals" 
(MC6860) 
Describes interface circuitry and performance of the MC6860 low 
speed modem. Evaluation of the system performance in the presence 
or Gaussian noise is given, as well as a brief description of data 
couplers. 
Motorola AN-731 (15 pg.l 

12 "Low Speed Modem System Design Using the MC6860" 
(MC686Q) -
Oescribes the MC6860 modem. Provides filter design tables and 
equations to develop a complete 100 series compatible system. 
Motorola AN-747 (13 pgJ 

13 "Device Operation and System Implementation of the 
Asynchronous Communications Interface Adapter" 
(MC685Q) 
Provides information on ACIA transmitter and receiver operation, 
initialization, status register bits, use in a microcomputer based 
communications system, software requirements, and transmission 
subroutines. 
Motorola AN·754 (11 pg.) 

14 "Revised Data - Interface Standards" 
(MC3486, MC3487, MC3488) 
Compares RS232, RS422, and RS423 standards and discusses cable 
length. 
Motorola AN-781 (4 pg.J 

15 "Integrated Circuits for Digital Data Transmission" 
(oS7820, 057830, DS8820, 058830) 
Describes the operation and use of the 057830 line driver and 
OS7830 line receiver for transmission systems using twisted-pair 
lines. Includes a mathematical design analysis of this line receiver. I 

National AN-22 06 pgJ 

16 "Data Bus and Differential Line Drivers and Receivers" 
(OS7820, OS7830, OS7831, OS7832, OS7833, DS7834, DS7835, 
OS7836, DS7837, OS7838, OS7839, OS8820, OS8830, OS8831, 
OS8832, OS8833, OS8834, OS8835, OS8836, OS8837, OS8838, 
DS8839, OS1488, OS1489) 
Includes schematics and describes the operation of these line 
drivers, receivers and transceivers. 
National AN-83 (12 pg.) 

17 "Transmission Line Characteristics" 
(DM7400, OS7820, OS7830, OS75452, OS8820, OS88301 
Describes the characteristics of digital signals in transmission lines 
and the characteristics of the line that effect transmission quality. 
Also compares the performance of unbalanced and balanced circuits 
in digital systems. 
National AN-10a (6 pg.) 

18 "Operational Aspects of Nitron's Data Terminal 
Transmitter and Receiver" 
(NC2257, NC2259, NC226Q) 
Discusses basic operation of the NC225712259/2260 IC's, 
application in various types of communications systems. 
Nitron Communications Note 1 (24 pg.l 

and ~ 

[ 
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DIGITAL 

Data Transmission (cont) 

1 "Using High Speed Memory in Pulse Code Modulated 
Systems for Switching Applications" 
Discusses digital message switching and implementation with a 
conventional digital crossbar switch as well as with a switch using 
high speed memory and data multiplexing. 
Nortec Applications Note. No. 29 (4 pg.l 

2 "Transmission and Multiplexing of Analog or Digital 
Signals Utilizing the CD4016A Quad Bilateral Switch" 
(CD4016A) 
Describes features and operation of this switch. Discusses applica­
tions, including switching, gating digital or analog signals, multi­
plexing and demultiplexing, D/ A conversion, samp1e and hold, and 
squelch-control. 
RCA ICAN-6601 02 pg.l 

3 "A COSlMOS PCM Telemetry and Remote Data 
Acquisition Design" . 
See listing under (Digital) CMOS (RCA) 

4 "A Typical Data-Gathering and Processing System Using 
CD4000A-Series COS/MOS Parts" 
See listing under (Digital) CMOS (RCA) 

·5 "Asynchronous Receiver/Transmitter" 
(TRI602) 
General description of asynchronous transmission and operation of 
TR1602, which is capable of full or half duplex operation. Describes 
application in distriouted computer networks. 
Western Digital Application Report 1 02 pgJ 

Encoders 

6 "Using the AY-5-9100 in Telephone Equipment" 
(AY5-9IOo) 
Describes use of this four phase dynamic logic circuit in mains . 
powered dialers, line powered telephones, card' readers, and in 
standard multifrequency tone dialer keyboards. 
General Instrument Microelectronics 00 pgJ 

7 "Keyboard Encoder and PROM/ EPROM Application" 
(AY5-360m 
Describes use of the device in 64 key 4 mode and 90 key 4 mode 
applications. The device's binary outputs are organized to provide 
direct interface with a PROM! EPROM thus enabling the specific pat­
tern format to be verified prior to a "custom" encoder commitment. 
General Instrument Bulletin 1401 (4 pg.l 

8 "AY5-3600 Keyboard Encoder Operation" 
(AY5-360m 
Characterizes the device and supplies a chart of the code assign­
ments it uses. 
General Instrument Bulletin 1402 (3 pg.) 

9 "DeSigning with the HD-0165 Keyboard Encoder" 
(HDOI65) 
The organization and truth table for this encoder are presented. 
The use of two circuits for encoding up to 256 keys, battery opera­
tion, examples of a teletypewriter keyboard and universal keyboard 
encoders are described. 
Harris Application Note 204 (8 pg.) 
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Encoders (cont) 

10 "Using the MM5704 Keyboard Interface in Keyboard 
Systems" 
(MM5704J 
Discusses features, operation, and programming of this device. 
Discusses use with the MM5702 timing and control chip of the 
Microprogrammable Arithmetic Processing System, and in a stan­
dard ASCII encode system. 
National AN-52 01 pg.l 

11 "MOS Encoder Plus PROM Yield Quick Turnaround 
Keyboard Systems" 
(MM5740J 
Describes use of a binary coded keyboard encoder with. a PROM to 
build prototype or small volume keyboard systems. 
National AN-139 (4 pgJ 

12 "Exclusive-OR Code Converters" 
(DM7086J 
Covers use of exclusive-OR gates to do Gray/Binary and Binary/ 
Hamming code conversion. 
National OB-2 (2 pgJ 

13 "Interface Circuitry and Performance Optimization 
TMX2141 Encoder, TMX2151 Decoder" 
(2141. 2151) 
Provides design notes including pulse width .and timing considera­
tions for these pulse width signaling devices. 
TMX Bulletin 751 (7 pgJ 

General 

14 "Don't Be Confused by Switching Time Specifications" 
Uses a TTL J-K flip-flop to explain switching time specifications. 
Advanced Micro Devices (4 pgJ 

15 "HMOS Reliability" 
Describes HMOS teChnology and device operation. Presents failure 
mechanisms, reliability testing, and test results. 
Intel RR-18 (9 pg.l 

16 "Worst Case Design For Integrated Circuits" 
(MONOCHIP) 
Discusses defining worse case conditions of an IC design parameter 
variations, breadboarding for verification of worse case conditions 
and parasitic effects. 
Interdesign APN-2 (5 pg.l 

17 "How Cost Effective Are Custom IC's?" 
(MONOCHIP) 
Looks at the relative economies of discrete circuit designs versus 
semicustom IC's at various volume levels. Economic costs often not 
analyzed such as rework, supervisory overhead, inventory mainte­
nance, quality assurance,and purchasing and stocking costs are 
included. . 
Interdesign APN-5 (6 pgJ 

18 "MOS 1 OO-Bit Word Generator" 
Describes how to build a 100-bit word generator using MOS ICs. 
National MB-1 (2 pg.) 

19 "MOS Clock Savers" 
Design 'and use of MOS Clock-Drive Networks. Offers tips for saving 
power and lowering component costs. 
National MB-5 (2 pgJ 
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General (conI) 

1 "Solid-State Devices Manual" 
Provides tutorial information on discrete devices and IC's with 
emphasis on consumer, hobbyist and experimenter applications. 
RCA SC·16 $5.00 (750 pgJ . 

2 "Criteria for Choosing Resins and Evaluation Tests for 
Discrete and Integrated Power Devices in Plastic 
packages" 
See listing under (linear) General (SGS·ATES) 

High Speed Logic 

3 "F10,000 Series ECL" 
(ECl Series) 
Operation and circuit parameters are described for the Fairchild 
ECl series. 
Fairchild Application Note 330 (6 pgJ 

4 "IC Crystal Controlled Oscillators" 
(MCI023, MC1662, MCI0101, MCI01l6) 
Describes use of MCI023 OR/NOR gate as an amplifier and oscil­
lator. Discusses, square wave oscillator circuits with crystal con· 
trol capable of output frequencies up to 150 MHz. Examples use 
MCl0116/l0101, and MC1662. 
Motorola AN·4178 (4 pgJ 

5 "The MC1600 Series MECL III Gates" 
(MC1660, MCI66l, MC1662, MC1663, MC1664, MC1665) 
Gives typical operating characteristics and explains the operation 
of various gates in the MECl III family. Describes recommended 
layout, breadboarding, and testing procedures. 
Motorola AN-504 (14 pgJ 

6 "Interconnection Techniques for Motorola's 
MECL 10,000 Series Emitter Coupled Logic" 
(MECD 
Describes some of the characteristics of high digital signal lines 
and give~ wiring rules for MECl 10,000 circuits. Discusses P,C board, 
interconnects, board-to·board interconnects, and wirewrapping tech· 
niques. 
Motorola AN·556 (22 pg.) 

7 "Using Shift Registers as Pulse- Delay Networks" 
(MClOI35) 
Discusses a high-speed delay shift register using the MCl0135 
flip flop. 
Motorola AN·565 (3 pgJ 

8 "MECL Positive and Negative Logic" 
(MECD 
Describes equivalences between positive and negative ECl logic 
and provides guides for converting between them. 
Motorola AN·567 (2 pgJ 

9 "Testing MECL 10,000 Integrated Logic Circuits!' 
(MECD 
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Describes AC and DC tests in a 50 ohm transmission·line environ· 
ment for measuring logic levels or noise margins, circ~uit current, 
input currents, propagation delays, edge speeds, and flip· flop toggle 
rates. 
Motorola AN·579 (6 pg.l 

High Speed Logic (cont) 

10 "An MSI 500 MHz Frequency Counter Using MECL and 
MTTL" 
(MECl) 
Describes design of 8·digit lED readout counter using MECl III, 
10,000 and TTL. Discusses two prescalers using MECl, two input 
amplifier designs, and a time·base controller for the counter's 
multiphase clock. 
Motorola AN·58l (9 pg.) 

11 "Measure Frequency and Propagation Delay with 
High Speed MECL Circuits" 
(MEeD 
Describes ECl frequency counter useful to 160 MHz and a propaga· 
tion delay measuring circuit capable of 100·picosecond resolution. 
Motorola AN·586 (2 pgJ 

12 HAC Noise Immunity of MECL 10,000 Integrated Circuits" 
(MECU 
Discusses AC noise immunity. Describes test circuits for measuring 
this immunity and the results to be expected for MECl 10,000 
circuits. 
Motorola AN·592 (6 pgJ 

13 "Simulate MECL System Interconnections with a 
Computer Program" 
Develops a basic computer program that allows the user to simulate 
the performance of signal lines and to analyze termination tech· 
niques. Applies to ECl and other high speed digital systems. 
Motorola AN·700 (lO,pg.) 

14 "Understanding MECL 10,000 DC and AC Data Sheet 
Specifications" 
(MECU 
Discusses basic MECl 10,000 gate structure, transfer curve and de 
levels. Covers specifications data sheet, including power supply 
drain current, high and low output voltages, propagation delay, rise 
and fall times, and toggle frequency. 
Motorola AN·701 (7 pgJ 

15 "MECL 10,000 Arithmetic Elements MC10179, MC10180, 
MC10181 " 
(MCIOI79, MClOl80, MClO181) 
Describes 10180 dual adder/subtract~r, 1018 4-bit arithmetic logic 
unit/function generator, and 10179 lookahead carry block. Dis· 
cusses their operation in parallel adders, in both ripple and look· 
ahead systems. 
Motorola AN·709 (11 pg,) 

16 "Interfacing with MECL 10,000 Integrated Circuits" 
(MC1650, MC1692, MCI01l5, MCl0116, MCl0124, MCl0125, Me-
10128, MCI0129, MCI0216) 
Discusses circuits to interface ECl with TTL, TIL and IBM busses, 
MOS, low level signals, and lEDs. 
Motorola AN·720 (9 pgJ 

17 "A High Speed FIFO Memory Using the MECL MC1143 
Register File" . 
(MCMl0143) 
Describes the required features of a high speed FIFO deSign. Dif­
ferent approaches are compared and a design is shown using the 
MClO143 Multiport Register File. 
Motorola AN·730 (6 pgJ 

18 "Bussing with MECL 10,000 Integrated Circui'ts" 
See listing under (Digital) Data Transmission (Motorola) 
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High Speed TTL 

1 "The MC3000/MC3100 Series Transistor-Transistor Logic 
Flip-Rops" 
(MC3050, MC3051, MC3052, MC3060, MC3061, MC3062, MC3150, 
MC3151, MC3152, MC3160, MC3162) 
Describes basic operation of the various flip-flops available in the 
MC3000/3100 (54Hi79H) series and gives typical operating char­
acteristics of each. 
Motorola AN-493· (14 pgJ 

2 "Series 5451745 Schottky TTL Applications" 
(SN54S Series, SN74S Series) 
Analyzes Schottky clamping techniques and circuits, reviews circuit 
performance, including discussion of transfer characteristics, switch­
ing times, and a-c noise. Discusses power supply considerations, 
line driving and receiving, noise sources and their abatement. 
Normalized loading/driving capability information and .the pinouts 
of ICs are discussed. 
Texas Instruments Application Report CA-176 (45 pg,) 

HNIL/HTL 

3 "Noise Immunity with Motorola High Threshold Logic" 
(MC660 Series) 
Compares noise immunity characteristics between High Threshold 
Logic (HTU and standard saturated logic devices. Discusses noise 
injection and noise reduction techniques. 
Motorola AN-298 (5 pgJ 

4 "Operation and Application of MHTL IIC Flip-Flops" 
(MC663, MC664) , 
Describes operation and characteristics of the J-K MC663P and the 
master-slave R-S MC664P flip-flops. Discusses applications as ripple 
and decade shift counters. 
Motorola AN-414 (8 pgJ 

5 "Using Motorola High Threshold Logic" 
(MC660 Series)· 
Describes MC660 series ICs and provides many of the character­
istics of these units. Application examples include logic translation, 
line driving, and trigger circuits. 
Motorola AN-467 (11 pg.l 

6 "Converting Relay Control Systems to Digital I/C's" 
(MC660 Series) 
Defines and discusses basic Boolean algebra and logic functions and 
presents method of converting relay diagrams to logic diagrams. 
Gives examples of conversion method using High Threshold Logic 
circuits and presents a system design to accomplish this. 
Motorola AN-524 (11 pg,) 

7 "Design Techniques with HiNIL 367 Quad Schmitt Trigger" 
(367) 
General discussion of Schmitt Trigger and the differences of the 
367, which ignores open inputs and offers 3.5v noise immunity. 
Applications include line receivers, pulse stretchers, ac detectors, 
free-running and voltage-controlled oscillators. . 
Teledyne Semiconductor HiNIL Application, Note 2, (4 pg,) 

8 "HiNIL 375 Universal Shift Register" 
(375) 
Operation and applications of this synchronous 4-bit device as a 
4 and 8-bit shift-left, shift-right register, 7 and 8-bit parallel-to­
serial and serial-to-parallel converters and various counters. 
Teledyne Semiconductor HiNIL Application Note 4 (10 pg,) 
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HNIL/HTL (cont) 

9 "High Noise Immunity Logic - Powerful, Versatile, and 
Growing" 
(300 Series) 
Generally describes the HiNIL family use and features. Covers inter­
face to other families, noise immunity, operating considerations 
and input protection. 
Teledyne Semiconductor Digital ~pplication.. Note 5 (5 pgJ 

10 "The HiNIL 347-A Dual Retriggerable One Shot with 
High Noise Immunity" , 
(347) 
Description and application details for this device are provided 
along with diagrams showing its use in pulse generators, coincidence 
detectors, frequency dividers, voltage to frequency and frequency 
to voltage converters, a pulse absence detector and an ac line 
presence detector. 
Teledyne Semiconductor Digital Application Note 6(6 pg.) 

11 , "High Noise Immunity Logic" 
(300 Series) _ 
Discussion includes noise immunity, loading rules, fanout, passive 
pull-up loading, collector or-ing, second level gating, driver pull-up, 
system interfaces. 
Teledyne Semiconductor Digital Catalog (7 pg.J 

12 "Combining HNIL and CMOS - An Optimum Design 
Technique" 
See I,isting under (Digital) Interface (Teledyne Semiconductor) 

13 "Custom IC Design Using FL Technology" 
(XR-tll-CHIP) 
Compares 12l to other technologies. Describes design procedure 
for linear and digital circuits using master chips. 
Exar (5 pgJ 

14 "Monolithic FL Test Circuit Using XR-C409" 
(XR-C409) 
A monolithic test circuit has been developed for evaluation of speed 
and performance capabilities of Exar's (12l) technology. This test 
circuit, designated Hie XR-C409, is intended to familiarize the J2L 
user and the system designer with some of the performance fea­
tures of 12L such as its· frequency capability and power-speed' 
tradeoffs. 
Exar AN-17 

Interface 

See also Decoders. 

15 "Digital Display Systems" 
Discusses decoding, format, multiplexing, zero suppression for 

, LED; LCD, incandescent, fluorescent and gas discharge displays. 
Fairchild Application Note 212/2 (24 pg,) 

16 "9616/9617 EIA Interface Driver and Receiver" 
(9616, 9617) 
Gives performance characteristics for these devices and describes 
their use in data communications equipment. Describes EIA stan­
dard RS232-C. 
Fairchild Application Note 320 (6 pg.l 
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Interface (cont) 

1 

Interface (cont) 

10 "TTL/MOS/OTl Interfaces" 
Techniques for coupling the above devices and characteristics of the 
interfaces. 
National MB·? (2 pg.l 

"The Interface Handbook, Line Drivers and Receivers" 
(9612,9613,9614,9615,9616,9617,9627,9634,9635, 9636, 9637, 
9638, 9640, 8Tl3, 8T14, 8T23, 8T24, 55107, 55108, 55109, 55110, 
55121, ,55122, 75107, 75108, 75109, 75110, 75112, 75121, 75122, I' 

75123, 75124, 75154, 75207, 75208) 
This comprehensive book covers the basics of transmission line , 
theory along with methods for determining signal quality. Major I 11 
chapters are titled: Data Transmission Lines and their Charac· I 
teristicsj Reflections, Computations and Waveforms; Long Trans- i 
mission Lines and Data Signal Quality; and Forms of Operation I 
(single / differential, direction of flow, ana lysis of common inter­
faces. etc.) 

"COS/ MOS Interfacing Simplified" 
(CD4000 Series) 
Covers interfacing 4000A and B series with TTL, DTl, ECL, NMOS, 
PMOS, indus1:rial and p'ower control circuits, op amps and displays. 
RCA ICAN·6315 (7 pgJ 

fairchild Interface Handbook (118 pg.) I 
"ASCII Bus lnterface Logic Uses IM5200 FPLA" 
(lM5200) 
Explains ASCII interface bus and how IM5200 provides discrete logic 
and address storage required by it. 
Intersil Application Bulletin MB002 (6 pg.) 

3 "Semiconductors for Plated-Wire Memories" 
(MC4006, MC4007, MC4038, MC4040, MC4043, MC1514, MC1546) 
Discusses operation and electrical characteristics of plated wire 
memories. Covers applications of drivers, sense amplifiers, and 
decoders as interface circuits. Also discusses memory organization 
and memory·related semiconductor applications. 
Motorola AN-533 (15 pg.l 

4 "Interface Techniques Between Industrial Logic and 
Power Devices" 
Presents worst case design approaches to illustrate methods of 
interfacing McMOS and MHTL logic to various ac and dc power 
load levels. 
Motorola AN·712A (19 pgJ 

5 "'nterface Considerations for Numeric Display Systems" 
(MC14511, MC14543) 
Gives basic information on LCD, LED, gas discharge, fluorescent and 
incandescent displays. Discusses interfacing 7 segment displays to 
logic with emphasis on multiplexed systems. 
Motorola AN·741 (25 pg.) 

6 "Interfacing with MECL 10,000 Integrated Circuits" 
See listing under (Digital) High Speed Logic (Motorola) 

7 "MM54C/MM14C Voltage Translation/Buffering" 
(MM54C901. MM54C902, MM54C903, MM54C904, MM74C901, MM-

, 74C902, MM74C903, MM774C904) 
Interfacing PMOS to CMOS, CMOS to CMOS with ,different voltage 
levels, and CMOS to two standard TTL loads, are illustrated using 
74C901 series devices. 
National MB·18 (2 pg.l 

8 "Driving 1-Segment LED Displays with National 
Semiconductor Circuits" 
(DM5446A, DM5447A, DM5448A, DM7446A, OM7447A, DS75491, 
DS75492, DS7856, OS7858, OS8856, DS8857, DS8858, DS8861, 
DS8863, DS8864, DS8865, DS8866) 
Discusses configurations and construction of 7·segment LEOs and 
drive modes. Describes BCD to 7·segment decoder drivers, BCD to 
7-segment LED drivers, MOS to LED segment drivers, four and five 
segment drivers, as well as digit drivers. Describes calculator and 
digital clock applications. 
National AN·99 (12 pg.l 

9 "Using the MM5104 Keyboard Interface In Keyboard 
Systems" 
See listing under (Digital! Encoders (National) 
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12 "Applications of the RCA CD4093B COS/MOS Schmitt 

Trigger" 
See listing under (Digital) CMOS (RCA) 

13 "Interfacing COS/MOS with Other logic Families" 
See listing under (Digital) CMOS (RCA) 

14 "Interfacing with CMOS" 
See listing under (Digital) CMOS (Solid State Scientific) 

15 "Completely Monolithic IC Series for Gas Disc~arge 
Display Interface" 
(UDN·6144. UDN·6164, UDN·6184, UDN·7183, UDN·7184, UDN·7186) 
Describes operation of high voltage IC's to drive the digits and 
segments of 200v (Panapiex) gas discharge displays. 
Sprague Electric Microcircuit Application Report MAR75·! (8 pgJ 

16 "Expanding the Frontiers of IC Interface for Electronic 
Displays" 
Presents interface IC basics concerning incandescent, gas dis­
charge, LED, plasma, fluorescent, and hot wire displays. 
Sprague Electric (10 pg.l 

11 "Using Bipolar Logic to Improve Performance In CMOS 
and Microprocessor Systems" 
Suggests the use of HiNIL for improving noise performance, input 
protection, and output drive, and of LP Schottky for improved 
speed i power. 
Teledyne Semiconductor Digital Application Note 7 (4 pgJ 

18 "Combining HNll and CMOS - An Optimum Design 
Technique" 
(300 Series) 
Discusses noise immunity, HNIL/74C interface, Schmitt trigger input 
and high current output. 
Teledyne Semiconductor Digital Catalog (3 pg.) 

19 "TTL to MOS and MOS to TTL Interface Circuits" 
(SN7400. SN75107, SN75207, SN75270, SN75370, SN75450, SN· 
75451, TMSl103, TMS4062) 
Describes MOS! TTL interface circuits using bipolar transistors, 
JFETs, MOSFETs, and ICs. 
Te)(8S Instruments Application Report CA·170 (11 pg.) 

LSI, General 

20 "Semi-Custom lSI Design with J2L Gate Arrays 
Using XR300 and XR500" 
A design approach to developing complex LSI systems using the 
devices is described. 
Exar AN·16 

©IC MASTER 1919 



DIGITAL 

LSI, General (cont) 

"Design of Custom LSI Circuitry for Modern Digital 
Systems" 
Discusses design 'of LSI devices. Covers size considerations, num­
bers of input! output connections, number of output drivers, use of 
repetitive patterns, use of computer aided design techniques, speed 
versus size and power, and interfacing. 
General Instrument Microelectronics (7 pg.) 

Multiplexers 

2 "TTL MSI Multiplexers and Demultiplexers" 
(oM72lO, DM7842, DM821O, DM8842) 

3 

4 

5 

6 

7 

8 

Describes features of DM72lO multiplexer and DM7842 demulti­
plexer and discusses their use in a synchronous digital. data trans­
mission system, a keyboard entry decoder, and as minterm gen­
erators. 
National AN-37 (8 pgJ 

PLAs 

"How to Design with Programmable Logic Arrays" 
(oM8575, DM8576) 
Discusses operation of PLAs and use as code converters, decode 
elements in digital processors and sequential controllers. 
Nationat AN-89 (8 pgJ 

"Single Chip Multiprocessor Arbiter" 
Shows how the Field Programmable Logic Sequencer (FPLS) can use 
state logic to implement a multiprocessor arbiter conveniently and 
cost effectively. 
Signetics (4 pg.) 

"FPLA Adds Display Flexibility to CRT Controllers" 
(6845) 
Describes how field programmable logic arrays can adapt the 6845 
CRT controller to display different foreign formats. 
Signetics (6 pg.l 

"Field Programmable Logic Arrays­
An Application Manual" 
Covers basic FPLA operation and describes various applications, in­
cluding a data cartridge tape drive controller, an op-code decoder 
for the PDP-Il, and a combination sync and video generator. 
Signetics (116 pg.l 

"MOS Programmable Logic Arrays" 
ITMS2000 Series, TMS2200 Seriesl 
. Describes TMS2000 and TMS2200 Series programmable logic arrays. 
Describes their internal logic and operations. Provides ordering 
instructions. 
Texas Instruments Application Report CA-158 (13 pgJ 

Pulse Handling 

"Nanosecond Pulse Handling Techniques in IIC 
Interconnections" .. 
Discusses problems of pulse transmission and measurement for 
TEM mode on coax, stripline, and above-ground wire systems. 
Motorola AN-270 (6 pg.l 
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Trigger Circuits 

9 "Advantages of the AM26123 Compared with the 
AM54/74123" 
(AM26123, SN54123, SN74123) 
Discusses changes in the pulse width circuits and the addition of 
on output latch. 
Advanced Micro Devices Application Brief (4 pg.) 

10 "CMOS Schmitt Triggers" 
(MC14093B, MC14583B, MC14584B) 
Operating characteristics, theory of operation, and Schmitt trigger 
applications are covered for digital logic systems. 
Motorola AN-768 (8 pgJ 

11 "1.3 Volt IC Flasher, Oscillator, Trigger, or Alarm" 
See listing under (Linear) Timers (National) 

12. "Series ULN-3300M Schmitt Trigger Integrated 
Circuits - Typical Applications and Operation" 
(uLN-3303, ULN-3304, ULN-3305, UlN-3306) 
Describes device and use in multivibrators, switches, timers, and 
more. 
Sprague AN-27450.19 

13 "CMOS Schmitt Trigger - a Uniquely Versatile 
Design Component" 
(MM54CI4, MM74C14) 
Analyzes CMOS Schmitt triggers and outlines applications including 
a light activated switch, an RC oscillator, and a pulse stretcher. 
Also outlines the benefits of hysteresis. 
National AN-140 (6 pg.) 

14 "Designing with SN54/SN74LS123" 
(SN54LSI23, SN74LS123) 
Describes use of this multivibrator in various applications including 
a missing pulse detector, a low pulse generator, and a pulse width 
detector. 
Texas Instruments Application Report CA-I96 (11 pgJ 

TTL,- General 

15 "Medium Scale Integration in the Numerical Control Field" 
(MC4016, MC4018, MC4024, MC4044, MC4324, MC4344) 
Discusses operation of MC4016 decade programmable cascadeable 
counter, MC4324!4024 dual voltage controlled multivibrator, and 
MC4344!4044 frequency phase detector. Describes applications of 
these devices in audio frequency comparator, frequency synthesizer, 
and motor speed control circuits. 
Motorola AN-54!. 00 pg.) 

16 "TTL Integrated Circuits - Applications of MSI Devices" 
Covers counters, modulo-N dividers, decoders, switches, adders, 
comparators, parity generators, shift registers and bus-ORable flip­
flop. Describes many applications, including up! down counters, a 
stepping wa'ieform generator, shift registers, frequency synthesizers, 
digital data demultiplexer, analog commutator, minterm generator, 
ripple carry parallel adder and tape position locator. 
National AN-36 (23 pg.l 

17 "Tri-State Logic in Modular Systems" 
(oS7831, DM8093, DM8094, DM8214, DM8230, DM8551, DM8552, 
DM8598, DS8831, DM8840, DM8842, DM8846) 
Discusses output drive characteristics, logical control, safety factors 
in Tri-State Logic circuits. Describes applications, including complex 
switching functions, driving and transmitting, multiplexing, data 
storage, decoding, and data manipulation. 
National AN-43 (16 pg.) 
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TTL, General (cont) Active Filters 

1 

2 

3 

"Characteristics and Applications of Tri-State IC's" 4 "Function Circuits, Design and Applications" 
See listing under (linear) General (Burr-Brown) (DM7093, DM7490, DM7214, OM7230, DM7551, OM7598, DS7831, 

DS8831) I 
Describes application of the general configuration of the Tri-State 1 5 
logic family and discusses application of the following: quad bus­
buffer gates, dual 4:1 multiplexer, demultiplexer and bus-interchange 
switch, quad-D flip-flop, expandable 256-bit ROM, and quad driver. 
National AN-45 02 pg.l 

"Active Filter Design with Ie OP Amps" 
(XR3403, XR4136,XR4202,XR4558) 
Provides table of transfer functions and equations for low, high and 
bandpass filters as well as filter responses for Bessel, Butterworth 
and Chebychev types. Working schematic of an active filter in a 
modem application included. 

"Tri-State Logic in High Speed Memories of 
Microprogrammed Computers" 

Exar AN-03 (8 pg.l 

(DM8551l 6 
Discusses tri-state logic in general and its use in scratchpad I 

memories. Covers storage of microinstructions and program con­
stants in high-speed ROMs. 

"Designing Active Filters with Univer$~11 Filter 
Building Blocks" 

National AN-47 (5 pgJ 

"Tri-State Logic Applied in a Computer System Can • 
Reduce System Cost and Provide Added Performance" 
(DM8556) 
Analyzes Tri-State characteristics using the DM8556 counter I register 
as an example. Shows how performance of PDP-8 can be improved 
using TSl. 
National AN-73 (7 pgJ 

7 

(ACF7032, ACF7092) 
Provides users with the data necessary to. design filters with low 
pass, high pass, and band reject magnitude frequency responses 
using the device. Contains basic theory. as well as table of 
parameters. 
General Instrument Bulletin 0703 (8 pg.l 

"The Effect of Operational Amplifier Performance 
Limitations on State-Variable Active Filt~rs" 
(ACF7092) 
Derives simplified expressions which predict second-order effects 
for a state-variable filter. For verification, the formula is applied 
to a commercially available hybrid IC active filter. 
General Instrument Bulletin 0704 (4 pgJ 

8 "Design of a Hybrid Integrated Circuit 
Elliptic Active RC Filter" 
Discusses design deta,ils and experimental results obtained in build­
ing hybrid IC sharp rolloff filters. 
General Instrument Bulletin 0705 (4 pg.) 

9 "High Q Notch Filter" 
(lMI02, lM202, lM302) 
Describes use of lMI02 connected to a twin ;T' network to form 
a high Q, 60 Hz notch filter. 
National Linear Applications Handbook, Vol. I LB-5 (2 pg.) 

Amplifiers, Current 
------_. ---------- --------

10 "Application of the LH0002 Current Amplifier" 
(lH0002) 
Circ'uit operation. Describes uses in a differential input-output op 
amp, booster amplifier, level shifter, pulse transformer driver, and 
transmission line driver. 
National AN-13 (4 pg.) 

Amplifiers, Instrumentation 

11 II AD520 Monolithic Instrumentation Amplifier" 
(AD52Q) 
Describes performance of this instrumentation amplifier. Covers 
application as a bridge amplifier, ground loop eliminator, and float­
ing measurement amp. Appendix compares instrumentations ampli­
fier to several multiple op amp circuits. 
Analog Devices (6 pg.) 

12 "A User's Guide to IC Instrumentation Amplifiers" 
(AD522) 
Explains where and when an instrumentation amplifier may best be 
employed. Provides basic theory, specifications and examples of use. 
Analog Devices (12 pg.) 

162 @IC MASTER 1979 



LINEAR 

Amplifiers, Instrumentation (cont) 

1 "Instrumentation Amplifiers - 'Versatile Differential Input 
Gain Blocks" 
(3660, 3670) 
Describes the features and genera I operation of instrumentation 
amplifiers. Depicts their use in bridge circuits, in reducing ground 
loop interference, and in driven guard input circuits. 
Burr-Brown AN-75 (6 pg.) 

2 . "Optical Coupling Extends Isolation-Amplifier Utility" 
(3450, 3650) 
Explains isolation amplifier fundamentals, optical coupling, and use 
of the amp in medical electronics and industrial motor control. 
Burr-Brown AN-85 (8 pg,) 

3 "Instrumentational Amplifiers" 
(LM114, LM118l 
Discusses general purpose instrumentation amplifier, using LM114 
matched transistors ahead of an LM118 op amp that is optimized 
for wide bandwidth, 
National Linear Application Handbook, Vol. II, LB-21 (2 pgJ 

4 "Instrumentation Amplifier" 
(LMIOIA, LMI02, LMI071 
Describes a differential-input instrumentation amplifier using LMI02 
and LMI07 and variable gain version that also uses LMI01A. 
National Linear Applications Handbook, Vol. I LB-2 (2 pg.l 

5 "OP-10 Instrumentation Amplifier CMRR Versus 
Frequency Improvement" 
(OP-IOJ . 
Discusses optimization of CMRR versus frequency response of a 
three op amp instrumentation amplifier. 
Precision Monolithics AB-2 (1 pg.l 

6 "Application of the RCA CA3000 Integrated-Circuit DC 
Amplifier" 
(CA3000) 
Describes circuit and application as modulated oscillator, crystal 
oscillator, low-frequency mixer, cascaded Re-coupled feedback amp, 
'narrow-band tuned amp, and Schmitt trigger. 
RCA ICAN-5030 (11 pg.l 

7 "The Instrumentation Amp vs the Op Amp: 
Which, Where, and How to Use Them" 
Compares an op amp connected as a differential amp with an in­
strumentation amp built from several general purpose op amps. 
Discusses how to put each one together, and when and where to 
use them. 
Teledyne Philbrick AN-29 (6 pg,) 

Amplifiers, Operational 

8 "An IC Amplifier User's Guide to Decoupling, Grounding, 
and Making Things Go Rightfor a Change" 
Contains considerable information on good grounding practices arid 
op amp decoupling, . 
Analog Devices Application Note (8 pg.) 

9 "Applying the AD504 Precision IC Operational Amplifier" 
(AD504) 
Describes this amplifier and offers notes on its noise, thermal and 
dynamic performance. Applications: instrumentation amplifier, stable 
reference regulator, instrument input amplifier and high gain ac 
amplifier . 

. Analog Devices Technical Bulletin (7 pg.l 
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10 "Protect Op Amps from Overloads" 
Discusses protection from power-supply faults, keeping input volt­
ages at safe levels, and limiting output currents. 
Burr-Brown AN-60 (3 pg.l 

11 "Combine Two Op Amps to Avoid the Speed Accuracy 
Compromise" 
(3521) . 
Discusses interconnecting low drift and wideband op amps to form 
a composite op amp. 
Burr-Brown AN-64 (2 pg.l 

12 "Check Five Op Amp Specs in One Test" 
Describes a test .circuit that generates signals providing measure­
ments of open loop gain, offset voltage, input bias current, quiescent 
current, and output voltage swing. 
Burr-Brown AN-65 (1 pg.) 

13 "Using Op Am~s in Low Noise Applications" 
Discusses shot noise and noise from source resistances. 
Burr-Brown AN-68 (2 pg.) 

14 "Design of a Unique Precision Controlled Current Source" 
(3500) 
Diagrams a current source using an op amp an~ a complementary . 
FET pair to form a current source with differential input and bipolar 
current output. 
Burr-Brown AN-74 (2 pg.l 

15 "Designing with Operational Amplifiers: 
Application Alternatives" 
Amplifier improvement techniques, signal analyzers, signal condi­
tioners, absolute value eircuits, signal generators, computing cir­
cuits, data transmission circuits, as well as test and measurement 
circuits are discussed. Circuit designs and exp lanations of circuit 
operation are provided. . 
Burr-Brown $17.50 l220 pg.) 

16 "Operational AmpJifiers - Design and Application" 
Covers basic theory, amplifier design techniques and applications. 
Burr-Brown $24.50 (470 pg.l 

17 "Applications of Operational Amplifiers" 
Presents op amp applications including designs for signed controls, 
processors, waveform generators, and special purpose circuits. Pro­
vides information on error sources, circuit values, and design 
equations. 
Burr-Brown $19.50 (220 pg.) 

18 "Frequency Compensation Techniques for an Integral'9d 
Operational Amplifier" 
(/-tA702Al 
Presents design techniques for frequency compensation of pJ,702A 
which are applicable to other IC operational amplifiers. 
Fairchild Application Bulletin 117/2 (8 pg.) 

19 "The pA 739 - A Low-Noise Dual Operational Amplifier" 
(/-tA739l 
Describes -the circuit and operating characteristics. Covers doc cir­
cuit performance, low-frequency analysis, power consumption, noise, 
short-circuit protection, amplifier isolation, and compensation tech-
niques. . 
Fairchild Application Note'175/1 (8 pg.) 
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Amplifiers, Operational (cont) 

1 "The pA 776, an Operational Amplifier with Programmable 
Gain, Bandwidth, Slew-Rate, and Power Dissipation" 
(pA776) 
Describes methods for setting the master bias current, discusses 
amplifier frequency response as a function of this current. Discusses 
applications, including a 600 nanowatt amplifier, a low-cost sample 
and hold circuit, a current controlled oscillator, multiplexing, and 
phase shifting. 
Fairchild Application Note 218 (5 pgJ 

2 "A Low Drift, Low Noise Monolithic Operational Amplifier 
for low level Signal ~rocess!ng" 
(pA725) 
Describes operation of p,A725, which offers low offset drifts, low 
input currents, low noise performance, and massive open loop gain, 
Shows how to minimize offset voltage drift with temperature in !e 
operational amplifiers and how to improve the common-mode re­
jection. 
Fairchild Application Note 277 (10 pgJ 

3 "The p,A715 - A Versatile High Speed Operational 
Amplifier" 
,(p,A715) . ' 
Describes application as an image orthicon head amplifier, general 
purpose .video amplifier, 40dB high input impedance amplifier, and 
high speed sample and hold circuit. 
Fairchild Application Note 265 (4 pgJ 

4 "Applications of the p,A749 Dual Operational Amplifier" 
(,uA749) 
Describes applications as a dual level comparator, positive or nega­
tive peak detector, peak-to-peak detector, and as an offset null 
circuit. 
Fairchild Application Note 268 (2 pgJ 

5 "The p,A749 Dual Operational Amplifier" 
(pA749) 
Discusses the circuit, input voltage range, latch-up, output voltage 
range, power dissipation, noise, separation, high frequency com­
pensation, and output capability. 
Fairchild Application Note 269 (8 pgJ 

6 "Applications of the p,A 741 Operational Amplifier" 
(p,A741) 
Describes applications of this amplifier as a unity gain voltage 
follower, integrator, differentiator, voltage regulator reference ampli­
fier, high voltage regulated power supply control element, clipping 
amplifier, and a comparator. 
Fairchild Application Note 289/1 (4 pgJ 

7 "An Improved Sample and Hold Circuit Using the p,A740" 
(p.A74Q) 
Basic discussion of acquisition and hold times. Description of cir­
cuit using this op amp as the buffer amplifier. 
Fairchild Application Note 297 (3 pgJ 

8 "Applications of the p,A777" 
(p,A77]) 
Discusses use of this operational amplifier as a pulse amplifier, 
Wein Bridge oscillator, variable gain differential amplifier, power 
amplifier. 
Fairchild Application Note 300 (3 pgJ 

9 "Radiation Testing of Linear Microcircuits" 
See listing under (linear) General (Fairchild) 
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10 "Operational Amplifiers as Inductors" 
(pA777) 
Includes derivation, of equivalent circuit and necessary component 
values to obtain inductances from millihenries to kiiohenries, using 
the pJ,777 as an example. Describes application in voltage con­
trolled sinewave oscillators and in bandpass and notch filters. 
Fairchild Application Note 321 (5 pg.) 

11 "Applications of the Gated Linear Amplifier ZN424" 
(IN424) 
Details the operation of the IN424 and describes a variety of spe­
dfic applications incliiding fi:teis, comparators, and peak hold 
circuits. 
Ferranti (46 pgJ 

12 "HA-909 Operational Amplifier" 
(HA-909, HA-91l) 
Discusses applications as a unity gain breadboard op amp, servo 
preamplifier, high-O bandpass filter, Wien bridge oscillator, and 
phase-delay filters. 
Harris Application Note 501 (2 pg.) 

13 "HA-909 Operational Amplifiers Performance Tailoring" 
(HA-909, HA-91l) 
Discusses how to optimize HA-909's offset, power dissipation, band­
width, large signal bandwidth, slew rate, transient response, and 
stability with reactive loads. 
Harris Application Note 502 (3 pg.) 

14 "A High, Impedance Hysteresis Circuit" 
(HA-2520, HA-2620> 
Describes HA-2520/ HA-2620 used as a hysteresis amplifier and 
covers output voltage limiting. 
Harris Application Note 505 (2 pgJ 

15 "Test Procedures for Operationa" Amplifiers" 
Circuit for measuring offset voltage, bias current, offset current, 
open loop voltage gain, common mode and power supply rejection 
ratios, output voltage/ current. power dissipation, and making 
continuity checks. 
Harris Application Note 508 (2 pgJ 

16 "A Simple Comparator Using the HA .. 2620" 
(HA-262Q) 
Describes op amp comparator circuit capable of driving approxi· 
mately ten logic gates. 
Harris Application Note 509 (I pgJ 

17 "A Simple Square-Triangle Waveform Generator" 
(HA-2510, HA-2600, HA-2620l 
Circuit for waveform generator using three op amps. 
Harris Application Note 510 (2 pg.) 

18 "The HA-2400 PRAM Four Channel Operational Amplifier" 
(HA-2400, HA-2405) 
This is a programmable input stage, operational amplifier. This note 
describes its applications including an analog multiplexer with 
buffered input and output, an inverting or non inverting amplifier 
with a programmable gain, a sine wave oscillator with program­
mable frequency, and a track and holdl sample and hold circuit. 
Harris Application Note 514 (8 pg.l 

19 "Operational Amplifier Stability: Input Capacitance 
Considerations" 
(HA-2600, HA-2605) 
Discusses overcoming stray capacitance in op amps, such as the 
HA-2600. 
Harris Application Note 515 (2 pgJ 
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Amplifiers, Operational (cont) 

1 "The HA-2530/2535 Wide band High Siew Inverting 
Amplifier" 
(HA-2530, HA-2535) 
Briefly discusses internal circuit. Shows how closed-loop frequency 
response can be predicted. Describes application as a fast settling 
coaxial driver, a 10 MHz coaxial line. driver, a wide range signal 
separator, a high frequency triangular wave generator, and a cur­
rent-to-voltage converter. 
Harris Application Note 516 (11 pgJ 

2 "Applications of a Monolithic Sample-and-Hold/Gated 
Operational Amplifier" 
(HA-2420, HA-2425) , 
Describes HA-2420/2425 circuit. Applications include various track­
and-hol<l/ sample-and-hold configurations, an AID converter, a de­
multiplexer, an integrated-hold-reset amplifier, a gated operational 
amplifier, and a peak detector with reset. 
Harris Application Note 517 (8 pgJ 

3 "The HA-2900 Monolithic Chopper Stabilized A~plifier" 
(HA-290m 
Discusses offset voltage and current drift and chopper stabilization, 
then describes the circuit. Applications include a· high impedance 
differential instrumentation amplifier, use as an integrator, and 
several wide bandwidth configurations. 
Harris Application Note 518 (8 pgJ 

4 "Operational Amplifier Noise Prediction" 
Provides a noise model, a procedure for computing output noise, 
and spot noise curves for many Harris amplifiers. 
Harris Semiconductor AN-519 no pg.) 

5 "Precision Op Amp on a Semicustom Chip" 
(MONOCHIP) 
Discusses building an op amp on a semicustom chip with perfor­
mance comparable to standard precision units. Covers all phases of 
design and thermal considerations as well. 
Interdesign APN-9 (10 pg.) 

6 "The 8007 - A High Performance FET -Input Operational 
Amplifier" 
(ICL8007) 
Circuit description, applications as log and antilog amplifiers, photo­
cell amplifier, peak detector, sample and hold circuits, high im­
pedance buffer, and Wien Bridge oscillator. 
Intersil Application Bulietin A005 (6 pg.) 

7 "The 8043 - A Low Cost Dual FET -Input Operational 
Amplifier" 
(ICL8043) 
Summary of circuit characteristics. Applications as automatic offset 
suppression circuit, staircase generation, sample and hold circuit, 
and instrumentation amplifier. 
Intersil application Bulletin A008 (S pg.l 

8 "Po~er Op-Amp Heat Sink Kit" 
(ICH8510, ICH8520, ICH8530) 
Discusses mounting the devices on heat sinks. 
Intersil Application Bulletin A029 (2 pg.l 

9 "Getting More Value Out of an 
Integrated Operational Amplifier Data Sheet" 
Discusses the open loop characteristics of operational amplifiers 
and their relation to overall circuit operation. Defines parameters 
and describes their significance with respect to closed loop con­
siderations as well. 
Motorola AN-273A (10 pg.) 
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10 "D.C, Servo~Motor Systems Using the ICH8510" 
See listing under (Linear) Amplifiers, Power {\ntersill 

11 "The MC1535 Monolithic Dual Operational Amplifier" 
(MC1435,· MC1535) 
Gives complete ac and dc circuit analysis and discusses electr·ical 
characteristics. Discusses applications in a differential input-dif­
ferential output circuit configuration, and as a signal envelope 
detector. Describes an input compensation scheme for fast slew rate. 
Motorola AN-41 (9 pg.l 

12 "The MC1539 Operational Amplifier and its Applications" 
(MC1439, MC1539) 
Discusses dc and ac operation and the performance of this ampli­
fier. Describes a high frequency feed-forward scbeme and applica­
tion as a comparator, voltage follower, differential amplifier, and 
a summing amplifier. 
Motorola AN-439 (22 pg.) 

13 "The MC1556 Operational Amplifier and its Applications" 
(MCI45S, MCI55S) 
Gives characteristics and describes operation. Discusses applica­
tion as a voltage follower, high impedance bridge amplifier, and a 
logarithmic amplifier. 
Motorola AN-522 (8 pgJ 

14 "Analysis and Design of the Opl Amp Current Source" 
Develops expressions for the transfer function and output impedance 
of voltage controlled op amp current source using both ideal and 
non-ideal models. Discusses effects of parameter and temperature 
variations on performance. 
Motorola AN-587 (t pg.l 

15 "Drift Compensation Techniques for Integrated DC 
Amplifiers" 
Op amp bias current and offset voltage compensation are discussed. 
Current compensation techniques for high impedance levels and 
methods to achieve chopper-stabilized drift performance at low 
impedance levels are covered. 
National Linear Applications Handbook, Vol. I, AN-3 (4 pgJ 

16 "Monolithic Operational Amplifiers - The Universal 
Linear Component" 
(LMIOI, LM102) 
Applications of the LMIOI and, in some cases, the LM102, include 
free-running multivibrator, level shifting amplifier, voltage com­
'parator, servo preamplifier, and computing circuits. Frequency 
compensation techniques are discussed in detail. 
National Linear Applications Handbook, Vol. I, AN-4 (10 pgJ 

17 "Low Power Operational LH0001 Amplifier" 
(LHOOOI) 
Operation of circuit offering 0.2 mv typical offset voltage at 25 0 C 
and quiescent supply currents in 100 p.A range. 
National Linear Applications Handb~ok, Vol. I, AN-IO (4 pg,) 

18 "Noise Specs Confusing?" 
Explanation of terms and factors contributing to noise, calculation 
of noise figure and signal to noise ratio; Gives points on selecting 
low noise amplifiers. 
National AN-I04 (8 pg,) 

'" 
19 "An Applications Guide for Operational Amplifiers" 

(LHlOI, LH201, LMIOI, LM201, LM301) 
Discusses application of operaHonal amplifiers, grouping them in 
five categories: simple amplifiers, operational circuits, transducer 
amplifiers, wave shapers and generators, and power supplies; 
National AN-20 (12 pg.) 
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Amplifiers, Operational (cont) 

1 

2 

erA Simplified Test Set for Operational Amplifier 
Characterization" 
(lM101, lM201, lM301, lM709) . 
Gives a functional description of set that allows quantitative 
chaiacterization of the dc operational amplifier parameters for the 
lMIOl and lM709. Discusses the circuit, includes construction 
information, and gives a layout for the tester circuit boards. 
National AN-24 02 pgJ 

"IC Op Amp Beats FETs on Input Current" 
(lMIOS, lM208, lM308) 
nO<:f'riho<: IM1052 nnor~tinn ~ntf p\orl'nrm~n,.o 1\""1;,..,+:,, ................ 1 .. 

Amplifiers, Operational (cont) 

8 

9 

"Applications for a High Speed FET Input Op Amp" 
(lH0062, lHOO62C) 
Describes circuit, performance, compensation techniques for lH0062. 
Discusses applications in high speed· sample and hold circuit, high 
speed peak detector, programmable integrator, and wide band ac . 
voltmeter. Covers heat sinking, guarding, and bootstrapping. 
National AN-75 (4 pg.) 

"Use the LM158/LM358 Dual, Single SupplyOp Amp" 
(lM158, lM258, LM358) 
Proposes using this dual op amp with a single supply in place of 
the MC1458/MC1558 with a split supply. 
National AN-U6 (4 pg.l ;~d~h~ld~ cir'~'~it: i~[e~;at~~: ;i~we ~~~;' ~~~·i·li;to't~~~~~it~'~~e.,;;~li~ I 

plier, instrumentation amplifier, logarithmic converter, transducer I 10 
amplifier, current source and voltage comparator. Discusses PC I 

board construction. i 
National linear Applications Handbook, Vol. I, AN-29 (20 pg.) 

"LM143 Monolithic High Voltage Operational Amplifier 
Applications" 
(lM143, lM243, lM343) 
Describes circuit. High voltage applications: 130v p.p drive, ±34 
CMV instrumentation amplifier, high compliance current source. 
Current boosted applications: 100 ma, 1 amp, high compliance. 
90 W audio amplifier. High voltage power supplies; Also application 
tips. 

3 

4 

5 

"Logarithmic Converters" 
(lMIOIA, lM102, lMI08) 
Describes log generators, anti-log generators, cube generators, and 
multiplier/dividers, using the lMIOIA and lMlOS op amps. 
National linear Applications Handbook, Vol. I, AN-30 (4 pg.) 

flOp Amp Circuit Collection" 
(lMIOIA, lMI02, lMI07, lMIOS) 
Gives schematics only for some 90 circuits using one or more of 
the following operational amplifiers: lMIOIA, lMI02, lMI07, 
lMIOS. Includes bask, signal generation and signal processing 
circuits. 
National linear Applications Handbook, Vol. I, AN-31 (20 pgJ 

"New Design Techniques for FET Op Amps" 
(lH0022, LH0022C, lH0042C, lH0052, lH0052C) 
Gives parameters for lH0022, lHOO42 and lH0052 operational am· 
plifiers. Discusses rationale for FETs in these devices, describes 
the circuits. Describes application as voltage followers, integrators, 
sample/ hold amplifiers, comparators, instrumentation and charge 
amplifiers. 
National linear Applications Handbook, Vol. I, AN-63 (12 pgJ 

6 "Micropower Circuits Using the LM4250 Programmable 
Op Amp" 
(lM4250, LM4250C) 
Describes lM4250 circuit and bias current setting procedure. Appli· 
cations: 500 nano-watt amplifier, micro-power comparator meter 
amplifier, pulse generator, instrumentation amplifier and a 5v 
regulator for CMOS logic circuits. 
National AN-71 (8 pg.) 

7 "The LM3900 - A New Current-Differencing Quad of 
±Input Amplifiers" 
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(lM3900) 
Describes Norton "current mirror" circuit. Emphasizes the ampli. 
fiers' application in circuits for single power supply systems. Dis· 
cusses use in ac and dc amplifiers, voltage regulators, RC active 
filters, waveform generators, phase locked loops, and voltage con­
trolled oscillators. ' 
Also covers designing digital and switching circuits, and special 
applications, including tachometers, squaring amplifiers, positive 
feedback oscillators. line operated audio amplifiers, and power 
circuits. 
National AN-n (39 pg.) 

National AN·I27 (12 pg.l 

11 "A Linear Multiple Gain-Controlled Amplifier" 
Discusses gain control with FETs in the feedback path of an opera­
tional amplifier. Considers remote or multichannel gain control, 
volume expansion, and volume compression/ limiting as possible 
applications. 
National AN-129 (8 pgJ 

12 "A Linear Multiple Gain Controlled Amplifier" 
Portrays a linear control function with over three decades of gain 
achieved with a FET in the feedback path of a non·inverting ampli· 
fier. Gain control with FETs, distortion, bandwidth, and the con­
trol time constant are other subjects touched upon. 
National FET Data book (8 pg.l 

13 "Binary/BCD Gain Programmed Amplifiers" 
Illustrates construction of a gain programmed amplifier using an 
FET quad current mode switch, 4 binary weighted resistors, and an 
op amp. 
National FET Databook (3 pg.) 

14 "The Monolithic Op Amp: A Tutorial Study" 
Detailed paper on the design of IC operational amplifiers. 
National linear Applications Handbook, Vol. /I (18 pg.) 

15 "Feedforward Compensation Speeds Op Amp" 
(LMlOIA, LM20IA, lM30IA) 
Compares standard frequency compensation with feedforward fre· 
quency compensation of LMlOIA. Charts open loop response for both 
compensation networks. Shows fast integrator circuit. 
National Linear Applications Handbook, Vol. I, LB-2 (2 pg.) 

16 "Fast Compensation Extends Power Bandwidth" 
(LM101A, LM201A, lM301A) 
Describes frequency compensation technique that extends power 
bandwidth of lMlOlA for non·inverting gains of unity to ten and also 
reduces gain error at moderate frequencies. 
National linear Applications Handbook, Vol. I, lB-4 (2 pg.l 

17 "Precision AC/DC Converters" 
(lMlOIA, lM201A, lM301A) 

. Describes the use of the lMIOIA in a circuit for eliminating diode 
threshold potential, use as a precision ciamp, as a fast half wave 
rectifier, and precision AC to DC converter. 
National Linear Applications Handbook, Vol. /, lB-S (2 pg.) 
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Amplifiers, Operational (cont) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

"Universal Balancing Techniques" 
Describes offset voltage adjustment: for inverting amplifiers using 
less than 10 K source 'resistance or using any type of feedback 
element, for non-inverting amplifiers, for voltage followers, and for 
differential amplifiers. 
National linear Applications Handbook, Vol. I, lB-9 (2 pgJ 

"Speed Up the LM108 with Feedforward Compensatiqn" 
(lM108, lM20S, lM30S) 
Describes simple feedforward network for use with lMlOS to 
achieve a factor of five improvement in speed. 
National linear Applications Handbook, Vol. I, lB-14 (2 pg.) 

"Easily Tuned Sine Wave Oscillators" 
(lM101A, LM111, lM201A, lM211, lM301A, lM31I) 
Describes a circuit using the lMIOIA and lMl11 that provides 
both a sine and square wave output for frequencies for below 20 Hz 
to above 20 KHz. Also describes low distortion sine wave oscillator 
using two lM101As. 
National Linear Applications Handbook, Vol. I, lB·16 (2 pgJ 

"Predicting Op Amp Slew Rate Limited Response" 
Discusses slew rate limiting and gives curves for sine wave and 
step voltage response. 
National linear Applications Handbook, Vol. I, lB·19 (2 pg.) 

"Low Drift Amplifiers" 
(LM121, lM725, LM741, LM30S) 
Discusses problems causing drift in amplifiers and recommends 
solutions. Includes discussion of thermal and electrical shielding, 
resistor choice, circuit layout, and offset balancing. 
National linear Application Handbook, Vol. II, lB·22 (2 pgJ 

"True RMS Detector" 
Describes circuit using operational amplifiers that provide dc output 
equal to rms value of input with 2% accuracy for a 20 Vp-p input 
signal from 50 Hz to 100 kHz. 
National linear Applications Handbook, Vol. II, lB-25 (2 pgJ 

"Low Current Ammeter:' 
(lM216A) 
Depicts construction of an ammeter using the lM216A op amp. 
National lB·37 (2 pg.) 

"Specifying Selected Op Amps and Comparators" 
See listing under (linear) Comparators (National) 

"IC Preamp Challenges Choppers On Drift" 
See listing under (linear) Pre-amplifiers (National) 

"Digital Nulling of OP-05and SSS725" 
mAC-OS, OP-OS, SSS72S) 
Shows digitally controlled offset nulling achieved by imbalancing 
the first stage collector currents of the op amp with a D I A. 
Precision MonoUthics AB-3 (1 pg.) 

"Simple Precision Millivolt Reference Uses No Zeners" 
(OP-05) 
Describes -3.5 mv to 3.5 mv reference built with instrumentation 
op amp and a potentiometer. 
Precision Monolithics AN-10 (1 pgJ 
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12 "The OP-07 Ultra-Low Offset Voltage Op Amp - A Bipolar 
Op Amp that Challenges Choppers, Eliminates Nulling" 
(OP-07) 
Describes circuit design, compares performance to other devices. 
Covers application in a voltage reference, a high accuracy buffer; 

. a, D/ A test system, a composite· summing amplifier, an absolute 
value circuit, an analog computer building block, and as a thermo· 
couple amplifier. 
Precision Mon9lithics AN·13 (12 pg.) 

13 "Minimization of Noise in Operational Amplifier 
Applications" 
(OP-07) 
Describes internal and external sources of noise. Helps to locate 
noise sources by frequency. Gives examples of noise calculation 
using the OP-07 as an example. 
Precision Monolithics AN·15 (11 pgJ 

14 "The OP-17, OP-16, OP-15 as Output Amplifiers for 
High Speed 01 A Converters'~ 
WAC-08, DAC·20, DAC-76, OP·15, OP-16, OP·17) 
Illustrates design of high speed, voltage output 0/ A converters 
using these devices. Circuit diagrams. for high speed, low drift, 
and low power applications are provided. 

. Precision Monolithics AN-24 (3 pg.) 

15 "Applications of the RCA CA3048 Integrated Circuit 
Amplifier Array" 
(CA3048) 
Discusses operating parameters for this 4·amplifier array and covers 
applications, including Hartley and Colpitts oscillators, an astable 
multivibrator, four-channel linear mix, and a gain-controlled am· 
plifier. -
RCA ICAN-4072 (8 pg.) 

16 "Application of the RCA CA3008 and CA3010 
Integrated-Circuit Operational Amplifiers" 

17 

18 

19 

(CA3008, CA3010) 
Describes operating characteristics of two op amps and their appli· 
cation in video amplifiers, frequency-shaping amplifiers, compara­
tors, integrators, differentiators, scaling adders. Also covers the 
addition of a power output stage and/ or input emitter followers. 
RCA ICAN-S015 (15 pg.) 

"Application of the RCA CA3015 and CA3016 
Integrated-Circuit Operational Amplifiers" 
(CA3015, CA3016) 
Describes operating characteristics at ± 12 v. Applications covered 
are: 50-dB amplifier; twin-T bandpass amplifier, 20-dB, 10 MHz band­
pass amplifier; and voltage follower. 
RCA ICAN-5213 (6 pgJ 

"Application of RCA CA3033 and CA3033A High 
Performance Integrated-Circuit Operational Amplifiers" 
(CA3033, CA3033A) 
Describes the basic circuit and operation. Covers application as a 
2S0 mw, power amplifier and shows use in a DVM as a multivibrator; 
staircase generator, and comparator. 
RCA ICAN-S641 (S pgJ 

"Applications of the CA3080 and CA3080A High­
Performance Operational Transconductance Amplifiers" 
(CA3090, CA30S0A) 
This device has an additional control terminal for flexibility. Circuit 
operation is discussed. Applications covered: communications and 
industrial systems, modulators, multiplexers, sample and hold cir· 
cuits, gain control circuits, and micropower comparators. Appendix 
discusses current mirrors. 
RCA ICAN-6668 (16 pg,) 
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4 

5 

"Measurement of Burst (Popcorn) Noise in Linear 
Integrated Circuits" 
Discusses "pass-fail" criteria and describes a test set-up for meas­
uring burst noise. The set-up includes a high grain amplifier-filter, 
a bipolar comparator, and a counter-latch-timer control circuit. 
RCA ICAN 6732 (8 pgJ 

"L144 Programmable Micro-Power Triple Op Amp" 
(U44) 
Describes device function, elements of programming, effects of slew 
rate limiting. Applications discussed include instrumentation am­
plifier, tone detectors, triple-amplifier active filters, and a micro· 
pc'.'ver dc~blc~er:ded· nmit detectOi. 
Siliconix AN73-6 (6 pgJ 

"Operational Amplifier Parameter Definition and 
Measurement Guide" 
Defines parameters and means of measuring them. 
Teledyne Philbrick AN-23 (8 pgJ 

"Logarithmic Amplifiers and Operators Parameter 
Definition and Measurement" 
Defines and explains logarithmic amplifier parameters. 
Teledyne Philbrick AN·27 (3 pg.) 

"The Instrumentation Amp vs the Op Amp: 

Amplifiers, Power (coni) 
-----------------------i--------------------

12 "LM377, LM378, LM379 Dual Two, Fo,r, and Six Watt 
Power Amplitiers" ' 
(LM377, LM378, LM379) 
Discusses operation, choice and use of these circuits in audio­
applications. Covers distortion and heat diSSipation. Also covers 
use in a bridge configuration, plus use as a Wein bridge power 
oscillator, motor drive, power comparator, relay and lamp driver. 
National AN·125 n 1 pgJ 

13 "Application of the RCA CA3020 and !CA3020A Integrated 
Circuit Multi-Purpose, Wide-Band Power Amplifiers" 
(CA3020. CA3020Al 
Circuit description and operation. Both circuits operate from single 

_ supply voltage as low as +3 v, offer voltage gains over 60 dB with 
a 3 dB bandwidth of 8 MHz. Discussion of audio, broadband and 
video amplifier, video line driver. motor controller and servo amp 
applications. 
RCA ICAN-5766 (8 pgJ 

14 "TBA820 Two-Watt Monolithic Audio Amplifier" 
(TSA820) 
Lists main electrical characteristics of device and presents typical 
applications. 
SGS-ATES Technical Note 114 (11 pgJ 

Which, Where, and How to Use Them" 15 "TCA940 Fully Protected Audio Amplifier" 
(TCA94Q) 

6 

See listing under (linear) Amplifiers, I nstrumentation (Teledyne 
Philbrick) 

"Designing with TL080 BIFET Op Amps" 
(TL080, TL081 , TL082, TL083, TL084) 
Presents data sheet information, performance characteristics, and 
various applications including an IC preamplifier, a positive feed· 

Presents temperature and output short circuit protection features 
of the device along with a description of its performance. illus­
trates use of the device in a stereo amplifier and an -equalized 
amplifier for magnetic pickups. 
SGS-ATES Technical Note 119 (15 pgJ 

back bandpass filter, and a quadrature oscillator. I 16 
Texas Instruments CA.-193 01 pg.l "TBA810SI AS Thermally Protected Power Amplifier" 

(TBA810l 

Amplifiers, Power 

7 "D.C. Servo Motor Systems Using the ICH8510" 
(lCH8510l 
Explains servo systems in general and use of the device for velocity 
cont"roi. position control, and torque control in particular. 
Intersi! Application Bulletin A026 (4 pg.l 

8 "Power 01 A Converters Using the IH8510" 
See listing under (Linear) Converters (lntersill 

9 "The MC1554 One-Watt MonoUthic Integrated Circuit 
Power Amplifier" 
(MC1554) 
Describes the circuit, including dc characteristics, frequency reo 
sponse, and distortion. Shows how to calculate package power dis· 
sipation using the curves on the data sheet. Describes application, 
as one watt non-inverting, inverting, pulse power, and three-watt 
differential output amplifiers. 
Motorola AN-401 (7 pgJ 

,10 "Audio Handbook" 
See listing under (Linear) Consumer, Audio (National) 

11 "lM380 Power Audio Amplifier" 
See listing under (Linear) Consumer. Audia (National) 
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Description of the device followed by discussion of its performance. 
Also shows examples of use in tone control, TV, radio and tape 
playback channel applications. 
SGS-ATES Technical Note 120 {I6 pg.J 

17 "TCA830S-Thermally Protected Audio Power Amplifier" 
(TCA830S) 
Briefly describes how the device functions followed by an examina· 
tion of performance under different supply and load conditions. 
Portable AM! FM receiver, intercom, and magnetic tape player cir· 
cuits are shown. 
SGS-ATES Technical Note 126 (I5 pgJ 

18 "TDA2020/TDA2010 HI-FI Monolithic Amplifiers" 
(TDA2020, TDA201 0) 
Describes these power amplifiers and how to apply them. 
SGS-ATES Technical Note 13002 pg.l 

Amplifiers, RF 
-------------------------------------------- ---------------------

19 "An Integrated Circuit AGC IF Amplifier" 
(j.tA757) 
Describes circuit and performance of j.tA757, which is recommended 
for applications in military and industrial equipment, also speech 
compressor amplifiers. 
Fairchild Application Note 204 (4 pgJ 
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Amplifiers, RF (conI) 

1 
I 

"A High Gain Integrated Circuit RF-IF Amplifier with 
Wide Range AGe" 
(MCI590G) 
Describes operation "and Y parameters of the MC1590G. Applications 
include mixer plus IF, video, single and two-stage RF amplifiers. 
Motorola AN-513 no pgJ 

2 "A Two-Stage 1kW Solid-State Linear Amplifier" 
Discusses the design of 50W and 300W linear amplifiers for the 1.6 
to 30 MHz frequency band. 
Motorola AN-758 (16 pgJ 

3 "Linear Amplifiers for Mobile Operation" 
Discusses the design of a portable amplifier suitable for amateur 
radio applications. 
Motorola AN-762 {8 pgJ 

4 "A Complete Monolithic AM/FM/SSB IF Strip" 
See listing under (linear) Consumer, AMI FM (National) 

5 "Applications of the LM173/LM273/LM373" 
(LM173, LM273, LM373) 
Discusses FM, AM, and SSB operation of this multi·mode IF ampli­
fier I detector. 
National linear Applications Handbook, Vol. I, LB·13 (2 pgJ 

6 "Tuned Circuit Design Using Monolithic RFllF Amplifiers" 
(LMl71, LM703) . 
Discusses operating parameters for the LMl71 and LM703 in emitter· 
coupled and cascode configurations. Brief description of 10.7 MHz 
emitter-coupled stage and 100 'MHz cascode amplifier. 
National Linear Applications Handbook, Vol. I, AN-6 (6 pgJ 

7 "Logarithmic IF Strips Using Monolithic Integrated 
Circuits" 
(SL521) 
Describes operation of, this log amplifier in successive detection 
type IF strips with center frequencies from 10 to 100 MHz. Covers 
broadband and narrow band circuits and describes in detail a 60 
MHz wide-range logarithmic amplifier. 
Plessey Semiconductor Technical Communication (3 pgJ 

8 "Logging IF Strip" 
(S11521) 
Describes a logging IF strip using Plessey IC's. 
Plessey Semiconductor (2 pg.) 

9 "Application of the RCA CA3004, CA3005, and CA3006 
Integrated-Circuit RF Amplifiers" 
(CA3004, CA3005, CA3006) 
Discusses operating modes, Y parameters, noise performance, video 
amp capabilities, gain control, cross modulation and modulation 
distortion. Covers application as Single-ended RF amplifier, tuned 
IF amplifier, mixer, suppressed-carrier' modulator and product de­
tector. 
RCA ICAN-5022 (26 pgJ 

10 "Application of the RCA CA3002 Integrated-Circuit IF 
Amplifier" 
(CA3002) 
Describes circuit, operating modes, characteristics, and applica­
tion as an envelope detector, product detector, and a Schmitt 
trigger. 
RCA ICAN-5036 (9 pgJ 
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Amplifiers, RF (conI) 

11 "Application of the RCA CA3028A and CA3028B 
Integrated-Circuit RF Amplifiers in the HF and VHF 
Ranges" 
(CA3028A, CA3028B) 

. Describes circuits and operating modes. Covers Lise as an RF amp, 
autodyne converter, IF amp, and limiter. 
RCA ICAN·5337 no pg.) 

12 "Application of the RCA CA3021, CA3022, and CA3023 
Integrated-Circuit Wideband Amplifiers" 
(CA3021, CA3022, CA3023) 
Describes circuit and operating characteristics. Covers video, 10 
MHz IF, 455 KHz IF, 28 MHz two-stage limiter, and 500 kHz limiting 
amplifier applications. 
RCA ICAN-5338 n2 pgJ 

Amplifiers, Sense 

13 "Semiconductors for Plated-Wire Memories" 
See listing under (Digital) Interface (Motorola) 

14 "An Integrated Sense Amplifier for Core Memories" 
(MC1440, MC1540l 
Discusses core memories and design considerations for a sense 
amplifier. Establishes performance and environment specs for am· 
plifier design, analyzes design of MC1540, and discusses measured 
performance. 
Motorola AN-245A (7pg.) 

Amplifiers, Video 

15 "A Wide Band Monolithic Video Amplifier" 
(MC1552G, MC1553G) 
Describes' basic operation of the MC1552G and MC1553G, and the 
characteristics obtained as a function of the devices' operating 
modes. Applications: pulse amplifier, summing! scaling amplifier, 
oscillator, and tuned amplifier. 
Motorola AN-404 (13 pgJ 

16 "Using the MC1545, A Monolithic Gated Video Amplifier" 
tMC1445, MC1545) 
Describes ac and dc operations and discusses applications as a 
video switch, amplitude modulator, balanced modulator, pulse am· 
plifier, frequency shift keyer and wideband differential amplifier. 
Motorola AN-475 (7 pgJ 

17 "Gated Video Amplifier Applications - The MC1545" 
(MC1445, MC1545) 
Reviews basic operation and discusses applications,. including sev­
eral modulators, gated multivibrators, gated osciilators and FSK 
systems. Also discusses AGC, single supply operations, and tempera­
ture compensation of the active gate. 
Motorola AN-491 (15 pgJ 

18 "Television Video IF Amplifier Using Integrated Circuits" 
See listing under iLinear) Consumer, TV (Motorola) 

19 "Application of the RCA CA3001 Integrated-Circuit Video 
Amplifier" 
(CA30011 
Describes circuit and operating characteristics. Covers cascaded 
stages and use as a Schmitt trigger. 
RCA ICAN-5038 (9 pg.) 
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Amplifiers, Video (cont) Communications (cont) 

1 "The SG1401 Video Amplifier" 9 "XR-C240 Monolithic PCM Repeater"t 
(XR-C240) r 

2 

3 

'4 

6 

7 

(SP140l) 
Discussion of fixed and variable gain. The high frequency stability 
is discussed to aid in optimizing the various configurations for this 
device. . 
Silicon General Linear Ie Product Guide (2 pg.) 

Arrays 

"Using the SL362C Low Noise Transistor Pair" 
(SL362) 
Provides general data on noise performance plus application in DC 
to 200 MHz amplifier. 
Piessey 'Semiconductor Technical Communication (4 pg.l 

"Application of the RCA CA3018 Integrated Circuit 
Transistor Ar.ray" 
(CA3018) 
Array of two isolated silicon epitaxial transistors plus two transis­
tors with emitter-base common connections, suited for closely 
matched device requirements or interconnections with non-integra­
ble components. Applicationes covered include IF-RF, video, AGC, 
audio and dc amplifiers. 
RCA ICAN-S296 (S pg.l 

"Application of the RCA CA3019 Integrated-Circuit Diode 
Array" 
(CA3019) 
Describes circuit configuration, operating characteristics and ap­
plications, including balanced modulator, high-speed gates, balanced 
mixer, and a ring modulator. 
RCA ICAN-S299 (6 pg,) 

"Designing with an IC Transistor Array Containing 
Matched Super-Beta Transistors" 
(CA3095) 
Describes CA309S IC array. Applications: low frequency amplifier, 
low noise video amplifier, long-delay monostable multivibrator, low­
input-bias current comparator, analog timer for long delays, high 
input impedance dc-voltmeter circuit, and tape-head preamplifier. 
RCA ICAN-6222 (9 pgJ 

"Monolithic Darlington Arrays Reduce Interface Cost and 
Complexity" 
(ULN-2001A. ULN-2002A. UlN-2003A) 
Discusses packaging and heat dissipation of these SOv, 100-3S0 ma 
units. Covers parallel operation, input currents and control of up 
to 12S watts. 
Spiague Electric Microcircuit Application Report MAR 7S-2 (8 pg.l 

"Series ULN·2000A Darlington Transistor 
Arrays·Description and Application" 
(ULN-2001A, ULN-2002A, ULN·2003A ULN-2004A) 
Describes circuit capabilities and its use as an interface. 
Sprague (7 pg.) 

Communications 

See also (Digital) Data Transmission 

8 "S2559 Digital Tone Generator" 
(S2559) 

170 

Describes a tone generator designed specifically to implement a 
dual tone telephone dialing system. 
American Microsystems (12 pg.l 

Provides device description, description of circuit operation, and 
schematics for a typical repeater system. ' 
Exar AN-02 (6 pg.) 

10 "XR-C277 Low-Voltage PCM Repeater IC" 
(XR-C277) 
Explains PCM repeater fundamentals, d~ice operation, and pre­
sents schematic for a repeater application. 
Exar AN-04 (6 pg.l 

11 "Dual Tone Decoding" 
(XRS67, XR2567) 
Discusses and presents diagrams for a fast, narrow band tone de­
coder, a touch·tone decoder, and a iow cost frequency indicator. 
Exar AN-08 (2 pg.l 

12 "High Performance PCM Repeater Using XR·C262" 
(XR-C262) 
The design principle and the electrical characteristics of the XR·C262 
high performance PCM repeater IC are described. Circuit cannec­
tionand application examples are given in its use in 1.5 Megabit 
or 2 Megabit PCM systems. 
Exar AN-IO 

13 "Pushbutton Dialer with Memory" 
(AYS-9100, AYS-9200, AYS·9S00) 
Provides instructions, diagram, and PC board layout for an add-on 
device that connects to any telephone and permits dialing via a 
separate keyboard. The module has a redial mode and a 20-digit 
10 number expandable memory .. 
General Instrument Bulletin 0701 (7 pg.l 

14 "A 10-Number Repertory Pulse Dialer" 
(AY5-9100, AY5·9200, AY5·9500) 
Diagram and short description of a telephone pulse dialer with capa­
bility for storage and reference of 10 numbers of up to 22 digits 
each. 
General Instrument Bulletin 0702 (2 pg.l 

15 "One-Button 32 Number Repertory Dialer/Calculator" 
(AY5-9200. AYS-912Q) 
The circuit described features one-button redial of one of 32 stor­
able telephone numbers of up to 22 digits each. The 8·digit .ci11- i 

culator features five functions, including percent. 
General Instrument Bulletin 0706 (6 pg.l 

16 "The Impact of LSI on the Design of PCM Codecs" 
Discusses the changes existing telephone systems will go through 
as LSI circuits are increasingly used for PCM and computer con· 
trolled switching. 
General Instruments Bulletin 0707 (4 pg.l 

17 "HC·55516/32 CVSD Concept and Operations" 
(HCS5S16, HCS5532) 
Outlines Continuously Variable Slope Delta Modulation and compares 
it to pulse code modulation. 
Harris (S pg.l 

18 "A CB Audio Compression System" 
(MONOCHIP) 
Describes using the device to provide an on·chip regulator, audio 
pre-amp, AGC amplifier, DC volume control, and a headphone driver 
amplifier for use- in a CB transceiver. 
Interdesign APN-I0 (7 pg.l 
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1 "communicatioh System Transmission LoSses" . 
Derives equations. for computing insertion losses for components in 
a communication S,ystem. Gives computer generated tables, series 
resistance and reactance plus parallel resistance and reactance 
for various system ;mpedances. 
Motorola AN-710 (5 pg.) 

2 "Two Wire Current Transmitters" 
(lM304) I 

Describes a method for accurately transmitting analog data over 
long distances using only two wires. 
Nafional Semiconductor lB-40 (2 pg,) 

3 "A Unique Monofithic AGC/Squelch Amplifier" 
(lM170, lM270, lM370) 
Describes operation of lM170. Applications: AGC circuits with peak 
or with transistor detector$, squelch preamplifier with hysteresis, 
voice·operated·relay controls, Wein bridge oscillators, decade 
tunable oscillators, and a modulated 455 kHz signal generator. 
National AN·51 (12 pg.) 

4 "SL60D Series - Integrated Circuits for Radio 
Communications" 
(Sl600 Series) 
Describes circuits and applications for the following: RF /IF ampli­
fiers; limiting RF amplifier/detector; AGC generators; AF amplifier, 
VOGAD side tone amplifier, AM detector, AGC amplifier and SSB 
demodulator; multimode detector; microphone! headphone amplifier; 
double balanced modulators; and. a square log device .. Describes 
synchrodyne, superhet, SSB and multimode receivers; SSB and AM 
transmitters; SSB transceiver, a multi! mode transceiver and a 
Morse keyer. 
Plessey Semiconductor Applications Manual (92 pgJ 

5 "CRC8030 Telephone DTMF Receiver" 
(CRC8030) 
Discusses dual·tone multi-frequency signaling·. Includes specifica­
tions, test data, and interface capabilities. 
Rockwell Application Note (28 pg.) 

6 "The CRC8030 Dual Tone Multi-Frequency Receiver" 
(CRC8030) 
Discusses various approaches to DTMF receiver design and DTMF 
signaling. Includes a chart of reeeiver specifications and a descrip­
tion of the device. 
Rockwell (11 pg.) 

7 "Applications of CMOS Integrated Circuits in 
Communications Equipment" 
See listing unde((Oigital) CMOS. (Solid State Scientific) 

8 "Modems" 
See listings under (Digital) Data Transmission 

Comparators 
-_._---------------_ .. _-----

9 "AM685/ AM686/ AM6S7 Designing with High Speed 
Comparators" 
(685, 686, 687) 
Gives a mathematical analysis of circuit operation. Discusses use as 
a pulse detector, precision monostable and applications requiring 
hysteresis. 
Advanced Micro Devices Application Note (10 pgJ 
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10 "Varying Comparator Hysteresis without Shifting Initial 
Trip Point" 
Describes adding a positive feedback circuit to introduce precise 
variable hysteresis into the usual comparator switching action. 
Burr-Brown AN-62 U pg.) 

11 "The pA 760 - A High Speed Monolithic Voltage 
Comparator" 
(p.A76Q) 
Gives a functional description and cites typical performance charac­
teristics. Discusses applications, including level detectors and line 
receivers, zero crossing detectors, high speed AI D converters, pulse 
width modulators, and fast peak detectors. 
Fairchild Application Note 311 (8 pg.) 

12 "The pA750 Dual Comparator Subsystem" 
~A75Q) 
Discusses the circuit, design considerations and applications, includ­
ing use in a combined heater I air conditioner control, a malfunction 
indicator, an analog status indicator and display, and a minimum 
frequency detector. . 
Fairchild Application Note 315 (7 pgJ 

13 "Radiation Testing of Linear Microcircuits" 
Includes the 702. See listing under (Linear) General. (Fairchild) 

14 uA Simple Comparator Using the HA2620" 
See listing under (linear) Amplifiers, Operational (Harris) 

15 "A High Speed Dual Differential Comparator -
the MC1514" 
(MC1414, MC1514) 
Describes circuit operation and applications, including level and 
limit detectors, multivibrators, line receivers, sense amplifiers, zero 
crossing pulse generator and a peak voltage detector. 
Motorola AN-547 (13 pgJ 

16 "Precision IC Comparator Runs from 5V Logic Supply" 
(lMll1, lM211, lM311) 
Describes the lM111 circuit. Applications: photodiode level detector, 
zero crossing detectors, digital interface circuits, multivibrators, 
oscillators, and a frequency doubler. Includes application hints. 
National linear Applications Handbook, Vol. I, AN-41 (6 pg.) 

17 "LM139/LM239/LM339 - A Quad of Independently 
Functioning Comparators" 
(lM139, lM239, lM339) 
Describes lM139 circuit. Applications: comparators with hysteresis, 
limit comparators with lamp drivers, zero crossing detectors, oscil­
lators, MOS clock drivers, wide range VCO, AND/ NAND gates, OR! 
NOR gates, multivibrators, time delay generators, pulse width modu­
lator, temperature alarm, tape .eader and peak detector. 
National AN-74 (16 pgJ 

18 "Application of Programmable Micropower Comparators" 
(U61) 
Describes the device and how to program it. Also describes the 
effects of programming on AC characteristics, limit, zero crossing, 
and level detectors; DC to DC converter applications. 
Siliconix AN76-7 

19 "Comparing the High Speed Comparators" 
(lMl60, lM161, lM260, lM261, lM360, lM361l 
Compares lM360 to pA760 and lM261 to NE529. Covers application 
as a peak detector for tape and disk file channels and in a high­
speed 3·bit AI D converter. 
National AN·87 (6 pgJ 
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Comparators (cont) 

1 

2 

"Fast Voltage Comparators with Low Input Current" 
(LMI02, lMI06, LM202, LM206, lM302, LM306) 
Describes use of lMI02 to buffer the input of the lMIOS compara­
tor. Applications: comparators for fast AI D converters, for zero 
crossing detectors, and for ac coupled signals. 
National Linear Applications Handbook, VoL I, LB-S (2 pgJ 

"An IC Voltage Comparator for High Impedance Circuitry" 
. (LMlll, lM211, LM311) 
Describes LM111 circuit and comparison to LMI06/lM710. Applica­
tions: zero crossing detector driving an analog switch, detector for 
a magnetic transducer, comparator for a low level photodiode. and 

Consumer, AM/FM (cont) 

10 

11 

"The /lA732 and /lA767 Integrated Cir~uit Stereo 
Multiplex Decoders" : 
(/lA732, /lA767) I 
Discusses stereo demodulation, stereo! mon~ural switching, and in­
terstation audio mute switching sections of these devices. Describes 
performance characteristics, external components required, align­
ment and user options. 
Fairchild Application Note 286 (8 pgJ 

"A Fully Integrated High Quality AM/FM Stereo Receiver" 
(,uA70S, /lA720, pA739, pA753, ,uA758, p.A3075) 
Describes receiver using ICs with a comparison to discrete design. 
Fairchiid Appiication Note 32811 (6 pg,j 

/. 
I 

driving a ground·referred load. I· 
National Linear Applications Handbook, Vol. I, lB·12 (2 pgJ 12 

"ZN414 - The One Chip Radio Receiver" 
(ZN414) i 3 

4 

5 

"Specifying Selected Op Amps and Comparators" 
Discusses the most common parameters that are tested on opera~ 
tiona I amplifiers and comparators and the relative difficulty of test­
ing on high speed equipment. Gives a guideline to tightened speci­
fications. 
National linear Applications Handbook, Vol. II, lB·26 (2 pg.) 

"Circuit Techniques for Avoiding Oscillations in 
Comparator Applications" 
(LMlll) 
Details design techniques for avoiding oscillations when using high 
gain, wide bandwidth comparators like the LMIl. 
National Semiconductor LB-39 (2 pgJ 

"Microvolt Comparator" 
(lMl11, LM211, LM311, LMI21A, LM221A, LM321A) 
Describes an LM121A preamplifier driving an lMl11 comparator. 
National Linear Applications Handbook, Vol. II, LC·32 (2 pgJ 

6 "The 725 Op Amp as a Low Level Comparator" 
(PM725) 
Provides the circuit and design curves for a submillivolt level com· 
parator based on the 725 op amp. 
Precision Monolithics AN·25 (4 pg.) 

Consumer, AM/FM 

7 "Frequency Selective AM Detection Using 
Monolithic Phase-Locked Loops" 
(XR2228. XR21S. XR2212) 
Design of frequency selective coherent AM and AM! FM demodulator 
systems using these devices is described. 
Exar AN-13 

8 "Integrated Circuits for FM Receivers" 
(,uA703,. /lA753, fJ-A758, fJ-A3075) 
Describes ICs capable of performing all basic functions of an FM 
stereo receiver, except the front end. Discusses 753 IF block, 
CA3075 2nd IF block, 758 stereo multiplex decoder, 706 audio 
power amplifier. 
Fairchild Application Note 318 (7 pg.) 

9 . "The ,uA758 - A Phase Locked Loop FM Stereo 
Multiplex Decoder" 

172 

(/lA758) 
Gives functional description of this device, including input buffer / 
amplifier and bias supply, demodulator, stereo switch and lamp 
driver, VCO, frequency dividers, pilot phase and amplitude detec­
tors. Discusses operating characteristics, testing and alignment. 
Fairchild Application Note 319/1 (11 pg.) 

I Describes various applications for singie·chip ie radio, and suggests 
a new approach to AM receiver design. 
Ferranti (1S pg.) 

13 "FM Tuner Using the Economega I Digital 
Tuning System" 
(Economega) 
Describes modification of a Goodman model 1·20 tuner amplifier to 
include a GI automatic tuning system and display. Presents sche­
matics as well as descriptions of various changes made. 
General Instrument Bulletin 0407 (7 pg.l 

14 "Digital Frequency Display for a Radio-Receiver" 
(AY5·1200A, AY5·8100) 
Explains details of interfacing the devices with a radio receiver. 
Provides circuit description and diagram plus a 1ayout for a PC 
board showing pre-amp and display connections. 
General Instrument Bulletin 0409 (11 pg.) 

15 "Adjusting the IF Offset of the AV5-8100" 
(AY5·810Q) 
Depicts adjusting the IF offset of the device in 10KHz steps. 
General Instrument Bulletin 0410 (2 pg.) 

16 "Radio Receiver Frequency Counter/Clock" 
Supplies diagram and operating instructions for using each device 
to display time or frequency on a 31/2 digit display. 
General Instrument Bulletin 0411 (3 pgJ 

17 "Stereomega Phase-Locked Loop 
Digital Tuning Systems" 
(Stereomega, AY3·8115, AY3·8116, AY5·8450, AY5·8460, ER140Q) 
Presents use of system in four applications which provide full elec· 
tronic control of a varactor·tuned AM/JM radio: basic manual, basic 
manual with clock, basic remote controlled, and deluxe remote· 
controlled. Includes diagrams and schematics. 
General I nstrument Bulletin 0412 (11 pg.) 

18 "Manual and Automatic FM Tuning System Using 
Econome,ga I" 
(Economega, AY3·8203, ER1400, MEM4956) 
Describes a system that allows manual tuning of a Goodman 1·20 
tuner with non·volatile electronic storage of tuning data for 16 
stations. Diagrams, schematic. 
General Instrument Bulletin 0414 (4 pg,) 

19 "Integrated Circuit IF Amplifiers for AMIFM and FM 
Radios" 
(MC1350, MC1355, MC1357, MFC4010, MFCSOIOl 
Discusses the use of ICs in four IF amplifiers: a high performance 
FM, a quadrature detector FM, a composite AM/FM, and an economy 
model FM receiver. 
Motorola AN·543A (14 pgJ 

._----------_ .... _--
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7 

8 

9 

"Scanning Logic for RF Scanner-Receivers Using CMOS 
Integrated Circuits" 
See listing under \(Digital) CMOS (Motorola) 

"A Complete M~nolithic IF Strip for AMI AGC 
Applications 
(lMI72, lM272) , 
Circuit operation Of lMI72/lM272. Covers application in super· 
heterodyne and 10""1 frequency IR.F. receivers. 
National linear App'ications Handbook, Vol. I, AN·15 (S pg.) 

"A Complete Monolithic AM/FM/SSB IF Strip" 
(lM273, lM373, lM274, lM374) 
Discusses lM273/lM373, and lM274! lM374 IF amplifier/detectors. 
Includes description of FM, SSB, and AM detection. Applications 
include: FM slope detector, double conversion. IF strip, and coherent 
phase locked receiver. Also includes application hints. 
National AN·54 (8 pg.l 

"Low Cost IC Stereo Receiver" 
(lMI800, lM1820; lM3089) . 
Describes the complete circuit and performance of an AMI FMI Stereo 
receiver. 
National AN·147 (4 pg.) 

"FM Remote Speaker System" 
Describes an FM transmitter which couples to its companion reo 
ceiver thru the power lines. The system transmits speech or music 
and is suitable for home use as well as some factory applications. 
National AN-146 (4 pgJ 

"Low Cost AM Radio System Using LM1820 and LM386" 
(lMI820, lM286) 
Presents circuit diagram of a simple AM radio. without an rf pre· 
amplifier ahead of the mixer. 
National linear Applications Handbook, Vol. II, lB·29 (2 pg.) 

"Audio Handbook" 
See listing under Consumer, Audio (National) 

"AM/SSB Transceivers and Noise Blanking Using 
SL1600 Series Circuits" 
(S11623, S11626, S11640, S11641) 
Describes the sub-systems used in AM·SSB transceivers. 
Plessey Semiconductor no pgJ 

"An SSB Transceiver for Citizens' Band Using Pleney 
SL 1600 Integrated Circuits 
(S11600 series) 
Describes the design of a SSB transceiver. 
Pless~y Semiconductor (4 pg.l 

10 "An AM Receiver Using the Plessey SL 1600 Series" 
(SU600 series) 
Describes the design of a simple AM receiver. 
Plessey Semiconductor (7 pgJ 

11 "SL 1600 Series Transceiver Applications" 
(SU600 series) . 
Discusses simple SSB and multimode transceiver design. 
Plessey Semiconductor (32 pg.) 

12 "Integrated Circuits for FM Broadcast Receivers" 
(CA3005, CA3011, CA3012, CA3013, CA3014) 
Discusses circuits for FM tuner, IF amplifier, limiter, and detector 
applications. . 
RCA ICAN·5269 (7 pgJ 
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13 "Integrated-Circuit Frequency,.Modulation IF Amplifiers" 
(CA3012, CA3028) 
Describes CA3012 and CA3028 differential amplifiers and applica· 
tion in I F·amp lifier strips. 
RCA I CAN·5380 (7 pg.) 

14 "Application of the CA3089E FM-IF Subsystem" 
(CA3089) 
Discusses stability considerations and following circuits: quadrature· 
detector, audio and AFC, mute, tuning meter and rf·agc, if ampli­
fier! detector system and stereo decoder. Also covers operation at 
frequencies other than 10.7 MHz. 
RCA ICAN-6257 (8 pg.) 

15 "Integrated-Circuit Stereo Decoder Using the 
CA3090AQ Stereo Multiplex Demodulator" 
(CA3090AQ) 
Gives circuit description. Describes the lC oscillator, reactance, 
stereo defeat, dc coupled flip·flop preamplifier and phase splitter 
circuits. 
RCA ICAN·S259 (10 pg.) 

16 "TDA1200 FM-IF System for High Performance Radio 
Receivers" 
ITDA1200) 
Gives a detailed description of the device. Describes r:.elative per· 
formance of device when used in an FM tuner, an AMI FM car radio, 
and a portable AM/FM radio. . 
SGS-ATES Technical Note 117 02 pgJ 

17 "ULN-2204A AM/FM Receiver System" 
(UlN-2204) 
Presents operation of device and discusses typical applications. 
Sprague AN·27121.51 (12 pg.) 

18 "A Complete AMI FM Single Processing System" 
(ulN·2242) 
Describes a circuit which simplifies AMI FM receiver design and 
improves performance. Includes diagrams and graphs. 
Sprague TP77-S (10 pg,} 

Consumer, Audio 

19 "MOS Circuit for Electronic Organs" 
(S2193, S2688, S8890, SI0110, S10129, S10130, S10131; S50240, 
S50241, S50242) 
Describes the use of ICs for various electronic organ circuits. 
American Microsystems AP74·10 (7 pgJ 

20 "An Electronic Music Synthesizer Using the 
XR2207 and the XR2240" 
(XR2207, XR2240l 
Design of a simple, low-cost "music synthesizer" system is de­
scribed. 
Exar AN·15 

21 "Applications of the pA139 and p.A749 Dual Preamplifier 
Integrated Circuits in Home Entertainment Equipment" 
(p.A739, p.A749) 
Describes circuit operation. Discusses d·c and a-c considerations, 
compensati.on and noise performance. Covers applications as a 
stereo tape amplifier, a high fidelity phonograph preamplifier, and 
a TV remote control amplifier. 
Fairchild Application Note 171 (7 pg.) 
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1 

2 

4 

-----------

"A High Output Power, (5 Watt), Low Distortion, IC Audio 
Amplifier" 
(uA706) 
Describes circuit, functions, design considerations of the J.tA706. 

. Discusses application as an audio amplifier with the speaker load 
connected to ground, with the speaker load between supply and 
output, and discusses use in an fM stereo receiver. 
fairchild Application Note 317/1 (6 pgJ 

"An Electronic Piano Using the AV-1-1320" 
(AYl-0212, AYI-1320, AYl-S050l 
Presents circuit diagrams and description of an electronic piano 
uSing a divider, a t{)P octave generator and the device. I 
General Instrument Bulletin 0501 (S pgJ 

"Designing a Basic Organ System Using the MK50240" I 
(MKS0240) 
Describes an organ system using the MK50240 Top Octave Genera­
tor for each octave. 
Mostek (3 pg,l 

"LM380 Power Audio Amplifier" 
(lM380l 
Describes the circuit and general operating characteristics. Applica­
tions: phono amplifier, bridge amplifier, and intercom. 
National AN-69 (7 pg,) 

I 5 II Audio Handbook" 
(lMl71, lM377, lM378. lM379, lM380, LM381, LM382, lM384, 
lM386, lM387, lM388, LM389, LM390, LM391, LM703, LM1303, 
lM131O, LM1351, LM1800, LM1820, lM2111, lM3011, lM3065, 
LM3075, LM3089, MMS837l 
Contains discussions and design particulars on many areas includ­
ing preamplifiers; AM, FM, and Stereo; power amplifiers; controls, 
networks and power supply design-covers practical as well as 
theoretical aspects. 
National $4.00 088 pgJ 

6 "Audio Applications for the DAC-76 
Companding Converter" 

7 

8 

9 

174 

(oAC-76) 
Discusses the muitipiying and control characteristics of the DAC-76 
with regard to 2C inputs, as an aid to optimizing high-performance 
digitally-controlled gain, circuits. 
Precision Monolithics AN-28 (8 pgJ 

"Application of the RCA CA3007 Integrated-Circuit Audio 
Amplifier" 
(CA300]) 
Describes circuit. Covers application as dual-supply audio driver in 
a direct-coupled 'audio amp, and as single-supply audio driver in a I 
capacitor-coupled audio amp. 
RCA ICAN-5037 (4 pgJ 

"Use of Analog Delay Lines for Audio Speed Change 
without Pitch Changes" 
(SADI024AJ 
Describes technique for increasing or slowing the speed of a 
recording. 
Reticon Application Note No. 112 (4 pg.) 

"Build a Simple Comb-Filter or Flanger with a 
Bucket Brigade Delay Line" 
(SADI024AJ 
Describes a flanger (electronic sound modifier) and what is needed 
to build one. 
Reticon Application Note No. 113 (4 pg.) 

Consumer, Audio (cont) 

10 "TDA 1 054M - Cassette Recorder Preamplifier with ALC" 
(TDA1054M) , 

11 

12 

13 

Discusses features of the device and preamplifier noise. Applica­
tions in Hi-fi, stereo. and dynamic range compressors are described . 
SGS-ATES Technical Note 124 (24 pg.l 

"M252 and M253 Rhythm Generators 'for Electronic 
Organs" I 

(M252, M253) 
Defines and describes rhythm generators. Presents these two de­
vices, and describes their use in electronic organs. 
SGS-ATES Technical Note 131 (2i pg.) 

"TCA600/900 and TCA610/910 Integrated Motor Speed 
Regulators" , 
See listing under (linear) Industrial Control (SGS-ATES) 

"The ULN-2280 Amplifier" 
(ULN-228Q) 
Describes this single power amplifier circuit and discusses applica­
tions as a low-cost phonograph amplifier, ampfifier with tone con­
trols, common mode amplifier, full bridge amplifier, and a mono 
FM receiver. 
Sprague Electric Microcircuit Application Report MAR 73-2 (8 pg.) 

14 "low-Cost-Dual Class B Driver" 
(ULN-2277, ULN-2278) 
Describes the UlN-2277 /78 ICs and describes use in dual 2-watt 
and dual I5-watt amplifiers. 
Sprague Electric Microcircuit Application Report MAR 73-5 (3 pgJ 

------_._- ---------- -- ---------,---

Consumer, Medical 

15 "A Personalized Heart-Rate Monitor with Digital Readout" 
(MCl776, MCI40I3, MC14040, MC14572) 
Describes digital heart-rate monitor using the MCl776 op amp and I 
CMOS digital ICs. I 
Motorola AN-714 (4 pgJ 

Consumer, TV 

16 "A Ten Game Color Video System Using the AV3-8610-1" 
(AY13-8610-1, AY3-8615) . 
Furnishes diagram and PC board layout of a color TV game circuit 
incorporating the devices. 
General Instrument Bulletin 0401A (3 pg.) 

17 "A Tank "Battle" TV Game Using the AV3-8710-1" 
(AY3-8710-1) , 
Supplies diagram and description ofa TV game circuit which pro­
vides an NTSC compatible signal to operate a standard 525-Jine TV 
receiver and produces a black and white picture. 
General Instrument Bulletin 0402A (4 pgJ 

18 "World Television Systems" 
Furnishes, in chart form, the characteristics of various television 
systems. Includes such data as line standards and channel fre- 'j 
quencyassignments. 
General Instrument Bulletin 0403 (2 pg.l I 
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4 

5 

6 

7 

8 

9 

"PAL Colour Encoding Systems for the 
AY3-8500 TV Game Circuit" 
(AY3-8500) , 
Briefly describes the PAL system, then presents two alternate cir­
cuits for color encoding the AY3-8500 TV game according to PAL 
General Instrument Bulletin 0404 (8 pg.) 

"Video Game FM Sound Generator" 
Describes a system that enables a TV sound system to be used for 
game sounds as well. ' 
General Instrument Bulletin 0405 (2 pg.l 

"Wireless Remote Control of the 
AY3-8710-1 Battle Game" 
(AY3-8710·1, SAA1024, SAA1025) 
Presents system diagrams, logic, and pin connections for an ultra· 
sonic remote control unit utilizing the devices. 
General Instrument Bulletin 0408A (5 pg.) 

"Economega I Digital Tuning for Television Receivers" 
(Economega, MEM4956, ERI400, SAA1025) 
Describes a digital TV tuning system capable of automatic search 
and acquisition of up to 16 different TV programs. Supplies system 
block diagram as well as schematics for individual circuits. 
General Instrument Bulletin 0413 (7 pg.) 

"On-Screen Displays for Television" 
(AY3-8330, AY5-8321) 
Examines an on·screen tuning display with 16 selectable programs. 
Includes TV interface and system schematics. . 
General Instrument Bulletin 0415 (4 pgJ 

"The Gimini Economy 8600 Programmable Game System" 
(AY3-8615) 
Describes use of the AY3·8615 game/ color processor in a system 
designed to be priced near that of dedicated game systems, but 
with a cartridge expandability. 
General Instrument Bulletin 0416 (4 pg.l 

"Videovox II: Video Color Organ" 
(AY3·8515) 
On receiving an audio input from either a crystal mike oran external 
source, the circuit described generates a color composite video 
signal, modulated .and suitable for use with color TV. 
General Instrument Bulletin 0417 (4 pg.) 

"Economega I Digital Tuning for UK Televisions" 
(Economega) 
Describes two eight program UHF band versions of the Economega 
System specifically for U.K. market. Conventional AFC is retained 
for simplicity. Includes a manually controlled search feature. 
General Instrument Bulletin 0420 (4 pg.) 

"Television Video IF Amplifier Using Integrated Circuits" 
(MCI330, MC1350, MC1352, MC1353) , 
Discusses requirements of the video IF section of a TV receiver. 
Describes MC1350/ 2/ 3 amplifier and MC1330 detector circuits. 
Includes design for a practical TV IF amplifier and detector. 
Motorola AN·545 (11 pg.l 

10 "Television Horizontal APC/AFC Loops: 
The Last 10 Percent" 
Discusses some of the common problems that may be encountered 
in the design of horizontal APC! AFC loops and methods to avoid or 
overcome them. 
Motorola AN·727 (15 pgJ 
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11 ,"A Medium Cost PLL Varactor Tuning System Utilizing 
Off-the-Shelf Logic" 
Describes a frequency domain tuning scheme for varactor TV tuners. 
Motorola AN-729 (14 pg.) 

12 "A Synthetic Spectrum Tuning System for TV" 
Describes a tuning system which generates a complete spectrum of 
TV channel markers to achieve precise tuning on any channel. 
Motorola AN-739 (12 pgJ 

13 "A Phase-Locked Loop Tuning System for Television" 
Describes a frequency domain tuning system using direct digital 
count down of the local oscillator. 
Motorola AN-744 (10 pgJ 

14 "A Disassociated Intercarrier Television Video IF 
Amplifier" 
(MC1331) 
Discusses a video IF system using the MCI33I low level multiplier 
detector. 
Motorola AN-75I (9 pg.) 

15 "Video Amplifier Design: Know Your Picture Tube 
Requirements" 
(MCI323) 
Describes video systems designed to alleviate design compromises 
associated with driving a unitized gun picture tube. 
Motorola AN·76I (26 pgJ 

16 "The MC1323 - A Fully Programmable Demodulator" 
(MC1323) 
Describes operation of this NTSC demodulator and use with various 
picture tube phosphors, especially color temperature D6500. 
Motorola AN-763 (16 pg.) 

17 "An Approach to a Low-Noise TV IF System" 
(MC1331) 
Discusses TV system noise figure and system trade ofts, a tech· 
nique to measure the IF contribution and ways to minimize the IF 
noise. 
Motorola AN·765 (8 pgJ 

18 "A Color TV Primer for the EE" 
Describes the basic circuits in a TV and the IC's used therein. 
National linear Applications Handbookj Vol. II. 

19 "Programmable TV Timer/Time-Channel Display" 
(MM53107, MM53100, MM5840) 
Describes an on-screen TV real time and channel display based on 
the devices. Includes schematics and PC board layout. 
National Semiconductor AN·196 00 pg.) 
(CA3I26) 

20 "Application of the RCA CA3044 and CA3044V1 
Integrated Circuits In Automatic-Fine-Tuning Systems" 
(CA3044) 
Describes circuits, operating characteristics and dynamic perform· 
ance of this wideband amplifier fOi AFC applications. 
RCA ICAN·5831 (5 pg,) 

21 "Feedllack-Type Volume-Control Circuits for 
RCA CA3041 and CA3042 Integrated Circuits" 
(CA3041, CA3042) 
Describes several types of volume controls for television receivers 
using these ICs, with a detailed discussion of feedback control. 
RCA ICAN·5841 (4 pg.) 
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1 "Application of the CA3126Q Chroma-Processing IC 
Using Sample-and-Hold Circuit Techniques" 
(CA3126Q) 
Detailed circuit description of this device, which requires only one 
adjustment; a trimmer capacitor to tune the crystal filter. Discusses 
performance data, the phase detector, sample and hold circuits, the 
VCO loop, first chroma amplifier and ACC servo loop, and the 
second chroma amplifier. 
RCA ICAN-6247 (8 pgJ 

2 "Description and Application of the RCA CA3120E 
Integrated-Circuit TV-Signal Processor" 

3 

4 

5 

6 

7 

(CA312c) 
Describes the operation and application of this device which· includes 
TV video noise processor, agc and sync separator circuits. 
RCA ICAN-6302 (9 pg,) 

"A Single IC for the Complete PIX-IF-System in TV 
Receivers" 
(CA3068) 
Gives a detailed description of the circuit functions of the CA3068 
and its use in color and b/w TV receivers. 
RCA ICAN·6303 (17 pg.l 

"A Flexible-Integrated-Circuit Color Demodulator for 
Color Television" 
(CA3067) 
Describes circuit operation of the CA3067, including its output 
amplifiers, demodulator, demodulator preamp, and tint control ampli­
fier. Describes use of this circuit in a red-green-blue system. 
RCA ICAN-6724 (8 pg.l 

"Vertical Deflection Output Stages Using Audio 
Integrated Circuits" 
(TAA611. TAA621, TBA641, TBA800, TBA81O, TBA82Q) 
Characterizes the advantages and working principles of vertical 
deflection circuits using audio IC's. Seven circuits, covering small 
and large screen performance, are included. 
SGS-ATES Technical Note 118 (18 pg.l 

"An Approach to a Unified Chroma System" 
Describes design approach that will eventually allow fabrication 
of a complete single-chip chroma system. 
Sprague Electric TP 74-3 (9 pgJ 

"An Integrated Two-Watt Sound System for Television 
Applications" 
(ULN-2211) 
Describes the design and use of the UlN-2211 limiter-detector-am­
plifier. 
Sprague Electric TP 72-05 (9 pg.) 

Converters 

Also see Instrumentation. 

8 "Data Conversion with Companding DAC Devices" 
Introduces companding principles and use of companding DACs in 
industrial and PCM transmission systems. Provides companding DAC 
circuit description and discussion of how .a-law and A·Law charac· 
teristics are generated. Application cover ,uP based data acquisition 
systems, motion control, audio systems, and telecommunication 
systems. 
Advanced Micro Devices (36 pg.) 
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Converters (cont) 

9 - ','Analog-Digital Conversion Notes" 
Covers many aspects of AI D and D/ A converters including use, 
testing and specifying. Extensive applications information includes 
data systems, acquisition, distribution, communication. 
Analog Devices $5.95 (254 pg.) 

10 "The Multiplying DAC Application Guide" 
(AD7520, AD7521, AD7522, AD7523, AD7524, AD7525, 
AD7530, AD7531, AD7533,AD7541) 
Discusses applications which take advantage of the MDAC's ability 
to accept AC or DC references, which can be of either polarity. Ap­
plications include digitally·controlled gain and attenuation circuits. 
Anaiog DeVices (40 pg,} 

11 "Beckman Model 845 Digital-to-Analog Converter" 
(845) 
Discusses basic D/ A converter performance including interface and 
transfer characteristics, tllen covers the performance of the 845 

, Series. ' 
Beckman Instruments (9 pg,) 

12 "01 A Converter Differential Linearity Error -
It Really Shows Up" 
Discusses differential linearity, the difference in analog output for 
a change between two successive digital input codes. Gives graphs 
of two examples with the same linearity specification. 
Burr-Brown AN-58 (2 pg.) 

13 "Don't Forget 01 ~ Converter Tempco" 

14 

Discusses offset, gain and line.arity drift with temperature. 
Burr-Brown AN-59 (3 pg.) 

"~rinciples of Data Acquisition and Conversion" I 
Discusses basic principles of analog to digital systems including 
sampling rate, aperture error, accuracy, resolution, throughput, and 

Burr-Brown AN-79 (5 pg.) 
codes. _II 

15 "Squeeze High Performance Out of Low-Cost Hybrid 
Data Converters" I 
Lists ways in which converter performance can be improved by 
the addition of a few external components. 
Burr-Brown AN-86 (4 pg,) 

16 "What Designers Should Know About 
Data-Converter Drift" 
Examines components of drift as they apply to Ai 0 and 0 i A con­
verters. Includes discussion of the effect of reference drift and com­
putation of worst case error. 
Burr-Brown AN-89 (4 pg.) 

17 "Intrinsically Safe Data Acquisition" 
See listing under (Digital) CMOS (Burr-Brown) 

18 '''FX-209 AP Notes" : 
(FX-209) I 
Describes use of the FX·209 delta modulation analog to di'gital con-I 
verter as an AGC amplifier, audio delay line and as an audio 
scrambler. I 
CMA (6 pg.) - i 

19 "Graphs Give Aperture Time Required for A-D 
Conversion" 
Presents two graphs, aperture time versus' rate of voltage change 
and versus frequency, for resolutions from 4 to 16 bits. 
Datel Technical Note V-14 (4 pg.) 
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Converters (cont) 

1 "Know Your Converter Codes" 
Describes the various AID and Of A converter codes. 
Datel Bulletin V-12 (6 pg.) 

2 "Designer's Guide to V/F Converters" 
Spells out the theory and operation of VI F and F IV converters. 
Calibration procedures and such applications as ratiometric meas­
uremt,lt and frequency difference measurement are covered. 
Datel (18 pg.) 

3 "Applications of the ZN425E 8-Bit A-D/D-A Converter" 
(ZN425) 
Covers converter definitions, calibration, bipolar operation. Appli­
cations: ramp generation, peak detect, channel selection, weighing 
system, bargraph drjve, multiply 1 divide, and function generation. 
Ferranti (31 pgJ 

4 "Digital-to-Anaiog Converter Applications" 
(HIl080, H1l085) -
Operating modes and applications of HI-1080 converter, which fea­
tures resistor ladder network and switching devices on same chip. 
Discusses cascaded 0 toA converter as well as up-down counter 
and successive approximation A to 0, converters. 
Harris Application ~ote 511 (7 pgJ 

5 "Counter Type A to D Converter" 
(HIl080) 
Circuit details of an A to 0 converter employing a unidirectional 
digital counter and the HI-l080 eight-bit D to A converter to generate 
a' ramp voltage. 
Harris Application Note 512 (3 pg.) 

6 "Data Conversion Handbook" 
Defines the qualities, specifications, and techniques that combine 
to give 01 A .and AID converters their special character. Also covers 
samplel hold amplifiers, multiplexers, and coding. 
Hybrid Systems $1.50 (175 pg.) 

7 "Applications of a Monolithic Sample-and-Holdl Gated 
Operational Amplifier" 
See (linear) Amplifiers, Operational (Harris) 

8 "A-8400 User Guide" 
(A8400) 
Theory, circuit details, operation, and design examples of this v/f 
and f I v converter. 
Intech/FMI (I8 pg.) 

9 "A-S402 User Guide" 
(A8402) 
Theory, circuit details, operation, and design examples of this v If 
and flv converter. 
Intech/FMI (30 pg.) 

10 "Digital-Io-Analog Converter Circuits Using the S01SA" 
(lCL8018A, ICL80l9A, ICL8020A) , 
Discusses Of A converters, both in general and their electrical 
specifications. Describes circuit operation for 80l8A and covers its 
expansion to 8 and 12 bit units. Also discusses generating reference 
currents using zeners, pnp transistors or high-gain operational 
amplifiers as references. Describes system interface requirements. 
Intersil Application Bulletin AOlO (8 pgJ 
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Converters (cont) 

11 "S052A/S053A - A Low Cost Precision Pair for 
AID Converters" 
(lCL8052, ICl8053) 
Discusses the characteristics of the 8052/8053 dual pair and how 
they can be interfaced with one another to implement a dual-slope 
converter design. ' 
Interstl A014 (30 pgJ 

12 "Selecting AID Converters" 
Compares and contrasts successive approximation and integrating 
AID conversion techniques with respect to speed, accuracy, and cost. 
Intersil AOl6 (6 pg,) 

13 "The Integrating AID Converter" , 
Discusses the dual slope technique. with considerable attention to 
error analysis. 
Intersil A017 (4 pg.) 

14 "Do's and Don'ts of Applying AID Converters" 
Examines topics concerning proper system design when using AID 
converters. Subjects treated include ground loop errors, com­
ponents, references, capacitive coupling, and thermal effects. 
Intersil AOl8 (2 pgJ 

15 "Power DI A Converters Using the 1H8510" 
(lH851O, AH8520, IH852l, 7105, 7120) 
Discusses the addition of a power amplifier to a Df A converter. 
Briefly describes use for motor control and programmable power 
supplies. 
Intersil AD2! (4 pgJ 

16 "The ICL7104 -A Binary Output AID Converter for 
J.t Processors" _ 
(lCl7104, ICL8052, ICL80G8) 
Describes the operation of the ICl7104, and either the ICL8052 or 
ICL80G8, as a dual-slope integrating converter. 
Intersil A030 (14 pg.) 

17 "Voltage Transients (Glitches)" 
(MN3008) 
Discusses DI A converter analog voltage spikes appearing in the 
output following a change of input code. 
Micro Networks AN-lOl (2 pgJ 

18 "Truncation of AID Converters" 
Describes how to reduce or to program the number of bits converted. 
Micro Networks AN-102 (2 pgJ 

19 "When Should a Sample Hold Amplifier be Used?" 
Covers the use of sample-hold amplifiers with AID converters. Dis­
cusses use with dynamically changing signals and the droop rate 
of the sample-hold circuit. 
Micro Networks AN-103 (2 pg.l 

20 "MN312 Connections for Bipolar Output" 
(MN312) 
Shows use of an external op amp to convert a unipolar output to 
bipolar. . 
Micro Networks AN-l04 (2 pgJ 

21 "Serial to Parallel Conversion" 
(MN502, MN5200, MN521O) I 

Covers timing considerations in the conversion of AID converter 
output from serial to parallel form. 
Micro Networks AN-lOG (2 pg,) 
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Converters (cont) 

1 

2 

"Simplifying the Digital to Analog Converter through 
Hybrid Technology" 
Considers basic design problems of 01 A converters and gets into 
hybrid design. Includes construction techniques, specifications and 
testing. 
Micro Networks no pgJ 

"Build a Low Cost Data Acquisition System with 

APPLICATION NOTE DIRECTORY 

Converters (cont) 

10' "Data Acquisition Networks with NMOS and CMOS" 
See listing under (Microprocessors) Applications (Motorola) 

., Analog-to-Digital Conversion Techniques with the 
M6800 Microprocessor System" 
See listing under (Microprocessor) Systems (Motorola) 

Standard DIPs" 12 "Applications of the MC1405/MC14435 in Digital Meters" 
See listing under (Linear) Instrumentation (Motorola) (MN7130, MNADCSOl 

Shows how a complete 12-bit. I6·channel data acquisition system 
can be built by adding a few standard ICs to the MN7130 multi- 1" 
plexed sample! hold amplifier. I .., "Digital Voltmeters and the MM533u" 

5 

Micro Networks AN20I (S pg.l . 

"Anaiog-to-Digitai Conversion Techniques" 
Discusses open·loop and feedback techniques: frequency, pulse 
width, cascade, ramp, counter, successive approximation, multiple 
comparison subranging, nonlinear conversion, double and triple 
ramp. conversion. 
Motorola AN-471 (21 pg.) 

"Analog-lo-Digital Cyclic Converter" 
(MC145S) 
Discusses circuits and operation of medium speed-medium accuracy 
converter that uses successive approximation technique in which 
unknown analog input voltage is successively compared to refer­
ence voltage to determine each bit of digital output. A comparison 
of gray and binary code operation and an error analysis are provided. 
Motorola AN-557 00 pgJ -

"A Single Ramp Analog-to-Digital Converter" 
Discusses an AID converter which incorporates a calibration cycle 
to insure 12 bit accuracy. Briefly covers errors encountered in the 
converter described. 
Motorola AN·5S9 (9 pg.) 

6 "High Speed Digital-to-Analog and Analog-lo-Digital 
Techniques" 
Gives overview that includes voltage and current output Of As; 
parallel (flash), tracking, successive approximation, and parallel 
ripple AIDs as well as nonsynchronous and synchronous VTf AI D. 
Glossary of terms. 
Motorola AN·702 (14 pgJ 

7 "Binary 01 A Converters Can Provide BCD-Coded 
Conversion" 
(MC1408, MC1508) 
Describes the MC1508 Of A converter used as a 2 or 2V2 digit B.CD 
converter. Describes application in a 2V2 digit digital voltmeter. 
Motorola AN·713 (4 pg.) 

8 "Successive Approximation AID Conversion" 
(MC1408, MC14559) 
Describes advances in successive approximation techniques with 
emphasis on SARs (Successive Approximation Registers.) Shows 
both a normal and a high speed AID using these methods. 
Motorola AN·716 (8 pg.) 

9 "Autoranging Digital Multimeter Using the 
MC14433 CMOS A/O Converter" 
(MC14433) 
Describes using the MC14433 A'D converter to build an autorange 
digital multi meter. The multi meter includes ac· and dc voltage 
ranges from 200mV to 200V, ac and dc current from 2mA to 2A 
full scale, and resistance ranges from 2 kilohms to 2 megohms 
full scale. 
Motorola AN-769 (5 pg.l 

14 

(MM533Q)' . 
Describes basic counting techniques for building digital voltmeters 
and shows how the MM5330 can be used in a dual slope system. 
National AN·I5S (8 pg,) 

"Specifying AID and 01 A Converters" 
Explains and defines the data sheet terms for these converters. 
National AN~156 (6 pgJ 

15 "Data Acquisition System Interface to Computers" 
(ADC1200, ADC121O, MM5357) 
Compares three configurations for multiple input analog to digital 
converter systems-:-Random Addressed Multipiexed, Parallel Con- . 
version, and Multiplexed with Memory. Gives detailed comparisons ! 

of costs, AID and interface requirements. 
National AN·159 (18 pg.) 

16 "Analog-to-Digital Converter Testing" 
(ADC0800, ADC121O, ADCI21l) 
Describes a low cost test circuit with board layout for testing AIOs 
using a storage scope readout. 
National AN·179 (6 pg.) 

17 "A Cheap and Easy DC-DC Converter" 
(LM555) 
Design equations, derivations, and schematics used to construct a 
DC-DC converter. 
National AN-183 (4 pgJ 

18 "High Speed Warning Device for Automobiles" 

19 

Proposes a tachometer device operating from the spark coil primary. 
National Linear Applications Handbook, Vol. II, lB-33 (2 pg.) 

"CMOS AID Converter Chips Easily Interface to 8080A 
Microprocessor Systems" I 
(ADC3511, ADC3711, INS8080A) '1 

Outlines techniques for interfacing AID converter devices to SOSOA I 
~P systems. Includes description of AI D conversion, BCD output I 
capability, flowcharts, schematics, and block diagrams. 
National AN·200 (9 pg.) 

20 "Application Circuits of ,uPC603D, 6100" I 
(,uPC603, ,uPC610l ! 

21 

Discusses functions and operating principles of each device as well I 
as applications including a digitally programmable power source I 
and a waveform generator. i 
NEC America IEp·543 (24 pg,) i 

"Application Informalion for MPC614D" I 
(,uPCS14). I 
Provides appiication hints and parameters tor a pulse width modula- I 
tion converter in a digital' multi meter appl ication. I 
NEC America (6 pgJ : 

I . ______________ -'--_________________ .. _______ J 
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Converters (cont) 

1 "The SP750 in AID Converters" 
(SP750) 
Describes a parallel AID converter using the device. Diagrams and 
device characteristics are included. 
Plessey (S pgJ 

2 "Strobing the DAC-OS Under Logic Control" 
mAC-OS) 
Gives connections for strobing the output of this DAC. 
Precision Monolithics AB-l (1 pg.l . 

3 "A Low Cost, High-Performance Tracking AID Converter" 
mAC-IOO, CMP-Oll . 
Basic operation of 8·bit tracking converter that uses DAC-IOO series 
10-bit 01 A converter, CMP-Ol series comparator, and 4-bit MSI upl 
down counters. 
PrecisiiJn Monolithics AN-6 (8 pg.) 

4 "A Low Cost, Easy-to-Build Successive Approximation 
Analog-to-Digital Converter" 
mAC-I 00, CMP-Oll 
General discussion of feedback AI D converters. Operation of AID 
converter capable of 8-bit conversions in 6 ,."s. The system is ex· 
pandable to 10-bit resolution. It uses DAC-IOO, CMP-OI, and a 
successive approximation register. 
Precision Monolithics AN-ll (8 pg.l 

5 "Interfacing Precision Monolithics Digital-to-Analog 
Converters with CMOS Logic" 
mAC-I 00, DAC·O!) 
Analyzes input circuits of these DACs and CMOS interfaces. Describes 
a complete lO-bit DAC and an 8-bit AI D. 
Precision Monolithics AN-I4 (4 pg.l 

6 "Low Cost, High Speed Analog-to-Digital Conversion with 
the DAC-08" 
WAC·08) 
Discusses the successive approximation technique to AID and de­
scribes three designs with conversion times of 1, 2, and 4 ,."sec. 
Precision Monolithics AN-I6 (7 pg.l 

7 "DAC-08 Applications Collection" 
(oAC·08) 
Discusses the dual output, and high compliance. Covers use in a 
CRT display driver, bridge transducer control system, AID converter, 
waveform generator, digital additions/ subtraction with analog out­
put, digital attenuator and microprocessor controlled AID converter. 
Precision Monolithics AN·17 (12 pgJ 

8 "Differential and Multiplying Digital.;.to-Analog 
Converter Applications" 
(DAC-08) 
Describes use in 2-quadrant, 4-quadrant and AC-coupled multiplica· 
tion. Also covers differential and ratiometric conversion, a nulling 
bridge circuit, a power monitor, and algebraic computation circuits 
with analog output. 
Precision Monolithics AN-19 (8 pg.l 

9 "Exponential Digitally Controlled Oscillator Using 
DAC-76" 
(oAC·76) 
Depicts a 4-IC microprocessor·controlled oscillator with a 8159 to 1 
frequency range covering 2.5 Hz to 20 kHz. The circuit uses an 
exponential current output 01 A converter as a programmable cur­
rent source. 
Precision Monolithics AN-20 (3 pgJ 
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Converters (cont) 

10 "3 IC 8-Bit Binary Digital to Process Current Converter 
with 4-20 mA Output" 
(REF-Ol, DAC-08, OP·14) 
Delineates the construction of a process current converter operat­
ing from - 5v and 23v supplies. Complete theory of operation 
followed by calibration procedures and a detailed parts list are 
included. 
Precision Monolithics AN·21 (2 pgJ 

11 "Software Controlled AID Conversion Using DAC-08 and 
the 8080A Microprocessor" 
mAC-08, 8080A) 
Describes software controlled, 8-bit AID conversion using the DAC-
08 and the 8080A. Subjects include I/O interface considerations, 
'10 control using memory mapping, and a successive approximation 
AID conversion algorithm. 
PrecisiQn Monolithic AN·22 (4 pgJ 

12 "01 A Converter Generates Hyperbolic Functions" 
mAC·20l 
Explains operating theory and design considerations of a two IC 
hyperbolic function generator. Includes circuit diagrams. 
Precision Monolithics AN-23 (3 pgJ 

13 "Low Cost Four Channel DAC Gives BCD or 
Binary Coding" 
WAC·OS, DAC-20l 
Describes the construction of a four·channel digital·to-analog con­
verter using four multiplying DAGs, a precision quad op amp, a 
system IC voltage reference, and a DlP·packaged thin-film resistor 
network. 
Precision Monolithics AN·26 (4 pg.l 

14 "IC FIV Converters Readily Handle Other Functions, 
Such as FIV, AID" . 
(RC4l51, RM4151) 
Describes use of the 4151 as an F/V converter, a V/F converter, 
and an FSK demodulator. 
Raytheon Semiconductor Application Note (6 pg.l 

15 "Digital-to-Analog Conversion Using the RCA CD4007A 
COSIMOS IC" 
(CD4007A) 
Discusses resistance networks for OAC's and a voltage·follower amp 
for single-supply operation. Describes a 9·bit COS-MOS DAC. 
RCA ICAN~6080(6 pgJ 

16 "The 4151 Voltage to Frequency Converter" 
(RC4151, RM415l, RV415D 
Describes various uses of this vlf and flv converter. 
Raytheon Semiconductor Application Note (8 pgJ 

17 • "Function and Application of 31h Digit AID Converter Set" 
(LDIlO, LDl11) 
Describes the operation· of the LDIIO digital processor and the 
LOllI analog processor. Various DVM circuits are shown including 
circuits for ratio, current, ac voltage and frequency measurements. 
A detailed error analysis is provided. 
Siliconix AN74-l (12 pgJ 

18 "More Applications of the LD110/LD114 ±31/2 AID 
Converters" 
(LDlIO, LOllI, LD1l4) 
Provides circuits to construct LCDs, multiplexed displays, gas dis­
charge displays, and a DC·DC converter. Also details the differences 
between the LOlIO and L0114. 
Siliconix AN76-4 (8 pg.) 
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Converters (coni) 

1 

2 

"Applying the LD130 ± Digit AID Converter" 
(L0130) 
Discusses device features and its use in displays, interface, and 
instrumentation. 
Siliconix AN76-5 (16 pg.J 

"Solve Your Measurement Problems" 
Discusses v I f and f I v converters and their use in data acquisition 
problems. 
Teledyne Philbrick AN-20 (6 pgJ 

1
3 "Designing High Speed Data Acquisition Systems" 

Discusses the basics of data acquisition systems; focusing on 
sample-ane-hold circuits and muitip\exer modules. I 

i 

4 

5 

6 

7 

8 

9 

Teledyne Philbrick AN-21 (12 pg.) 

"How to Specify and Test Voltage to Frequency and 
Frequency to Voltage Converters" 
Defines device parameters, specifications, and test techniques. 
Teledyne Philbrick AN-22 (4 pg.l 

"Specifying and Testing Analog-to-Digital Converters" 
Defines the basic parameters, specifications, and test methods. 
Teledyne Philbrick AN-24 (7 pg.l 

"Specifying and Testing Digital-to-Analog Converters" 
Defines basic parameters, specifications and test methods. 
Teledyne Philbrick AN-25 (7 pg.l 

"Repetitive Mode Operation for Models 4109/4111 
Integrating AID Converters" 
(4109,4111) 
Runs through external trigger generator and sure start circuit 
schemes which are used when the devices must run without ceasing 
to convert. 
Teledyne Philbrick AN-28 (2 pgJ 

"Specifying and Testing Sample-Hold Amplifiers" 
Defines various sample-hold amplifier parameters and outlines 
methods of testing for them. 
Teledyne Philbrick AN·30 (5 pgJ 

"Modular V/F's and F/V's:Simple Solutions to Everyday 
Conversion Problems" 
Examines applications of V I F's and F IV's. Also demonstrates how 
accuracy can be improved with the addition of more components. 
Teledyne Philbrick AN-32 (7 pg.) 

, 10 "Applications of the 8700 Series AID Converters" 
(870m 
Suppl ies diagrams showing interface to autoranging circuits, to gas 
discharge displays, and to two independent displays, operated from 
one A/D. 
Teledyne Semiconductor AN-9 06 pg.) 

11 "Applications for the 9400 Voltage to Frequency/ 
Frequency to Voltage Converter" 
(9400) 

L 
CO,nta,ins 25 block diagrams of applications in which the device 
is used. 
Teledyne Semiconductor AN·IO (8 pg.) 

--"--------~-
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Drivers 

12 See also (Digital) Interface 

13 "Interfacing and Level-Shifting with the MEM4900" 
(MEM490Q) 
Describes device and application in a TTL to MOS interface buffer, 
a data selector, analog signal multiplexing, and an AI D de-multi­
plexer. 
General Instrument Bulletin 1603 (3 pg.) 

14 "CMOS Line Drivers" 
States reason!\ fOrll!\ine CMOS line driv~rs. 

I 
National AN-I58 (4 pg.) 

15 "Driving Burroughs' Bar Graph Display" 
I Shows the use of comparators and flip-flops to drive these displays. 

National DB-4 (2 pg,) 

16 "MOS Clock Drivers" 
(MHOOO?, MH0009, MH0012, MH0013) 
lists the characteristics of various MOS clock drivers and how they 
differ in their input stages. 
National MB-9 (2 pg.l 

17 "PIN Diode Drivers" 
See listing under (linear) Switches. (National) 

18 "Driver Circuits for the JFET Analog Switch" 
See listings under (Unear) Switches. (Siliconix) 

19 "Logic to Power Converter Circuits" 
(400-series, 500-series) 
Covers the operation of the 400 and 500 high current driver series. 
Sprague Electric TP 71·3 (6 pg.) 

Followers 

20' "A Fast Integrated Voltage Follower with Low Input 
Current" 

. (LMI02) 
Circuit description. Use of the LMI02 for analog commutator, 
sample and hold ac amplifier and active filter applications. 
National Linear Applications Handbook, Vol. I, AN-5 (11 pg.l 

21 "The LM110 - An Improved IC Voltage Follower" 
(LMllO, LM21O, LM310) 
Compares LMI02 and LMllO circuits. Shows diagrams of LMllO as a 
high pass active filter, high Q notch filter, bandpass filter, and low 
drift sample and hold circuit. , 
National Linear Applications Handbook, Vol. I, LB-ll (2 pg.l 

22 "Monolithic Operation Amplifiers - The Universal Linear 
Component" 
See (Linear) Amplifiers, Operational (National) 

23 "Applications for a New Ultra-High Speed Buffer" 
(LH0033, LH0033C) 
Describes LH0033 fast voltage follow I buffer. Applications; high 
speed dual limit comparator for MOS logic, instrumentation shield! 
line driver, high speed sample and hold circuit, 4.5 MHz notch filter, 
high input impedance AC coupled amplifier, output buffer. 
National AN·48 (4 pg.l 
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General 

1 

2 

3 

4 

5 

i 6 

"Nonlinear Circuits Handbook" 
Covers principles, circuits, performance, specifications, testing and 
applications for multipliers, dividers, squares, log circuits, multi­
funCtion and rms-to-dc converters. 
Analog Devices $5.95 (535 pgJ 

"Function Circuits, Design and Applications" 
Covers design theory and applications for such analog functions as 
multipliers, dividers, .Iogarithmic amplifiers, exponentiators, RMS 
converters, and active filters. Includes notes on specifying and 
testing these functions. 
Burr-Brown $21.00 (300 pgJ 

"Intrinsically Safe Data Acquisition" 
See listing under (Digital) CMOS (Burr-Brown) 

"Custom IC Design Using PL Technology" 
See (Digital) 12l (Exar) 

"Radiation Testing of Linear Microcircuits" 
(p.A702, p.A709, p.A710, p.A711) . 
Describes tested performance of p.A702 and p.A709 operational 
.amplifiers and p.A710 and p.A711 comparators after having been 
irradiated with fast neutrons of energies greater than 0.01 MeV. 
Fairchild Application Note 195 (13 pg.) 

"Using the MEM4962 Smoke Detector IC" 
(MEM4962) 
Oescribes the device and provides two exemplary applications in 
smoke sensing circuits. 
General Instrument Bulletin 0601 (3pg.) 

7 "Alarm Circuit" 
(MONOCHIP) 
Discusses an alarm sensing circuit capable of driving a loud speaker 
or LED or triggering a logic level. The design and performance is 
described in detail, including all component values, layout and 
characteristics over the military temperature range. 
Interdesign APN-l (7 pg.) 

8 . "IC Crystal Oscillators" 
(MONOCHIP) 
Covers crystal oscillator basics and interfacing them with device. 
Interdesign APN-4 (3 pg.l 

9 "Rectifier Circuits for Linear IC's" 
(MONOCHIP) 
Discusses techniques for designing rectifiers using the components 
available on semicustom IC's. Design precautions are examined in 
detail and illustrative diode, peak detector, and averaging rectifier 
circuits are presented. 
Interdesign APN-6 (7 pg.) 

10 "Integrated High Speed Operational Amplifier" 
(MONOCHIP) -
Explains how modern high speed, high stability circuits can be con­
structed using semicustom IC technology. A representative op amp 
with a bandwidth of 40 MHz and an open loop gain of 10,000 is 
presented. 
Interdesign APN-7 (7 pg.) 

11 "Computer Analysis of Linear Semicustom IC's" 
(MONOCHIP) 
Describes a computer aided design program jointly developed by 
Interdesign and UCC. Illustrates the use of this program by analyz­
ing a high performance integrated phase-locked loop. 
Interdesign AP~-12 (6 pg.) 
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General (cont) 

12 "Solid State Gas/Smoke Detector Systems" 
Describes semiconductor and ionization chamber systems with some 
discussion of the use of these with CMOS ICs. 
Motorola AN-735 (9 pgJ 

13 "Noise Sources" 
Reviews noise basics. Includes discussion of resistive, capacitive, 
and inductive noise sources. 
National FET Databook (3 pg,J 

14 "The Noise Figure Fallacy" 
Describes problems of defining and calculating the noise figure. 
National FET Databook (2 pgJ 

15 "Linear Applications, Vol. 1" 
Feb. 1973, includes National application notes (AN) 1-6, 8, 10, 13, 
15, 20, 21, 23, 24, 28-34, 38, 41, 42, 46, 48, 49, 51, 53, 54, 56, 63, 
64, 69-72, 74, 75 and linear Briefs (LB) 1-20, individually described 
elsewhere. 
National $4.00 (432 pgJ 

16 "Linear Applications, Vol. 2" 
Includes National application notes (AN) 79, 81, 82, 87, 88, 97, 103, 
104, 110, 115, 116, 125, 129, 132, 146, 147, 151, 153, 154, 156, 
161, 162 and Linear Briefs (LB) 21-34, individually described else­
where. 
National $4.00 (256 pg.) 

17 "CMOS Linear Applications" 
See listing under (Digital) CMOS (National) 

18 "Constant Current LED" 
See listing under (linear) Regulators (National) 

19 "Surface Acoustic Wave Technology" 
Presents surface acoustic wave fundamentals and use in delay lines, 
pulse compression filters, bandpass filters, oscillators and dis­
criminators. 
Plessey Semiconductor (10 pg,J 

20 "Polarity Programmable Peak Detector" 
Details a circuit that gives positive or negative peak detection and 
reset levels over a ± 10 V range. . 
Precision Monolithics AN-27 (2 pgJ 

21 "Solid-State Devices Manual" 
Provides tutorial information on discrete devices and ICs, with 
emphasis on consumer, hoSbyist' and experimenter applications. 
RCA SC-16 $5.00 (750 pgJ 

22 "Linear Integrated Circuits" 
Basic circuit elements, fabrication, packaging, and interGonnection 
techniques are discussed. Data and application information on RCA 
linear IC's is included. 
RCA IC-43 $2.50 (416 pg.) 

23 "Criteria for Choosing Resins and Evaluation Tests for 
Discrete and Integrated Power Devices in Plastic 
Packages" . 
Describes the criteria and experimental procedures used in the 
choosing of moulding resin for plastic packaged devices. 
SGS-ATES Technical Note 132 05 pg,J 
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Industrial Control 

1 "Electronic Controller with an Equilibrium Sustaining 
Mode" 
(3500 series) 
Discusses a controller formed with two operational amplifiers in a 
pulse width modulation circuit with feedback. The feedback operates 
from a heater through the medium being heated to sense amplifiers. 
Burr-Brown AN-63 (2 pgJ 

2 "Sequential Industrial Control Using the IM5200 FPLA" 
(lM520Q) 
Describes theory and advantages of using this FPLA. Example in­
cluded. 
Intersil Application Bulietin MBOOOI (6 pg.) 

3 "Variable Speed Control System for Induction Motors" 
(MC673, MC688) 
Describes control scheme implemented with discrete components 
and IC logic coupled by an LED and a photo transistor. Gives example 
of a circuit used to drive a Class F, 60 Hz, permanent-split, capacitor 
induction motor with a 13 oz. in. load rating. 
Motorola AN-575A (5 pg.) 

4 "A R()M-Digital Approach to PWM-Type Speed Control 
of AC Motors" 
Describes a pulse width modulation scheme to control motor speed. 
Shows a CMOS·ROM system to provide variable frequency drive for 
1, 2, or 3 phase motors. 
Motorola AN·733 02 pg.) 

5 "A Variable Frequency Control for 3~ Induction Motors" 
Describes a variable frequency, variable voltage drive system for 
3-phase induction motor controls. 

6 

7 

8 
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Motorola AN·766 no pg.) 

"Temperature Measurement Method Based on Matched 
Transistor Pair Requires No Reference" 
(MAT·01, OP·10) 
Discusses properties of matched· transistor pairs, then describes 
temperature measuring systems built with a matched pair, con­
stant current sources, and a differential amplifier (OP-lo) 
Precision Monolithics AN·12 (8 pg.l 

"TCA600/900 and TCA610/910 Integrated Motor Speed 
Regulators" 
(TCA600, TCA61O, TCA900, TCA91O) 
I ntroduces speed regulator basic and describes device performance. 
Portable and car mounted applications are depicted. 
SGS·ATES Techncial Note 113 (10 pg.l 

"Signetics Analog Manual" 
(uA723. lM381, lM382, MC1488, MC1489, MC1496, PA239, UlN2111, 
521, 522, 526, 529, 540, 542, 550, 555, 560, 561, 562, 565, 566, 
567, 592) Covers iinear Ie processing and design, operation ampli. 
fier characteristics and applications, voltage regulators, interface 
circuits, timers, communications circuits, consumer circuits, phase. 
locked loops, telecommunication circuits and data sheets (321 pgJ 
Signetics $7.00 (916 pg.) 

Instrumentation 

Also see Converters 

Instrumentation (cont) 

9 "Application Notes AN-205" 
(FX205) 
Describes use of the FX205 pseudo sinewave generator as a tone 
generator, tone-burst generator, a divide by eight sinewave source 
and an fsk generator. 
Consumer Microcircuits of America AN·205 (16 pgJ 

10 <fA Universal Sinewave Converter Using the 
XR2208 and XR2211" 
(XR2208, XR22Il) 
A circuit tp.r.hniqll'" i$ described wh!ch can convert any periodic 
waveform, into a low-distortion sinewave. The circuit. operation is 
completely independent of input waveform amplitude and frequency 
as long as the input signal is periodic and can operate over a fre­
quency range of 1 Hz to 100 kHz. 
Exar AN-II 

11 "A Complete Function Generator System 
Using the XR2206" 
(XR2206) 
A self contained function generator system is described. using the 
device. Complete circuit connection diagram, parts list and assem· 
bly instructions are given for a DC to 100 kHz self-contained func­
tion generator system with AM/FM capability and triangle, sine and -
square wave output. 
Exar AN·14 

12 "A Simple Digital Voltmeter Using the 
A Y5-3500 DVM Circuit" 
(AY5-350m 
Gives the schematics for the digital and analog circuitry needed to 
build a voltmeter with a ±1.999 V full scale reading and capable 
of driving a 0.4" common anode LED display. Options available with 
minor modifications include BCD outputs; display ho!d. measure· 
ment initiate, and additional ranges of ±0.999 V or ±2.999 V. 
General Instrument Bulletin 0901 (3 pg.) 

I 13 "A Deep Freeze Digital Thermometer Using the A Y5-3500 
DVM Circuit" 
(AY5·350m 
Provides circuit diagrams for a 0 to - 30°C thermometer using a 
negative temperature coefficient thermistor as the sensing element 
and an AY5·3500 as the measuring and display device. 
General Instrument Bulletin 0902 (3 pg.) 

14 "A Digital Thermometer Using the AY5-3507 Circuit" 
Supplies description and schematic for a - 20 'to 50°C (- 4 to 
122°F) thermometer that will display temperature in Farenheit or 
Centrigrade. 
General Instruments Bulletin 0903 (2 pg.) 

I 15 "A Digital Voltmeter Using the AY-5-3507" I 
(AY5·3507) 
Gives schematics for the anaiog section, reference voltage genera- I 
tor, clock oscillator, and display circuitry required in addition to ! 

I 

this logic IC to build a 3V2 digit voltmeter. I 

16 ~:::~f::U:::~:::Or~:ectroniCS 15 pg.1 I' 

(MONOCHIP) 
Describes using two of the devices in a wave form generator appli· I 
cation that produces sine, triangle, and square wave outputs. Pro-
vides schematics and a discussion of performance. I 
Interdesign APN·8 (10 pg.) 

j 
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LINEAR 

Instrumentation (cont) Instrumentation (cont) 

1 "A Precision Waveform Generator and Voltage 11 . "Wide Range Function Generator" 

2 

Controlled Oscillator" 
(lCL8038) 
Discusses the 8038 circuit and operation. Covers external adjust- I 

ments, power-supply connections, frequency modulation, sweeping, 
and use in phase locked loops. ' 
Intersil Application Bulletin A012 (8 pgJ 

"Everything You Always Wanted to Know About the 8038" 
(lCL8038) 
Presents answers to the most frequently asked questions about the 
8038 function generator and its applications. 
Intersil AOl3 (4 pgJ 

3 "4V2 Digit Panel Meter Demonstratorllnstrumentation 
Boards" 
(lCL8052A, ICL7103A) 
Describes two versions of the complete circuit for a 41/2 digit DPM 
with ±2.000 V full scale and LED readout. 
Intersil AOl9 (8 pgJ 

4 "Low Cost Digital Panel Meter Designs" 
(lCL7106, ICL710?) 
Supplies complete assembly instructions for Intersil's LCD and 
LED evaluation kits as well as descriptions of individual com­
ponents. 
Intersil A023 (6 pg.l 

5 "Building an Auto-Ranging DMM with the . 
ICL7103A/8052A AID Converter Pair" 
(lCL7103A, lCL8052A, ICL800?) 
Describes the design and operation of two 10 p.V resolution, 41f2 
digit auto-ranging DMMs using the 7103A/8052A pair. 
Intersil A028 (6 pgJ 

6 "The Integrating AID Converter" 
See (Linear) Converters (lntersill 

7 "Instrumentation Amplifiers - They're Great 
Problem Solvers When Correctly Applied" 
(MN220Q) 
Covers basic operation and application considerations for instru­
mentation amplifiers. 
Micro Networks AN202 (4 pgJ 

8 "A 3V2 Digit DVM Using an Integrated Circuit Dual Ramp 
System" 
(MC1405, MC14435) 
Describes a complete digital voltmeter based on the MC1405/14435 
device pair. Includes input buffers and autopolarity. 
Motorola AN-746 (6 pgJ 

9 "Applications of MC1405/MC14435 in Digital Meters" 
(MCI405, MCI4435) 
Provides a detailed applications reference for this two chip, dual 
slope AID converter system. 
Motorola AN-748 (18 pgJ 

10 "Solid S~ate Altimeter for Transponder Applications" 
(LX3702) 
Describes a solid state altimeter using a pressure transducer. The 
unit provides an altitude transmission code for use with transpon­
ders, plus digital readout. 
National AN-109 (8 pg.) 
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12 

Construction of a function generator for sine waves as well as square 
and triangular waveforms that operates below 10 Hz up to 1 MHz, 
with, usable output to approximately 2 MHz. Design technique, , 
circuit design, and construction directions. 
National AN-115 (4 pgJ 

"Dual Polarity 31h Digit DVM Realized with Simple 
CMOS Interface" ' 
(ADC371I , LF11300) 
Describes an auto-zero, auto~polarity 3'12-digit DVM using the LF-
11300 and the MM74C928 (ADC3711). ' 
National AN-I65 (2 pgJ 

13 "LM2907, LM2917 Tachometer/Speed Switch Building 
Block Applications" 
(LM2907, LM2917) 
Covers basic circuit and use. Applications illustrated include: speed 
switch, analog display driver, automotive tachometer, motor speed 
controls, skid sensor, AI D converter, frequency doubler. 
National Linear Applications Handbook, Vol. II, AN-162 (16 pgJ. 

14 "RMS Converters and ,Their Applications" 
(LH0091) 
Covers RMS converter basics and specifications. Sketches applica­
tions including spectrum analysis, harmonic distortion, noise, vibra­
tion analysis, and DVM uses. 
National AN-180 (4 pgJ 

15 "A Digital Multimeter Using the ADD3501" 
(ADD350l) 
Describes a 31f2 digit multimeter capable of measuring ac and de 
voltages, currents and resistance with the device. ,Includes circuit 
diagram. 
National Semiconductor AN-202 (4 pg.) 

16 "A Fully Differential Input Voltage Amplifier" 
(LM3900) 
Describes operation of. instrumentation amplifier built with LM3900. 
Also shows how a transducer bridge amplifier system can be de­
veloped with LM3900. 
National Linear Applications Handbook, Vol. I, LB-20 (2 pgJ 

17 "Precise Tri-Wave Generation" 
(LM118, LM119) 
Describes triangle-wave generator consisting of the LM1l8 integra­
tor and two LM119 comparators. Discusses applications including 
VCO, regulator and operational amplifier testing. 
National Linear Application Handbook, Vol. II, LB-23 (2 pg.) 

18 "3V2 Digit DVM Demonstrator Board" 
(LDllO, LDll!) 
Supplies the schematics, parts-list and art-work for a DVM demon­
strator board. 
Siliconix DA74-1 (4 pgJ 

19 "LD130 ±3 Digit DVM Demonstrator Board" 
(LD130) 
Presents a DVM circuit and the PC board layout used to build a 
demonstrator board. 
Siliconix DA76-2 (2 pgJ 

20 "Build an Autoranging DMM with the LD130 AID 
Converter" 
(LDI3Q) 
Discusses the construction of a DMM using this device. 
Siliconix DA76-3 (7 pgJ 
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Instrumentation (cont) 

1 "Build a Portable 0 to 99.9°F Liquid Crystal Display 
Thermometer" 
(DF411, L0130) 
Furnishes aii pertinent equations, component lists, schematics, and 
the PC foil pattern need to build a battery operated thermometer. 
Siliconix DA77·l (4 pg.) 

2 "LD120/LD121 4112 Digit DVM" 
(lD120, l0121) 
Details construction of a DVM using these devices. 
Siliconix DA77·2 (4 pg.) 

3 "A Fully Integrated Motion Detector" 
(UlN·2232) 
Discusses circuit: system layout. and basic operation of a fully inte· 
grated motion detector for us€' in security systems, video games, 
and toys. . 
Sprague TP78-4 (9 pg.) 

4 "EPN2100 Thermal Printer" 
(EPN210Q) 
Detailed discussion of this solid state thermal printer and its in­

"'-terface requirements. 
lexas Instruments Application Report CA-163 (6 pgJ 

5 "EPN2500 Thermal Printer" 
(EPN2500, SN74492, SN74495, TMS2502) 
Discusses this thermal printer and its interface requirements. !n­
cludes a description of the SN75495 Row Driver and the SN75492 
Digit Driver to interface the printhead to MOSFET logic circuits, 
and the TMS2502 character generator for providing alphanumeric 
characters. 
Texas Instruments Application Report CA·175 (10 pgJ 

Modulators 

6 "MC1596 Balanced Modulator" 
(MCI496, MC1596) 
Describes device operation and applications, including modulators 
and demodulators for AM, SSB, and suppressed carrier AM, fre· 
quency doublers; and HF /VHF double balanced mixers. 
Motorola AN-531 02 pgJ 

7 "Simplifying Converter Design with a New Integrated 
Regulating Pulse Width Modulator" 
(SG1524, SG2524, SG3524) 
Describes various functions within the device and describes such 
applications as a low current polarity converter, a DC to DC con­
verter, and a + 5 to ± 15V flyback converter. 
Silicon General (] pgJ 

8 "Deadband Control with the SG1524 Regulating Pulse 
Width Modulator Circuit" 
(SGI524, SG2524, SG3524) 
Discusses techniques to control the amount of deadband in push· 
pull inverter applications. 

• Silicon General linear Brief 6 (l pg.l 

Multipliers 

9 "Multiplier Application Guide" 

184 

(AD530, AD531, AD532, AD533, AD534, AD536) 
Explains multiplier basics, upkeep, and use in a variety of aDolica­
tions including instrumentation functions, signal generators and 
filters, and to augment the performance of other circuits. 
Analog Devices (40 pg.l 

Multipliers (cont) 

10 "AD530 Complete Monolithic Multiplier, Divider, Square 
Rooter" 
(AD530l 
Describes the device, its circuit, external connections and adjust-I 
ments. Applications include use in a precision rectifier, a phase 
sensitive demodulator, an automatic level control, a voltage con· 
trolled filter. a voltage controlled oscillator, an amplitude modula· " 
tor and a frequency discriminator. 
Analog Device" Technical Bulletin 01 pgJ 

11 "A Practical Guide to Applying IC Multipliers" 
Describes theory, gives definitions, covers use in dividers, squares, ,. 
vector summation, rms to dc conversion, 2ifJ oscillator, and balanced 
modulators. I 
Analog Devices (11 pg.) I 

12 "Reducing the Total Error of the AD530, AD531, AD532, 
and AD533 Multipliers" 
(AD530, AD531, AD532, AD533) 
Describes method of empirically reducing errors using external 
resistors. 
Analog Devices Application Brief (2 pg.) 

13 "Analog Modules Multiply User's Options" 
Discusses various types of multipliers, logarithmic converters, 
dividers and square rooters, peak detectors and comparing cir· 
cuits. Applications: electron beam welder, 3·mode carriage control, 
position control, fog visionmeter, optical measuring system, and 
lab pressure standard. 
Burr·Brown AN·55 (6 pg.l 

14 "A Primer on Analog Multiplier Specifications" 
Di.scusses dc and dynamic performance specifications, including out· 
put and input offset, gain error, linearity, small signal and full 
power frequency response, output slewing rate, and settling time. 
Burr-Brown AN·51 (6 pg.) 

15 "Analog Shaping" 
(4301) 
Describes the use of the 4301 multifunction circuit which has the 
transfer function XY f Z. Includes rms to dc conversion, exponentia­
tion, trigonometric functions, vector computation, and use as a 
log amp. 
Burr-Brown AN·70 (5 pg,) 

16 "Function Circuits, Design and Applications" 
See listing under (Linear) General (Burr-Brown) 

17 "A-8595 Operation and Applications Information" 
(A8495, A8595) 
Reviews device theory and design. Applications include a basic 
multiplication circuit. a squaring circuit, and a divide circuit. 
Intech!FMI 06 pg.J 

18 "Log/Lin Multiplier" 
(MONOCHIP) 
Describes an IC multiplier which achieves low noise and distortion. 
Covers all phases of development from initial concept and bread­
boarding to integration in an audio sweep function generator. 
I nterdesign APN-3 (11 pg.l 

19 "Analysis and Basic Operation of the MC1595" 
(MC1495, MC1595) 
Gives equations for the analysis of this linear four-quadrant multi· 
plier and discusses characteristic performance. Covers multiplica­
tion, division, mean squares, square roots, roots and powers. 
Motorola AN-489 04 pgJ 
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Multipliers (cont) 

1 "Wideband Amplifier/Multiplier" 
(SG1402) 
Operation and applications of the SGl402. Describes use as a single­
ended variable gain amplifier, a modulator, and a demodulator. 
Silicon General Linear IC Product Guide (4 pgJ 

2 "Linear-Antilog Voltage Controlled Amplifiers" 
(SSM2000, SSM2020l ' 
Discusses control circuits, voltage controlled amplifiers, and a four 
quadrant multiplier among other applications. 
Solid State Music (9 pg.) 

Phase Locked Loops 

3 "Precision PLL System Using the XR2207 and the XR2208" 
(XRZ207, XR220S) 
Defines phase locked loop parameters and describes this two-chip 
PlL system. Includes circuit interconnections for both' single supply 
and split-supply operation. Also gives Pll design equations. ' 

, Exa( AN-06 (6 pgJ 

4 "Sinusoidal Output from XR-215 Monolithic PLL Circuit" 
(XR215) 
Discusses obtaining a sinusoidal output signal which is synchron­
ized to a desired reference or clock output using the device. Pro­
vides schematics of device and application. 
Exar AN-09 (2pg.l 

5 "A Wide Tracking Range Precision PLL System 
Using the XR2212 and XR4151" 
(XR2212, XR415l) 
A two-chip PLL system is described which offers extremely wide 
tracking range without harmonic locking. 
Exar AN-12 

6 "The j.tA758, a Phase-Locked Loop FM Stereo Multiplex 
Decoder" 
See listing under (Linear) Consumer, AMI FM. (Fairchild) 

7 "Introduction to the Phase Locked Loop" 
(HA-2820l 
General discussion of phase locked loops. Describes applications 
including a bandpass filter, FM receivers, data modems and syn­
chronizers, a motor speed control, and a frequency synthesizer. 
Discusses features of HA-2800 and 2820 Pll. 
Harris Application Note 601 (7 pgJ 

8 "A General Analysis of the Phase Locked Loop" 
Discusses a linear model, stability considerations and steady state 
response for phase locked loops. 
Harris Application Note 602 (8 pgJ 

9 "The HA-2820/2825 Low Frequency Phase Locked Loop" 
(HA-2820, HA-2825) 
Explains circuitry of these phase locked loops in 0.1 Hz to 3 MHz 
operation. Discusses methods for obtaining parameters of a linear 
model from device's performance curves. External connections are 
illustrated with an FM demodulator circuit. 
Harris Application Note 605 (7 pgJ 

10 "MTTL and MECL Avionics Digital Frequency 
Synthesizer" 
Describes phase detector, emitter coupled oscillator, prescaler, 
programmable counter and gives phase locked loop analysis, for a 
118 MHz to 136 MHz synthesizer. 
Motorola AN-532A (10 pgJ 
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Phase Locked Loops (cont) 

11 ','Phase-Locked Loop Design Fundamentals" 
(MC4016, MC4024, MC4044, MC4316, MC4324, MC4344) 
Outlines fundamental design concepts for phase locked loops imple­
mented with ICs. Gives equations using Laplace Transforms needed 
to evaluate the basic loop performance and briefly describes a 
design using MC4000 series devices. 
Motorola AN-535 (11 pgJ 

12, "A New Generation of Integrat~d Avionic Synthesizers" 
Discusses several different types of servo phase locked loop sys­
tems and describes a synthesizer for avionic equipment. 
Motorola AN-553 (9 pgJ 

13 "An ADF Frequency Synthesizer Utilizing Phase-Lock­
Loop ICs" 
(MC1648, MC3062, MC4016, MC4018, MC4044, MC740Q) 
Describes circuit for a synthesizer suitable for the local oscillator 
function in aircraft Automatic Direction Finder equipment. Covers 
prowamming, trouble shooting, power supply requirements, per­
formance, circuit modifications, and circuit construction. 
Motorola AN-564 (9 pgJ' , 

14 "Crystal Switching Methods for MC12060/MC12061 
Oscillators" 
(MC12060, MC12061) 
Discusses methods of using diodes as rf switches to select crystals 
for these oscillators. The techniques are useful for electronic 
selection of one of a group of crystals with minimum disturbance 
to the series resonant frequency of the selected crystaL 
Motorola AN-756 (5 pgJ 

15 "A Medium Cost PLL Varactor Tuning System Utilizing 
Off-the-Shelf Logic" 
See listing under (linear) Consumer, TV (Motorola) 

16 "A Phase-Locked Loop Tuning System for Television" 
See_ listing under (Linear) Consumer, TV (Motorola) 

17 "The Phase-Locked Loop IC as a Communication System 
Building Block" 
(LM565, LM1496, lM1596) 
Discusses basic phase locked loop operation,design considerations, 
noise performance and describes the LM565 circuit. Applications: 
IRIG channel demodulator, FSK demodulator, and weather satellite 
picture demodulator. 
National Linear Applications Handbook, VoL I, AN-46 (12 pg.l 

18 "SL6S0 Phase-Locked Loop Applications" 
(SL650, SL651l 
Describes the circuit and application of this device that can operate 
to 0.5 MHz. Applications: Modulators-AM, FM, FSK, PAM, SCAM, tone 
burst, phase shift, delta, PWM, Waveform Generators-sine, triangle, 
markl space ratio, staircase: Demodulators; Modem Systems, and a 
Digital Voltmeter. 
Plessey Semiconductor Sl650 Applications (32 pgJ 

19 "The RCA COS/MOS Phase-Locked-Loop: A Versatile 
Building Block for Micro-Power Digital and 
Analog Applications" 
(CD4046A) 
Discusses PLl basics, characteristics of device, and circuit ele­
ments. Describes application in FM demodulation, a frequency syn· 
thesizer, split-phase synchronization and decoding, and Pll lock 
detection. 
RCA ICAN·6101 (4 pgJ 
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"Applications of the COS/MOS CD4059A Programmable 
Divide-by-N Counter: Digital Frequency Synthesis for 
FM Tuners and CB Transceivers" 
(CD4059) 
Discusses frequency synthesis using the counter for an FM digital 
tuner and a CB transceiver. 
RCA ICAN-6374 02 pgJ 

"Low-Power Digital Frequency Synthesizers Utilizing 
COS/MOS ICs" 
(CD4000 Series) 
Reviews digital phase-locked loops. Describes their implementation 
with CMOS for use in FM receiver synthesizers, both heterodyne and 
prescaling types. 
RCA ICAN-6716 (15 pg.) 

Photosensitive Devices 

"Light Sense" 
Covers optoelectronic sensors and systems including light activated 
switches and selfscanned photodiode arrays. 
Integrated Photomatrix $6.00 047 pgJ 

"Applications of Reticon Photodiode Arrays in Electron 
and X-Ray Detectors" 
(Rl Series) 
Describes the use of self-scanning photodiode arrays for detecting 
soft X-rays (1 to lOA) and electrons in the 10 to 100 KEV range. 
Reticon Application Note 101 (4 pgJ 

Power Control 

"A Monolithic Zero-Crossing AC Trigger (Trigac) for 
Thyristor Power Controls" 
f,uA724) 
Describes the JlA742 zero-crossing ac trigger, which minimiZeS 
radio frequency interference generation. Discusses the circuit and 
operation of this device. Covers application with an SCR in a half 
wave circuit, full wave circuits, isolated system connections, and 
multi-phase power systems. 
Fairchild Application Note 208 (5 pgJ 

"Servo Motor Drive Amplifiers" 
Discusses design of transformerless, AC servo amps using power 
Darlington transistors and IC op amps. Describes two power ampli· 
fiers, one using a 28 V power supply, the other, high voltage transis· 
tors. Also covers four op amp preamps and 90° phase shifters. 
Motorola AN·590 (7 pg.J 

"Phase Control of AC Power with the Sl440" 
(Sl440) 
Describes the operations of the Sl440 power control circuit, and 
supply requirements. Applications include use with inductive loads, 
three phase systems, lighting, heating, motor and power supply 
control. 
Plessey Semiconductor (38 pg,} 

"Some Applications of a Programmable Power 
Switchl Amplifier" 
(CA3094) 
Brief circuit description of CA3094. Device delivers three watts 
average power, 10 watts peak power to external load. Applications 
include Class A power amplifiers and driver amplifiers for comple­
mentary transistors, wideband power multivibrators, oscillators. 
comparators, voltage regulators, analog timers, and motor·speed 
controllers. 
RCA ICAN·6048 (12 pgJ 

I 

Power Control (cont) 
----------------

9 "Triac Power Controls for Three-Phase Systems" 
(CA30S9) 
Describes basic approach to desi~ninf! triac control circuits for use 
in the switching of three-phase powe-r. Outlines basic design rules 
and describes CA30S9 zero·voltage switch. Discusses methods of 
isolation of dc logic circuitry. Covers recommended configurations 
for power control circuits. 
RCA AN-6054 (6 pgJ 

10 "Features and Applications of RCA IC Zero-Voltage 
Switclies" 
See listing under (linear) Switches. (RCA) 

I 11 "ICs for Phase and Burst Control of SCR or Triac" 
(LI20, 1121) 
Examines 2 ICs which are suitable for SCR and Triac firing. Descrip­
tion includes diagrams, equations, and applications in ON-OFF con-
trol and proportional control. . 
SGS-ATES Technical Note 116 (12 pg.) 

12 "A Monolithic Amplifier-Detector SCR Firing Circuit" 
(UlN-2300) 
Describes the operation of the UlN·2300 linear differential amplifier 
with integral SCR. Covers response, impedance characteristics and 

. closed loop charactertistics, open loop gain vs. temperature, and 
describes use as a sensitive control, as a drive amplifier in a typical 
control system and as a control for counters, relays, motors. 
Sprague Electric TP69·4 02 pgJ 

13 "Applications of High-Voltage/High-Current Monolithic 
Interface Circuits" 
(060, 400 Series, 500 Series) 
Application of Series 060 Dual Darlington Switch and Series 400/ 
500 Power Drivers in aircraft lamp drive circuit, solenoid printer, 
and 4-phase bipolar stepping motor. 
Sprague Electric TP 72·4 (5 pgJ 

Power Supplies 
~------ -----------------_._--------

14 "Power Supply Design Using the ICl8211 and ICL8212" 
(lCl8211, ICl8212) 
Describes use of these devices as positive and negative voltage 
regulators, constant current sources, high voltage and overvoltage 
protection circuits, supply window detectors and power failure­
shutdown systems. 
Intersil A02? (8 pg.) 

15 "Fast IC Power Transistor with Thermal Protection" 
(lMI95) 
Circuit design of the lM195 iC power transistor, a three terminai 
device with safe area protection plus current and thermal limiting. 
Applications: 6 amp variable output switching regulator, 1 amp posi· 
tive and negative voltage regulators, time delay circuit, and optically 
controlled switch, power amplifier and voltage follower. 
National AN-lID (6 pgJ 

16 "General Purpose Power Supply" 

r 
(lM395) 
Diagrams a 25V, 10{l, supply using parallel LM395s for pass elements. 
National Linear Applications Handbook, YoL II, lB·28 (2 pgJ 
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"Audio Preamplifiers" 
(MONOCHIP) 
Provides schematics and parameters for using the device in three 
separate preamplifier configurations. 
Interdesign APN-ll (6 pg.) 

"Applications of the p,A739 and p,A749 Dual Preamplifier 
Integrated Circuits in Home Entertainment Equipment" 
See listing under (Linear) Consumer, Audio. (Fairchild) 

"Audio Handbook" 
See listing under (Linear) Consumer, Audio (National) 

"LM381 Low Noise Dual Preamplifier" 
(LM38U 
Describes the circuit. Discusses application .as various tape ampli-
fiers, phono preamplifier, and an audio mixer. -
National AN-64 (12 pgJ 

"LM381 A Dual Preamplifier for Ultra-Low Noise 
Applications" 
(LM381A) 
Gives detailed description of circuit operations of LM381A. 
National AN~70 (4 pgJ 

-"IC Preamp Challenges Choppers on Drift" 
(LMI08A, LM121) 
Describes circuit of the LM121 preamplifier and discusses offset 
balancing, achieving of low drift, and typical operating performance. 
Also covers effects of the associated operational amplifier citing 
the LM108A as an example. 
National AN-79 (8 pgJ 

"Versatile IC Pr~amp Makes Thermocouple Amplifier 
with Cold Junction Compensation" 
(LM321, LM308A) 
Discusses use of LM321 preamp with LM308A operational amplifier 
to form a precision, low-drift operational amplifier that also acts 
as a cold junction compensator. -
National Linear Application Handbook, Vol. II, LB-24 (2 pgJ 

. Regulators 

"The Voltage Regulator Applications Handbook" 
(p,AI04, .uA105, p,AI09, p;A723, p,A7600, p,A7800, p,A78LOO, p,A78MOO, 
p,A79EOOl 
Gives specifications and parameters for various IC regulators and 
includes a selection guide. It devotes two chapters to each major 
regulatory family, the first chapter describes design and electrical 
characteristics, the second discusses electrical and thermal con­
siderations which are useful as application guidelines. 
Includes appendices covering switching regulator and power supply 
design and a guide to the selection and operation of suitable power 
transistors. Applications of 7800 and 78MOO include fixed output, 
current and dual polarity regulators. , 
The 79EOO applications include use as a high current negative volt­
age regulator. The 723 is discussed in 150 rnA maximum, positive 
shunt regulators with high line rejection or high input voltage, 
floating positive regulators, medium/ high output current negative 
regulators, and several other applications. 
The 104, 105, and 109 applications include high current, switching 
and floating regulators. 
Fairchild Voltage Regulator Applications Handbook (96 pgJ 

@IC MASTER 1979 

APPLICATION NOTE DIRECTORY 

Regulators (cont) 

9 "Resolving the Problems of Switching Mode 
Power Supplies with the ZN1066" 
(ZNI066) 
Describes switching mode power supplies and problems involved in 
using,. including current limit and switching transistor protection, 
low voltage cutoff, and impulse starting. 
Ferranti (20 pgJ 

10 "Hybrid Voltage Regulators" 
(42050 Series, 42051 Series) 
Describes device and discusses current foldback and thermal con­
siderations. Also notes application precautions. 
Micropac (9 pg.) 

11 - "Designing Digitally-Controlled Power Supplies" 
(MC1406, MC1408, MC1466, MCI723) 
Discusses two approaches to designing power supplies, one using 
the MCl723 voltage regulator, the other using the MC1466 floating 
regulator with optoelectronic isolation. Also discusses BCD-to-binary 
converter and memory options. 
Motorola AN-703 (8 pgJ 

12 "A New Approach to Switching Regulators" 
Describes a 24 volt 3 ampere switching mode supply which operates 
at 20 kHz from a 120 volt AC line with 70% efficiency. Briefly dis­
cusses load-line shaping to reduce power losses and to reduce noise. 
Motorola AN-719 (11 pgJ 

13 "Voltage Regulator Handbook" 
(MC78LOO, MC78MOO, MC7700, MC7800, MLM109, MLM209, MLM-
309, MC79l00, MC7900, MLM105, MlM205, MLM305, MLM104, 
MLM204, MLM304, MCl723, MC1469, MC1569, MC1463, MC1563, 
MC1468, MC1568, MC1466, MC1566, ty1C3420, MC3423, LM1l7, 
LM31~ LM12~ LM32~ 
Discusses basic voltage regulator theory and design including such -
relevant topics as series pass elements, heatsinking, layout, input 
power supply design, reliability, and troubleshooting. Also contains 
product data sheets. 
Motorola $2.50 (202 pgJ 

14 "A Versatile, Monolithic Voltage Regulator" 
(LMlOQ) 
Circuit operation. Applications for the LMIOO between 2 vto 30 v 
(up to 2 amps with two external transistors) are discussed. Includes 
high power, switchback current limiting, negative voltage, tempera­
ture compensating, and switching regulators. 
National Linear Applications Handbook, Vol. I, AN~l HI pg,} 

15 "Designing Switching Regulators" 
(LM10Q) 
LMIOO applications discussed include high current, driven switch­
ing, current limiting, negative and high voltage regulators, as we" 
as switching, and linear regulator combinations. 
National Linear Applications Handbook, Vol. I, AN-2 (12 pg.l 

16 "Tracking Voltage Regulators" 
(LM104, LMI05, LM204, LM205, LM304, LM305) 
Describes adjusting several regulator voltages with one potentiom­
eter, tracking positive and negative regulators using the LMI04 ' 
as an amplifier, and tracking regulators with different output 
voltages. 
National Linear Applications Handbook, Vol. I, LB-7 (2 pg.) 
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Applications include shunt regulator, switching regulator with over· 
ioad shutoff, temperature controller, power amplifier, SSB trans· 
mitter, light-intensity regulator, and photomultiplier tube supply. 
National linear Applications Handbook, Vol. I, AN-8 (12 pg.) 

"IC Regulators Simplify Power Supply Design" 
(lMI04, LMI05, LM204, LM205, LM304, LM305) 
Describes use of LMI04 and LMI05, in 0.2 and 2A regulator cir· 
cuits. Provides circuit construction hints. 
National Linear Appiications HandbooK, voi. i, LB·lO (2 pg.) 

"High Stability Regulators" 
(lMIOSA, LMI09, lM208A, LM209, LM308A, LM309) 
Describes design and giv~s schematics for high stability positive 
and negative regulators using LMI09 and LM108A. 
National Linear Applications Handbook, Vol. I, LB-IS (2 pgJ 

"Designs for Negative Voltage Regulators" 
(lMI04, lM204, lM304) 
Describes the lMI04 and covers pitfalls that cause unexpected 
failures as well as protection schemes. Includes discussions of 
high current regulators, symmetrical power supplies, high voltage 
. regulators, switching and high current switching regulators, and 
driven switching regulators. 
National Linear Applications Handbook, Vol. I, AN·21 (16 pg.) 

"IC Provides On-Card Regulation for Logic Circuits" 
(lMI09, LM209, LM309) 
Discusses design of regulators in general and describes the LMI09. 
Covers application as a fixed 5V regulator, adjustable-output regu· 
lator, current regulator and high stability regulator. 
National AN-42 (6 pgJ 

"LM125/LM126/LM127 Precision Dual Tracking 
Regulators" 
(lM125, lM126, lMI27l 
Circuit description, operation and applications, including current 
boosting, are discussed along with charts depicting external current 
limiting characteristics and a discussion of foldback current limit­
ing. Electronic turn-off of the output without removing the input 
voltage is also described. 
National. AN-82 05 pgJ 

"':'M340 Series - Three Terminal Positive Regulators" 
(lM34Q) 
Describes this 1 ampere regulator circuit. Applications: constant 
current source, high current regulator with· short circuit current 
limit, 5 v regulator for TTL, adjustable output voltage regulators, 
tracking dual regulator, and high voltage regulators. 
National AN-103 (12 pgJ 

"Constant Current LED" 
(NSl4944) 
Describes how this two iead LEO/iG device can be used not only as 
an indicator but also as a rectifier and constant current source. 
National AN-153 (4 pg.l 

"Applications for an Adjustable IC Power Regulator" 
(lM117, lM217, lM317) 
Covers basic LMl17 circuit operation. Shows basic applications 
plus ~se for multiple outputs, current regulation, constant voltage I 
constant current. and a voltage to 2-wire (10-50 rna) current trans­
mitter. 
National AN-178 (4 pg.l 

Regulators (cont) I 
-------------1 

10 "Three-Terminal Regulator is Adjustable" I 
(LM117, LM217, LM3l7) • 
Covers basic LM117 circuit operation, overload protection circuits I 
and operating considerations. Includes applications with logic shut· -
down, multiple regulators with single control, switching regulators 
and battery chargers. 
National AN·18l (3 pg.l 

11 "Improving Power Supply Reliability with IC Power 
Regulators" 
(lM117. LM2l7. LM317) 
Describes various regulator circuit design practices to improve 
system reliability. 
National AN-182 (3 pgJ 

12 "Worst Case Power Dissipation in Linear Regulators" 
(lMIOO, lMI04, LM200, LM204, lM300, lM304) 
Discusses problems of excessive dissipation in regulators and sug· 
gests solutions using LMIOO and LMI04. 
Nationa! linear Applications Handbook, Vol. !, LB-3 (2 pgJ 

13 "Adjustable Three-Terminal Regulator for Low Cost 
Battery Charging Systems" 
(lM317) 
Discusses the ability to adjust the output of the LM317 voltage 
regulator as it relates to battery charging systems. 
National LB·35 (2 pgJ 

14 "A Novel FET Micropower Voltage Regulator" 
Depicts the building of a micropower voltage regulator using FETs. 
National FET Databook (2 pg,) 

15 "Voltage Regulator Handbook" 
(LM109, LM120, lM123, LMI25, lM126, LMI27, LM145, LM340, 
lM341, LM342, LM7800, LM78LOOr 
Covers product selection; heat flow and thermal resistance; com· 
mercial and custom heat sinks; applications of positive, negative 
and dual regulators; power supply design and includes data sheets 
for the product families listed above. 
National Voltage Regulator Handbook, $3.00 (139 pg.) 

16 "The 4195 Regulator" 
(RC4195, RM4I95) 
Describes application as a ±15 v, 100 ma regulator; a ±2.5 a 
regulator; a ± 15 to ±50 v unit, or a complementary ±3 to ±27 v 
device. 
Raytheon Semiconductor Application Note (9 pg.) 

17 "Applications of the CA3085 Series Monolithic IC Voltage 
Regulators' , 
(CA3085) 
Ci rcuit description of positive regulators with output currents up 
to 100 milliamperes from - 55°C to + 125°C. Applications include 
high-current and constant-current regulators; switching, dual-track­
ing and high-voltage regulators. Use as a general purpose amplifier, 
and various methods of current limiting are mentioned. 
RCA ICAN-6I57 (11 pg.) 

18 "A Switching Regulator Using an RCA P-N-P Power 
Darlington Transistor" 
(CA30S5) 
Gives a detailed discussion of a 28 v input, 4·16 v, 11 a, switching 
regulator. 
RCA AN-6195 (S pg.) 
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"Using a Dual-Polarity, Tracking Voltage Regulator" 
(SG1501, SG2501, SG35011 
De.scribes the' circuit and use of the SG1501 series of dual regu­
lators; 
Silicon General Applications Bulletin 1 (S pgJ 

"Current-limited and Voltage-regulated Battery Charger" 
(TL430) 
Outlines construction of a battery charger that will rejuvenate a 
totally discharged 44 ampere-hour lead-acid battery in 3 hours. 
Texas Instruments CA-194 (9 pg.l 

"Designing Switching Voltage Regulators with the TL497" 
(Tl497) 
.Covers principles of operation and use as a step~down,. step-up or 
inverting regulator. ' 
Texas Instruments Application Report" CA-189, (1S pg.) 

Switches 

"Touch Control Circuits for Capacitance Switching" 
(S9260 Series) 
Discusses using the devices to replace mechanical switching sys­
tems. Covers noise immunity, determining touch switch sizes, multi­
plexed operation, and touch control panel material among other 
topics. 
American Microsystems 06 pg.) 

"Applications of the pA742 TRIGAC -
A Zero Crossing AC Trigger" 
(;,tA742) 
Describes this TRIGAC circuit. Includes a discussion of the transfer 
characteristics and performance plus operation from ac and dc 
supplies. Applications: 110 V ac single threshold control;' single 
phase, 110 V ac dual threshold control with hysteresis; 110 V ac 
dual threshold control with time proportioning; with time propor­
tioning for Y or .1 loads; operating with transformer isolation be­
tween control circuit and ac line; output pulse amplifier with 
transformer; output pulse inverter; period extender for time pro­
portioning; initial cycle delay; sensor failure detection circuit; time 
delay "relay" circuit; 208 4J ac dual threshold control 110 V ac, 
400 Hz dual threshold control with single TRIGAC for Y loads. 
Also includes a section listing parts and component location dia­
grams for these applications and discusses operation with a fixed 
de supply. Covers use of the TRIGAC with nonresistive loads, dis­
cusses thyristor cells, and full wave output power switches for use 
with the device. . 
Fairchild (30 pg.l 

"Applications of Ultra-High Speed N-Channel 
MOSFET Switches" 
(MEM780) 
Presents design guidelines, considerations, and practical circuits 
for analog multiplex switching. 
General Instrument Bulletin 1602 (6 pg.) 

"Understanding and Applying the Analog Swit.ch" 
(JH5001, IH5009, IH5025, IH5040l 
Compares parameters of analog switches. Applications of several 
switch families are discussed, including 3-channel differential multi­
plexer, gain programmable amplifier, gain ranging circuit, sample 
and hold circuit. 
Intersil Application Bulletin A003 (16 pg,} 
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8 "The IH5009 Series of Low Cost Analog Switches" 
OH5009 Series) 
Describes circuit parameters, logic compatibility, and virtual ground 
switching applications including 4-channel multiplexer, gain ranging 
circuit, gain programmable amplifier and IS-channel multiplexer. 
Intersil Application Bulletin AOO04 (8 pg.) 

9 "A New,CMOS Analog Gate Technology" 
General discussion of "latch up." Describes "floating body" process, 
which eliminates this' problem. 
Intersil Application Note AOOS (2 pgJ 

10 "Applicati~n of the MC3416 Crosspoint Switch" 
(MC341S) 
Describes operation and use of this 4 X 4 b~lIanced crosspoint 
switch in telephone applications i'ncluding PABX. Appendices cover 
dielectric isolation, SCR action and testing. 
Motorola AN-7S0 (15 pg.) 

11 "High Speed MOS Commutators" 
(MM451, MM453, MM454) 
Discusses the lowered threshold voltages in commutators, on and 
off resistances, switching speed, noise and high-frequency noise 
control. 
National Linear Applications Handbook, Vol. I', AN-28 (8 pg.) 

12 "Analog-Signal Commutation" 
(MM450, MM451, MM454, MM550, MM551, MM552) 

, Describes dc characteristics involved in MOS IC switching of analog 
signals when the signal input range varies between ± 10 v. 
National Li.near Applications Handbook, Vol. I, AN-33 (S pgJ 

13 "Applications of MOS Analog Switches" 
(LH0014, LH00l9) 
Discusses basic commutation circuits and describes the use of the 
LH0014 and LH0019 in linear amplifier applications, including reset 
functions and chopper circuits. Covers use of MOS switches as 
suppressed carrier double-sideband modulators and double-side­
band demodulators. Also describes a circuit for a phase-locked loop 
AM-FM detector without tuned circuits. 
National linear Applications Handbook, Vol. I, AN-38 (8 pg.l 

14 "PIN Diode Drivers" 
(DH0035, . DH0035C) 
Describes PIN diode switching requirements and application of 
DH0035 as a driver. Includes discussion of anode ground and 
cathode ground designs and of repetition rate considerations. 
National AN-49 (S pg.) 

15 "High Speed Analog Switches" 
(AMIOOO, AMI001, AM1002) 
Discusses time domain multiplexing, current mode multiplexing, the 

. switching characteristics of the AMlOOO JFET switches, and drive 
circuits. ' 
National AN-53 (6 pgJ 

16 "Features and Applications of RCA IC Zero-Voltage 
Switches" 
(CA3058, CA3059, CA3079) 
Discusses zero-voltage switch operation in general. Operation pri­
marily with thyristors in ac power control and switching applica­
tions, including electric heating, ovenl broiler control, machine 
control, light control and industrial systems. 
RCA ICAN-6182 (6 pg.) 
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"Applications of the RCA CA3062 IC Photo-Detector and 
Power Amplifier in Switching Circuits" 
(CA3062) 
Describes circuit operation and application in a latched memory I 
circuit, a light activated triac control, a triac control with auto· 
matic shut off and alarm, and a triac intrusion alarm system. 
RCA ICAN·6538 (6 pg.) 

"Some Applications of a Programmable Power 
Switch I Amplifier" 
See listing under (linear) Power Control. (RCA) 

"FETs as Analog Switches" I 
General discussion of FIT operation: detailed discussion of factors 
affecting switch performance, including specific load problems and 
applicable driver circuits. 
Siliconix AN72·2 (12 pg,) 

"Ie Multiplexer Increases Analog Switching Speeds" 
(oGS06, DG181l 
Describes single and two level Ie multiplexing systems, including 
the advantages and disadvantages of each. 
Siliconix AN73·2 (S pg,) 

"Switching High-Frequency Signals with FET Integrated 
Circuits" 
(oG133, DG17!, DG18!, DG20Q) 
Discussion of DG133/171/181/200 as rf switches. Gives equivalent 
circuits. "Off" isolation and "On" performance data. Applications: 
control of video monitor and switching between two video cameras. 
Siliconix AN73·3 (IS pgJ 

"Driver Circuits for the JFET Analog Switch" 
Discussion and comparison of resistor-coupled diode charge transfer, 
space transistor charge transfer, and switched resistor driver cir­
cuits for JFET switches. 
Siliconix AN73-5 (l2 pg.) 

"Analog Switches in Sample and Hold Circuits" 
Covers the effects of FET analog switch current handling capability 
on settling time and the effects of offset characteristics on sample 
and hold system accuracy. Describes inverting and non-jnverting 
sample and hold circuits. 
Siliconix AN74-2 (4 pgJ 

"CMOS Analog Switches - A Powerful Design Tool" 
Describes CMOS switch construction, characteristics and operating 
precautions. Applications include: a four channel switch to multiplex 
a scope input, a low pass filter with digitally controlled frequency 
response, an amplifier with programmable inputs and gain, a sample 
and hold circuit, a latching switch, high frequency switching and 
multiplexer systems. 
Siliconix AN7S·( OS pgJ 

"Designing with Monolithic FET Switches" 
Describes MOSFET and JFET switch operation plus driver considera· 
tions. 
Siliconix TA73-2 (4 pgJ 

10 "Analog Switches and Their Applications" 
(oG300 Series, DG50S) 
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Introduces basic semiconductor theory and discusses in detail FET 
analog switches. Various circuit combinations including driver cir­
cuits, multiplexing, sample-and-hold circuits, N-path filters, and 
converters are also analyzed. 
Siliconix $4.00' (324 pg.) 

Switches (cont) 

11 "High Speed CMOS Analog Switches" 
(DG300 Series, DG181 Series) 
Discusses the devices in low power, multiplexing, and thermocouple I 
applications. (Includes AN7S-S) 
Siliconix (24 pgJ 

12 "Specifying and Testing Multiplexers" 
Describes how Teledyne Philbrick defines and measures analog 
multiplexer parameters with emphasis on CMOS types. 
Teledyne Philbrick Applications Bulletin AN-31 (4 pgJ 

Thermal Consideratio~s 

For Temperature Sensors see (linear) Transducers 

13 "Thermal Evaluation of Integrated Circuits" 
Describes four methods for thermal evaluation, including reverse 
biasing substrate diodes. II 

Fairchild Application Note 205 (8 pgJ 

14 "Mounting Procedure for, and Thermal Aspects of, 
Thermopad Plastic Power Devices" 
Covers various methods of mounting and heat-sinking Motorola case 
numper 77, 90, and 199 plastic power devices. Also discusses 
thermal resistance considerations, lead forming, and circuit board 
cleaning. 
Motorola AN·290B (9 pg.) 

15 "Transient Thermal Resistance - General Data and Its 
Use" 
Discusses transient thermal resistance and its use and describes 
methods using various degrees of approximations to determine the 
junction temperature rise of a device. Also covers the concept of a 
duty cycle family of curves to simplify calculation of junction tem· 
perature rise under a repetitive pulse train. 
Motorola AN-SS9 05 pg.) 

16 "Mounting Techniques for Metal Packaged Power 
Semiconductors" 
Discusses preparation of mounting surfaces, using thermal com· 
pounds, and fastening techniques. Gives typical interface thermal 
resistance for a number of packages. 
Motorola AN-599 (S pgJ 

17 "Low Cost LED Thermometer" 
See listing under (linear) Transducers. (National) 

18 "Micropower Thermometer" 
See listing under (linear) Transducers. (National) 

1~ "Thermal Resistance of Integrated Circuit Packages" 
Describes method of measuring package thermal resistance while 
package is immersed in a constant-temperature, circulating oil bath 
that acts as an infinite heat sink. 
Sprague Electric TP 72·7 (S pgJ 

20 "Thermal Design for Plastic Integrated Circuits" 
(ULN-2277l 
Discussion of chip power dissipation-using ampllfier as an ex­
ample, heat dissipation, ULN·2277 dual 2-watt audio power heat 
sinks, heat sink finishes, and forced air cooling. 
Sprague Electric TP 74-1 (7 pg.J 

I 
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"New Heat Sinking Techniques for Hermetic DIPs" 
Describes use of stamped and extruded heat sinks and method of 
reversing IC die and bonding chip directly to Kovar base. 
Sprague Electric TP 74·4 (4 pg.l 

Timers 

"Single-Chip Frequency Synthesizer Employing the 
XR2240" 
(XR2240> 
Describes use' of this timer/counter as a single·chip frequency 
synthesizer: fo = f, (ml n + 1) Where to <200kHz. Describes 
generating 100 Hz synchronized to 60 Hz line. 
Exar AN·07 (3 pg.) 

"Precision Timer" 
(ZNl034E) 
Explains the device and its use in various applications including a 
wiper control, a metronome, and a battery charger. 
Ferranti Electric 09 pgJ 

"Digital Timer for Your Darkroom" 
(C685) 
Describes a digital timer that counts down in either minutes and 
seconds or seconds only for darkroom use. 
General Instrument Bulletin 0204 n2 pg.) 

"12-Hour Digital Electronic Automotive Clock" 
(CK350Q) 
Covers the use of the CK3500 12Lclock chip in a typical automobile 
application. Briefly introduces 12L technology and provides circuit 
diagram. 
Generat Instrument Bulletin 0302 (6 pgJ 

"AM/FM Frequency Display" 
(AY3·8112) 
Describes a frequency and time display that can be an add-on 
accessory or built into a modified AMI FM set. Provides schematics 
and parts lists. 
General Instrument Bulletin 0418 (8 pg.) 

"Wire Range Timer" 
(LM122, LM30lA) 
Describes a timer that, through the use of a single logarithmic con­
trol, can be adjusted from 2 ms to 2000 seconds. 
National Semiconductor LB·38 (2 pgJ 

"Versatile Timer Operates from Microseconds to Hours" 
(LM122) 
Describes the LM122 circuit and its operation. Includes discussion 
of pin functions, timing errors and noisy environments. Discusses 
use as various timers, as a pulse width detector, a comparator, an 
oscillator, a two·terminal time delay switch, and a frequency to 
voltage converter. 
National AN-97 02 pgJ 

"Using National Clock Integrated Circuits in Timer 
Applications" 
(MM5309, MM5311, MM5312, MM5315) 
Describes demultiplexing techniques to generate time intervals and 
low frequency square waves. Gives as an example a fail-safe light­
ing timer. 
National AN-143 (4 pgJ 
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10 "1.3 Volt IC Flasher, Oscillator Trigger, or Alarm" 
(LM3903) 
Describes circuit operation. Covers various flasher, tone generator 
and trigger circuits, especially for low voltage applications in any­
thing from toys to laboratory equipment. 
National AN-154 00 pg.l. 

11 "MM5865 Universal Timer Applications" 
(MM5865) 
Provides block diagram and system description, discusses general 
timing and programming capabilities, suggests timing and counting 
applications. 
National AN-168 no pg.) 

12 "A 4-Digit, 7-Function Stop Watch/Timer" 
(MM5865) 
Gives detailed instructions for the circuit and construction of a 
4·digit, 7-function timer with a display resolution of 0.01, OJ, and 
1 second, using the MM5865. 
National AN·169 04 pg.) 

13 "Problem Solving with the Dual Set Point Timer" 
(DF215) 
Describes the device and its use as various timers and controls. 
Siliconix AN76·2 no pg.l 

Transducers 

14 "The LX1602A Pressure Transducer and Altimeter 
Applications" 
(LX1602A) 
Describes how to use this transducer along with additional elec­

. tronics to build an altimeter that operates over a range of -1,000 
feet to + 50,000 feet. 
National AN-91 (3 pgJ 

15 "Installation Ideas for Pressure Transducers" 
(LX1600, LXI 700, LX1400, LX1701) 
Provides suggestions for mounting National transducers for various 
applications. Includes diagrams and typical mounting configurations. 
National AN·92 (4 pg.l 

. 16 "Transducers in Fluid Flow Applications" 
(LX1602A) . 
Discusses application of LX1602A in pressure vessel, open flow and 
closed flow applications. . 
National AN·93 (8 pg.l 

17 "LX Series Pressure Transducers: Design and 
Applications Information" 
(LXlSOOA, LX1601A, LX1602A) 
Describes hybrid transducer . circuit and applications, including 
pressure to .frequency converter, latching altitude detector, digital 
readout barometer and altimeter. 
National AN·94 (8 pgJ 

18 "Pressure Transducer Load Cell" 
(LX1700G) 
Describes use of LX1700G pressure transducer to measure weight. 
National AN·95 (4 pgJ 
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LINEAR 

Transducers (conI) 

1 

2 

3 

4 

"Pressure Transducers as Accelerometers" 
(lX1700G) 
Discusses uses of accelerometers and describes scheme of con· 
verting LX series pressure transducers to cover ranges from frac­
tions to thousands of g's. 
National AN·96 (4 pg.l 

"A New Interfacing Concept: The Monolithic Temperature 
Transducer" 
(LX5600, LX570Q) 
Covers alternate methods of powering the lX5600, load isolation and 
~n 1I1l1J$lJa! active thermal shield (the shield tracks the s!.!rface 
temperature of the sensor.) Describes use as a thermal transducer, 
temperature to frequency converter, and a temperature controller 
with rate·ot·change sensing. Discusses use of differential tempera· 
ture measurements for liquid or moving air detection (jncluding) 
wind) and for position sensing (using a heat source as a position 
reference. 
National AN·132 no pg.) 

"Micropower Thermometer" 
(LX5600) 
Describes use of the LK5600 as a thermometer whose output is 
a current proportional to temperature and can drive a meter for 
direct readout. 
National linear Applications Handbook, Vol. II, LB·27 (2 pg.) 

"Low Cost LED Thermometer" 
(LX570Q) 
Presents circuit for a-40° to 100°C thermometer with a con· 
version circuit for -40° to 199°F. 
National Linear Applications Handbook, Vol. II, LB·30 (2 pg.) 

5 "Crystal Oven Controller and Precision Voltage 
Reference" 
(lM199. LM299. LM399, LM199A, LM299A, LM399A) 
Shows the use of the LM199 both as an oven temperature controller 
and a voltage reference at the same time. 
National Linear Applications Handbook, Vol. II, LB·31 (2 pg.l 

6 "Simple Temperature Control" 
(LX560Q) 
Discusses setting up a temperature control system using the 
LX5600. 
National LB·36 {2 pgJ 

7 "The Multi-Level Switch Kit, Part No. SK1007" 
Details the use of any LX series pressure transducer to produce a 
high level analog output as well as three independent switch points. 
National TB·1 (2 pgs.l 

8 "Transducer Sensor Diaphram 15 Million Cycle Life Test" 
Findings in the continuing test of National's transducer sensing 
elements - a silicon membrane approx. 1 mil. thick. 
National TB·3 (1 pgJ 

9 "Use of theSK1 007 Pressure Transducer Kit in Vault 
Alarm Systems" 
Describes application of this multi·level switch kit with a pressure 
transducer in vault alarm systems. 
National TB·7 (2 pg,) 

10 "Transducer Fluid Filled Option" 
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Describes the "Fluid·Filled" methods of protecting transducers from 
hostile environments. Rates the resistance of silicone rubber to 
some common fluids. 
National T8·8 (2 pg.i 

. Transducers (cont) 

11 

14 

"Application Circuits of Temperature Sensor and 
Temperature Controller IC's" 
(#PC616, #PC391U 
Provides device characteristics and four basic applications with 
diagrams. 
NEC America (6 pg.) 

"REF-02 Temperature Controller" 
(CMP·02, REF·02) 
Describes temperature control using the REF-02 and the CMp·02 
comparator. 
Preclslon Muliuiilhit;:i AB·4 i1 pg.j 

"Thermometer Application of the REF-02" 
(REF·02) 
Discusses thermometer essentials, bandgap voltage reference theory, 
and basic circuit design using device. 
Precision Monolithics AN·I8 (4 pg.) 

Voltage References 

"1.2 Volt Reference" 
(LM113, LM3I3) 

---- -_ .. _----------.----

Describes the LM113 temperature compensated shunt regulator 
diode. Applications: low voltage regulator circuits, bias current 
source for a differential amplifier, and an electronic thermometer 
circuit. 
National Linear Applications Handbook, Vol. I, N·56 (4 pg.l 

15 "IC Voltage Reference has 1 PPM per Degree Drift" 
(LM199, LM299, lM399, lMI99A, LM299A, LM399A) 
Describes this device with a sub surface Zener and an on·chip 
temperature stabilizer. Several applications are also covered. 
National Linear Applications Handbook, Vol. II, AN·I61 (6 pgJ 

16 "IC Zener Eases Reference Design" 
(LM129, LM329) 
Describes LM129 circuit and operation. Covers use in voltage refer· 
ence and regulator applications. 
National AN·I73 (3 pg.) 

17 "References for AID Converters" 
(LM199, LM399, LM199A, LM399A) 
Discusses requirements of references for various accuracies of AI D 
converters. Gives reference circuit designs. 
National AN·184 (4 pg,) 

18 "A Micropower Voltage Reference" 
Describes a voltage reference made _ by operating a JFET slightly 
below pinch·off along with an op amp to convert current to voltage. 
National Linear Applications Handbook, Vol. II, LB·34 (2 pg.) 

19 "Crystal Oven Controller and Precision Voltage 
Reference" 
See listing under (Linear) Transducers (National) 
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Analog 

1 

·2 

3 

4 

5 

7 

8 

9 

"~elaying AF Signals with MOS· Delay-Lines TCA350u 

ITCA35Q) 
Discusses bucket brigade circuits and practical applications em­
ploying this device. 
ITT Semiconductors (7 pg.) 

"MOS Delay Lines" 
(DM8000, DM8510, DM8830, MM506) 
Covers use ofMOS shift registers to build delay lines. 
National MB·4 (2 pg.) . 

"Acoustic Applications of Serial Analog Delay Devices" 
{SADI024} 
Covers use in reverberation, vibrato, chorus, wow and flutter control 
plus considerations in ,using this device. 
Reticon Application Note 104 (8 pgJ 

"Bucket' Brigade Devices Circa 1976" 
Gives history of development, construction features, and advantages 
of bucket brigade devices. 
Reticon Technical No. 107 (11 pg,) 

"A Tapped Analog Delay for Sampled Data Signal 
Processing" ' 
Introduces tapped analog delays and gives various applications 
heretofore accomplished by digital techniques. 
Reticon Application N9te No. 105 (11 pgJ 

"Serial Operation of Clocked Analog Delay Lines to 
Obtain Long D'elay" 
(SADI024A) 
Describes advantages, coupling, and performance of device. 
Reticon Application Note No. 109.(8 pgJ 

"Implementation of Discrete-Time Analog Filter and 
Processing Systems" 
ITAD32A) 
Discusses tapped analog delay device operation and areas of appli­
cation, including transversal and recursive filters. 
Reticon Application Note No. 111 no pgJ 

"Charge Transfer Devices for Sampled-Data Processing" 
Discusses the application of charge transfer deviceJ to analog and 
digital signal processing. Compares CTD devices. Describes Tapped 
Analog Delay, the Binary Analog Correlator, the Analog Correlator 
and the Transversal Filter. 
Reticon Application Notes No. 114 (11 pgJ 

Character Generators 

"A CRT Display System Using NMOS Memories" 
(MC6545, MCM6570, MCM6571) 
Discusses basic CRT operation, character formation and describes 
the 8K·bit MCM6570 character generators. Describes a 128-character 
system in detail, including counter and retrace control, memory 
select, and address register sections. 
Motorola AN·706A (15 pgJ 

10 "American and European Fonts in Standard Character 
Generators" 
(MM4240, MM5240, MM4241, MM524l) 
Depicts the standard 64 character subsets for these devices. 
National AN-57 (6 pg.) 
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APPLICATION NOTE DIRECTORY 

Character Generators (cont) 

11 "DM8678. Bipolar Character Generator" 
(oM8678) 
Explains the operation of the device and the various features which 
include circuit address latches, the line counter, the 7·bit shift 
register, and the output buffer. 
National AN-167 (4 pg.) 

12, "The Systems Approach to Character Generators" 
See listing under (Memory) ROMs. (National) 

13 "Digital Display Systems" 
Using TIL compatible MOS ROMs to generate displays. Gives circuit 
diagrams and a sample readout. 
National MB-8 (2 pgJ 

14 "7 x 9 Display Character Generator" 
Uses three MOS ROMs and some m log.ic to create a font of 64 
7 x 9 dot·type characters. A circut diagram and suggested char­
acter forms are provided. 
National MB·13 (2 pg.) 

15 "1024 Step Programmable Calculator with 
Non-Volatile EAROM Memory" 
(ER340l) 
Describes a programming circuiUhat can store up to 1024 program 
steps, each being a digit or function key entry, and interfaces to a 
calculator chip. Supplies diagrams and example program. 
General Instrument Bulletin 0203 (4 pgJ 

16 "EAROM Technology" 
Describes Electrically Alterable Read Only Memories bunt with 
MNOS transistors. Discusses reliability and provides diagrams of 
application in a phas~·locked loop tuner, a lock, and a telephone 
repertory dialer. 
General Instrument Bulletin 1201 (8 pg.) 

17 "The Role of Non-Volatile Memories in 
Consumer Electronics" 
Briefly describes MNOS technology, updating EAROMs, and use of 
EAROMs to store data, to keep track of system status, and store 
programs for microcontrollers. 
General Instrument Bulletin 1202 (3 pg.) 

18 "Electronic Digital L.ock" 
(ER205Q) 
Schematic and description of an 8·digit electronic lock that has 
4 different "open" codes and a programming mode that allows any 
of the codes to be changed. 
General Instrument Bulletin 1206 (3 pg.) 

19 "Using the ER3401" 
(ER340l) 
Presents basic device operation and supplies diagrams for a bench· 
top evaluator I programmer and a dc inverter. 
General Instrument Bulletin 1203 (5 pg.) 

20 "An ER2051 Programmer" 
Presents a programmer that automatically erturns an EAROM to 
standby condition following read, erase, or write commands, and 
provides stable timing controls for all modes of operation. 
General Instrument Bulletin 1204A (3 pg.) . 

21 "A Voltage Switching Circuit for the ER2401/ER2800" 
(ER2401, ER2800) 
Furnishes a diagram of a voltage switching circuit for the devices 
and the control signal truth table describing its operation. 
General Instrument Bulletin 1205 (2 pg.) 
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MEMORY 

Character Generators (conO 

1 "Eight and Sixteen-Bit EAROM Module 
For Minis &. Micros" 
(ER340Q). 
Describes the design of an 8K byte EAROM module with a 1.2 ,usec 
access time. The memory module can be read and written like con­
ventional memory, and it can be reconfigured to sixteen-bit words 
with the change of a single logic level. Also details an EAROM 
sequencer. 
General Instruments Bulletin 1208 

PROMs I 
--------------------------------------- I 
10 "programm.ing AMI S6834 and S5204A EPROMs" I, 

(S5204A, S6834) 
Compares on-board versus dedicated-socket programming and sug- 'I' 

gestions on programming system design. 

11 

American Microsystems (3 pg,) I 
I 

"EA2708 EPROM Application Note" 
(EA2708) 
Comments on read characteristics of the device and its use in micro­
processor systems. 
Electronic Arrays (8 pg.) 

I 

Interface I 
----12 

"Programmable Read Only Memories" 
(93417, 93427, 93436, 93438, 93448, 93452, 93453) 2 

3 

4 

5 

6 

7 

8 

9 
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"The Recovery of Recorded Digital Information in Drum; 
Disk and Tape Systems" 
Reviews methods for converting the analog signal obtained from 
a magnetic recording into digital format. 
Motorola AN·lI1 (10 pg.) 

"Applying Modern Clock Drivers to MOS Memories" 
(oS0025, DS0026) 
Covers use of 0025/26 drivers in MOS memory systems. Informa­
tion includes selection of packages and heat sinks, power dissipa­
tion, rise and fall time, power supply decoupling, system clock 
line ringing and crosstalk, input coupling techniques, and sample 
calculations. 
National AN-76 (12 pg.) 

"Interfacing Circuits for MOS Dynamic Random Access 
Memories" 
Discusses interfacing methods employing level shifters ITTL to 
MOS levels) with boosters, level shifters (MOS to TTL levels), and 
sense amplifiers. 
Nortec Applications Note No. 25 Rev. A (3 pgJ 

"Charge Pump Driver for 7001, RAMs" 
(SN54508) 
Defines a method for driving the charge storage pump input of a 
7001 RAM. Provides a description of the basic storage pump RAM 
cell and the charge pump circuit diagram. Gives performance curves. 
Texas I nstruments Application Report CA-178 (6 pgJ 

"High Speed TTL Interfacing for 7001 Static RAMs" 
(SN75261, SN75365) 
Illustrates interface techniques for driving the 7001 RAM chip-select 
input, and sensing the memory output. 
Texas Instruments Application Report CA-179 (8 pg.l 

Microprogramming 

"Tri-State Logic in High Speed Memories of 
Microprogrammed Computers" 
See listing under (Digital) TTL, General. (National) 

"How to Design with the 8X02 Control Store Sequencer" 
See listing under (Microprocessor) Systems (Signetics) 

"Signetics Micro Assembler Reference Manual" 
See listing under (Microprocessor) Programming (Signetics) 

I 
Gives general background on PROMs, describes programming pro­
cedures, discusses power switching, address expansion, 8-bit binary 
to decimal decoding and programmed logic controller. 
Fairchild Application Note 333 (16 pgJ 

13 "The MB8518 EPROM" 
(MB8518) 
Characterizes device and discusses programming and erasing it. 
Provides a schematic for incorporating a switching power supply 
to save power. 
Fujitsu AN201 (14 pg.) 

14 "Application of the Intel 2708 8K Erasable PROM" 
(2708) 
Covers characteristics, operation, programming and erasure, re­
duced power and interface .. 
Intel Application Note AP·17 (15 pgJ 

15 "Power Switching" 
Describes a method for power switching Intersil's PROMs and FPLAs, 
and specifies the design tradeoffs and performance to be expected_ 
Intersil Application Bulletin MB003 (4 pg.) 

16 "Intel Memory Design Handbook" 
See listing under (Memory) RAMs (lntet) 

17 "Programming the MCM5003/5004 Programmable Read 
Only Memory" 
(MCM5003, MCM5004) 
Discusses programming methods for this 64 X 8 bit memory, de­
scribes circuit and operation. Describes a simple programmer using 
five ICs and a more sophisticated version using 25 ICs offering 
automatic sequencing. 
Motorola AN-550 (12 pg.l 

18 "PROM Power-Down Circuits" 
(oM74S287) 
Oescribes several ways to power-down bipolar, three-state PROMs. I 
National AN-17I (4 pgJ 

19 "A PROM Programmer for the SC/MP LCDs" 
(SC/MP, MM4204, MM5204) , 
Provides a method for the user of the SCI MP LCOs to program 
MM4204 PROMs. Using wire-wrap techniques the user can construct 
a programmer that plugs into the SC I MP LCOs backplane and pro- I 
grams a 512 x 8 PROM in 10 seconds. I 

National AN-189 (23 pg.) I 
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MEMORY 

RAMs 

1 "Application of First-In First-Out Memories" 
(AM2812, AM2813, AM2814, 3341) 
Describes the function of a first-in, first-out memory, methods of 
constructing FIFO buffers and the operation of the above P-channel 
MOS devices. Discusses storage and control, expansion methods, 
interfacing, and applications in an N-bit shift register and as a 
key encoder on key matrix. 
Advanced Micro Devices Application Note (9 pgJ 

2 "The AM9338 Multiple Port Memory" 
(9338) 

3 

4 

5 

6 

Describes applications for this 8-word by I-bit three-address memory, 
including the working store for high-speed, three address computers; 
first in, first out (asynchronous buffer) memory; and direct address/ 
indirect address memory. 
Advanced Micro Devices Application Note 4 (pgJ 

"Application of the EMM/SEMI 4200 Static RAM to the 
Intel 8080A Microprocessor" 
(4200) 
Describes suggested logic interface to connect this 4K X 1 static 
RAM to 8080A MPU; 
EMM/Semi Application Note S103A (4 pg.) 

"Application of EMM/SEMI4K Static RAM to Motorola 
M6.800 Microprocessor" 
(4200) 
Describes suggested logic interface to connect this 4K X 1 static 
RAM to the M6800 MPU. 
EMM/Semi Application Note S104 (6 pgJ 

"Checking Out the EMM/Semi 4200 in 2107B or 4060 
Sockets" 

.(4200) 
Suggests circuit changes to permit acceptance of the 4200 static 
RAM in sockets wired for 21078 or 4060 Sockets. 
EMM/Semi Application Note S102 (2 pgJ 

"TTL/MSI 9334 8-Bit Addressable Latch" 
(9334) 

APPLICATION NOTE DIRECTORY 

RAMs (cont) 

10 "Designing Non-Volatile Memory Systems with 
Intel's 5101 RAM" 
(5101) 
Describes internal circuits and operation of the RAM. Outlines cir­
cuit techniques for battery supported non-volatile operation. De­
scribes use of the device with the MCS-40 microcomputer. 
Intel Application Note AP-12 (28 pgJ 

11 "Which Way for 16k?" 
Considers various aspects of 16k RAMs including 64 and 128 cycle 
refresh and the advantages versus disadvantages of latching. 
Intel Application Note AP-22 (7 pgJ 

12 "Applications of the Intel 2104A 4k RAM" 
(2104A) 
Discusses operation of the device including power distribution and 
decoupling. 
Intel Application Note AP-23 (13 pgJ 

13 "MOS Static RAMs" 

14 

15 

16 

(2101, 2102, 2111, 2112, 5101) 
Presents devices, failure mechanisms, testing methods and results. 
Intel RR-9 (7 pgJ 

"2416 16K CCD Memory" 
(2416) 
Describes device, failure modes, reliability tests and results. 
Intel RR-ll (5 pgJ 

"Intel Memory Design Handbook" 
(1103, 2107A, 21078, 2416, 3207A, 3222, 3245, 5101, 5235, 5244) 
Combines various RAM, ROM, PROM and CCD application notes plus 
information on support circuits. 
Intel $5.00 (265 pg.) 

"Operational Characteristics of the AMS 6002" 
OM6002) 
Describes the circuits required to lnterface the 6002 lK MOS RAM 
with TTL. Also discusses the internal and external circuit parameters 
that affect system performance. 
Intersil AN-28 (4 pgJ 

Describes operation and applications, including 16 and 32-bit ad­
dressable latches, I6-word by 4-bit memory, demultiplexer and 17 
decoder, 8-bit AID converter and a I6-bit serial-to parallel converter. 
Fairchild Application Note 220 (8 pg.) 

"Designing Memory Systems with the AMS 6003 RAM" 
Provides the circuitry and timing information fer building memory 
systems from the 6003 dynamic RAM. 

7 

8 

9 

"Understanding the FIFO" 
(3351) 
Covers 3351 FIFO operation, cascading, plus use in data rate buffer­
ing, parallel operation, and burst operation. 
Fairchild APP 332 (8 pgJ 

"The MB8116 16K RAM" 
(M88116) 
Characterizes device and device operation. Discusses testing and 
use of the device in a 64K x 8-bit array. 
Fujitsu AN202 04 pgJ 

"The MB8227 4K RAM" 
(MB8227l 
Characterizes device and illustrates use in a memory array. 
Fujitsu AN200 (14 pgJ 
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Intersil AN-32 (9 pgJ 

18 "AMS7001 Basic Storage Module High Speed Memories" 
(IM700l) 
Discusses AMS7001 storage module operation, backplane wiring, 
addressing scheme, and power requirements. 
Intersil AN-35 (18 pg.) 

19 "Using the TM-200 Semiconductor Memory Card" 
(lM7001) 
Describes this memory card using the AMS7001 RAM. Includes de­
tailed diagrams. 
Intersil AN-36 (22 pgJ 

20 "Layout Considerations Using 4K MOS RAMs" 
Discusses orientation, packing, drivers, power distribution, trace 
widths, signal levels, bypass caps, and bus bars. 
Intersil AN-37 (4 pgJ 
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RAMs (co"l) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

"7005-4K RAM Application Information" 
OM7005) 
Provides a functional description of the 7005, and gives a typical 
design of a 16K x 16 system with timing information and suggested 
circuits. 
Intersil AN-38 (7 pg.l 

"Battery Backup for Semiconductor Memory Systems" 
Provides information on the selection and application of batteries 
for backup power to both single-voltage and multiple-supply RAM 
systems. . 
~i1teisil A~!'39 (6 pg.) 

"Memory System Reliability with Intersil 4K RAMs" 
(1M 7005, 1M 7270, 1M 7280) 
Shows how memory system re!iability can be predicted from device 
failure data and how,' when necessary, system reliability can be 
increased through the use of error correction techniques. 
Intersil AN-40 (7 pg.) 

"CMOS RAMs" 
(lM6508, IM6523, IM6524) 
Provides a block diagram and describes the operation and inter­
face requirements for these 256 x 1 and 1024 x 1 CMOS RAMs. 
Intersil Application Bulletin M002 (8 pg.) 

"ConSiderations for Designing a High Density, 
Low Power Memory System" 
(MK42oo) 
Describes a 16K x 8 memory array using the MK4200 4K RAM and 
CMOS logic. 
Mostek (3 pg.) 

.. An In-Depth Look at Mostek's High Performance 
MK4027" 
(MK4027) 
Describes operation of this I6-pin, 4K RAM. 
Mostek (15 pg.) 

"Why 'Edge-Activated' Static Memories?" 
(MK4I04, MK32000, MK36ooO) 
Describes these devices with static memory cells and dynamic 
peripheral circuitry. Compares performance to fully static devices. 
Mostek (4 pg.) 

"A MECL 10,000 Main Frame Memory System 
Employing Dynamic MOS RAMs" 
(MCIOOOO series) 
Describes a dynamic RAM system that uses the MECl family for the 
control logic. Considers memory organization, layout rules, inter­
facing and generation of control signals. 
Motorola AN-583 (20 pg.) 
~ 
"A Non-Volatile Microprocessor Memory Using 4K 
N-Channel MOS RAMs" 
(MCM6605, MC6800) 
Des.cribes the design of a 8I92-byte non-volatile memory using the 
MCM6605 4K x 1 RAM and CMOS control logic to reduce the power 
requirement in the standby mode. 
Motorola AN·732A (17 pg.) 

10 "The Design of an N·Channel 16K x 16-Bit Memory 
System for the PDP-11" 

196 

(MCM6605, MC3450, MC3452, MC3459, MC3460) 
Briefly describes operation of the MCM6605 NMOS RAM, the details, 
the design of a PDP-ll add-on mainframe memory using this device. 
The interface ICs and system performance are also discussed. 
Motorola AN-740 (I5 pg.) . 

_R_A_M_s._<c_O_"_t) __________________________ l 
11 "A CMOS Keyboard Data Entry System for Bus Oriented 

Memory Systems" 
'(MCI4419) 
Describes a keypad to binary data entry system for placing data 
in RAM memories. It allows data to be entered through keystrokes, 
encoding 4-bits at a time. 
Motorola Application Note AN-759 (4 pg.) 

12 "Semiconductor for Plated Wire Memories" 
See listing under (Digital) Interface. (Motorola) 

13 "A High Speed FifO Memory Using the MECL MCi0143 
Register File" 
See listing under (Digital) High Speed logic (Motorola) 

14 "A Method of Implementing Stacks with Existing 
Minicomputer Memory" . 
Gives detailed description of a controller for a stack of program­
mable size up to 256 words for a I6-bit minicomputer with less 
than 16K of memory. Tells how stack size can be increased to 4096 
words by adding ten ICs. 
National AN-60 (4 pg.) 

15 "Using Tri Staten
.4 Logic for Rubber Band Memories" 

Describes the construction and use of scratch/ pad memories to 
store data at a rapid rate and then release it as required. They 
serve as buffers between systems operating at different clock rates. 
National AN-68 (4 pgJ 

16 "A Simple Power Saving Technique for the MM5262 2k 
RAM" 

17 

18 

, 19 

(MM5265) 
Describes method for decoding the clocks of unselected chips in a 
memory array to save power. Discusses application in 8K x 16 
memory. 
National AN-86 (4 pg.) 

"Designing Memory Systems Using the MM5262" 
(MM4262, MM5262)· 
Provides a detailed description of this 2048 x 1 PMOS dynamic 
RAM, operating instructions, and a diagram of a 16K x 10 memory 
using the device. 
National AN-144 (14 pg.) 

"Pulsed Power Supply Operation of Selected MM2102 
Static RAM" 
(MM2102, SMI480> 
Covers method for operating selected 2102s (SM61480s) in a 
power-down mode. 
National AN-I72 (3 pg.) 

"MOS Scratch Pad/Content Addressable Memory System" 
Describes a 64-bit Scratch Pad/Content Addressable Memory using 
MOS devices. Includes circuit diagrams and discusses circuit opera­
tions. 
National MS-!1 (2 pg.) 

20 "Memory Systems Built with the Nortec 6002" 
(6002) 
Describes circuits for the bit driver/sense amplifier required to 
interface the 6002 with TTl. Discusses external support circuit 
parameters and internal circuit operations that affect system per­
formance. 
Nortec Applications Note No. 28 (4 pg.) 
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RAMs (cont) ROMs (cont) 

1 "Memory Systems Built with the Nortec 6002" 10 "ROM Application Note" 

2 

3 

(6002) 
Describes use of this 1024-bit RAM .in building a general purpose 
memory module with 425,984 bit capacity.' 
Nortec Applications Note No. 30 (14 pg.) 

"Printed Circuit Layout Considerations for Dynamic 
Memory Arrays" 
Gives P.C. layout guidelines for MOS dynamic memories (also ap­
plicable to standard TTL circuits.) 
Nortec Applications Note No. 31 (2 pgJ 

"Designing Memory Systems .with the Nortec 6003 RAM" 
(6003) 
Describes operation of this 2048-bit RAM, including a discussion of 
memory timing, refresh control, array control signals, device output 
sepsing, and array driver circuits. 

11 

12 

(EA2708, EA3200, EA4700, EA8308A, EA831GE> 
General discussion of ROMs and characteristics of each device. 
Electronic Arrays 01 pgJ 

"Interfacing of the EA4900 16K ROM in an MCS-4 
Microprocessor System" 
(EA490Q) 
Considers timing, power s'upplies, and logic levels for interfacing 
these devices. 
Electronic Arrays (8 pg.) 

"Monolithic Diode Matrices" 
Describes programming and use of diode matrices. Applications: 
teletypewriter coding matrix, decimal decode for displays, nines 
complement-BCD, shift register matrices, and ROMs. 
Harris Application Note 206 06 pgJ-

Nortec Applications Note No. 32 (9 pgJ - 13 "Intel Memory Design Handbook" 
See listing .under(Memory). RAMs .(lntel) 

4 

5 

6 

"Memory Systems Characteristics and Applications for 
the CD4061 A" 
(CD4061A) 
Describes basic device operation, application in memory systems, 
and testing including construction of an all CMOS memory tester. 
RCA ICAN-6445 

"Driving the TMS4030 RAM Using the SN75363 or 
SN75322" 
(St175322, SN7536, TMS4030J 
Driving the TMS4030 chip enable clock with these ICs, switching 
speeds versus system size, general performance characteristics and 
performance comparisons are provided. 
Texas Instruments Application Report CA·181 (7 pgJ 

"Memory System Design Utilizing TMS4050/4051 4k 
Dynamic RAMs" 
ITMS4050, TMS4051) 
Reviews speed considerations, then steps through drafting a 4k 
dynamic RAM system: Two sample circ.uit examples are outlined. 
Texas Instruments Application Report MOSAI (56 pg.) 

"Introduction to Refreshing TI 4k Dynamic RAMs" 
ITMS2102, TMS4051) 
Methods of refreshing dynamic RAMs are discussed. Compares 
static RAMs with dynamic RAMs also~ 
Texas Instruments Application Report MOSA3 (12 pgJ 

8 "Memory System Design Utilizing the 
TMS4044/4046, TMS4045/4047 4K Static RAMs" 
(TMS4044, TMS4045, TMS4046, TMS4047) 
Provides general discussion of static RAMs and characteristics of 
devices. Two sample circuit examples are outlined. 
Texas Instruments Bulletin S127R (44 pg.l 

ROMs 

9 "Using the EA4600 ROM in M6800 Microcomputer 
Systems" 
(EA4600) 
Takes up use of the ROM for use as memory, an I/O device, or as 
a data converter in the microcomputer system. 
Electronic Arrays M-16(l4 pg.) 
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14 "MCS2026-002" 
(MCS2026-002) 
Describes connections to use this demonstrator version of the 
16K (2048 x 8) dynamic ROM, which can be used as an adder, 
counter, encoder, decoder or shift register. 
MOS Technology Application Note MCS2026-002 (8 pg.) 

15 "Code Conversion with Semiconductor Read Only 
Memories" . 
(MCM400Q) 
Describes methods for converting data from binary to BCD and vice 
versa, from the Hollerith to the common 8-bit codes, and from 
one 8-bit code to another. 
Motorola AN-50G 03 pg.) 

16 "Replacing Sequential Logic with ROMs" 
Describes design methods for using ROMs· to replace sequential 
logic, that is to replace designs that would require random or com­
binational logic with feedback loops. 
Motorola AN-722 09 pg.) 

17 "The Systems Approach to Character Generators" 
(MM5240, MM5241) 
Discusses use of MM5240 and MM5241 ROMs in character genera­
tion. Includes discussion of CRT raster scan displays, refresh 
memory modulation, control logic, bipolar compatibility, printing 
applications, and raster scan systems. 
National AN-40 (12 pgJ 

18 "The Application of ROMs" 
(MM5203, MM5230, MM5232, MM524Q) 
Describes applications of read only memories in table look up, code 
conversion and generation, character generation, random logic 
generation, and microprogamming. 
National AN-61 (12 pg.) 

19 "Saving ROMs in High-Resolution Dot-Matrix Displays 
and Printers" 
(MM5232, MM5240, MM5241, DM8596, MM8597) 
Describes two-stage, column·generation approach called "intermedi­
ate coding" that saves more than 25% of ROM capacity when 
several ROMs are needed to store a font. . 
National AN-85 (8 pgJ 

20 "Custom ROM Programming" 
Gives forms for submitting truth tables for various National read 
only memories. 
National AN·IOO (8 pgJ 
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ROMs (cont) Shift Registers (cont) 

I 1 "Trig Function Generators" 11 "MOS Delay Unes" 
Instead of simply cascading ROM to increase resolution and accuracy (MM506) 
of the look-up tables, this note describes interpolation techniques Describes the characteristics of static and dynamic shift registers I to increase trig function accuracy with less memory. used in delay lines. Discusses application as series/ parallel delay I 
National MB-IO (2 pgJ lines and as sUbstitutes for magnetic drum memories. Also covers I 

specialized clocking techniques, such as two·speed Clocking. ' I 
2 "MOS Goes Bipolar" Nationa I AN-25 (8 pg.) 

See listing under (Memory) Shift Registers. (National) 
12 "High Voltage Shift Registers Move Displays" 

3 "Fast Multipliers Using TTL Re;1d Only Memories" (MM5081) 
(SN74I82. SN74H183. SN74283.SN74284. SN74285) Describes use of the MM508I high voltage shift register for driving 
Reviews fundamental algorithm of binary multiplication. Shows use gas discharg1! or lamp· displays, i.e. moving messages or moving 
of ROMs for multiplication, two's complement multiplication, and graphics. 
truncated multiplications. National AN-44 (14 pg:) 
Texas Instruments Application Report CA-l72 (11 pgJ 

13 "Low Frequency Operation with Dynamic Shift Registers" 
Discusses operation of two forms of dynamic shift registers: ratio-

Shift Registers less and ratio. Recommends techniques, such as keeping clock 
amplitudes high, to design added margin into systems. Discusses 
temperature considerations, packaging. 

4 "A Random Pattern Generator for Testing Digital Delay National AN-55 (4 pg.) 
Elements" 
Describes the use of a linear feedback shift register for digital 

14 "Design Considerations of MOS Dynamic Shift Registers testing. with Tri-State Outputs" 
Advanced Micro Devices Application Note (3 pg.) (MM4012, MM4013, MM5012, MM5013) 

"Applications of Dynamic Shift Registers" 
Describes operation of MOS shift registers with Tri·State push-pull 

5 outputs. Includes discussion of the dynamic characteristics and 
0402A, 1403A, 1404A, 1405A, AM2S02, AM2803, AM2S04, AM2805," maximum clock frequency. 
AM2S06, AM2807, AM280S) National AN·65 (4 pg.) 
Discusse,s dynamic shift register storage in general, clock timing, 
circuits for clock drivers, interfacing with TTl, and recirculating 
registers. 15 "MOS Goes Bipolar" 
Advanced Micro Devices Application Note (7 pgJ Shows what voltages are required to combine MOS Shift Registers 

and Read Only Memories with bipolar devices. Presents interface 

6 "Schottky TTL MSI Registers" diagrams. 

(AM25S07, AM25S08, AM25S09, SN54S174, SN54S175, SN54S194, National MB·I2 (2 pg.) 

SN54S195, SN74S174, SN74S175, SN71,5194, SN74S19S) 
Describes these 4 and 6·bit registers, their operation and applica- 16 "Mask Programming Specializes MOS Shift Register 
tions. Contains logic diagrams and function tables. Applications Designs" 
covered include: longer words, use with dynamic shift registers, (MM4007, MM4019, MM5007, MM5019) 
selective bus storage, use as a LIFO memory, psuedo random feed- Describes customizing MOS shift register bit lengths by program-
back, unique counting codes, permutation of inputs, and use in ming a metalization mask used to manufacture these devices. Dual 
arithmetic. registers from 20 to 256 bits, and single registers from 40 to 512 
Advanced Micro Devices Application Note (16 pgJ bits are available. Describes single register taped output options. 

National MB·14 (2 pg.) 
7 "High-Speed Shift Registers Use TTL RAMs and 

Counters to do all the Shifting" 
17 "COS/MOS MSI Counter and Register Design and Describes how to build a high speed shift register using a RAM 

accessed by counters. Applications" 

Advanced Micro Devices (2pgJ See listing under (Digital) CMOS (RCA) 

8 "9338 8-Bit Multiple Port Register" 18 "Static Shift Register Operating Curves" 
(9338) How to use the minimum! maximum clock pulse width operating 
Describes the features of this device, the TTL/MSI equivalent and curves included in National's static shift register data sheets. 
parallel serial expansion capabilities. Covers use as three address National MI3·I5 (2 pgJ 
arithmetic unit with eight registers, and use in a first-in first·out 
memory. 19 "Double-Clocking Cuts Standard Registers to 
Fairchild Application Note 294 (6 pg.) Non-Standard Sizes" 

Describes a method of double·clocking for N data input periods to 
9 "The Logic Design of Shift Counters" make the register appear shortened by N bits. When this is achieved, 

See listing under (Digital) Counters. (Motorola) the clock rate resumes normal frequency. 
National MB·16 (2 pgJ ! 

I 
10 "Using Shift Registers as Pulse Delay Networks" I 

See listing under (Djgital) High Speed logic (Motorola) 20 "HiNIL 375 Universal Shift Register" 

I 
Microprocessors See listing under (Digital) HNIl/ HTL (Teledyne Semiconductor) 
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Applications 

1 

2 

3 

4 

5 

"A Musical S2000" 
(S2000) 
Provides general description of the device programmed to generate 
musical frequencies and remember a set of twelve tunes. Includes 
schematic. 
American Microsystems (4 pg,) 

"Application Techniques for the MCS-48 Family" 
(8748, 804S, 8355, 8243, 8755, 8155) 
Introduces the MCS·48 family and describes the implementation of 
such subsystems as: analog input and output, the use of. tables 
for function evaluation, receiving and transmitting serial code, 
and parity generation. 
Intel Application Note AP-24 $1.00 (23 pgJ 

"CRT Terminal Design Using the 8275 and 8279" 
(S275, 8279, 8224, 8080, 8257, 822S, 8212, 8251, 2708, 2714, 2716) 
Provides component descriptions and system design details needed 
to apply the 8275 programmable CRT controller and 8279 program­
mable keyboard! display interface in CRT systems. Flowcharts, sample 
code, and schematics included. 
Intel AP-32 (57 pg.) 

"IM6100 CMOS Microprocessor Remote Data Station" 
(lM6100) 
Describes a system capable of monitoring a number of different dc 
measurement channels under control of the IM6100. 
Intersi! DCE800l (15 pgJ 

"Using Mostek F8 Microprocessor in a Scanned 
Seven-Segment DlspJay Application" 
(FS) 
Discusses the advantages of the F8 as a numeric display interface in 
poP based devices. 
Mostek (16 pg.) 

6 "Using Mostek F8 in a Scanned Keyboard Application" 
(FS) 

7 

8 

9 

Discusses application of the F8 to eliminate hardware outside the 
processor to encode the keyboard. Uses a keyboard scanning tech­
nique. 
Mostek (16 pgJ 

"A Floppy Disk Controller Using the MC6852 SSDA and 
Other M6800 Family Parts" 
(MC6852, M6820) . 
Discusses a floppy disk controller built using a' synchronous serial 
data adapter as the primary data interface with the MPU.· All 
non-data operation (seek, drive selection, etc.) in the controller 
are handled by a peripheral interface adapter. 
Motorola AN-764 (17 pgJ 

"Data AcquiSition Networks with NMOS and CMOS" 
(MC14433, MC6800) 
Discusses an 8-channel data acquisition network using the MC14433 
AI D converter and the Me6800 microprocessor. 
Motorola AN·110 (11 pgJ 

"A Dual Processor System for Use in the EXORciser" 
Introduces dual processing and presents the design of a dual proc­
essor system for use in the EXORciser. In the system discussed, the 
poP's have control of a common bus on opposite phases of the clock. 
Motorola AN-777 03 pgJ 
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APPLICATION NOTE DIRECTORY 

Applications (cont) 

'10 "Interfacing and Controlling Digital Temperature Data 
Using the MC6800" 
(MC6800, MC682!) 
Provides block diagrams, instruction set, and discussion of a tern· 
perature control system using the device. 
Motorola AN·782 (4 pg.) 

11 "Simplify CRT Terminal Design with the DP8350" 
(oP8350, SC/MP) 
Describes a low·cost CRT data terminal design based on the DP8350 
CRT controller and SCI MP microprocessor. Features screen scroll, 
RS-232C interface, and adjustable band rate. Includes schematics, 
flowcharts, and PC board layout. 
National Semiconductor AN-198 (10 pg.) 

12 "M6800 Microprocessor Application Manual" 
(MC6S0Q) -
Describes the use of the 6Soo family of parts. Gives details of 
practical applications including the development of hardware and 
software, deSign of a point of sale terminal and interfaces to 
peripherals. 
Motorola $25.00 (716 pg.) 

13 "Multiple Microprocessors in Instrument Systems" 
(I MP-S, IMp·16) 
Discusses systems built with central microcomputers plus peri­
pheral microprocessors to distribute intelligence. Illustrates con- ~ 
cepts with a data acquisition and setpoint control system. 
National AN·lOS (8 pgJ -

14 "The IMP-8C as a Data Concentrator" 
(I MP-8C) 
Describes the use of this microprocessor in data concentrator 
applications. Covers use with a full duplex modem, and the terminal 
controller interface. 
National AN-Il3 (6 pgJ 

15 "Data Handling with the IMP-8" 
(lMP-8, IMp·l6) 
Covers basic concepts for transferring data from a memory to 
peripherals. 
National AN·l17 (4 pgJ 

16 "Microprocessor Mates with MOS/LSI Keyboard Encoder" 
(lMP-16) . 
Shows how to interface.a keyboard to the IMP-16 microprocessor 
for text editing. 
National AN·128 (6 pg.) 

17 "For Data Communications Systems: A Front-End 
Preprocessor for 16-Bit Minicomputer Hosts" 
General discussion of how preprocessing techniques used in large· 
scale host computers can be scaled down for application in mini­
based systems. 
National AN-131 (4 pg.) 

18 "The IMP-16 in Communication Applications 
(lMP-16) 
Discusses communication processor functions, requirements for 
communications microprocessors and system considerations. Gives 
programming examples including status monitoring, data transmis­
sion, message routing, interrupt handling and error control. 
National AN-134 (6 pgJ 
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MICROPROCESSORS 

Applications (cont) 

1 "Communication Interfaces for the IMP-16" 
(lMp·IS) 
Describes the use of this microprocessor In leased line and switched 
line applications with the communications conforming to EIA stan· 
dard RS232·C. 
National AN·152 (13 pgJ 

2 "A Data Concentrator Using PACE" 
(PACE) 
Describes the use of this microprocessor to take data from several 

. slow speed lines and transmit it over one line. 
National AN·IS4 (5 pgJ 

3 "Microprocessor Security Systems Made Easy" 
(SC/MP) 
Describes program for sequencing through multiple inputs and 
actuating a simple output (relay, alarm, etcJ using NIBL. 
National AN·174 (2 pg,) 

4 "SC/MP as an Analog-to-Digital Converter" 
(SC/MP) 
Equations and diagrams for using the SC/MP as an AID and D/A 
converter. Also lists sources of error that may result. 
National AN·19I (3 pg.) 

5 "A Low Component Count Video Data Terminal Using 
the DP8350 CRT Controller and the INS8080 CPU" 
(DP8350, I NS8080A, I NS8250l 
Describes a video data terminal system. Provides block diagrams 
and short descriptions of individual circuit elements as well as sys­
tem schematic. 
National AN·199 (10 pg.l 

6 "SC/MP Microprocessor Applications Handbook" 
(SC/MP) 
Describes the SCI MP as a general purpose microprocessor cover· 
ing applications, addressing, instruction set, implementing sys· 
terns, buffering and interface. Covers use with AI D converters, 
keyboards, display systems, recorders and printers. 
National $5.00 (1S0 pgJ 

7 "The CRT5027: Video Timer-Controller" 
(CRT5027l 
Characterizes the device and explains how to program it. Provides 
examples for systems with 80 characters by 24 rows and 40 charac­
ters by 12 rows. Schematics and system block diagrams are included. 
SMC Microsystems Application Note 1··1 08 pg.l 

8 "TMS9900 Floppy Disk Controller" 
(TMS990Q) 
I"ustrates use of the TMS9900 microprocessor system as floppy 
disk drive controller that interfaces to a RS·232C type terminal. 
Includes descriptions of hardware, diskette data transfer, and 
software. 
Texas Instruments Application Report MOSA5 (S8 pgJ 

9 "TMS9900 CRT Controller" 
(TMS990Q) 
-Analyzes a CRT controller system that employs a TMS9900 micro· 
processor. Contains diagrams of the system and a software monitor 
routine. 
Texas Instruments Application Report MOSAS (32 pg.) 

General 

10 "A Non-Volatile Microprocessor Memory Using 4K 
N-Channel MOS RAMs" 
See listing under (Memory) RAMS (Motorola) 
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General (conI} 

11 

! 

~ 
"Crystals: Specifications for Intel Components" I 
Discusses crystal specifications, operation, and selection as they , 
relate to use with various Intel components. 
Intel AP-35 (4 pg.l 

12 "Microprocessors - An Introduction" 
Shows system components, defines terms and describes operation of 
an elementary computer system. 
National AN·1l4 (4 pgJ 

13 "'ncreasing Throughput for IMP-16 Serial !nput/Output" 
(MM5303) 
Describes use of device to improve communication between micro· 
processor and peripheral with little increase in component count. 
National AN-I60 (7 pg,) 

14 "SC/MP Mates with Cassette Recorder" 
(SC/MP) 
Describes a method of storing digital information on cassette tape. 
National AN-163 (12 pg.l 

15 "Timesharing Users Manual" 
(lMP·8, IMP·IS) 
Gives user information to assemble IMP·8 or IMP·IS programs using 
Tymshare, Inc. services, or IMP·I6 programs using the General 
Electric Computer Timesharing facility. 
National (35 pgJ 

Programming 

16 "Microprogramming Handbook" 
. (2911, 2909, 29811, 2922, 29803) 
Discusses microprogramming a bipolar processor. Includes sections 
on microprogram memory, sequencing, branching, jumping, and sub· 
routines. 
Advanced Micro Devices, $5.00 (44 pgJ 

17 "HM-6100 Microprocessor Basic 4K Software" 
(HM610OJ 
Describes the Digital Equipment Corp. PDP·8 software. 
Harris Application Note HM003 (4 pgJ . 

18 "HM-6100 ROM Based Subroutine Calls" 
(HMS10Q) 
Describes two methods for returning to the proper program location 
after executing a subroutine. 
Harris Application Note HM008 (4 pg.) 

19 "Series 3000 Cross Microprogramming System CROMIS 
Reference Specification" 
(3000) 
Describes the CROMIS microprogramming system for the 3000 series 
computing elements. It supports the user who wants to generate 
microcode. 
Intel $5.00 (77 pgJ 

20 "8080/8085 Assembly Language Programming Manual" 
(8080A, 8085A) 
Primarily a reference manual, this manual describes the 8080/8085 
instruction set, assembly language concepts, assembler directives, 
macros, programming techniques and interrupts. 
Intel $5.00 (210 pgJ 
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MICROPROCESSORS 

Programming (cont) Programming (cont) 

1 "PLI M-80 Programming Manual" 11 "IMP-16 Programming Techniques" 
(lMP-I6) 

2 

(SOSO, Pl/ M-So) 
Provides in readable format a complete description of the Pl/ M 
language as implemented by the Pl/M-SO compiler. 
Intel $5.00 034 pgJ 

Discusses several aspects of the instruction set to enable pro­
grammer to code more efficiently. 'Includes discussion of sub-, 
routines, subroute parameter passing, recursive subroutines, as well 
as sample programs. 
National AN-Ill (6 pg.) 

"MCS-48 and UPI-41 Assembly Language Manual" 
(S041, S04S, S741, S74S, MCS-4S, UPI-4l) 
Describes- the assembly language for programming the MCS-4S and I 12 
UPI-41 single device microcomputers. Covers procedures and con-

"A Microprogram Development System" 
(lMP-I6) . 
Describes the application of microprogramming to lSI processors 
and the advantages of a microprogram development system for 
hardware and software. 

trols for operating the assemblers to translate the source file into 
object code. 
Intel $5.00 (192 pgJ 

3 "Series 3000 Microprogramming Manual" 
(3000) 
Fundamentals of the 3000 series microprocessor and Cross Micro­
programming System are ~escribed. Presents XMAS, XMAP languages 
and microprogramming techniques. 
Intel $5.00 (73 pgJ ' 

4 "IM6100 CMOS Microprocessor Basic 4K Software" 
(lM6100) 
Describes use of the Digital Equipment Corp. PDP-S software. 
Intersil' Application Bulletin M003 (7 pgJ 

5 "ROM Based Subroutine Calls with the IM61 00" 
(HM61oo) 
Describes two methods for returning to the proper program iocation 
after executing a subroutine. 
Intersil Application Bulletin MOOS (6 pgJ 

6 "DECUS PDP-8 Software Program Library" 
OM6IOQ) 
Describes the Digital Equipment Computer Users Society (DEC US) as 
a source of programs written for the PDP-S family and also usable 
with the IM6100. . 
Intersil DCANOOl (4 pg.) 

7 "6500 Programming Ma~ual" 
(MCS6500 Series) 
Describes the software aspects of the 6500 microprocessor family 
and related support devices. 
MOS Technology $6.95 

8 "F8 Programmer's Guide" 
(FS) 
Describes how to write programs for the FS microprocessor system 
which cause the system to function as a discrete logic element. 
Mostek $5.95 (304 pgJ 

9 "M6800 Evaluation Module Users Guide" 
(MC6S0Q) 
Provides general information, installation instructions, preparation 
and operating procedures for the M6S00 evaluation module. 
Motorola $5.00 050 pgJ 

10 "M6800 Microprocessor Programming Manual" 
(MC680Q) 
Provides information needed to program the unit, discusses the in­
struction set, source language, assembler, simulator, Build-Virtual­
Machine and HElP programs. Gives program examples. 
Motorola $10.00 (303 pg.l 
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National AN-123 (6 pg,) 

13 "SC/MP Microprocessor Assembly Language 
Programming Manual" 
(SC/MP) 
Covers an overview, Assembly language, statements, programming 
techniques, macros and I/O formats. 
National $5.00 008 pg.) 

14 "SC/MP NIBL Reference Guide" 
(SC/MP) 
ReviewsNHll programming language basic including necessary hard­
ware, expressions and functions, I/O, and control statements. 
Appendices cover formal grammar, error messages, and BAGEls-a 
simple game. 
National (26 pg.l 

15 "p.PD379 Application Note" 
(p.PD379) 
Bisync and SDlC protocols using the p.PD379. 
NEC Microcomputers. $1 (20 pg.l 

16 "Microprocessor Interface Software" 
(NC7033) 
Describes how to interface the NC7033 MN05 non-volatile memory 
directly with an 8085 or 8080 microprocessor. 
Nitron ANlOi (28 pg.) 

17 "COSMAC Software Development Program on 
GE Mark III Time Sharing System" 
(COP 1802) 
Describes the COSMAC Software Development Package (CSDP). avai 1-
able for the GE Mark III time sharing system. Briefly covers 'the 
assembler and the simulator debugger which make up the package: 
RCA ICAN-6656 (4 pg;) 

18 "Timesharing Manual for the RCA CDP1802 COSMAC 
Microprocessor" 
(CDP1802) 
Discusses two assembly languages in the COSMAC software deveJop­
ment package. Examines using the package, tells how to use it 
and develops a sample program. 
RCA MPM-202 $10.00 (58 pg.) 

19 "Bit and Byte Testing Procedures" 
(2650) 
Describes several methods of testing the contents of the internal 
registers. 
Signetics AS51 (4 pg.) 

20 "General Delay Routines" 
(2650) 
Covers software routines to generate time delays. 
Signetics' AS52 (3 pg,) 
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Programming (cont) Programming (cont) 

1 "Binary Arithmetic Routines" 12 "Support Software for Use with 
(2650) GE's Mark III Timesharing System" 
Covers routines for binary addition. subtraction, multiplication and (2650) 
division. Presents a series of programs that provide on-line support for the 
Signetics AS53 (15 pg,) development of programs to be run on the microprocessor. Programs 

include a cross assembler and a cross simulator. 
2 "Conversion Routines" Signetics SP54 (S pg.l I 

I 
(2650) I Covers Binary to BCD, BCD to ASCII, Hexadecimal to ASCII and 13 "Pipbug" I 

vice versa. (2650) I 
Signetics AS54 (17 pg.) Program for the 2650 PCIOOI demonstration card. I ~jono+i,.C' ~~"() 11 ':j no \ 

W·bi",,,,,.\ooO..., v .... ...,..., , ... "", .... b.1 

I 3 "Sorting Routines" 
(2650) 14 "Absolute Object Format" 
Describes several examples for implementing sort routines on the (2650) . ! 

I 
2650 microprocessor. Techniques covered include the "bubble" sort, Describes the format of fhe absoiute code. 

, 
"search" sort, and "linear" sort. Flow charts and sample programs Signetics SS51 (1 pg.) l included. 
Signetics AS56 (1S pg,) I 

15 "Signetics Micro Assembler Reference Manual" I 
4 "2650 Binary Floating Point Routines" (N2901, N3002,8XOV . I 

(2650) Describes this FORTRAN program developed as a design tool for I 
Describes routines for performing addition, subtraction, multiplica- writing microprograms. This microprogram defines his own assembly I 
tion, and division of binary floating point operands in normalized language, writes the microprogram, then assembles il 10 generate I 
two's complement notation. Includes sample programs and flowcharts. tapes to load memory. Suitable for most microprogrammed applica-

tions. Signetics AS57 (13 pg,) 
Signetics $4.00 (74 pgJ I 

5 "2650 BCD Floating Point Routines" 
(2650) 16 "An Introduction to RIO Text Processing" 

I Describes routines for performing addition, subtraction, multiplica- Presents for the beginning microcomputer user an introductory over· 
tion, and division of BCD floating point operands in normalized view of the fundamentals of Relocatable Modules and I/O Manage-

I signed-magnitude notation. Provides sample flowcharts and programs. ment. 
Signetics AS5S (14 pgJ lilog Application Note ANI (24 pg,) 

I 
6 "Generating the Cyclic Redundancy Check in Software" 17 "The Z80 Family Program Interrupt Structure" I (2650) (l8OJ 

I Describes software method of generating the CRC character using Describes the Z80 interrupt structure, which includes one non-
the 2650. maskable and three software maskable interrupt modes. Provides I Signetics M23 (2 pg,) flow charts, timing diagrams, and circuit diagrams. 

lilog Application Note (31 pg.) I 
I 

7 "2650 Initialization" I 
(2650) --------------------- I 
Covers start up procedures. ! 

Signetics MP51 (1 pg.) Systems I 
I 

8 "2650 Evaluation Printed Circuit Board" 18 "AM2914 Priority Interrupt Encoder" i 
(2650) I (AM2913, AM2914, AM2900, 9080A) I 
Covers features and connections for this card level evaluation and Provides data sheet information on devices. Outlines construction of I design tool. a microprogrammable, bipolar, LSI interrupt structure for the 2900 
Signetics SP50 04 pgJ and 90S0A processors using the 2914. 

9 "2650 Demo System" 
Advanced Micro D~vices (33 pg,) 

(2650) 19 "The 8080A/9080A MOS Microprocessor Handbook" 
Complete demonstration system when used with the 2650 pelOOl. (80S0A, 90S0A, 8212, 8255, 9555, 8251, 9551) 
Signetics SP51 (7 pg.) Provides descriptions of the 90S0A CPU and the associated clock 

"Support Software for Use with the NCSS Timesharing 
generator and system controllers. Supplies data sheet information 

10 on various i i 0 interfaces, support circuits, and memories. An appli- I 
System" cation section covers clock generation, memory system design, i 

(2650) timing, interrupts, and multiplication. I 
Covers a cross-assembler, cross-simulator and two utility programs Advanced Micro Devices, $7.95 (280 pgJ I 
(to load the 2650 and to burn PROMs.) 
Signetics SP52 (7 pgJ 20 "A Microprogrammed 16-Bit Computer" 

I 

(AM2901, AM2902, AM2914, AM2913, AM29705) 
11 "Simulator, Version 1.2" Presents computer design starting with the specification of a com-

(2650) puter from a functional standpoint. Describes architecturai units 

I Changes to the simulator. including the ALU, the Program Control Unit, and memory. 
Signetics SP53 (1 pg.) Advanced Micro Devices $5.00 (47 pg.J I 

I 
j 
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1 "An Emulation of the AM9080A: An example of a 10 "HM-6100 CMOS Microprocessor Teletype InterfaCe" 
Microprogrammed Machine" (HD6402, HM61OQ) 
(AM2901A, AM2909, 9080A) Describes a teletype interface using the HM6100 and a UART. 
Describes the emulation of an 8·bit ,uP built arounCl four 4·bit slices Harris Application Note HM005 (7 pgJ 
and three microprogrammed sequences. Provides instruction set and 
clock cycle tables, block diagrams, a parts list, schematics, a print· 

11 "HM-6100 Operator Console" out of the microprogram definition, and a print out of the assembler 
statements and object code in an interleaved format. (HM6100) 
Advanced Micro Devices $5 (47 pgJ Describes the 6900·CDNTRDL console for the prototyping system. 

Harris Application Note HMDD6 (4 pgJ 

2 "S2000 Extended Memory Applications" 
(S2000) 12 "HM-6100 CMOS Microprocessor Memory Extension" 

Shows four methods for connecting external memory to the S2000 (HM610Q) 
single·chip microcomputer. Discusses a memory extension controller to increase the memory 
American Microsystems (5 pgJ from 4096 to 32,768 words. 

Harris Application Note HMDD7 (4 pgJ 

3 "Microprocessor Systems Handbook" 
Explains ,uP hardware, the interaction of hardware and software, and 13 "8255 Programmable Peripheral Interface Applications" 

the interfacing of ,uP's with AID and 0/ A converters. Topics covered (8255) 

include memory addressing, I/O. operations, and applications of Provides hardware and software information for this byte oriented 
various microprocessors. . I/O. device. Examples cover character printer, paper tape and 8080.· 
Analog Devices $950 (218 pgJ 8080 interface applications. 

Intel Application Note AP·15 $1.00 (32 pg.) 

4 "Analog Input/Output for Microprocessors Made Easy" 
(MPlO, MPll, MP20, MP21) 14 "Intel MUL TIBUS Interfacing" 

Outlines features of devices and describes various ways each can be (MULTIBUS, 8080) 
handwired to suit user configurations. Includes block diagrams of Describes this system bus structure, signals and characteristics. 
hookups with SC / MP,Z80, F8, 6800, 8080,.80.85 and 900.2 MPUs as Includes electrical and mechanical information needed to build 
wei I as discussion of memory mapped vs. accumulator 1/ D. slave modules. 
Burr Brown AN·87 (6 pgJ Intel AP·28 $1.00. (21 pg.) 

5 "Software Conversion of Analog Outputs to Analog Inputs" I 15 "Using the 8259 Programmable Interrupt Controller" 

(MPlO, MPll) . (8259) 

Discusses using the devices as an analog input system with diagrams Reviews the concept of interrupts, then explains the 8259 as a' com· 
illustrating hookups to the 680.0 and 80.80.. Includes software pro· ponent and shows its use in supporting a battery back up scheme for. 
gram for each processor as well. RAMs and a 78 level interrupt system. 
Burr Brown AN-88 (4 pgJ Intel AP-31 (24 pgJ 

1
6 "F8 Microprocessor Application Manual" 16 "Application Techniques for the 8085A Bus" 

(F8) (2117, 8085A, 8o.85A·2) 
Covers details concerning bit manipulation, RAM expansion of the Discusses techniques for ensuring bus, compatibility when using 
I/O. ports, subrouti nes and boot strap loaders. the 8085A and 8o.85A-2 microprocessor' components. Covers inter· 
Fairchild facing the 8D85A with the 2117 dynamic RAM, 8D85A clock in vs 

clock out control timings, and bus loading limitations. 
Intel AP-38 (31 pgJ 

7 "PIC1650 8 Bit A to D Example Program" 
(PIC1650) 

17 Provides diagram, flowchart, and example program for an AID con- "Simplify Your Dynamic RA~/Microprocessor Interface" 

verter system using the device. (2104A, 2107A, 2107B, 2116) 
General Instrument Bulletin 1001 (3 pg.) Compares static and dynamic RAMs, then outlines elements of 

dynamic RAMI,uP interface design including: refresh techniques, 

8 "Advanced General Purpose Interface for 
address multiplexing, memory overlap and transmission line effects. 

Microcomputer Control Systems" 
Intel Application Note APR·l $1.0.0. (65 pgJ 

(lOBI680, PIC1650) 
Provides descriptions of both devices; one, a general purpose lID 18 "8080/8080A Microcomputer" 
buffer (lDBI680); the other, a periph.eral microcomputer designed to (8D8D/8D8o.A) 
take the load off a central processor. Supplies block diagrams of Presents device, failure mechanisms, testing methods and results. 
each and an instruction set summary for the PIC165D. Intel RR·I0 (13 pg.l 
General Instrument Bulletin 1002 (5 pgJ 

19 "8080 Microcomputer Systems User's Manual" 
9 "Static Memory Systems Utilizing the HM-6100" (8D80A) 

(HM6100) Data sheets, architecture, timing requirements, and instruction sets 
Descrjbes CMOS, nonvolatile CMOS and NMOS memory systems. for the MSC8o. family. 
Harris Application Note HMDD4 (7 pgJ . Intel $5.00 (238 pgJ 
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2 

3 

4 

5 

6 

7 

8 

"MCS-48 Microcomputer User's Manual" 
(8048, 8748, 8035, 8155, 8243, 8355, 8755, MCS-48) 
Describes the system architecture, instruction set, programming, 
expansion, hardware and software examples, extensive data sheets. 
Intel $5.00 (305 pg.l 

"UPI-41 User's Manual" 
(8041,8741,8243, UPI-41) 
Describes this Universal Peripheral Interface device operation, 
instruction set, system design and interfacing. 
Intel $5.00015 pg.) 

"MCS-85 User's Manual" 
(8085, MCS-85) 
Describes this 8085 based system and peripheral components. Ex­
tensive coverage through data sheets. 
Intel $5.00(273 pg.) 

"Using the 8251 Universal Synchronousl Asynchronous 
Receiver ITransmitter" 
See listing under (Digital) Data Transmission (Intel) 

"Static Memory Systems for the IM6100" 
(IM6100) 
Describes CMOS, nonvolatile CMOS and NMOS memory systems for 
the IM6100. 
Intersil Application Bulletin M004 (14 pg.) 

"Teletype Interface for the IM6100 CMOS Microprocessor" 
(lM6100) 
Describes a Teletype interface using the IM6100 and a UART. 
Intersil Application Bulletin M005 (10 pg.l 

"IM6100 Operator Console" 
(IM61 00) 
Describes the 6900-CONTRl console for the prototyping system. 
Intersil Application Bulletin M006 (17 pg,) 

"IM6100 CMOS Microprocessor Memory Extension" 
(lM6100) 
Discusses a memory extension controller to increase the memory 
from 4096 to 32,768 words. 
Intersil Application Bulletin M007 (6 pg.l 

9 "The ICL7104: A Binary Output AID Converter 
for /AProcessors" 
(lCl7104, ICl8052) 
Describes designing with this 2 device AI D converter in detail. 
Discusses interfacing with and without handshakes, performance 
enhancement, and external auto-zero. Includes schematics, block 
diagrams, and graphs. 
Intersil Application Bulletin A030 (14 pg,) 

10 "A Powerf~1 Microprogram Controller: The 6711\0" 
(67110) 
Describes features of the device including organization, internal 
interrupts, and memory expansion. 
Monolithic Memories (5 pg.l 

11 "5701/6701: 4-Bit Expandable Bipolar Microcontroller" 
(5701, 6701) 

204 

Provides functional descriptions of the device, instruction set, 
timing and more. 
Monolithic Memories Application Note (23 pg.) 

Systems (cont) 

12 "6500 Hardware Manual" 
(MCS6500 series) 
Describes the hardware aspects of the 6500 microprocessor family 
and related support devices. 
MOS Technology $6.95 

13 "TIM Manual" 
(MCS6530) 
Describes the program contained in the ROM portion of the 6530-004. 
MOS Technology $5.00 

14 "F8 Microprocessor Hardware Support-Evaluation Kit" 
(F8) .. I 
Describes this kit and its use. Includes a sample program to 
acquaint the user with F8 machine language and shows how to pro-
gram the kit. i 
Mostek (20 pg,) 

15 "Expanding Mostek's Fa Microprocessor External 
Interrupt Capability" 
(F8) 
A detailed discussion of servicing control inputs in a F8 based I 
system with emphasis on implementing interrupt driven systems. 
Mostek 02 pgJ 

16 "Subroutine Nesting and Multiple Interrupt Handling 
Using Mostek's F8 Microprocessor" 
(F8) 
Discusses the use and implementation of subroutines and inter­
rupts as they apply to programming an F8 "based system. 
Mostek (16 pg.) 

17 "Z80 Interfacing Techniques for Dynamic RAM" 
(Z80, MK4027, MK4116) 
Provides specific examples of interfacing 16-pin dynamic memories 
to the Z80 microprocessor. Includes timing diagrams and refresh 
information. 
Mostek 

18 "Analog-to-Digital Conversion Techniques with the 
M6800 Microprocessor System" 
(MCI405, MC680D) 
Describes successive approximation and dual ramp techniques for 
AI D conversion using the M6800. Gives flow diagrams, source pro­
grams and schematics. Appendix gives program for binary to BCD 
conversion. 
Motorola AN-757 (35 pg,) 

19 "MEK6800D2 Microcomputer Kit System Expansion 
Techniques" 
(MC680D) 
Covers techniques to add 8K or 16K of memory, I/O port expansion, 
power-up auto-reset, swHch selectable monitor operation, and 
RS-232 or current-loop data terminal operation. 
Motorola AN-771 (23 pgJ 

20 "A Simple High Speed Bipolar Microprocessor 
Illustrates System Design and Microprogram Techniques" 
(MC10801, MC10803) 
Describes a complete bipolar lSI systems design using 10 ICs to 
perform 2's complement add, subtract, multiply and divide. 
Motorola AN·774 02 pg,) 

21 "M6800 Systems Utilizing the MC6875 Clock 
Generator I Driver" 
(MC6875) 
Gives extensive design examples using the MC6875 in systems 
including slow or dynamic memories, and DMA (multiprocessor) 
applications. 
Motorola AN-775 (20 pgJ 
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"The M10800 MECL LSI Processor Family­
Three Descriptive Articles" 
(MC10800, MC680Q) 
Presents three articles about the device: "Get the Best Micro­
processor Performance"; "The MSP: GTE Sylvania's Microsignal 
Processor"; "M10800 Microprogrammed Demonstrator". The first 
examines features of the. processor; the second discusses a cus­
tomer application; and the third describes a demonstrator treated 
as a peripheral to the M6800 system. 
Motorola AN-776 (21 pgJ 

"Synchronizing Two Motorola MC6802s on One Bus" 
(MC6802) 
Discussion, circuit and timing diagrams describing synchronizing 
two MPUs on the same data bus. 
Motorola AN-783 (2 pgJ 

"M6800 System Microcomputer System Design Data" 
(MC680Q) 
Describes the family of parts including data· sheets. 
Motorola 065 pgJ 

"Device Operation and System Implementation of the 
Asynchronous Communications Interface Adapter 
MC6850" 
See listing under (Digital) Data Transmission (Motorola) 

"Applications of LSI Processors" 
(lMP-I 6) 
Describes system architecture and operation of IMP-16C, IS·bit 
parallel processor with self-contained memory. Describes applica· 
tions in a data communication link analyzer, in point-of·sales and in 
retailing systems. . 
National AN-98 (8 pg.l 

"Increasing the Number of Control Flags and Jump 
Conditions in the IMP-16C" 
(lMP-16C) 
Describes simple and economical method of increasing the number 
of testable jump conditions and the number of control flags on the 
IMP·16C microprocessor. ' ' 
National AN-lOI (4 pg.> 

7 "Clock-Hold Schemes for the IMP Microprocessor Family" 
(lMP·8C, IMp·I6C) 
Presents scheme to extend the clock·hold function for additional 
periods of the main system clock, using the DM8570 shift register. 
Na~ional AN-I05 (4 pgJ 

8 "IMP-16 Interrupts" 
(I Mp·I6) 
Describes various types of interrupts, including an overview of 
interrupt structure, example of interrupt request and service, multi­
level and control panel interrupts. ' 
National AN-I07 (23 pg.l ' 

10 "IMp·16C Peripheral Interfacing Simplified" 
(IMP-I6C) 
Explores techniques for interfacing peripheral devices to the micro­
processor. 
National AN·I24 (4 pg,) 

11 "IMP-16L DMA - What It Is and How to Use It" 
(lMP-I6) 
Discusses general theory of the DMA Bus, gives examples of priority 
expansion and data transfer. 
Naitonal AN-I35 (6 pg.l 
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12 "Designing with the IMP Chip Set" 
(lMP-16) 
Describes some of the major considerations in the implementation 
of 4 to 32 bit systems using the IMP series of devices. A 16 bit 
system is covered in detail. 
National AN-141 00 pgJ 

13 "Using a Microprocessor Beyond Apparent Speed" 
(lMp·16) . 
Covers the concept of cycle stealing, a technique in which a peri· 
pheral device communicates directly with memQry or another 
peripheral device while the CPU is doing work other than using the 
data and address buses. 
National A~·142 (6 pgJ 

14 "Number Cruncher (MM57109) Interface to 
Microprocessor" 
(MM57109) 
Describes the MM57109 number cruncher unit which can perform 
most arithmetic funcHons found in complex hand·held calculators 
and interfaces either to a microprocessor or a random logic system. 
Provtdes schematics.of interface logic and a flow chart for initializa· 
tion of the device. . 
National AN·186 no pg,) 

15 "Clock Considerations For SC/MP-II" 
(SC/MP) 
Shows several methods of providing a clock for the SC/Mp·lI. 
Natio"a~ Aft.188 (4pg.) 

16 "Serial Data Transfers with SC/MP-II" 
(SC/MP) 
Discusses serial data 1/0 data transfer using the SC/MP·II exten· 
sion register. . 
National AN-I90 (3 pg,) 

17 "Multiprocessing with SC/MP" 
(SC/MP) 
Presents a brief analysis· of the multiprocessing capabilities and 
characteristics of the SC / MP microprocessor based on measured data. 
National Semiconductor AN·I97 (6 pgJ 

<. 

18 "Bit-Slice Microprocessor Design Takes a Giant Step 
Forward with "Schottky-Coupled-Logic" Circuits" 
-ODM290G) 
Covers a four·bit'slice Schottky·coupled-Iogic desiEn that combines 
the flexibility of ttte industry standard 2900 microprocessor archi· 
tecture with advanced lSI processing. 
National Semiconductor AN-203 n pgJ 

19 "GCP/P Product Description" 
(GCP/P) 
Delineates the system, gives a functional description of the CROM 
and RALU devices, and presents the general purpose macroinstnJc­
tion set. Appendices cover a microprogram to implement the IMP·IS 
instructions set and the use of the RALU status flag. 
National (61 pgJ 

20 "POWER 1/0 CROM Technical Description" 
(lMP·I6) 
Describes the instruction repertoire and use of this unit which 
expands the variety of memory and input-output operations of the 
IMP-I6. . 
National (22 pgJ 
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Systems (cont) 

1 

2 

"PACE Technical Description" 
(PACE) , 
Defines and explains how to use the hardware and software that sup­
port the PACE system. 
National {96 pgJ 

"N8080 System Design Manual" 
{I NS8080A, DP8212, DP8216, DP8224, DP8226, DP8228, DP8238, 
INS8251, INS8255} 
Describes the .INS8080A p,P including architecture, timing, data and 
instruction representation, and I I 0 operation and control. Also cov-

Systems (cont) 

12 "Design of Clock Generators for Use with RCA COSMAC 
Microprocessor" 
(CDP1802) 
Describes a crystal controlled_ clock generator using on-chip cir­
cuits and crystal and RC generators using external circuits. 
RCA ICAN-6565 . 

13 "Power-On Reset/Run Circuits for the RCA CDP1802 
COS MAC Microprocessor" 
Provides diagrams and discussions of several circuits which enable 
a power~on reset I run capability for the device. 
RCA ICAN-6581 (2 pgJ 

I 
National $5.00 (72 pg.) 14 
ers use of various support chips. I 

"Use of the CDP1856 and CDP1857 Buffer/Separator in 
CDP1802 Microprocessor Systems" 

I 3 

4 

"Data Acquisition System Interface to Computers" I 
See listing under (linear) Converters (National) 

"A PROM Programmer for the SC/MP LCDS" 
See listing under (Memory) PROMs (National) 

5 "p,PD371 Magnetic Tape Cassette/Cartridge Controller 
Users Manual" 
(uPD371) 
Gives description, timing and circuit diagrams. Assembly language 
listing for use with NEC's 8080A. 
NEC Microcomputers $10.00 (58 pg,) 

6 II p,PD372 Floppy Disk Controller Users Manual" 
(p,PD372) 
Provides text, timing diagrams and schematics plus software listings. 
NEC Microcomputers $10.00 (70 pg.) 

7 "p,PD372 Mini-Floppy Disk Controller Users Manual" 
(p,PD372) 
Supplements the Floppy Disk Manual for Mini-Floppy applications. 
NEC Microcomputers $10.00 (44 pg.) 

8 "MN1400 Series 4-Bit One-Chip Microcomputers User's 
Manual" 
(MN1400, MN1402, MN1498, MN1499) 
Introduces the MN1400 family. Encompasses system architecture, 
timing, and the instruction set including examples of various com­
mands and routines. 
Panasonic (65 pgJ 

9 "Hexadecimal Keyboard Interface for Use with 
RCA COS MAC Development Systems" 
(CDP180Q) 
Circuit and program including debounce routine for 16 key keyboard. 
RCA ICAN-6516 (2 pgJ 

10 "Guide to Better Handling and Operations of CMOS 
Integrated Circuits" 
Recommends specific handling and operating practices to minimize 
the probability of damage in manufacturing and field environments. 
RCA ICAN-6525 (5 pgJ 

11 "Register-Based Output Functions for RCA COSMAC 

. (CDP1802, CDP1856, CDP1857) 
Describes use of the CPD1856 and CPD1857 four-bit buffers or 
separators in the CDP18S020 Evaluation Kit and CDP18C024 E-K/ 
Assembled-Editor Design Kit. Includes functional diagrams. 
RCA ICAN-6657 (4 pg.l 

15 "User Manual for the CDP1802 COSMAC Microprocessor" 
(CDP1802) 
Describes the device architecture and its instruction set with ex­
amples of each command. Reviews basic programming techniques 
and suppiies timing diagrams. 
RCA MPM·201B $5.00 (115 pg.) 

16 "Low Cost Crystal Oscillator for Clock Input" 
(R6500) 
Describes a low cost oscillator circuit which produces the basic 
input frequency required by the clock generator circuits in the 
R650X series microcomputers. The circuit uses one of two readily 
available low cost crystals. Circuit diagram. 
Rockwell Document No.1 (1 pgJ 

17 "Techniques for Using Two or More SDC's in a 
PPS Microcomputer System" 
(PPS-4, PPS-8l 
Details various addressjng techniques to employ up to 16 Serial Data 
Controller inputloutput devices in a PPS-4 or -8 microcomputer 
system. Three different techniques are covered. 
Rockwell Document No. 10930 N20 (1 pg.l 

18 "TDI Stand-Alone" 
(10371) 
Describes the connections required to use the Telecommunications 
Data Interface for stand·alone operation. Circuit diagram. 
Rockwell Document No. 29009 N.21 (2 pg.) 

19 "Special Communications Protocol for' 
Multiple PPS-4/1 Systems" 
(PPS-4/ll 
Details a communications protocol that can be implemented between 
two PPS-4/1 microprocessors using only five interface lines. 
Rockwell Document No. 29410 N.21 (1 pg.l 

20 "Microprocessor Prototyping Card" 
(2650) 
Describes features of the 2650PCIOOI microcomputer. 
Signetics Application Memo (2 pg.) 

Microprocessors" 21 "A Guide to the Selection of Support Components for the 
Series 3000 Microprocessor" 
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(CDP1802, CDP1852) 
Describes circuits using the CDPl852 1/0 port for outputting infor­
mation from any of the 16 general purpose scratch pad registers of 
the CDP1802 microprocessor. 
RCA ICAN·6562 

(N300l, N3002l 
Categorizes the various components used to implement major sec­
tions of a typical microprocessor sys.tem. 
Signetics AM-l (4 pgJ 
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1 A User's Guide to the Series 3000 MicroproCessor 
Chip Set" 
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6 

7 
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(N3001, N3002) 
Describes devices, instruction sets. Design examples included. 
Signetics AM-2 U4 pg.) 

"Interface Techniques for the 2651 PCI" 
(2651) 
Covers interfacing the 2651 programmable communications interface 
with the SCI MP, 180, 8085, and 6800 microprocessors. 
Signetics M22 (8 pg,) -

"Using the 2651 with BISYNC" 
(2651) 
Details how the 2651 PCI supports IBM's Binary Synchronous Com­
munications protocol. 
Signetics M24 (4 pg,) 

"Application Technique for the 2651 PCI" 
(2651) 
Shows application technique for the 2651 programmable communi­
cations interface. 
Sigrietics M26 (2 pg,) 

"Low Cost Clock Generator Circuits" 
(2650) 
Presents several crystal oscillator clock generator circuits that can 
be used with the 2650 microprocessor. All use standard TIL 7400-
series logic elements. . 
Signetics MP52 (5 pg,) 

"Address and Data Bus InterfaCing Techniques" 
(2650) . , 
Discusses address and data bus drive requirements. Covers methods 
for increasing the system drive capability. 
Signetics MP53 (8 pg,) . 

"2650 Input! Output Structures and Interfaces" 
~~O) . 

Examines the use of the 2650 microprocessor's set of I/O instruc­
tions and the interface between the 2650 and I/O ports. Examples 
for both serial and parallel I/O are given. Provides diagrams and 
sample programs. 
Signetics MP54 (19 pg.) 

"2650 Demo System" 
(2650) 
Describes hardware base for use with 2650 CPU printed circuit 
board (PCIOOl). 
Signetics SP51 (6 pg.) 

APPLICATION NOTE DIRECTORY 

Systems {conI} 

9 "The ABC Adaptable Board Computer" 
(2650) 
Describes a low cost system development card for the 2650 micro­
processor. Supplies PC board diagram, assembly drawing, and 
memory organization map. 
Signetics SP55 04 pg,) 

10 "Application Memo to Control Store Sequencer 8X02" 
(8X02) 
Presents a functional description and gives microprogramming sys­
tem suggestions. 
Signetics Bipolar Application Memo 3 (7 pg,) 

11 "Interfacing the 8700 AID Converter with the 8080 ILP 
System" 
(8700, 8701, 8702) 
Presents use of the 8700 AI D cQnverter with the 8080 microproces­
sor. Provides techniques for interfacing the' two and methods for 
handling multiple converts with increased throughput. 
Teledyne Semiconductor AN-8 (6 pg,) 

12 "Minimum System Design TMS 9900 16·Bit 
Microprocessor" 
(TMS9900) 
Explains system design, system performance, and minimum system 
configuration. 
Texas Instruments Application Report (CA-184A (7 pg,) 

13 "TMS 5501 110 in TMS 8080A ILP Systems" 
ITMS550I, TMS8080A) 
Describes operation and use of this input/ output controller. 
Texas Instruments Application Report (CA-185A U8 pg.) 

14 "Software Design for Microprocessors" 
(SBP0400, TMSlOOO, TMS550I, TMS8080, TMS9900) 
Presents basic microprocessor fundamentals. Includes such topics 
as basic terms, basic machine architecture, instruction sets, and 
programming. Sample design problems are examined. 
Texas Instruments $12.50 (385 pg,) 

15 "Interfacing 16 Pin Dynamic RAMs to the 
Z80A Microprocessor" 
(180) 
Presents the. major design considerations, and a design example, 
for interfacing I6-pin dynamic RAMs, both 4k and 16k, to the L80 and 
180A. Supplies circuit and timing diagrams. 
lilog Application Note (27 pg.) 
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APRIL 1976 
Jim Sherwin 

National Semiconductor Corp. 

DATA ACQUISITION SYSTEM INTERFACE TO COMPUTERS 

INTRODUCTION 

The need of interfacing several analog data channels to 
computers has not escaped the attention of the data 
system firms. There are presently available a number of 
data ac~uisition units (DAUs) which will directly inter­
face 8-64 analog data channels to one or more types of 
computers or microcomputers, and more appear on the 
market almost monthly. Some of these DAUs are even 
constructed to plug into the mainframe of the computer 
for which they are designed. Nearly all of these com­
mercially available DAUs are of more or less conven­
tional clesign, operating in either a random channel 
address or sequential address mode. Figure 1 shows a 
typical functional diagram of such a random channel 
address DAU. Its advantages are simplicity, straight­
forward design, and comparatively low cost (depending 
upon performance and special features). In ope~ation, 
the computer addresses a specific channel, the analog 
multiplexer (MUX) is set to the desired channel, a 
sample and hold (S&H) circuit acquires and holds the 
analog signal, an analog-to-digital converter (ADC) 
digitizes the signal, a ready signal is returned to the 
computer, and the data is presented to the data bus via 
TRI-STATE® bus drivers. If the data is 12-bit and the 
data bus is 8-bit, the data word must be broken into two 
bytes and addressed separately. The prime disadvantage 
of these DAU designs is that the computer must either 
enter a wait mode while data is readied or it can proceed 
with its assigned task, watch for a data-ready flag signal, 
and return for the data. 

16-CH 
ANALOG 
DATA 

16-CH 
MUX 

From the standpoint of microprocessor system design, 
it is clearly desirable to access input data as if it were 
main memory. It IS further oesirabie that input data 
access time be equivalent to that of main memory so that 
the processor need not enter a wait mode while data is 
readied for input. One attractive method of accomplisn­
ing this is to use one AID converter (of a type containing 
TR I-STATE output data latches! on each input data 
channel. Henceforth I shall refer to this as parallel 
conversion. Figure 2 shows such a system containing only 
an address decoder and multiple AID converters with all 
outputs wired in parallel onto the data bus. Note the 
absence of S&H modules. 

The advantages of this DAU system are the immediate 
data access and its simplicity. However, one's first 
thought on considering a parallel-conversion system 
might be that the cost of ADCs would exclude their 
consideration on a one-per-channel basis. But, although 
this may have been true in the past, currently available 
monolithic and hybrid ADCs are priced such that this 
system concept is entirely feasible. Furthermore, the 
converter price trend is definitely downward as more 
monolithic units are released, sb the economic feasibility 
can only improve in the next few years, thus extending 
the appl ication to an ever larger segment of the market. 
The ideal converter for use in the system of Figure 1 
includes converter, comparator, and buffered TRI-STATE 
output data latches in one· package. The unit would 
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FIGURE 1. Random-Addressed Multiplexed DAU 
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FIGURE 2. Parallel Data Conversion Concept 

operate in the continuous convert mode with the last 
data remaining in the output latches until the next 
completed conversion shifts new data into the latches. 
Valid latest data is thus always available for readout on 
the data bus except for a brief period when the data is 
being updated. In contrast, a converter without buffered 
output latches does not hold data after a start-conversion 
signal and so must be operated in the command mode 
with a wait for data after the converter is started. 

In spite of the advantages of the parallel-conversion 
DAU, there is (at present ADC prices) a more cost­
effective way of providing the same immediate memory­
access mode of operation, particularly for 12-bit data. 
Figure 3 shows a multiplexed DAU with self-contained 
memory which will interface to computer systems in the 
memory-access mode without a wait period. 

The total package count of this system is lower than that 
of the parallel-conversion DAU, the cost/channel is lower, 
and the required space and power is lower. A disadvan­
tage is that the accessed data may be as much as 800lls 
old, compared to a possible 1-41ls with parallel conver­
sion. The key to the success of the system is the 
dedicated on-card 16x12 RAM. Neither does the 
system require a special ADC design with buffered 
output data latches. Main memory could, of course, be 
used instead, but then some machine time would be 
utilized as memory write time. This way, the latest 
data is always ready and waiting in the-DAU (peripheral) 
memory, and software is considerably simplified. 

Before exploring any of the three systems in more 
detail, it is worth considering the system limitations, 
the economics, and the probable market segment which 
could be served by the three types of DAU described. 

The required data bandwidth has obvious strong effects 
on system cost and' realization. The bandwidth of a 
sampled data system is limited by Shannon's sampling 
criterion cmd other practical considerations to, say, 

fmax '= ----
5 tconvel5ion 

which is 4 kHz for a SOilS conversion cycle time. 
However, when no S&H module is used ahead of the 

©IC MASTER 1979 

ADC, as in a parallel-conversion DAU, conversion must 
take place within the time it takes the input signal to 

change by ±% LSB or 1 part in 2n+1. For sine waves, the 
maximum rate of change is determined as follows: 

flv 
flt = wVpk, 

but 

Vmax = 

therefore 

2,Tr fmax vpk 

and 

fmax 
Tr toonv 

For the same SOilS conversion time and an 8-bit accuracy 
requirementof ±% LSB, fmax is 12Hz. Figure 4 compares 
data bandwidth of 8- to 14-bit systems with and without 
S&H.The economic effect of adding an S&H module 
ahead of each ADC in a parallel-conversion DAU is 
obvious (possibly doubling the cost per channel of an 
8-bit system) as is the cost of significantly increasing 
conversion speed except by use of tracking converters 
(advantageous only in parallel-conversion systems). 

The conventional random-addre~sed DAU can serve any 
part of the data acquisition market where the task of the 
computer is light enough that the system can afford to 
enter a wait mode at data request. This wait period can 
be as low as 10-20ps ifsuffiClent money is available for 
fast S&H circuits and fast, ADCs, as high-speed compon­
ents are traditionally quite expensive. Lower cost 
systems may require a wait period of 100-200ps before 
data is available. At the expense of more complex soft­
ware, the computer could remain busy during the period 
of data preparation, and would return for the data when 
it was made ready. The data bandwidth may be deter-
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FIGURE 3. Multiplexed Immediate-Data-Access DAU 

mined from Figure 4_ Sixteen channels of 10Hz data 
could be available if each channel were sampled once 
every 20ms. This is a data throughput rate of 16ch x 
1/20ms = 800Hz. The higher cost DAUs of this type 
have capability of 50-100kHz throughput rates. However, 
if the computer waits while data is made ready, it will be 
completely occupied with gathering data when the 
maximum throughput rate is utilized. 
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The parallel conversion DAU without S&H circuits is 
destined to operate on low-bandwidth data as indicated 
in Figure 4. To be economically feasible the ADCs must 
be of low cost. This means an 8- or 10-bit successive 
approximation register (SAR) or a 12-bit integrating 
monolithic ADC must be used. New ADC designs using 
tracking counters could increase data bandwidth capa­
bility over that possible with SAR counters. For purely 
economic reasons, then, use of parallel-conversion DAU 
systems will be limited to low bandwidth data -10-30Hz 
on 8-bit, 2-5 Hz on 10-bit, and less than 1 Hz on l2-b,it 
systems. These bandwidth figures for 8- to 1 O-bit systems 
could be considerably improved, say by 8-10 times, if 
tracking converters were used in place of SAR converters. 
This definitely suggests that the~e is a need 'for low-cost 
tracking converters. Note that S&H circuits are not 
needed in the parallel-conversion systems. 

FIGURE 4. Data Bandwidth vs. Conversion Time 

or data thiOughput rate principally by the S&H and ADC 
operating times, its cost per channel is only slightly 
higher than that of the conventional DAU, and it allows 
the computer to operate in the most efficient manner. 

The multiplexed DAU with memory can serve any 
segment of the data market. It is limited in bandwidth 

A comparison of system costs must include the following 
for'a 16-channel system. 

Parallel Conversion 

16 AID Converters 

16 Anti-Aliasing Filters 

Control Circuits 

Additional power for extra converters 

Lower data bandwidth 

Simple software 

Random Addressed Multiplexed 

1 AID Converter 

1 S&H Module 

1 16-Channel Multiplexer 

16 Anti-Aliasing Filters 

More complex control circuits 

Longer data access time 

Possibly more complex software 

Multiplexed with Memory 

1 AID Converter 

1 S&H Module 

1 16-Channel Multiplexer 

16 Anti-Aliasing Filters 

1 16 x 12 RAM 

More complex control circuits 

High-speed data access 

Simple Software 
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FIGURE 5_ Conventional DAU for 8080 

The future trends in DAU designs will include an 
increasing number of parallel-conversion DAUs, especial­
ly as cost reductions appear on monolithic ADCs with 
TR I-STATE output circuits (or latches). We should also 
start to see some tracking converters in the law-cost 
monolithics with TRI-STATE output data latches. 
Expect ta see multiplexed DAUs with memory appearing 
in the near future_ lts simplicity from a circuit and 
software standpoint cannot long go unnoticed. 

RANDOM ADDRESSED DATA ACQUISITION UNIT 

A conventional, random-addressed, 16-channel, 12-bit 
DAU is diagrammed in Figure 5. The analog section 
contains a 16-channel analog multiplexer, a sample-and­
hold block, and a 12-bit ADC. A more complete system 
might contain a differential multiplexer and/or a differ­
ential (or instrumentatian) amplifier preceding the S&H 
block. The data output circuits are arranged to interface 
an 8-bit data bus as found on an 8080 or 6800 micro­
computer (SIC)- Since the data word is 12 bits, the SIC 
must accept it in two 8-bit bytes. Normally the SIC would 
address the DAU with two consecutive address lacations 
corresponding to a 0 and a 1 at the address LSBto load 
the two bytes of data. The DM8123 multiplexers are 
ideally suited to this use. They have TRI-STATE output 
circuits, and the channel-select input may be .directly 
driven from the address LSB. If a 16-bit address bus were 
being· interfaced, such as in the PACE SIC, the output 
multiplexers would be replaced with DM8097 .or equi­
valent TRI-STATE output buffers (see Figure 11). In 
both instances, low-power versions of these parts, the 
DM81 L23 and DM80L97, could be used to drive a 
lightly loaded data bus. 

The address decoding is accomplished with a DM8161 
6-bit magnitude comparator looking at the six most 
significant address bits. These 6 bits are compared with 
an address code hard wired into a DIP header which can 
be different for each DAU card in a system. Camparing 
only 6 address bits allows a possible 64 cards in a 
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single system and uses up to 64 pages of memory 
positian. If this is not satisfactory, two address compara­
tors ORed tagether (DM8163) could select from 12 bits 
of address. The magnitude comparator(s) plus the four 
address lines to the 16-ch MUX make up the complete 
address decoding. The .output of the magnitude compara­
tor(s) indicates when this DAU has been addressed, and 
the four address lines to the MUX select the '-of-16 
channels of this DAU. 

This circuit is designed to interface the 8080 SIC. Thus, 
a memory read command MRDC must be received, and 
an acknowledgement XACK must be issued to indi~ate 
when data is ready. Operation is as follows: A valid 
address on address lines A-F causes comparator output 
IT to go low. This gates the inputs of the quad D latch to 
accept the 1-of-16 address word fram address lines 14. 
At the occurrence of MRDC the address is clocked into 
the quad D latch and presented to the 16-ch MUX which 
selects the addressed channel. When 0: and M R DC are 
both low, the output of OR gate A goes low, which 
enables the XACK signal buffer. If the address LSB is 0 
(byte 1 of a 2-byte data requesti, OR gate B .output goes 
low to trigger a one-shot. 

The one-shot circuits are a simple means of timing the 
sample period and the converter start cQmmands. There 
are other methods (see Figure 15) of accomplishing this 
timing without the hazards associated with one-shot 
circuits; however, the simplicity of this scheme lends 
itself to easy understanding of the timing required. The 
first one-shat generates a sample pulse of 5-30ps as 
required for the S&H ta acquire and settle to 0.01% .of 
value. Its IT .output presets the single D latch (Q = 1). 
The trailing edge of this pulse returns the S8tH to HOLD 
condition and triggers the next one-shot ta generate a 
start conversion command of about 3ps. When the ADC 
completes· conversion, its CC output goes low, thus 
clocking a 0 into the single D latch to reset its Q .output 
low. Both inputs to OR gate C now being low will 
enable the output MUX and return a Iowan the XACK 
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line indicating to the J.l.C that data is ready. Address 
LSB = 0 selects the 8 LSB of the data word for presen· 
tation to the data bus. A subsequent address with LSB 
= 1 selects the 8 MSB of the data word, but will not 
trigger the one-shot or preset the D latch because the 
output of OR gate B will remain high. Since the output 
of OR gates A and C will be low, XACK is returned and 
the output MUXs are enabled to present byte 2 of the 
data word on the data bus. When MRDC returns high, 
the output circuits are disabled. If the 6-bit comparator 
does not see a valid' ~ddress, no action is taken by the 
DAU. 

This represents the simplest possible DAU for interfacing 
to computers. The interface to the 8080 is one of the, 
simplest. Only minor modifications are required to 
interface, for example, the 6800 or PACE J.l.CS (see 
Figures 9 and 11). The only timing anomaly in the logic 
system shown is that when the XACK buffer is enabled 
there will be a 1O-40ns pulse of 0 output. The computer, 
however, does not act on an XACK signal at this time 
and so will enter a wait mode until XACK is returned 
later on. 

The analog signal section has purposely been omitted 
from this discussion of interfacing to processors because 
its details will depend upon analog signal levels, the 
possible requirement for differential channels, the pos­
sible need of an instrumentation amplifier following the 
mUltiplexer, and S&H timing. requirements. The analog 
section of the DAU may be made up of various com­
ponents, depending upon the required performance and 
operating conditions. A Pair of 8-channel multiplexers 
will give the flexibility of connecting as differential 
8-channel or as single ended 16-channel whereas a single 
16-channel MUX with space and wiring on the board for 
another 16-channel MUX would allow for either 32 
channels or 16 differential channels. A pair of AM370Ss 
could be used for lowest cost where analog signals are no 
greater than ±5V. The S&H circuit could be monolithic 
LF198, hybrid LHOO23, LH0043 or LHooS3, made up 
of individual discrete and integrated circuits, or it could 
be any of several available modules. . 

The ADC used in this system may be of a conventional 
design with speed and accuracy being the only important 
technical considerations. No special, TRI-STATE output 
or output data latches are needed as the data is latched 
in the register until a new start conversion (SC) command 
is given. The ADC could be made up of an AD 1200 ADC 
building block plus DM2S04 or MM74C90S successive­
approximation register, it could be an AD1210 plus 
LH0071 reference and appropriate MOS-TTL and TTL­
MOS buffers, or it could be anyone of a number of 
other ADCs on the market. 

Total power is about 2.8 watts and cost is about $9.S0 
per channel for components as indicated in Table 1. 
Note ~hat output drivers are standard TTL circuits 
whereas low power TTL may be used for lower power 
dissipation where a lightly loaded data bus is to be 
driven. 

PARALLEL·CONVERSION OATA ACQUISITION 
UNIT 

Parallel data conversion is likely the simplest possible J.l.C 
data system concept which will effect immediate access 
to latest input data as if it were main memory. It may be 
treated as main memory by the processor and is only 
slightly more complex than the simplified system of 
Figure 2. The individual ADCs in Figure 2 include TRI­
STATE output for direct wire ORing on the data bus. 
However, to make each capable of driving a heavily 
loaded 'system bus would require significant and un­
necessary power dissipation in each ADC. Accordingly, 
except in minimally loaded systems, a separate set of 
TRI·STATE TTL output data buffers would be added to 
Figure 2. Small differences in the address decoder and 
control circuits will exist, depending upon which J.l.C 
system will be used. 

The control circuits are exceptionally simple, being 
required primarily to accept the memory read command 
and to return a memory ready signal. The most complex 
part of th.e control circuits is that required of J.l.C systems 
which accept data in two 8-bit bytes rather than in one 
16·bit byte, yet even this added complexity is minimal. 

Table 1. Conventional DAU Power & Cost 

Po (mW) $ (100s) 

1 - 16-Channel MUX 300 19.55 

1 - S&H SOO 74.SO 

1 - ADC 600 40.00 

2 - DM8123 Quad 2-lnput MUX 800 2.S6 

1 - DM8161 Hex Comparator 2S0 2.56 

1 - DM86L13 Quad D-Latch 30 1.28 

1 - DM74LS221 Dual One-Shot 30 3.00 

1 - DM74LS132 Quad Schmidt NAND 60 2.00 

1 - DM7432 Quad OR Gate 100 .49 

1 - DM74LS74 Dual D F-F 20 3.00 

1 - DM8094 TRI-STATE 4 x Buffer 144 .71 

2834 150.05 

$9.38/Channel 
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Table 2. Microprocessor System Characteristics 

8080 PACE 6800 SC/MP 

Address Word Length 16-bit 16-bit data/address 
bus 

16-bit 12- or 16-bit 

Data Word Length 8-bit 8-bit 8-bit 

Address & Data Polarity All chips are 1 = true; however, if Intel system bus drivers and receivers are used, 8080 system 
data and address bits are 0 = true. 

Address Strobe None NADS = 0 to set VMA = 1 NADS = 0 
memory address 
latches (concurrent with) 

Memory Read Strobe MRDC = 0 to read 
data 

IDS = 1 to input R/W = 1 to read NRDS = 0 to read 
data 

Maximum Clock Rate 2MHz 2MHz 

Since IJ.C systems differ somewhat from one another, it 
is worth our effort to look at the hardware and software 
details and the system timing requirements of several of 
them whe.n considering a DAU interface. From this 
consideration we can establish the desired function and 
characteristics of the ADCs, DACs, address decoders, 
control components, and IJ.C interface signals. The 
following exercises include interfacing paral~1 conversion 
DAUs of 8- and 12 bits to the Intel 8080, the National 
PACE, and the Motorola 6800 microcomputer systems. 
Interface to other systems such as National's, SC/MP will 
be similar. All request, control, and answer signals ore 
considered along with the required signal polarities and 
timing relationships. Table 2 summarizes the important 
characteristics of these three systems. 

8080 Interface 

The 16-channel, 8-bit parallel-conversion DAU shown in 
Figure 6 will interface with an 8080 IJ.C system without 
a wait period in the memory-read cycle. This system can 
be built with existing components for about $10 per 

MM5357 
ADC 

REF CLK EN 

MM5357 
ADC 

data data 

1 MHz 1 MHz 

channel. It is a minimal system, capable of driving only 
a lightly loaded data bus, as the MM5357 ADCs can 
drive but a single TTL load. When heavier loads must be 
driven, two quad TRI-STATE output buffers will be 
needed. The address decoding uses a 4-line to 16-line 
decoder which selects the addressed channel from the 
four least significant (LSB) of address bits. A 6-bit 
address comparator compares the six most significant 
(MSB) address bits with a code h?rd-wired into the code­
select-header. The comparator output gates the 4:16 
decoder only if the proper memory page (1 of 64) is 
addre5s.;;d. The comparator output, gated by the memory 
read command MRDC, inhibits the clock to prevent data 
change in the output latches during the data access 
period. Concurrence of the correct address and M ROC 
also returns a' data-ready acknowledgement to the IJ.C 
via the TAl-STATE output of a buffer. No other logic 
is required; however, inverters are necessa!y in the ADC 
enable lines due to a sense mismatch in the 4:16 decoder 
output ~nd the ADC enable inputs. The system is truly 
as·uncomplicateQ as indicated in Figure 2. 

•••• MM5357 
ADC 

..... - .. --.... --F~~----..... EN5-6 
'/, 

DM74LS132 
CLOCK 
INHIBIT 
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DM8131 a 
MAGNITUDE 

COMPARATOR S 
G G DM74l154A 

4:16 
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FEDCBA-= 3 2 1 0 MRDC XACK 

~,-----------~~----------~/ 
ADDRESS BUS 

• NOTE: USE TWO DM74L04 HEX INVERTERS 
PLUS FOUR OF THE SIX INVERTERS 
OF THE DM8098 

FIGURE 6. 16-Ch, 8-8it Parallel-Conversion OAU for 8080 
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FIGURE 1. 16-Ch, 12-Bit Parallel-Conversion DAU for 8080 

As 12-bit data is likely of greater interest in the market, 
the remainder of the discussion will consider the logic 
necessary to handle 12-bit data. Accordingly, Figure 7 
shows a 16-channel, 12·bit parallel-conversion DAU for 
the 8080. No part number designation appears on' the 
ADCs because they are hypothectical units possessing 
the characteristics considered desirable in this applica­
tion. The converters contain the DAC switches, ladder 
network" comparator, up/down counter (for tracking' 
conversion), control logic, and TR I·STATE buffered 
outputs. They operate continuously with the output 
data buffer updated at the end of each conversion. Such 
a converter containing CMOS logic could settle in less 
than 1-4,us (after an initial but longer acquisition period) 
without being costly to construct, and would thus 
provide 12·bit accuracy to ±% LSB at a data bandwidth 
of 10· 20 Hz. A si ngle exteinal buffered reference could 
suffice for all converter channels. An external gated 
clock could drive all converters. Address decoding is the 
same as outlined for the 8-bit system. The LSB address 
bit is used to select byte 1 or byte 2 of the 12-bit 

output data word by means of the two DM8123 quad, 
TR I-STATE, 2-input multiplexers. Address bits 1-4 are 
decoded into 1-of-16 select bits to enable the TRI­
STATE output of the selected ADC. Since the 1-of·16 
output select of the DM75L 154A decoder is 0 true, it is 
desirable that the ADC enable input be a true. Otherwise, 
16 inverters would be required. The control timing may 
be considered in reference to the 8080 timing require­
ments shown in Figure 8. 

The DM8131 address comparator provides an output to 
gate the 4: 16 decoder and to enable the DM8093 quad 
TRI-STATE line driver. This occurs (+30ns) only if the 
address is valid for this data card. If the address is valid, 
the 4: 16 decoder accepts the address and the DM8093 
is set to accept the MRDC command at inputs 5 and 6 
(+250n5). The decoder output to the ADC enable lines 
is available (+180ns), and valid data is available from the 
selected ADC (+330ns). As the data card must return a 
data ready signal (+440ns) to 'prevent extending the 
memory access cycle, the DM8093 transmits the MRDC 

ADDRESS BUS STABLE ADDRESS 

MRDC 

DATA BUS 

XACK +.-.REQ'D 

ADC ENABLE 

DATA OUT 

o 200 400 600 800 1000 1200 1400 

TIME (ns) 

FIGURE 8. Timing and Control for 8080 
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, back out to the J.LC on the XACK line (+300ns) in 
advance of the time required. A 0 is placed on the XACK 
line for the duration of the MRDC command. The 
MRDC signal also enables the output multiplexer enable 
lines (+300ns) via the DM8093. This signal also inter­
rupts the clock drive to the,ADCs to prevent a change in 
data output during the remainder of the memory read 
cycle. A desirable built-in design feature of the ADC for 
this application might be a clock inhibit or data transfer 
inhibit operating from the EN input. Valid data is 
present on the data bus (+460ns) at least 200ns before 
it is required. Valid data rel'!lains stable. until the end of 
the MRDC command when XACK and data oUfput lines 
return to their normal high-impedance states. 

Data is placed on the data bus in two 8-bit bytes as 
controlled by the LSB address code. A 0 selects the 8 
LSB data, and a 1 selects the MSB data. Two consecutive 

memory addresses will then read the entire data word in 
two bytes. As there are only 12 data bits, zeros are 
placed on the remaining data lines. For 2s complement 
binary data coding of ± input analog signals, the 12th 
bit would be inverted and extended to the remaining 
data lines so that signals would appear as VJ3lid data to 
the microprocessor. 

Total address decode, control, clock, and output drive 
logic circuitry is contained in six DIP circuits (only one 
of 24 pins). To this must be added a code-select header, 
a reference, and 16 converters. Total power required is 
4.2 watts for 16 channels of 12-bit data from ±5 V analog 
signals of 10Hz bandwidth (see Table 3). Low Power 
TTL output drive capability would reduce power drain 
by 370mW. Total cost of parts (assuming a future price 
of $251 ADC) would run to about $26 per channel 
(see Table 4). 

Table 3. Power Required, 16-Channel, 12-Bit 

Po (mW) 

8080 6800 PACE 

16 - ADC 3200 

1 - LH0071 Reference 45 

1 - DM74LS132 4 x 2-lnput NAND Schmidt 60 

1 - DM74L154A 4: 16 Decoder 24 

1 - DM8131 6-Bit Comparator 250 

1 - DM8093 4 x Buffer 170 

or 1 - DM8099 6 x NAND Buffer 175 

or 3 - DM8097 6 x Buffer 975 

2 - DM8123 4 x 2-Input MUX 400 400 

or 1 - DM86L13 4 x D-Latch 30 

4199 4154 4584 

Table 4. Cost of Components, 16-Channel, 12-Bit 

$ (100s) 

8080 6800 PACE 

16 - ADC 400.00 

1 - LH0071 Reference 5.00 

1 - DM74LS132 4 x 2-Input NAND Schmidt 2.00 

1 - DM74L154A 4: 16 Decoder 2.46 

1 - DM8131 6-Bit Comparator 2.56 

1 - DM8098 6 x Inverter 1.65 

or 1 - DM8099 6 x NAND Buffer 1.70 

or 3 - DM8097 6 x Buffer 5.55 

2 - DM8123 4 x 2-Input MUX 2.56 2.56 

or 1 - DM86L13 4 x D-Latch 1.28 

416.23 416.28 418.85 

~ $26/Channel 
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6800 Interface 

For other J.LC systems, the logic will change slightly. 
Figure 9 shows the logic section of the DAU of Figure 7 
modified as necessary to interface with the 6800 pC. 
The 6800 timing and control signals are shown in Figure 
10. With the 6800, the address information, the valid 
memory address VMA signal, and the read/write W/R 
signal all come up approximately simultaneously and 
remain for about one clock period of 1 ps (min.). The 
data need not appear on the data bus until 100ns 
thereafter. The valid address decoding is accomplished 

4 
3 
2 
1 

16-ADCs 

by ANDing the VMA and R/W signals together in a 
TRI-STATE 2-input AND gate. When enabled by the 
comparator output, this gate returns a READY signal to 
the J.LC and enables the output multiplexers. The 
appropriate data byte is selected by the LSB address bit 
as with the,8080 system. The necessary .10ns data hold 
time is provic;Jed by the ADC and output multiplexer 
disable delays. The remainder of the DAU is identical to 
that of Figure 7. Cost and power required are also. 
similar to those of the 8080 system interface. 

o 
1 
2 
3 

FROM o----------------~--------~--+_~----.. TO 
DATA 
BUS 

ADDR 
BUS 

DM8131 
6·BIT 

MAGNITUDE 
COMPARATOR 

R/W VMA 

FIGURE 9. 16-Ch, 12-Bit Parallel-Conversion DAU for 6800 
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FIGURE 10. Timing and Control for 6800 
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PACE Interface 

Figure 11 shows the logic section of the DAU of Figure 
7 modified to interface with a PACE J.l.C. The PACE 
timing is shown in Figure 12. Since the PACE J.l.C has but 
a single address/data bus, address latches are required for 
address decoding. The DM8131 address comparator 
contains output latches, but the DM74L154A 4:16 
decoder does not, so a quad latch is inserted ahead of the 
4: 16 decoder. The latches all set on the rising edge of 
the NADS signal provided by PACE during the time that 
address information is on the bus, and drop out on the 
next NADS signal. Comparator output applied to gate 
the 4:16 decoder provides an enable ADC signal lasting 
until the falling edge of the next NADS pulse. The IDS 
signal ANDed with the comparator output enables the 
TRI-STATE output buffers and inhibits the clock. An 
additional MSB inverter would be needed for ±' analog 
signals in order to provide the 2s comptement code. 
Total address decode, control, clock, and output drive 
circuitry is contained in seven DIP packages, one more 
than required for the 8080 system interface. Total power 
and cost are comparable to those given for the 8080 
system interface. 

NADS IDS 

ADC CHARACTERISTICS 

The ADC, for use on a parallel-conve-rsion DAU must 
contain TRI-STATE output data latches. Otherwise it 
may be conventional. The MM5357 was designed for 
direct connection to a data bus, therefore it contains the 
necessary output latches. At this writing there are other 
ADCs with the TRI-STATE output latches appearing on 
the market, and more can be expected. The MM5357 is 
nearly ideal for use in an 8-bit parallel-conversion DAU. 
It would be even more suitable to this use if it were a 
tracking converter, and the polarity of its enable input 
and of its data output were of opposite polarity. The 
data polarity is of lesser importance as the bus drivers 
probably needed may as well be inverting as non-inverting 
except for common usage. The enable polarity should 
match the decoder output to obviate the need for 16 
inverters (3 logic pac!<ages, though of little cost). See the 
later discussion of ADC hardware for additional thoughts 
on this subject. 

This parallel-conversion data system has data bandwidth 
limited to about 10Hz for 8-bit SAR converters, but 
may be increased to 150-300 Hz with 8-bit tracking 
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FIGURE 11. 16-Ch, 12-Bit Parallel-Conversion DAU for PACE 
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converters. 12·bit data bandwidth will be 1/16 that of 
the 8-bit systems. On the other hand, no S&H module 
is required. Data rates could be considerably increased if 
S&H modules were added to each channel; however, 
costs per channel would more than double. For use with 
S&H modules, SAR logic converters would be faster 
than tracking types, allowing data bandwidths of over 
600 Hz/channel for 12-bit data. 

MULTWLEXED DATA ACQUISITION UNIT WITH 
MEMORY 

A multiplexed data acquisition system containing' 
memory is probably the most cost-effective way of 
providing an immediate data-access interface to proces­
sors. The processor may address the peripheral data­
~cqu:~:t:on unit to cbta:~ :mmcd:~tc data w·w~;thctit 

entering a wait mode, just as if it were accessing main 
memory. Latest valid data is always present within the 
DAU memory which is updated at a rate determined by 
the channel multiplexer rate and ADC conversion speed. 
There is no need to write subroutines into processor 
software or firmware to address and request data from 
the peripheral, resume its assigned processing task while 

2 EA AM3705 

watching for a- flag set by the peripheral indicating that 
data is ready, and returning to accept data from the 
peripheral. 

The multiplexed DAU with memory shown in Figure 3 
takes care of routinely updating its memory by sequen­
tially sampling each data channel, digitizing the channel 
signals, and writing data into its self-contained memory. 
When the DAU is interrogated, the sequential process is 
momentarily interrupted, the RAMs are addressed by the 
processor, and data is read out to the data bus. The 
memory can be three each DM8599 16x4-bit RAMs. 
These have TRI-STATE outputs, so can connect directly 
to the data bus. Note that the RAM inverts the data bits 
from the ADC. The RAMs are available in low-power 
TTL to drive a lightly loaded data bus, or they are 
available in Schottky versions for driving higher speed 
systems. In fact, almost the entire logic system could be 
realized in Schottky circuits, which should allow inter­
facing even the new fast bipolar pCs without a wait cycle. 

The MUX sequencing circuits are shown in Figure 13. 
When the pC is not accessing memory on the DAU, the 
16 data channels are scanned in continuous sequence. 
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Data on each channel is sampled and held in the S&H 
module while the ADC converts the analog data' to 
digital. At the completion of conversion, the digital 
output of the ADC is itvritten into the RAMs before the 
multiplexer selects the next channel. The timing and 
sequencing of channels is ~ccomplished with a 4-bit 
binary (7 16) counter and three one·shot pulse genera­
tors. Where one-shots are undesirable, an alternate 
approach using shift register timing could provide the 
same function. A valid address output from the address 
comparator switches the RAM address input from the 
716 counter to the address bus input, thereby addressing 
the RAM to the desired channel for data readout. If the 
data conversion sequence is in the memory_ write 
condition, the gate applied to WE prevents switching the 
MUX to the address bus or returning an XACK signal 
until the memory has been loaded. Thereupon, the 
sequence is interrupted as outlined above. The inter­
ruption of the se'quence lasts for about 1300ns (8080 
system) while the address is valid. 

The sequential data conversion cycle is shown in the 
timing signals of Figure 14. The conversion-complete CC 
output of the ADC triggers a one-shot to generate a 
200ns memory write pulse. The trailing edge of this_ 
pulse advances the address 7 16 counter to the next 
channel and triggers a second one-shot to produce a 1 OILs 
sample period. At the completion of the sample period, 
the S&H goes into hold mode and a third one-shot 
generates a 311S start conversion SC pulse. When the 
DAU is in the command read mode, a 0 appear~ at B 

16-CH 
ANALOG 

ClK---+lCLK 

trigger input to the first one-shot. If a CC signal occurs 
during the time the 0 is present on the B input, the one­
shot will not be triggered until the B input returns to a 1. 

An alternate sequencing circuit without one-shot circuits 
is shown in Figure 15 with timing relationships in 
Figure 16. It makes use of a shift register and exclusive­
OR gates to generate the gates needed to write into 
memory, sample and hold, and start conversion. The 
ADC clock is generated at twice the desired clock 
frequency and divided by 2 in a D flip-flop. In this 
manner, the minimum gate width is 1/4 of the ADC 
clock period (620ns in this example). The CC signal is 
clocked into a D flip-flop with a delay of 620ns. The 
delayed output clears the shift register (SR) and is 
clocked into the SR after an additional 620ns delay. 
An exclusive-OR of the SR input and 01 output 
generates a 620ns gate to write data into the RAMs. 
The trailing edge of this WE gate clocks the 7 16 counter 
to advance the MUX and ·RAM address to the next 
channel. Exclusive-DRing of SR 01 and 07 produces an 
8. 7511S sample gate. (If the acquisition and settling time 
of the S&H is greater than 8.75I1S, additional circuit 
complexity is required.) Exclusive-DRing of 07 and 08 
produces a synchronized 1.2511S gate to start the ADC. 
This circuit may not be the most versatile or elegant for 
the purpose. For those applications with longer S&H 
acquisition times or other requirements, some_ alternate 
circuit may be designed if that of Figure 15 is 
unacceptable. -

CLK 

8·BIT 
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4-BIT 
BINARY 

COUNTER 

FIGURE 15. Sequencing Logic with SR 
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The p.-computer interfaces shown in Figures 17 and 18 
are similar to that of Figure 5. The PACE interface is seen 
to be slightly less complex than that of Figure 17 for 
8-bit data-bus machines. A single DAU Gard with plug-in 
or strap options cguld be built to interface any of the 
three p.Cs considered. Such a universal circuit is shown 
in Figure 19. This circuit also includes an option to 
provide binary output for unipolar analog signals or 
complementary binary output for ± signals. In the case 
of binary output, the 13-16th data bits are set to O. In 
the case of complementary binary, the sign bit is 
extended to the 13-16thdata bits for valid recognition by 
the p.C. 

The total dissipati'on is 3,5 watts and cost is $11 per 
channel as shown in Table 5. Both are only slightly 
yrt:dltn thdll thos~ for the conventiollai DAU. 

The ADC desired for this application is similar to the 
conventional ADC except that the ADC data output 
should be complementary to compensate for the data 
inversion within the RAMs. The AD1210 or AD1200 are 
thus ideal choices for an ADC in the multiplexed DAU 
with memory. 

SEQUENCING 
LOGIC 

CONVERTER CHARACTERISTICS 

Each approach to the DAU requires different character­
istics of the ADC. Table 6 summarizes the requirements 
for each of the three DAU types. The sequential or 
addressed DAU types require similar ADCs. If the 
conventional addressed DAU must utilize bus drivers, 
the desired ADC characteristics are identical to those for 
the sequential DAU with memory, Only the parallel­
conversion DAUis seen to require buffered TR I-STATE 
output latches. 

By far the most important characteristic of an ADC for 
use in a parallel-conversion DAU is that it have buffered 
TR I-STATE output latches. It is desirable that it also 
have the other characteristics checked in Table 6. Items 
1 and 2 are by far the most important of the desired 
characteristics. The need for item 1 has been discussed. 
TTL compCltible control and data signals are desirable so 
that TTL-MaS and MaS-TTL interface buffers are not 
required between the ADC and the rest of the system. 
Dual output strobing makes it possible to wire-OR 
interface directly to an 8-bit data bus or to use only an' 
8-line buffer without the need for the output multi-

0·3 

47 

DATA 

0·3 

VMA RIW 

FIGURE 17. Address Comparator and Control for 8080 (6800) 
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FIGURE 19. Multiplexed Immediate-Data-Access DAU 

Tabla 5. Power & Cost, 16-Channel, 12-Bit Sequential with Memory 

Po (mW) $ (100s) 

16-Channel MUX 300 19.55 

S&H 500 74.50 

ADC 600 40.00 

Reference 45 5.00 

256-Bit RAM 1200 15.36 

6 x Buffer 325 1.65 

6-Bit Comparator 250 2.56 

4 x 2·lnput MUX 20 2.00 

3 x 3·lnput NOR 17 3.00 

4 x 2·lnput NOR 55 .35 

4 x 2-lnput OR 12 .64 

716 Counter 25 2.11 

2x One-Shot 60 6.00 

4 x NAND Schmidt 60 2.00 

4 x D-latch 30 1.28 

3500 "176.00 

$ll/Channel 
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plexers shown in Figure 5 et. aI., although a separate 
buffer is required in most systems. Tracking operation 
provides the higher speed useful in a conversion circuit 
without an S&H. Inhibiting data transfer to output data 
latches when the output is enabled prevents changing the 
output code while data is being read from the data bus. 
This function can be accomplished with an external gate, 
but could be convenient if handled within the ADC 
logic. Straight binary (not complemented) output is 
desired for all pC interfaces (except the a080 when 
operating with Intel system bus drivers and receivers). 
As it may be necessary to add TRI·STATE line drivers 
to drive the data bus, data inversion can be handled by 
inverting buffers when required. The availability of both 
a and Q outputs on the MSB simplifies data readout as 
binary or 2s complement wit'hout adding an external 
inverter. Table 6 has been arranged in the approximate 
order of preference for parallel·conversion DAU use; the 
preference will be different for multiplexed data. 

The National MM5357 is the choice for an a·bit ADC 
having buffered TR I·STA TE output latches and TTL 
compatibility when converting ±5 or 0-5 V analog inputs. 
If converting 0·10V inputs, it becomes 10V CMOS 
compatible. Several monolithic ADCs of a to 12 bits 
have been announced. These monolithic converters and 
future versions of them promise to bring converter 
prices down to a level which will make parallel-conversion 
economically feasible. Several hybrid converters have 
also been announced with attractive prices; however, it is 
the monolithics which .promise the lowest ultimate cost. 
Features of several of these new products are compared 
in Table 7. Although only the MM5357 and the AD7550 
are suitable in present form, their prices and character· 
istics show that the desired attributes are and will be 
pOssible at the needed orices. 

The future ADC most suited for use in a parallel· 
conversion DAU might appear as in Figure 20. This 

Table 6. Desired AID Converter Characteristics 

Buffered TRI·STATE Output Data Latches 

TTL·Compatible Control & Data Signals 

Dual Output-Enable (Bits 0-7 & Bits a·l1) 

Counter Logic 

Internal Comparator 

Both a & 0 Outputs on MSB 

Binary Output Polarity 

Busy Output (TRI-STATE w/ Enable) 

Internal Clock, 

Continuous Recycle when CC = SC 

Inhibit Data XFR to Latches when Enabled 

* Unimportant if Buss drivers used. 

Parallel 
Conversion 

x 

x 

x 
UP/ON 

x 

x 

Oata* 

? 

x 
x 

Table 7. Low-Cost Monolithic and Hybrid AOCs 

National Analog Devices Teledyne 
MM5357 AD7570L 8702 

Number of Bits a 10 12 

Cost (in l00s) $7.95 $69.00 (1-49) $29.50 

Conversion Method Potentiometric R·2R Differential Charge 
Balancing 

Logic Type PMOS SAR CMOSSAR CMOS Integrating 

Conversion Time 25ps 20ps + Compo 20ms 
Settling 

Logic Interface at 5 V . TTL TTL TTL 
Analog Sig. 0-10 V CMOS TTL/CMOS TTL 

External Circuits Required Ref + Clock Ref + Comparator Ref 

Output Buffered Latch? Yes No Yes 

TRI·STATE Output? Yes Yes No 

Separate Output Enables? NA Yes Not Strobed 

Output Code Inverted Normal Normal 

Power Dissipation 170mW Dynamic 10 mW Standby 20mW Dynamic 
+ Dynamic 
+ Comparator 

234 

Sequential 
w/~mory 

x 

SAR 

x 

x 

National 
AD1210 (Hybrid) 

12 

$24.95 

R-2R 

CMOSSAR 

130ps 

TTL 
CMOS 

Ref + Clock 

No 

No 

No 

Inverted 

140mW Dynamic 

Addressed 
w/o Memory 

x 

x 

SAR 

x 

x 

Data* 

x 

x 

Analog Devices 
AD7550 

13 

$25.00 

Integrating 

CMOS Quad Slope 

40ms 

TTL 
TTL/CMOS 

Ref 

Yes 

Yes 

Yes 

2s Complement 

10mW Dynamic 
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FIGURE 20. Tracking ADC for Parallal-Conversion OAU 

design meets all the goals of Table 6. It could run at a 
clock rate of 0.25-1 MHz (1-4~s conversion time) 
because it is a tracking converter, it contains TRI­
ST ATE buffered output data latches, the separate high 
Clnd low bit-enable lines allow two-byte operation of an 
8-bit data bus, the output latches will not change state 
when the output is enabled, and the CC and SC 
terminals may be strapped for continuous conversion 
without missing a clock period. An 8- or 10-bit converter 
and possibly a 12-bit converter of this type could be 
built on a single chip without much difficulty., If not, 
a hybrid or two-chip design is practical. Where speed is 
not of importance, monolithic 10- or 12-bit converters 
can be built with integrating or voltage-to-frequency 
conversion techniques. The integrating technique pos­
sibly allows the greatest accuracy with the least circuitry, 
and is a prime contender for the application. As the 
integrating ADC utilizes both linear and digital circuits, 
it is normally of multi-chip design. However, as tech­
nology advances, it will become increasingly practical to 
produce the low-drift, low-offset amplifiers, integrators, 
and current sources required of a 12-bit ADC on a single 
reasonably small chip along with the necessary logic. 

A two-chip approach would likely be the choice today. 
We will certainly see some of these desired design 
features appearing on ADCs in the near future. 

As far as ADCs and DACs are concerned, the entire 
makeup of their internal logic sections is different from 
that of conventional converters of today (except for the 
MM5357 and AD7550). Tables 6 and 8 outline the 
desired characteristics of ADCs and DACs for parallel­
conversion and multiplexed systems. Figures 20 and 21 
indicate the logic required. The ADC of Figure 20 is 
suitable for relatively high speed data acquisition without 
S&H circuits, while that of Figure 21 is suitable- for 
slowly varying data only. 

DATA DISTRIBUTION SYSTEMS 

Until now, the discussion has centered entirely around 
the data acquisition end of the syste,m. At first thought, 
the data distribution may seem almost trivial. However, 
there is still the address recognition and decoding plus 
the control functions. The conventional' data distribu­
tiOl=! unit (DDU) has used a single DAC, a multi-channel 
analog demultiplexer, low-pass filters and possibly S&H 

Table 8. Desired 01 A Converter Characteristics 

Parallel Multiplexed 
Conversion System 

Hi-Z Digital Input Circuits x x 

Strobed Data Input Latches x x 

Dual I nput Data Strobes (Bits 0- 7 & Bits 8-11 ) x x 

Optional Internal Inversion of MSB x x 

Internal Output Amp & FB Resistors x ? 

Internal Reference x 
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FIGURE 21. V·F ACC fot Parallltl-Conversion OAU 

circuits on each channel reconverted to analog form. 
Such a system could benefit from a DAC with input data 
latches and separate (double-byte) input gating or 
strobing controls while a parallel-conversion DDU has 
even more need of these input characteristics. 

The parallel-conversion DDU shown in Figure 22 would, 
if constructed with available DACs, require 12·bit input 
data latches ahe~d of each DAC. The characteristics 
desired of a DAC for this use are listed in Table 8. High 
impedance digital inputs prevent loading the data bus 
while a strobed input data latch allows entering data 
only in the addressed DAC and holding it until updated 
(thus performing the function ot DAC and S&H). 
Separate input data strobes for low and high bits are 
used for the same reason as with the AOC, for alternate 
enabling on successive input data bytes. Figure 23 out· 
lines the desired DAC for use in a parallel·conversion 
DDU. 

The DDU address decoding and complexity is similar to 
that of the DAU. Input data strobing separated as 8 LSB 
and the remaining MSB is an advantage when used on 
8-bit data bus systems. The cost per channel is essentially 
that of the DAC used. likewise, for power dissipation. 
Practicality will be entirely dependent on ultimate cost 

"of the converters. Advantages over a demultiplexed 
system are that only minimal output filters are required 
and that an output amplifier per channel is not required 
(already exists in each DAC). 

CONCLUSION 

Each type of DAU described exhibits unique advantages 
as indicated in the comparisons of Table 9. 

Further reduction in the costs of monolithic converters 
will make the parallel-conversion type of DAU attractive 
where low-speed data is handled. For 8-bit data, this 

type of OAU is extremely attractive at this time because 
the DAU cost per channel is essentially that of an ADC 
which is as low as $8 in lots of 100. 

It would seem that the multiplexed DAU with memory 
exhibits all of the advantages of the conventional 
random-addressed DAU plus all those of the parallel data 
conversion DAU except that the data in any specific 
channel may be older. Offsetting this single comparative 
disadvantage are significantly lower cost per channel, 
lower power requirements, and no requirement for 
special ADCs with buffered output latches. The multi­
plexed approach with memory is only sl ightlv more 
complex or costly than a standard DAU, yet it brings 
the great advantage of high-speed immediate data access 
with significant cost savings over the parallel conversion 
technique. 

Although the character of an ADC or DAC used in a 
parallel-conversion data system differs markedly from 
those used in the u'sual multiplexed data system, the 
processor interface requirements are similar or identical. 
The sense of pC bus control signals is of relatively minor 
importance so long as they are standardized among the 
several pC units available. Positive-true data and address 
signals are possibly a slight advantage over zero-true 
signals when TRI-STATE circuits. are used. For the 
multiplexed system described, data inversion through 
the RAM would suggest the advantage of complementary 
binary output data from an ADC. 

Conventional ADCs and DACs available today (except 
the MM5357 and AD7550) do not have the character· 
istics needed for parallel-conversion systems. However, 
this picture is changing as more units are designed for 
direct data bus interface. Fortunately, however, the 
multiplexed DAU with memory does not require the bus 
oriented type of ADC. There is at least one available 
DAC which includes the dual-strobed input data latches 
suggested for direct data bus interface; I would expect to 
see others appearing in future designs, both monolithic 
and hybrid. 
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Table 9. Comparison of Thr .. Types of DAU 

Conventional 
Random-Ad~ressed 

$9.38 

2.8W 

200Hz 

60IlS 

60IlS delay or subroutine 
and return on flag 

9 DIP 

Parallel-Conversion 
WithoutS&H 

$26 

4.3W 

10Hz (tracking: 
tconv = 41ls) 

as memory access 

6DIP 

TRI-STATE buffered 
output data latch~s 

$11 

Multiplexed 
With Memory 

3.5W 

200Hz 

as memory access 

13 DIP 
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A Low Component Count 
Video Data Terminal Using 
the DP8350 CRT Controller 
and the INS8080 CPU 
INTRODUCTION 

The DP8350 is an ,2L - LS technology integrated 
circuit, designed to provide all control signals for a 
cathode ray tube (CRT) display system. This application 
note explains a system using the DP8350 and the 
INS8080 microprocessor. The design philosophy shows 
how the DP8350 interfaces to the I NS8080, completing 
the function of a video data terminal with a minimum 
component count. After reading and understanding this 
application nota the readsr will realize the ease and 
flexibil ity of designing video terminals with the DP8350*. 
To thoroughly understand this application note the 
reader must be familiar with the DP8350 and the 
INS8080 microprocessor. 

The video data terminal described is divided into the 
following sections, (Figure 1). 

The DP8350 CRT controller (CRTC). 

The 8080 IJP system which includes ROM, RAM, 
interrupt instruction port, oscillator, and control 
support chips. 

The character generator. 

The communication element. 

The keyboard and baud rate select ports. 

THE CRTC 

The DP8350 generates all the required control and 
timing signals for displaying video information on the 
video monitor. Here is a summary of the controller's 
functions: 

Dot clock, control, and counter outputs for the 
character generator. 

Bidirectional RAM address refresh counter for 
refreshing the video RAM and allowing microproces­
sor loading to the internal DP8350 registers. 

Direct drive horizontal and vertical sync signal 
outputs. 

Direct cursor address . location output. The cursor is 
internally delayed or pipelined, allowing for the 
access time of video RAM and the character generator 
ROM, (Figure 1). 

THE CPU 

The microprocessor provides CRTC, operatOT, and ex­
ternal machine control for the system. When the CRT 
controller is not actively refreshing the video RAM, 
(Le., during vertical retrace or blank scan lines), the 
microprocessor is enabled for system housekeeping, 
(Figure 2). This method of multiplexing the RAM with 

*The DP8350 is equivalent to the INS8276 
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the CPU and the CRTC eliminates the need for line 
buffers. 

THE CHARACTER GENERATOR 

The character generator consists of 3 elements: an 
address latch to hold the input address to the character 
ROM allowing for the access time of the ROM; the 
character ROM that stores the ASCII character in a form 
for parallel to serial conversion by the shift register; 
the shift register converts the character ROMs parallel 
output to serial form. The serial output from the shift 
register is the true vIdeo output, modulating the video 
monitors electron beam which writes characters on the 
screen. All of the 3 elements of the character generator 
are combined in the DM8678, (Figure 3). The DP8350 
CRTC provides all the control signals for the DM8678. 

THE COMMUNICATION ELEMENT 

The INS8250 is the asynchronous communication 
element (ACE) for the data terminal. The ACE allows 
the CPU portion of the data terminal communication 
with peripherals or host computers at the correct baud 
rate, (Figure 1). The ACE is programmed by the CPU to 
send and receive serial data at the standard· baud rates 
from 110 to 4800 baud. The ACE, in conjunction with 
the DS1488 and DS1489 Hne drivers and receivers, also 
provides full RS232C synchronous communication if 
higher baud rates are desired. System communication 
speed must always be considered to insure the baud rate 
does not exceed the time required for the CPU to 
process a data byte. Asynchronous communication 
at baud rates higher than 4800 are possible by adding 
a line buffer. 

SYSTEM INITIALIZATION 

Application of the terminal's power supply resets the 
microprocessor, the communication element, and the 
CRT controller. Resetting the ACE is necessary to clear 
the interrupt. Resetting the CRTC is not absolutely 
necessary since the microprocessor loads the cursor and 
top of.page registers in the initialization routine. 

Following the reset all interrupts are disabled to avoid 
unwanted interrupts from the CRTC, ACE, or 1/0 ports. 
Refer to the initialization routine in the flowchart. 

The stack pointer is loaded to the bottom of scratch pad 
RAM (3FFFH) for use as the register save pointer, 
(Figure 4). 

The entire RAM is written with ASCII spaces generating 
a cleared screen. After completion of the screen clear 
loop the CPU writes OOOH to the cursor and the top of 
page registers in the DP8350 CRTC. The routine homes 
the cursor to the upper left corner of the screen. The 
top of page register was loaded with OOOH, therefore, 
the video RAM is refreshed by the CRTC from that 
starting address to the last address on the screen of video 
RAM (1920 characters). 

l> 
Z 
I .... 

CD 
CD 
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@ 

(; 

i: 
> o 
-I 
m :a 
.... 
CO ..... 
CO 

g 

t 

EPROM I 
lMM210B 

AD -A9. 1/40M14LS32 
A12 OBO-081 ~ 
ox: " 

HOLD HOLD 112 .... 
ACK ' _,2TTL 

AO- A15 ..... ------+-----4 
CPU fNl'A 

INSBOBO MEMR 

~::~~: M[MW ..... -----...J.-----t 
1/2 OM74Lsn l7O!i ..... ----+-_-----4 
1/2 oM74LS74 IlOW 

11~ 
080 087 DATA BUS 

... ~ 
,~2 TTL r----

~O~ 
21.B4MHz 

u.u-081 DinR CSI M 
DOrni 

:; (ACE)· 
1--+-...... ---t.~I;! ASYNCHRONOUS COMMUNICATION 

>< elEMENT INSB250, 1/6 oM74LS04 

DATA AND CONTROL 

I *3J:1 tH 
oBO OB7 mrn A15 STB 

KEYBOARD BUFFER 
oMB1LS95 

1/6 oM74LS04 
1/2 oM74lS74 

~ 
TO ASCII 

KEYBOARD 

RS-232 INTERFACE 
oS14BB 
OS1489 

~ 
TO EXTERNAL SYSTEMS 
COMMUNICATION LINK 

OBO--oB3 mrn m 
BAUD RATE SELECT 

BUFFER 
oM14365 

DIP SWITCH 

/ 

'I 

, 
'1 

• 
TO VIOEO 

II I·~ 
HORIZONTAL SYNC 

J. 
I 

VERTICAL SY·NC ~ 'J 
LINE MONITOR 

i OOT EN HOR VHIT 

CLK (CRTC) SYNC SYNC 

CRT CONTROllER 
OP8350, 

1/60M14LS04 
1/40M14LS32 

CNT 112 OM14LS86 
OM14LSJ2 VIDEO 

CURSOR* 3/40M14LS08 

VB :;~ ~~~:~~~: 
LR DOT u g; 

OBO, OBI M!MW ill CLK CLK <3 ~ 

..0('""">-

I-+-

INTERRUPT PORT 
OP8212 

oM74148 

1 
.L 
11 

.f~~,fJ 

* r-:3l 
u.u-oB5 LR OOT:3 g; ~ 

CLKCLK u ~ :3 

CHARACTER GENERATOR VIOEoJ.I------I 
OMB678 

Abbreviations: 

-f,fJ! 

----
11 + 
LINE VB RESET 

DECODE 

HOR AND VERT 
INTERRUPT LATCHES 

1/2oM7474 
1/2 oM14LS14 

I~ 

*The cursor is internally pipelined by the CRTC to allow for access time of the RAM and the character generator. 
lR ClK Line rate clock 
ClC Clear line counter 

FIGURE 1. Video Data Terminal Detailed Block Diagram 

lVSR load video shift register 
lCGA latch character generator address 
Line CNT 
EN 
VID 
KBINT 
VB 

Line counter· 
Enable 
Video 
Keyboard interrupt 
Vertical blanking 
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ROWX 

NEXT 
ROW 

ADDRESS 
STROBE 

OB5 

DB4 

DB3 

OB2 

DBl 

DBD 

CLOCK 

(

SCANLIN. E 

O 

CH:O~~' 1. ~ R:T~ACE 

~:~~:==~-~~.==~/~~=.====~---
CHAR NO. 80 

(04FH) 

2----~==~============~=========~----- CRTC ON 
CPU Hi·Z 

4----~=-~============== 

8 ---============== ==========----rl-} C.RTC Hi·Z 
9 ___ ============== Z CPU ON 7 

r~ 
2 

4 

/ 
/ 

/.NEW ROW START INTERRUPT 
OCCURS WHEN THE LINE COUNTER 
OUTPUTS INCREMENT TO LINE 8. 
THE DP8350 ROW START REGISTER 
IS THEN LOADED WITH THE NEXT 
STARTING ROW ADDRESS DETER· 
MINED FROM THE NEW ROW START 
LO'OK UP TABLE IN RAM. 

FIGURE 2. Row Start Interrupting and Multiplexing the I NS8080 with the DP8350 

CHARACTER 64 
ADDRESS 
DECODER 

1164 

64 X 63 
ROM 

CONTROL ------....--~ 
5V 

LINE EDGE·TRIGGER 
CLOCK GENERATOR 

CLEAR ------------' 

FIGURE 3. DM8678 Character Generator Block Diagram 

OUTPUT 
ENABLE 

SESIAL VIDEO 
OUTPUT 
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The CPU is ready to perform the communication element 
(ACE) load routine. First, the baud rate divisor for the 
ACE must be determined. The baud rate select switch 
·is read providing a code which corresponds to the ap­
propriate 16-bit divisor for the ACE. This divisor 
determines the baud rate at which the ACE will com­
municate. Any additional programming requirements 
needed for the ACE to communicate with host computer 
systems could also be done at this time. The software in 
this system does not contain any additional programming 
for the ACE. There are many programming modes 
related to the ACE. Details of these modes are beyond 
the scope of this application note. 

The row start look-up table, (Figure 5), is loaded up by a 
simple algorithm that loads and adds the data for 
referencing a row number to that row's .starti ng address. 
The reference table, (Figure 6), is initialized next by 
direct loading. This taple provides the CPU with top of 
page, bottom of page, next row load, cursor row, and 
scratch row numbers for system housekeeping. 

Finally, the new row start and vertical interrupt latches 
are cleared, (Figure 7J. The register pointers are loaded 
and the CPU is forced in a wait loop with interrupts 
enabled. 

NON-SEQUENTIAL ADDRESSING 

The data terminal described here was designed f~r 
non-sequential starting row addressing. In many systems 
sequential row addressing is used. If a character row 
consists of 10 scan lines the RAM is addressed 10 
repetitive times from OOOH through 04FH, (Figure 2). 
The next row is refreshed in· the same manner from 
050H to 09FH. The starting row address is sequential 
OOOH, 050H, OAOH-EBOH for row numbers OH, 1 H, 
2H,-2FH, respectively. Non-sequential row addressing 
would be equivalent to 050H, OOOH, OAOH-EBOH for 
row numbers 1H, OH,-2FH, respectively, (Figure 4). 

In conjunction with the CPU, non-sequential row 
addressing is quite easily accomplished with the DP8350 
since this is one of the features designed into the part. 
Accomplishing this task basically requires the following 
sequence of events. Assume the CRTC has finished 
writing a video row in the middle of the monitor's 
screen. This system has a 5 x 7 character font in a 7 x 10 
field, (Figure 2). At the completion of the last video 
scan line 7 the CRTC line counters continue to count 
the last 3 lines. Video is not present since the character 
is only 7 scan lines high. The blank scan lines are 7, 8, 
and 9 permitting the CRTC address outputs to be 
TRI-STATED®, allowing the CPU to run. When the line 
counter outputs increment to scan line 8 an interrupt 
signals the CPU. The interrupt occurring is th~ new row 
start interrupt. The interrupt routine fetches the next 
CRTC row number from the reference table (Figure 6)_ 
This num~er is converted to the new starting row 
address, explained later, and loaded to the CRTC row 
start register. The CPU finishes the routine by clearing 
the .interrupt, readying itself for the next new row start 
interrupt. The entire routine takes 1 scan line of time, 
approximately 64 I1S. The CRTC continues to scan 
the video RAM from that new starting address on 
for the next 7 repetitive scan lines of the next row. 
Many advantages become apparent using the non­
sequential addressing scheme. Scrolling up or dowfl 
with the cursor always on the .screen may be done 
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faster and easier from ahardware/software standpoint. 
Exchanging one row with another row is fast since 
it is not necessary to rewrite the video RAM. Row 
swapping is useful for higher end terminals requiring 
row editing functions. 

ADDRESS MAP 

11!J. $~ $:t:' $~ 
~ ~ ~~~ 
~ ~ ~~ 
~ ~ ~<:t-~ 
~ ~ ~'<.~/} 

0 o 0 o 0 0 04F 
1 o 1 o 5· 0 
2 o 2 DAD 
3 o 3 o F 0 
4 o 4 1 4 0 
5 o 5 1 9 0 
6 o 6 1 E 0 
7 o 7 2 3 0 
8 o 8 2 8 0 
9 o 9 2 D 0 

10 o A 3 2 0 
11 o B 3 1 0 
12 o C 1 C 0 
13 o D 4 1 0 
14 o E 4 6 0 
15 o F 4 8 0 
16 1 0 5 0 0 
11 11 5 5 0 
18 1 2 5· A 0 
19 1 3 5 F 0 
20 1 4 6 4 0 
21 1 5 6 9 0 

VIDEO RAM 22 1 6 6 E 0 
23 1 7 7 3 0 3B40 CHARACTERS 

24 1 8 7 8 0 80 RAM AODRESSES 

25 1 9 7 D 0 PER RDW BY 24 RDWS 

26 1 A 8 2 0 2 PAGES OF VIDEO . 

27 1 B 8 10 
28 1 C 8 C 0 
29 1 0 9 1 0 
30 1 E 9 6 0 
31 1 F 9 B 0 
32 2 0 A 0 0 
33 2 1 A 5 0 
J4 2 2 A A 0 
35 2 3 A F 0 
36 2 4 B 4 0 
37 2 5 B 9 0 
38 2 6 BED 
39 2 7 C 3 0 
40 2 8 C 8 0 
41 2 9 COO 
42 2 A o 2 0 
43 2 B o 7 0 
44 2 C o C 0 
45 2 0 E 1 0 LAST CHARACTER 
46 2 E E 6 0 IN VIDEO RAM 
47 2 F E BO EF F 

FoO 

NEW ROW START 
LDUK UP TABLE 

F5F 

F60 
REFERENCE 

TABLE 
BDTTOM OF 
REF TABLE 

TOP OF 
SCRATCH 

SCRATCH 

FF F 

FIGURE 4. RAM Organization 

409 6 
S BYTE 

RAM 

241 



242 

MEMORY REFERENCE TABLES 

Page 1 Page 2 

ROW NRS HIGH NRSLOW ROW NRS HIGH NRS LOW 
NUMBER 

ADDRESS 
ROW 

ADDRESS 
ROW 

DEC HEX DATA DATA 
NUMBER 

ADDRESS 
ROW 

ADDRESS 
ROW 

DEC HEX DATA DATA 

0 o 0 3 F o 0 3 0 3 F 3 0 o 0 24 1 8 3 F 1 8 3 7 3 F 4 8 8 0 

1 0 1 3 F 0 1 3 0 3 F 3 1 5 0 25 1 9 3 F 1 9 3 7 3 F 4 9 o 0 

2 0 2 3 F 0 2 3 0 3 F 3 2 A 0 26 1 A 3 F 1 A 3 8 3 F 4 A 2 0 

3 0 3 3 F 0 3 3 0 3 F 3 3 F 0 27 1 8 3 F 1 8 3 8 3 F 4 8 7 0 

4 0 4 3 F 0 4 3 1 3 F 3 4 4 0 28· 1 C 3 F 1 C 3 8 3 F 4 C C 0 

5 0 5 3 F 0 5 3 1 3 F 3 5 9 0 29 1 0 3 F 1 0 3 9 3 F 4 0 1 0 

6 0 6 3 F 0 6 3 1 3 F 3 6 E 0 30 1 E 3 F 1 E 3 9 3 F 4 E 6 0 

7 0 7 3 F 0 7 3 2 3 F 3 7 3 0 31 1 F 3 F 1 F 3 9 3 F 4 F 8 0 

8 0 8 3 F o 8 3 2 3 F 3 8 8 0 

9 0 
91

3 F o 9 3 2 3 F 3 9 o 0 

10 0 A 3 F 0 A 3 3 3 F 3 A 2 0 

11 0 81 3 F 0 B 3 3 3 F 3 8 7 0 

32 2 0 3 F 2 0 3 A 3 F 5 0 o 0 

I 
33 2 1 3 F 2 1 3 A 3 F 5 1 5 0 

34 2 2 3 F 2 2 3 A 3 F 5 2 A 0 

35 2 3 3 F 2 3 3 A 3 F 5 31 F 0 i 
12 0 C 3 F 0 C 3 3 3 F 3 C C 0 36 2 4 3 F 2 4 3 8 3 F 5 4 4 0 

13 0 0 3 F 0 0 3 4 3 F 3 0 1 0 37 2 5 3 F 2 5 3 8 3 F 5 5 9 0 

14 0 E 3 F 0 E 3 4 3 F 3 E 6 0 38 2 6 3 F 2 6 3 8 3 F 5 6 E 0 

15 0 F 3 F 0 F 3 4 3 F 3 F 8 0 39 2 7 3 F 2 7 3 C 3 F 5 7 3 0 

16 1 0 3 F 1 0 3 5 3 F 4 0 0 0 40 2 8 3 F 2 8 3 C 3 F 5 8 8 0 

17 1 1 3 F 1 1 3 5 3 F 4 1 5 0 41 2 9 3 F 2 9 3 C 3 F 5 9 o 0 

18 1 2 3 F 1 2 3 5 3 F 4 2 A 0 42 2 A 3 F 2 A 3 0 3 F 5 A 2 0 

19 1 3 3 F 1 3 3 5 3 F 4 3 F 0 43 2 8 3 F 2 8 3 0 3 F 5 8 7 0 

20 1 4 3 F 1 4 3 6 3 F 4 4 4 0 44 2 C 3 F 2 C 3 0 3 F 5 C C 0 

21 1 5 3 F 1 5 3 6 3 F 4'5 9 0 45 2 0 3 F 2 0 3 E 3 F 5 0 1 0 

22 1 6 3 F 1 6 3 6 3 F 4 6 E 0 46 2 E 3 F 2 E 3 E 3 F 5 E 6 0 

23 1 7 3 F 1 7 3 7 3 F 4 7 3 0 47 2 F 3 F 2 F 3 E 3 F 5 F 8 0 

FIGURE 5. New Row Start Look Up Table 

FUNCTION ADDRESS DATA 
INITIALIZED COMMAND FUNCTION 

DATA 
OUT 40 Clear new row start and vertical 

last Row # 3F60 XV 

8080 Row# 3F61 XV 

First Row # 3F62 XV 

Character # 3F63 XV 

CRTC Row# 3F64 XV 

Row Save # 3F65 XV 

Temp. 1 3F66 XV 

Temp. 2 3F67 XV 

FIGURE 6. Reference Table 

DEVICE ADDRESS* 

ROM 0000 to OFFF 

RAM 3000 to 3FFF 

CRTC 5000 to 5FFF 

ACE 9000 to 9007 

*Direct device sefecting was used 
to minimize the system component 
count 

FIGURE 8. CPU Addressing Space 

17 interrupt latches 
00 IN 80 Read keyboard 
00 IN 40 Read baud rate select switch 
00 

00 
FIGURE 7. Input/Output Space 

00 

00 

00 

ROW NRS HIGH 
NUMBER 

ADDRESS 
DEC 1 HEX 

32 12 0 3 F 2 

Row Start Address 
for Row 20H. 

3XXX Selects RAM. 

5XXX Selects CRTC. 

0 

ROW 
DATA 

3 A 

t 

NRSLOW 

ADDRESS 
ROW 
DATA 

3 F 5 0 o 0 , . 
FIGURE 9. Example From the New Row Start look Up Table 
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ROW LOADING DETAILS 

Obtaining the next starting row address for the CRT 
controller is accomplished by an addressing and adding 
scheme from the new row start look-up table. The same 
scheme is used to determine any needed address, given 
the row number. 

Figure 9 shows a row number and address taken from 
the new row start look-up table. 

The row number is loaded from the reference table in 
RAM to a register. The CPU determines the starting 
address from the row number and stores it in ~ 16-bit 
pointer register. The higher order 4 bits contain address 
for the RAM or the CRT controller, (Figure 8). 

Here are the details of how this is accomplished. Refer 
to the new row start interrupt in the software listing and 
Figure 9. 

The CPU D-E registers are loaded to point to a row 
number in the reference table. The nlJmber is put in the 
accumulator and moved into the E register. The D-E 
register in this example now contains 3F20 which points 
to NRS HIGH ROW DATA (3A). The addressed data is 
moved to the accumulator and then to the H register. 
If it was desired to point to the CRTC then 20H would 
have been added to it first. The D-E register still con­
tains 3F20H. To obtain the NRS LOW ROW DATA the 
E register is moved to the accumulator and 30H is added 
to it. Now the D-E register contains 3F50H and points 
to NRS LOW ROW DATA (OOH). The data is loaded to 
the accumulator and then to the L register. The H-L 
registers contain 3AOOH which is the starting row address 
for row number 20H. The method just described is used 
throughout the terminals program to move the cursor, 
load the top of page, and load the new starting row 
address in the CRTC. 

VERTICAL INTERRUPT 

The vertical interrupt occurs when the CRTC has 
completed refreshing a video page ('1920 tharacters) 
of information. Vertical blanking identifies that condi­
tion and interrupts the CPU forcing' it to the vertical 
interrupt routine. Refer to the vertical interrupt in the 
flow chart. The routine moves the first row number to 
the CRTC row number, updating it so the next new row 
start load occurs with the top of the page address or the 
first row of the video screen. 

KEYBOARD INTERRUPT 

The external keyboard requirements are ASCII outputs 
with a suitable strobe to interrupt the CPU for keyboard 
servicing. Refer to the keyboard interrupt in the flow 
chart. After the keyboard buffer is read the data byte 
is tested for a (CNTL E), new baud rate command. If the 
test fails the CPU writes the data byte to the ACE. 
Passing the test forces the CPU to read the baud switch 
and load the ACE with the new baud rate. 

ACE INTERRUPT 

As mentioned above, a data byte read from the keyboard 
that is not a baud rate command enters the accumulator. 
The CPU writes the data byte from the accumulator to 
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the transmitter holding register in the ACE. The ACE 
proceeds to shift out the data byte, with the appropriate 
start and stop bits, serially from the (SOUT) output. 
The data is shifted to the serial input (SIN) of the ACE 
and loaded into the receiver holding register. When the 
register is full the ACE interrupts the CPU, initializating 
the ACE service routine. Refer to the ACE interrupt in 
the flow chart. 

The CPU reads the receiver holding register in the ACE. 
Reading the ACE resets the interrupt. The data byte 
now resides in the accumulator. The CPU tests for a 
control or an escape function. The function is executed 
if test conditions are met. Refer to the keyboard interrupt 
routine in the software listing. The data byte is written 
to the video RAM at the cursor address which appears 
on the monitor screen. The cursor and character numbers 
are incremented as long as it is not at the end of a row. 
A character at the end of a row requires further testing 
to recognize the following situations. Is it the last row 
on the monitor's screen? Or is it on the maximum row 
of the video RAM? Essentially, the cursor is forced to 
stay visible on the video monitor's screen and video 
RAM is always kept out of scratch pad RAM, (Figure 10). 

'\ROLlUP 

\ \CROLl ~OWN 
\ 
',1920 CHARACTERS 

VIDEO SCREEN 
\ 
I 

THE CPU KEEPS 
THE CURSOR 
ALWAYS ON THE 
VIDEO SCREEN 

The video screen is allowed. to scroll only through the video 
RAM (OOOHto EFFH). The CPU keeps the video screen within 
these bounds by loading the new row start register with that 
address range only (row OOH to 2FH). 

FIGURE 10. Drum Analogy for the RAM 

FULL/HALF DUPLEX OPERATION 

The data terminal and a host computer in the full 
duplex mode of operation would receive the serial in­
formation, process it, and send it back to the SIN 
input of ACE. Using the terminal in a stand-alone 
mode for testing, the serial out SOUT is tied to the 
~erial in SIN of the ACE. In the half duplex mode 
a data byte is sent to the host computer at the same 
time it is sent to the terminaL When the data terminal 
is set up to communicate with a host computer the 
full duplex mode of operation is desirable. 
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DP83501.INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART 

Initilization 

LOAD STACK 
POINTER 

CLEAn nAM 

HOME CURSOR 
TO TOP OF 

PAGE 

LOAD ACE 
WITH BAUD RATE 

INITIALIZE NEW ROW 
START LOOK UP 

TABLE 

INITIALIZE 
REFERENCE 

TABLE 

CLEAR 
INTERRUPT 

LATCHES 

SET POINTERS 

ENABLE 
. INTERRUPTS 

Keyboard Interrupt 

READ 
KEYBOARD 

PUT CHARACTER 
TO ACE 

YES 

LOAD BAUD 
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DP8350/lNS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued) 

New Row Start Interrupt 

SAVE 8080 
REGISTERS 

LOAD CRTC 
ROW:: TO CRTC 

RESET INTERRUPT 
LATCH 

INCREMENT TO 
NEXT ROW tt 

SAVE THE ROW # 

RESTORE 8080 
REGISTERS 

ENABLE 
INTERRUPTS 

YES ZERO CRTC 
ROW#: 

Vertical Interrupt 

SAVE 8080 
REGISTERS 

MOVE FIRST ROW # 
TO CRTC ROW # 

GET CRTC ROW # 
ADDRESS 

LOAD TO CRTC 
TOP OF PAGE 

REGISTER 

RESTORE 8080 
REGISTERS 

245 



I 
! 

DP8350/lNS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued) 

READ 
ACE 

PUT BYTE TO 
RAM 

INCREMENT 
CHARACTER :: 

PUT CURSOR 

INCREMENT 
8080 ROW ti: 

GET 8080 
ROW:::t ADDRESS 

ZERO CHARACTER 
./.i. 

ACE Interrupt 

co fUNCTION 

ZERO 8080 
ROW# 

INCREMENl 
LAST ROW:r 

, INCREMENT FIRST 
ROW;t 

ZERO LAST 
ROW:::: 

ZERO FIRST 
ROW:::t 

'LI ____________________________________________________________________________________________ ~ 
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TITLE CRTC • S<>8OA (02/15/78' 

3 
4 
5 
I. 
7 
8 
9 

; ** NATIONAL SEMICONDlICTOR S 
SEiHES PR06RA!1I1AElE CRT CONTROLLER BOARD ** 

;~ ~IUIM~JIM ~OOT~R 

10 
II 
12 
13 
14 
15 
II. 
17 
18 0000 

001.0 
P061 
0062 
0063 
(001.4 
0(065 
(0066 
001.7 
001.8 

19 0000 F3 START 
:!O 0001 31FF3F 
21 0004 (33BOO 
22 0007 
23 0008 C32~'()2 
24 OOOB 
25 0010 C34AOI 
2t· 0013 
'27 0018 C33601 
28 OOIB 
29 0038 C34F02 
30 003B 210030 INIT 
31 003E 0E20 
32 0040 3E3F 
33 0042 71 ClRAM 
34 0043 23 
35 0044 BC 
36 004~ C24200 
37 0048 OEOO 
38 004A 2.E40 
39 004( 71 ClRAM I 
40 0040 23 
41 004E BC 
42 004F C24Ct)(J 
43 0052 C08700 
44 0055 (:09300' 
45 
46 
47 
48 0058 2IIX.3F 
49 oo5B II 303F 
50 005E 01003(1 
51 IX.t.1 70 NRS 
~2 OO~.2 79 
53 0063 12 
54 0064 C650 
55 0066 4F 
51. 0067 78 
57 0068 (£00 
58 OObA 47 
59 006B 2C 
1.0 O<IOC IC 
01 IX>OD 7B 
02 oo6E FE60 
03 (")70 C2t,100 
1.4 
1.5 
06 
07 0073 3E17 
6E: \)07~ 12 
69 
70 
71 
72 0070 0340 
73 0078 DB80 
74 
75 
76 
77 (N)7A IIb03F 
78 (N)7D 210030 
7 9 0080 010090 
80 
81 
€:2 
83 0083 FB BAn 
84 0084 (38300 
85 
86 
87 
:;:8 0087 21 O(J~O HMCIJR 
89 (>OBA 3E02 
90 008C 77 
91 0080 3C 
02 008£ 77 
00.3 OOBF 2100.30 
94 (_092 (0 

95 
06 
97 
QS (K)Q"3 [)'5 BAlID 
99 0094 0040 

101) 00"6 E60F 
101 Ol)Ct8 FEOO 
102 O{)qA CA[f4(H) 
103 00<:;0 FE!)1 
104 OOQF C ACIAIH) 
11)'5 OOA2 FEf)2 
106 OOA4 CAEI)(u) 
107 (H)A7 FE03 
1 OS OOA'~ CAE600 
100 O(IAC FE04 
III) (>OAE CAECOO 
111 I)OB 1 FECI':· 
112 OOE:~: ('AF ..20(1 
11':: OOE:6 FE()6 
114 00138 CAF8f)1) 
115 OOBB FE07 
116 'WEir, >: AFEOO 
117 1)(1(0 FE(I;:: 
118 Ot)C2 I:AI;1401 
11.::t (IOCS FEOQ 
12(1 (Joe 7 "CA(,A('1 
121 OOCA FEOA 
122. OOC( CAI001 
12;' I)(I( F FE (1[-: 

124 ()(I(l1 (Alt·l)l 

125 
12t. 
In 
12~: 1"11)[14 11 I; ::U~'. B11 t) 

12':;' (10[17 (;.1((11 
1 ~.(i (Il)DA 11 F 30'::' B 1 ~,I) 
1310(1[10 (:;:1(01 
132 00£0 IlF"(Il 1::300 
133 (If)E3 (;:1(')1 
I 3'-4 (.{tE~ l1F(IX' E:t,O(1 

©IC MASTER 1979 

lASTROW = 
ROWS080 = 
FIRSTRO : 
CHARNUI'I = 
CRTCROW = 
ROWSAVE % 

TEMPI 
TEI'IP2 
IMASt 

=t..)()OO 
01 
UI ;;P.03FFF 
JP1P INH 

=0008 
. .- NEWFiO 

=0010 
JP1P INTACE 
=0018 

• .JI'IF' INTI');; 
=0038 

.JI1P VERT! 
LX 1 H. O;:(H)(l 

HVI C.020 
!'IV I A.03F 
I10V M, C 
INX H 
eMf' 
JNZ ClRAM 
!'IV I C,OOO 
MVI A.040 
MOV M. C 
INX H 
CI'IP H 
-.lNZ ClRAMI 
C~l HI1ClIR 
C~l BAllO 

060 
061 
1)~.2 

063 
064 
065 
06~, 

067 
0,4;.8 

• 01 SAE:LE INTERRUPT;; 
• lCIAD STAC~ .POINTER 
,.J'-'IIP TO INI T Il I ZE ROUT INE 

• ~W ROW START INTERRlIPT 

· ACE INTERUPT 

• ICEY130ARD INTERUPT 

i VERT leAL I NTERllPT 
• 1ST RAM ADDRESS 
• ASC'I I ;;PACE INTO C REG. 
.!'IAX RAM ADDRES~. 
• A~;( I I ~;PACE INTO MEM 
, NE XT RAM ADDRE~S 
• MAX RAM ADDRESS" 
• IF NO THEN NEXT ADD 

,GO TO CUR HOI'IE ROUTINE 
• GO TO BAUD lOAD ROUTINE 

,NEW ROW START LOOt' lIP TABLE GENERATION 

lXI 
LXI 
lXI 
I'1OV 
P10V 
STAX 
ADI 
I10V 
I10V 
ACI 
I'1OV 
INR 
INR 
I'IOV 
CPI 
-.lNZ 

H.03FOO 
0.03F30 
B.03OO0 
M. B 
A. ( 
o 
050 
C.A 
A.B 
0(>0 
B.A 
l 
E 
A.E 
lASTROW 
NRS 

• N R S HIGH ADDRESS 
• N. R S. lOW ADDRESS 
; N. R S ADDRESS [>ATA 
• STORE TO N R S. [>ATA TABLE .. 
• N R S. DATA lOW TO ACC 
• STORE TO N. R S. [>ATA TABLE l 
; ACC READY FOR NEXT lOAD 
• ACC TO N R S DATA HIGH 
• N. R S. DATA TO ACC 
,ADD CARRY. BIT TO DATA HIGH 
• !'lOVE RESlIL T TO N. R S. DATA H 
; INCREMENT N R S HIGH ADD 
• INCREMENT N. R S. lOW ADD 
• N. R S ADD lOW TO ACC 
;!'IAX TABLE ADDRESS 
• IF F~',;E .JUI'IP 

i REFERENCE TABLE INITILIZE 

!'IV I 
STAX 

A.017 
D 

• lAST ROW NUMBER TO ACC 
,STORE TO REFERENCE TABLE 

,CLEAR PERIPHERAL INTERRUPT FLOPS 

OOT 
IN 

04(> 
080 

• SET IJf' POINTERS 

UI D.03Ft.O 
lXI H.0'30(1) 

. LX I E. O'?OI)O 

• WAIT lOOP FOR INTERLIPTS 

EI 
:-'I'IP BACK 

• HI:tI'1E UP CURSOR 

LXI H, 0'500('1 
MVI A, 002 
IIOV M.A 
INR A 
I10V M.A 
LX I H,I)3000 
RET 

• BAllO RATE SELECT 

Pl",H 
IN 
ANI 
CF'I 
JZ 
CPI 
.JZ 
(PI 
JZ 
CPI 
,IZ 
CPI 
.)l 

CPI 
JZ 
CF I 
.JZ 
(F' I 
.)t 
CPI 
,'Z 
CPI 
.)Z 
(F'I 
.)Z 
(F' I 
,'Z 

040 
OOF 
(lI)O 

13110 
(H) 1 
131~t4) 

002 
B3(,0 
003 
E:600 

; NR S INTERRUPT CLEAR 
• KEYBOARt' INTERRUPT CLEAR 

• F'OINT D-E TO REFERENCE TABLE 
; POINT H-l TO 1ST RAM lOCATI~' 
• POINT B-C TO ACE 

• ENABLE INTERRlIPTS 
• lIXoP IJNTIl INTER,RlIPTED 

• POINT 13-': TO (RTC 
• TOP REGISTER ',ElECT 
• T (I F' l(IAD 
• (lIR~;OR REC, I STER '3ElECT 
• CUR~.OR LOAI:'S Tt:) T 0 f' 
• POINT H-l TO 1"., RAM AD[' 
, RETlIRN 

• '.AVE D-E RE!3I .,. TERS 
,READ BALID ·'.ElECT (ODE 
• ZERO THE HIC'" ORDER 4 BITS 

• 110 BAUD ROllTII'IE 

• 150 BAut, ROLIT I NE 

• 3(1() E:AUD ROUT I NE 

.600 E:AUD ROliTINE 

I 120(1 I::AlI[1. ROUT I NE 

I 1:3()f) E!AU(I RCU)TINE 

I ~(l(l(\ BAUD ROUT INE 

. ('- 'II r:AU[i ROUT INE 

[AU(t I;(lUT INE 

· BAUD RATE 5El IJF ROIJTlN£-; 

LXI 
.JMP 
L\I 
. .JI'IF' 
LXI 
.)I'1f' 

lXI 

(I (1I)-:.t~· 

ACEt..[· 
n. (I(I::F ~ 

IKELI) 
(I, ()t)IFO 

ACElO 
(I, (H)()F( 

11(1 (.Al)tl (IIVI ;,OR 
· f.O T,-' ;.( £ l (lAO RO(IT I NE 

1~'(\ E:AI)[I [IIVI"::,(,';-

;:00 E4AlJ[t D I VISOR 

135 00E9 C31COI 
136 OOEC 117Eoo B1200 
137 OOEF C31COI 
138 OOF2 115400 BI800 
139 OOF5 C31COI 
140 OOF8 114COO 82000 
141 OOF8 C31(:01 
142 OOFE 113FOO B2400 
143 0101 C31COI 
144 01<)4 112AOO B3e.00 
145 0107 C31COI 
146 OIOA 112000 134800 
147 0100 C31COI 
148 OliO 111500 B7200 
149 0113 C31('01 
150 0111. 111000 139600 
151 0119 C31COI 
152 
1'53 
154 
155 OIIC 010390 ACElD 
156 011F 3E83 
157 0121 02 
158 0122 OEOI 
1'59 0124 7A 
160 0125 02 • 
161 0126 OEOO 
162 0128 7B 
11.3 0129 02 
11.4 012A 0E03 
165 012C 79 
106 0120 02 
167 012E 'OEOI 
168 0130 79 
169 0131 02 
170 0132 OEOO 
171 013401 
172 0135 C9 
173 
174 
175 
176 0136 OBS<> INTKB 
177 0138 FB 
1780139 FE05 
179 013B CA93IX' 
180 013E FEI2 
181 0140 CA4803 
182 01-43 FEI3 
1133 0145 CA5403 
184 0148 02 
185 0149 C9 
186 
187 
188 
189 014A OA INTACE' 
190 014B FB 
191 014C FE7E 
192 014E CA'7001 
193 0151 FE7F 
194 0153CA7001 
195 0156 'SF 
lOb 0157 EbbC' 
197 01'59 CA700i 
198 015C 3A683F 
199 01'SF B3 
200 0160 77 
201 
202 
203 
204 0161 IE63 AOCUR 
205 011.3 IA 
2% 0164 23 
207 011.5 FE4F 
208 01t·7 CABEOI 
209 016A CbOI 
210 OlbC 12 
211 0160 C3B301 
212 
213 
214 
2150170 7B FlINC 
21t, 0171 FEOI 
217 0173 CAOIX'(I 
218 0116 FEOD 
2190178 CA6E02 
220 ('1713 FEll 
221 0170 CA7B02 
222 0180 FEOC 
223 0182 CAt,101 
224 0185 FE02 
22'5 0187 CAA402 
226 OISA FEIA 
227 018C CAB'502 
228 'OISF FEOA 
229 0191 CA8D02; 
230 1)194 FE()$ 
231 019~. CAEfX'..:! 
2"32 019<) FE06 
233_ 019B CAFI02 
2:34 010£ FE1S 
235 OIAO CA31)1)3 
236 0lA3 FE07 
237 0lA5 CA4~")3 
23B (lIAS FEl': 
239 OIM CA4S0'3 
240 01A[I FE1;: 
241 OlAF (A5403 

JP1P 
LXI 
JP1P 
LXI 
JI1P 
lXI 
JI'IP 
LXI 
JI1P 
LXI 
.Jf1P 
LXI 
JI1P 
LXI 
JI1P 
LXI 
. .-

ACElO 
D.0007E 
ACElD 
0.00054 
ACElD 
0.0004C 
ACElD 
0.0003F 
ACELO 
D.0002A 
AC'ElO 
0.00020 
ACElD 
0.00015 
ACElD 
0.00010 
ACElD 

,AC:E lOAD ROUTINE 

LXI 
!'IV I 
STAX 
!'IV I 
I10V 
STAX 
!'IV I 
I'1OV 
STAX 
MVI 
I'IOV 
STAX 
MVI 
I'IOV 
STAX 
l'1li1 
POP 
RET 

13.09003 
A.083 
B 
C.OOI, 
A. [I 

B 
c.OOO 
A.E 
13 
C.003 
A. C 
13 
('.1)01 
A.C 
13 
C.OOO 
o 

; 1200 BAUI) DIVISOR 

; 1800 BAllO DIVISOR 

; 2000 BAUD DIVISOR 

.2400 BAUD DIVISOR 

.3600 BAUD DIVISOR 

.4800 BAllO DIVISOR 

.72(1) BAUD DIVISOR 

.9600 BAllO DIVISOR 

• POINT 13 C TO AC~ 
• INIT BAllO lOAD - 8 BITS 
; 00 INIT BAllO lOAD 
; POINT TO BAllO HIGH 
; GET BAUD HIGH 
• STORE BAllO HIGH TO ACE 
; POINT ACE TO BAllO lOW 
; GET BAllO lOW 
• STORE BAllO lOW TO ACE 
; RESET DLAB TO ZERO 
• INIT ACE TIR 
• PUT TO ACE 
; INTERRlIPT ENABLE REG 
; SELECT RECEIVED DATA INTER"''' 
; lOAD IT 
• RESTORE B-C ACE POINTER 
; RESTORE D-E REGISTERS 
; RETURN 

• KEYBOARD' INTERRUPT ROllT INE 

IN 
EI 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
STAX 
RET 

080 

Ol)~ 

BAllO 
012 
IVERTN 
013 
IVERTR 
B 

; ACE INTERUPT ROUTIN£ 

lOAX 
EI 
CPI 
JZ 
CPI 
JZ 
I10V 
ANI 
JZ 
lOA 
ORA 
!'IOV 

07E 
FlINC 
07F 
FUNC 
E, A 
060 
FlINC 
03F68 
E 
M.A 

i ADVANCE CIJRSOR 

!'IV I E.CHARNlIP1 
lDAX ·0 
INX H 
CPI 04F 
,'Z NXRO 
ADI 001 
STAX 0 
JP1P PClIR 

,TEST FOR FUNCTION 

M(lV 
CPI 
,IZ 
CPI 
JZ 
CPI 
JZ 
(PI 
JZ 
CPI 
JZ 
CPI 
,'Z 
CPI 
JZ 
CPI 
JZ 
CPI 
.JZ 
CPI 
.JZ 
CPI 
.JZ 
(PI 
.JZ 
CF'I 
.JZ 
RET 

A. E 
,)I)I 
START 
000 
CR 
011 
SAVRO 
OOC 
ADClIR 
002 
HOI'IE 
t)lA 
SWAP 
(N)A 

IF 
008 
BS 
001:: 
lIPCUR 
viS 
ClROW 
007 
BEll 
012 
IVERTN 
013 
IVERTR 

• READ KEYBOARD 
; ENABLE INTERRlIPTS 
• NEED BAllO RATE? (C'NTl E) 
; IF YES GO TO BAllO ROUTINE 
; INVERT NEXT CNTl·R 

• I NIIERT ROW CNTl S 

• STORE BYTE TO ACE 
• RETURN 

• lOAD ACE ['ATA BYTE TO ACC 
; ENABLE INTERRUPTS. 

i TEST FIJR E:SC COMAMO 
; TEST FOR DEL COMAND 

: ~~i; g~~R B:~,,;R~~oR E CNTl TES.f-
; IF ZERO JI1P TO CNTl FlINC 
• lOAD INVERT MASK 
• OR MASV AND CHAR 
• STORE DATA BYTE TO RAM 

• POINT B-C TO CHAR'" 
• lOAD CHAR .. TO ACC 
; NEXT CHAR lOCAT ION 
• lAST CHAR OF ROW~ 
; IF TRlIE ~1UI1I' TO NEXT ROW 
• I NCREMENT CHAR • 
• STORE CHAR II TO RAM REF. 
;PlIT ClIRSOR 

; HOI'IE AND CLEAR CNTl A (SOH) 

• CARRAC.£: RETlIRN 

; SAVE ROW .. CNTl Q (OCI) 

• ADVANCE CURSOR CNTL l (FF) 

• HOME LIP CNTl £I (S TX) 

• SWAP CNTl Z (SlIB) 

• lINEFEEO 

• BACKSPACE CNTl H (BS) 

,UP CURSOR C.NTl. ~ (VT) 

• CLEAR ROW CNTl X (CAN) 

• RIN(, BEll (,NTl G (BEl) 

· I NVE.RT NE Xl CNTl' R (OC2) 

• INVERT ROW CNTl S (OC3) 

• RETURN 
243 
244 
245 

,STORE CURSOR TO CRTC FROII H-L REGI·'.TERS· 

.:?46 0113'3 7C P(UR M(lV A. H 
247 01E:4 (620 AOI 020 
24B 01B~· 1:,.7 MOV H. A 
249 ('1137 2:60;' I'1VI M.OO;: 
25(1 01E!Q 7( I'1OV A.H 
~51 (, I BA 0620 SllI 1)20 
2S2 01l?-( 67 "'OV H.A 
2'53 018(1 CQ RET 
:!'54 
~5 
256 • lA';.T ROW ON ".CREEN 
2'57 
Z56 ('IBE (DOCI)I NXRO CALL 
259 01CI CDF301 CALL 
:!t.1) ')IC4 E5 ClROW3 PUSH 
2t.1 ole:; IE60 !'IV I 
262 01(7 IA lC'AX 
263 0lC8 CoOl ADI 
21.4 OICA FE'30 ('PI 
265 OICC CAD701 .JZ 

(Continued on page 13) 

NXROI 
ZC:HAR 
H 
E. lASTROW 
o 
(>01 
030 
ROZERO 

• H REG TO ACC 
• ",ET H-l REC, TO CRTC ADD 
• H IS. eRTC ADO 
,CUR~:OR REC,I',;TER SELECT 
• H REG SET BAC'Y TO VIDIO RAM 
; ADDRESS 

,RETURN 

• GO TO NEXT ROW SUBROUTINE 
• ZERO CHARACTER 
,SAVE H. l 
• POINT D. E TO lASTROW 

• POINT AC TO FIRST ROW OFF SC 
• cr. IF lAST ROW IN RAM 

247 



I FEATURES 

• Keyboard input port 

• Serial I/O up to 9600 baud 
4k bytes RAM 
1 k byte ROM 

• 2 v ideo pages 

• 80 x 24 characters 

• 5x 7 character font, 7x 1 a 
field size 

• Block cursor 

• Single crystal 

• Maximum CPU time/frame 
without line buffers 

• Line or page scroll capa­
bility 

• Full curSOr (;unlroi 

• Complete 
bility 

software flexi-

• Modem control capability 

• Low component count 

• Field reverse 

VIDEO DATA TERMINAL SYSTEM SCHEMATIC 

5V.!! 

-5V J.!. 
..!2. 
..!! 
.!1 
14 

r-o ..;.;. 

.!..!. 

.!! 

..! 
.. '8 

l~iV EPROM 
VOO 

Vee 

V88 

07 

06 

05 MM2108 

04 
lk X a 

EPROM 
Dl I 

02 

01 

DO 

ORO VSS 

-¥8 -¥2 

CPU 

22 
A9~ 

A8~ 
A7~ 
A6~ 

3 
A5 t0o-

A4~ 
A3~ 
A2 t!-

7 
All"-

AOtoL 

ell 
20}3~ 

8 

/ 

t 9 10 

.. 

I 

, 10 

5V 

/ 

I 
~------~ ~~--------------------~ 2 AI5~l~6r-_~~~ ___________________ ~~ _____ r-___ ~ 

'll 

r{>><_>4-+--

RAM 
8·MM5257 .... 

(l5o ns) 

Uk 
5V .... 

I 
I 

L12 , 
• Clear screen, clear 

home and clear 

r- 19 -1> 2 CRTC ADDRESS 
~ A14~ )M>-~~~------------------t-----+----+-~ 

row, - 11 A13 ~3::.8,-,--~---;"",-------------.....,r-----'-'----t-t-t-t-t------I 
-5V 20 AI2 ~ '136_hsll4J 

AU AI A2 A3 5V - 40 
inter- 12V.!!. All ~ • Row ,swap (row 

change) 

lC FOR OVERTONE 
MOOE ONl V 

24 
NC - WAIT 

AID I"-

A9~ 
A8~ 
AI.E- TO NEW ROW START 

10!~~:~'~ 

:,~~E8~~!~ 
13 

~ 12 
A6 tE- LOG~C DR INPUT PIN 4+ ---+-------+----+-+-... +-+-'"\"----.... 

31 ~-----------~/12---------r-----+----+-+-+~ 
A5~ 

30 

DOT elK IN (XII 

SYS ClR 

Co 

GND A REG l 
IOLH INSIOIOA 2 A4~ 

Al~ 
A2 .!!.. 
AI 1!.. 
AD ~ 

-¥O 139 

• 13 CLK GEN 
TO 8250 
HAL I......! 02 TTL TANK 

AND f f .... 16· 
W ) 5V~ Vec 

12V~ VOO 

-;;;,: r GNO 

II 22 
I t-----oofol 

10 15 
2t------4 .. ,z 

- ~ ~,~ OP8224 

~ ~ .llk ~v..2. ROYIN READy,..4--_2300fREAOY 

.. _ ... _____ 2~ RESIN SYNC ,..5 ___ 1900f SYNC 

-...!: 2 !If ~ DSC RESET I 12 RESET 

T X2 XI ~ 821MR 

TO 8150 ~4 115 97 
SYSClR ~ 

D~~SPF ----, 
o:~~:~: IN h 0 0 ~ 

OVERTONE MODE DMI4lS14 TO 8350 

______ 1_1 J> Q t!+ ~~~~: 

INT 

14 

CPU CONTROLLER 
~3 

07 L .! 07 

06 1.. 2!. 06 

05 .!- .!! 05 

04 La..! 04 
03 .!- ~-......;+----( .!!. OJ 

02 ~ ~ 02 

01 L .!!. 01 

00 .!.!!. 2!. DO 

WR" 3WR 
DBIN .. 1~7 ________ 4-4 DB IN 

HLDA ~ ~ BUm 

01'8221 

7 
087 -
086 ..!2. 

18 
085 ~ 
DB4 ~ B 

083 ~ 5V SV 5V 
082 ~ , • OBI ~ JJk ,. 3.lk : 33k 

080 - )"8 
~ 

I.ITA .. 2_3_-+ __ _ 

M~~2~4_-e ___ _+-~~ 
~~2~6--------_+---4~_oof_oof_+_1_e 

080 
'-r-

"'~2 

1 sma fTOR ~ 
2 17liW~2~7 ..... --_e-_+---...... I-4_oof_+_oof ............ ~ TO NEW ROWSTART 

.. ------5~-4---.... "'!.H-L-OA-GNrD---...;VCr-C---... lOGIC· O~CI~PUT PIN S 

I ,J.;.4 J
5v

28 ,..... 28 

~ J OM74LS7J 

TO 1.·2 TTL ...... L.-....!.-,J> Q ~ "--..0... TO 8350 AND 
8224 PIN 6""-~ ...--r ACE CS2 

: . , 
: 

r- AD 
12' 126 AI XTALI 

..-. A2 XTAl2 

10.92 MHz 
.r- KCLR 

L.J1...;;ir-2--J!.,:,,1""t11~ 
5V 5V TO 5 V..!!. cso IlAillillUl 

8Uffij ""HHHf-~I"-.-.....;1~4 cst RCLK 
NON COMMITTED 

INTERRUPT 

TIE TO 5V C PORTS r 
IF NOT USED 

4 

TO NEW ROW 3 7 

248 

START LOGIC F.f. ~ 6 
. 2 5 

1 r- 4 
13 1 

12 
~--~---------~oof2 

----+---------~I~I 1 

OM14148 

EI 

l3~ 
... 0111 .. "' .. "'",_SV 

15 12 

EO 

5V~~ 
5 

6 
A2 

.... 
I 

Al 
1 9 

9 16 
AU 

~ 
~ 
.l! 

MO 

.J: J! 
-'NTERRUPT-

PORT 

8228 13 CSI INS8250 iITR 

4 
OB7 too-
086 6 r;-
OBS I-"-
084 ~ 8 
08l~~~'~r------+-----------+~ 

17 r-t---.... *J.lk PULL UPS 

01'8212 

0S2 

082 I"-
19 

081 I-"-
080~ 

m 
113 114 
-...-SV 

IS -.6.' BAND RATE 
• 8 

lSB ...l 01 ~ 
L...L.. 7 OM14365 ~ 

.2. DO ~~SELECT 
f';- - 02 I""':'Y 

9 10* 

""'8 1 0l F 
"8"" ~_r----r11"'6 

5V 
I. 

J.r11 ..!. DATA I m 
081 l-f DATA 6 ifiJTl 

- DATA 5 ifiT'f2 
..! DATA4 Rl 

4 3' DATA 3 RI10 
2' DATA 2 irni 
- DATAl m 

1 
- OATAD 

080 21 OISTR 

..........!!. oom 
TO RESET ..1!. 

PIN 12 8010 ~ 22 MR 
r- OISTR 
19 
~ DOSTR 

~rn 

SOUT 

SIN 

INTRPT 

CSOUT 

OOIS 

NC 

Po 
sv 
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RAM 8-MM5251 (350 n51 
J I L J I J L 

112 , 12 ' 12 ' 12 '12 12 12 

I - T I J T T T I. liD Iii liD 18 110 Is TlO Ie TID la liD 1a liD II liD 

12 CE R~ 12 U RNI .!!.. CE R/Vi 12 a R,~ 12 U R'i'i .!!.. a R'i'i .!!.. cr R'W 12 a R~ - All - All All - All - All All All - All 
13 13 .!.!. .!.!. AID 

13 
AID .!.!. AID .!.!. 13 - AID - AID AID - AIU - AID 

14 14 ..!!. ..!!. 14 
Ai 

14 14 14 
. - A9 - A9 A9 A9 - ~ A9 - A9 - A9 

..!l IS ..!!. IS IS IS ..!!. IS 
A8 - A8 A8 -AI - A8 -- A8 AI - A. 

~ A7 ~ AI 2!. A1 2!. A7 ~ AI ~AI ~ AI 2!. AI 

.!.!. II .!!. .!.!. 11 11 .!!.. 11 
AS - A6 AS A6 - AS - AS Ai - AS 

.!. - .!. AS 
'-S .... .!. ... .!. AS ~ ~AS ~~ AS 

-S 
AS . - AS AS - AS 

...!.A4 ...!. A4 ..l. A4 ...!. A4 ...!. A4 ...!. A4 .l.. A4 
5 

- A4 
, 4 4 4 4 4 4 4 4 
- A3 - Al - A3 -A3 - A3 -Al - A3 -Al 

2. A2 2. A2 2. A2 .2.. A2 .2.. A2 .2.. A2 2. A2 ..l. A2 

2.. AI 01 ..!l 2.. AI 
11 2 II 2.. Al 01 ..!.!. 2.. Al 

11 2. AI 01 .1!. 2.. AI " 2 " 01 ~ -AI 01 .... 01 .... 01-- -AI 
01 --

..!.. AU 
1 1 DO~ I I ..2... AD 

1 I 
OO~ I 

OO~. ..!.. AU 
1 I I 

00- - AO - AD 00"- OO~ - AU -AU OO~ -AD 00..-.01 

~ J 18 ~ /18 ~ JI8 ~ -' 18 ~ 118 

~ JI8 ~ J 18 *9 /18 
5V 5V 5V §V SV 5V 5V sv 

LSB II IIII II MSB 
DBO I / OBI 

r-----....... ~ HORIZONTAL SYNC r----. VERTICAL SYNC (NOTE I) 

OPll35U 

LINE 
RATE 

B REG LCD LCI Le2 LCl CUR eLK 

I 9 8 6 19 13 

OBI 
_--J 

081 

I 
.13 

16 

TO 8080 
HOLD 

Note 1: See OP8350 data sheet for sync details. 

Note 2: SW open reverses video page. 

VERTB~-------------------4~------~~----------------------~ 

LRC DOT 

DB5 

OB4 10 

DBl 
EN 

DB2 DMB618 
VCC 

OBI 

DBO 

ADD STR 

VERT BLANK 

5V 

NEW ROW START.LOGIC 

SV 

TO TO 
INTERRUPT CLR INTERRUPT 
ENCODER ENCODER 

TO CRTC ADD ... ++--....;..,~ PIN 3 PIN 10 

TO IIOW ro----.. -----------....... VERTICAL 
8228 PIN 21 BLANK INT 

'VIDEO OUT 

Parts: 
1 - OP8350 
1 - OP8228 
1 - OP8224 

CHAR GEN/LATCH 
1 -INS8080A·2 

'1 -INS8250 

r--------., 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RS.232 I 
BUS EXAMPL E I L ________ .J 

80.0 ENABLE 
DECODE 

LCGA 

5V 
RETRACE 

BLANK f.f 

PDS KB INPUT 
r---------,STR PORT 

10 

II 

TO ACE INTERRUPT 
PIN 30 

SV 
087 

DB6 

DBS 

ASCII B4 DMlllS9S DR DB4 
KEYBOARD DMlllS96 DBl 

LS8 ------

082 

DBl 

DBO 

8 - MM5257 
1 - MM2708 
1 - OM81 LS95 

or OM81LS96 
2 - OM74LS32 
(VCC14,7GNOI 
1 - OM74LS74 
(Vee 14,7 GNO) 
1 - DM74LS08 
(Vee 14,7 GNO) 
1 - OM74LS04 
(Vee 14,7 GNO) 
1 - OM74LS73 
(Vec 14, 11 GNO) 
1 - OM74365 
1 - OM74148 
1 - OM7474 
1 - OP8212 
1 - OM74LS86 
1 - OM8678CAB 
2 - Res. arrays, 

3.3k 
1 -21.84 MHz 

Xtal 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~3F::::::::::::::::::::::::::::::::::::::::~tJ~ Bypass capacitors 
:: on all parts 
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26i!> OICF" C08:302 LOOP~ 
2670lD2 CD3B03 
268 Olt)!; £1 
269 01D6 C9 
270 
271 0lD7 3£00 ROZ£RO 
272 0109 C3CFOI 
273 
274 
27~ 
276 OIDC 1£60 NXROI 
277 OIDE IA 
278 OIOF £B 
279 01£0 23 
290 01£1 BE 
281 01£2 CA0502 
282 
283 
284 
26:'5 (liES 3E4F INCRO 
286 01£7 BE 
297 0lE9 CAFBOI 
29S OIEB 34 
289 OIEC £8 
290 OIED 1£61 
291 01£F C08202 
292 0lF2 C9 
293 
294 
295 
296 0lF3 3Eo(> ZCHAR 
297 0lF5 326:33F 
298 OIFe C38301 
299 
.:;vtJ 

301 
302 OIFB 3600 ZROW 
30:3 OIFO 2£00 
3(14 OIFF 56 
305 0200 2E30 
.306 0:202 5£ 
307 020.3 ES 
30S 0204 C9 
309 
310 
311 
312 0205 2B SCROLL 
313 0206 3£2F 
314 020S BE 
315 0209 CAI902 
316 020C 34 
317 
318 
319 
320 0200 2E62 ROLO 
321 OZOF BE 
322 0210 CAIE02 
323 0213 34 
324 0214 2E61 
3~ 0216 C3E501 
326 
327 
329 
329 0219 3600 lLR(I 
330 021 B C30002 
331 
332 
333 021E 3600 ZFR(. 
334 0220 2£61 
335 0222 C3E501 
336 
337 
338 
339 0225 F~. NEWRO 
340 u226 E5 
341 0227 t)!; 
342 022S 11643F 
343 022B IA 
344 (l22C 5F 
345 022D IA 
346 022E C620 
347 0230 67 
349 0231 7B 
349 0232 C630 
350 0234 ~ 
351 0235 IA 
352 0236 6F 
353 0237 3601 
3:54 0239 0340 
3:55 0238 IE64 
:3'56 0230 IA 
:3'57 023£ FE2F 
358 0240 CA4A02 
~9 0243 3C 
360 0244 12 LOOP 
361 0245 D1 
362 0246 El 
3~,3 0247 FI 
~t.4 0248 FF 
36'5 024~ (0':/ 

366 
367 
368 
369 

~:7') 024A ,:E(OO zeRTC 
371 024( C34402 
372 
37~: 

374 
375 024F F5 VERTI 
376 0250 E5 
377 0251 05 
378 0252 IE62 
379 0254 lA 
390 0255 I E64 
381 0257 12 
382 0258 EcJF 
383 02'5A ~ 
384 025B IA 
385 025C C620 
386 025£ 67 
387 1)25F 78 
389 0260 (t,30 
389 0262 5F 
390 Ozt,3 IA 
;:91 0264 6F 
3"2 0265 3602 
393 OU,7 D340 
3'?4 02t,9 DI 
3<>5 026A EI 
396 0268 FI 
397 026C F8 
399 02f,[o ('C) 

3'?9 

250 

CALL 
CALL 
POP 
RET 

!'IV I --

LDHLI 
CLROWZ 
H 

A.()I)O 
LOOP~ 

i NEXT ROW 

P'lVI 
LDAX 
XCHG 
INX 
CI'IP 
JZ 

E. LASTROW 
D 

H 
P'I 
SCROLL 

; INCREI'IENT 8080 ROW • 

P'lVI 
CP'IP 
JZ 
INR 
XCHG 
!'IV I 
CALL 
RET 

A.02F' 
P'I 
ZROW 

E, Roweoso 
LDHL 

i ZERO CHARACTER 

!'IV I 
STA --

A,OOO 
03F63 

·PCUR 

i ZERO 6080 ROW • 

!'IV I 
!'IV I 
I'\OV 
P'lVI 
/'IOV 
~CH(; 

RET 

P'I,OOO 
L,OOO 
O,P'I 
L,030 
E, P'I 

ROW SCROLL 

DC X, 
!'IV! 
CP'IP 
JZ 
INR 

P'lVI 
CP'IP 
JZ 
INR 
!'IV I --
!'IV I 
JI1F' 

H 
A,OZF 
P'I 
ZLRO 
P'I 

L,FIRSTRO 
P'I 
ZFRO 
P'I 
L, ROW9080 
INC'RO 

P'I. (100 
ROLO 

P'I.OOO 
L, ROW80€:O 
I NCRO 

; LOAD H, L WITH ADD OF LASTRO 40(' 
401 

; RESTORE H, L 402 OZ6£ IE63 CR 

; LOAD ROW ZERO 

403 0270 3£00 
404 0272 12 
4~ 0273 1£61 
406 0275 C08202 
407 0278 C38301 
408 
409 
410 ,POINT O-E REG TO LAST ROW 

; PUT. LAST ROW • TO ACC 
,EXCHANGE H-L WITH D-E 

411 027B IE61 SAVRO 

• H-L. IS NOW AT 8080 ROW .• 
,COI1PARE LAST ROW • WITH 
.6080 ROW • IF TRUE SCROLL 

,TEST FOR P'lAX ROW AND 
,.JlII1F' TO lERO ROW IF TRUE 
• ZERO ROW 
; INCREP'lENT THE 8080 ROW. 
; POINT H-L TO CHAR • 

i RETURN 

,PUT CHAR • TO ZERO 
,AND STORE 

412 027D IA 
413 027E IE65 
414 0280 12 
415 0281 C9 
416 
417 
418 
419 0282 IA 
4200283 SF 
4Z1 0284 IA 
422 0285 67 
423 0286 78 
424 0287 C630 
42:5 0289 5F 
426 02BA IA 
427 028B 6F 
428 028C C9 
429 
430 
431 

LDHL 
LDHLI 

,GO TO PUT CURSOR ROUTINE 432 028D CDDCO I LF 
433'0290 CDC401 

,8080 ROW • TO ZERO 
, N. R S ADDRESS HIGH 
,N R S DATA HIGH TO DREG 
; N. R S ADDRESS LOW 
, N. R S DATA LOW TO E REG 
; EXCHANGE H-L WITH 0-[ 
i RETURN 

434 0293 IE61 
435 0295 C08202 
436 0298 3A633F ADDCH 
437 0298 85 
438 029C 6F 
439 029D 7C 
440 029£ CEOO 
441 0200 67 
442 02AI C3B301 
443 
444 
445 

i POINT H-L TO LAST ROWtI 446 02A4 1£62 
i BEFORE SCRATCH TABLES 447 02A6 IA 
,TEST FOR THE LAST ROW 448 02A7 1E61 
i JlII'IP TO ZERO LAST ROW IF T!l 449 02A9 12 
,INCREI'IENT TO NEXT ROW 

,POINT H-L TO FI~T ROW. 
, IS FIRST LOW = TO LAST ROW. 
,JlII'IP TO ZERO FIRST R 
i INCREP'lENT TO NEXT ROw 
,POINT H-L TO 8060 ROW 
,GO TO INCREI'IENT ROW ROUTINE 

4~ 02AA C08302 
451 02AD 3£00 
452 02AF 32633F 
4:53 02B2. C3B301 
454 
455 
456 
457 0285 I E6:5 SWAP 
4S8 OZ87 C08202 
459 028A 22663F 
460 02BD lE61 
461 02BF CD8202 
462 02C2 lE65 

i PUT LAST ROW. TO ZERO 463 02C4 lA 
,GO TO ROLITINE FOR FIRST ROW 464 02C5 ~ 

46:5 02C6 7C 
466 OZC7 12 

,PUT FIRST ROW. TO ZERO 467 02C8 7B 
,POINT H-L TO 8080 ROW 468 02C9 C630 
,GO TO INCREP'lENT ROW ROUTINE 469 02C8 SF 

; NEW ROW START INTERRUPT 
470 02CC 7D 
471 02CD 12 

PlISH 
PUSH 
PUSH 
LXI 
LOAX 
MeV 
LDAX 
ADI 
P'lOV 
P'IOV 
ADI 
P'lOV 
LDAX 
P'IOV 
P'lVI 
O\.IT 
I'IVI 
LDAX 
CPI 
JZ 
INR 
STAX 
POP 
FOP 
POP 
EI 
RET 

PSW 
H 
C. 
D.I)3Ft·4 
D 
Ed; 
o 
020 
H,A 
A, E 
0::::0 
E, A 
o 
L, A 
H.OOl 
040 
E. CRTCROW 
[I 

02F 
lCRTC 
A 
D 
(. 

H 
FSW 

, ZERO CRTeROW 

MVI A, 1)(11) 

.JP'IP LOOP 

,VERTICAL INTERRUPT 

PUSH PSOW 
PUSH H 
F'USH 0 
P'lVI E, FIRSTRI] 
LDAX D 
I'IVI E, CRTCROW 
STAX D 
ANI 03F 
P'lOV E, A 
L[OAX D 
ADI 020 
P'IOV H, A 
I'IOV A. E 
ADI 030 
P'lOV E, A 
LDAX 0 
P'IOV L, A 
MVI M.O(l2 
OUT (140 
F"OP 0 
POP H 
POP PSW 
EI 
RET 

,SAVE ACC AND FLAG~, 

,SAVE H-i:. REC, 

472 02CE 2A663F 
473 02DI 1£61 
474 0203 IA 
475 0204 ~ 

,POINT O-E TO CRTCROW • 476 02D:5 7C 
i LOAD ACC WITH CRTC ROW .477 0206 12 
,N R S OAf A AD[' HIGH TO E 478 02D7 7B 
,ROW DATA HIGH INTO ACC 479 0208' C6;30 

490 02DA ~ 
; N R. S DATA ADD HIGH INTO H 481 020B 7D 

482 02DC 12 
, A( e TO N R ~" DATA LOW 483 02DO C3"'802 
,N R '; DATA ADD LOW TO E REG 484 
· RO~ [lATA LOW TO ACe .~ 

N R ,. C'ATA AC'CI LOW INTO L 486 
,'.TORE N. R S TO (RTC 487 02EO IE63 
,RE~"ET N R '3 ANt. VERT INTE!>~ 488 02EZ IA 

,TEST FOR CRT( MAX ROW 
,IF TRUE ZERO AC( 
, INCREP'lENT TO NEXT ROW 
,'·TORE NEXT ROW NUMEER 

,RE",TORE H-L REG 

, RETLIR!< 

489 02E3' FEOO 
490 02£5 CAEE02 
491 02E8 3D 
492 02E9 12 
493 02EA 28 
494 02EB C3B301 
495 
496 
4'7 
498 02££ 3£4F 
499 02FO 12 
500 
501 
502 

BS 

UPROW 

:503 02F 1 E8 '-'PC UR 
, ZERO Ace 

,.SAVE AU AND FLAC.S 
,SAVE H REG 

,POINT D-E TO FIRST ROW • 
,LOAD I ST ROW • INTO ACC 

,F"OINT D-E TO CRTCROW 41 
,UPDATE CRTCROW 41 
,REP'lOVE P'lARKER 
· pf)rNT .., L TO CRT(~ FIRST ROW 

; ',TORE TOP OF PAGE 

, R£S TORE ACe AND FLAGS 

, RETt-'RN 

:504 02F2 2E61 
50S 02F4 7E 
'SOt. 02F"S 2? 
S07 (12Ft. BE 
508 ():;!F 7 CAOE!(r;: 
50Q 02FA 2B 
510 
S11 02FE: FE(lO BAO' 1 
512 (l2F[I CAtE!);; 
S13 0:::1)(1 3':. 
'514 
SIS 0301 E[-: lOOF' 1 
516 0'302 ([18202 
517 0305 C 3'=''.:;02 
'518 
51 Q 030$ 7E Uf":.( L 
520 030'" FEO(l 
521 0308 CA2403 
522 030E 35 
523 
~24 030F 2E60 lOOP 2 
525 0311 7E 
526 0312 FEO!) 
527 0314 CA2A03 
528 0317 3:5 
529 
:530 0318 2E61 LOOP3 
531 031A 7E 
532 ('31B C3FBC.2 
533 

,CARRAGE RE TURN 

!'IV I 
!'IV I 
STAX 
!'IV I 
CALL 
J/'IF' 

E, CHARNUI'I 
A.O(>O 
D 
E. ROW8080 
LDHL 
PCUR 

• SAVE ROW 

P'lVI 
LDAX 
!'IV I 
STAX 
RET 

E. ROWBOS(l 
r. 
E, ROWSAVE 
D 

,POINT D-£ TO CHAR • 

,CUR~,OR TO THE BEGINNING OF R 

; POINT D-E TO 8080 ROW. 
,PLIT 80)80 ROW • TO ACC 
,POINT D-E TO ROW SAVE 
• STORE ROW SAVE • IN REF TAB' 
, RETURN 

H-L ROW DATA LOAD ROUTINE 

LDAX D 
l'IOV £.A 
LDAX. D 
P'IOV H.A 
P'IOV A.E 
ADI 030 
P'IOV E. A 
LDAX D 
/'IOV L. A 
RET 

• LlNEFEED 

CALL 
CAll 
!'IV I 
CALL 
LDA 
ADO 
P'IOV 
/'IOV 
ACI 
HOV --

NXROI 
f':1 .. ~OIJ'~ 

£, ROW8080 
LDHL 
03Ft.3 
L 
L.A 
A.H 
000 
H, H 

PCLIR 

i HOI'IE CURSOR TO TOP 

!'lVI, 
LDAX 
!'IV I 
STAX 
CALL 
!'IV I 
STA --

E, FIRSTRO 
D 
E, ROW8080 
[0 • 

LDHLI 
A.OOO 
03F63 
PCUR 

i SWAP ROWS 

P'lVI 
CALL 
SHLO 
P'lVI 
CALL 
MVI 
LDAX 
P'IOV 
/'IOV 
STAX 
P'IOV 
ADI 
/'IOV 
/'IOV 
STAX 
LHLO 
P'lVI 
LDAX 
P'IOV 
P'IOV 
STAX 
P'IOV 
AOI 
P'IOV 
P'IOV 
STAX 
JP'IP 

E, ROWSAVE 
LDHL 
03FM 
E. ROW9080 
LDHL 
£, POWSAVE 
D 
E, A 
A. H 
o 
A. E 
030 
E, A 
A, L 
D 
03F66 
E, ROW80S0 
D 
E, A 
A,H 
o 
A, E 
03(1 
E, A 
A, L 
o 
ADO(H 

,BACK SPACE 

P'lVI 
L[oAX 
CPI 
JZ 
DCR 
STAX 
DO 
~IP'IP 

E, (HARM.!M 
C· 
000 
UPROW 
A 
o 
H 
PO)R 

,NEXT ROW UF' 

P'lVI 
STAX 

A,04F 
C. 

,P'lOVE (LORSO!> UP 

XCHG 
P'lVI 
I'IOV 
INX 
eP'lF' 
,-'z 
Dex 

(PI 
,-,Z 
DCf;: 

XCHG 
CALL 
,JI'IF' 

L. ROWer)f(l 
p, P'I 
H 
M 
UP'"CL 
H 

LDHL 
AVDCH 

A, P'I 
0(11) 

FR048 
P'I 

I'IVI L, LA;o,TROW 
P'lOV A,I'I 
(PI Or)O 
~IZ LR048 
OCR 

I'IVI 
MOV 
~II'IR 

L, ROW80Eh) 
A,I'I 
BACr I 

,LOAD ACC WITH O-E DATA 
,POINT O-E TO N R 5 DATA HI 
• ROW • TO N R S OATA HIGH 
'ROW II TO H REG 
,PUT 1ST ROW. TO ACC 
; A"CC TO N R S ADD LOW 
,POINT [O-E TO N. R S DATA LOW 
iROW. TO N R S. OATA LOW 
; ROW • TO L REG 
• RETURN 

; DO NEXT ROW SUBROUTINE 
-:aFF ~~·~E~~~ ::.:....t:~~ ~o.,; ROi.;T~r.."E 

; P'IOVE REFERENCE ROW • TO H-L 
; LOAD H-L 
; CHAR • TO ACC 
• ADD THE CHAR 41 TO THE 
; FIRST ROW ADDRESS 
, IF A CAPRY OCCllRED ADD TO 
,THE DATA HIGH 
• H-L F'1I1N1S TO LINE FED ROW 
i PUT CURSOR TO LINE FED ROW 

,POINT O-E TO 1ST ROW 
; STORE FIRSTROW TO ROW8080 

; P'lOVE REFERENCE ROW TO H-L 
; PUT CHAR .. BAC~' 
; TO ZERO 
: PUT CIJRSOR HOP'lE 

,POINT b-E TO ROW SAVE. AND 
,PUT IN H-l REG 
,STORE ROW SAVE 41 TO T£P'IP I 

POINT C'-E TO $0)8(> ROW II AND 
,PUT ADDRESS IN H-L REG 
; POINT O-E TO ROW SAVE II ANI:' 
,PUT IN Ace 
,80SO ROW • TO ADO HIGH 
,STORE 8080 ROW • TO N. R S 
,C.ATA HIGH 

PUT 80)80 ROW. TO 
, N. R. S DATA LOW 
,8080 ROW .. I~, NOW IN ROW SI" 
,PUT ROW SAVE 41 BAn TO H-L 
,(OMENT SAP'IE AS ABOVE 

.II)P'lP T LI AD[' ("HAR 

,POINT THE C.-E REe. TO CHAR II 
AND PUT IN ACC 

,TE'.T F.)R THE CHAR II = 
,TO ZERO ~ILll'lf" IF TRUE 
,DECREr:tENT CHAR II 
· ;"TORE DECREP'lENTED CHAR • 
,DEC H-L FOR NEW CURSOR LOCA. 
,PUT CURSOR IN C'ECREP'lENTED LO 

,I'IOVE THE CHAR • 
, TO 'SOH AND STORE IT 

I POINT H-L TO ~:080 ROw ANO [1-
, TO NEW CIIR·,t)R LOCATION 
· TE',T IF NEXT LIP CURSOR .,ILL 
,f:E ON THE FIR~,T ROW 
, IF TRUE ,JUP'lP TO 
• UF' o.(ROLL ROUT I NE 
,F'OINT H-L BACV TO 8080 ROW. 

,IF 8080 ROW II IS EQUAL TO 
, ZERO ~IUMP 'TO ROW 48 ROUT I NE 
, DEe REI'IENT 8080 ROW • 

,POINT H-L TO NEW CURSOR LOCA 
,AND cr-E TO 8080 ROW. JLII'IP 
,TO ADD CHARACTER ROUT I NE 

,F'UT F IR~;T ROW 41 INTO Ace 
,TE<;,T IF F II'.ST ROW 41 I~. = TO 
,ZERO IF TRUE JUI'IP TO ROW 
,48 ROUT INE 

,POINT H-L TO 8080 ROW 41 
,AND LOAD TO Ace 
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::) 
0. o 
o 
CO o 
ex) 

(ijC/) 
cZ ._-
EQ) 
4); 
1-" 
mc cum 
OQi 
0= 
Q)O 
".:: .- c 
>0 cO 
:ll-

85 
""0 
CLl) 

~M o ex) Q.o. 
EO 
OQ) 
O..c ..., 
~cn 
Oc 
..J.-m 
<C'::;) 

0) 
0) ,... 

I 

Z 
<C 

534 031E 3E2F R048 I1VI A.02F 
535 0320 77 I10V 11. A 
536 0321 C30103 .JI1P LOOP 1 
537 
'538 0324 3E2F FR048 I1VI A.02F 
539 0326 77 I10V 11. A 
540 0327 C30F03 ..- LOOP2 
541 
~4:! 032A 3E2F LR048 I1VI A. (J2F 

'54.3 032C 77 I10V 11. A 
~44 0320 C :::1803 .1I1P LOOf'3 
545 
546 CLEAR ROW ROUTINE 
'547 
548 O:r:;o (03603 CLROW CALL CLROWI 
'549 O?33 C 36E02. .- CR 
'55(' 
551 0336 IE61 CLROWI I1VI E. ROWS080 
552 0338 C08202 CALL LDHL 
553 0338 3ESO CLROW2 I1VI A.OSO 
'554 ()33D 36.70 LOOP4 I1VI 11.020 
555 033F 3[1 OCR A 
'556 0340 C8 RI 
5~7 0341 23 II'IX H 
'558 0342 C33OO3 .JI1P LOOP4 
'559 
'560 034~ 0301 BELL OUT 001 
'5'-,1 0347 C9 RET 
5(:.2 
'563 1)348 AF IVERTN XRA A 
564 0349 IE68 Pill! E. !I1AS~ 
'56'5 034B IA LOAX 0 
566 1)?~4(, 17 RAL 
~~.7 1)340 OA'5203 K ":O:SET 
'568 03"50 2'E80 I1VI A. ()SO 
~.b~ 03'52 12 RESET STAX 0 
~70 03'53 C" RET 
'571 
'572 O~;~4 E":. IVERTR PUSH 
~73 (1::5~ IH,l I1Vl E. ROW80S0 
'574 0;:57 CCt82(12 CALL LOHL 

~;~ ~~ 
lE~I) I1VI E.O'5') 
7E LOOP6 I10V A.11 

577 03'50 17 RAL 
578 1)3'5E DA7'X>3 JC RE~;ETI 
57';) 031;., IF RAR 
581) O'3~.:2 F680 ORI 080 
'581 (1364 17 BACI2 I10V I1,A 
'582 0365 23 INX H 
583 0366 7B I10V A, E 
584 0367 FE!) I CPI 001 
~85 0369 (A76!),: JZ DONE 
~.sb> 036C 10 OCR E 
'587 0360 (35(03 ,Jf1P LOOP6 
'588 
SSc;. 0370 IF RESET! RM 
'59(1 1)371 E67F ANI 07F 
'591 (1,:73 ( 3~Al)~: ,JtlP BAC~' 2 
'5':"~ 

'5<13 (1376 EI DONE POP H 
'5 00 4 0377 'C'=' RET 
'59~ 1)000 END '"TART 

DEFINITIONS 

• CHANGE 8080 'ROW • 
i TO 230 AND STORE 
• -.JUI1P TO POINTER EXCHANGE ROU 

• PUT THE I ST ROW TO 
,I7H 
• .J1J/1P TO 8081) ROW • STe.RE 

,PUT ROW DATA IN H-L REG 
• INTILI ZE LOOP COUNTER 
, STORE ASC II SF'ACE 1 N MEI1 
; DECREMENT LOOP COUNTER. 
• RETURN IF ZERO BIT IS SET 
,NEXT LOCATION 
• CLEAR NEXT LOCATION 

,RING BELL 

,POINT O;E TO I1ASK 

,0 BIT 8 STATUS' 

, INVERT BIT '" 
, STORE OUT NEW /1ASr 

• LOAD I';T ADO OF SI)80ROW TO 
,SET COUNTER 
,CoET CHAR 
• n BIT 8 STATUS AND INVERT 

,/1ASt· BIT 8 HIGH 
• STORE 1100 CHAR TO MEI1 
• POINT Tt) NEXT MEI1 

,RETURN 1 F COIJNT = IERO 
,[tEC COllNTER 

,RE~:ET ~:IT '" 

A 0007 ACELO 
B 0000 BIIO 
818(1) OOF2 B20<)0 
B3~(tO (1 1)4 84800 
89bOO Olle BACl 
BAUD 0('93 BELL 
(HARNU 0063 (LRAI1 
CLROWI 03'3t:, (LROW2 
CRTCRO ';")64 [. 

FIR~;TR OO~.2 FR(t48 
HMClIA (1')87 HelME 
INIT 0038 INTACE 
IVERTR 03'54 L 
LDHLI 028:> LF 
LOOP2 030F LOOF';: 
LOOI"t, 1)3~( LR04::: 
NRS 0061 NXRO 
PSW Of)(I~, RESET 
ROLf) (21)[1 ROW80::' 
'5AVRCI 027B SCROLL 
SWAP 0285 TEI1PI 
UPROW t)2EE IJF'-:.('L 
ICRTC 024A ZFRI) 

NO ERROR L1NE~, 
SOURCE fHEC ~ '=.IJ"" :: 40?.F 
OBJEC T (HEC I -:,OM = (IF":.I 

('IIC ADelIA 
{J004 81200 
I)OF8 E14t)O 
1)10A E:~.I)O 

0083 BArn 
034~ B':. 
(.042 (LRAI11 
(·33E: CLROW3 
(U)()L (lONE 
('~:24 FUNC 
1),.?A4 111A':,1 
0141'1 INnB 
1)00'5 LA~,TR:(t 

02S0 LOOP 
(1:::1:;: U)OF'4 
1):::2A 11 
l)lE:E NlCROl 
1)3'5.2 RESETI 
(U)61 ROWSAV 
1)20"5 "f' 
f)(~6 . TEMf'2 
0:::08 VERT I 
021£ ZLRO 

INPUT FILE 1 (RT:3(1A '"R>: ON ,JIMFM 
OEklECT FILE I CRT80A LI'I ON JIMFM 

REFERENCES 

OI~,1 ADOCH 02"S 
(H)EC BI~O (tt)OA 

OOFE £30() OOEO 
(to£"6 B721)0 011t) 
02FB BACI·2 0'3M 
!):!EO ( 0001 
(H)4C CLROW 1)'330 
01(4 eR 026E 
l)~~7~. E 0(")1 
(117(' H 0(")4 
OOb8 INCRO 01E~ 

01 :::~. I VERT ... 0348 
006(1 LOHL 0282 
0244 LOOf'I 0301 
I)::::::D LCn)f'-:' (lIeF 
I)(JI)~ NEWRC. 0225 
OIDC PClJR 018'3 
0370 R04S 031E 
(»)6'5 ROZERO (11[17 
(U)t)~ "TA"T (H)('''. 

(")~.7 . Uf'('-~ 02Fl 
1)24F lCHA/l 0lF? 
021':;' ZROW 01FB 

ACE - Asynchronous communication element 
CRTC - Cathode ray tube controller 

National Semiconductor Data Sheets: 

Video Page - Visible screen data 
Vfdeo RAM - Entire' portion of RAM used only 
for display 
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CMOS AID Converter Chips 
Easily Interface to 8080A 
Microprocessor Systems 

SUMMARY 

This paper describes techniques for interfacing National 
Semiconductor's new ADC3511 and ADC3711 micro­
processor compatible analog-ro-digital converter chips to 
8080A microprocessor systems. The hardware interface 
and the software interrupt service routine will be des­
cribed for single and multiple AID converter data aCQui-
S!!:cr: systems. 

INTRODUCTION 

The recent introduction of monolithic digital voltmeter' 
chips has encouraged designers to consider their use as 
analog-to-digital converters in data acquisition systems. 
While the high accuracy afforded at low cost was 
attractive, certain difficulties In applying these devices 
in digital systems were encountered. Most of these 
difficulties were due to the DVM chip's output structure 
being oriented towards drivtng 7-segment displays with 
internally generated digIt scanning rates. National 
Semiconductor has recently introduced. a family of 
monolithic CMOS AID converters -- two of these devices 
are directed towards LED dispiay DPM and DVM 
applications (ADD3501 3 l/2-dlgit DPM and ADD3701 
3 3/4-digit DPM~ while the other two (ADC3511 3 1/2-
digIt AID and- ADC3711 3 3/4-digit A/Dj have addres­
sable BCD outputs. These last two devices allow easy 
interface to microprocessor and calculator-oriented 
(COPS) systems. 

Singie or mulTipie channei monitoring of physical 
variables can be achieved with high accuracy despite 
the lack of complexity and low overall cost. 

National Semiconductor 
Application Note 200 
Jake Buurma 

AID CONVERSION 

All AID convertNs in this family operate from a single 
5V supply and convert inputs from 0 to ±2V. The con­
verters use a pUlse-width modulation technique which 
requires no precision components and exhibits low off­
set, low drift, high linearity and no rollover error. An 
additional advantage is that the voltage reference is of 
th~ same polarity as the supply . 

Two resolutions are offered: the 3 1/2-digit types divide 
the input into 2,000 counts plus sign, while the 3 3/4-
digit types provide 4,000 counts plus sign which is 
roughly equivalent to the resolution of a 12-bit plus sign 
binary converter. The 3 1/2-digi t converters requ ire 
200 ms per conversion; 3 3/4·digit types require 400 ms. 

The converters handle negative inputs by internally 
switching the inputs and forcing the sign bit low. While 
this technique allows conversion of positive and negative 
inputs with only a single supply, the inputs must be 
floating with respect to the supply return. Without a 
floating supply, only positive voltages may be conver!ed. 

The basic converter is shown in Figure 1 The actual 
conversion technique is described in Appendix A. 
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IL FIGURE 1. Basic AID Converter 
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BCD OUTPUT DESCRIPTION 

The AOC3511 and AOC3711 present the output data in 
BCD form on a single 4-line output port, plus a separate 
sign output. The desired digit is selected by a 2·bit 
address which is latched by a high level at the Digit 
Latch Enable input (OLE); a low level at OLE allows 
flow thru operation. Since the output is BCD, it is 
compatible with many standard instruments and can 
easily be converted into binary by the pr9Cessor if this 
format should be desired. bverrange inputs are indicated 
by a hexidecimal "EEEE" plus an Overflow output. 

A new conversion is begun by a positive pulse or high 
level at the Start Conversion (SC) input. The analog 
section of the converter continuously tracks the analog 
input. The Start Conversion command controls only the 
transfer of new data to the output latches, consequently 
the delay from the SC pulse to the Conversion Complete 
(CC) signal may vary from several milliseconds to several 
hundred milliseconds. In interrupt driven systems the 
delay is no problem, since the. processor does not. exe· 
cute delay instructions while waiting for the data. How­
ever, if in·line or program liD is used where the program 
waits for the data to be ready, the maximum delay 
between SC and CC must be programmed into the wait 
routine. This type of liD is therefore not as efficient as 
interrupt liD. 

The CC output goes low immediately after the SC pulse. 
At the end of a conversion, CC goes high and remains 
high until a new conversion is initiated. Continuous 
conversion operation is obtained by tying the SC input 
to VCC. 

REFERENCE VOLTAGE 

The 2.000V reference is derived from the LM336, 
a recently announced monolithic reference which 
provides 2.SV with low drift at low cost. This active 
reference is adjusted for minimum thermal drift of about 
20 ppmfC by using a third terminal on the device to 
adjust its output to 2.490V. 

Total reference current consumption is low, as the 
LM336 requires only 1 mA ot'. bias current, and the 
resistor divider about 2 rnA. The referetlce circuit is 

* R 1 ::: 

Yee 
4 

• * 

r---.... ---O~ ~~Ef 

2.49V 
(2N + 1) mA N = 1, 2 , . , 8 

FIGURE 2. AID Converter Reference. The 10k Pot is 
Adjusted to a Voltage of 2.49V on the Output; at this 
Voltage Minimum Drift Occurs. The Reference can 
Supply up to 8 AID Converters. 
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shown in Figure 2. One reference can be used for many 
AID's. The value of the upper series resistor R 1 depends 
on the number of converters used. 

A SINGLE CHANNEL C.ONVERTER 

A complete AID port is seen in Figures 3 and 4. Figure 3 
shows a Dual Polarity converter and Figure 4 a Positive 
Only Polarity converter. Each port contains an AID 
converter, TRI·STATE® bus driver, and 2 gates to con· 
trol liD. This AID port is easily used in single or multi· 
channel systems. In multichannel systems a converter 
is used on every channel allowing digit.al multiplexing 
of the outputs. . 

Data from the AID converter in a single channel system 
is easily processed using an OUT command to start a 
conversion a,nd IN commands to read the data after 
the, microprocessor has been interrupted by a Conver· 
sion Complete. 

As seen in Figure 5, a single channel AID port uses a 
6-bit bus comparator to decode its assigned peripheral 
address from the lower address bits of the aOaOA 
address bus. 

When an interrupt is received, the present status of the 
processor is stored on the stack memory by a series of 
push commands. The interrupt is serviced by reading 
digit 4 (MSD) into the processor and checking the 
overflow bit. If the overflow bit is high, the converter 
input has exceeded i,ts range and an error signal is 
generated, indicating that scaling must be done to 
attenuate the input signal. If the OF L is low, the sign 
bit is then checked to determine the polarity of the 
conversion. If the sign bit is low, a "1" is added to 
the MSB of digit 4. Since this bit would normally be 
low, (maximum converter range allows MSB -:; 3 or 
0011) a "1" in this position is used to denote a negative 
input voltage. The 4 bits of digit 4 which now include 
the sign are shifted into the upper half of the first 
byte and the 4 bits of digit 3 are packed into the lower 
half. Similarly, digits 2 and 1 are packed into the second 
byte and both bytes stored in m'emory. 

Figure 6 and routine 1 are the flow chart and assembly 
language routine used to implement this action. 

8·CHANNEL AID WITH SOFTWARE PRIORITY 

The basic AID port can easily be expanded to multiple 
channel systems. An a·channel system is seen in Figure 7, 
This system interrupts the processor when one of the 
Conversion Complete outputs goes high. The processor 
saves the current status and reads the status word of 
the AID system. The status word is then compared to a 
priority table. Each level in the table corresponds to a 
priority level with high priority converters which are 
first in the table. If 2 or more converters have the same 
priority and are ready at the same time, the converter 
with the highest number gets serviced first, 

The program determines which service routine to use by 
the bit position of "l's" in the status wQrd. The routine 
loads the address pointer to digit 4 of the selected 
converter. The program then calls a subroutine which 
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goes through the process of checking overflow, sign and 
packs 4 BCD digits into 2 bytes. These 2 bytes are then 
stored in a table in the memory directly above the 
converter addresses. After a channel is serviced, the 

original processor status is restored and the interrupt 
enabled. If additional channels need service, they 
immediately interrupt so the new status word is then 
read and a new priority established. 
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SOIOA LOWER 
ORDER 

ADDRESS 8US 

caolOA 

FIGURE 5. Single Channel AID Interface with Peripheral Mapped 1/0 

FIGURE 6. Flow Chart for Single Channel AID Converter 
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LABEL 

ADIS 

PLUS' 

OPCODE OPERAND COMMENT LABEL OPCODE OPERAND COMMENT 

PUSH PSW , AID interrupt IN ADD 2 ; delay 
service RAL , rotate 

PUSH H , save RAL ; into 
PUSH B , current status RAL , upper 
IN ADD 4 ; input AiD digit 4 RAL ,4 bits 
IN ADD 4 , delay ANI FO ; mask lower bits 
ORA ; reset carry MOV e,A , save in e 
RAL ; rotate OFt thru IN ADD 1 ; in digit 1 

carry IN ADD 1 , delay 
JC OFL , overflow condition ANI OF ; mask upper bits 
RAL ; rotate sign thru OR e ; pack 

carry MOV e,A ; save in e 
Je PLUS ; positive input LXI H, ADMS ; load ptr to AID 
ORI 20H ; OR 1 into MSB, Mem, space 

neg input MOV M,e ; save e in memory 
RAL ; shift INX H ; point next 
RAL , into position MOV M. B ,save B in memory 
ANI FO . m;jc;k low"r bits OUT .ADD 1 ; st.~rt :ic\rJ conV€i 
MOV BA , save in B sion 
IN ADD 3 ; input digit 3 POP B ; restore 

IN ADD 3 ; delay POP H : previous 

ANI OF ; mask higher bits POP PSW ; status 
OR B ; pack into B EI ; enable interrupts 
MOV B, A , save in B RET ; return to main 
IN ADD 2 ; input digit 2 program 

Routine 1. Single Channel Interrupt Service Routine 
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FIGURE 7. 8·Channel AID SystefTl with Maskable Priority Interrupt Using Memory Mapped I/O 
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ADDRESS 
AID CONVERTERS 

,NTERRUPT SERVICE 

( INTERRUPT ) 

I 
SAVE STATUS 

INPUT AID 
STATUS WORD 

I 
COMPARE STATUS WORO 
WITH PRIORITY TABLE 

I 
FINO ROUTINE TO 
SERVICE HIGHEST 

PRIORITY AID 

I 
CAll INPUT ROUTINE 

TO PACK DATA 

I 
START NEW CONVERSION 

RESTORE STATUS 

I 
( EIIO ) 
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INCREMENT 
POINTER 

TWICE 

(FIND) 

FIGURE 8. Flow Charts of AID Routines 

ROTATE 
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LABEL 

lAD 

TEST: 

FIND-

GTBIT: 

GTAD 

OPCODE 

PUSH 
PUSH 

PUSH 

PUSH 

LXI 

MOV 
LXI 

MOV 

ANA 

JNZ 

INX 

JMP 
LXI 

ORA 
RAR 
JC 
INX 
INX 
JMP 
MOV 

INX 
MOV 

FIGURE a. Flow Charts of AID Routines (Continued) 

OPERAND COMMENT LABEL OPCODE OPERAND COMMENT 

PSW ; interrupt from AID XCGH ,exchange DE, HL 
H , save H & Lon PCHL ; jump to input 

stack routine 
B , save B & Can INADl: LXI H,ADl ; pickup pOinter to 

stack AID 1 
0 , save 0 & Eon CALL ADIN ; call comm0r:! Input 

stack routine 
H, ADWD , pickup AID status MOV M,A ; start new converSion 

word JMP DONE ; all done 
6, M ; move word into B INAD2: LXI H, AD2 ; pickup pointer to 
H, PRTBL ; pickup priority tbl AID 2 

pointer CALL ADIN ,call input routine 
A, B , place status word MOV M,A ; start new conver-

m accum_ sian 
M , mask with priority JMP DONE : all done 

table 
FIND , match jump to 

Find 
H , point to lower DONE: POP 0 , restore 0 

Priority POP B _ restore B 

TEST , try again POP H ; restore H 
H, RTBL , pickup routine tbl POP PSW ; restore PSW 

pomter EI , enable,lnterrupts 
A , reset carry RET , return to main 

, rotate thru carry program 
GTAD , bit was found PRTBL DB 04H , 0000C100 AD3 
H ,point'to highest priority 
H ; next routme DB 03H ,00000011 AD2 & 
GTBIT , try agam AD 1 next priority 
E, M ; move first byte 

Into E 
H ; point to next byte 
D,M , move second byte 

into 0 

Routine 2. a·Channel Interrupt Service Routine with Software Priority 
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LABEL OPCODE OPERAND COMMENT LABEL OPCOPE OPERAND COMMENT 

PRTBl: DB 10H ; 00010000 AD5 MOV B, A ; save in B 
lowest priority OCR H ; point to LSD + 1 

RTBL: OW l000H ; routine for AID 1 MOV A,M ; input LSD + 1 
OW 100CH ; routine for AID 2 MOV A,M ; delay 

RAL ; rotate 
RAL ; into 
RAL ; upper 

OW 1060H ; routine for AID 8 RAL ; 4 bits 
ADIN: MOV A,M ; input MSD plus ANI FO ; mask lower bits 

OFL & SIGN MOV C,A ,save in C 
MOV A,M ; delay OCR H ; point to LSD 
ORA A ; reset carry MOV A,M ; input LSD 
RAL ; rotate left thru. MOV A,r.I. ; delay 

carry,OFL ANI OF ; mask upper bits 
JC OFL ; jump to overflow OR C ; pack 

if set MOV C,A ; save in C 
RAL ; rotate left thru SHLD TEMP ; store HL in temp 

carry, sign MOV A, L ; move L in accum. 
JC PLUS ; jump to plus if set ACI 64 ; generate lower 
ORl 20H ; ORl into BCD, address 

MSB for minus MOV L, A ; above memory 
PLUS: RAL mapped 

RAL MOV A,H ; converter addresses 
ANI FO ; mask lower order ACI 0 ; include carry 

bits MOV H,A ; to upper bits 
MOV B,A ; save in B MOV M,C ; store C 
OCR H ; point to MSD·l INX H ; then 
MOV A,M ; input MSD·l MOV M, B ; store B 
MOV A,M ; delay LHLD TEMP ; retrieve H L 
ANI OF ; mask higher 4 bits RET ; return 
OR B ; pack MSD and MSD·l 

Routine 2. 8-Channellnterrupt Service Routine with Software Priority (Continued) 

ADJUSTMENT AND TESTING 

Adjustment and testing of a single channel AID is done 
by monitoring the memory space where the interrupt 
routine stores the data word. The" microprocessor is 
forced to loop around a section of program VIIith inter­
rupts enabled. As the input voltage of the converter is 
changed, this data word should also change as the con­
verter updates it. A precision voltage reference is con­
nected to the input of the AID and incremental voltage 
steps are applied. The AID data word should also change 
according to the voltage steps. 

At full-scale input voltage, the data word should be at its 
maximum value. If not, check the full-scale adjust on 
the AID by adjusting it so the OF L bit. goes high when 
the input is exactly 2.000V. . 

Multichannel systems are more difficult to <;:heck. Start 
by individually checking the full-scale adjustments so 
the converters overflow at 2.000V. Check the software 
priority routine by forcing all status bits of the status 
word high. This corresponds to all converters being 
ready at the same time, a very unlikely worst-case 
condition. The microprocessor should respond by out· 
putting the address of all 4 digits of the AID port with 
the highest priority along with the memR strobes, 
then with a memW strobe to start a new conversion. 
The next highest priority converter should then receive 
its addresses a'nd mem R strobes and so on down the 
line. 

Once the priority routine has been debugged, each data 
word is monitored as the input to its converter is adjusted. 
Since a common input routine is used, once 1 channel 
operates, all the other channels should also. 

!IDle MASTER 1979 

Debugging may most easily be done by Single stepping 
through the program at these critical areas. No timing 
problems should be encountered since the AID port 
appears to be a standard peripheral or memory. I n the 
ADC3511 and ADC3711 the desired output is merely 
addressed the same as a memory location. 

The memory requirements of the interface depends, 
of course, on the complexity of the system. The single 
channel converter requires approximately 60 bytes of 
program storage plus 2 bytes for data storage and 4 
peripheral addresses. 

The multichannel system requires about 40 bytes for 
the priority routine and 10 bytes of program for each 
converter routine. The common input routine requires. 
about 50 bytes of program and is used by all the con­
verter routines in the form of a suQroutine .. 

Memory mapped 1/0 causes 64 memory locations to be 

used to input an 8-channel system. The data space. is 
located directly above the address space for the con­
verters and 16 memory locations are used to store the 
data for 8 converters. 

CONCLUSION 

The ADC3511 and ADC3711 microprocessor compatible 
AID converters eliminate the difficulties previously 
encountered in applying DPM chips to microprocessor 
systems, The low parts count and low cost per channel 
make distrihuted or remote AID conversion practical 
for a variety of data acquisition applications. 
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APPENDIX A 

THEORY OF OPERATION 

A schematic for the analog loop is shown in Figure A 1. 
The output of SW 1 is either at VREF or OV, depending 
on the state of the D flip-flop. If 0 is at a high level, 
VOUT : VREF and if 0 is at a low level VOUT = OV. 
This voltage is then applied to the low pass filter com­
prised of Rl and Cl. The output of this filter, VFB, 
is connected to the negative input of the comparator, 
where it is compared to the analog input voltage, VIN. 
The putput of the comparator is connected to the D 
input of the D flip-flop. Information is then transferred 
from the D input to the 0 and 6 outputs on the positive 
edge of clock. This loop forms an oscillator whose duty 
cycle is precisely related to the analog input voltage, 
VIN· 

An example will demonstrate this relationship. Assume 
the input voltage is equal to O.SOOV. If the Q output of 
the D flip-flop is high, then VOUT wiil equal VREF 
(2.000V) and VFB will charge toward 2V with a time 
constant equal to R lCl. At some time VFB will exceed 
O.SOOV and the comparator output wi" switch to OV. 
At the next clock rising edge, the 0 output of the D 
flip-flop will switch to ground, causing VOUT to switch 
to O·V. At this time, VFB will start discharging toWard 
OV with a time constant R lC1. When VFB is less than 
O.SV, the comparator output wi" switch high. On the 
rising edge of the next clock, the 0 'Output of the D 
flip-flop will switch high and the process wi" repeat. 
There exists at the output of SW 1 a square wave pulse 
train with positive amplitude VREF and negative ampli­
tude OV. 

IllIo-..... ~-+I 

VIN = VF8 = VREF )( (duty cycle) 

f '" (duty cycle) )( fiN 

f 
Count in Counter No. 1= -­

flN/N 

The DC value of this pulse train is: 

tON 
VOUT = VREF : VREF (duty cycle) 

tON + tOFF 

The low pass filter will passJthe DC value and then: 

VFB = VREF (duty cycle) 

Since the closed loop system will always force VFB to 
equal V IN, we can then say that: 

VIN = VFB = VREF (duty cycle) 

or 

VIN 
--: (duty cycle) 
VREF 

ihe duty cycle is iogicaiiy ANDed with the input 
frequency fiN. The resultant frequency f equals: 

f = (duty cycle) x (fiN) 

Frequency f is accumulated by counter no. 1 for a time 
determined by counter no. 2. The count contained in 
counter no. 1 is then: 

(duty cycle) x (fiN) VIN 
=--x N count: ---

(fIN)/N (fIN)/N VREF 

For the ADC3511 N = 2000. 
For the ADC3711 N = 4000 . 

COVNT£R 110 1 f III .... _ ..... R£S£T 

COUIITf R 110 Z f ZII' 

(duty cycle) )( fiN = ~ )( N 

flN/N VREF 

FIGURE A1. Analog Loop Schematic Pulse Modulation AID Converter 
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ELECTRICAL CHARACTERISTICS 

ADC3511CC, ADC3711CC 4.75.s; VCC.s; 5.25V; -40°C.s; T A +85°C, fc = 5 conv./sec 
(ADC3511CC): 2.5 conv.!sec (ADC3711CC);unless otherwise specified. 

PARAMETER CONDITIONS MIN 
TVP 

(Note 21 
Non·Linearity (Note 3) 

MAX UNITS 

VIN = 0-2V Full·Scale -0.05 to. 0"25 0.05 % of Full·Scale 

VIN = 0-200 mV Full·Scale 

Organization Error -1 0 Counts 

Offset Error VIN = OV,(Note 4) -0.5 1.0 3.0 mV 

Rollover Error -0 ° Counts 

VIN+, VIN...: Analog Input Current TA= 2SoC -S S nA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteris· 
tics" provides conditions for actual device operation. . 

Note 2: -All typicals are given for T A = 2SoC. 

Note 3: For the ADC35.11CC: full·scale = 1999 counts; therefore, 0.026% of full-scale = 1/2 counts and 0.05% of full-scale = 1 count. 
For the ADC3711CC: full-scale = 3999 counts; therefore, 0.025% of full-scale = 1 count and 0.05% of full-scale = 2 count~. 

Note 4: For full-scale = 2.000V: 1 mV = 1 count ~or the ADC3511CC; 1 mV = 2 counts for the ADC3711CC. 

START CONV 

FREDIN 

FRED OUT 

GNO -vss 

+ 

DIGITAL TIMING 
AND CONTROL 

COMPARATOR 
TIMING ,.----., 

DIGITAL Vcc--+--t-----...... 

100 

ANALOG Vec --+--t-----....... 
yFllTER--+-~-...... 

Al 

Bl 

Cl 

01 
A2 

B2 

C2 

02 
AJ 

8J 
CJ 

03 
A4 

84 

C4 

101 

102 

1113 

104 

C' 

Jill :1 J'41·OIGI1 
LATCH 

ROM 
BCD 

Of COR' I 

4>0- 22 

1:4 
DECOR 

H---+-+-l>-:+--I 

OVERflOW 
ROM 

I 

DO 

LATCH 01 

OLE 

~---------------+OVERfLOW 

L-----------------_CONV COMl'LEH 

L--------_,-------__,_--_SIGN 

~-_____f~.VIIEF 

~SWI 
SW2 

~-~~--~-----------------------------~~~-VREF 

yn---------' 

FIGURE A2. ADC3511 3 1/2-Digit A/D (*ADC3711 3 3/4-Digit A/D) Block Diagram 
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CMOS Schmitt Trigger 
-8 Uniquely Versatile 
Design Component 

INTRODUCTION 

The Schmitt trigger has found m~ny applications in 
numerous circuits, both analog and digital. The versa­
tility of a TTL Schmitt is hampered by its narrow 
supply range, limited interface capability, low input 
impedance and unbalanced output characteristics. The 
Schmitt trigger could be built from discrete devices to 
satisfy a particular parameter. but this is a careful and 
sometimes time-consuming design. 

The CMOS Schmitt trigger, which comes six to a 
package, uses CMOS characteristics to optimize design 
and advance into areas where TTL could not go. These 
areas include: interfacing with op amps and transmission 
lines, which operate from large split supplies, logic level 
conversion, linear operation, and special designs relying 
on a CMOS characteristic. The CMOS Schmitt trigger 
has the following advantages: 

• High impedance input (1012n typical) 

• Balanced input and output' characteristics 

• Thresholds are typically symmetrical to 1/2 Vee 

• Outputs source and sink equal currents 

• Outputs drive to supply rails 

• Positive and negative-going thresholds show low 
variation with respect to temperature 

• Wide supply range (3-15V), split supplies possible 

• Low power consumption, even during transitions 

• High noise immunity, 0.70 Vee typical 

Applications demonstrating how each of these charac­
teristics can become a design advantage will be given 
later in the application note. 

Vee 

J 
I Pt 

~~l1-
INPUT 

OUT' 

1 N2 

y;~ 
I 

Vee 
Nt 

1: 

National Semiconductor 
Application Note 140 
Gerald Suurma 

ANAL YZING THE CMOS SCHMITT 

The input of the Schmitt trigger goes through a standard 
input protection and is tied to the gates of four stacked 
devices. The upper two are P-channel and the lower two 
are N-channel. Transistors P3 and N3 are operating in the 
source follower mode and introduce hysteresis by 
feeding back the output voltage, out', to two different 
points in the stack. 

When the input is at OV, transistors P1 and P2 are ON, 
and N1, N2 and P3 are OFF. Since out' is high, N3 is 
ON and acting as a source follower, the drain of N.l, 
which is the source of N2, is at Vee - VTH . If the input 
voltage is ramped up to one threshold above ground 
transistor Nl begins to turn ON, Nl and N3 both being 
ON form a voltage divider network biasing the source of 
N2 at roughly half the supply. When the input is a 
threshold above 112 Vee, N2 begins to turn ON and 
regenerative switching is about to take over. Any more 
voltage on the input causes out' to drop. When out' drops, 
the source of N3 follows its gate, which is out', the 
influence of N3 in the voltage divider with Nl rapidly 
diminishes, bringing out' down further yet. Meanwhile 
P3 has started to turn ON, its gate being brought low by 
the rapidly dropping out'. P3 turning ON brings the 
source of P2 low and turns P2 OFF. With P2 OFF ,out' 
crashes down. The snapping action is due to greater than 
unity loop gain through the stack caused by pos'itive 
feedback through the source follower transistors. When 
the input is brought low again an identical process occurs 
in the upper portion of the stack and the snapping 
action takes place when the lower threshold is reached. 

Vee 

L J 
11'6 

OUTPUT 

FIGURE 1. CMOS Schmitt Trigger 
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Out' is fed into the inverter formed by P4 and N4; 
another inverter built with very small devices, PS and 
NS, forms a latch which stabilizes out'. The output is 
an inverting buffer capable of sinking 360~A or two 
LPTTL loads. 

The typical transfer characteristics are shown in Figure. 
2; the guaranteed trip point range is shown in Figure 3. 

WHAT HYSTERESIS CAN 00 FOR YOUR 

Hysteresis is the difference in response due to the direc­
tion of input change. A noisy signal that traverses the 
threshold of a comparator can cause multiple transitions 
at the output, if the response time of the comparator is 
less than the time between spurious effects. A Schmitt 
trigger has two thresholds: any spurious effects must be 
greater than the threshold difference to cause multiple 
transitions. With a CMOS Schmitt at Vee = 10V there is 

20 

~ 
Vee '"1§V. 

15 ... 
r.:I 

'" !: 
0 10 > 
l-

f Vr • 
I-
:::I 
01 

10 15 20 

INPUT VOLTAGE IV) 

FIGURE 2. Typical CMOS Transfer Characteristics 
for Three Different Supply Voltages. 

f Vr • 

typically 3.6V of threshold difference, enough hysteresis 
to overcome almost any spurious signal on the input. 

A comparator is often used to recover information sent 
down an unbalanced transmission line. The threshQld of 
the comparator is placed at one half the signal amplitude 
(See Figure 4b). This is doen to prevent slicing level 
distortion. If a 4~s wide signal is sent down a transmission 
line a 4~s wide signal should be received or signal distor­
tion occurs. If the comparator has a threshold above half 
the signal amplitude, then positive 'pulses sent are shorter 
and negative pulses are lengthened (See Pigure 4c). This 
is called slicing level distortion. The Schmitt trigger does 
have a ·positive offset, VT+, but it also has a negative 
offset V T-' In CMOS these offsets are approximately 
symmetrical to half the signal level so a 4J,Ls wide pulse 
sent is also recovered (see Figure 4d). The recovered 
pulse is delayed in time but the length is not changed, 
so noise immunity is achieved and signal distortion is not 
introduced because of threshold offsets. 

15 
MM54CI4 -55'C TO +125 C 
MM74C14 -40c C TO +85'C 
-MINIMUM HYSTERESIS 
SPREAD 1= 0.2 vee! 

~ 10 ... 
r.:I 

'" !: 
0 
> 
l- S 
:::I 

4.3 ~ 

~ 3.0 
2.0 
0.7 

0 
10 15 

Vee (V) 

FIGURE 3. Guaranteed Trip Point Range. 

A~~~~T~~E VrH I-MpL------... --~.P-
~) Reee;ved sigrql from transmission 
line with thresholds It different 
amplitudes. 

t 

I LEVEL 

o LEVel 

I LEVEl 

o LEVEl 

1 LEVEL 

o LEVEl 

II) Reeovered ..... 1 from comPMIIOr 
with threshold YrH h .. mult.ple 
tranSitions. 

c) Reeover.it sipallrom camlNlr.to, 
with positive offwt on thresbolll. Yr •. 
positive pufse shorten. negative pulse 
lengthen. 

d) Recovered siiNl with CMOS Schmitt 
tr ••• Yr. and Vr . Restores true 
_morm. 

Reco •• lld si .... llrom Schmitt IS same 
width as .. mlNl •• t .. WIth threshold It 
VTH • and IS Dnly delayed in time. 

Ol234S6719111 

TIME 1J.<s) 

FIGURE 4. CMOS Schmitt Trigger Ignores Noise 
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\/ecJlJlj 
liAS POINT - - - - - - - -

Vss 

V. 

1/ Cipacltor tm .... nc:e It '_I O .... ~I"" frlqllfncV lItoul. b; mllclt less I"'n A A' 112 R . 

" Iy .... , • ...., ttl 5to!7.51'i,tC1 In!trim iudl ...... 

FIGURE 5. Sine to Square Waw Converter with Svmmetrical La ... 1 Detection. 

C2 

+ 

A2 

~ ... -ov 

...... AICI III", .... H lUtz 
VOUT • 1"2CI~\I".;;,V· vee. 

FIGURE 6. Diode Dump Tach Ac~ts any Input W.veform. 

APPLICATIONS OF THE CMOS SCHMITT 

Most of the following applications use a CMOS Schmitt 
characteristic to either simplify design or increase per· 

. formance. Some of the applications could not be done 
at all with another logic family. 

The circuit in Figure 5a is the familiar sine to square 
wave converter. Because of input symmetry the Schmitt 
trigger is easily biased to achieve a 50% duty cycle. The 
high input impedance simplifies the selection of the bias· 
ing resistors and coupling capacitor. Since CMOS has a 
wide supply range the Schmitt trigger could be powered 
from split supplies (see Figure 5b). This biases the mean 
threshold value around zero and makes direct coupling 
from an op amp output possible. 

In Figure 4, we see a frequency to voltage converter that 
accepts many waveforms with no change in output 
voltage. Although the energy' in the waveforms are quite 
different, it is only the frequency that determines the 
output voltage. Since the output of the CMOS Schmitt 
pulls complete~y to the supply rails, a constant voltage 
swing across capacitor C1 causes a current to flow 
through the capacitor, dependent only on frequency. 
On positive output swings, the current is dumped to 
ground through 01. On negative output swings, Current 
is pulled from the inverting op amp node through 02 and 
transformed into an average voltage by R2 and C2. 

Since the CMOS Schmitt pulls completely to the supply 
rails the voltage change across the capacitor is just the 
supply voltage. 
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Schmitt triggers are often used to generate, fast transi­
tions when a slowly varying function exceeds a pre­
determined level. In Figure 7, we see a tYpical circuit, a 
light activated switch. The high impedance input of the 
CMOS Schmitt trigger makes biasing very easy. Most 
photo cells are several kil brightly illuminated and a 
couple Mil dark. Since CMOS has a lo12n typical input 
impedance, no effects are felt on the input when the 
output changes. The selection of the biasing resistor is 
just the solution of a voltage divider equation. 

A CMOS application note wouldn't be complete without 
a low power application. Figure 8 shows a simple RC 
oscillator. With only six R's and C's and one Hex CMOS 

Vee 

Vee 

trigger, six low power oscillators can be built. The square 
wave output is approximately 50% duty cycle because of 
the balanced input and output characteristics of CMOS. 
The output frequency equation assumes that t1 = t2 » 
tpdO + tpd1' 

We earlier saw how the CMOS Schmitt increased noise 
immunitY on an unbalanced transmission line. Figure 9 
shows an application for a balanced or differential 
transmission line. The circuit in Figure 7a is CMOS 
EXCLUSIVE o'R, the MM74C86, which could also be 
built from' inverters, imd NAND gates. If unbalanced 
information is generated on the line by signal crosstalk 
or external noise sources, it is recognized as an error. 

vee 

'----... - .... "DR" CONFIGURATION "AND" CONFIGURATION 

FIGURE 7. Light Activated Switch COUldn't be Simpler. The Input Voltage Rises as Light Intensity Increases, when VT+ is 
Reached, the Output will go Low and 'Remain Low until the Intensity is Reduced Significantly. 

X)-.... -Olo 

I
c 

1 

1
0
'"'--' ~I(VC-C-VT-----"'-) (V§l') __ RCI:tI 

Vee -VT. VT_ 

Vee 

I"PUT 
WAVEFOR~ 

OUTPUT 
WAVEFORMS 

FIGURE S. Simplest RC Osciliator?,Six R's and C's make the CMOS Schmitt into Six Low Power Oscillators. Balanced 
Input and Output.Characteristics give the Output Frequency a Typically 50% Duty Cycle. 

113 MM74C14 Truth Table 

1/4 MM74CI6 

D---oERROR 

AS. AI ~ EIIOI 

EIIOI .s detected wb!n lran,ml5l1on lone ... nbalonced In tttfltr, dlrlCllOn 

.i Oltf"~RI"" EIIOf O.tectOI 

T"IKIIl,ttfd dat. "l1li"" 0' F IS long IS UlnSllllu.on Itne IS boQnced, 
unbalanced dlla.s IlInoood and "'0' .s del.cled bV .bo •• CirCUlI, 

~) Otlte"nl"" l.ne Rece.ver, 

A. B F 

0 0 NC 
0 1 0 

1 0 1 

1 1 NC 

NC 'No Chang!' 

FIGURE 9. Increase Noise Immunity by using the CMOS Schmitt Trigger to Demodulate a Balanced Transmission Line. 
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The circuit in Figure 9b is a differential line receiver 
that recovers balanced transmitted data but Ignores 
unbalanced signals by latching up. If both circuits of 
Figure 9 were used together, the error detector could 
signal the transmitter to stop transmission and the line 
receiver would remember the last valid information bit 
when unbalanced signals persisted on the line. When 
balanced signals are restored, the receiver can pick up 
where it left off. 

The standard voltage range for CMOS inputs is Vee 
+O.3V and ground -0.3V. This is because the input pro­
tection network is diode clamped to the supply rails. Any 
input exceeding the supply rails either sources or sinks 
a large amount of current through these diodes. Many 
times an input voltage range exceeding this is desirable; 
for example, transmissioillines often operate from ±12V 
and op amps from ±15V. A solution to this problem is 
found in the MM74C914. This new device has an uncom-. 
mon input protection that allows the input signal to go 
to 25V above ground, and 25V below Vee. This means 
that the Schmitt trigger in the sine to square wave 
converter, in Figure5b, could be powered by ±1.5V 
supplies and still be directly compatible with an op amp 
powered by ±15V supplies. 

A standard input protection circuit and the new input 
protection are shown in Figure 10. The diodes shown 
have a 35V breakdown. The input voltage can go positive 
until reverse biased 02 breaks down through forward 
bias 03, which is 35V above ground. The input voltage 
can go negative until reverse biased 01 breaks down 
through forward bias 02, which is 35V below Vee. 
Adequate input protection against static charge is still 
maintained. 

Vee 

01 

NORMAL 

I~~~~O-~~~'-------·~~~ 
PROTECTION 200 

02 

.l 

CMOS can be linear over a wide voltage range if proper 
consideration is paid to the biasing of the inputs. Figure 
11 shows a simple VCO made with a CMOS inverter, 
acting as an integrator, and a CMOS Schmitt, acting as a 
comparator with hysteresis. The inverter integrates the 
positive difference between its threshold and the input 
voltage V IN' The inverter output ramps up until the 
positive threshold of the Schmitt trigger is reached. At 
that time, the Schmitt trigger output goes low, turning 
on the transistor through RI and· speeding up capacitor 
Cs• Hysteresis keeps the output low until the integrating 
capacitor C is discharged through RD' Resistor R 0 

should be kept much smaller than RC to keep reset time 
negligi ble. The output frequency is given by . 

VTH - VIN 

(VT+ - VT-) Ree· 

The frequency dependence with controi voltage is givt'n 
by the derivative with respect to VIN So, 

-1 

where the minus sign indicates that the output frequency 
increases as the input is brought further below the inverter 
threshold. The maximumoutput frequency occurs when 
VIN is at ground and the frequency will decrease as VIN 
is raised up and will finally stop oscillating at the 
inverter threshold, approximately 0.55 Vee. 

01 

02 

MIII7;W~~ O--VYw-.... - ............ CMOS 
PROTECTION leG '.,UT 

b) 

FIGURE 10. Input Protection Diodes, in a) Normally Limit the Input Voltage Swing to 0.3V above Vee and 0.3V 
below Ground. In b) 02 or 01 is Reverse Biased Allowing Input Swings of 25V above Ground or 25V below Vee. 

Rc 

YrH - V,N 
1
0 =( -vr-• ..:.:.-'-Vr-)=Rc-C 

1/6 MM14C04 
0:. V, ... _ 112 Vee 

Ro 

FIGURE 11. Linear eMOS (Voltage Controlled Oscillator) 
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The pulses from the VCO output are quite narrow 
because the reset time is much smaller than the integra­
tion time.· Pulse stretching comes quite naturally to a 
Schmitt trigger. A one-shot or pulse stretcher made with 
an inverter and Schmitt trigger is shown in Figure 12. 
A positive pulse coming .into the inverter causes its 
output to go low, discharging the capacitor through the 
diode D1. The capacitor is rapidly discharged, so the 
Schmitt input is brought low and the output goes 
positive. Check the size of the capacitor to make sure 
that inverter can fully discharge the capacitor in the 
input pulse time, or 

C AV AV 
ISINK INVERTER> -_ + 

AT R 

where AV = Vee for CMOS, and AT is the input pulse 
width. 

For very narrow pulses, under 100 ns, the capacitor can 
be omitted and a large resistor will charge up the CMOS 
gate capacitance just like a capacitor. 

When the inverter input returns to zero, the blocking 
diode prevents the inverter from charging the capacitor 
and the resistor must charge it from its supply. When 
the input voltage of the Schmitt reaches VT+, the 
Schmitt output will go low· sometime after the input 
pulse has gone low. 

-ILo------4 
--j ! t-- -

Vee 
( 

THE SCHMITT SOLUTION 

The Schmitt trigger, built from discrete parts, is.a careful 
. and sometimes time-consuming design. When introduced 
in integrated TTL, a few years ago, many circuit designers 
had renewed interest because it was a building block 
part. The input characteristics of TTL often make biasing 
of the trigger input difficult. The outputs don't source 
as much as they sink, so multivibrators don't have 50% 
duty cycle, and a limited supply range hampers inter­
facing with non 5V parts. 

The CMOS Schmitt has a very high input impedance with 
tt- resholds approximately symmetrical to one half the 
supply. A high voltage input is available. The outputs 
sink and source equal currents and pull directly to the 
supply rails. 

A wide threshold range, wide supply range, high noise 
immunity, lo~ power consumption, and low board 
space make the CMOS Schmitt a uniquely versatile 
part. 

Use the Schmitt trigger for signal conditioning, restora­
tion of levels, discriminating noisy signals, level detecting 
with hysteresis, level conversion between logic families, 
and many other useful functions. 

The CMOS Schmitt is one step closer to making design 
limited only by the imagination of the designer. 

(
Vee - VeE) C Vee Vee 

T' Rt In vee-:'-ii;:- BE SURE THAT 'SINK INVERTER .- + II 
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FIGURE 12. Pulse Stretcher. A CMOS Inverter Discharges a Capacitor, 
a Blocking Diode allows Charging through R only. Schmitt Trigger 
Output goes low after the RC Delay. 
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Digital Weight 
Scales 

The application of digital systems to detect weight 
provides for low cost, accurate weight scales. 

A developed system using the 3~-digit DVM IC, 
ADD3701, * shoWn in figure 1, allows for conversion of 
an analog voltage to digital information linearly related 
to the weight being sensed. 

Support circuitry for the DVM IC consists of a voltage 
regulator, a reference voltage, a weight sensing element. 
display drivers, and an LED display. Additional circuitry 
may be implemented for added features. 

The weight scale circuit of figure 1 employs a poten­
tiometer as the weight sensing element and functions as 

,I 
lMl4t 

I, 
roo-- -I 4 u tZ 11 .1 

3 
IIAD7 

National Semiconductor 
Carson Chen 
March 1978 

a variable voltage divider from ground to VREF. 2 volts. 
An object placed upon the scale displaces the poten­
tiometer wiper, which is connected to the· scale 
mechanics, an amount proportional to its weight. Con­
version of the wiper voltage to digital information is 
performed, decoded; and interfaced to the numeric 
display by the ADD3701. The LM340 regulates the VCC 
supply voltage and the RA07 resistor array is connected 
as a voltage divider to generate the ADD3701 2V 
reference voltage. The NS87881 is driven by the 
ADD3701 segment drivers and the 058976 digit drivers. 

·See ADD3701 data sheet for details of DVM operation. 
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Notes: 

1. R1. e1 defines POWER ON display blanking interval. R2. e2 defines display ON time. 

2. All Vee connections should use a single Vee point and all ground/analog ground connections should use a single ground/analog 
ground point. 

3. Display sequence for Rev A ckt Implementation: 
t = 0 sec • power ON 

t = 0 - 5 sec • display blanked 

• system converging 
t = 5 - 10 sec • conversion complete 

• display ENABLE 
t .. 10 sec • display blanked 

• wait for new POWER UP cycle 

Figure 1 
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r-----------------------~----------------------------===---=----=----~-==------------------~----~------~ 

02, the MM74C02 and surrounding circuitry generate 
the display sequence explained in Note 3 of figure 1. 

The ADD3701 3%-digit DVM displays a maximum ot 
3999 counts, full scale, having a resolution of SOO;.LV 
per LSD. 

With the decimal point of digit 3 forced "ON" by 01 
the maximum displayed reading of figure 1 would 
equate to 399.9 units of weight. 

Figure 2 is a weight scale sensor similar to that in figure 
1, differing only in the weight sensing element and ,its 
related support circuitry. 

~ 1 
; T 

* 
~u~t 

.A : ... 

~ Itt lOMIl 1 .. I 

Notes: 

L LM340 

·t 1 114 1i3l12 Iii1ID 

I ·r BECKMAN 
-~ RESISTOR PACK 

889 J-RIK 

I!....Jl Il 14 5 

r 12 r 14 15 16 E­

I 

~ 

IN914 ~, --
~~ 

* 

n,e transformer of figure 2 is rectified to a DC voltage, 
proportional to a weight displacement. and then con­
verted to its digital equivalent with the ADD3701. 

The purpose of setting analog ground two diode drops 
above digital ground is to help cancel the inherent air 
coupl ing offset voltage generated by the transforme~. 

Figure 2 is al~o connected to display a maximum of 
399.9 units of weight. The accuracy of both systems 
without the transducer elements is ± 1 LSD at 2SoC 
± lSoC. 

I 

r'I"I"I"I'T I' I' r '--_P-+-IZ_I' _____ ---' 

1. Excitation to the LVOT ke., outputs of the MM74C93 and MM74C74) may be altered to compensate for the varying 1reQuency 
ranges of L VOTs_ 

2. All VCC connections should use a single Vee pomt and all ground/analog ground connections should use a single ground/analog 
ground point. ' 

Figure 2 
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Dynamic RAM Board Design 
Made Easy 

INTRODUCTION 

Many new memory system designs are being done with 
dynamic RAMs. This is especially true as the new 16k 
RAM chips become more readily availab!e. This applica­
tion note is aimed at those engineers who are doing their 
first dynamic RAM designs. Its intent is to give some 
direction in how to design a RAM board so that it will 
give the greatest production yield with the least amount 
of difficulty. 

We shall not talk about specific RAMs or interface to 
a specific processor. Most engineers can design control 
and interface logic for RAMs and most board designers 
can layout a PC board for that design. Ho\tYever, the 
quality of that design will become apparent only after 
the RAM board is built and phased into production. 
Does it come up easily? Does it go through testing 
with little or no RAM chip fallout? Is it reliable in the 
field? 

The key to success in a dynamic RAM system, or any 
other system for that matter, is margin. A system . 
designed to maximize power supply and· timing margins 
will be reliable and easy to manufacture. One that 
doesn't will be a manufacturing and field service night­
mare. 

In this application note we shall discuss RAM chip 
characteristics, power supply and control signal distribu­
tion on PC boards, and control logic implementation 
suggestions. As successful examples, in the appendix we 
shall provide the schematics and foils for some memory 
boards that are in production. 

RAM CHIP CHARACTERISTICS 

For reference we shall compare dynamic and static 
RAMs at the chip level. Then we shall describe the 
unique characteristics of dynamic RAMs which must be 
considered in a memory system design. 

Dynamic RAMs versus Static RAMs 

The basic difference between dynamic and static RAMs 
is the way they store data. The static RAM uses a flip­
flop to store a bit, while the dynamic RAM uses a 
capacitor to store a bit. (See figure 1.) 

It is their respective cell designs that give each RAM its 
advantages over the other. Let's compare the RAMs for 
ease of use, power dissipation, die size, and price. 

Ease of Use: The static RAM is easier to use because no 
refresh logic is required. In addition, static RAM control 
signals tend to be easier. to generate because cycling is 
usually unnecessary. 

Power Dissipation: The dynamic RAM draws less power. 
The static RAM draws power continuously to sustain 
its flip-flops, while the dynamic RAM draws minimal 
power (1 to 2 mAl between cycles. With continuous 
cycling, the dynamic RAM draws about as much power 

-Refer to Introduction. 
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as the static. However, in a large memory system, 
dynamic RAMs save total system power since only one 
bank of RAMs is ever accessed during a memory cycle. 
All other banks draw minimal current except during 
refresh cycles. The duty cycle for refresh is approxi­
mately 1 % to 3%. 

Die Size: Dynamic RAMs tend to be smaller. Due to the 
difference in cell designs, the die siie of the dynamic 
RAM is often at least 20% smaller than that of a com­
parable static RAM from the same manufacturer. 

Price: Because of smaller die sizes and much larger 
production runs, dynamic RAMs should always remain 
considerably cheaper than comparable static RAMs. 
In addition, dynamic RAMs save money in larger systems. 
Less chip power means smaller and cheaper power 
supplies. Smaller supplies mean a further saving in 
reduced cooling requirements. In general, the larger the 
memory system, the greater the savings by using 
dynamics. 

Dynamic RAMs 

WORD LINE 

Voo 

VSs 

Static RAM Cell 

WORD LINE 

m~ 
~_M" 

DATA ":" 

Dynamic RAM Cell 

Figure 1. 

Refresh: Since charge leaks off the storage capacitors, it 
must be replenished periodically in order for a dynamic 
RAM chip to retain its data. The charge in anyone cell 
is replenished, or refreshed, every time that cell is 
accessed for a read or a write, At the same time, all the 
other cells in the same row are also refreshed. For that 
reason the entire RAM chip can be refreshed by doing 
only 64 cycles (for 4k RAM; a 16k RAM needs 128 
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cycles) in 2 ms while sequencing through all the row 
addresses. The bit pattern presented to the column 
addresses does not matter. However, the setup and hold 
times must still be met. Unstable column addresses 
during refresh will cause data loss. 

The hardware required for refresh amounts to a 6-
or 7-bit counter for the refre!;h addresses, some way 
to multiplex the counter onto the RAM row address 
lines, a timer to signal when a refresh should be done, 
and the miscellaneous gating needed to couple into the 
usual read/write logic. 

In some systems no extra refresh logic is needed. For 
example, in CRT systems normal operation sequences 
through all the row addresses. in less than a 2 ms refresh 
period. This will be true only if the row address bits on 
the RAM chip jlre driven from the least significant 
address bits of the system. As a rule, this is good practice 
in all systems. By placing the most active system address 
bits on the RAM row addresses,. normal system 
operation will automatically refresh the bulk of the 
RAM. 

Cycling: One of the key functional differences between 
static and dynamic RAMs is the fact that dynamic RAMs 
must run through a cycle in order to read or write. 
Aborting the cycle by removing the chip enable too 
early or- by trying to start a second cycle too soon after 
the first will probably cause data loss. Minimum chip 
enable on and off times must be observed. 

Summary 

Static RAMs are easier to use. Dynamic RAMs are 
cheaper, use less power, must be refreshed, and must be 
cycled. 

MEMORY SUBSYSTEM DESIGN CONSIDERATIONS 

Some memory board designs are easy to manufacture, 
while ,others, functionally identical, have low manufac­
turing yields seemingly due. to the many "bad" chips. 
The difference between them is usually the amount of . 
margin designed' into each system. Power supply and 
timing margins are both critical, and as the margins go 
to iero or negative, the amount of "soft" errors goes up. 
(A chip has a "hard" error if a location consistently 
cannot be written and read back properly. It has a 
"soft" error if it only occasionally fails.) 

On careful analysis, "soft" errors usually occur during 
a memory cycle in which some system parameter has 
gone out of spec. Since the RAM chips themselves have 
variations in their margins, replacing the offending RAM 
with one that has a greater margin in the out-of-spec 
parameter seems to cure the problem. This results in a 
large pile of "bad" RAMs. However, the real solution 
to this type of problem is in a careful system design and 
boarJ layout in the beginning. 

Power Distribution 

By far the single most important aspect of a successful 
RAM system is good power distribution consistin9 of 
carefully designed decoupling and power gridding. The 
importance of good power distribution cannot be over­
emphasized. 

Let's examine the problem. All dynamic RAMs -have at 
least two supplies (VOD and VBB; VSS is the RAM 
internal ground). Most also have a third called VCC. 
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We Will discuss only VOO since the other supplies have 
similar characteristics. Figure 2 shows the 100 current 
waveform for a typical dynamic RAM chip during a 
memory cycle. 

CHIP ---.I \ ENABLE 

UlOmA ~ 7f IDD 50 r { \ 7( 
2-4mA 

Figure 2. 

At the beginning and end of chip enable, each RAM chip 
draws 50 to 100 rnA current spikes with rise times of 
20 ns. In addition, each RAM package draws a 20 to 
40 rnA DC current lasting for the duration of chip 
enable. The power distribution system must supply these 
currents while the voltages at the RAMs remain constant. 
Figure 3 is a schematic of the VOO supply for a row of 
eight RAMs. The inductors are due to PC trace induc­
tance which is about 10 nH per inch for a 13 mil trace. 
If the RAMs are on %-inch centers there is 10 nH total 
between RAMs. 

Figure 3. 

If there is only one capacitor per row, and if that row' 
capacitor,. Crow, were infinite, the voltage spikes at the 
first, second, and last RAMs would be: 

. di 100mA 
V1 spike = Lx 8- = 10nH x 8 x ---

dt 20 ns 

= 400mV 

. di 
V2 spike = Lx 15- = 750mV 

dt 

V8 spike = L x 36~ = 1800mV 
dt 

These spikes, especially the last two, are unacceptable. 

If each RAM had its own decoupling capacitor, CRAM, 
in series with 10 nH of trace inductance, the voltage 
spikes would be: 

di l00mA 
Vspike = L- = 10nH x --- = 50mV 

dt 20ns 

which is very good. Local decoupling should be used 
to overcome the spiking problem. 

The ability of the power distribution system to supply 
the 20 to 40 rnA per chip during a RAM cycle is also a 
function of the series inductance. For example, see 
figure 4. 
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Let the total power supply lead inductance be 50 nH. 
(We are ignoring the pe trace inductance within the 
RAM array itself.) What would the voltage step have to 
be at the RAMs to get 40 mA x 8 flowing in 20 ns? 
The equation is: 

di· 40mA 
E = L - = 50 nH x 8 x --= 800 mV 

dt 20ns 

which is a large step which should not occur with 
adequately designed decoupling. Therefore, the bulk of 
the De current for cycling the RAMs comes from de­
coupling caps themselves, and therefore they should t>e 
large enough to supply these currents with little droop. 
They should also be close enough to the RAMs to mini­
mize the effect of the spikes. If we use a 0.1 iJF cap, 
the droop for a 250 ns cycle would be: 

I 40mA 
V droop = V = - t = -- x 250 ns = 100 mV 

e 0.1 pF 

which is acceptable. Obviously, a larger capacitor will do 
an even better job of handling the droop. In addition, to 
help keep the droop to a minimum, the board should 
have about 50 to 200p.F of bulk decoupling on the 
+12 V supply. The other supplies can have less. Half 
should be placed near the pointwhere the supplies enter 
the board. The other half should be placed at the far side 
of the RAMs so that the array lies between the bulk 
decoupling capacitors. 

Alternatively, half of the bulk capacitors can be spread 
throughout the array. If this is done, use approximately 
5 to 10pF per eight RAM chips for VOO and Vee. 
For Vee, 5 to 10p.F for 32 chips should be adequate. 

Intuitively, this second approach seems better. However, 
the first technique works fine and is probably more cost 
effective. 

The choice of capacitor types is very important. In all 
of the above decoupling calculations we have ignored the 
effective series resistance (ES R) of the capacitors. The 
effect of the ESR of real capacitors is probably at least 
as large as the effect of pe trace inductance and is a 
function of the capacitor type. 

For best results, use ceramic capacitors for the local 
decoupling. The Memory Systems Group at National 
Semiconductor has had good results with ceramic 
capacitors of Z5U material from AVX and Sprague. 
To illustrate how important the Memory Systems Group 
feels these capacitors are to good memory board perfor­
mance, every lot is subjected to an incoming inspection 
which includes, among other things, a transient response 
test. 

For bulk decoupling, solid tantalum capacitors are 
recommended. They have better transient response than 
most other large value capacitors and they put a lot of 
capacitance into a small package which simplifies board 
layout. 

A word about power gridding. If there are a number of 
rows of RAMs, all power supply traces to all RAMs 
should be run both vertically and horizontally through­
out the array. Providing multiple paths through the array 
reduces the effective inductance of 'the power distribu­
tion system. 

To summarize power distribution, we can say the 
following: 

1. It is the single most important aspect of a good RAM 
board layout. 

2_ Use plenty of decoupling. The decoupling caps not 
only reduce voltage spikes, but also provide most of 
the RAM power during the cycling. Layout the 
board for a O.lp.F capacitor per power supply per 
RAM chip iup to three capacitors per chip). As 
production history accumulates, it may be possible 
to omit half the capacitors. However, layout the 
board for one per supply per chip. Use 50 to 200p.F 
of bulk decoupling on +12 V. On +5 V and -5 V use 
25 to l00pF. 

3. The decoupling capacitors should have the shortest 
possible traces back to their respective RAM power 
supply arid ground pins. To reduce inductance 
further, these traces should be as wide as room will 
allow. 

4. Traces running ·the power supply voltages throughout 
the array should be as wide as possible. However, 
with good decoupling design, even minimum trace 
widths will probably be acceptable. If some power 
supply traces can be wider than others, make VSS 
(Ground) wider first, VOO next, Vee nex~, and 
finally Vee. Ground is the key. Grid the supplies 
even if the traces are heavy in one direction and light 
in the other. 

5. We have purposely omitted any discussion of multi­
layer boards. They tend to simplify power distribu­
tion problems, but the types of problems that must 
be solved are the same. Only the magnitudes have 
been somewhat reduced. Almost everything that has 
been said up to now is still applicable to multilayer 
boards. 

Data and Control Signal Distribution 

The second most important aspect of the successful 
RAM system is address, data, and control signal dis­
tribution. 

Let's discuss the chip enables first. This is the most 
important signal to the RAM and all timing is referenced 
to it. There are two types of chip enables in common use 
today: 12 volt and TTL level swings. Running ch ip 
enable lines through an array tends to be less of a 
problem than one would think. There are only two 
things to keep in mind. First, place the actual driver 
chip near the RAM array it is driving, making the chip 
enable run short and direct. Second, put a damping 
resistor near the driver. 00 this for either TTL level or 
12 volt chip enables. Select the value of this resistor to 
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Figure 5. 

give the best clock waveform at the RAM chips. Its 
value will probably be between 10 and 51 n. Figure 5 
shows the commonly used arrangements. 

The reasons for these two recommendations stem from 
the fact that, at the frequencies encountered here, 
the clock lines are, in fact, transmission lines. The 
impedance of the line is determined by: 

where the impedance of the clock line within the array 
of chips is in the range of 10 to 15 n while the unloaded 
line between the clock driver and the chip array is in the 
range of 30 to 50 n. 
In order to drive the clock line cleanly, some attempt 
must be made to match the clock driver's output imped· 
ance to that of the line. The actual output impedance of 
most monolithic clock drivers varies as much as 3 to 1 
and so we choose a fast clock driver with low output 
impedance and put a damping resistor in series to 
empirically set the effective output impedance to match 
the line (with only about 10% variation). 

Long clock lines or long lengths of unloaded clock lines 
can cause problems. In the case of the long clock line, 
the open circuit at the far end of the line causes the 
reflection from the end of the line to return to the 
driver after the end of the rise time, resulting in'ringing. 
In the case of the long unloaded length of line, the 
reflection from the junction of the unloaded and loaded 
sections of the line (due to the mismatch) causes glitches 
in the clock transitions. 

To minimize crosstalk from chip enable to other signals, 
try to run chip enable at 90° to other signals. This is 
usually hard to do in an actual layout. As an alternative, 
leave as much room as possible between chip enable and 
adjacent traces as it runs through the array. Typically, 
signals in the array are on 50 mil centers. Moving the two 
adjacent signals more than 50 mils away from chip 
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enable will help some in reducing crosstalk. However, 
as stated earlier, there seem to be very few problems 
associated with chip enable. Neither CE itself nor 
crosstalk to other signals will be troublesome if the 
above guidelines are observed. 

Address, data, and control signals such as read/write (or 
equivalent) should be run as directly as possible. Their 
layouts tend to be non:critical. The critical thing is 
timing. The control logic should be designed to maxi­
mize setup and hold times with respect to chip enable. 
Again, high production yield is related to margins. As 
an example, consider a RAM board that was built for an 
8080 system. The chip used was MM5271 4k RAM 
which has a low true TTL level clock input. The signal 
that controls read, write, and refresh is called TSP. 
The MM5271 data sheet says that the setup time for TSP 
is zero ns with respect to the leading edge of chip 
enable. When dQing a refresh, TSP must be low at the 
beginning of chip enable. The original timing brought 
TSP down at the same time as chip enable. The system 
seemed to work. However, it would make an error once 
every half hour or so. With an. oscilloscope everything 
appeared to be within specification. When TSP and chip 
enable were superimposed on the scope, their leading 
edges were absolutely coincident in both time and 
waveshape. The TSP/chip enable relationship was 
examined very, very carefully and pronounced okay. 
Finally, in an attempt to cure the problem, the TSP 
timing was changed to give about 50 ns of setup time 
and the problem disappeared. 

The point was that the original design was done to the 
limit of the memory data sheet even though there was 
no need to do so. The success of the operation depended 
on the shape of the two waveforms to keep the system 
in spec. Once margin was designed in, with no hardship 
at all in the design, the system operated flawlessly. 

In high-speed systems where it is hard to design in extra 
margin, use damping resistors in address, data, and 
control lines to help control their waveshapes. A resistor 
in every address, data, and control line allows these 
waveforms to be optimized, which gives the system 
improved margin over an undamped design. Use damping 
resistors only where necessary. Leave them out of signals 
that have· time to settle down before they are needed. 

Summarizing the use of damping resistors: always put 
them in chip enable lines, whether they are TTL levels 
or 12 V levels. Use them as necessary in those address, 
data, and control lines whose timings are approaching 
the limits of the RAM chip data sheet. Design in margin 
first. Tune it in when it can't be designed in. 

LOGIC CONSIDERATIONS 

These also affect yield. For example. a RAM cycle 
must never be aborted befon~ its normal completion. 
The control logic must be des.igned to never permit a 
shortened cycle. At this point we shall briefly discuss 
some techniques for timing and control. 

Timing Generation 

The actual phasing of control signals can be done a 
number of ways. Existing system level control signals 
can be used. This is easy in some 8080 and PACE 
systems. When the available system control signals 
aren't quite up to the job, another technique that works 
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quite well is to use a high frequency oscillator and a 
shift register connected as a Johnson counter. Any 
timing signal that is necessary can be generated from a 
Johnson counter using a 2 input gate. This technique 
has a minor drawback if the high frequency oscillator 
is asynchronous with respect to the main system timing. 
The RAM cycle timing will always have a finite uncer­
tainty with respect to the system cycle timing. This 
uncertainty is equal to the clock period of the high 
frequency oscillator. To apply the same technique but 
to avoid the timing uncertainty, use a gated delay line 
oscillator instead of a crystal or RC oscillator. Delay 
line oscillators can be started and stopped reliably. 
Crystal and RC oscillators take a few cycles to settle 
down and therefore are not reliable in a start·.-stop 
mode. How about one-shots? Do not, under any circum­
stances, use one-shots in critical timing applications! 

Refresh Timeouts 

A counter and oscillator are best. An astable oscillator 
is acceptable but must be carefully designed for worst 
case minimum frequency with respect to temperature 
to ensure the RAM gets refreshed often enough. At the 
end of the timeout a flip-flop should be set. When the 
refresh cycle is finally completed, that flip-flop should 
be reset. The timing should be such that it doesn't 
matter when the RAM gets refreshed within the refresh 
timer period. 

Transparent versus Non-Transparent Refresh 

Most microprocessors have predictable periods of time 
when they wi" not access the RAM board. Usually it 
take~ little effort to insert refresh cycles in these times, 
thereby making refresh transparent to the CPU. When 
the CPU is very fast arid is using the bus almost contino 
'uously, the refresh will have to hold up the processor. 
Even then, some clever design will minimize the time 
spent doing non-transparent refresh. 

Single Step 

Some systems need the capability of single stepping 
through programs. Since dynamic RAMs must be 
refreshed continuously, the output data from RAM 
should be latched. This permits single stepping because 
every time the address changes, the RAM is read and the 
data is latched. Then the refresh proceeds behind the 
latches, never disturbing the data. The RAM appears 
static. 

DMA 

DMA should be little different from normal cycles. 
One thing that must be considered is how to handle 
refresh. Three techniques immediately come to mind. 
First, have ·the DMAing device permit refresh period· 
ically. Second, limit the DMA frequency. Make the 
period between DMA cycles equal to a normal RAM 
cycle plus a refresh cycle. This way the refresh can be 
handled transparently to the DMA, The third technique 
would be to limit the DMA time to something under 
2 ms and at the end of the DMA do a burst refresh of 
the entire memory. There are a number of other ways 
to handle refresh and DMA. Performance of the system 
will determine which technique is most appropriate. 

From a system standpoint, the most important,aspect 
of DMA and dynamic RAMs is the polarity of the 
system level' control signals. In a TTL system ",here 
bus control can change hands, the control signals must 

be low true. The reason for this is that, as control trans· 
fers from the CPU to the DMA device and back again,' 
there will be short periods of time when the control 
lines are floating since neither device is driving the lines. 
In a TTL system, floating lines look high. If contral 
signals have been defined as high true, then as the lines 
momentarily float, devices such as our RAM board will 
think that a command has been issued and will start an 
unintended cycle. Then the problem gets compounded. 
During the unintended cycle comes the command for 
a real cycle. Either the unintended cycle will be aborted, 
which destroys some RAM contents, or the intended 
cycle will start too late, causing other problems in the 
external system. An example of a bus with this problem 
is the S 100, ot hobby standard bus. It mixes signal 

. polarities and, therefore, makes dynamic RAM control 
logic unnecessarily complex. If there is only one con­
trolling device, signal polarities are academic. But if 
control can transfer, make the control lines low true. 

SUMMARY 

Refresh requirements make dynamic RAMs slightly 
harder to use than static RAMs. However, they pay the 
designer back for his efforts by reducing overall system 
cost in three ways. First, dynamic RAMs tend to be 
cheaper than static RAMs of the same size. This is 
primarily due to smaller chip sizes and higher produc· 
tion volumes than comparable static RAMs. Second, 
dynamic RAMs use less power. When a dynamic RAM is 
not being accessed it draws much less current than a 
static RAM. During access, dynamic and static RAMs 
draw similar amounts of power. However, in a large 
array, only that bank being accessed draws full power. 
All others still draw standby currents so that the total 
system power is lower than for a comparable static 
system. Because of the reduced power requirements, 
power supplies are cheaper. And, third, due to lower 
power dissipation, cooling requirements are reduced, 
allowing a further saving. 

There are three things the system designer can do to 
maximize RAM board yields during manufacture. First, 
design proper power supply dl!coupling. This is probably 
the single most important consideration for the designer. 
A good high frequency 0.1 J.lF capacitor per supply per 
memory chip is recommended. A capacitor per supply 
per two chips is probably okay, but the board should be 
laid out for one capacitor per supply per chip and then 
capacitors can be left out as yield data becomes available. 
For bulk decoupling use about 50 to 200 J.lF per board 
on + 12 V, less on +5 V and -5 V. ;' 

Second, design in as much margin as possible in all 
control signal timing. Use damping resistors where 
necessary. If timing is designed right to the minimum 
specs, periodically the right combination of data pattern, 
power supply noise, temperature, cosmic radiation, etc., 
causes the system to fail. The combined worst case 
parameters push a signal beyond specification and the 
memory fails. 

Third, never allow spurious, shortened memory cycles to 
occur. Shortened or aborted memory cycles are guaran­
teed to destroy data in the row that was addressed 
during the aborted cycle. 

Any designer who uses reasonable care can successfully 
design dynamic memory systems which wi" be easy to 
manufacture and very reliable in the field. 
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APPENDIX A 

Appendix A shows a simplified timing diagram and schematics for a 16kxB RAM bQard used by a PACE microprocessor 
for byte mode data storage. 

RAMs are MM5270 4k RAMs with 12 V chip enables. All timing is generated from existing system signals. DMA is not 
now in use, but is possible in the future. Control signals from the bus are low true. Refresh is transparent, done at any 
time in the absence of any address, data in, or data out strobes, coincident with the rising edge of clock. 
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APPENDIX B 

in Appendix 8 we shOll'.' the printed circuit board layout for a 16k x 16 RAM board which uses MM5270 la-pin 4k 
RAMs. It is an excellent example of the proper way to grid and decouple the power supplies on a two-sided board. Also 
shown are the centrally located chip enabie drivers vvith their series damping resistors. 
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MM529016K.RAM 
~unctional Description 

INTRODUCTION 

This functional description COV9rs ~he operation of the 
MM5290 16k dynamic RAM currently manufactured 
by National Semiconductor. This device is directly 
interchangeable with the M K4116. The National design 
has 'some internal· differences, but these are transparent 
to the user, making the MM5290 a direct replacement 
for the MK4116. 

Block Diagram 

The block diagram shown in Figure 1 shows the func­
tional relationship between major blocks of circuitry in 
the MM5290. The multiplexed address, unlatched 
output and gated CAS features are shown. The row 
decoder column decoders and two 64 x 128 memory 
arrays with sense amplifiers between them are drawn in 
blocks that' indicate their actual physical relationship on 
the die. This arrangement, with sense amplifiers in the 
middle and column decoders duplicated along each side, 
reduces cross talk (coupled noise) between address and 

National Semiconductor 
B. Johnston 

coiu(nn lines. Noise margin is improved because column 
line length is minimized. 

Clock Generation 

The MM5290 has multiplexed addressing necessitating 
separate row (Row Address Strobe, RAS) and column 
(Column Address Strobe, CAS) strobes. The timing 
relationship between these two strobes is. made non­
critical by gating CAS with the intern~1 RAS clock. This 
is shown ir) Figure 1, along with the fact that CAS gates 
the write enable (WE) control. These three signals are the 
source of the internal clocks (row, column and write 
clocks), Another way to describe this is: 1) the row 
clocks are referenced to RAS; 2} the column clocks are 
referenced to either RAS or CAS. depending on the 
RAS to CAS delay; and 3) the write clocks are referenced 
to CAS or WE, depending on which occurs later. The 
block diagram in Figure 1 indicates which blocks of 
circuitry the internal clocks control. 

00 

FIGURE 1. MM5290 Block Diagram 
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Memory Cell 

The basic memory cell consists of a transistor and 
capacitor as shown in Figure 2. Data is stored by 
selecting a cell and charging or discharging the storage 
capacitor Cs th'rough transistor 01. 01 is tnen turned 
OFF (cell deselected) and data is retained until charge 
is lost through leakage current or the cell is refreshed. 
Each memory cell must be refreshed every 2 ms to 
guarantee data retention. 

COLUMN 

CST 
VDD 

FIGURE 2. Basic Memory Cell 

Cell Selection 

Figure 3 shows a block diagram indicating how .an 
individual memory cell is selected (addressed). First, 
the row address is latched in by RAS.This is decoded 
to select lout of the 128 rows. Actually, there are 128 
cells tied to each row so that 128 cell transistors (01 in 
Figure 3) are turned ON. Second, the column address is 
latched in. This is decoded to select 1 of the 128 col-

(lZiI 

COLUMN 

IZI X IZI 
CELL MATRIX 

FIGURE 3. Block Diagram of Cell Selection 
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ROW 

umns. The row and column coincidence selects an 
individual cell for either reading or writing data. 

Read Operation 

Figure 4 shows a simplified version of the array of cells 
with the read/write circuitry. The array consists of 
16,384 memory cells plus 2 rows of 128 reference cells. 
These are separated into 2 arrays by 128 sense amplifiers 
as shown. If row address AX5 is a logic "0", a row in the 
top half of the memory is being selected while the 
reference cells on the other side of the sense amplifier 
are also selected .. Data is stored in complementary form 
in this half (top) of the array. The other half (bottom) 
of the array stores the data in true form when row 
address AX5 is a logic "1". A logic "0" in the array is 
defined as OV stored in the cell and a logic "1" as +V. 

Although the usual time reference in a cycle of opera­
tion is the high-to-Iow transition of RAS, the prior 
events of discharging all row I ines (to OV) and precharging 
all column lines (to VDD) must occur before a cycle of 
operation can be successfully completed. The starting 
point then is all row lines discharged and all column 
lines precharged. Then a row address is latched and the 
128 cells connected to the selected row line are "read" 
by the 128 sense amplifiers. This also refreshes them. 
When a column address is latched, 1 of the 128 columns 
is connected to the I/O bus and the data of the selected 
cell becomes available on the DO pin. 

i7D BUS 

COLUMN DECODE I:lzi 

AX5 

(DATA STORED TRUEI 

COLUMN DECODE 1:1Z1 

110 IUS 

FIGURE 4. Simplified Read-Write Circuitry 
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Sense Amplifier Operation 

Figure 5 shows a simplified version of a sense amplifier 
together with a selected memory cell and the reference 
cell associated with " reading" the cell. When the cell is 
selected by the row address, a reference cell on the 
opposite side of the differential sense amplifier is also 
selected. (In fact, the entire row of 128 reference cells 
is selected.) If the selected memory celt contains a "1", 
then the storage capacitor Cs has the same potential 
as the left column line and no charge is transferred 
through 01. If the selected cell contains a "0", then 
charge will be transferred through 01 and shared 
between Cs and CCl. The voltage of the column line 
will be reduced by fl. V where fl. V is a function of the 
ratio of Cs to CCl. 

Simultaneousiy with the events happening With the 
memory cell and the left column line, the right column 
line wiii always be reduced by 1/2 fl. V because charge 
will be transferred through Q2 between the capacitor of 

I 
I 
I Cs 

IT-
I Voo 

I MEMORY CELL I L ____ .J 

An"-«> 
r----' 
I 11 
I I 
I 02 

I 112Cs 

lr 
i YDU , 
I REFEREIICE I 

,L.._!!'!.._.J 

the reference cell labeled 1/2 Cs and CCl. (Ail reference 
cells begin the cycle with a "0" stor~d on the storage 
capacitor.) This means that the sense amplifier will have 
a voltage difference of ± 1 /2 .::l V across it with the polarity 
depending on the data stored in the memory cell. The 
sense amplifier regeneratively amplifies the difference 
and restores the data in the memory cell. This signal is 
also amplified by the output buffer and made available 
at the output pin (DO). . 

Write Operation 

Figure 6 shows a block diagram of the write circuitry. 
The Data In buffer drives the column line of the selected 
cell either low (to ground) or high (to VOO) depending 
on the logic level of 01. Transistor 01 is ON because 
the cell has been selected and the storage capaCitor Cs 
is written to the voltage of the column line. Then 01 is 
turned OFF and Cs retains the data. 

lEfT 
CIIlUMIL 
LlIlE 

CCl 

T 
OIFfEREIITIA1. 

SEIISE IUFFER 
AMPLIFIER 

DO 

Cel 

T 
RIGHT 
COlUMIL 
lilliE 

FIGURE 5. Simplified Read Circuitry 

FIGURE 6. Simplified Write Circuitry 
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Refresh 

One side of the storage capacitor of the memory cell is 
a polysilicon VDD line. The other side is a diffused 
junction (the drain of a transistor). The leakage of this 
junction normally increases with temperature and limits 
the data retention. This "dynamic" nature of the data 
storage requires that the cells be refreshed periodically 
(every 2 ms with today's technology) to retain data. 
A row of cells (128) is refreshed whenever any valid 
RAS cycle occurs. This means it takes 128 cycles to 
refresh the MM5290. Operating power is reduced and 
the output kept in the high impedance state when CAS 
is kept high and RAS is cycled for each of the 128 row 
addresses (RAS Only Refresh) to refresh the memory. 

Most of the circuitry used in the MM5290 is dynamic 
and must also be "refreshed" for the memory to func~ 
tion properly. This is accomplished automatically when 
the dynamic cells are refreshed. This dynamic circuitry 
requires several cycles after power-up or after the 
refresh limit has been exceeded before proper device 
operation can be assured. 

Read Timing 

The read cycle timing is indicated in Figure 7. The cycle 
begins with RAS going low. This latches the row address. 
The address bus must be stable at this time: CAS then 
switches low sometime later. Again the address bus must 
be stable at the time CAS goes low because the column 
address is latched at that time. WE must be high coin­
cidentally with CAS low during the read cycle. Data 
Out (DO) will be valid before tCA~cess time from 
CAS) or tRAC (access time from RAS) whichever is 
limiting. The output will return to TRI-STAJE® in 
tOFF time when CAS switches high. The valid data can 
be maintained to the end of the cycle (in fact, into the 
next cycle) because tCRP minimum (CAS to RAS 
precharge time) is specified as a negative quantity in 
the data sheet. 

ROW ADDRESS 
LATCHED 

Write 'Timing 

There are 3 types of write cycles specified in the data 
sheet. These are called an Early Write, a Read-Write and 
a Read-Modify-Write cycle. 

The Early Write cycle is characterized by WE going low 
no later than twcs minimum (WE to CAS set-up time) 
before CAS. This could be called a "write only" cycle. 
The output remains in the high impedance state through­
out the cycle white data is written into the desired loca­
tion (Figure Ba). 0 I N is latched when CAS goes low and 
must be stable then rather than being referenced to WE. 
The WE pulse width must be a minimum of twP and 
both the leading and trailing edges of WE have several 
timing constraints with respect to RAS and CAS. Refer 
to the data sheet for these specifications. 

The Read-Write cycle (Figure Bb) occurs when WE is 
delayed for at least tRWD minimum (RAS to WE Delay) 
from RAS and the tCWD minimum (CAS to WE Delay) 
from CAS. The data in the selected location is first read; 
then new data is written into the location. The read 
portion of the cycle is explained in the section on Read 
Cycle Timing. The write portion of the cycle begins 
with data being latched in when WE falls and ends with 
the end of the cycle. The detailed timing is shown in 
the data sheet. ' 

The Read-Modify-Write cycle (Figure Be) is the Read~ 
Write cycle extended in time so that the data in a 
particular location can be read, modified if necessary, 
and then written back into the same location. This 
requires that the WE pulse be delayed the minimum 
time of tRWD from RAS and tCWD from CAS plus 
an additional time shown as tMOD. The additional 
time is the time required by the system to check the 
data, modify it as necessary and pface it on the input 
data bus consistent with the required set-up time before 
WE goes low. Note that tMOD is a system parameter. 
Detailed timing is given in the data sheet. 

COLUMN ADDRESS 
LATCHED 

FIGURE 7. Read Cycle 
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oo------------~--------------
FIGURE Sa. Early Write 

FIGURE 8b. Read-Write 

1----tRWO + .OO-----t~ 

tcwO+'MOO 

FIGURE Be. Read-Modify-Write 
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Page Mode Timing 

The MM5290 functions in a page mode operation with 
up to 128 bits (1 row) per page. Data may be read or 
written in this mode of operation. -

Figure.9 shows the timing for a page mode Read cycle. 
The cycle starts like a normal read cycle with the access 
time of the first bit (bit 0) either tRAC or tCAC which­
ever is limiting. The rest of the page mode read is accom­
plished by keeping RAS low and cycling CAS an addi­
tional 127 times while changing to a new column address 
each time. WE may be held high continuously or cycled. 
If WE is cycled, it must meet the timing constraints 
shown in the data sheet. RAS cannot be held low for 
more than 32 I-LS so that the maximum CAS cycle time 
is approximately 250 ns to read the full 128 bits of 
data in a page (row). 

Figure fOa shows the timing for a page mode Early Write 
cycle. The cycle begins as a normal early write cycle. 
The rest of this mode of operation is accomplished by 
keeping RAS low and cycling CAS an additional 127 
times while changing to a new column address each 
time. The input data (DIN) must be referenced to the 
falling edge of CAS and not WE. WE may be held low 

or pulsed. The output will remain in the high impedance 
state throughout the cycle. 

Figure fOb shows the timing for a page mode Read-Write 
cycl,. The cycle begins as a normal read-write cycle. 
Then RAS .is held low and CAS is cycled an additional 
127 times while a new column address is selected each 
time. WE must be kept high fpr the tCWD time (to 
guarantee the data is read) and then switched low for 
tWP time to accomplish writing the new data. The data 
to be entered (DIN) must be referenced to WE with the 
appropriate set-up and hold times shown in the data 
sheet. Extending the tCWD time to allow for modifying 
data and then writing it back into the same location 
would make this a Read-Modify-W~ite page mode cycle. 

Refresh Timing 

The MM5290 must be refreshed every 2 ms. Any valid 
cycle of RAS will refresh .a' row of 128 bits. It requires 
128 cycles, (1 for each row of the matrix) to refresh the 

. entire memory. Figure 11 shows RAS only refresh. 
Only RAS switches. CAS is held high which reduces 
100 and TRI-STATES the output. 

I------------~~---y 
J 

>----t~---------

FIGURE 9. Page Mode Read Cycle 
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'00---------------- OPEN ----------------

FIGURE 10a. Page Mode Early Write Cycle 

:~~~::~~~~~~~~~_-~_-_-_-_-_-_-_-_-_32_III_M_A_X~~~_-_-_-_-:_-_-_-_-_-_ -_ -_ -_ -;, =r­
---..,~ 

~ 

FIGURE 10b. Page Mode r.ead-Write Cycle 

"-__ AllI2lA ... A •••• "~ 

m-----------------VIH----------------

DO----------------OPEN-----------------

FIGURE 11. RAS Only Refresh Cycle 
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Current Transients 

Figures 12 and 13' show the current waveforms for 
100, ISS and laa· When the MM5290 is operated with 
CAS" limited timing, the transients associated with the 
row and column clocks are separated in time. The major 
events causing the transients are indicated in Figure 12. 
When the operation is RAS limited, some of the tran-

sients overlap. This is shown in Figure 13. The transients 
are then additive and maximum transient peaks occur. 
Adequate capacitive decoupling* at the board level is 
necessary to maintain power !!upply voltage transients 
within the data sheet specification of ±10%. 

ml .... _____ ____ 

Wlr... ____ ..... 

wr ---,L.. ____ 
ROW ADDRESS 

LATCH/BUFFERS 
CHARGED 

ROW DECODER 
/ DISCHARGED 

ISS 
DIGIT LINES ~o 

DISCHARGElJ 
SUBSTRATE TRANSIENTS 

DV~~I~~:~U~~~ '- IBB 
CHARGING & DISCHARGING 

COLUMN DECODERS 
PRECHARGED 

ROW DECODERS AND 
DIGIT LINES PRECHARGED 

ROW ADDRESS 
" LATCH/BUFFERS 

50 DISCHARGED 

'-..'- 1 

40 

~ COLUMN ADDRESS 
LATCH/BUFFERS 
DISCHARGED 

Note. All values in mA unless shown otherwise. 

FIGURE 12. CAS limitedTiming Transients 
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ROW DECODER 
DISCHARGED 

(SAMEASW 
LIMITED) 

COLUMJI DECODERS 
AND 1/2 OF DIGIT 
LINES DISCHARGED 

45 

Note. All values in mA unless shown otherwise. 

OPERATION 

FIGURE 13. RAS limited Timing Transients 

*Refer to "Dynamic RAM Board Design Made Easy" 
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Bit-Slice Microprocessor 
Design Takes a Giant Step 
Forward with "Schottky­
Coupled-Logic" Circuits 

A new four-bit slice "Schottky-coupled-logic" design 
combines the flexibility of the Industry standard 2900 
microprocessor architecture with advanced lSI pro­
cessing. It implements low-power Schottky TIL 
circuitry on the same devices as a proprietary TRI­
STATEn.1· emitter coupled logic design to achieve a 
30 to 50 percent improvement in speed with no 
. increase in power dissipation. It also allows the use 
of advanced "pipeline prediction" techniques in 
microprogram control design to Significantly reduce 
microcycle times. 

In most computer applications, cost, speed, power 
consumption and utility are the key factors. In some 
applications cost is the dominant consideration. In 
others it is speed or power consumption. 

In bipolar four-bit slice microprocessor-based sys­
tems, this is particularly true. To date, however, 
designers have had to make a choice between the 
high speed of emitter coupled logic or the low power 
consumption and low cost of low power Schottky 
TIL four-bit deSigns such as the industry standard 
2900 series. 

But with current approaches it has not been very 
practical to have both. 

If the designer chose an ECl deSign, he paid a price 
for the high speed with higher power consumption 
and loss of board design flexibility. If one of the lS 
bipolar 2900 deSigns currently available was chosen, 
low power could be achieved, but only at the price of 
considerably reduced system throughput. 

Now. however, computer system designers can have 
both ECl-type speeds and lS bipolar power con­
sumption. Using a new advanced "Schottky-coupled­
logic" technique that combines low power Schottky 
circuitry on the same die as proprietary low power 
TRI·STATE ECl circuitry, the IDM2900 series of four­
bit slice microprocessor components has been 
developed by National Semiconductor Corporation. 

With this patented "SCl" technique. devices have 
been fabricated which are 30 to 50 percent faster 
than comparable 2900 deSigns now available. At the 
same time power consumption is slightly less than 
that for present lS bipolar deSigns and one third of 
that required for ECl·based deSigns. 

The substantially increased system throughput 
made possible by this new series of SCL implemen· 
ted IDM2900 parts means a number of advanced 
computer deSigns can be considered which were not 
possible before. For example, advanced "pipeline 
prediction" techniques in microprogram control 
deSign can be used to significantly reduce micro· 
cycle times. 

286 

National Semiconductor 
Application Note 203 
Dale Mrazek 
July 1978 

An interesting byproduct of this approach is that this 
Is the first ECl-based four-bit slice family to meet the 
military requirements over the military temperature 
range. Indeed, the ne'!Y series shows even less perfor­
mance degradation over the military temperature 
range than some of the standard lS bipolar parts 
now available . 

A 80 Nanosecond Slice 

The process and circuit improvement that have been 
achieved are the most apparent in the IDM2901A, 
which boasts an average microcycle time of only 60 
to 70 nanoseconds, a 100% Improvement over exist­
ing lS bipolar designs. Power consumption, 
however, is about the same, only 800 milliwatts for 
the entire device. Also available Is an even faster 
version - the IDM2901A-1 - with a microcycle time 
of only 50 to 60 ns, and no Increase in power con­
sumption. 

As with other implementations of the 2900 architec­
fure, the IDM2901A is the key element in this high 
speed family of four-bit slice components. Designed 
as a high speed cascadable element intended for use 
in CPUs, peripheral controllers, programmable micro­
processors and numerous other applications, the 
IDM2901A consists of a 16-word by 4-bit two-port 
random access memory, a high speed arithmetic 
logic unit and the associated shifting, decoding, and 
multiplexing circlJltry. (See figure 1.) 

Indeed, except for that most important parameter -
speed - the IDM2901A is plug compatible with any 
lS bipolar implementation of the same architecture 
now on the market. But plug in replacement and raw 
speed improvements are just part of the story. As can 
be seen from tables 1 and 2, the IDM2901A, for 
example, has improved significantly almost every 
timing parameter possible. The read/modify/write 
cycle is 42 percent less, the maximum clock 
frequency 68 percent greater. Execution time for a 
typical operation, such as an add and shift (multiply) 
is 95ns maximum and 60ns typical, a significant gain 
over previous 2900 implementations. (See table 3.) 
Used in a typical deSign, system microcycle time is 
in the 100 to 150ns range, about one half to two 
thirds that of previous lS bit slice implementations. 

These circuit and process improvements have been 
implemented in many of the standard components 
needed to build a system based on the 2900 bit slice 
architecture. In addition to the IDM2901A, 18 other 
standard parts have already been introduced. 'These 
will allow system designers to take advantage of the 
inc~eased speed. (See table 4.) 

• A traoemark of National Semiconductor Corporation. 
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A 
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f = 0000 

OUTPUT 
ENABLE • OUTPUT DATA SELECTOR 

Y 

DATA OUT 

Figure 1. Block Diagram 

Using some of the standard parts in the IDM2900 
family, a typical 16-bit controller function can be im­
plemented with a system microcycle time of about 
140ns. This represents about a 30 percent improve-' 
ment over that achieved with lS bipolar devices. 
Using the high speed IDM2901A-1, system through­
put can be reduced to about 120ns. Using the pro­
prietary parts added to the family, the same 
functions can be done in even less time, about 120 
and 100ns, respectively. 

Figure 2 shows a very simple, very fast state 
sequencing controller designed using IDM2900 
family parts. It has no arithm~tic capability, but 80ns 
clock intervals can be ·used. A less complex control­
ler Is shown In figure 3. It utilizes the IDM2901A for 
its data storage and arithmetic or logic generation. 
The IDM2911A is used as the state sequencer for this 
controller since, its spe~d and subroutine stack can 
be used to advantage in the application. 

lS + ECl = SCl 

To achieve this combination of ECl speeds and lS 
bipolar power cOl'1sumption, several techniques are 
used. One is to use low power Schottky circuitry in 
the periphery of the chip for input/output and inter­
facing to external TIL levels and the ECl internally 
- a technique commonly used in some bipolar 
memories. (See figure 4.) 

@IC MASTER 1979 

Traditionally, ECl to TIL translators are slow 'unless 
considerable power is applied. In the IDM2'900 family, 
however, the ECl speeds are retained, but at no cost 
in additional power, thanks to a TRI-STATE translator 
circuit technique that transforms the 0.7 volt ECl 
'levels to 5 volt Schottky levels. This technique elim­
inates the slow and power consuming buffer transis­
tors that usually do the job, and the translators ca(l 
drop off to one third their active power with no loss in 
speed. Using this T~I-STATE translator technique, 
the extra 60 to 65 percent In power that would have 
been consumed Is pumped· instead into the portions 
of the device, that ,require it; specifically, the ECl 
core circuitry. 

Table 1. Percentage Improvement In Cycle Time and 
Clock Characteristics 

Time IDM2901A IDM2901A-1 

Read-Modify-Write Cycle 40% less 40% 

Maximum Clock Frequency 6% 6% 

Minimum Clock low Time same same 

Minimum Clock High Time same same 

Minimum Clock Period 40% less '40% 
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The output translatois use both linear and olgitai 
techniques. Differential Eel Signals are transiated 
using a differentlai current ampnfler where me ait·~er· 
ential output voltage is changed to a differentia! 
current and then back to an output voltage, Tnis 
drives a phase splitting transistor used to. in turn, 
drive the output circuitry in the periphery. Key to tne 
operation of these translators is the use of an 
improved TRI-STATE iogic buffer circuit character­
ized by a current mirror transistor having its base and 
emitter, respectively, connected to the base and 
emitter of the phase splitter trans:stor, and its collec­
tor connected to the voltage supply terminal. (See 
figure 5.) The emitter size on the current mirror tran­
sistor is about twice that of the enitter size (,)f t",Ic: 
p,hase spl itter transi stor. 

The current mirror transistor supplements the drive 
current that is provided by the phase splitter transis­
tor to the pull-down output transistor. This permits a 
higher resistance to be connected between the 
voltage supply terminal and the co!lecto; of thn 
phase splitter :ransistor without diminish~!i'g tho 
drive curr.ent to trio pull-down output transistor. By 
connecting a higher resistance, the power for the 
circuit is reducea \','1"8;'1 tre output is in its disabied 
state. 

An additional advantage realized as a result of the 

current mirror transistor base and emitter connect.},(j 
respectively, to the base and emitter of the ~;--;:;;)D 

splitter, and its collector to the suppiy v0itaqe 
termina!, is a faster dynamic responsE' tile 

conduction state of the pull-down output transi~;tor 
to a change in the level of the digital data input 
signal. This occurs due to the selective use of the 
Miller feedback effect to cause a beneficial ratio 
change in the current mirror pair during a dynamic 
tranSition. Miller feedb&.c~: occurs on the phase 

17 (36) 

30 (30) 

23 (62: 20 (40) 

33 (40) 

0(0) 0 (0) 

splitter transistor oecause its COllector IS coupled to 
tne '101(;;;ge '3:.H)P;Y tllrough ,~l resistance, and is 
arJsent en tre ::urr€r1t m!;ror transistor because its 
collect:)! is direct,' cannec:ed to the voltage supply 
tE;fi1i;nal. As ;;5 resu:t. witrl n',,? onset of the transition 
in U"i8 digital data input Signal, as received from the 
coli ector of the input trans:stor. the current ratio 
between the current mirror and phase splitter 
transistors is even greater than the ratio of the 
respective emitter sizes. 

inierr:aiiy, the Eel lOgiC h3S ;(;\Ie; tranSiaTors on each 
input. ThiS necessary circuit;y achieves not only the 
leve! trans:ation, but also has a very desirable input 
level sensitivitv. As CBr' be seen in figure 6. the trans­
lator is s'miiar to ::; differential amplifier whose 
internal reference is stable. The result is very abrupt 
t;ansfer Charactefist!':s on all input signals, and, 
tnus. VEry fast sw,tch;n; spese}s. 

improvad Compute, Design 

The sutJstar;l,aii\l iI"10€'.'lS~::r: svstern throughput 
made POSSible by H~iS new series cf SCL·implemen­
ted !DM2900 components means a number of im-
preyed bit processor de~;;qns :an be considered 

sirf'pie contrOl appi;cations, there are a 
be considered when using 
r'-'::)Te compiex processor 

willen tAke place 
iLt:'}ciing oi daw and address 

outputs and oat.') inputs The IDM290'IA's register 
and ALU elements are no longer sufficient, 
especial!y V,i'len data and aeldress word lengths grow 
irom 8 t,)16 bits or greener Special functional 
ei(:)ments are generally addect and include: input and 
:>utput ;";ddressinq reqisters. sign extend of 

---.---.-.. ~--- .. --.--------.----.---------' 
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Tlble 3. 
Mlxlmum Throughput Complrlloni for Add Ind Shift 

10M 10M AMO AMO 
Function 2901A·1 2901A 2901A 2901 

A or B'" G or P 45 60 65 80 

74S182 Delay 10.5 10.5 10.5 10.5 

C1N '" RAMo 35 35 50 55 

RAM Setup Time 15 20 25 55 

Total 105.5 125.5 150.5 200.5 

Percent Cha'nge 47.4% 37.5% 25% 0% 

data, and instruction decode, as well as shift and 
rotate control, and multiply functions. Also, special 
processor status registers are quite often added, as 
well as the unique controls for these elements. 

Some special thought applied to these areas can 
reduce the parts count considerably and improve 
processor performance when 'using IDM2900 
components. 

The sign extend function is a good example of what 
can be done. Sign extension of a data word can be 
accomplished in a number of ways. But what the 
designer of the processor' would prefer is to imple· 
ment the function with the fewest possible parts and 
at the fastest data inputs. The Hrst solution that 
comes to mind is the use of multiplexers, as shown 
in figur~ 7, which allows data to be fed through the 
multiplexer to 0 inputs of the IOM2901As. The 
control function which steers the data to the 0 input 
representing the bit which needs to be extended 
normally comes from the microprogram store. The 
added delay using this path is 12ns or more if parts 
slower than the OM74S157 are used. For each 4 bits 
of data to be modified an additional component is 
required; 2 parts for 8 bits, 3 parts for 12 bits and 4 
parts for 16 bits. 

The IDM2900 family, however, allows consideration 
of a number of other ways to do sign extension that 
require fewer parts and are less expensive and 
faster. 

One is to use the carry input to accompiish a sign 
extend. But to use this input one must subtract "1" 
from "0" conditionally if the sign bit is a "1" and the 
opPQsite if it isa "0." But the problem arises as to 
how to obtain a value "0" in a register, an impos' 
sil?ility. 

But the same effect can b~ achieved if the same 
address location is placed upon both the A and B 
address inputs. The source code is then, used to 
select, A and B and the function code for subtract. 
Now, if a carry input is a "1" the result is a "0" and if 
the carry input is a "0" the result is an all "1s" sign 
extend result. This technique can propagate for as 
many packages as necessary since the carry logic is 
necessary for other functions and is already 
included. 
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An easy method of Inserting the conditional carry 
with the IOM2901A Is to use the I OM 2902 In a manner 
that Is different from standard LS bipolar deSigns. 
Instead of connecting the carry Input of the 2902 to 

,the mlcrocontrol carry from ROM, It Is connected to 
the carry out of the least significant IDM2901A 
package. Note that this Is just as fast as the pre­
viously suggested connections Since the G and Pare 
only Slightly faster than the carry out of the least 
significant IOM2901A. Oolng this allows one free G 
and P Input to be available at the second level, as 
Indicated In figure 8. 

It is only necessary to connect an AND gate to the 
input and sign extend is accomplished. The lower 
bits which want to be entered without modification 
need only be applied to the 0 inp'uts and a source 
code selected to perform a 0 minus 0 transferred to 
B. The most significant package group, produces A 
minus B where A and B are as described before. An 
all·1s or all-Os result is obt'ained dependent upon the 
value of the data bit to be extended. The result is a 
sign extension with three fourths of a package for 
any sign extend, achieved at no loss in normal cycle 
time. This is because a carry input change can occur 
later in a cycle than a change of O. 

Performing a Multiply 

Most of the time the name of the game in computer 
processor design is speed. Nowhere is this more true 
than when it Is necessary to perform a multiply. This 
is because the multiply determines the longest cycle 
time if performed in the normal manner. This is 
because more than one path through the 2901 A is 
utilized. ~assage through several external com· 
ponents is usually required and this ,must also be 
added to the solution time. However, with the use of 
high speed components in the IOM2900 family it is 
possible to circumvent and shorten this path, and 
thus shorten the multiply cycle time. 

How this is done is clearly understood only by 
referring to a specific example. Let's assume the 
problem is to perform a multiply of two Signed 16·bit 
values. 

IOM2901A 
IOM2901A·1 
IOM2902 
I OM 2909A 
IOM2911A 
IOM29702 
IOM29703 
IOM29704A 
IOM29705A 
IOM29750 
IDM29751, 
IDM29760 
IOM29761 
IOM29803 
IOM29811 
IOM29901 
I OM 29902 
I OM 29903 

I OM 29908 

Table 4. the 2900 Family 

4·Bit Microprocessor Slice 
4·Bit Microprocessor Slice 
Carry Look·Ahead Generator 
Microsequencer ' 
M i croseq uencer 
16x4 Bit RAM (open collector} 
16x4 Bit RAM (TRI·STATE) 
16x4 Bit Dual Port (Open Collector) 
16x4 Bit Dual Port (TRI·STATE) 
32x8 Bit PROM (open collector) 
32x8 Bit PROM (TRI·STATE) 
256x4 Bit PROM (open collector) 
256X4 Bit PROM (TRI·STATE) 
16·Way Branch Controller 
Next Address Controller 
Octal 0 Register (TRI·STATE) 
Priority Encoder 
16X4 Edge·Triggered Register 
(TRI·STATE) 
Quad Gated Flip·Flop (flag control) 
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Figure 3. Small High Speed 8·Blt Controller with One Level of Subroutine Capability. 
TI:III solution can run at 1oon5 cycles. 

Figure 8 is the circuit as implemented using IOM2900 
devices with the two multiplexers (74S253) and a 0 
flip-flop (74S74). Using IOM2900 components and this 
technique, the' multiply is performed 30 to 70 
nanoseconds' faster per cycle than with standard LS 
bipolar bit slice parts. This is a total speed 
improvement of 480 to 1,120ns. . 

An additional significance to the design is that 
special multiply cycle time Intervals are not required. 
This operation, .therefore, makes possible a pro­
cessor or controller with a less complicated clock 
control circuit. 

Note that in figure 8 there is an extra stage of regis­
ter storage in the a register (0 type flip-flop), 
compared to traditional designs. It is therefore 
necessary to shift a one time without shifting the file 
register. 

Since It is necessary to clear the partial product 
register, the a register is shifted the first time so as 
to get the least significant bit into the ex.tra storage 
location. 
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After this, the A and B register file addresses do not 
change and therefore do not enter into the timing 
equations. The much faster .response time of an 
added 0 fIIp·flop saves a great deal of time in each 
microcycle of the multiply add and shift operation. 

Since the A and B inputs do not change the critical 
path is from the 0 register output into the 1012 inputs 
and through the IDM2901As in a normal add and shift 
operation. Using the a flip-flop, 20ns is saved, and 
using the 1012' input, 10nsis saved in each of the 16 
cycles of the 16-by-16 multiply. This is all that is 
necessary for a positive signed multiplicand. But if a 
negative result is required, an additional path must 
be added. 

The two possible paths in the most significant 
I OM2901 A package are from Cn to RAMo output or 
from Cn to Overflow or F3 and through the additional 
exclusive-OR gate and multiplexer input to the RAM3 
input. The maximum time delay path is 20ns from 
overflow and F3 outputs back to the RAM3 input for 
the most significant 2901A,package. 
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Using standard techniques common to previous 2900 
designs, only 15 conditional adds, followed by a shift 
and one conditional subtract and then a shift, are 
required to do a signed multiply in 2s complement 
notation. The resultant dat{1 paths required for this 
solution are as follows: 

I 
1678 -+ n. JO ns 

I 
MUX, 9 ns 

I 
1012 -+ ~fI5, JOns 

I 

Cn -+ RAMO, J5 0$ 

START 
(FUNCTION, TIME) 

I 

IDM2902,12ns 

I 

OV OR F3, 25 ns , 
OV "EXClUSIVE·OR," IDns 

I 
MUX 74S157, 1 ns 

RAMJ SETUP, 15 ns 

TOTAL TIME, MAX = 138 ns 

But if the circuit described in figure 8 is used, and the 
A and B address lines are set up one cycle ahead of 
the multiply sequence, the following timing compari­
son, using IDM2901A-1s instead of IDM2901As, 
prevails: 

. START 

I 
CLOCK TO 11,8 ns 

I 
MUX, 9 ns 

I 
1012 - G/P. 30 ns 

I 
IOM2902. 12 ns 

I 

I I 
Cn ~DV OR F3.25ns 

I 
Cn • RAMD, 35 ns OV "EXCLUSIVE·OR." IDns 

I I 
MUX 14S151. 1 ns 

I 

RAM3 SETUP. 15 ns 

TOTAL TIME. MAX = 116 ns 

A net savings of 22n5 per microcycle is thus 
achieved with this change. It can now be seen that 
sometimes it pays to add a flip-flop in certain 
locations to achieve higher performance so as to 
achieve a simpler solution in other areas. Here, a 20 
percent reduction in cycle time was achieved, 

Improving Microcycle Times with Pipeline Prediction 

Perhaps the most important aspect of National's 
IDM2900 family of high speed, low power SCl com­
ponents is the impact on how microprogram state 
sequencing is 'implemented in bit slice designs. The 
ultimate result will be further improvements in micro­
cycle times beyond anything now possible with 
present 2900 bit slice families. 

Q 

Vee 

ii 

Figure 4. 
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A 

o 
INPUT 
TRANS 

ECl 
LOGIC 

OF 
29D1A 

Figure 5. 
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y 

F3 

RAMJ 

RAMO 

113 

OD 

P 

OVF 

F =D 

In the very earliest use of state sequencing - in 
minicomputers and larger systems - operations 
were performed in series. one after the other, and the 
microcycle was defined as the sum of the operations. 
(See figure 9.) Still in use in some designs today. in 
this approach a state sequencer increments to the 
next state or branches to a next state depending on 
the logic level of the test input. In this solution the 
controller timing is from the clock edge of the con­
troller register/counter through microcontrol storage 
(ROM) and the processing elements (29015), then 
back through the next state decision tree to the 
controller-register counter. 

The second approach is called "pipeline micro" 
coding," and is an approach commonly used in bit 
slice systems such as the standard lS bipolar 2900 
family. (See figure 10.) In this solution the microcon­
troller loop timing is operating in parallel with the 
execution of the processing component section, 
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Figure 7. Sign Extend Using Multiplexers 

During the time an arithmetic operation is being 
performed, the next microcontrol word is being set 
up for use by tne microcode. The microcode for the 
present register/ALU operation occurs during the 
previous operation. The use of the register between 
the output of the microcontrol store and the 2901s 
allows the two sections to function with overlapped 
timing. The result of this type of micro-sequence 
control is a faster machine cycle time than used in 
the totally serial mode of operation. 
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Also required in this mode of operation is' the 
• absolute knowledge of the next state control one 
cycle before the execution of the 2901A cycle. It is 
therefore difficult to implement a number of succes­
sive conditional next state decisions. This type of 
microcontroller is said to be operating in a "pipeline" 
mode in that the next state microcontrol is being 
obtained during the time the previous one is being 
executed. 

Using SCL-implemented IDM2900 components in­
stead of LS bipolar bit slice devices in thrs approach 
results in a 65 to 75 percent reduction in the'registerl 
ALUportion of the microcycle. In spite of this, total 
microcycle time may be reduced only 40 to 50 
percent. This is because the microcycle time is deter­
mined by the length ~f the longest operation, which 
in this case can be the delay in the microcode 
po~tion. 

To get the full benefit of the high speeds inherent in 
National's SCL family therefore means abandoning 
the traditional approach to pipelining used in 
previous 2900 bit slice designs. What can be used 
instead is a different technique' - pipeline predic­
tion - which allows a reduction in the microcode 
portion of the microcycle so that it is equal to or less' 
than the register/ALU setup time. The relative timing 
comparisons between these four approaches are 
shown in figures 11A throuQh 11 D. 

The "pipeline prediction" controller functions in 
much the same way as the standard pipeline config-­
uration except that it can also accept any number of 
successive conditional next state decisions in a{ow. 
This microcontrolter "pipelines" microcontrol 
sequences in much the same manner as the previous 
design and for the same reasons. But shorter micro­
cycles can be obtained due to the fact that during 
any microcycle the most predictable next cycle is 
being set up. But should the test of the next state 
decision be different from the one predicted, then the' 
alternate state is conditioned and the microcontrol­
ler and the data system pass through a correction 
interval. 

This design makes next state decisions within the 
same cycle as microcontrol of the IDM2901A. Figure 
12 shows a "pipeline prediction" technique where 
the next state is a choice between two states. This 
means one state is predicted, and if incorrect the 
second choice is used. The microcycle is either 
'delayed or .an additional cycle is inserted. 

There is no real reason why the design must be 
limited only to two next state conditons. Any number 
may exist. It is only necessary to predict the most 
probable next state and correct it if necessary. Most 
next state decisions are known to a high probability 

, of occurrence. The additional cycle time added for 
the few times an incorrect prediction is made is 
extremely small compared to the total microcycle 
time saved. Additional speed is obtained with this 
technique since it minimizes the number of states 
through a control sequence. 

Finally, pipeline prediction requires no increase in 
the number of components to achieve' these in­
creases. 
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Simplify CRT Terminal 
Design with the DP8350 

INTRODUCTION 

This application note is a description of a "low cost" 
CRT data terminal card design, based upon National's 
CRT Controller (DP8350) and 8-bit N-channel micro­
processor (SC/MP). The terminal has a minimum parts 
count and implements all TTY functions. Even with this 
minimum number of parts, the terminal provides some 
"smart" features by efficiently utilizing the available 
hardware. Screen scroll, RS-232C interface and adjustable 
baud-rate (up to 1200-baud) are featured on the card. 
Higher baud-rates are available on a word-by-word basis 
if the RS-232-handshake signal is used. The design' also 
demonstrates use of 2 new microprocessor-interface 
parts: the Asynchronous Communications Element 
(ACE), for serial I/O; and the RAM Input/Output 
(RAM I/O), for keyboard scanning and scratch pad 
memory. A 2-kilobytevideo RAM is implemented with 
four 1024 x 4-bit, static RAM chips (MM2114); and dot 
generation uses the DM8678 5 x 7 Character Generator. 

The card is self-contained except for the CRT monitor 
and power supply. It holds a keyboard and monitor­
interface circuitry. Monitors requiring separate video and 
sync signals (Ball Brothers), and those requiring com­
posite video (Motorola) are accommodated. 

System Architecture 

Si~ce system cost is typically somewhat proportional to 
parts count, arriving at a minimum parts count solution 
'has been a goal throughout this design effort. 

A full-blown CRT terminal is. shown in Figure 1 and its 
low cost counterpart in Figure 2. Address decoding details 
are omitted in both cases. 

Removing overhead circuitry shown in Figure 1, and 
making use of the TR I-STATE® concept greatly facili­
tated the parts reduction effort. 

Obviously, extreme time conflicts for communicating 
on the system busses are created because all essential 
parts require access. Let us investigate this problem a 
little further. 

Because the CRT Controller does the CRT disp~ay 

refresh function, it must have access to a memory 
containing current data for display. This memory may 
be a shift register (octal, 80-bit line buffer in Figure 1) 

which is loaded at the first video line in a character row 
and thEm recirculated for the number of video lines in 
that character row. Using such a line buffer allows the 
microprocessor access to the system busses for more 
than 90% of the video time (screen time). On the other 
hand, by removing the buffer, the refresh circuit needs 
direct memory access (DMA) during video display time. 

However, with the bidirectional data buffer and the 
TRI-STATE address buffer in the system, the situation 
is not yet too serious. (We are only preventing the 
SC/MP microprocessor from updating video RAM data 
or using the scratch pad during character display time.) 
Instruction fetch (ROM) and keyboard scanning are 
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still not affected. However, with the saving of the data 
buffer and the address buffer, a well-organized "time 
share" of the busses is required. How does this limited 
bus access affect the time-critical features such as scroll 
and high baud rate? 

Scroll 

Several scrolling methods may be implemented with the 
CRT Controller. The most straightforward is a rewrite of 
memory. This requires long processing time and bus 
access and is not feasible with the minimum hardware 
indicated in Figure 2. Sensing when the CRT is scanning 
character-row 24 and then loading a new "row start" 
requires additional overhead circuitry. An alternative 
approach is to load a new "top of page" address for each 
scroll and have the video RAM "wrapped-around" when 
it is accessed by the CRT! 

In the latter approach, the processor only has to clear a 
row in video RAM and load a register in the CRT 
Controller to perform a total-screen scroll. The only 
problem remaining is handling the location of the 
scratch pad in. the video RAM address space. By using 
the RAM I/O chip for a keyboard scanning and scratch 
pad RAM, the problem is solved. An additional feature 
for the software programmer is that the keyboard and 
RAM are addressable within the reach of. one 8-bit 
index register. 

Maximizing Communication Baud Rate 

Assuming that the processor has bus access only during 
the vertical blanking period and the ACE interrupt 
service subroutine is executed in less than this time, 
only one received data word could be processed per 
frame! The processor's task is to transfer the word 
from ACE to scratch pad memory, check for terminal 
or system control functions, write into the proper loca­
tions in video RAM and check the keyboard for "Break" 
(BRK). A quick calculation reveals 60 bits/second as 
the maximum baud rate! To improve communication 
speed, the processor must have bus access during the 
video frame scan time. Three of the 10 scan lines making 
up a character row are blanked except during cursor 
time. Using these three lines (minimum decoding 
required) for processor bus access during video time 
allows us to communicate at 1200 baud. 

Note that the baud rate is limited by the frame rate in 
the first approach; in the second approach, the I imita­
tion is the real time required to execute the service 
routine. The calculation is performed as follows. Esti­
mated execution time for service routine with 100% 
availability of the bus is 2 ms. However, bus access is 
only granted during 3 video lines in each character row 
which is worth 192 MS. In terms of video time, we need 
10 character (OWS to finish the routine and be ready for 
the next interrupt. Display time for 10 character rows is 
6.4 ms, which in turn is the time interval for one 10-bit 
word. This translates into a 1600-baud maximum capa­
bility jf scroll is not included in the service routine. 
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Address Decoding 

Holding parts to a minimum leads to a one ROM address 
decoding scheme. However, this'does not coincide with 
minimum cost. Instead, 2 low-power Schottky MSI 
devices replace the ROM in the final design. 

Memory Address Space Utilization 

A very simple decoding scheme is facilitated by parti­
tioning the processor memory space into 500-byte 

All Al0 A9 

o 0 0 

o 0 1 

o 1 0 

000 ROM I 

200 ROM II 

400 RAM 1/0 

1 

, 
PORT: A 

420 

B 

421 

pages. The detailed memory map is shown in Figure 3. 
In addition, address bits 12 and 13 (multiplexed on the 
data bus), are used to map four 4-kilobyte pages, with 
the first page dedicated'to processor peripherals and the 
following 3 pages dedicated to register loading of the 
CRT Controller. The 3 CRT Controller registers to be 
loaded are "top of page", "row start" and "cursor". 

I ROMI lFF 

1 ROM II lFF 

\ 
KEYBOARD 

I 480 SCRATCH PAD 4FF { 

o 1 1 
~ RAM 1/0 5FF 

600 ACE ~ 

I ACE 7FF 

1 0 0 0 800 84F 
1 850 
2 BAO 
3 8FO 
4 940 1024 WORDS VIDEO RAM 
5 990 

1 0 1 6 9EO 
7 AlO 
8 A80 
9 I ADO 

10 '" B20 
11 

.... 
z B70 BBF 

1 1 0 12 
:::; 

13 i 14 
15 
16 I 

BC~ BBFJ 

Cl0 
C60 
C80 
DOD 

17 I 

1 1 1 18 I 

19 
I 20 

21 I 22 
23 
, 

050 
1024 WORDS VIDEO RAM DAD 

DFO 
E40 
E90 
EEO 
F30 F1F 

24 F80 FCF 

25 FDO 
FFF I 

- .. -----'------80 CHARACTERS------------

FIGURE 3. Memory Map 
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DISCUSSION OF SPECIFICATIONS 

A device used to communicate with a computer is called 
intetactive if it has the following properties: 

a. Data may be entered on a keyboard and sent to the 
computer, which in turn echoes it back to the 
display. 

b. Data may be' received from the computer and dis­
played; keyboard is scanned for "Break" (BRK) 
entry by the operator of the system. 

COMMUNICATIONS 

COMPUTER ACE SC/MP 

I+- ~ I 

~ 
( 
~ 

The concept of an interactive terminal is illustrated by 
the block diagram shown in Figure 4. To understand 
this, follow the data from the keyboard to the display 
and list the specifications for each block. An overall 
terminal specification is depicted in Table I. 

CRT 
CONTROL 

KEYBOARD 

OtJOOOOOOOOODD 
DDDDDDDDODDDDD 
00000000000000 

DDDDDDDDDDDDD 

FIGURE 4. Block Diagram of an Interactive Terminal 

TABLE I. TERMINAL SPECIFICATIONS 

Keyboard 

Style 

Characters/code set 

Cursor controls 

Keybo~rd encoder 

Communication 

Mode 

Technique 

Communications protocol 

Code 

Bits/character 

Speed, bits/second 
Operator selectable speeds 
Format 

Term inal interface 

Display 

Display positions, characters/display 

Display arrangement (line x characters) 

Total display symbols 

Symbol formation 

Reverse video 

Scrolling 
Cursor type 

Typewriter 

64/ASC II 
6 
Software 

Full duplex, half duplex option 

Asy nch ronous 

ASC II 
ASC II 
10/11 

110 to 1200 (19,200 word-by-word) 

4 

Character 

RS-232, 20 mA current loop 

1920 

24 x 80 
64 

5 x 7 dot matrix 

Cursor and whole screen 

Yes 

Block, reverse video 
Cursor position Down, left, right, home and return, back space. 
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Keyboard 

The keyboard is a copy of a standard teletypewriter 
with two-key rollover. The 54 keys can be broken into 
alphanumeric, punctuation, symbols, cursor control, 
and system control keys. The processor scans the keys 
at all times and translates any key closure into a unique 
code (ASC II), which i~ sent to the input/output channel' 
for serial transmission to the computer. It should be 
noted that the HAM I/O chip has the. capability of 
scanning 64 keys (8 x8). 

Communications 

The input/output channel is based upon the Asyn-
. chronous Communication Element (ACE). This inte­
grated cirtuit performs parallel-to-serial conversion of 
the data received from the keyboard, and serial-to-parallel 
conversion of data sent from the computer for display 
on the screen. When the system is initiated (power;.up), 
the on-chip programmable baud generator is loaded with 
the desired baud rate (switch selectable). Start, stop, 
and parity. bits are appended or delet~d in this block of 
the system, depending on the direction of data flow. All 
control signals for the standard RS-232C interface are 
likewise generated here. Standard electrical specifica­
tions for RS-232C and 20 rnA current loop are met by 
adding dedicated interface p,arts. 

Display 

After the data is received from the computer, it is stored 
in the video' RAM. The CRT Controller chip refreshes 
the display at 60 Hz by sequentially addressing the video 
RAM; 1920 addresses are generated to fetch data for 
24 lines of 80 characters. The standard 64-character 
ASC II set is displayed using a 5 x 7 dot-matrix block 
tor each character. Data is entered from left to right and 
from top to bottom, until the screen is full. After that, 
upward scrolling with top-line overflow and newly cleared 
bottom line takes place automatically with line feed. 

Software. 

A detailed flow chart of the software is shown in 
Figure 5. It is set up to service 3 major functions: 
a) initialize the system; b) scan the keyboard and c) ser­
vice the ACE upon interrupt request.' 

a. Initialization 
The video RAM is c;leared and the cursor is loaded 
at the upper left corner of the screen. ACE is set 
up with the desired baud rate and the rnterrupt 
enable flag is armed. 

©IC MASTER 1979 

b. Keyboard Scan 
The keyboard is first checked for "Any Key Down" 
status. If positive, the keyboard is scanned and the 
binary code (ASC II) is computed by the program 
and read to ACE. 

c. ACE Interrupt Service Routine 
When its receiver buffer is full, the ACE puts out an 
interrupt request. The SC(MP immediately suspends 
keyboard scanning and reads the buffer register. The 
main portion of this routine is checking incoming 
data for control functions and updating the video 
RAM and the CRT Controller registers. It should be 
noted that the need for executing this routine is the 
limiting factor for high baud rate communications. 

Hardware' 

The detailed hardware implementation is shown in 
Figure 6. The CRT Controller grants the SC/MP micro­
processor bus access during blanked scanlines and 
vertical blanking interval by logically OR-ing line counter 
outputs with the vertical blanking pulse and using this 
signal as a bus-available signal. The CRT Controller is 
held off the bus by disabling the TR I-STATE address 
output. This is done by applying logical "0" to the 
RAM address enable pin of the CRT Controller, the 
SC/MP then takes the bus as needed. 

Sense-A of SC/MP is used as an interrupt request input 
whenever received data is available in the receiver buffer 
register of the ACE. The interrupt service routine is 
executed during vertical blanking and "inactive" video 
time as indicated above. 

The keyboard is sensed for "Any. Key Down" (under 
program control) by reading Port-B of the .RAM I/O 
chip. Upon a positive result, the keys are scanned by a 
special. sequence for key identification and encoding. 

Mechanical 

A PC board layout and its assembly is shown in Figure 7. 
Note that the keyboard is mounted directly on the card. 
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ABBREVIATIONS OF COMPANY NAMES 
AD Analog Devices Monosil Monosil 
AMD Advanced Micro Devices MOS MOS Technology 
AMI American Microsysterns, Inc. Mostek Mostek 
Amperex Amperex Electronics Corp. Motorola Motorola Semiconductor 
Analogic Analogic Corp. National National Semiconductor 

NCR NCR Corp., Microelectronics Division 
Beckman Beckman Instruments, Helipot Division NEC America NEC America 
BEl BEl Electronics NEC Micro NEC Microcomputers 
Burr-Brown Burr-Brown Research Nitron Nitron 

Cermetek Cermetek 
Nortec Nortec Electronics 
Noyonics Novonics 

Cherry Cherry Semiconductor NPC Nucleonic Products Co. 
CMA Consumer Microcircuits of America 
Cybernetic Cybernetic Micro Systems OEI Optical Electronics, Inc. 

Data General Data General 
OK. OKI Semiconductor 

Date. Datel Systems Panasonic Panasonic, Matsushita Electric Corp. 
DOC Data Devices Corp. Photo Therm Photo Therm 
Delco Delco Electronics Plessey P!essey Semiconductors 
Dionics Dionics Inc. PM. Precision Monolithics, Inc. 

EA Electrontc Arrays Raytheon Raytheon Semiconductor 
EMM/Semi EMM Semi, RCA RCA Solid State Division 

Div. of Electronic Memories & Magnetics Reticon Reticon 
Essex Essex International RIFA RIFA 
Exar Exar Integrated Systems Rockwell Rockwell Microelectronic Devices 

RTC Real Time. Corp. 
Fairchild Fairchild 

Sanken Sanken Electric Ferranti Ferranti Electric 
Fujitsu Fujitsu Sanyo Sanyo Electric 

SGS SGS-Ates Semiconductor 
GI General Instrument Siemens Siemens 

Signetics Signetics (Philips) 
Harris Harris Semiconductor Silicon G Silicon General 
Hitachi' Hitachi America Ltd. $iliconix Siliconix 
Holt. Holt Inc. Silicon SY8. Silicon Systems, Inc. 
Hughes Hughes Aircraft Solid State Products Silitronics Silitronics 
Hybrid Sys Hybrid Systems SMC Standard Microsystems 
HyComp HyComp Solitron Solitron Devices 

!MI International Microcircuits, Inc. 
Sprague Sprague Electric Company 
Supertex Supertex, Inc. 

Intech/FMI Intech/Function Modules Inc. SSM Solid State Microtechnology for Music 
Intel Intel SSS Solid State Scientific 
Interdesign Interdesign Synertek Synertek 
Intersil Intersil 
IPI Integrated Photomatrix, Inc. Telaris Telaris 

Teledyne C Teledyne Crystalonics 
Lambda Lambda Electronics Teledyne P Teledyne Philbrick 
LSI LSI Computer Systems TeledyneS Teledyne Semiconductor 

Telefunken AEG-Telefunken 
Maruman Maruman Integrated Circuits TI Texas Instruments 
Master Logic Master Logic TMX TMX 
Matrox Matrox Electronics Systems Toshiba Toshiba 
Micro Net Micro Networks Trans-Data Trans-Data 
Micropac Micropac Industries TRW TRW 
Micro Power Micro Power Systems 
Micro Tech Microcircuits Technology Unitrode Unitrode 
Mitel Mitel Semiconductor Western Western Digital 
Mitsubishi Mitsubishi Electric Co. 
MM. Monolithic Memories, Inc. Zilog Zilog 
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The M'aster Selection Guide provides sufficient 
information to make initial product selections. It 
enables you to find the products which are most 
appropriate to fulfill your major requirements and 
then provides data for many of the more important 
products. 

All devices that appear in this section, both in the 
initial selection guide and in the data pages, are 
includ~d in all other indexes. . 

The first two pages of the digital section present 
comparisons of the performance of the major 
digital families to help you choose between fam­
ilies. These are followed by lists of the devices 
in each family arranged 'into functional groups 
(arithmetic, buffers/inverters, etc.). The initial 
selection lists are followed by the device data 
pages which have been provided for you by the 
manufacturers. When such data is in the book, 

the page numbers are given with the initial 
selection listings. ' 

Some digital circuits - calculator, watch chips, 
and electronic organ circuits - are not included 
in this section, but are covered in detail in the 
Linear-Consumer section. Digital circuits which 
do not fall into one of the major logic families 
are listed at the end of the selection information 
under the heading Digital-Other Devices. 

This section is not complicated by reference to 
package styles; the package style suffixes are 
usually deleted. For more information on each 
companies' suffixes, see the Part Number Guide. 
Throughout the Master Selection Guide, each. full 
military temperature range (-55°C to 125°C) 
device is indicated by a dagger (t) before the man- , Co 
ufacturer's name. Manufacturers' names are nor- en 

c:: 
.2 .... 
o 
~ 
Q) 
en 

as mally spelled out; however, a few are abbreviated ~ 
,and the abbreviations are explained on page 306. 

Page Number Index - Digital Devices 

CMOS ECL10K ECl95K ECL100K ECL III HNILI TTL 

Arithmetic Functions 404 418 421 423 425 
Buffersl Inverters 404 418 423 427 
Counters 

Binary 405 418 420 421 423 429 
Decade 406 418 420 421 423 431 
Miscellaneous 407 421 421 433 

Decoders 408 418 421 423 433 
Drivers 408 418 421 423 435 
~lip-Flops 409 418 420 421 421 423 436 
Gates 409 418 
AND/NAND 409 418 423 440 

AND-ORI AND-OR-Invert 410 421 423 444 
Exclusive ORI NOR 411 418 420 421 421 424 445 
OR/NOR 411 418 420 421 421 423 446 
OR-AND/OR-AND-Invert 418 
Miscellaneous 412 424 447 

Latches 412 419 420 421 421 424 447 
Memories 413 419 421 448 
Multiplexers (Digital) 414 420 421 424 449 
Multivlbrators 414 420 421 424 452 
Oscillatorsl Dividers 414 
Shift Registers 415 420 420 421 421 424 453 
Translators 416 420 420 424 455 
M iscell aneous 416 420 420 421 421 424 455 

Digital-Special (PMOS, Low voltage I -' 

CMOS, etc.): 

Detailed Product Information provided by: 
American Microsystems Inc. 466 Plessey Semiconductors 512 
Fairchild Semiconductor 472 Raytheon Semiconductor 521 
LSI Computer Systems 494 Signetics 561 
Monolithic Memories, Inc. 495 Solid State Microtechnology for Music 564 

The manufacturers listed above are providing detailed information on their latest and most significant 
products. 
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lei IIIITll FiliI: 
Edited from material published in Fairchild Progress magazine, Peter AIfke, author. 

With several digital families available, the logical question is -
" which are the best ICs for my particular application? 

To answer the question, you need to evaluate the pros and 
cons of the various logic families. These tradeoffs are listed in 
Tables I-IV. You will need to establish your speed requirements. 
Since speeds are characterized by the clock rate of registers 
and counters, this discussion is divided into four groups based 
on clock rates. 

Very High Speed Clock Rate > 100 MHz ECL 

High Speed Clock Rate 30 to 100 MHz ECL, S-TTL 

Medium Speed Clock Rate 5 to 50 MHz LS-TTL, TTL 

Low Speed Clock Rate <5MHz LS-TTL, CMOS 

VERY HIGH SPEED SYSTEMS - Clock Rate> 100 MHz 
There is only one reasonable IC logic family for use in very 
high speed systems - Emitter Coupled Logic, ECL. Originally, 
this technology presented considerable electrical problems 
such as voltage and temperature sensitivity and fast edge rates 
that caused reflection and cross-talk problems. In recent years, 
however, ECL development has become more user-oriented 
and there is better compatibility between circuit characteristics 
and interconnection techniques. 

The modern popular ECL line is the 10,000 Series, manl:lfac.tured 
in uncompensated, in voltage-compensated, or in both voltage 
and temperature-compensated forms. The latter form of com­
pensation assures that significant parameters such as logic 
levels, noise margins and speed remain constant over a Wide 
range of temperature and power supply voltage. These 10K and 
95K logic circuits have deliberately slowed-down edge rates 
to make them easier to use and they can also drive terminated 
transmission lines whenever required by the interconnection 
length. 

HIGH SPEED SYSTEMS - Clock Rate 30 to 100 MHz (Table II) 

Here, you have a choice between ECL and Schottky TTL. 
H-TTL is really obsolete since it consumes more power than 
Schottky TTL, has similar interconnection problems and offers 
only half the speed. Also, it is not significantly faster than the 
best Low Power Schottky TTL. So, this narrows down your 
choice to ECL and Schottky TTL. 

MEDIUM SPEED SYSTEMS - Clock Rate 5 to 50 MHz 
(Table III) 

Standard TTL has been the obvious choice for medium speed 
systems for many years. Many designs will increasingly use 
Low Power Schottky TTL as it becomes more available, mul­
tiple sourced, and as the price premium decreases. You can 
mix standard and LS-TTL to solve most fan-out problems. 

SLOW SPEED SYSTEMS - Clock Rate < 5 MHz (Table IV) 

If you design slow speed systems you are faced with the largest 
number of attractive alternatives. Traditionally, TTL and DTL 
has been used. Now you can save power, cost and avoid heat 
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and reliability problems by changing to LS-TTL, without affect­
ing the logic design and perhaps not even changing the PC 
board layout. 

If the system speed permits, you can switch to CMOS and save 
even more power and simplify the power supply, but now you 
must cope with a family of different logic elements and a 
hodgepodge of MSI elements, far less systems oriented than 
the better TTL circuits. Also you will notice wide parameter dif­
ferences between the "same" products from different vendors. 

The gre~test challenge, however, is to examine the traditional 
hard-wired system design "and decide whether or not it can be 
implemented with a microprocessor. If the requirements are 
both complicated and slow enough, this approach might save 
manufacturing cost, design time, and service time, as well as 
improve reliability, provide additional flexibility, and perhaps 
allow additional features at no extra cost. 

MaS (p-channel, n-channel, either metal or silicon gate, also 
silicon on sapphire) does not compete directly with LS-TTL 
and CMOS. The MaS logic elements (gates and flip-flops) are 
very small but the input and output buffers are so large and 
relatively slow that MaS cannot be cost/performance competi­
tive at MSI complexity (below 200 gates). MaS is therefore 
meaningful only in LSI circuits, where it has proven to be not 
only competitive, but dominating. These areas are: 

• LSI memories, RAMs, ROMs, and shift registers of 500 to 
4096 bits at clock rates below 5 MHz. 

• Specialized, inherently slow LSI functions produced in very 
large volume (calculators, clocks, some instrument circuits 
like DVMs). 

• Custom LSI circuits where the manufacturing volume is h,gh 
enough or the weight! space saving valuable enough to 
absorb the development cost. 

• Microprocessors, where a very carefully designed, standard 
circuit performs specialized tasks through ROM-stored pro­
gramming. 

SUMMARY 

The proliferation of digital circuits and technologies gives you 
a new degree of freedom, but it also challenges your judgemeIJt 
and imagination. You are faced with an almost overwhelming 
number of competing technologies, each with its strong and 
weak points. The basic component speed requirement and the 
available power will quickly narrow your choice down to two 
or three different logic families; the tables presented here will 
make your final decision easier. 

You should not forget, however, that the component speed 
requirement is also affected by your choice of architecture. A 
parallel approach requires more, but slower components, while 
a serial architecture requires fewer but faster components. The 
vesatility of modern MSI circuits makes it easy to explore these 
alternatives. It is very important to choose the IC logic family 
at an early stage in the system design, since the full cost, speed 
and reliability advantages can only be gained by· designing in 
accordance with the device features, taking advantage of their 
logic and organization. 
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TABLE I: COMPARISON OF ELECTRICAL CHARACTERISTICS 

5 

1Note the change from nanowatts to milliwatts. 
20r as determined by allowable propagation delay. 

TABLE II. COMPARISON OF DIGITAL LOGIC FAMILY CHARACTERISTICS FOR 
HIGH SPEED SYSTEMS (CLOCK RATE 30 TO 100 MHz) 

10K AND 95K SERIES ECl SCHOTTKY TTL 

Advantages Disadvantages 

Short delays allow propagation through more logic levels in a clock 
cyc'e. Compatibility with even faster families currently in development 
makes future system upgrading easy. 

Component delays are about twice as long 
be improved in the foreseeable future. 

as with ECL and will not 

Low output impedance drives all types of interconnections including. Outputs are not capable of driving terminated transmission lines with-
terminated transmission lines. out causing severe fan-out compromises. 
High output drive capability and complementary outputs accommodate 
differential transmission over tested pairs. 
Slow edge rate minimizes reflection problems. Has the fastest output transitions of any logic family, causing reflection 
Complementary outputs on many elements add design flexibility. problems even with relatively short interconnection lengths, and 

causing cross-talk problems. 
Wired-OR capability simplifies logic design. 

Compensated circuits simplify power supply and temperature regulation. Generates fast power supply load changes, requires good decoupling. 
High input impedance minimizes loading, allows high fan-out. Input thresholds and output .low levels are slightly offset from conven-

tional TTL, causing some loss of noise immunity. 

Disadvantages Advantages 

Unfamiliar type of circuitry, logic, nomenclature, and pinouts. Compatible with popular TTL, same supply voltage, almost identical 
Not level-cQmpatible with TTL and CMOS, requires additional interface signal levels, same SSI and MSI logic, nomenclature, pinouts. Ideal 
elements. to speed up critical paths in standard TTL systems. 

Requires external pull-down resistors on all used outputs. Outputs require no pull-up (or down) resistors. 

Has less absolute noise margin. Large signal swing and large absolute noise immunity cause less 
Higher ground current requires heavier distribution busses. problems witlJ temperature or supply voltage variations and gradients, 

resistive drops along supply lines, and outside noise. 
Has one less logic pin per package due to double ground. 
Has higher power consumption 
S-TTL circuits. 

at low frequencies than equivalent Has lower system power consumption at moderate speed. 

TABLE III. COMPARISON OF DIGITAL LOGIC FAMILY CHARACTERISTICS FOR 
MEDIUM SPEED SYSTEMS (CLOCK RATE 5 TO 50 MHz) 

STANDARD TTL lOW POWER SCHOTTKY TTL 

Advantages Disadvantages 

Large number of SSI and MSt functions. Somewhat fewer devices but this is changing. 
Low prices. Presently higher priced than standard TTL. 

Specifications standardized. Electrical characteristics differ between suppliers. 

Disadvantages Advantages 

High power consumption (10 mW per gate, 200 to 500 mW per MSI Saves 75% of the power of equivalent standard TTL. 
package.) 

Large, heavy,. expensive, hot power supply and regulator. Smaller, lighter, cheaper, cooler power supply and regulator. 

Heat density problems when using predominantly MSt. No heat density problem. Cooler, therefore more reliable. 

May eliminate the need for fans and filters. 

Not fully compatible with most CMOS and MOS. Compatible with CMOS and MOS. 
Generates less noise than standard TTL. 

TABLE IV. COMPARISON OF DIGITAL LOGIC FAMILY CHARACTERISTICS FOR 
LOW SPEED SYSTEMS (CLOCK RATE 5 MHz) 

STANDARD OR lOW POWER SCHOTTKY TTL CMOS 

Advantages Disadvantages 

Well designed, system-oriented MSt. Some of the original CMOS circuits are poorly defined and not systems 
oriented. 

Adequate speed, tight tolerances. Low speed, delays depend on supply voltage and capacitive loading. 

Low impedance outputs give good immunity against capacitively .Poor current noise immunity (capacitively coupled noise.) 
coupled noise. 

Familiar functions, logic, pinouts. New functions, logic pinouts. 

Standard TTL available from many suppliers, low cost. Large parameter variations between different vendors. 

Disadvantages Advantages 

Relatively high static consumption and heat generation. Extremely low static power consumption, very little heat generated at 
moderate speed. 

Tight power supply voltage requirements (5 V ±5% commercial, ±10% Very wide range of supply voltages (theoretically 3 ... 20 V, practically 
militarv qrade). 5 ... 12 V). 

Not well-suited for portable battery operation. Ideally suited for battery operation. 

More expensive power supply. Low cost power supply. Less cost, weight, heat, size than for any other 
family. 

Lower voltage noise immunity. High voltage noise immunity, an advantage with inductively coupled 
noise. 

LS-TTL available from only a few suppliers. Available from many suppliers. 
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DIGITAL-CMOS 

Function Device Source 

Arithmetic Functions 

2 x 2 Bit (Parallel) Binary Multiplier 
MC14554BA t Motorola 
MC14554BC Motorola 

4-Bit Full Adder 
I F4008BC Fairchild 

F4008BM t Fairchild 
MCI4008BA t Motorola 
MC14008BC Motorola 
MM54C83 t National 
MM74C83 National 
CD4008BC National 

I 
CD4008BM t National 

I MSM4008 OKI 

I CD4008A tRCA 

I i CD4008AE RCA 
CD4008B tRCA 
CD4008BE RCA 
HBF4008AE SGS 
SCL4008B tSSS 
SCL4008BE SSS 
CM4008A t Solitron 
CM4008AE Solitron 
TP4008A1B TI 
TC4008B Toshiba 

Dual Full Adder 
MSM580 OKI 

Triple Serial Adder (Positive Logic) with Internal Carry 
MC14032BA t Motorola 
MC14032BC Motorola. 
MSM4032 OKI 
CD4032A tRCA 
CD4032AE RCA 
CD4032B tRCA 
CD4032BE RCA 
CM4032A t Solitron 
CM4032AE Solitron 
TC4032B Toshiba 

Triple Serial Adder (Negative Logic) with Internal Carry 
MC14038BA tMotorola 
MC14038BC Motorola 
MSM4038 OKI 
CD4038A tRC.A 
CD4038AE RCA 
CD4038B tRCA 
CD4038BE RCA 
CM4038A t Solitron 
CM4038AE Solitron 
TC4038B Toshiba 

4-Bit Arithmetic Array 
CD4057A tRCA 

4-Bit Arithmetic Logic Unit 
MC14581BA t Motorola 
MC14581BC Motorola 
CD401818 tRCA 
GD40181BE RCA 
SCL4581B tSSS 
SCL4581BE SSS 
TP4581A TI 

Look-Ahead Carry Block 
F4582BC Fairchild 
F4582BM t Fairchild 
MC14582BA t Motorola 
MC14582BC Motorola 
CD40182B tRCA 
CD40182BE RCA 
SCL4582B SSS 
TP4582A TI 

t Military Temperature Range (- 55' to 125'C) 

404 

Une Function Device Source Line Function Device Source Une 

Arithmetic Functions (Cont'd.) Buffers/Inverters (Cont'd.) 

4-Bit Magnitude Comparator Hex Buffer/Converter (Non-Inverting)-Improved 
F40085BC Fairchild (Cont'd.) 
F40085BM t Fairchild 70 SIL4050BE Mitel 
MC14585BA t Motorola MCI4050BA t Motorola 
MCI4585BC Motorola MCI4050BC Motorola 
MM54C85 t National CD4050BC National 
MM74C85 National CD40~OBM National 
JlPD4063B NEG America JlPD4050B NEC America 
MSM582 OKI MSM4050 OKI 
MSM4063 OKI CI)4050A tRCA 140 

10 MSM4585 OKI CD4050AE RCA 
CD40638 tRC.t.. CD40508 tRCA 

I 
GD4063BE RCA 

1

80 CD4050BE RCA 

I 
SCL4585B tSSS HBF4050AE SGS 
SCL4585BE SSS I SCL4050B tSSS 

I TC4063B Toshiba i SCL4050BE SSS 
TC4585B Toshiba CM4050A t Solitron 

CM4050AE Solitron NBCD Adder (Natural Binary Coded Decimal) 
TP4050A/B TI MC14560BA tMotorola 
TC4050B Toshiba MCI4560BC Motorola 150 

20 
JlPD4560B NEG America Hex Buffer, Open Drain (Active pull down) 
TC4560B Toshiba MM54C906 t National 

Nines Complementer 90 MM74C906 National 

MC1456'fBA t Motorola Hex Buffer, Open Drain (Active pull up) 
MC14561BC Motorola MM54C907 t National 
JlPD4561B NEG America MM74C907 National 
TC4561B Toshiba Hex Buffer, Three-State 

Data Path Switch F40097BC Fairchild 
F4704BC Fairchild F40097BM t Fairchild 
F4704BM t Fairchild MC14503BA t Motorola 160 

30 MG14503BC Motorola Arithmetic Logic Register Stack 
CD4503BC National F4705BC Fairchild 

F4705BM t Fairchild 100 CD4503BM t National 
MM7OC95 tNational 

Data Access Register (for memory address arithmetic) MM70C97 t National 
F4707BC Fairchild MM8OC95 National 
F4707BM t Fairchild MM80C97 Nationa! 

JlPD4503B NEG America 
Buffers/Inverters TC5012B Toshiba 

Quad Low Impedance Buffer Hex TTL Buffer (Non-lnverting)(CMOS to TTL) 170 
40 SCL4441UB tSSS MM54C902 t National 

SGL4441UBE SSS MM74C902 National 

Quad Buffer, Three-State (Non-Inverting) Hex PMOS Buffer (Non-Inverting) (PMOS to CMOS or 
TC5024 Toshiba TTL) 
TC5025 Toshiba MM54C904 t National 

Hex Buffer 110 MM74C904 National 

MSM509 OKI Hex High Voltage Buffer 

Hex Buffer/Converter (Non-Inverting) TC5064 Toshiba 

SIL4010B tMitel TC5065 Toshiba 

50 SIL4010BE Mitel Hex Buffer/Converter (Inverting) 180 
CD4010AC National SIL4009B tMitel 
CD4010AM t National SIL4009BE Mitel 
CD4010A tRCA CD4009AG National 
CD4010AE RCA CD4009AM t National 
CD4010B tRCA CD4009A tRCA 
CD4010BE RCA 120 CD4009AE RCA 
HBF4010BE SGS CD4009UB tRCA 
SCL4010B tSSS CD4009UBE RCA 
SCL4010BE SSS HBF4009AE SGS 
CM4010A t Solitron SCL4009UB tSSS 190 

60 CM4010AE Solitron SGL4009UBE SSS 
TP4010A/B tTl CM4009A t Solitron 
TC4010B Toshiba CM4009AE Solitron 

Hex Buffer/Converter (Non-Inverting)-Improved TP4009A/UB TI 

F4050BC Fairchild TC4009UB Toshiba 

F4050BM t Fairchild 130 Hex Buffer/Converter (Inverting)-Improved 
SIL4050B tMitel F4049BC Fairchild 

(Continued) (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-CMOS (Cont'd) 

Function Device Source Line Function Device Source 

Buffers/lnverters (Cont'd.) Buffersllnverters (Cont'd.) 

Hex Buffer/Converter (Inverting)-Improved (Cont'd.) Hex PMOS Buffer (Inverting)(PMOS to CMOS or TIL) 

F4049BM t Fairchild MM54C903 t National 

SlL4049B tMitel MM74C903 National 

SIL4049BE Mitel Hex CMOS Compatible Buffer 
MC14049UBA tMotorola DS1630 tNational 
MC14049UBC Motorola DS3630 National 
CD4049UBC National 
CD4049UBM tNational 

Dual Complementary Pair plus Inverter 
F4007UBC Fairchild 

p.PD4049B NEC America F4007UBM t Fairchild 
MSM4049 OKI 10 SIL4007B tMitel 
CD4049A tRCA SIL4007BE tMitel 
CD4049AE RCA MC14007UBA t Motorola 
CD4049UB tRCA MC14007UBC Motorola 
CD4049UBE RCA CD4007C National 
HBF4049AE SGS CD4007M t National 
SCL4049UB tsss MSM4007 OKI 

SCL4049UBE SSS CD4oo7A tRCA 

CM4049A t Solitron CD4007AE RCA 

CM4049AE Solitron CD4007UB tRCA 

TP4049A1UB TI 20 CD4007UBE RCA 

TC4049B Toshiba HBF4007AE 
SCL4007UB 

SGS 
tSSS 

Hex Inverter SCL4007UBE SSS 
F4069UBC Fairchild CM4007A t Solitron 
F4069UBM t Fairchild CM4007AE Solitron 
SIL4069B tMitel TP4007A1UB TI 
SIL4069BE Mitel TC4007UB Toshiba 
MC14069UBA t Motorola Quad True/Complement Buffer 
MC14069UBC Motorola F4041BC Fairchild 
CD4069C National F4041BM t Fairchild 
CD4069M t National 30 CD4041C National 
MM54C04 t National CD4041M National 
MM74C04 tNational CD4041A tRCA 
IlPD4069B NEC America CD4041AE RCA 
MSM508 OKI CD4041UB tRCA 
MSM4069 OKI CD4041UBE RCA 

CD4069UB tRCA SCL4041UB tSSS 

CD4069UBE RCA SCL4041UBE SSS 

SCL4069UB tSSS CM4041 A t Solitron 

SCL4069UBE SSS CM4041AE Solitron 

SCL4449UB tSSS 40 7-Line High Volt~ge Buffer 
SCL4449UBE SSS TC5066B Toshiba 
CM4069A t Solitron TC5067B Toshiba 

CM4069AE Solitron 
TP4069A1UB TI Counters, Binary 
TP4315A TI 
TC4069UB Toshiba 

Divide by 2, 8 or 16 Counter 
MM54C93 t National 

Hex Inverter, Three-State MM74C93 National 

F40098BC Fairchild 5, 6, 7, 8, 9-Stage Binary Counter 
F40098BM t Fairchild MSM5577 OKI 
MM70C96 t National 50 TC5048 Toshiba 
MM80C96 National 
MM70C98 t National 

7 -Stage Binary Counter 

MM80C98 National 
F4024BC Fairchild 
F4024BM t Fairchild 

Hex Inverter/Buffer, Three-State, Strobed SIL4024B tMitel 
SIL4502B tMitel SIL4024BE Mitel 

SIL4502BE Mitel MC14024BA t Motorola 

MC14502BA t Motorola MC14024BC Motorola 

MC14502BC Motorola CD4024BC National 

MSM4502 OKI CD4024BM t National 

CD4502B tRCA 60 IlPD4024B NEC America 

CD4502BE RCA MSM4024 OKI 

SCL4502B tSSS. 
CD4024A tRCA 

SCL4502BF SSS 
CD4024AE RCA 
CD4024B tRCA 

Hex TIL Buffer (Inverting)(CMOS to TIL) CD4024BE RCA 
MM54C901 t Nationaj HBF4024AE SGS 
MM74C901 National (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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MASTER SELECTION· GUIDE 

Une Function Device Source l.ile 

Counters, Binary (Cont'd.) 

7 -Stage Binary Counter (Cont'd.) 
SCL4024B tsss 
SCL4024BE SSS 

70 CM4024A t Solitron 
CM4024AE Solitron 
TP4024A1B TI 
TC4024B Toshiba 

8-Stage Synchronous Binary Counter 
SCL4404B tSSS 140 
SCL4404BE SSS 

10, 11, 12, 13, 14-Stage Binary Counter 
MSM5576 OKI 

80 12-Stage Binary Counter 
F4040BC Fairchild 
F4040BM t Fairchild 
SIL4040B tMitel 
SIL4040BE Mitel 
MC14040BA tMotorola 
MC14040BC Motorola 150 
CD4040BC National 
CD4040BM t National 
IlPD4040B NEC America 

90 MSM4040 OKI 
MSM5507 OKI 
CD4040A tRCA 
CD4040AE RCA 
CD4040B tRCA 
CD4040BE RCA 
SCL4040B tSSS 160 
SCL4040BE SSS 
CM4040A t Solitron 
CM4040AE Solitron 

100 
TP4040A/B TI 
TC4040B Toshiba 

14-Stage Binary Counter 
F4020BC Fairchild 
F4020BM tFairchild 
MC14020BA t Motorola 
MC14020BC Motorola 170 
SIL4020B tMitel 
SIL4020BE Mitel 
CD4020BC National 
CD4020BM tNational 
IlP04020B NEC America 
MSM4020 OKI 

110 MSM5508 OKI 
CD4020A tRCA 
CD4020AE RCA 
CD4020B tRCA 180 
CD4020BE RCA 
HBF4020AE SGS 
SCL4020B tSSS 
SCL4020BE SSS 
CM4020A t Solitron 
CM4020AE Solitron 
TP4020A/B TI 

120 TC4020B Toshiba 

14-Stage Binary Counter and Oscillator 
SIL4060B tMitel 190 
SIL4060BE Mitel 
CD4060BC National 
CD4060BM t National 
CD4060A tRCA 
CD4060AE RCA 
CD4060B tRCA 

130 CD4060BE RCA 
SCL4060B tSSS 

(Continued) 
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DIGITAL-CMOS (Cont'd) 

Function Device Source 

Counters, Binary (Cont'd.) 

14-Stage Binary Counter and Oscillator (Cont'd.) 
SCL4060BE SSS 

14, 15, 16-Stage Binary Counter (with reset) 
MSM5562 OKI 
TC5036 Toshiba 

16,17, 18-Stage Binary Counter 
MSM5580 OKI 

16, 17, 18-Stage Binary Counter (with reset) 
MSM5564 OKI 

16,17, 19-5tage Binary Counter (with reset) 
MSM5563 OKI 

19-5lage Binary Counter 
MSM5583 OKI 

Presettable 4-Stage Binary Counter 
MSM5536 OKI 

Presettable Synchronous Binary Counter, 
Asynchronous Clear 

F401618C Fairchild 
F401618M t Fairchild 
MC14161BA t Motorola 
MC14161BC Motorola 
CD40161BC National 
CD40161BM t National 
MM54C161 t National 
MM74C161 National 
CD40161B tRCA 
CD40161BE RCA 
SCL41618 tSSS 
SCL4161BE SSS 
TP4361A TI 
TC49161B Toshiba 

Presettable Fully Synchronous Binary Counter, 
Synchronous Clear 

F401638C Fairchild 
F401638M t Fairchild 
MC14163BA t Motorola 
MC141638C Motorola 
CD40163BC National 
CD401638M t National 
MM54C163 t National 
MM74C163 National 
CD40163B tRCA 
CD40163BE RCA 
SCL4163B tSSS 
SCL4163BE SSS 
TP4363A TI 
TC40163B Toshiba 

Dual Synchronous Binary Counter 
F4520BC Fairchild 
F4520BM t Fairchild 
HD14502B Hitachi 
SIL45208 tMitel 
SIL45208E Mitel 
MC14520BA t Motorola 
MC14520BC Motorola 
CD4520BC National 
CD4520BM t National 
jlPD45208 NEC America 
MSM4520 OKI 
CD4520B tRCA 
CD4520BE RCA 
SCL4520B tSSS 
SCL4520BE SSS 
CM4520B t Solitron 
CM4520BE Solitron 
TP4520A TI 

(Continued) 

t Military Temperature Range (-55' to 125'C) 
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Line Function Device Source Line Function Device Source Line 

Counters, Binary (Cont'd.) Counters, Decade (Cont'd.) 

Dual Synchronous Binary Count~r (Conl'd.) Presettable Synchronous Decade Counter, 130 
TC4520B Toshiba Asynchronous Clear (Cont'd.) 

Presettable Binary Up/Down Counter CD40160BM t National 

F40193BC Fairchild 70 MM54C160 t National 

F40193BM t Fairchild MM74C160 National 

F4516BC Fairchild CD40160B tRCA 

F4516BM t Fairchild CD40160BE RCA 
SCL4160B tSSS HD14516B Hitachi 

SIL4516B tMitel 
SCL4160BE SSS 

SIL4516BE Mitel 
TP4360A TI 

10 MC14516BA t Motorola 
TC40160B Toshiba 140 

MC14516BC Motorola 

lao 

Presettable Fully Synchronous Decade Counter, 

I 
CD40193BC National Synchronous Clear 

CD40193BM t National F40162BC Fairchild 
CD4516BC National F40162BM t Fairchild I 
CD4516BM t National MC14162BA t Motorola 
MM54C193 t National MC14162BC Motorola 
MM74C193 National CD40162BC National 

jlPD45168 NEC America CD40162BM t National 

MSM4516 OKI MM54C162 t National 

MSM5504 OKI MM74C162 National 150 

20 MSM40193 OKI CD40162B tRCA 

CD40193B tRCA CD40162BE RCA 

CD40193BE RCA 90 SCL4162B tSSS 

CD4516B tRCA SCL4162BE SSS 

CD4516BE RCA TP4362A TI 

SCL4193B tSSS TC40162B Toshiba 

SCL4193BE SSS Dual Synchronous Decade Counter 
SCL4516B tSSS F4518BC Fairchild 
SCL4516BE SSS F4518BM t Fairchild 
TC4516B Toshiba SIL4518B tMitel 160 

30 SIL4518BE Mitel Presettable 8-bit Binary Down Counter 
MC14518BA t Motorola CD40103B tRCA 

CD40103BE RCA 100 MC14518BC Motorola 
CD4518BC National 

Programmable Binary Divide-by-N 4-Bit Counter CD4518BM t National 
F4526BC Fairchild jlPD45188 NEC America 
F4526BM t Fairchild MSM4518 OKI 
MC14526BA tMotofola CD4518B tRCA 
MC14526BC Motorola CD4518BE RCA 
CD4526BC National SCL4518B tSSS 170 

40 CD4526BM t National SCL4518BE SSS 
jlPD45268 NEC America CM4518B t Solrtron 
SCL4526B tSSS CM4518BE Solitron 
SCL4526BE SSS 110 TP4518A/B II 
TP4526A TI TC4518B Toshiba 

4-Bit Binary Counter/Clock Generator Decade Counter/Divider, 10 line output 
TC5018B Toshiba F4017BC Fairchild 

4-Bit Binary Counter/Divider F4017BM t Fairchild 

MSM5538 OKI HD14017B Hitachi 

TC5027B Toshiba SIL4017B tMitel 180 
50 SIL4017BE Mitel 

Counters, Decade MC14017BA t Motorola 
MC140178C Motorola 

Presettable Decade Counter CD4017BC National 
MSM5530 OKI CD4017BM t National 

Presettable Decade Counter (Sets to 0 or 9, divides jlPD4017B NEC America 

by2,50rl0) 120 
MSM4017 OKI 
CD4017A tRCA MM54C90 t National 
CD4017AE RCA 

MM74C90 National 
CD4017B tRCA 190 

60 Presettable SynChronous Decade Counter, CD4017BE RCA 
Asynchronous Clear H8F4017AE SGS 

F401608C Fairchild SCL4017B tSSS 
F401608M t Fairchild SCL4017BE SSS 
MC14160BA t Motorola CM4017A t Solitron 
MC14160BC Motorola CM4017AE Solitron 
CD40160BC National TP4017A TI 

(Continued) TC4017B Toshiba 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

DIGITAL-CMOS (Cont'd) 

Function Device Source Line Function Device Source Une Function Device Source Li1e 

Counters, Decade (Cont'd.) Counters, Decade (Cont'd.) Counters, Decade (Cont'd.) 

Presettable Decade Up/Down Counter Decade Counter/Divider-7 Segment Display Output 4 Digit Up/Down Counter/Latch/Display Driver; 
F40192BC Fairchild and Ripple Blanking Cascadable, Synchronous, Presettable, BCD output 
F40192BM t Fairchild CD4033A tRCA (versions have either common anode o(cathode LED 
F4510BC Fairchild CD4033AE RCA direct 7 segment and digit drivers; 9999 or 5959 count; 
F4510BM t Fairchild CD4033B tRCA hard wire control: 7217; processor control:7227; 5 V 130 
HCTR0200 Hughes CD4033BE RCA 70 supply) 
SIL4510B tMitel HBF4033AE SGS ICM7217 Intersil 
SIL4510BC Mitel SCL4033B tSSS ICM7217A Intersil 
MC14510BA t Motorola SCL4033BE SSS ICM7217B Intersil 
MC14510BC Motorola SCL4433B tSSS ICM7217C Intersil 

CD40192BC National 10 $CL4433BE SSS ICM7227 Intersil 

CD40192BM t National CM4033A t Solitron ICM7227A Intersil 

CD4510BC National CM4033AE Solitron ICM7227B Intersil 

CD4510BM t National ICM7227G Intersil 
Decade Up/Down Counter/Decoder /Latch/Driver MM54C192 t National 4-1/2 Digit Up Counter; direct 7 segment drivers, 140 

MM74C192 National (direct 7-Segment driver) 
latched, decoder, count 1999 (7224-LCD; 7225-LED; CQ40110B tRCA 80 IIPD4510B NEG America "AU versions; count 15959) CD40110BE RCA MSM4510 OKI ICM7224 Intersil 

MSM5503 OKI Decade Counter/Latch/Decoder /Driver ICM7224A Intersil 
MSM5505 OKI MSM552 OKI ICM7225 Intersil 
MSM40192 OKI 20 MSM5521 OKI ICM7225A Intersil 
CD40192B tRCA MSM5522 OKI 

4-1/2 Digit Up-Down Counter Oscillator (Maximum CD40192BE RCA 
t, 

CD4510B tRCA 
Decade Up/Down Counter, Latch, Decoder, count 19999) 

CD4510BE RCA 
7 -Segment Display Output HCTR4010 Hughes 

SCL4192B tSSS 
CD40110B RCA HCTR6010 Hughes 150 

SCL4192BE SSS 3-1/2 Digit Counter to BCD Driver 5 Channel, 4-Digit Dynamic Counter 
SCL4510B tSSS HCTR4010 Hughes 90 MSM5511 OKI 
SCL4510BE SSS 

I 
HCTR6010 Hughes .5 Decade Counte~, Multiplexed Output 

TC4510B Toshiba CM41 02 t Solitron MC14534BA t Motorola 

Presettable 2-Decade Down Counter 30 CM4102 Solitron MC14534BC Motorola 
CD40102B tRCA 3V2 Digit Counter 6-Digit Counter 
CD40102BE RCA MSM5500 OKI TC5032 Toshiba 

Programmable Decade Divide-By-N 4-Bit Counter 3-V2 Digit Counter, Programmable Counter/Latch/Display Driver; direct 7 segment and 
F4522BC Fairchild TC9122 Toshiba digit drivers for, common cathode LEDs; count 
F4522BM t Fairchild. 

3 Decade Counter, Decoder, Driver 9,999,999; 2MHZ, 2-6 V supply 160 
MC14522BA t Motorola 

LC7960 Sanyo ICM7208 Intersil 
MC14522BC Motorola 
CD4522BC National 3 Decade Counter, Multiplexed Output 100 Counters, Miscellaneous 
CD4522BM t National F4553BC Fairchild 

IIPD4522B . NEG America 40 F4553BM t Fairchild See also CMOS Oscillators/Dividers; Digital-Special 

SCL4522B tSSS MC1455?BA t Motorola Decade Counter/Divider 
SCL4522BE SSS MC14553BC Motorola MSM551 OKI 
TP4522A TI 4 Decade Counter TC5026B Toshiba 

Presettable Decade Counter/Decoder/Driver TC5001B Toshiba Presettable Up/Down Binary or Decade Counter 
TC5034 Toshiba MSM5501 OKI F4029BC Fairchild 

4-Decade Divide-by-N Counter 
MSM5502 OKI F4029BM t Fairchild 

CD4059A tRCA 
TC5037B Toshiba SIL4029B tMitel 

MSM4059 OKI TC5051B Toshiba 110 SIL4029BE Mitel 170 

CD4059AE RCA TC5052B Toshiba MC14029BA t Motorola 
MC14029BC Motorola 

Presettable Up/Down Decade Counter-? Segment 50 4-Digit Up/Down Counter 
MSM5512 Toshiba CD4029BC National 

Display and BCD Output CD4029BM t National 
HCTR0200 Hughes 4 Decade Up/Down Counter With Timer IIPD4029B NEC America 

Decade Counter/Divider -7 Segment Display Output TC5010 Toshiba MSM4029 OKI 
and Display Enable 4 Decade Counter, Multiplexed Output (The 926 gives CD4029A tRCA 

CD4026A tRCA carry at 6000.) CD4029AE RCA 
CD4026AE RCA MM74C925 National CD4029B tRCA 
CD4026B tRCA MM74C926 National CD4029BE RCA 180 
CD4026BE RCA 

120 
HBF4029AE SGS 

SCL4026B tSSS 
4 Digit Counter, Multiplexed Output, Second digit 

SCL4029B tSSS 
SCL4026BE SSS 60 

counts to 6 (Maximum count 9599.) 
SCL4029BE SSS I MM74C927 National II' 

SCL4426B tSSS CM4029A t Solitron 

SCL4426BE SSS 4 Digit Counter, Multiplexed Output, Left digit counts to CM4029AE Solitron 

CM4026A t Solitron 2 (Maximum count 1999.) TP4029A TI 

CM4026AE Solitron MM74C928 National • TC4029B Toshiba 

t Military Temperature Range (- 55' to 125'C) * Typical Values 
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Ie MASTER 

DIGITAL-CMOS (Cont'd) 

Function Device Source Une Function Device SourCe Una Function Device Source l.ile 

Counters, Miscellaneous Decoders (Cont'd.) Decoders (Cont'd.) 
(Cont'd.) 

BCD-to-Decimal Decoder (Conl'd.) Dual Binary to 1 of 4 Decoder/Demultiplexer (High) 
Dual Programmable Divide-by-N Binary/Decade MC14028BA t Motorola F4555BC Fairchild 
Counter MC14028BC Motorola F4555BM t Fairchild 

MCl4569BA tMotorola (778) CD4028BC National HD14555B Hitachi 
MCl4569BC Motorola (778) CD4028BM t National MC14555BA t Motorola 

Divide-by-12 Counter MM54C42 t National MC14555BC Motorola 
MSM5536 OKI MM74C42 National IlPD4555B NEC America 

IlPD40288 NEC America 70 MSM4555 OKI Presettable Divide-by-12 Counter MSM564 OKI CD4555B tRCA MSM5531 OKI CD4028A tRCA CD4555BE RCA 140 
Divide-by-8-Counter/Divider. Decoded Output CD4028AE RCA SCL4555B tSSS 

F40228C Fairchild 

1

10 

1 

MSM4028 OKi 

1 

TC4555B Toshiba 

1 

F4022BM t Fairchild CD4028B tRCA 
SIL4022B tMitel CD4028BE RCA Dual Binary to 1 of 4 Decoder/Demultiplexer (Low) 
SIL4022BE Mitel HBF4028AE SGS F4556BC Fairchild 
MC14022BA t Motorola I I SCL4028B tSSS F4556BM t Fairchild I 
MC14022BC Motorola SCL4028BE SSS MC14556BA tMotorola 
CD4022BC National CM4028A t Solitron 80 MC14556BC Motorola 
CD4022BM t National CM4028AE Solitron IlPD45568 NEC~rica 
MSM4022 OKI TP402BAlB TI MSM45q6 OKI 
CD4022A. tRCA TC4028B Toshiba CD4556B tRCA 150 
CD4022AE RCA 
CD4022B tRCA BCD-to-l -Segment Decoder CD4556BE RCA 

CD4022BE RCA 20 MC14558BA t Motorola SCL4556B tSSS 

HBF4022AE SGS MC14558BC Motorola SCL4556BE SSS 

SCL40228 tSSS MM54C48 t National TC4556B Toshiba 

SCL40228E SSS MM74C48 National 4-Line-to-16-Line Decoder/Demultiplexer 
CM4022A t Sol it ron UCN-4102A Sprague MM54C154 t National 
CM4022AE Solitron TC5OO2B Toshiba 90 MM74C154 National 
TP4022A TI BCD-to-7 Segment Decoder/Driver MSM563 OKI 
TC4022B Toshiba MC14547BA t Motorola 1 of 8 Strobed Decoder 

Divide-by-60-Counter. BCD Output (Industrial Time MC14547BC Motorola 
SCL4428B tSSS 160 Base Generator) 

MC14566BA t Motorola 30 
4-bit Latch/4-to-16-Line Decoder (High) SCL4428BE SSS 

MC14566BC Motorola 
F4514BC Fairchild 

N-bit Decoder (for I/O Interface) 
F4514BM tFairchild 

Presettable Divide-by-N Counter SIL4514BE Mitel HCMP1853 tHughes 

F4018BC Fairchild S!L4514B tMite! CDP1853 tRCA 

F4018BM t Fairchild MC14514BA t Motorola SCP1853 tSSS 
SIL4018B tMitel MC14514BC Motorola 100 
SIL4018BE Mitel CD4514BC National Drivers 
MC14018BA t Motorola CD4514BM t National 
MC14018BC Motorola' IlPD45148 NEC America 

BCD-to-7 -Segment Latch/Decoder/Driver 

CD4018BC National MSM4514 OKI 
F4511BC Fairchild 

CD4018BM t National 40 CD4514B tRCA 
F4511BM t Fairchild 

CD4018A tRCA CD4514BE RCA 
F4734BC t Fairchild 

CD4018AE RCA 
SCL4514B tSSS 

F4734BM Fairchild 170 
CD4018B tRCA 

SCL4514BE SSS HD14511B Hitachi 
CD40188E RCA 

CM4514B t Solitron MC14511BA tMotorola 
HBF4018AE SGS 

CM4514BE Solitron 110 MC14511BC Motorola 
SCL4018B tSSS 

TC4514B MC14513BA tMotorola 
SCL40188E SSS Toshiba 

MC14513BC Motorola 
CM4018A .t Solitron 4-bit Latch I 4-to-16-Line Decoder (~ow) SIL4511B tMitel 
CM4018AE Solitron F4515BC Fairchild SIL4511BE Mitel 
TP4018A1B TI 50 F4515BM t Fairchild 
TC4018B Toshiba HD14515B Hitachi 

CD4511BC National 

SIL4515B tMitel 
CD4511BM t National 

Programmable Divide-by-N Counter IlPD4511B NEG America 180 
TC5080 Toshiba SIL4515BE Mitel 

MC14515BA t Motorola MSM561 OKI 
Phase Comparator and Programmable Counters 

MC14515BC Motorola MSM4511 OKI 
MC14568BA t Motorola 

CD4515BC National 120 CD4511B tRCA 
MC14568BC Motorola 

CD4515BM t National CD4511BE RCA 

Decoders IlPD45158 NEG America SCL4511B tSSS 

MSM4515 OKI SCL4511BE SSS 

BCD-to-Decimal Decoder CD4515B tRCA CM4511B t Solitron 

F40288C Fairchild CD4515BE RCA CM4511BE Solitron 

F40288M t Fairchild SCL4515B tSSs TP4511B TI 

HD14028B Hitachi 60 SCL4515BE SSS TC4511B Toshiba 190 

SIL4028B tMitel CM4515B t Solitron TC5OO2B Toshiba 
SIL4028BE Mitel CM4515BE Salitron TC50228 Toshiba 

(Continued) TC4515B Toshiba 130 TC5042B Toshiba 

t Military Temperature Range (- 55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-CMOS (Cont'd) 

Function Device Source Une Function Device Source 

Drivers (Cont'd.) Drivers (Cont'd.) 

BCD(Hexadecimal) to 7-Segment 4-Digit LCD Driver, Moltiplex~ BCD to LCD 
Latch/Decoder/Driver Decoder/Driver, AC Drive 

MD4311B tMitel ICM7211 Intersil 

MD4311BE Mitel ICM7211A Intersil 

MD4568B tMitel PF411 Siliconix 

MD4568BE Mitel DF414 SiIiconix 

MCl4495 Motorola (786) 4-Digit Multiplex Input LCD Driver 

BCD-to-7-Segment Latch/Decoder/Driver (for Liquid HLCD0437 Hughes 

Crystal Displays) 4-Digit Serial Input LCD Driver 
MC14543BA tMotorola HLCD0438 Hughes 
MC14543BC Motorola 

Dual High Voltage Driver, Source 250 rna 
CD4543BC National 10 

MM74C908 National 
CD4543BM t National MM74C918 National 
MSM5621 OKI 
SCL4543B SSS Dual and Quad Line Drivers-See Miscellaneous 

TC4543B Toshiba Also See: Interface-Display Drivers, Memory and 

BCD-to-7-Segment Liquid Crystal Decoder/Driver with Peripheral Drivers 

"Display Frequency Output" 
Flip-Flops MD4055B tMitel 

MD4055BE Mitel Dual "0" Flip-Flop 
CD4055B tRCA F4013BC Fairchild 
CD4055BE RCA 20 F4013BM t Fairchild 
TC4055B Toshiba HD14013B Hitachi 

BCD-to-7-Segment Liquid Crystal Decoder/Driver with SIL4013B tMitel 

Strobed-Latch Function SIL4013BE Mitel 

MD4056B tMitel MC14013BA t Motorola 

MD4056BE Mitel MC14013BC Motorola 

CD4056B tRCA CD4013BC National 

(:D4056BE RCA CD4013BM tNational 

TC4056B Toshiba MM54C74 t National 
MM74C74 National 

7 -Segment to BCD Converter/Driver I1PD4013B NEG America 
MM54C915 t National 30 MSM530 OKI 
MM74C915 National CD4013A tRCA 

Display Driver, 4-Digit (stores segment and address CD4013AE RCA 

data, drives 7-8 segment digits) MSM4013 OKI 

MM74C911 National CD4013B tRCA 
CD4013BE RCA 

4-Digit LED Driver, Multiplexed BCD or Binary to HBF4013AE SGS 
7-Segment Decoder/Driver SCL4013B tSSS 

ICM7212 Intersil SCL4013BE SSS 
ICM7212A Intersil CM4013A t Solitron 

4-Digit LED Driver, BCD or Binary to 7-Segment CM4013AE Solitron 

DecoderlDriver, data and digit select input latches for 40 TP4013A/B TI 
TC4013B Toshiba }lP interface 

ICM7212M Intersil Quad "D" Flip-Flop 
ICM7212AM Intersil F40175BC Fairchild 

Display Driver, 6-Digit BCD (stores segment and F40175BM t Fairchild 

address data, drives 7-8 segment digits) HD14175B Hitachi 

MM74C912 National MC14175BA tMotorola 
MC14175BC Motorola 

Display Driver, 6 Digit Hex (stores segment and MM54C175 t National 
address data, drives 7-segment digits) MM74C175 National 

MM74C917 National CD40175B National 
I1PD4175B NEG America 4-Line Liquid Crystal Display Driver 50 

MSM4054 OKI TC40175B Toshiba 

CD4054B tRCA Quad "D" Flip-Flop, Three-State 
GD4054BE RCA F4076BC Fairchild 
TC4054B Toshiba F4076BM t Fairchild 

SIL4076B tMitel 
3Q-8it Liquid Crystal Display with Register 

SIL4076BE Mitel 
MD4330B tMitel 

MC14076BA Motor_ola 
MD4330BE Mitel 

MC14076BC Motorola 
MD4331B tMitel MM54C173 t National 
MD4331BE Mite I MM74C173 National 

32-Bit LCD Driver with Register 60 CD4076BC National 
MD4332B tMitel CD4076BM t National 
MD4332BE Mitel (Continued) 

t Military Temperature Range ( - 55' to 125'C) * Typical Values 

Ie MASTER 1979 

, MASTER SELECTION GUIDE 

I..ile Function Device Source I..ile 

Flip-Flops (Cont'd.) 

Quad "0" Flip-Flop, Three-State (Cont'd.) 
CD4076B tRCA 
CD4076BE RCA 
SCL4076B tSSS 130 
SCL4076BE SSS 
CM4076A tSolitron 
CM4076AE Solitron 

70 TC4076B Toshiba 

Hex "0" Flip-Flop 
F40174BC Fairchild 
F40174BM t Fairchild 
HD14174B Hitachi 
MC14174BA tMotorola 
MCl4174BC Motorola 140 
CD40174BC National 
CD40174BM tNational 
MM54C174 tNationai 
MM74C174 National 
CD40174B tRCA 
CD40174BE RCA 

80 SCL4174B tSSS 
TP4370A TI 
TC40174B Toshiba 

Octal "D" Flip-Flop 150 
MM54C374 t National 
MM74C374 National 

Dual "J-K" Flip-Flop 
F4027BC Fairchild 
F4027BM t Fairchild 

90 HD14027B Hitachi 
SlL4027B tMitel 
SIL4027BE Mitel 
MC14027BA tMotorola 
MC14027BC Motorola 160 
CD4027BC National 
CD4027BM t National 
MM54C76 t National 
MM74C76 National 
I1PD4027B NEG America 

100 
MSM531 OKI 
CD4027A tRCA 
CD4027AE RCA 
MSM4027 OKI 
CD40278 tRCA 170 
CD4027BE RCA 
HBF4027AE SGS 
SCL4027B tSSS 
SCL4027BE SSS 
CM4027A t Solitron 

110 
CM4027AE Solitron 
TP4027A1B TI 
TC4027B Toshiba 
TC7476B Toshiba 

Dual "J-K" Flip-Flop w/o Preset 180 

MM54C73 tNational 
MM74C73 National 
MM54C107 tNationai 
MM74Cl07 National 

120 
Gates, AND/NAND 

AND Gated "J-K" Flip-Flop 
CD4095B tRCA 
CD4095BE RCA 
CD4096B tRCA 
CD4096BE RCA 
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Ie MASTER 

DIGITAL-CMOS (Cont'd) 

Function Device Source 

Gates, AND/NAND (Cont'd.) 

8-lnput AND Gate 
SIL49688 tMitel 
SIL4968BE Mitel 

Dual 4-lnput AND Gate 
F40828C Fairchild 
F4082BM t Fairchild 
HD140828 Hitachi 
SIL4082B tMitel 
SIL4082BE Mitel 
MC14082BA t Motorola 
MC14082BC Motorola 
;:PD40828 NEe America 

1 1 

MSM4082 OKI 
CD4082B tRCA 
CD4082BE RCA 

I SCL4082B SSS I 
SCL4082BE tSSs 
TP4082B TI 
TC4082B Toshiba 

Triple 3-lnput AND Gate 
F40738C Fairchild 
F4073BM t Fairchild 
HD14073B Hitachi 
SIL40738 tMitel 
SIL40738E Mitel 
MC14073BA t Motorola 
MC14073BC Motorola 
CD4073BC National 
CD4073BM t National 
/lPD4073B NEG America 
MSM4073 OKI 
CD4073B tRCA 
CD4073BE RCA 
SCL4073B tSss 
SCL4073BE SSS 
CM4073A t Solitron 
CM4073AE Solitron 
TP4073B Ti 
TC4073 Toshiba 

Quad 2-lnput AND Gate 
F4081BC Fairchild 
F4081BM t Fairchild 
HD14081B Hitachi 
SIL4081B tMitel 
SIL4081BE Mitel 
MC14081BA t Motorola 
MC14081BC Motorola 
CD4081BC National 
CD4081BM t National 
MM54C08 t National 
MM74C08 National 
/lPD4081B NEG America 
MSM501 OKI 
MSM4081 OKI 
CD4081 B tRCA 
CD4081BE RCA 
SCL4081B tSSS 
SCL4081BE SSS 
CM4081A t Sol it ron 
CM4081AE Solitron 
TP40818 TI 
TC4081B Toshiba 

8-lnput NAND Gate 
F4068BC Fairchild 
F4068BM t Fairchild 
HD14068B Hitachi 
SIL4068B tMitel 
SIL4068BE Mitel 
MC14068BA t Motoro!a 

(Continued) 

t Military Temperature Range ( - 55' to 125'C) 

410 

Line Function Device Source line Function Device Source Line 

Gates, AND/NAND (Cont'd.) Gates, AND/NAND (Cont'd.) 

8-lnput NAND Gate (Cont'd,) Triple 3-lnput NAND Gate (Cont'd,) 
MC140688C Motorola 70 /lPD4023B NEC America 
MM54C30 t National MSM4023 OKI 
MM74C30 National CD4023BC National 140 
/lPD4068B NEC America CD4023BM t National 
MSM504 OKI MM54C10 t National 
MSM4068 OKI MM74Cl0 National 
CD4068B tRCA CD4023A tRCA 
CD4068BE RCA CD4023AE RCA 
SCL4068B tSSS CD4023B tRCA 

I 10 SCL4068BE SSS CD40238E RCA 
SC~A412B tSSS 

I" CD4023UB tRCA 

1

,50
1 

SCL4412BE SSS CD4023UBE RCA 
CM4068A t Solitron H8F4023AE SGS 
CM4068AE Solitron SCL4023B tSSS 
TP4068B TI SCL40238E SSS 
TC4068B Toshiba CM4023A t Solitron 

Dual 4-lnput NAND Gate CM4023AE Solitron 
F4012BC Fairchild TP4023A TI 
F4012BM t Fairchild TC4023B Toshiba 

20 HD14012B Hitachi TC7410B Toshiba 
SIL4012UB tMitel 90 Quad 2-lnput NAND Gate 
SIL4012UBE Mitel F4011BC Fairchild 
SIL40128 tMitel F4011BM t Fairchild 160 
SIL40128E Mitel HD140118 Hitachi 
MC14012BA t Motorola SIL4011UB tMitel 
MC14012BC Motorola 

SIL4011UBE Mitel 
MG14012UBA t Motorola 

SIL4011B tMitel 
MG14012UBG Motorola 

SIL4011BE Mitel 
CD4012AC National 

MC140118A tMotorola 30 CD4012AM t National 
MM54C20 t National 100 

MC14011BC Motorola 

MM74C20 National 
MC14011UBA t Motorola 

/lPD4012B NEG America MG14011UBG Motorola 

MSM503 OKI CD4011AC National 170 

MSM4012 OKI CD4011AM t National 

CD4012A tRCA CD4011BC National 

CD4012AE RCA CD40i18M t National 

CD4012B tRCA MM54COO t National 

CD4012BE RCA MM74Coo National 

40 CD4012UB tRCA /lPD4011B NEG America 

CD4012UBE RCA 110 MSM4011 OKI 

HBF4012AE SGS CD4011A RCA 

SCL4012B tSSS CD4011AE RCA 

SCL4012BE SSS CD4011B tRCA 180 

CM4012A t Solitron CD4011BE RCA 

CM4012AE Solitron CD4011UB tRCA 

TP4012A TI CD4011UBE RCA 

TC4012B Toshiba HBF4011AE SGS 

TC7420B Toshiba SCL4011B tSSS 

50 Dual 2-lnput NAND Gate (Driver) 
SCL4011BE SSS 

CD40107B tRCA 120 
SCL4011UB tSSS 

CD40107BE RCA 
SGL4011UBE SSS 
CM4011 t Solitron 

Dual 4-lnput Expandable NAND Gate CM4011 Solitron 190 
SCL4412B tSSS I TP4011A1B TI 
SCL4412BE SSS TP4311A TI 

Triple 3-lnput NAND Gate T94011B Toshiba 

F4023BC Fairchild TC4011UB Toshiba 

F4023BM t Fairchild TC7400B Toshiba 
60 HD14023B Hitachi Quad 2-lnput NAND Gate (Open Drain) 

SIL4023UB tMitel TC5029 Toshiba 
SIL4023UBE Mitel 130 TC5030 Toshiba 
SIL4023B tMitei 
SIL4023BE Mitel Gates, AND-ORI AND-OR-Invert 
MC14023BA t Motorola 
MC14023BC Motorola Triple AND-OR Bi-Phase Pairs 
MG14023UBA t Motorola CD4037A tRCA 200 
MC14023UBC Motorola CD4037AE RCA 

(Continued) (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-CMOS (Cont'd) 

Function Device Source l.ile Function Device Source 

Gates, AND-ORI AND-OR-Invert Gates, Exclusive ORINOR 
(Cont'd.) 

Quad Exclusive OR Gate 
Triple AND-OR Bi-Phase Pairs (Cont'd.) F4030BC Fairchild 

CD4037B tRCA F4030BM t Fairchild 

CD4037BE RCA F4070BC Fairchild ~ 

CM4037A t Solitron F4070BM t Fairchild 

CM4037AE So~tron H014070B Hitachi 

Quad AND-OR Select Gate 
SIL4030B tMitel 
SIL4030BE Mitel 

F4019BC Fairchild SIL4070B tMitel 
F4019BM t Fairchild SIL4070BE Mitel 
F4519BC Fairchild MC14070BA t Motorola 
F4519BM tFairchild 10 MC14070BC Motorola 
SIL4019B tMitel CD4030AC National 
SIL4019BE Mitel CD4030AM t National 
MC14519BA tMotorola CD4070BC National 
MC14519BC Motorola CD4070BM t National 
CD40198C Nationar CD4507BC National 
CD40198M t National CD4507BM tNational 
CD4519BC National MM54C86 t National 
CD4519BM tNational MM74C86 National 
).lPD4019B NEC America J.LPD4030B NEC America 
MSM4019 OKI 20 MSM581 OKI 
CD4019A tRCA CD4030A tRCA 
CD4019AE RCA C04030AE RCA 
CD4019B tRCA MSM4030 OKI 
CD4019BE RCA CD4030B tRCA 
HBF4019AE SGS C04030BE RCA 

SCL4019B tSSS CD4070B tRCA 

SCL4019BE SSS C04070BE RCA 

CM4019A t Solitron HBF4030AE SGS 

CM4019AE Solitron SCL4030B tSSS 

TP4019A1B TI 30 SCL4030BE SSS 

Tr'4519A1B TI SCL4070B tSSS 

TC4019B Toshiba SCL4070BE SSS 
CM4030A t Solitron 

Quad AND-OR Select Gate, Three-State CM4030AE Solitron 
C040257B tRCA CM4070A t Solitron 
C040257BE RCA CM4070AE Solitron 

Dual 2-Wide 2-lnput AND-OR-Invert Gate TP4030A TI 

F4085BC Fairchild TP4507A1B TI 

F4085BM Fairchild TC4030B Toshiba 

SIL4085B tMitel Quad Exclusive NOR Gate 
SIL4085BE Mitel 40 F4077BC Fairchild 
MC14506BA t Motorola F4077BM t Fairchild 
MC14506BC Motorola F4519BC Fairchild 
MSM510 OKI F4519BM t Fairchild 
MSM4085 OKI H014077B Hitachi 
CD4085B tRCA SIL4077B tMitel 
C04085BE RCA SIL4077BE Mitel 
SCL4085B tSSS MC14077BA t Motorola. 
SCL4085BE SSS MC14077BC Motorola 
TC4085B Toshiba CD4519BC National . 

C04519BM t National 
2-Wide 4-lnput AND-OR Gate 50 

CD4077B tRCA 
MSM514 OKI C04077BE RCA 

4 Wide 2-lnput Expandable ANO-OR-Invert Gate CM4077A t Solitron 
F4086BC Fairchild CM4077AE Solitron 
F4080BM t Fairchild SCL4077B ,tSSS 

MSM512 OKI SCL4077BE SSS 
MSM4086 OKI 
CD4086B tRCA Gates, ORINOR 
CD4086BE RCA 
SCL4086B tSSS 

8-lnput OR Gate 

SCL4086BE SSS 60 
SIL4978B tMitel 

TC4086B Toshiba, 
SIL4978BE Mitel 

Quad 4-2-2-1-lnput ANO-OR-Invert· Gate 
Dual 4-lnput OR Gate 

F4072BC Fairchild 
TP4302A TI F4072BM t Fairchild 

Quad 2-4-4-1-lnput ANO-OR-Invert Gate HD14072B Hitachi 
TP4303A TI (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

line Function Device Source Li1e 

Gates, ORINOR (Cont'd.) 

Dual 4-lnput OR Gate (Cont'd.) 
SIL4072B tMitel 
SIL4072BC Mitel 
MC14072BA t Motorola 

70 MC14072BC Motorola 
).lPD40728 NEC America 
MSM4072 OKI 
CD4072B tRCA 
CD4072BE RCA 140 
SCL4072B tSSS 
SCL4072BE SSS 
TP4072B TI 
TC4072B Toshiba 

80 
Triple 3-lnput OR Gate 

F4075BC - Fairchild 
F4075BM t Fairchild 
H014075B Hitachi 
SIL4075B tMitel 
SIL4075BE Mitel 150 
MC14075BA t Motorola 
MC14075BC Motorola 
CD4075BC National 
C04075BM tNational 

90 
).lPD4075B NEC America 
MSM4075 OKI 
CD4075B tRCA 
C04075BE RCA 
SCL4075B tSSS 
SCL4075BE SSS 160 
TP4075B TI 
TC4075B Toshiba , 

Quad 2-lnput OR Gate 
F4071BC Fairchild 

100 F4071BM tFairchild 
H014071B Hitachi 
SIL4071B tMitel 
SIL4071 BE- Mitel 
MC14071BA tMotoroia 
MC14071BC Motorola 170 
CD4071BC National 
C04071BM tNational 
MM54C32 tNational 
MM74C32 National 

110 ).lPD4071B NEC America 
MSM4071 OKI 
CD4071B tRCA 
C04071BE RCA 
SCL4071B tSSS 
SCL4071BE SSS 180 
CM4071A t Solitron 
CM4071AE Solitron 
TP4071B TI 
TC4071B Toshiba 

120 8-lnput NOR Gate 
F4078BC Fairchild 
F4078BM t Fairchild 
HD14078B Hitachi 
SIL4078B tMitel 
SIL4078BE Mitel 190 
MC14078BA t Motorola 
MC14078BC Motorola 
fLPD4078B NEG America 
MSM507 OKI 
MSM4078 OKI 
CD4078B tRCA 
CD4078BE RCA 

130 SCL4078B tSSS 
SCL4078B~ SSS 

(Continued) 
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Ie MASTER 

DIGITAL-CMOS (Cont'd) 

Function Device Source 

Gates, OR/NOR (Cont'd.) 

8-lnput NOR Gate (Cont'd.) 
SCL4402B tsss 
SCL4402BE SSS 
CM4078A t Solitron 
CM4078AE Solitron 
TC4078B Toshiba 

Dual 3-lnput NOR Gate plus Inverter 
SIL4000UB tMitel 
SIL4000UBE Mitel 
MC14000UBA t Motorola 
MC14000UBC Motorola 

I 
CD4000C National 
CD4000M t National 
CD4000A tRCA I CD4000AE RCA 

I CD4000B tRCA 
CD4000BE RCA 
CD4000UB tRCA 
CD4000UBE RGA 
SCL4000B tSss 
SCL4000BE sss 
CM4000A Solitron 
CM4000AE Solitron 
TP4000A TI 

Dual 4-lnput NOR Gate 
F4002BC Fairchild 
F4002BM t Fairchild 
HD14002B Hitachi 
SIL4002UB tMitel 
SIL4002UBE Mitel 
SIL4002B tMitel 
SIL4002BC Mitel 
MC14002BA t Motorola 
MC14002BC Motorola 
MC14002UBA t Motorola 
MC14002UBC Motoroia 
CD4002AC Nationa! 
CD4002AM t National 
IlPD4002B NEC America 
MSMS06 OKI 
CD4002A tRCA 
CD4002AE RCA 
MSM4002 OKI 
CD4002B tRCA 
CD4002BE RCA 
CD4002UB tRCA 
CD4002UBE RCA 
HBF4002AE SGS 
SCL4002B tSSS 
SCL4002BE SSS 
CM4002A t Solitron 
CM4002AE Solitron 
TP4002A TI 
TC40028 Toshiba· 

Dual 4-lnput Expandable NOR Gate 
SCL4402B tSSs 
SCL4402BE SSS 

Triple 3-lnput NOR Gate 
F402SBC Fairchild 
F40258M t Fairchild 
HD14025B Hitachi 
SIL4025UB tMitel 
SIL4025UBE Mitel 
SIL40258 tMitel 
SIL4025BE Mitel 
MC14025BA t Motorola 
MC14025BC Motorola' 
MC14025UBA t Motorola 

(Continued) 

t Military Temperature Range (-5S' to 125'C) 
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Une Function Device Source Une Function' Device Source Une 

Gates, OR/NOR (Cont'd.) Gates, Miscellaneous (Cont'd.) 

Triple 3-lnput NOR Gate (Cont'd.) 8-lnput Expandable Multifunction Gate (Cont'd.) 
MC14025UBC Motorola 70 SCL4402BE SSS 
CD4025AC National CM4048A t Soiitron 
CD4025AM tNational CM4048AE Solitron 
CD4025BC National Triple Gate (dual 4-input NAND and 2-input ORINOR) 
CD4025BM t National HD14S01 Hitachi 140 
IlPD4025B NEC America MC1450lUBA tMotorola 
MSM4025 OKI MC14501UBC Motorola 
CD4025A tRCA IlPD4501B NEC America 

10 CD4025AE RCA 
CD402SB tRCA Hex Function Gate 

CD4025BE RCA 80 HDi4572 Hitachi 

I I 
CD4025UB tRCA MC14572A t Motorola 

CD4025UBE RCA MC14572C Motorola I HBF4025AE SGS Dual S-Input Majority Logic Gate I SCL40258 SSS MC14530BA t Motorola 
SCL4025BE SSS MC14530BC Motorola lS0 
CM402SA Solitron IlPD4530B NEC America 
CM4025AE Solitron 

20 TP402SA TI Latches 
TC402SB Toshiba t 

Quad 2-lnput NOR Gate 90 
8-Bit Latch 

F4001BC Fairchild 
MM54C373 t National 

. F4001BM t Fairchild 
-. MM74C373 National 

HD14001B Hitachi 8-bit Addressable Latch (Serial In, Parallel Out) 
SlL4001UB tMitel F4724BC Fairchild 
SIL4001UBE Mitel F4724BM t Fairchild 
SIL4001B tMitel MC140998A t Motorola 
SIL4001B'E Mitel MC140998C Motorola 

30 MC140018A t Motorola CD4099BC National 160 
MC14001BC Motorola CD4099BM t National 
MC14001UBA t Motorola 100 CD4724BC National 
MC1400lUBC Motorola CD4724BM t NatiOnal 
CD4001AC National IlPD4099 NEC America 
CD4001AM t National CD4099B tRCA 
CD4001BC National CD4099BE RCA 
CD4001BM t National SCL4099B tSSS 
MMS4C02 t National SCL40999BE SSS 
MM74C02 National TC4099B Toshiba 

40 IlPD4OO1B NEC America 8-bit Addressable Input, Parallel Output latch, 170 
MSM505 OKI Three-State 
MSM4001 OKI 110 MC14598BA tMotoroia 
CD4001A tRCA MC14598BC Motorola 
CD4001AE RCA 
CD4001B tRCA 8-bit Addressable Latch, Bidirectional Data Port (Serial 

CD4001BE RCA In/Out and Parallel Out) 

CD400lUB tRCA MC14599BA t Motorola 

CD4001UBE RCA MC14599BC Motorola 

HBF4001AE SGS 8-bit Latch, Counter, Incremented Input, Parallel 
SO SCL4001UB tsss Output, Three-State 

SCL4001UBE SSS MC14597BA 't Motorola 180 
CM4001A t Solitron 120 MC14597BC Motorola 
CM4001AE Solitron 
TP4001A/B TI Quad Clocked "0" Latch 

TP4301A1UB TI F4042BC Fairchild 

TC4001B Toshiba F4042BM t Fairchild 

TC4001UB Toshiba HD14042B Hitachi 
Sll4042B tMitel 

Gates, Miscellaneous SIL4042BE Mitel 
MC14042BA t Motorola 

60 8-lnput Expandable Multifunction Gate MC140428C Motorola 
CD40488C National CD40428C National 190 
CD40488M t National CD40428M t National 
CD4048A tRCA IlPD4042B NEC America 
CD4048AE RCA 130 MSM4042 OKI 
CD4048B tRCA CD4042A tRCA 
CD4048BE RCA CD4042AE RCA 
SCL4048B tSss CD40428 tRCA 
SCL4402B tSSs CD4042BE RCA 

(Continued) (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-CMOS (Cont'd) 

Function Device Source Une Function Device Source 

Latches (Cont'd.) Latches (Cont'd.) 

Quad Clocked "0" Latch (Cont'd.) Dual 4-bit Latch (Cont'd.) 
HBF4042AE SGS SCL4508BE SSS 
SCL4042B tSSS CM4508 Solitron 
SCL4042BE SSS TC4508B Toshiba 
CM4042A t Solitron Dual 4-bit Addressable Latch 
CM4042AE Solitron . F4723BC Fairchild 
TP4042A1B TI 

F4723BM t Fairchild 
TC4042B Toshiba 

CD4723BC National 
Quad NAND RIS Latch CD4723BM National 

F4044BC Fairchild 10 
F4044BM t Fairchild Memories 
HD14044B Hitachi 
SIL4044B tMitel For additional information see Master Selection 

SIL4044BE Mitel Guide-Memory Sections. 

MC14044BA t Motorola 16-bit FIFO (4x4) 
MC14044BC Motorola CD40105B tRCA 
CD4044AC National CD40105BE RCA 
CD4044AM t National 
/LPD4044B NEC America 64-bitFIFO (16x4) 

MSM4044 OKI 20 F4703BC Fairchild 

CD4044A tRCA F4703BM t Fairchild 

CD4044AE RCA 64-bit Program Stack (16x4 LIFO) 
CD4044A/B tRCA F4706BC Fairchild 
CD4044A1BE RCA F4706BM t Fairchild 
SCL4044B tSSS 
SCL4044BE SSS 

16-bit Multiport Regi~ter File (4x4 Read While Write 

CM4044A t Solitron 
RAM) 

TP4044A/B TI 
MC14580BA t Motorola 
MC14580BC Motorola 

TC4044B Toshiba 
CD40108B tRCA 

Quad NAND Latch 30 CD40108BE RCA 
TP4376A TI CD40208B tRCA 

Quad NOR RIS Latch CD40208BE RCA 

F4043BC Fairchild 1,024-bit PROM (256x4j' 
F4043BM t Fairchild HM6611 tHarris (1401) 
HD14043B Hitachi 

32-bit RAM (Direct Word Line Addressing) SIL4043B tMitel 
CD4039A tRCA SIL4043BE Mitel 
CD4039AE RCA MC14043BA t Motorola 
CM4039A t Solitron MC14043BC Motorola 

Solitron CM4039AE CD4043AC National 40 
TC4039B Toshiba CD4043AM t National 

/LPD4043B NEC America 32-bit RAM (Binary Addressing) 
MSM4043 OKI CD4036A tRCA 
CD4043A' tRCA CD4036AE RCA 
CD4043AE RCA CM4036A t Solitron 
CD4043B tRCA CM4036AE t Solitron 
CD4043BE RCA TC4036B Toshiba 
SCL4043B tSSS 64-bit RAM (64x1) 
SCL4043BE SSS MCM14505A t Motorola 
CM4043A t Solitron 50 MCM14505C Motorola 
CM4043AE Solitron 
TP4043A1B TI 64-bit RAM (16x4) 
TP4078B TI F4725BC Fairchild 

TC4043B Toshiba F4725BM t Fairchild 

Quad NOR Latch 
MM54C89 t National 

TP4377A TI 
MM74C89 National 
CD40114B tRCA 

Dual 4-bit Latch CD40114BE RCA 
HD14508B Hitachi 

64-bit RAM (16x4 clocked RAM, three state output 
SIL4508B tMitel 
SIL4508BE Mitel 60 

register) 

MC14508BA t Motorola 
F4710BC Fairchild 

MC14508BC Motorola 
F4710BM t Fairchild 

/LPD4508B NEC America 256-bit RAM (256xl) 
MSM4508 OKI F4720C Fairchild 

CD4508B tRCA F4720M t Fairchild 
CD4508BE RCA F4720AC . Fairchild 
SCL4508B tSSS F4720AM t Fairchild 

(Continued) (Continued) 

t Military Temperature Range (_55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER'SELECTION GUIDE 

Line Function Device Source Une 

Memories (Cont'd.) 

256-bit RAM (256xl) (Cont'd.) 
IM6523 t Intersil 130 

70 MCM14537A t Motorola 
MCM14537C Motorola 
MM54C200 tNational 
MM74C200 National 
MSM4061 OKI 
CD4061A tRCA 
CD40061 RCA 
CD40061A tRCA 

256-bit RAM (64x4) 
MCM14552A t Motorola. 140 
MCM14552C Motorola 
MM54C910 tNational 
MM74C910 National 

80 SCM5555 SSS 

256-bit RAM (32x8) 
HCMP1824 tHughes 
CDP1824 tRCA 
SCP1824 tSSS 

512-bit RAM (512x1) 
S2222 AMI 150 
S2222A AMI 
2222 Nortec 
2222A Nortec 
SCM5522 SSS 

90 
768-bit RAM (64x12) 

IM6512 Intersil 
IM6512M t Inters~ 

1,024-bit RAM (128x8) 
CDP1823 RCA 

1,024-bit RAM (256x4) 160 
55101 AMI (1206) 
55101L AMI (1206) 
F4721BC FairGhiid 

100 F4721BM Fairchild 
HM6501 Harris (1356) 
HM6551 Harris (1389) 
HM6561 Harris (1389) 
HM6562 Harris (t397) 
HM435101 Hitachi 
HCMP1822 tHughes 170 
5101 Intel 
M5101 tlntel 
IM6551 Intersil 
IM6551M t Intersil 

110 IM6561 Intersil 
IM6561M tlntersil 
MCM145101 Motorola (1536) 
MM54C920 t National 
MM74C920 National 
MM54C921 t National 180 
MM74C921 National 
/LPD5101L NEe Micro (1562) 
CDP1822 RCA 
SCM5101 tSSS 
SCP1822 tSSS 

120 SY5101 Synertek 
TG5501 Toshiba 

1,024-bit RAM (1024xl) 
56508 AMI (1207) 
56508A AMI (1207) 190 
F4736BC Fairchild 
F4736BM t Fairchild 
HM6508 Harris (1366) 
HM6518 Harris (1379) 

(Continued) 
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DIGITAL-CMOS (Cont'd) 

Function Device Source 

Memories (Cont'd.) 

1,024-bit RAM (1024x1) (Cont'd.) 
IM6508 t Intersil 
IM6518 t Intersil 
SIL1902A tMitel 
SIL1902AE Mitel 
MCMl46508 Motorola (1534) 
MCMl46518 Motorola (1534) 
MM54C929 t National 
MM74C929 National 
MM54C930 t National 
J.lPD6508 NEC Micro (1562) 

I 

MM74C930 National 
CDP1821 RCA 
SCM5102 SSS 

1 
TC5508 Toshiba 

1,024-bit ROM (256x4) 
MCM14524A t Motorola 
MCM14524C Motorola 

4096-bit RAM (1024x4) 
HM4334 Hitachi 

IlPD444 NEC Micro (1580) 

IlPD445L NEC Micro (1581) 
CDP1825 RCA 
TC5047 Toshiba 

4096-bit RAM (4096x1) 
HM4315 Hitachi 
HM6147 Hitachi 
TC5504 Toshiba 

2,Q48-bit ROM (256x8) 
F4735BC Fairchild 
F4735BM t Fairchild 

4,096-bit ROM (512x8) 
HCMP1831 tHughes 
HCMP1832 tHughes 
CDP1831 tRCA 
CDP1832 tRCA 
SCP1831 tSSS 
SCP1832 tSSS 

8,192-bit ROM (1024x8) 
HCMP1833 tHughes 
HCMP1834 tHughes 
CDP1833 tRCA 
CDP1834 tRCA 
SCP1833 tSSs 
SCP1834 tSSS 

12,228-bit ROM(1024x12) 
HM6312 Harris (1348) 
IM6312 Intersil 

16,384-Bit ROM (2048 x 8) 
HCMP1835 Hughes 
SCM5316 SSS 

Multiplexers, Digital 

See also Interface-Analog Switches, Multiplexers 

Quad 2-lnput Multiplexer 
F4519BC Fairchild 
F4519BM t Fairchild 
HD14519 Hitachi 
MC14519BA t Motorola 
MC14519BC Motorola 
CD4519BC National 
CD4519BM t National 
MM54C157 t National 
MM74C157 National 
J.lPD4519B NEG Amenca 

(Continued) 

t Military Temperature Range ( - 55' to 125'C) 
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Une Function Device Source Une Function Device Source Une 

Multiplexers, Digital (Cont'd.) Multivibrators (Cont'd.) 

Quad 2-lnput Multiplexer (Cont'd.) Dual Monostable Multivibrator, retriggerable 
TP4519A/B TI F4528BC Fairchild 

Dual 4-Channel Digital Multiplexer F4528BM t Fairchild 

F4539BC Fairchild HD14528B Hitachi 

F4539BM t Fairchild SIL4098B tMitel 130 
SIL4098BE Mitel MC14539BA t Motorola 
SIL4528B tMitel MC14539BC Motorola 70 
SIL4528BE Mitel IlP04539B NEG America 
MC14528BA t Motorola 

10 MSM4539 OKI 
MC14528BG Motorola TC4539B Toshiba 
CD4528BC Nationa! 

I 
I 

8-Channel Data Selector 

I I 
CD4528BM t National 

F4512BC Fairchild IlPD4528B NEG America 
F4512BM t Fairchild CD4098B tRCA I 
HD14512 Hitachi 1 I CD4098BE RCA 11401 
SIL4512B tMitel SCL4528B tSSS 
SIL4512BE Mitel SCL4528BE SSS 
MC14512A t Motorola 80 TC4528B Toshiba 
MC14512C Motorola 

20 CD4512BC National Oscillators/Dividers 
CD4512DM t National 
IlPD4512B NEG America See also CMOS-Counters 
MSM4512 OKI Oscillator/Divider (Programmable Timer) 
CD4512B tRCA MC14541BA t Motorola 
CD4512BE RCA MC14541BC Motorola 
SCL4512B tSSS 
SCL4512BE SSS Oscillator128 Divider (2-5v supplies) 

TP4512A/B TI 90 ICM7209 Intersil 

TC4512B Toshiba Oscillatorl28
, 2'°, 2", and 212 Divider (10 V supply) 150 

30 8-Channel Digital Multiplexer TC5082 Toshiba 

MM54C151 t National Oscillator/29 Divider 
MM74C151 National 5016 Nortec 

Dual 8-Channel Digital Multiplexer Oscillator/2" to 219 Divider, with duty cycle control 
TP4321A TI MC14451 Motorola 

16-Channel Digital Multiplexer Oscillator/2" to 2'5 DiVider (2-5v supplies) 
MM54C150 t National UCN-4105 Sprague 
MM74C150 National 

Oscillator/Divider, Mask Programmable for division by 
TP4320A TI 100 

10,000 to 98,000 (Standard divides 3.579 MHz TV 

40 16-Channel Digital Multiplexer, Three-State crystal to 60 Hz) 160 
MM72C19 t National MM5369 National 
MM82C19 National 

Oscillator / 49, 152 Divider 

Multivibrators UCN-4103 Sprague 
UCN-4104 Sprague 

Monostablel Astable Multivibrator, retriggerable Oscillator/2 '6 Divider/Buffer 
F4047BC Fairchild MC14450 Motorola 
F4047BM t Fairchild HBC4700 tSGS 
CD4047BC National HBF4700 SGS 
CD4047BM t National UCN-4112 Sprague 

50 CD4047A tRCA UCN-4116 Sprague 170 
CD4047AE RCA 110 

SCL5411 SSS 
CD4047B tRCA 
CD4047BE RCA Oscillator/2 '6 Divider with 213 Output (Supply 1-2v 

CM4047A t Solitron 7038B, 2-5v 7038A) 

GM4047AE Solitron ICM7038A Intersil 

SCL4047B tSSS ICM7038B Intersil 

SCL4047BE SSS Oscillatorl212 and 217 Divider, also 2'1 x 10 (0.01 and 
TC4047B Toshiba 0.1 output, 6.5 MHz crystal, 3-5V supply) 

Dual Monostable Multivibrator ICM7207 Intersil 

MC14538BA t Motorola Oscillator/213 and 211 Divider (2-3v supplies) 
MC14538BC Motorola 120 UCN-4111 Sprague 180 

60 MM54C221 t National 
Oscillator/211 Divider MM74C221 National 

M58478 Mitsubishi MSM4538 OKI 
SCL4538B tSSS Oscillatorl211 DiVider (2.5-6v supplies) 
SCL4538BE SSS MM53107 National 

* TYPical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

DIGITAL-CMOS (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source l.ile 

Oscillators/Dividers (Cont'd.) Shift Registers (Cont'd.) Shift Registers (Cont'd.) 

Osciliator/217 Divider with 213 output (supply 1-2 V 4-bit Parallel In/Parallel Out Shift Register (Cont'd.) 60 8-bit Synchronous Parallel In/Serial Out Shift Register 
7038D, 2-5 V 7038C) MSM4035 OKI (Cont'd.) 

ICM7038C Intersil -.CD4035A tRCA MSM4014 OKI 
ICM7038D Intersil CD4035AE RCA CD4014A tRCA 

OsciliatorJ218 Divider with 213 output (supply 1-2 V CD4035B tRCA CD4014AE RCA 130 

7038E, 2-5V 7038F) CD4035BE RCA CD4014B tRCA 

ICM7038E Intersil HBF4035AE SGS CD4014BE RCA 

ICM7038F Intersil SCL4035B tSSS HBF4014AE SGS 

SCL4035BE SSS SCL4014B tSSS 
Oscillator 1219 Divider with 213 output (supply 1-2V CM4035A t Solitron SCL4014BE SSS 
7038G, 2-5 V 7038H) CM4035AE Solitron 70 CM4014A tSolitron 

ICM7038H Intersil TP4035B TI CM4014AE Solitron 

Osciliator/212 and 220 Divider, also 22°xl0 (0.1 and 1 10 TC4035B Toshiba TP4014A TI 

second output with 5.2 MHz crystal, 5v supply) TC4014B Toshiba 
4-bit Parallel Shift Register 

ICM7207A Intersil F40195BC Fairchild 8-bit (Asynchronous parallel or synchronous serial 140 

Oscillator/212, 218, 2.21, and 217 Divider (Also 221 x 60, F40195BM t Fairchild operation) Parallel In/Serial Out Shift Register 

2-5v supplies) CD40195BC National F4021BC Fairchild 

ICM7213 Intersil CD40195BM t National F4021BM tFairchiid 

MM54C195 t National HD14021B Hitachi 
Osciliator 1221 Divider IBuffer 

MM74C195 SIL4021B tMitel National CD4045A tRCA SIL4021BE Mitel 
CD4045AE RCA 4-bit Bidirectional Shift Register 80 MC14021BA tMotorola 
CD4045B tRCA F40194BC Fairchild MC14021BC Motorola 
CD4045BE RCA 20 F40194BM t Fairchild CD4021AC National 
HBF4045AE SGS HD14194B Hitachi CD4021AM t National 150 
SCL4445B tSSS MC14194BA t Motorola ~D4021B NEG ArneOCa 
SGL4445BE SSS MC14194BC Motorola MSM4021 OKI 
CM4045A t Solitron MM54C95 National CD4021 A tRCA 
GM4045AE Solitron MM74C95 t National CD4021AE RCA 

Osciliator/2 22 Divider fLPD4194B NEG America CD4021B tRCA 

SCL5421 SSS MSM40194 OKI CD4021BE RCA 
MSM10104 OKI 90 SCL4021B tSSS 

Oscillator 1223 Divider 
SCL5419 SSS Dual 4-bit Serial In/Paraliel Out Shift Register SCL4021BE SSS 

F4015BC Fairchild CM4021A tSolitron 
Osciliator/224 Divider 30 F4015BM t Fairchild CM4021AE Solitron 160 

MC14521BA t Motorola HD14501B Hitachi TP4021A TI 
MC14521BC Motorola SIL4015B tMitel TC4021B Toshiba 
TC4521B Toshiba SIL4015BE Mitel 8-bit Serial In/Parallel Out Shift Register 

Oscillator /20 to 224 Divider (Programmable Timer) MC14015BA t Motorola MM54Cl64 t National 
MC14536BA t Motorola MC14015BC Motorola MM74Cl64 National 
MC14536BC Motorola GD4015AC National MSM541 OKI 

Divider, divide by 5/6 CD4015AM t National 100 8-bit Paralielln/Serial Out Shift Register 
REDS/6 LSI Comp (494) fLPD40158 NEG America . MM54C165 tNational 

MSM4015 OKI MM74C165 National 
Divider, divide by 6 CD4015A tRCA MSM542 OKI 170 

D6 LSI Comp 40 CD4015AE RCA 

Divider, divide by 50/60 CD4015B tRCA 8-bit Bidirectional Paraliel/Serial Input/Output Bus 

RED50/60 LSI Comp (494) ~ CD4015BE RCA Register 

HBF4015AE SGS F4034BC Fairchild 
Divider, divide by 60 

SCL4015B tSSS F4034BM t Fairchild 
D60 LSI Comp 

SCL4015BE SSS HD14034B Hitachi 

Divider, divide by 3000/3600 CM4015A t Solitron 110 MC14034BA t Motorola 

RED3000/3600 LSI Comp (494) G~4015AE Solitron MC14034BC Motorola 

TP4015A1B TI GD4034BC National 
Divider, divide by 3600 CD4034BM t National 

D3600 LSI Comp TC4015B Toshiba 
fLPD4034B NEC America 180 

Shift Registers 
5-bit Parallel In/Serial Out Shift Register MSM4034 OKI 

MSM543 OKI CD4034A tRCA 

4-bit Paraliel In/Paraliel Out Shift Register 8-bit Synchronous Parallel In/Serial Out Shift Register CD4034AE RCA 

F4035BC Fairchild 50 F4014BC Fairchild CD4034B tRCA 

F4035BM t Fairchild F4014BM t Fairchild CD4034BE RCA 

HD14305B Hitachi HD14014B Hitachi SCL4034B tSSS 

SIL4035B tMitel SIL4014B tMitel 120 SCL4034BE SSS 

SIL4035BE Mitel SIL4014BE Mitel CM4034A t Solitron 

MC14035BA t Motorola MC14014BA t Motorola CM4034AE Solitron 

MC14035BC Motorola MC14014BC Motorola TC4034B Toshiba 190 

CD4035BC National CD4014AG National 8-bit Bus Register, Shift and Store 
CD4035BM t National CD4014AM t National MC14094BA tMotoroia 
fLPD40358 NEG America fLPD40148 NEG America MG14094BC Motorola 

(Continued) (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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. DIGITAL-CMOS (Cont'd) 

Function Device Source 

Shift Registers (Cont'd.) 

8-bit Bus Register, Shift and Store (Cont'd.) 
p.PD4094B NEG America 
MSM4094 OKI 
CD4094B tRCA 
CD4094BE RCA 
SCL4094B tSSS 
SCL4094BE SSS 

18-bit Static Shift Register (4, 5, 8, 9,10,12, 13, 14, 
16, 17, 18-bits) 

F4006BC Fairchild 

I 
F4006BM t Fairchild 

I 
MC14006BA t Motorola 
MC14006BC Motorola 

I CD4006AC National 

I CD4006AM t National I 
p.PD4006B NEG America 
CDOO6A tRCA 
CD4006AE RCA 
CD4006B tRCA 
CD40068E RCA 
SCL4006B tSSS 
SCL40068E SSS 
CM4006A t Solitron 
CM4006AD Solitron 
CM4006AE Solitron 
TC4006B Toshiba 

30-bit Static Shift Register 
MD4330B tMitel 
MD4330BE Mitel 
MD4331B tMitel 
MD4331BE Mitel 

32-Bit Serial In/Parallel Out Shift Register 
MD4332B tMitel 
MD43328E Mitel 

Dual 16-bit Static Shift Register 
HSSR0321 tHughes 
HSSR0351 t Hughes 

32-bit Bidirectional Serialln/Serial Out Shift Register 
CD401008 tRCA 
CD401008E RCA 

64-bit Static Shift Register 
F4031BC Fa;,wild 
F4031BM t Fairchild 
CD4031BC National 
CD4031BM t National 
CD4031A tRCA 
CD4031AE RCA 
CD4031B tRCA 
CD4031BE RCA 
MS612 RTC 

Dual 50-bit Dynamic Shift Register 
MSM540 OKI 

Dual 64-bit Static Shift Register 
MC14517BA t Motorola 
MC14517BC Motorola 
IlPD4517~ NEC America 
SCL45178 SSS 
TC5050 Toshiba 

Dual 50/64-bit Static Shift Register 
TC5000 Toshiba 

128-bit Static Shift Register (16-bit increments) 
MC14562BA t Motorola 
MC145628C Motorola 

Quad 32-bit Static Shift Register 
MSM544 OKI 

t Military Temperature Range (- 55' to 125'C) 
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Line Function Device Source line Function Device Source line 

Shift Registers (Cont'd.) Miscellaneous (Cont'd.) 

200-bit Dynamic Shift Register Phase-Lock~ Loop (Cont'd.) 
CD4062A tRCA CD4046BE RCA 

Quad 64-bit Static Shift Register, Separate Clock SCL44468 tSSS 

F4731EiC Fairchild SCL4446BE SSS 

F4731BM t Fairchild 70 CMOS Transistor Array (See also 4007 Dual 
Complementary Pair and Inverter-listed under 64-bit Variabl& Length Shift Register 

F4557BC t Fairchild Buffers/Inverters) 130 

F4557BM Fairchild CA3600 tRCA 

MC14557BA t Motorola Hex Contact Bounce Eliminator 
10 MC14557BC Motorola MC14490 Motorola 

MC14490E t Motorola 

I 
96-bit Variable Length Elastic Shift Register 

MS618 tRTC 8-bit I/O Port 

128-bit Static Shift Register, W/Control Logic HCMP1852 tHughes 
MS625 tRTC CDP1852 tRCA I 

Dual 512-bit Dynamic Shift Register 80 
SCP1852 tSSS 

MSM545 OKI 5-Bit D/ A Audio Generator 
TC5004 Toshiba ICM7219 Intersil 140 

20 Translators 8-bit Priority Encoder 
F4532BC Fairchild 

Quad Voltage Up Level Translator F4532BM t Fairchild 

F41048E Fairchild HD14532B Hitachi 

F4104BM t Fairchild MC14532BA t Motorola 

MD4104B tMitel MC14532BC Motorola 

MD4104BE Mitel IlPD4532B NEG America 

Quad Level Shifter (low to high voltage) 
MSM4532 OKI 

CD40109B tRCA 
CD4532B tRCA 

CD40109BE RCA 90 CD45328E RCA 150 

30 SCL4532B tSSS 
Hex Level Shifter (CMOS or TIL to CMOS) SCL45328E SSS 

MC14504BA t Motorola TC45328 Toshiba 
MC14504BC Motorola 

Hex Level Shifter (Iow-ta-high voltage) 
10-Line to 4-Line DCD Priority Encoder 

CD40147B tRCA 
TC5020B Toshiba CD40147BE RCA 

Hex TTL Buffer (inverting) (CMOS To TTL) Binary Rate Multiplier 
MM54C901 t National CD40898C National 
MM74C901 National CD40898M t National 

Hex TIL Buffer (Non-Inverting) (CMOS To TIL) CD4089B tRCA 160 
MM54C902 tNational 100 CD40898E RCA 

40 MM74C902 National 
BCD Rate Multiplier 

Hex PMOS Buffer (Inverting) (pMOS To CMOS or MC145278A t Motorola 
TIL) MC145278C Motorola 

MM54C903 t National CD45278C National 
MM74C903 National CD4527BM t National 

Hex PMOS Buffer (Non-Inverting) (PMOS To CMOS MSM5506 OKI 

or TIL) MSM5535 OKI 

MM54C904 t National CD4527B tRCA 
MM74C904 National CD45278E RCA 170 

50 HNIL/HTL is suitable for translation/input protection. 110 
SCL45278 tSSS 
SCL4527BE SSS See HNILlHTL section 
TC45278 Toshiba 

Miscellaneous 4-Bit Binary Counter/Clock Generator 
TC5018B Toshiba 

Microprocessor, l-bit, Industrial Control Unit 
MCI4500B Motorola (2009) Bit Rate Generator 

F4702BC Fairchild 
Phase-Locked Loop F4702BM t Fairchild 

F4046BC Fairchild HD4702·2 tHarris (1926) 
F4046BM t Fairchild HD4702·9 Harris (1926) 180 
SIL4046B tMitel HD6405-2 tHarris (1926) 

60 SIL4046BE Mitel 
HD6405-9 Harris (1926) 

MC140468A t Motorola 
MC14411 Motorola 

MC14046BC Motorola 120 
CD40468C National Code Identification System; encodes/decodes serial 
CD40468M t National Manchester code; 16-bits plus sync and parity 
CD4046B tRCA HDI5530-2 t Harris (753) 

(Continued) HD1553G-9 Harris (753) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-CMOS (Cont'd) 

Function Device Source Une 

Miscellaneous (Cont'd.) 

Code Identification System; encodes/decodes serial 
Manchester code; 2-28 data bits; even or odd parity 
on receiver or transmitter 

HD.15531·2 tHarris (760) 
HD15531.g Harris (760) 

Code Identification System; transmitter encodes up to 
15 input lines to serial Manchester code; receiver 
decodes, presents serial output and compares to 
preset value to give an output if a match is found 

ED-9 Supertex (834) 
ED-15 Supertex (834) 

Code Identification System; transmitter encodes up to 
11 input lines and 4 control lines to serial Manchester 10 
code, compares to preset value and presents serial 
control output if match is found 

ED-ll Supertex (834) 

Comparator, linear, Dual with Dual Op Amp 
MC14574 Motorola 

Comparator, Linear, Dual with Quad Op Amp 
MC14573 Motorola 

Comparator, Linear, Quad 
MC14575 Motorola 
MM54C909 t National 20 
MM74G909 National 

Dual Differential Line Driver 
MM78C30 t National 
MM88C30 National 

Quad Single Ended Line Driver 
MM78C29 t National 
MM88C29 National 

Successive Approximation Register 
MG145598A t Motorola 
MC14559BC Motorola 30 
MM54C905 t National (1073) • 
MM74C905 National (1073) 

Successive Approximation Register, Cascadable 
MC145498A t Motorola 
MC145498C Motorola 

Digital Logic (for 3-1/2 digit AID Systems) 
MC14435 Motorola 
MG14435E t Motorola 

Phase Comparator 
TC5081 Toshiba 40 

Phase Comparator and Programmable Counters 
MG145688A t Motorola 
MG145688C Motorola 

Synthesizers, see Linear-Phase Locked Loop Circuits 

9-bit Parity Generator and Checker 
CD40101B tRCA 
GD40101BE RCA 

Addressable Asynchronous Receiver /T ransmitter 
MCl4469 Motorola (788) 

12-bit Parity Tree 50 
F4531BC Fairchild 
F4531BM t Fairchild 
TC4531B Toshiba 
MC14531BA t Motorola 
MC14531BC Motorola 
SCL45318 SSS 
TP4531B TI 

Dual Schmitt Trigger 
F4583BC Fairchild 
F4583BM t Fairchild 60 

(Continued) 

t Military Temperature Range (-55' to 125'C) 
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Function Device Source 

Miscellaneous (Cont'd.) 

Dual Schmitt Trigger (Cont'd.) 
HD145838 Hitachi 
MC145838A tMotorola 
MC145838C Motorola 
MSM4583 OKI 
TC45838 Toshiba 

Hex Schmitt Trigger 
F400148C Fairchild 
F40014AM t Fairchild 
HD145848 Hitachi 
MC145848A t Motorola 
MC145848C Motorola 
CD401068C National 
GD401068M t National 
GD45848C N'ational 
CD45848M t National 
MM54C14 tNational (262) 
MM74C14 National (262) 
MM54C914 t National 
MM74C914 National 
IlPD4584B NEG America 
MSM4584 OKI 
GD401068 tRCA 
CD401068E RCA 
SCL45848 SSS 
TP4304A TI 

Quad 2-lnput NAND Schmitt Trigger 
F4093BC t Fairchild 
F4093BM Fairchild 
MC140938A t Motorola 
MG140938C Motorola 
CD40938C National 
CD40938M ' t National 
IlPD4093B NEG America 
MSM4093 OKI 
CD4093B tRCA 
CD40938E RCA 
SGL40938 tSSS 
SCL40938E SSS 
TC4093B Toshiba 

Binary-te-phone Pulse Converter (See also 
Linear-Telecommunication Circuits) 

MC14408 Motorola 
MC14409 Motorola 

Modem (0-600 bps) 
MC14412 Motorola 

Remote Control Transmitter (see also 
Linear-Consumer Circuits, TV Remote Control) 

MC14422 Motorola 

2 of 8 Keyboard to Binary Encoder 
MC14419 Motorola 

Programmable Timer 
MG145368A t Motorola 
MG14536BC Motorola 
MC145418A t Motorola 
MC145418G Motorola 

Timer, Detector, Driver 
MD4301A Mitel 
MD4302A Mitel 
MD4303A Mitel 
MD4304A Mitel 

Quad Precision Timer/Driver (Inputs cause outputs to 
switch state for 100 clock pulses) 

MC14415 Motorola 
MC14415E t Motorola 

• Typical Values 

MASTER SELECTION GUIDE 

Une Function Device Source Line 

Miscellaneous (Cont'd.) 

Standardized Celled CMOS, for custom circuits 
HI-1000 Holt 

Standardized CMOS Array, to build custom circuits by 
changing final metalization 

MASTERMOS IMI 130 
MM50 IMI 
MM100 IMI 
MM150 IMI 
MM200 IMI 

70 
MM250 IMI 
MM300 IMI 
MM350 IMI 
MM400 IMI 
MM450 IMI 
MM500 IMI 140 
MM550 IMI 
MonochipM Interdesign 
MCA . Interdesign 
MCB Interdesign 
MCC Interdesign 

80 MCD Interdesign 
ML50 Master Logic 
ML75 Master Logic 
Ml100 Master Logic 
ML150 Master Logic 150 
ML200 Master Logic 
ML350 Master Logic 
MCA Master Logic 
MCB Master Logic 
MCC Master Logic 
MCD Master Logic 

90 MC606 Micro Tech 
MC616 Micro Tech 
MC626 Micro Tech 
MC636 Micro Tech 160 
MASTERMOS Monosil 

Quad Bilateral Switch 
MSM591 OKI 

UART 
HCMP1854 tHughes 
CDP1854 tRCA 

100 SCP1854 tSSS 

Low voltage CMOS devices (Counters, Display 
Drivers, Counter-Timers) not usually mixed with 5-20v 
CMOS logic are listed under Digital-Special or 170 
CMOS-Oscillators/Dividers 

110 

120 
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DIGITAL-Eel 

Function Device Source 

The ECL-l0000, 95000, lOOK and III-Other Series are 
presented as separate groups in. that sequence. 

ECL-10000 Series 

Arithmetic Functions 

Dual High Speed Adder/Subtractor 
Fl0180 Fairchild 
Fl0580 t Fairchild 
HD10180 Hitachi 
MC10180 Motorola 
Mel 0580 tMoioroia 

I 
/lPB10180 NEG America 
10180 Signetics 

2-bit Arithmetic Logic Unit/Function Generator I 
MC10i82 Motorola 

4-bit Arithmetic Logic Unit/Function Generator 
Fl0181 Fairchild 
Fl0581 t Fairchild 
HD10181 Hitachi 
MC10l81 Motorola 
MC10581 tMotorola 
/lPB10181 NEG America 
10181 Signetics 

4-bit ALU Slice (Microprocessor) 
MC10800 Motorola 

2-bit Multiplier, High Speed 
MC10287 Motorola 
MC10687 Motorola 

4x2-bit Multiplier 
MC10183 Motorola 

Look-ahead Carry Circuit 
Fl0179 Fairchild 
Fl0579 t Fairchild 
HD10179 Hitachi 
MC10179 Motorola 
MC10579 t Motorola 
10179 Signetics 

5-bit Comparator 
Fl0166 Fairchild 
Fl0566 t Fairchild 
MC10166 Motorola 

Buffers 

Hex Buffer 
10188 Signetics 

Hex Inverter 
MC10189 Motorola 
10189 Signetics 

Hex Inverter/Buffer 
MC10195 Motorola 

Counters, Binary 

4-bit Binary Counter 
Fl0016C Fairchild 
Fl0016M t Fairchild 
MC10178 Motorola 

4-bit Unive~1 Binary Counter 
Fl0136 Fairchild 
Fl0536 t Fairchild 
HD10136 Hitachi 
MC10136 Motorola 
MC10536 t Motorola 
IlPB10136 NEG America 
10136 Signetics 

t Military Temperature Range (-55' to 125'C) 
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Line Function Device Source Line Function Device Source Line 

Counters, Decade Flip-Flops (Cont'd.) 

Bi-Quinary Counter Dual "D" Master-Slave Flip-Flop (Cont'd.) 
MC10138 Motorola /J.PB10131 NEe AIT)erica 

Decade Counter 60 10131 Signetics 

Fl0010C Fairchild 10231 Signetics 

Fl0010M t Fairchild Hex "D" Master-Slave Flip-Flop 120 

Universal Decade Counter Fl0176 Fairchild 

Fl0137 Fairchild Fl0576 t Fairchild 
MC10137 Motorola MC10176 Motorola 
MC10537 t Motorola MC10576 t Motorola 
10137 Signetics /lPBlOi76 NEG America 

10176 Signetics 
Decoders 10 Hex "D" Master-Slave Flip-Flop (With Common Reset) 

" 
Binary to 1-8 Decoder (High) Fl0186 Fairchild 

Fl0f62 Fairchiid Fl0586 t Fairchild 
Fl0562 t Fairchild 70 MClO186 Motorola 130 
HDf0162 Hitachi 

Dual "J-K" Master-Slave Flip-Flop 
MC10162 Motorola 
MC10562 t Motorola Fl0135 Fairchild 

/lPB10162 NEG America Fl0535 t Fairchild 

10162 Signetics MC10135 Motorola 
MC10535 t Motorola 

Binary to 1-8 Decoder (Low) /lPB10135 NEG America 
20 Fl0161 Fairchild 

10135 Signetics 
Fl0561 t Fairchild 
HD10161 Hitachi 
MC10161 Motorola 80 Gates, AND/NAND 
MC10561 t Motorola Hex AND Gate 
/lPB10161 NEG America MC10197 Motorola 
10161 Signetics 

Dual Binary to 1-4 Decoder (High). 
Dual 4-lnput AND/NAND G,ate 140 

Fl0172 Fairchild 
10108 Signetics 

Fl0572 t Fairchild Quad 2-lnput Gate (3 AND, 1 ANDINAND) 
MC10ln Motorola Fl0l04 Fairchild 

30 MC10572 t Motorola I Fl0504 t Fairchild 
10172 Signetics HD10104 Hitachi 

Dual Binary to 1-4 Decoder (Low) 90 MC10l04 Motorola 

Fl0171 Fairchild MC10504 tMotorola 

Fl0571 t Fairchild 10104 Signetics 

MC10171 Motorola 
MC10571 tMotorola Gates, Exclusive OR/NOR 
10171 Signetics 

Quad Exclusive OR Gate 

Drivers Fl0113 Fairchild 150 
Fl0513 t Fairchild 

Dual TILIMST Bus Driver MC10113 Motorola 
MC10128 Motorola 10113 Signetics 

40 Triple 4-3-3 Input Bus Driver Triple 2-lnput Exclusive OR/NOR Gate 
Fl0123 Fairchild Fl0107 Fairchild 
Fl0523 t Fairchild 100 

F10507 t Fairchild 
MC10123 Motorola 

HD10l07 Hitachi 
10t23 Signetics 

MC10107 Motorola 
Quad Bus Driver MC10507 t Motorola 

FlO192 Fairchild IIPB10107 NEG America 160 
10192 Signetics 10107 Signetics 

Flip-Flops Gates, OR/NOR 
Dual "0" Master-Slave Flip-Flop 

Dual 3-lnput 3-0utput OR Gate (Line Driver) 
Fl0131 Fairchild 

Fl0110 Fairchild 
Fl0231 Fairchild 

50 Fl0531 t Fairchild Fl0210 Fairchild 

Fl0631 t Fairchild 110 Fl0510 t Fairchild 

HD10131 Hitachi Fl0610 t Fairchild 

MC10131 Motorola HD10l10 Hitachi 

MC10231 Motorola MC10110 Motorola 

MC10531 t Motorola MC10210 Motorola 170 

MC10631 t Motorola IIPB10110 ' NEG America 
(Continued) 10110 Signetics 

• Typical Values , 

Bold face indicates additional data is provided on the page noted. 
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DIGITAl-ECl (Cont'd) 

Function Device Source Line Function Device Source 

Gates, ORINOR (Cont'd.) Gates, ORINOR (Cont'd.) 

Dual 3-lnput 3-0utput NOR Gate (Line Driver) Quad 2-lnput Gate (3 NOR, 1 OR/NOR) (Cont'd,) 
F10111 Fairchild F10502 t Fairchild 
F10211 Fairchild HD10102 Hitachi 
F10511 t Fairchild MC10102 Motorola 
F10611 tFairchild MC10502 t Motorola 
HD10111 Hitachi p.PB10l05 NEG America 
MC10111 Motorola 10102 Signetics 
DM10111 National 
p.PB10lll NEG America Gates, OR-AND/OR-AND-Invert 
10111 Signetics 
10211 Signetics 10 4-Wide 4-3-3-3 Input OR-AND Gate 

Triple 4-3-3 Input NOR Gate F1011'9 Fairchild 

F10106 Fairchild F10519 t Fairchild 

Fl0506 t Fairchild HD10119 Hitachi 

HD10106 Hitachi MC10119 Motorola 
MC10106 Motorola MC10519 t Motorola 
MC10506 t Motorola DM10119 National 
DM10106 National 10119 Signetics 
p.PB10106 NEG America 

Dual 2-Wide 3-lnput OR-AND Gate 
10106 Signetics 

Fl0118 Fairchild 
Quad 3-lnput NOR Gate (One Input Common) 20 F10518 t Fairchild 

Fl0l00 Fairchild HD10118 Hitachi 
MC10100 Motorola MC10118 Motorola 
p.PB10100 NEG AmeriCa MC10518 t Motorola 
10100 Signetics DM10118 National 

Dual 3-lnput 3-0utput (1 OR, 2 NOR) Gate (Line JiPB10118 NEG America 
Driver) 10118 Signetics 

F10212 Fairchild 
4-Wide 3-lnput OR-AND/OR-AND-Invert Gate 

Fl0612 t Fairchild 
MC10212 Motorola 

F10121 Fairchild 

DM10112 National 30 
F10521 t Fairchild 

10112 Signetics HD10121 Hitachi 
MC10121 Motorola 

Dual 4-5 Input ORINOR Gate MC10521 t Motorola 
F10109 Fairchild DM10121 National 
F10509 t Fairchild 10121 Signetics 
HD10109 Hitachi 
HD10209 Hitachi Dual 2-Wide 2-3 Input OR"AND/OR-AND-Invert Gate 

MC10l09 Motorola F10117 Fairchild 

MC10509 t Motorola F10517 t Fairchild 
DM10109 National HD10117 ' Hitachi 
p.PB10109 NEG America 40 MC10117 Motorola 
to109 Signetics MC10517 t Motorola 

Triple 2-3-2 Input ORINOR Gate OM10117 National 

F10105 Fairchild p.PB10117 NEG America 

F10505 t Fairchild 10117 Signetics 

H010105 Hitachi 
MC10105 Motorola Latches 
MC10505 t Motorola 
OM10105 National Dual "D" Clocked Latch 

p.PB10105 NEG America F10130 Fairchild 

10105 Signetics 50 F10530 t Fairchild 
HD10130 Hitachi 

Quad 2-lnput ORINOR Gate (One Input Common) H010230 Hitachi 
Fl0101 Fairchild MC10130 Motorola 
Fl0501 t Fairchild 

MC10530 t Motorola 
HD10101 Hitachi 

10130 Signetics 
MC10101 Motorola 
MC10501 t Motorola Quad "0" Latch, Gated Output; Active High Enable 
)lPB10101 NEG America Fl0133 Fairchild 
10101 Signetics F10533 t Fairchild 

Quad 2-lnput Gate (3 OR, 1 OR/NOR) HD10133 Hitachi 

Fl0l03 Fairchild 60 MC10133 Motorola 

F10503 t Fairchild MC10533 t Motorola 

MC10103' Motorola p.PB10133 ' NEG America 

)lPB10103 NEG America 10133 Signetics 

10103 Signetics Quad "D" Latch, Gated Output; Active Low Enable 

Quad 2-lnput Gate (3 NOR, 1 OR/NOR) Fl0153 Fairchild 

F10102 Fairchild Fl0553 t Fairchild 
(Continued) MC10153 Motorola 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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MASTER SELECTION GUIDE 

Line Function Device Source I.ile 

Latches (Cont'd.) 

Quad Latch, Common Clock, Separate Output Enable 
F10168 Fairchild 
F10568 t Fairchild 130 

70 MC10168 Motorola 

Quint Latch 
Fl0175 Fairchild 
Fl0575 t Fairchild 
HD10175 Hitachi 
MC10175 Motorola 
MC10575 tMotoroia 
p.PB10175 NEG America 
10175 Signetics 

Dual 2 to 1 Multiplexer-Latch, Common Reset 140 
F10132 Fairchild 
F10532 t Fairchild 

80 HD10132 Hitachi 
MC10132 Motorola 
10132 Signetics 

Dual 2 to 1 Multiplexer-Latch 
Fl0134 Fairchild 
F10534 t Fairchild 
HD10134 Hitachi 
MC10134 Motorola 150 
10134 Signetics 

Quad 2-lnput Multiplexer-Latch 
90 

F10173 Fairchild 
F10573 t Fairchild 
MC10173 Motorola 
10173 Signetics 

Memories 

For additional infomnation, see Masfer Selection 
Guide-Memory sections 

CAM (16-bit Content Addressable Memory) 

100 10155 Signetics 160 

RAM (8x2) Simultaneous Read-Write 
MCM10143 Motorola 

RAM (16x4) 
Fl0145AC Fairchild 
HD10145 Hitachi 
MCM10145 Motorola 
10145 Signetics 

RAM (64x1) 
p.PB10142 NEG America 
10142 Signetics 170 
SN10142 TI 

110 
RAM (64xl) 50 Ohm Drive 

HD10148 Hitachi 
MC10148 Motorola 
p.PB10148 NEG America 
10148 Signetics 
SN10148 TI 

RAM (64xl) 90 Ohm Drive 
10140 Signetics 
SN10140 TI 180 

120 RAM (64x1) Read-while-Write 
10151 Signetics 

RAM (128x1) 
F10405C Fairchild 
MB7047 Fujitsu 
HD10147 Hitachi 
MCM10147 Motorola' 
SN10147 TI 
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DIGITAL-Eel (Cont'd) 

Function Device Source 

Memories (Cont'd.) 

RAM (256xl) 
Fl0410C Fairchild 
Fl0411C Fairchild 
MBM10410 Fujitsu 
MB7042 Fujitsu 
HM21 05 Hitachi 
HM2106 Hitachi 
MCM10144 

I 
Motorola 

MCM10152 Motorola 
IlPB10144 NEG America 
i0144 SlQnetics 

I 
Rll0144 Raytheon 
SN10144 TI 

RAM (1024xl) I 
F10415 Fairchild (1246) 
F10415A FairchHd (1246) 
F100415A Fairchild (1246) 
HM2110 Hitachi 
MCM10146 Motorola 
MCM10415A Motorola 
MBM10415A Fujitsu 

PROM (32x8) 
MCM10139 Motorola 
10139 Signetics 

PROM (256x4) 
F10416 Fairchild 
MCM10149 Motorola 
GXB10149 ' Siemens 
10149 Signetics 

Multivibrators 

Monostable Multivibrator 
MC10198 Motorola 

Multiplexers 

8 to 1 Multiplexer 
Fl0164 Fairchild 
Fl0564 t Fairchild 
HD10164 Hitachi 
MC10164 Motorola 
MC10564 tMotoroia 
IlPB10164 NEG America 
10164 Signetics 
SN10164 TI 

Dual 4 to 1 Multiplexer 
Fl0174 Fairchild 
Fl0574 t Fairchild 
HD10174 Hitachi 
MC10174 Motorola 
IlPB10174 NEG America 
10174 Signetics 
SN10174 TI 
MC10574 t Motorola 

Quad 2 to 1 Multiplexer (Non-Inverting) 
Fl0158 Fairchild 
Fl0558 t Fairchild 
MC10158 Motorola 
1!P810158 NEG America 
10158 Signetics 

Quad 2 to 1 Multiplexer (Inverting With Enable) 
Fl0159 Fairchild 
Fl0559 t Fairchild 
MC10159 Motorola 
10159 Signetics 

t Military Temperature Range ( - 55' to 125'C) 

420 

Une Function Device Source Une Function Device Source Line 

Shift Registers Miscellaneous (Cont'd.) 

4-bit Shift Register 60 Quad Bus Receiver 120 
Fl0000c Fairchild MC10129 Motoroia 

4-bit Universal Shift Register 10129 Signetics 

Fl0141 Fairchild Dual Simultaneous Bus Transceiver 
MC10141 Motorola MC10194 Motorola 
MC10541 t Motorola 
10141 Signetics 

8-lnput Priority Encoder 
Fl0165 Fairchild 

Translators Fl0565 t Fairchild 
HD10165 Hitachi 

H 10 Dual ECl to MOS/TTl Translator MC10165 Motorola 
MC75358 Motorola 10165 Signetics 
MC75368 Motorola 9-bit Parity Circuit (2 Carry Inputs) 

Triple ECl to NMOS Translator 70 Fl0HO Fairchild I 
MC10177 Motorola Fl0570 t Fairchild 
Fl0177 Fairchild MC10170 Motorola 

Hex ECl to MST Translator IlPB10170 NEG America 

MC10191 Motorola 10170 Signetics 

10191 Signetics 12-bit Parity Generat!>r/Checker 
Fl0160 Fairchild 

20 Quad ECl to TTL Translator (Differential Input) 
Fl0125 Fairchild Fl0560 t Fairchild 

Fl0525 t Fairchild HD10160 Hitachi 140 

HD10125 Hitachi MC10160 Motorola 

MC10125 Motorola 80 MC10560 t Motorola 
MC10525 t Motorola IlPB10160 NEG America 
IlPB10125 NEG America 10160 Signetics 
10125. Signetics Error Detection/Correction Circuit 

Quad Differential Receiver/MST to ECl Translator MC10163 Motorola 
MC10190 Motorola MC10193 Motorola 
10190 Signetics 

Active Terminator 
Quad TTL to ECl OR/NOR Translator Fl0014C Fairchild 

Fl0124 Fairchild Fl0014M t Fairchild 150 
30 Fl0524 t Fairchild 

HD10124 Hitachi 90 ECL-95000 Series 
MC10124 Motorola 
MC10524 t Motorola 
DM10124 National Counters 
IlPB10124 NEG America 
10124 Signetics 

Binary Counter 
F95016 Fairchild 

Miscellaneous Decade Counter 
F95010 Fairchild 

Triple Differential Line Receiver 
Fl0114 Fairchild Flip-Flops 
F10116 Fairchild 

40 
Fl0514 t Fairchild "J-K" Flip-Flop 
Fl0516 t Fairchild 100 F95029 Fairchild 
HD10116 Hitachi 
MC10114 Motorola 

Dual "D" Master-Slave Flip-Flop 

MC10116 Motorola F95231 Fairchild 

MC10216 Motorola 
MC10514 t Motorola Gates, Exclusive ORINOR 
MC10516 tMotorola Triple 2-lnput Exclusive ORINOR Gate 
MC10616 t Motorola ':95107 Fairchild 160 
DM10116 National 
10114 Signetics Gates, ORINOR 

50 10116 Signetics 110 
10216 Signetics Dual 3-lnpu1 3-0utput OR Gate (Line Driver) 

Quad Differential Line ReCeiver F95110 Fairchild 

Fl0115 Fairchild Dual 3-lnput 3-0utput NOR Gate (Line Driver) 
Fl0515 t Fairchild F95111 Fairchild 
MC10115 Motorola 

Triple 4-3-3 Input NOR Gate 
MC10515 tMotorola 
DM10115 National F951 06 Fairchild 

I!PBlO115 NEG America Quad 2-lnput NOR (with Enable) 
10115 Signetics F95004 Fairchild 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION' GUIDE 

DIGITAl-ECl (Cont'd) 

Function Device Source line Function Device Source line Function Device Source line 

Gates, ORINOR (Cont'd.) Drivers Shift Registers (Cont'd.) 

Dual 4-5 Input OR/NOR Gate Quad Driver 8-bit Shift Matrix 

F951 09 Fairchild F100112 Fairchil9 F100158 Fairchild 

Dual 4-lnput OR/NOR Gate (with Enable) Hex Bus Driver Mask-Merge 

F95002 Fairchild F100123 Fairchild Fl00156 Fairchild 

Triple 2-3-2 Input OR/NOR Gate 
Flip-Flops Miscellaneous 

F951 05 Fairchild 

Triple 2-lnput ORINOR Gate (with Enable) Triple D Type 
Quintuple line Receiver 

F95003 Fairchild Fl00131 Fairchild 
Fl00114 Fairchild 

Quad 2-lnput Gate (3 OR, lOR/NOR) Hex D Type' 
Quintuple Transceiver 

F1001.94 Fairchild 
F951 03 Faitchild Fl00151 Fairchild 

Quad 2-lnput Gate (3 NOR, lOR/NOR) 10 
Dual 9-bit Parity Generator/Checker 

Gates, AND-OR-Invert Fl00160 FairctJild 90 
F951 02 Fairchild 

Universal Priority Encoder 
Quad 2-lnput OR/NOR Gate (One Input Common) Triple AND-DR-Invert Gate Fl00165 Fairchild 

F951 01 Fairchild Flool17 Fairchild 50 
Gate Array (Customized in final metalizations) 

latches 5-Wide AND-OR-Invert Gate ECl-Array Fairchild 
Fl00118 Fairchild ECl-ARRAY NEG America 

Dual "D" Clocked latch 
F95130 Fairchild Gates, Exclusive ORINOR ECl-1il and Other Series 

Shift Registers Quintuple Exclusive OR/NOR Gate 
Counters Fl 001 07 Fairchild 

4-bit Shift Register Binary Counter 
F95HOOC Fairchild Gates, ORINOR MC1654 Motorola 
F95000 Fairchild 

Triple 5-lnput OR/NOR Gate Divide by 4 Counter (1 GHz) 

Translators F100101 Fairchild l1C05C Fairchild 
l1C05M Fairchild 100 

Quad TIL to ECl OR/NOR Translator 
Quintuple 2-lnput OR/NOR Gate MC1699 Motorola 

F95124 Fairchild 20 
Fl00102 Fairchild SP8610 Plessey 

SP8611B Plessey 

Miscellaneous latches SP8611M Plessey 
SP8617B Plessey' 

Triple Differential Line Receiver Triple D latch SP8619B Plessey 

F95116 FaircHild Fl001~0 Fairchild 60 
Divide by 4 Prescaler (1 GHz) 

Quad Differential Line Receiver Hex D Latch MC1697 Motorola 

F95115 Fairchild Fl00150 Fairchild MC1699 Motorola 

Memories 
Bi-Quinary Counter 110 

ECl-100K Series MC1678 Motorola 

CAM (4x4) Divide by 5/6 Prescaler, 650 MHz 

Arithmetic Functions Fl00142 Fairchild l1C91C Fairchild 

RAM (16x4 Register File) 
l1C91M t Fairchild 

6-bit Adder 
Fl0080 Fairchild 

Fl00145 Fairchild Divide by W/ll Prescaler, 650 MHz 
llC90C Fairchild 

4-bit Binary/Decade Arithmetic logic Unit 
RAM (256xl) llC90M t Fairchild 

Fl00181 Fairchild 
F1ool4 Fairchnd SP8680 Plessey 

look Ahead Carry Circuit RAM (1024xl) Divide-by-6, 20/22 Prescaler (to 1,3 GHz) 

Fl00179 Fairchild 30 F100415 Fairchild (1246) 70 SP8785 Plessey 120 
SP8786 Plessey 

9-bit Comparator Multiplexers Divide by'248/256 Prescaler, 950 MHz 
Fl00166 Fairchild 

llC83 Fairchild 
Dual 8-lnput Multiplexer t 

9-bit Wallace Tree Adder 
Fl00182 Fairchild Fl00163 Fairchild Flip-Flops 

2x8-bit Recode Multiplier 16-lnput Multiplexer 
Master-Slave "D" Flip-Flop 

Fl00183 Fairchild Fl00164 Fairchild 
llC70C Fairchild 

Triple 4-lnput Multiplexer MC1670 Motorola 
Counters Floo171 Fairchild fl.PB606B NEG America 

Multipurpose Counting Register Quad 2-lnput Multiplexer with latch fl.PB636B NEG America 

Fl00136 Fairchild Fl00155 Fairchild 
SP1670B Plessey 
SP1671B Plessey 130 

Decoders Shift Registers Master-Slave "D" Flip-Flop (UHF Prescaler) 
llC06C Fairchild 

Universal Decoder 8-bit Universal Shift Register MC1690 Motorola 

FlOO170 Fairchild 40 Fl00141 Fairchild 80 (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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DIGITAL-ECL (Cont'd) 

Function Device Source 

Flip-Flops (Cont'd.) 

Master-Slave "D" Flip-Flop (UHF Prescaler) (Cont'd.) 
SP1690B Plessey 

Dual, Clocked "R-S" Flip-Flop 
MC1666 Motorola 
ILPB604B NEG America 
SP1666 Plessey 
SP1667B Plessey 

Gates, Exclusive ORINOR 

I 

Triple 2-lnput Exclu!)jve OR Gate 
MC1672 Motorola 
ILPB607B NEG America 
SP1672B Plessey 

I SP1673B Plessey 

Triple 2-lnput Exclusive NOR Gate 
MC1674 Motorola 
SP16748 Plessey 
SP16758 Plessey 

Gates, ORINOR 

Quad 2-lnput OR Gate 
MCl664 Motorola 
ILPB603B NEG America 
SP16648 Plessey 
SPl665B Plessey 

Quad 2-lnput NOR Gate 
MC1662 Motorola 
ILPB602B NEG America 
SP16628 Plessey 
SPl663B Plessey 

Dual 4-lnput OR/NOR Gate 
MCl660 Motorola 
IlPB601B NEG America 
ILPB631B NEC America 
SP16F60 Plessey 
SPl660B Plessey 
SP1661B Plessey 

Dual 4-5 Input OR/NOR Gate 
11C01C Fairchild 
MC1688 Motorola 

Latches 

Dual Clocked Latch 
MC1668 Motorola 
ILPB605B NEC America 
SP1668 Plessey 
SP1669 Plessey 

Multivibrators 

Voltage Controlled Multivibrator 
l1C58C Fairchild 
MC1658 Motorola 
SP1658 Plessey 

Shift Registers 

4-bit Shift Register 
MC1694 Motorola 

Miscellaneous 

Dual Analog/Digital Comparator 
MC1650 Motorola 

(Continued) 

t Military Temperature Range (-55' to 125'C) 

422 

line Function Device Source Line RI1ction Device Source Line 

Miscellaneous (Cont'd.) 

Dual Analog/Digital Comparator (Coot'd.) 50 
MC1651 Motorola 
SP1650B Plessey 
SP1651B Plessey 

Quad Une Receiver 
MC1692 Motorola 
SP16928 Plessey 

Voltage Controlled OScillator 
MC1648 t Motorola 
SPl648 Plessey 

10 

I 

20 

30 

40 

• Typical Values 

Bold face indicates additionaf data is provided on the page noted. 
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DIGITAL-HNIL/HTL 

Function Device Source Une Function Device Source 

Arithmetic Functions Decoders/Drivers (Cont'd.) 

4-bit Comparator BCD to Decimal Decoder/Driver (for Gas Discharge 
343A1C Teledyne S Display T lJbes) (Cont'd.) 
343B/M t Teledyne S H158 SGS 

382A/C Teledyne S 
Buffers/Inverters 382B/M t Teledyne S 

See also: Gates, Miscellaneous Dual Lamp/Line Driver 
MC679 ' . Motorola 

Hex Inverter 
MC680 Motorola Dual Power AND Driver, Open Collector and Open 

MC690 Motorola Emitter (Schmitt Trigger) 

MC697 Motorola MC699 Motorola 

Hl18 SGS Dual 4-lnput AND Driver, Expandable 
332A/C Teledyne S 10 Hl09 SGS 
332B/M t Teledyne S 

Dual 4-lnput NAND Line Driver, Expandable 
Hex Inverter, Open Collector MC662 Motorola 

MC681 Motorola 
MC689 Motorola 

Dual 5-lnput Power NAND Driver 

H112 SGS 
301A/C Teledyne S 
301B/M t Teledyne S 

Hex Inverter, .Strobed 
MC677 Motorola 

Dual 4-lnput NAND Lamp/Relay Driver, Open 

Hl19 SGS 
Collector (to 30 v) 

335A/C Teledyne S 
MC679 Motorola 

335B/M t Teledyne S 20 Quad 2-lnput Power NAND Driver, Open Collector 

Hex Inverter, Strobed, Open Collector 
302A1C Teledyne S 

MC678 Motorola 
302B/M tT~ledyne S 

Hl15 SGS 
334A/C Teledyne S 

Flip-Flops 

334B/M t Teledyne S Quad "D" Flip-Flop 
370AlC Teledyne S 

Counters 370B/M t Teledyne S 

Binary Counter Master-Slave "R-S" Flip-Flop 

MC685 Motorola MC664 Motorola 

H156 SGS Master-Slave "J-K" or Set-Reset Flip-Flop 
372A/C Teledyne S 311A/C Teledyne S 
372B/M . t Teledyne S 30 311B/M t Teledyne S 

Binary Up/Down Counter Dual "J-K" Flip-Flop with Preset 
374A/C Teledyne S Hl10 SGS 
374B/M t Teledyne S 

Dual "J-K" Flip-Flop with Preset and Clear 
Decade Counter Hlll SGS 

MC684 Motorola 
H157 SGS Dual "J-K" Flip-Flop with Reset 

371A1C TeledyneS MC663 Motorola 

371B/M t Teledyne S Dual "J-K" or Set-Reset Flip-Flop 

Decade Up/Down Counter MC688 Motorola 

373A/C Teledyne S 40 312A/C Teledyne S 

373B/M t Teledyne S 312B/M tTeledyne S 
313A1C Teledyne S 

Decoders/Drivers 313B/M t Teledyne S 

BCD to Seven Segment DecoderlDriver Gates, AND/NAND 
383A/C Teledyne S 
383B/M t Teledyne S Dual 2-lnput AND Interface Buffe'r 

391 Teledyne S 
BCD to Decimal Decoder, Open Collector 

381A/C Teledyne S Dual 4-lnput AND Interface Buffer 

381B/M t Teledvne S 390 Teledyne S 

BCD to, Seven Segment Driver, Gas Discharge Driver Dual 4-lnput NAND Gate 

384A/C Teledyne S MC660 Motorola 

384B/M t Teledyne S 50 MC661 Motorola 

Dual 2-lnput NAND Interface Buffer BCD to Decimal Decoder/Lamp Driver, Open 
Collector 392 Teledyne S 

380AlC Teledyne S Dual 4-lnput NAND Interface Buffer 
380B/M t Teledyne S 395 Teledyne S 

BCD to Decimal Decoder/Driver (for Gas Discharge Dual 4-lnput NAND Gate, Expandable 
Display Tubes) Hl04 SGS 

MC676 Motorola H124 SGS 
(Continued) (Continued) 

t Military Temperature Range (- 55' to 125'C) * Typical Values 
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MASTER SELECTION GUIDE 

line Function Device Source line 

Gates, AND/NAND (Cont'd.) 

Dual 4-lnput NAND Gate, Expandable (Cont'd.) 
396 TeIedyne.S 

60 
Dual 5-lnput NAND Gate 

301A1C Teledyne S 
301B/M t Teledyne S 
322A1C Teledyne S 120 
322B/M t Teledyne S 

Triple 3-lnput NAND Gate 
MC670 Motorola 
MC671 Motorola 
Hl03 SGS 

4, 3, 4-lnput NAND Gate 
70 304A1C Teledyne S 

304B/M t Teledyne S 

Quad 2-lnput NAND Gate 
MC668 Motorola 130 
MC672 Motorola 
Hl02 SGS 
H122 SGS 
303A/C Teledyne S 
303B/M t Teledyne S 
321A1C Teledyne S 

80 321B/M tTeledyne S 
324A1C Teledyne S 
324B/M t Teledyne S 

Quad 2-lnput NAND Gate, Open Collector 140 
302A1C Teledyne S 
302B/M t Teledyne S 
323A1C Teledyne S 
323B/M t Teledyne S 

Quad 2-lnput NAND Gate (Schmitt Trigger) 
MC693 Motorola 

2,2,3,3-lnJ)ut NAND Gate 
325A1C Teledyne S 

90 325B/M t Teledyne S 
326A1C Teledyne S 150 

326B/M Teledyne S 

Gates, OR/NOR 

Dual 2-lnput OR Interface Buffer 
393 Teledyne S 

Dual 2-lnput NOR Interface Buffer 
394 Teledyne S 

100 Quad 2-lnput NOR Gate 
306A1C Teledyne S 
306B/M t Teledyne S 

Quad 2-lnput NOR Gate, Open Collector 
307A1C Teledyne S 160 
307B/M t Teledyne S 

GATES, AND-OR-Invert 

Expandable AND-OR-Invert 
344A/C Teledyne S 
344B/M tTeledyne S 

Dual 2-Wide, 2-lnput AND-OR-Invert Gate 

110 MC673 Motorola 
MC674 Motorola 
341A/C Teledyne S 
341B/M tTeledyne S 

Dual 2-Wide, 2-lnput AND-OR-Invert Gate, Expandable 170 

Hl05 SGS 
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Ie MASTER 

DIGITAL-HNIL/HTL (Cont'd) 

function Device Source Line Function Device Source Una Function Device Source Une 

Gates, Exclusive OR Translators (Cont'd.) 

Quad 2-lnput Exclusive OR Gate Dual High to low Interface (HNll to DTL, m) 

MC683 Motorola 361A1C Teledyne S 
36iB/M t Teiedyne S 50 

Gates, Miscellaneous Dual Interface Element, (Une Driver, Receiver, ECl to 

Hex lnverter/Gate (Quad Inverter, Dual NAND Gate) 
TTL, MOS to TTL, Schmitt Trigger) 

MC696 Motorola 
333A1C Teledyne S 

Triple High to low Translator (HTl to TTL) 
333B/M t Teledyne S 

MC665 Motorola 
Hex Inverter/Gate (Quad Inverter, Dual NAND Gate) 

Quad High to Low Converter (Open Collector) 
Open Collector Hl13 SGS 

332A1C Teledyne S 
332B/M t Teledyne S Hex Inverterllnterface (Low to High: TTL, CMOS to 

HTl, CMOS) 
Dual 4-lnput Gate Expander (for 600 Series) MC691 Motorola 60 

MC669 Motorola 10 

Dual 5-lnput Gate Expander (for 300 Series) Miscellaneous 
331A/C Teledyne S Pulse Stret~r 
331B/M peledyne S 348 Teledyne S 
CA3094 tRCA Dual Pulse Stretcher 
CA3094A tRCA MC675 Motorola 
CA3094B tRCA 349A1C Teledyne S 

349B/M t Teledyne S 
Latches 

Quad Schmitt Trigger/Une Receiver 

Quad Latch 367A/C Teledyne S 

MC682 Motorola 367B/M t Teledyne S 

Quad Schmitt Trigger/Line Receiver, Open Collector 70 
Multiplexers MC693 Motorola 

368A/C Teledyne S 
8-Bit Multiplexer 368B/M tTeIedyne S 

350AlC Teledyne S 20 
Tmer (See also linear-TImers) 

350B/M t Teledyne S 
355A1C Teledyne S 

Dual 4-Bit Multiplexer 355B/M Teledyne S 
351A/C Teledyne S 
351B/M t Teledyne S 

Multivibrators 

Monostable Multivibrator 
Hl17 SGS 
346 Teledyne S 

Dual Monostable Multivibrator 
MC667 Motorola 
342A/C Teleqyne S 30 
342B/M t Teledyne S 

Dual Retriggerable Monostable Multivibrator 
347A/C • Teledyne S 
347B/M t Teledyne S 

Shift Registers 

4-bit Parallel In Parallel Out Shift Register 
MC686 Motorola 
375A1C Teledyne S 
375B/M t Teledyne S 

Translators 

Dual Low to High Interface (TTL to HNIL) 
362A1C Teledyne S 40 
362B/M t Teledyne S 

Triple Low to High Translator (TTL to HIL) 
MC666 Motorola 

Quad Low to High Interface (TTL to HNIL) 
Hl14 SGS 
363A/C Teledyne S 
363B/M t Teledyne S 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data Is provided on the page noted. 
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DIGIT AL...;.TTL 

Function Device Source Line Function Device Source 

Arithmetic Functions Arithmetic Functions (Cont'd.) 

Gated Full Adder TIL-LS (Cont'd.) 
TIL 5480 t Fairchild 9LS283M t Raytheon 

7480 Fairchild 54LS283 t Raytheon 
M53280 Mitsubishi 74LS283 Raytheon 
MC5480 t Motorola 54LS83A t Signetics 
MC7480 Motorola 74LS83A Signetics 
p.PB7480 NEG America 54LS283 t Signetics 
5480 t Signetics 74LS283 Signetics 
7480 Signetics SN54LS83A tTl 
N8268 Signetics 10 SN74LS83A TI 
SN5480 tTl SN54LS283 tTl 
SN7480 TI SN74LS283 TI 
TC3480 Toshiba 

2-bit Binary Full Adder 
TIL-S 54S283 tMMI 

74S283 MMI 
TIL 5482 t Fairchild 

SN54S283 tTl 7482 Fairchild 
ZN5482 t Ferranti 

SN74S283 TI 

ZN7482 Ferranti 4-bit Full Adder with Output Latch 
HD2513 Hitachi TIL AM2506C AMD 
MC7482 Motorola 20 AM2506M tAMD 
SN5482 tTl RC2506 Raytheon 
SN7482 TI RM2506 t Raytheon 

4-bit Binary Full Adder, Look-Ahead Carry NBCD Adder (Natural Binary Coded Decimal) 
TIL 5483 t Fairchild TIL MC4056 Motorola 

7483 Fairchild MC4356 t Motorola 
54283 t Fairchild MC54456 t Motorola 
74283 Fairchild MC74456 Motorola 
ZN5483A t Ferranti 
ZN7483A Ferranti 4-bit BCD Adder 

HD7483A Hitachi 30 TIL-S N82S83 Signetics 

HD74283 Hitachi Dual Full Adder 
M53283 Mitsubishi TIL 9304C AMD 
M53483 Mitsubishi 9304M tAMD 
MC5483 tMotorola 9304C Fairchild 
MC7483 Motorola 9304M t Fairchild 
DM5483 t National M54304 Mitsubishi 
DM7483 National MC8304 Motorola 
/lPB74283 NEG America 

MC9304 Motorola 
5483 t Signetics 

RC9304 Raytheon 
7483 Signetics 40 

RM9304 t Raytheon SN5483A tTl 
9304 Signetics SN7483A TI 

SN54283 tTl TIL-LS SN54LS183 tTl 
SN74283 TI SN74LS183 TI 

TIL-LS 9LS83C Fairchild TIL-H 54H183 t Fairchild 
9LS83M t Fairchild 74H183 Fairchild 
9LS283C Fairchild HD74H183 Hitachi 
9LS283M t Fairchild SN54H183 tTl 
54LS83 t Fairchild SN74H183 TI 
74LS83 Fairchild 50 
54LS283 t Fairchild Dual Full Adder/Full Subtractor 

74LS283 Fairchild TIL M54401 Mitsubishi 

HD74LS83A Hitachi Quad Serial Adder/Subtractor 
HD74LS283A Hitachi TIL-LS AM25LS15G AMD 
54LS283 tMMI AM25LS15M tAMD 
74LS283 MMI SN54LS385 tAMD 
SN54LS83A t Motorola SN74LS385 AMD 
SN74LS83A Motorola SN54LS385 t Motorola 
SN54LS283 tMotorola SN74LS385 Motorola 
SN74LS283 Motorola 60 25LS15C Raytheon 
DM54LS83A t NatiOnal 25LS15M t Raytheon 
DM74LS83A National 9LS385C Raytheon (554) 
DM54LS283 t National 9LS385M t Raytheon (554) 
DM74LS283 National 54LS385 tRaytheon (554) 
9LS83AC Raytheon 74LS385 Raytheon (554) 
9LS83AM t Raytheon 

SN54LS385 tTl 
54LS83A t Raytheon 
74LS83A Raytheon 

SN74LS385 TI 

9LS283C Raytheon 4-bit BCD Arithmetic Unit (add, subtract, compare) 
(Continued) TIL-S N82S82 Signelics 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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MASTER. SELECTION GUIDE 

line Funcuon Device Source line 

Arithmetic Functions (Cont'd.) 

70 Binary Multiplier (2x4) Parallel, Serial Output _ 
TIL-LS 9LS261 C Raytheon 

9LS261M t Raytheon 
54LS261 t Raytheon 
74LS261 Raytheon 
54LS261 t Signetics 140 
74LS261 Signetics 
SN54LS261 tTl 
SN74LS261 TI 

Binary Multiplier (4x2) 
80 TIL 9344C Fairchild 

9344M t Fairchild 

Binary Multiplier (4x4) Three-State 
TIL-S SN74S274 TI 

4-bit Multiplier, Three-State (two ICs to a set, 7875A 
and 7875B) 150 

TIL DM7875 t National 
DM8875 National 

Binary Multiplier (4x4) Parallel (used with 54/74285) 
TIL DM54284 t National 

90 SN54284 tTl 
SN74284 TI 

Binary Multiplier (4x4) Parallel (used with 54/74284) 
TIL SN54285 tTl 

SN74285 TI 

Multiplier (8x1) Serial/Parallel 2's Complement 160 
TIL-LS AM25LS14C AMD 

AM25LS14M tAMD 
SN54LS384 tAMD 
SN74LS384 AMD 

100 SN54LS384 t Motorola 
SN74LS384 Motorola 
25LS14C Raytheon 
25LS14M t Raytheon 
9LS384C Raytheon (551) 
9LS384M t Raytheon (551) 170 
54LS384 t Raytheon (551) 
74LS384 Raytheon (551) 

8-bit Parallel Byte Multiplier 
TIL SBP9708C TI 

110 
SBP9708M tTl 

TIL-LS SN54LS384 tTl 
SN74LS384 TI 

8-Bit Serial/Parallel Register (for use with 
25LS14174LS384) 

TIL-LS AM25LS22G AMD 180 
AM25LS22M tAMD 
SN54LS322 tAMD 
SN74LS322 AMD 
54LS322 tMMI 
74LS322 MMI 

120 SN54LS322 t Motorola 
SN74LS322 Motorola 
25LS22C Raytheon 
25LS22M t Raytheon 
SN54LS322A TI 190 
SN74LS322A TI 

2's Complement Multiplier (4x2) 
TIL AM2505C AMD 

AM2505M tAMD 
RC2505 Raytheon 

130 RM2505 t Raytheon 

TIL-S AM25S05C AMD 
AM25S05M tAMD 
93S43C Fairchild 
93S43M t Fairchild 200 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source Line Function Device Source Une Function Device Source Line 

Arithmetic Functions (Cont'd.) Arithmetic Functions (Cont'd.) Arithmetic Functions (Cont'd.) 

2's Complement Multiplier (8x8) ffi-LS (Cont'd.) TIL-LS (Conl'd.) 
TIL-LS AM25LS2516C AMD SN74LS681 TI SN74LS381 TI 

AM25LS2516M tAMD Arithmetic Logic Unit/Function Generator SN54LS382 tTl 

TIL 57558 tMMI (495) TIL 9341C AMD SN74LS382 TI 

67558 MMI (495) 9341M tAMD TIL-S 54S381 tMMI 
57558-1 tMMI (495) AM2506C AMD 74S381 MMI 
67558-1 MMI (495) AM2506M tAMD 70 57S581 tMMI 
MPY8AJ TRW SN54181 tAMD 67S581 MMI 
MPY8AJM tTRW SN74181 AMD 57S582 tMMI 140 
MPY8HJ TRW 9341C Fairchild 67S582 MMI 
MPY8HJM tTRW 10 9341M t Faiichi:d 

I 

SN54S381 tTl 

2's Complement Multiplier/Accumulator/Divider (8x8) 54181 t Fairchild SN74S381 TI 

TIL 57508 tMMI (498) 74181 t Fairchild 
Look-ahead Carry Generator 

67508 MMI (498) ZN54181 t Ferranti 
TIL 9342C AMD I ZN74181 Ferranti I 

tAMD 2's C~mplement Multiplier (8x8), P!pe!ined HD2547 Hitachi 9342M 

TIL 57559 tMMI M53381 Mitsubishi 80 SN54182 tAMD 

67559 MMI MC54181 Motorola SN74182 AMD 

2's Complement Multiplier (8x8) with Accumulator MC74181 Motorola 9342C Fairchild 

TIL TDC1008J TRW DM54181 t National 9342M t Fairchild 150 

TDC1008JM tTRW DM74181 National 54182 t Fairchi!d 

p.PB74181 NEC America 74182 Fairchild 
2's Complement Multiplier (12x12. 'H' version allows 20 

RC2506 Raytheon HD74182 Hitachi 
unsigned magnitude inputs as well) 

RM2506 t Raytheon M53382 Mitsubishi 
TIL MPY12AJ TRW 

RC9341 Raytheon MC54182 t Motorola 
MPY12AJM tTRW 

RM9341 t Raytheon MC74182 Motorola 
MPY12HJ TRW 

54181 t Signetics 90 p.PB74182 NEC America 
MPY12HJM tTRW 

74181 Signetics DM54182 t National 

2's Complement Multiplier (12x12) with Accumulator SN54181 tTl' DM74182 National 

TIL TDC1003J TRW SN74181 TI RC9342 Raytheon 160 

TDC1003JM tTRW RM9342 t Raytheon 
TDC1009J TRW TIL-LS AM25LS181C AMD 54182 t Signetics 
TDC1009JM tTRW 30 AM25LS181M tAMD 74182 Signetics 

SN54LS181 tAMD SN54182 tTl 2'S Complement Multipler (16x16. "H" version allows SN74LS181 AMD SN74182 Ti unsigned magnitude inputs as well) 9LS181C Fairchild 
TIL MPY16 MMI 9LS181M t Fairchnd TIL-S 93S42C Fairchild 

MPY16AJ TRW 54LS181 t Fairchild 100 93S42M t Fairchild 
MPY16AJM tTRW 74LS181 Fairchild HD74S182 Hitachi 
MPY16HJ TRW SN54LS181 tMolorola M5S182 Mitsubishi 
MPY16HJM tTRW SN74LS181 Motorola 54S182 tMMI 170 

2's Complement Multiplier (16x16) with Accumulator 9LS181C Raytheon 74S182 MMI 

TIL TDC1010J TRW 9LS181M t Raytheon DM74S182 National 

TDC10l0JM tTRW 40 54LS181 t Raytheon 54S182 t Signetics 
74LS181 Raytheon 74S182 Signetics 

2's Complement Multiplier/Accumulator/Divider 
25LS181C Raytheon SN54S182 tTl 

(16x16) 
25LS181M t Raytheon SN74S182 TI 

TIL 57516 tMMI (498) 
67516 MMI (498) 

54LS181 t Signetics 110 Look Ahead Carry Generator (8-Group) 

57518 tMMI (498) 
74LS181 Signelics TIL-S 57S583 tMMI 

67518 MMI (498) 
SN54LS181 tTl 67S583 MMI 
SN74LS181 TI 57S584 tMMI 180 

2's Complement Multiplier (24x24. Allows unsigned 
TIL-S SN54S181 tAMD 67S584 MMI 

magnitude inputs also) 
SN74S181 AMD 57S585 tMMI. TIL MPY24HJ TRW 

MPY24HJM tTRW 50 
93S41C Fairchild 67S585 MMI 
93S41M t Fairchild 

TIL-S MPY24AJ TRW HD74S181 Hitachi 
Register I Arithmetic Logic Unit 

TIL-LS AM25LS281C AMD 
7-bit Slice Wallace Tree (to build multipliers) M5S18J Mitsubishl 

AM25LS281M tAMD 
TIL-LS SN54LS275 tTl 54S181 t Signetics 120 

SN54LS281 tAMD 
SN74LS275 TI 74S181 Signetics 

SN74LS281 AMD 

TIL·S SN54S275 
SN54S181 tTl SN54LS681 tTl tTl SN74S181 TI 

SN74S275 TI SN74LS681 TI 190 

4-bit ALU with Look-ahead Carry 
Arithmetic Logic Unit/Function Generator 

TIL·S OM74S281 National 
TIL-LS AM25LS2517C AMD 

TIL 9340C AMD AM25LS2517M AMD 
SN54S281 tTl 

9340M tAMD AM25LS381C AMD 
SN74S281 TI 

9340C Fairch~d 60 AM25LS381M tAMD Arithmetic Logic Element 
9340M t FairchUd SN54LS381 tAMD TIL MC7260 Motorola 

Register/Arithmetic Logic Unit SN74LS381 AMD 130 MC8260 t Motorola 
TIL-LS SN54LS681 tTl SN54LS381 tTl RC8260 Raytheon 

(Continued) (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGIT AL~TTL (Cont'd) 

Function Device Source Line Function Device Source 

Arithmetic Functions (Cont'd.) Arithmetic Functions (Cont'd.) 

TTL (Cont'd,) TTL (Cont'd.) 
RM8260 t Raytheon HD7485 Hitachi 
N8260 Signetics M53285 Mrtsubishi 
S8260 t Signetics MC5485 tMotorola 

Fast Carry Extender (for 8260) MC7485 Motorola 

TTL MC7261 Motorola MC8324 Motorola 

MC8261 tMotorola MC9324 t Motorola 

RC8261 Raytheon DM5485 tNational 
RM8261 t Raytheon DM7485 National 
N8261 Signetics 10 I-lPB7485 NEC America 
S8261 t Signetics 5485 t Signetics 

Arithmetic and Logic Shift Matrix, Bit and Byte Masking 7485 Signetics 

TTL·S 9405AC Fairchild (1893) N9324 Signetics 

9405AM t Fairchild (1893) S9324 t Signetics 
SN5485 tTl 

4-bit Microprocessor Slice (ALU) SN7485 TI 
TTL-LSSN54LS481 ttl 

. SN74LS481 TI TTL-LS 9LS85C Fairchild 
54LS85 t Fairchild 

TTL-S AM2901C AMD 74LS85 Fairchild 
AM2901M tAMD SN54LS85 
AM2901AC AMD 20 

t Motorola 

AM2901AM tAMD 
SN74LS85 Motorola 

AM2903C AMD 
DM54LS85 t National 

AM2903M tAMD 
DM74LS85 National 

F2901AC Fairchild (1893) 9LS85C Raytheon 

F2901AM t Fairchild (1893) 9LS85M t Raytheon 

F2903C Fairchild 54LS85 t Raytheon 

F2903M t Fairchild 74LS85 Raytheon 

9409AC Fairchild 54LS85 t Signetics 

9409AM t Fairchild 74LS85 Signetics 

9413 Fairchild 30 SN54LS85 tTl 

3002 Intel SN74LS85 TI 

M3002 tlntel TTL-S M5S085 Mitsubishi 
2901AC MMI 54S85 t Signetics 
2901 AM tMMI 74S85 Signetics 
5701 tMMI SN54S85 tTl 
6701 MMI SN74S85 TI 
MC2901 Motorola 
MC2901AC Motorola Dual 4-bit Magnitude Comparator 

MC2901AM t Motorola TTL MC4021 Motorola 

MC2903C Motorola 40 MC4022 Motorola 

MC2903M t Motorola MC4321 t Motorola 

IDM2901AC National (286) MC4322 t Motorola 
IDM2901AM tNational (286) 6-bit, Unified Bus Comparator, Active Pull Up 
IlPB2901A NEC Micro TTL DM7131 t National 
AM2901C Raytheon DM8131 National 
At-.12901M t Raytheon 
AM2901AC Raytheon 6-bit Unified Bus Comparator, Open Collector 

AM2901AM t Raytheon TTL DM7136 t National 

N2901-1 Signetics DM8136 National 
N3002 Signetics 50 6-bit Identity Comparator 
S3OO2 t Signetics TTL DM7160 t National 
SN74S481 TI DM8160 National 

4-bit Magnitude Comparator TTL-S 93S46C Fairchild 
TTL DM7200 t National 93546M t Fairchild 

DM8200 National 
N8269 Signetics 6-bit Identity Comparator, Open Collector 

88269 t Signetics TTL-S 93S47C Fairchild 
TD3502A TOShiba 93S47M t Fairchild 

4-bit Magnitude Comparator, Separate A=B Output 8-bit Comparator 
TTL 9324C AMD 60 TTL-LS AM25LS2521C AMD 

9324M tAMD AM25LS2521M tAMD 
5485 t Fairchild 8-Bit 2's Complementor 
7485 Fairchild 

TTL-S 57S587 tMMI 
9324C Fairchild 
9324M t Fairchild 

67S587 MMI 

ZN5485 t Ferranti 8-Bit Incrementor 
ZN7485 Ferranti TTL-S 57S586 tMMI 

(Continued) 67S586 MMI 

t Military Temperature Range (- 55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Une Function Device Source Une 

Arithmetic Functions (Cont'd.) 

8-Bit Double Incrementor 
ill-S 57S588 tMMI 

70 67S588 MMI 

8-Bit Incrementor, Decrementor, and 2's 
Complementor 

TTL-S 57S589 tMMI 
67S589 MMI 

10-bit Identity Comparator 
TTL DM7130 tNational ' 140 

DM8130 National 

Buffers/Inverters 
80 

Quad Gated Buffer, Three-State 
TTL 54125 t Fairchild 

74125 Fairchild 
HD74125 Hitachi 
M53325 Mitsutxshi 
DM7093 t National 
DM8093 National 
DM54125 t National 
DM74125 National 150 
54125 t Signetics 

90 74125 Signetics 
SN54125 tTl 
SN74125 TI 
SN54425 ttl 
SN74425 TI 

TTL-LS 9LS125C Fairchild 
9LS125M Fairchild 
54LS125 t Fairchild 
74LS125 Fairchild 160 
SN54LS125A t Motorola 

100 SN74LS125A Motorola 
DM54LS125 t National 
DM74LS125 National 
9LS125C Raytheon 
9LS125M t Raytheon 
54LS125 t Raytheon 
74LS125 Raytheon 
54LS125A t Signetics 
74LS125A Signetics 170 . 
SN54LS125A ttl 
SN74LS125A TI 

110 Quad Gated Buffer, Three-State'(lnverted Control) 
TTL 54126 t Fairchild 

74126 Fairchild 
HD74126 Hitachi 
M53326 Mitsubishi 
DM7094 tNational 
DM8094 National 
DM54126 t National 180 
DM74126 National 
54126 t Signetics 
74126 Signetics 
SN54126 ttl 

120 SN74126 TI 
SN54426 ttl 
SN74426 TI 

TTL-LS 9LS126C Fairchild 
9LS126M t Fairchild 
54LS126 t Fairchild 190 
74LS126 Fairchild 
SN54LS126A tMotorola 
SN74LS126A Motorola 
DM54LS126 t National 
DM74LS126 National 

130 9LS126C Raytheon 
(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source 

Buffers/Inverters (Cont'd.) 

TTL-LS (Cont'd.) 
9LS126M t Raytheon 
54LS126 t Raytheon 
74LS126 Raytheon 
54LS126A t Signetics 
74LS126A Signetics 
SN54LS126A tTl 
SN74LSl26A TI 

Hex Buffer, Three-State 
TTL DM7095 t National 

DM7097 t National 
DM8097 National 
DM8095 National 
DM54365 t National 
DM74365 National 
DM54367 t National 
DM74367 National 
54365A t Signetics 
74365A Signetics 
54367A t Signetics 
74367A Signetics 
SN54365 tTl 
SN74365 TI 
SN54367 tTl 
SN74367 TI 

TTL·LS 9LS365C Fairchild 
9LS365M t Fairchild 
9LS367C Fairchild 
9LS367M t Fairchild 
54LS365 t Fairchild 
74LS365 Fairchild 
54LS367 t Fairchild 
74LS367 Fairchild 
HD74LS367 Hitachi 
SN54LS365A tMotorola 
SN74LS365A Motorola 
SN54LS367A tMotorola 
SN74LS367A Motorola 
DM54LS365 tNational 
DM74LS365 National 
DM54LS367 t National 
DM74LS367 National 
flPB74LS365 NEG America 
flPB74LS367 NEG America 
9LS365C Ra9theon 
9LS365M t Raytheon 
54LS365 t Raytheon 
74LS365 Raytheon 
9LS367C Raytheon 
9LS367M t Raytheon 
54LS367 t Raytheon 
74LS367 Raytheon 
54LS365A t Signetics 
74LS365A Signetics 
54LS367A t Signetics 
74LS367A Signetics 
SN54LS365A tTl 
SN74LS365A TI 
SN54LS367A tTl 
SN74LS367A TI 

TTL-S MB485 Fujitsu 
MB487 Fujitsu 
MC8T95 Motorola 
MC8T97 Motorola 
N8T95 Signetics (2295) 
S8T95 t Signetics (2295) 
N8T97 Signetics (2295) 
S8T97 t Signetics (2295) 

(Continued) 

t Military Temperature Range (-55' to 125'Cj 
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Line Function Device Source line Function Device Source line 

Buffers/Inverters (Cont'd.) Buffers/Inverters (Cont'd.) 

TTL-S (Coot'd.) TTL·S (Cont'd.) 
74S365 Signetics 70 9S04AC Fairchild 
74S367 Signetics 9S04AM t Fairchild 

Octal Buffer, Three-State 
HD74S04 Hitachi 

TTL-LS DM71 LS95 tAMD 
M5S004 Mitsubishi 140 

DM81 LS95 AMD 
DM74S04 National 

DM71LS97 tAMD 
54S04 t Signetics 

DM81 LS97 AMD 
74S04 Signetics 

DM71 LS95 tNational 
N8T93 Signetics 

10 DM81 LS95 National 
SN54S04 tTl 

DM71 LS97 tNational 
SN74S04 il 

DM81LS97 National 80 Hex Inverter, Open Collector 

Octal (Dual Quad). Buffer (Driver), Hysteresis, 
TTL 5405 t Fairchild 

Three-State. See Octal Bus Drivers under 
7405 Fairchild 

Miscellaneous 
9Ol7C Fairchild 150 
9017M t Fairchild 

Hex Inverter ZN5405 Ferranti 
TTL 5404 t Fairchild ZN7405 Ferranti 

~404 Fairchild HDl405 Hitachi 

20 9016C Fairchild M53205 Mitsubishi 
9016M t Fairchild MC5405 t Motorola 
ZN5404 t Ferranti MC7405 Motorola 
ZN7404 Ferranti 90 DM5405 t National 
HD7404 Hitachi DM7405 National 
M53204 Mitsubishi p.PB7405 NECAmerica 160 
MC5404 t Motorola 5405 t Signetics 
MC7404 Motorola N8T90 Signetics 

\ DM5404 t National S8T90 t Signetics 
DM7404 National 7405 Signetics 
DM9016C National SN5405 tTl 

30 p.PB7404 NEC America SN7405 TI 
7404 Signetics TD3405 Toshiba 
5404 t Signetics 100 7405 TRW 
SN5404 tTl 
SN7404 TI 

ffi-LS gLS05C Fairchild 

TD3404 Toshiba 
9LS05M t Fairchild 170 
54LS05 tFaircl"rild 

TTL·LS 9LS04C Fairchild 74LS05 Fairchild 
9LS04M t Fairchild HD74LS05 Hitachi 
54LS04 tFairchild SN54LS05 t Motorola 

40 74LS04 Fairchild SN74LS05 Motorola 
HD74LS04 Hitachi DM54LS05 tNational 
SN54LS04 t Motorola DM74LS05 National 
SN74LS04 Motorola 110 flPB74LS05 NEG America 
DM54LS04 t National 9LS05C Raytheon 
DM74LS04 National 9LS05M tRaytheon 180 
flPB74LS04 NEG America 54LS05 t Raytheon 
9LS04C Raytheon 74LS05 Raytheon 
9LS04M t Raytheon 54LS05 tSignetics 
54LS04 t Raytheon 74LS05 Signetics 

50 74LS04 Raytheon SN54LS05 tTl 
54LS04 t Signetics SN74LS05 TI 
74LS04 Signetics TTL·H 54H05 t Fairchild 
SN54LS04 tTl 120 74H05 Fairchild 
SN74LS04 TI MC3009 Motorola 

TTL·H 54H04 t Fairchild MC3109 t Motorola 190 
74H04 Fairchild DM54H05 t National 
HD2563 Hitachi DM74H05 National 
MC3008 Motorola 54H05 t Signetics 
MC31 08 t Motorola 74H05 Signetics 

60 DM54H04 t National SN54H05 tTl 
DM74H04 National SN74H05 TI 
flPB74H04 NEG America TTL·S 54S05 t Fairchild 
54H04 t Signetics 130 74S05 Fairchild 
74H04 Signetics 9S05AC Fairchild 
SN54H04 tTl 9S05AM t Fairchild 200 
SN74H04 TI HD74S05 Hitachi 

TTL·S 54S04 t Fairchild M5S005 Mitsubishi 
74S04 Fairchild DM74S05 National 

(Continued) (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function Device Source Line Function Device Source 

Buffers/Inverters (Cont'd.) Buffers/Inverters (Cont'd.) 

TTL-S (Cont'd.) Octal Inverter, Three-State 
54S05 t Signetics TTL-LS DM71LS96 tAMD 
74S05 Signetics DM81 LS96 AMD 
N8T94 Signetics DM71 LS98 tAMD 
SN54S05 tTl DM81 LS98 AMD 
SN74S05 TI DM71LS96 t National 

Hex Inverter, Three-State 
DM81LS96 National 

TTL DM7096 t National 
DM71 LS98 t National 
DM81 LS98 National 

DM8096 National 
DM7098 t National 10 Octal (Dual Quad) Invert€r (Driver) Hysteresis, 

DM8098 National Three-State. See Octal Bus Drivers under 

DM54366 t National Miscellaneous 

DM74366 National 
Counters, Binary Count Up DM54368 t National 

DM74368 National 4-bit Binary Counter, Ripple 
54366A t Signetics TTL 5493 t Fairchild 
74366A Signetics 7493 Fairchild 
54368A t Signetics 9305C Fairchild 
74368A Signetics 9305M t Fairchild 
SN54366 tTl 20 54293 t Fairchild 
SN54368 tTl 74293 Fairchild 
SN74366 TI ZN5493 t Ferranti 
SN74368 TI ZN7493 Ferranti 

TTL-LS 9LS366C Fairchild HD7493A Hitachi 

9LS366M t Fairchild HD74293 Hitachi 

9LS368C Fairchild M5393 Mitsubishi 

9LS368M t Fairchild M53293 Mitsubishi 

54LS366 t Fairchild M53493 Mitsubishi 

74LS366 Fairchild MC5493 t Motorola 

54LS368 t Fairchild 30 MC7493 Motorola 

74LS368 Fairchild MC54293 t Motorola 

HD74LS368 Hitachi MC74293 Motorola 

SN54LS366A t Motorola DM5493 t National 
DM7493 National SN74LS366A Motorola 

SN54LS368A t Motorola 5493 t Signetics 

SN74LS368A Motorola 7493 Signebcs 

DM54LS366 t National SN5493A tTl 

DM74LS366 National SN7493A TI 

DM54LS368 t National 
SN54293 tTl· 

DM74LS368 National 40 
SN74293 TI 

flPB74LS366 NEG America 
TD3505A Toshiba 

flPB74LS368 NEG America 
TD3493 Toshiba 

9LS366C Raytheon TTL-LS 9LS93C Fairchild 

9LS366M t Raytheon 9LS93M t Fairchild 

54LS366 t Raytheon 9LS293C Fairchild 

74LS366 Raytheon 9LS293M t Fairchild 

9LS368C Raytheon 54LS93 t Fairchild 

9LS368M t Raytheon 74LS93 Fairchild 

54LS368 t Raytheon 54LS293 t Fairchild 

74LS368 Raytheon 50 74LS293 Fairchild 

54LS366A t Signetics SN54LS93 t Motorola 

74LS366A Signetics SN74LS93 Motorola 

54LS368A t Signetics SN54LS293 t Motorola 
SN74LS293 Motorola 74LS368A Signetics 

SN54LS366A tTl DM54LS93 t National 

SN74LS366A TI DM74LS93 National 

SN54LS368A tTl DM54LS293 tNational 

SN74LS368A TI DM74LS293 National 
9LS93C Raytheon 

TTL-S MB486 Fujitsu 9LS93M t Raytheon 
MB488 Fujitsu 60 54LS93 t Raytheon 
MC8T96 Motorola 74LS93 Raytheon 
MC8T98 Motorola 54LS93 t Signetics 
N8T96 Signetics (2295) 74LS93 Signetics 
S8T96 tSignetics (2295) 54LS293 ' t Signetics 
N8T98 Signetics (2295) 74LS293 Signetics 
saT98 t Signetics (2295) SN54LS93 tTl 
74S366 Signetics SN74LS93 TI 
74S368 Signetics (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Line Function Device Source Line . 

Counters, Binary Count Up 
(Cont'd.) 

70 TTL-LS (Cont'd.) 
SN54LS293 tTl 
SN74LS293 TI 

Dual 4-bit Binary Counter, Ripple (Dual 5417493A) 
TTL SN54393 tTl 

SN74393 TI 140 

TTL-LS 9LS393C Fairchild 
9LS393M t Fairchild 
54LS393 t Fairchild 
74LS393 Fairchild 

80 SN54LS393 t Motorola 
SN74LS393 Motorola 
74LS393 Signetics 
SN54LS393 tTl 
SN74LS393 TI 

Binary Counter/Latch (Oivide-by-2, 4, 8, 16), Preset 150 
Input 

TTL 54177 t Fairchild 
74177 Fairchild 
54197 Fairchild 
74197 Fairchild 
ZN54197 t Ferranti 

90 ZN74197 Ferranti 
HD74177 Hitachi 
HD74197 Hitachi 
M53377 Mitsubishi 160 
MC7281 Motorola 
MC8281 Motorola 
MC54177 t Motorola 
MC74177 Motorola 
MC54197 tMotorola 
MC74197 Motorola 

t National 100 DM7281 
DM8281 National 
DM7291 t National 
DM8291 National 170 
DM54197 t National 

'DM74197 National 
DM54177 tNational 
DM74177 National 
RC8281 Raytheon 
RC8291 Raytheon 
RM8281 t Raytheon 

110 RM8291 t Raytheon 
N8281 Signetics 
S8281 t Signetics 180 
N8291 Signetics 
S8291 t Signetics 
74177 Signetics 
74197 Signetics 
SN54177 tTl 
SN74177 TI 
SN54197 tTl 

120 SN74197 TI 

TTL-LS 9LS197C Fairchild 
9LS197M t Fairchild 190 
54LS197 t Fairchild 
74LS197 Fairchild 
SN54LS197 t Motorola 
SN74LS197 Motorola 
DM54LS197 tNational 
DM74LS197 National 
9LS197C Raytheon 

130 9LS197M t Raytheon 
54LS197 t Raytheon 
74LS197 Raytheon 200 
74LS197 Signetics 
SN54LS197 tTl 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source Une Function Device Source Una Function Device Source Una 

Counters, Binary Count Up Counters, Binary Count Up Counters, Binary, Count 
(Cont'd.) (Cont'd.) Up/Down 

TIL-LS (Coord,) TIL (Cont'd,) 70 Binary Up/Down Counter, Synchronous with mode 
SN74LS197 TI M53361 Mttsubishi control 

TIL-S 74S197 Signetics MC8316 Motorola TIL N8284 AMD 
S8284 tAMD N82S91 Signetics MC9316 t Motorola 
AM2501C AMD SN54S197 tTl MC54161 tMotorola AM2501M tAMD SN74S197 TI MC74161 Motorola RC8284 Raytheon 

Dual Binary Counter, Synchronous DM54161 t National RM8284 t Raytheon 140 
TIL MC4053 Motorola DM74161 National N8284 Signetics 

MC4353 tMotorola 10 DM8316 t National S8284 tSignetics 

I 
MC54453 tMotorola 

I 
DM9316 National 

1

00 
Binary Up/Down, Synchronous, Preset Input with 

MC74453 Motorola /lPB74161 NEG America mode control 
Binary Counter, Synchronous, Preset Input RC9316 Raytheon TTL 54191 t ~airchild 
(Synchronous Clear) RM9316 t Raytheon 74191 Fairchild I 

I TTL SN54163 tAMD . 54161 tSignetics ZN54191 t Ferranti 
SN74163 AMD 74161 Signetics ZN74191 Ferranti 
54163 t Fairchild 9316 Signetics HD74191 Hitachi 

"-
Q) 
+-" 
CJ) 
as 
~ 

74163 Fairchild SN29316 TI M53391 MitsWshi 150 
ZN54163 t Ferranti SN39316 tTl MC54191 tMotoroia 
ZN74163 Ferranti 20 

SN54161 tTl 
MC74191 Motorola 

HD74163 Hitachi DM54191 t National 
M53363 Mitsubishi SN74161 TI DM74191 National 
MC54163 tMotorola TIL-LS AM25LS161G AMD 90 54191 t Signetics 
MC74163 Motorola AM25LSI61M tAMD 74191 Signetics 
DM54163 t National SN54LS161 tAMD SN54191 tTl 
DM74163 National SN74LS161 AMD SN74191 TI 
54163 Signetics 9LS161C Fairchild TIL·LS AM25LS191G AMD 
74163 Signetics 

9LS161M t Fairchild AM25LS191M tAMD 160 
SN54'l63 tTl 

54LS161 t Fairchild SN54LS191 tAMD 
SN74163 TI 30 SN74LS191 AMD 74LS161 Fairchild 

TIL-LS AM25LSl63G AMD HD74LS161A Hitachi 9LS191C Fairchild 
AM25LSl63M tAMD 9LS191M t Fairchild 
SN54LSI63 tAMD 

SN54LS161A t Motorola 
54LS191 t Fairchild 

SN74LS163 AMD 
SN74LS161A Motorola 100 74LS191 Fairchild 

9LSI63C Fairchild /lPB74LS161 NEG America SN54LS191 t Motorola 
9LS163M t Fairchild DM54LSI61 t National SN74LS19i Motoroia 
54LS163 t Fairchild DM74LS161 National DM54LS191 t National 
74LS163 Fairchild 9LS161C Raytheon DM74LS191 National 170 
HD74LSl63A Hitachi 9LS161M t Raytheon 9LS191C Raytheon 
SN54lS163A t Motorola 40 25LS161C Raytheon 9LS191M t Raytheon 
SN74LSI63A Motorola 25LS161M t Raytheon 25LS191C Raytheon 
DM54LSl63 t National 54LS161 t Raytheon 25LS191M t Raytheon 
DM74LS163 National 74LS161 Raytheon 54LS191 t Raytheon 
9LS163C Raytheon 54LS161A t Signetics 110 

74LS191 Raytheon 
9LS163M tRaytheon 54LS191 t Signetics 
25LSl63C Raytheon 

74LS161A Signetics 74LS191 Signetics 
25LS163M t Raytheon 

SN54LS161A tTl SN54LS191 tTl 
54LS163 t Raytheon SN74LS161A TI SN74LS191 TI 180 

74LS163 Raytheon TIL-S SN54S161 tAMD Binary Up/Down, Synchronous, Preset Input (2 
54LS163A t Signetics 50 SN74S161 AMD Clocks) 
74LS163A Signetics 93S16C AMD TIL 9366C AMD 
SN54LSl63A tTl 93S16M tAMD 9366M tAMD 
SN74LSl63A TI 93S16C Fairchild SN54193 tAMD 

TIL·S SN54S163 tTl 93S16M t Fairchild SN74193 AMD 

SN74S163 TI 54193 t Fairchild 
Binary Counter/Register with multiplexed output, 120 74193 Fairchild 

Binary Counter, Synchronous, Preset Input three-state ZN54193 t Ferranti 
(Asynchronous Clear) TTL·LS SN54LS691 tTl ZN74193 Ferranti 190 

TIL SN54161 tAMD SN74LS691 T! HD74193 Hitachi 
SN74161 AMD 

SN54LS693 tTl M53393 Mitstilishi 
9316C AMD 60 MC54193 t Motorola 
9316M tAMD SN74LS693 TI 

MC74193 Motorola 
9316C Fairchild Binary Counter, Synchronous, Preset Input, Low-Power DM7563 t National 
9316M t Fairchild m N8293 Signetics DM8563 National 
54161 t Fairchild S8293 t Signetics DM54193 t National 
74161 Fairchild DM74193 National 
ZN54161 t Ferranti Binary Counter, Synchronous (both conventional and 

~B74193 NEG America 
ZN74161 Ferranti three state outputs) Pr~set Input 130 RC9366 Raytheon 200 
HD74161 Hitachi TIL DM7556 t National RM9366 t RaYtheon 

(Continued) DM8556 National (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function Device Source Une Function Device Source 

Counters, Binary, Count Counters, Binary, Count 
Up/Down (Cont'd.) Up/Down (Cont'd.) 

TIL (Cont'd.) 4-bit Universal Shift Register, Binary UplDown 
54193 t Signetics Counter, Synchronous 

74193 Signetics TIL:S SN74S291 TI 

SN54193 tTl 
SN74193 TI Counters, Decade, Count Up 
TD34193 Toshiba 

Decade. Counter, Divide-by-2 and by-5 
TIL-LS AM25LS193C AMD TIL 5490 t Fairchild 

AM25LS193M tAMD 7490 Fairchild 
SN54LS193 tAMD 10 54290 t Fairchild 
SN74LS193 AMD 74290 Fairchild 
9LS193C Fairchild ZN5490 tFerranti 
9LS193M t Fairchild ZN7490 Ferranti 
54LS193 t Fairchild HD7490A Hitachi 

74LS193 Fairchild HD74290 Hitachi 

SN54LS193 tMotorola M53290 Mitsubishi 

SN74LS193 Motorola M53490 Mitsubishi 

DM54LS193 t National MC5490 t Motorola 

DM74LS193 National MC7490 Motorola 

~P874LS193 NEC America 20 MC54290 t Motorola 

9LS193C Raytheon MC74290 Motorola 

9LS193M t Raytheon DM5490 t National 

25LS193C Raytheon DM7490 National 

25LS193M t Raytheon 5490 t Signetics 

54LS193 t Raytheon 
7490 Signetics 

74LS193 Raytheon 
SN5490A tTl 

54LS193 Signetics 
SN7490A TI 

74LS193 Signetics 
SN54290 tTl 
SN74290 TI 

SN54LS193 tTl TD3501A Toshiba 
SN74LS193 TI 30 TD3490 Toshiba 

Binary Up/Down Counter, Synchronous, Preset Input, TIL-LS 9LS90C Fairchild 
Mode Control, Look-ahead Carry 9LS90M t Fairchild 

TIL-LS AM25LS169AC AMD 9LS290C Fairchild 
AM25LS169AM tAMD 9LS290M t Fairchild 
SN54LS169A tAMD 54LS90 t Fairchild 
SN74LS169A AMD 74LS90 Fairchild 
gLS169C Fairchild 54LS290 t Fairchild 
54LS169 t Fairchild 74LS290 Fairchild 
74LS169 Fairchild SN54LS90 tMotorola 
SN54LS169 t Motorola 40 SN74LS90 Motomla 
SN74LS169 Motorola SN54LS290 t Motorola 
DM54LS169 t National SN74LS290 Motorola 
DM74LS169 National DM54LS90 t National 
SN54LS169 tTl DM74LS90 National 
SN74LS169 TI DM54LS290 t National 
SN54LS669 tTl (1718) DM74LS290 National 

SN74LS669 TI (1718) 9LS90C Raytheon 

SN54S169 
9LS90M t Raytheon 

TIL-S tTl 54LS90 t Raytheon 
SN74S169 TI 74LS90 Raytheon 

Binary Up/Down Counter, Synchronous, Preset Input, 50 54LS90 t Signetics 
Three-State 74LS90 Signetics 

TIL-LS AM25LS2569C AMD 54LS290 t Signetics 

AM25LS2569M tAMD 74LS290 Signetics 

SN54LS569 t Motorola SN54LS90 tTl 

SN74LS569 Motorola SN74LS90 TI 
SN54LS290 tTl 

Binary Up/Down Counter/Register with multiplexed SN74LS290 TI 
three-state output 

Decade (Divide-by-2 and Divide-by-5) Counter/Latch, TIL-LS SN54LS697 tTl 
SN74~S697 il Ripple, Preset Input 

SN54LS699 tTl 60 TIL 54176 t Fairchild 

SN74LS699 TI 74176 Fairchild 
54196 t Fairchild 

Dual Binary Up/Down Coun~er, Synchronous, Preset 74196 Fairchild 
Input HD74176 Hitachi 

TIL MC4055 Motorola HD74196 Hitachi 
MC4355 t Motorola M53376 Mitsut)shi 
MC54455 t Motorola MC7280 t Motorola 
MC74455 Motorola (Continued) 

t Military Temperature Range (- 55' to 1'25'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Une Function Device Source Une 

Counters, Decade, Count Up 
(Cont'd.) 

TIL (Cont'd.) 
MC54176 t Motorola 

70 MC74176 Motorola 
MC54196 t Motorola 
MC74196 Motorola 
DM7280 t National 140 
DM8280 National 
DM7290 t National 
DM8290 National 
DM54176 t National 
DM74176 National 
DM54196 t National 
DM74196 National 
RC8280 Raytheon 
RC8290 Raytheon 

80 RM8280 t Raytheon 150\ 
RM8290 t Raytheon 
N8'280 Signetics 
N8290 Signetics 
74176 Signetics 
74196 Signetics 
S8280 t Signetics 
S8290 t Signetics 
SN54176 tTl 
SN74176 TI 

90 SN54196 tTl 160 
SN74196 TI 

TIL-LS 9LS196C Fairchild 
9LS196M t Fairchild 
54LS196 t Fairchild 
74LS196 Fairchild 
SN54LS196 t Motorola 
SN74LS196 Motorola 
DM54LS196 t National 
DM74LS196 National 

100 9LS196C Raytheon 170 
9LS196M t Raytheon 
54LS196 t Raytheon 
74LS196 Raytheon 
74LS196 t Signetics 
SN54LS196 tTl 
SN74LS196 TI 

TIL-S N82S90 Signetics 
SN54S196 tTl 

110 SN74S196 TI 

Decade Counter, Synchronous, Preset Input 180 
(Asynchronous Clear) 

TIL 9310C AMD 
9310M tAMD 
SN54160 tAMD 
SN74160 AMD 
9310C Fairchild 
9310M . t Fairchild 
54160 t Fairchild 

120 74160 Fairchild 
HD74160 Hitachi 190 
M53360 Mitsubishi 
MC8310 Motorola 
MC9310 Motorola 
MC54160 t Motorola 
MC74160 Motorola 
DM54160 tNational 
DM74160 National 
DM831 0 National 

130 DM931 0 t National 
RC9310 Raytheon 200 
RM9310 t Raytheon 
54160 t Signetics 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source 

Counters, Decade, Count Up 
(Cont'd.) 

TTL (Cont'd.) 
74160 Signefics 
9310 Signetics 
SN29310 TI 
SN39310 TI 
SN54160 tTl 
SN74160 TI 

TTL-LS AM25lS16OC AMD 
AM25lS16OM tAMD 
SN54LS160 tAMD 
SN74LS160 AMD 

I 
9LS16OC Fairchild 
9LS160M t Fairchild 
54LS160 t Fairchi!d 
74LS160 Faiil:hild I 
HD74LS160A Hitachi 
SN54LS160A tMotorola 
SN74LSl60A Motorola 
DM54LS160 t National 
DM74LS160 National 
9LS160C Raytheon 
9LS160M t Raytheon 
25LS160C Raytheon 
25LSl60M t Raytheon 
54LSl60 t Raytheon 
74lS160 Raytheon 
74LS160A Signetics 
SN54LS160A tTl 
SN74LSl60A TI 

TTL-S SN54S160 tAMD 
SN74S160 AMD 
93S10C AMD 
93S10M tAMD 
93S1OC Fairchild 
93S10M t Fairchild 

Decade Counter, Synchronous, Preset Input 
(Synchronous Clear) 

TTL SN54162 tAMD 
SN74162 AMD 
54162 t Fairchild 
74162 Fairchild 
HD74162 Hitachi 
M53362 Mitsubishi 
MC54162 tMotorola 
MC74162 Motoftlla 
DM54162 t National 
DM74162 National 
54162 t Signetics 
74162 Signetics 
SN54162 tTl 
SN74162 TI 

TTL-LS AM25LS162G AMD 
AM25LS162M tAMD 
SN54LS162 tAMD 
SN74LS162 AMD 
9LS162C Fairchild 
9LS162M t Fairchild 
54LS162 t Fairchild 
74LS162 Fairchild 
HM74LS162A Hitachi 
SN54LS162A tMotorola 
SN74LS162A Motorola 
DM54LS162 t National 
DM74LS162 National 
9LS162C Raytheon 
9LS162M t Raytheon 
25LS162C Raytheon 
25LSl62M t Raytheon 

(Continued) 

t Military T ernperature Range ( - 55' to 125'C) 
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Line Function Device Source Line Function Device Source Line 

Counters, Decade, Count Up Counters, Decade, Count 
(Cont'd.) Up/Down (Cont'd.) 

TIl-LS (Cont'd.) Decade [Jp/Down Counter, Synchronous, Preset, with 
54LS162 t Raytheon Mode Control 

74LS162 Raytheon TTL 9306C AMD 

74LS162A Signelics 9306M tAMD 

SN54LS162A tTl 54190 t Fairchild 

SN74LS162A TI 74190 Fairchild 
HD74190 Hitachi 

TTL-S SN54S162 tTl M53390 Mitsubishi 
SN74S162 TI MC54190 tMotorola 140 

10 MC74190 Motorola Decade Counter/Register with multiplexed output 

I 
' TTL -LS SN54LS690 tTl 80 DM54190 tNational 

SN74LS690 TI DM74190 National 

SN54LS692 tTl 54190 tSigneIics 

SN74LS692 Ti 74190 Signelics I 
SN54190 tTl 

Decade Counter, Synchronous, Preset Input SN74190 TI 
Low-Power 

TTL N8292 Signetics 
TTL-LS AM25LS19OC AMD 

AM25LS19OM tAMD 

20 
S8292 t Signetics SN54lS190 tAMD 150 

Decade Counter, Synchronous (both conventional and SN74LS190 AMD 
three-state outputs), Preset Inputs 9LS19OC Fairchild 

TTL DM7555 tNational 90 9LS190M t Fairchild 
DM8555 National 54LS190 t Fairchild 

Decade Counter, 10-line Output (resettable 2-10) 
74LSl90 Fairchild 
SN54lS190 t Motorola 

TTL 9319C Fairchild SN74LSl90 Motorola 
9319M t Fairchild DM54LSl90 tNationai 
9320C· Fairchild DM74lS190 National 

30 
9320M t Fairchild 9LS19OC Raytheon 160 

Decade Counter 9LS190M t Raytheon 

TTL TC3504A Toshiba 25LSl90C Raytheon 
25LSl90M t Raytheon 

Dual Decade Counter, Synchronous 54LS190 t Raytheon 
TTL MC54452 tMotoroia 100 74LSl90 Raytheon 

MC74452 Motorola 54LSl90 t Signelics 

Dual Decade Counter, Ripple (Dual 5417490A) 74LS190 Signelics 

TTL MC4052 Motorola SN54LSl90 tTl 

MC4352 tMotoroia SN74LSl90 TI 

SN54390 tTl Decade Up/Down Counter, Synchronous, Preset Input 170 
40 SN54490 tTl (2 clocks) 

SN74390 TI TTL 9360C AMD 
SN74490 TI 9360M tAMD 

TTL-LS 9LS39OC Fairchild 
SN54192 tAMD 
SN74192 AMD 

54LS390 t Fairchild 110 
54192 t Fairchild 

74LS390 Fairchild 74192 Fairchild 
9LS49OC Fairchild lN54192 t Ferranti 
54LS490 t Fairchild lN74192 Ferranti 
74LS490 Fairchild HM74192 Hitachi 180 

50 SN54lS390 tMotoroia M53392 MitSLtlishi 
SN74lS390 Motorola MC54192 t Motorola 
SN54lS490 t Motorola MC74192 Motorola 
SN74LS490 Motorola DM7560 tNational 
74LS390 Signetics DM8560 National 
74LS490 Signetics 120 DM54192 tNational 
SN54LS390 tTl DM74192 National 
SN74LS390 TI ,uPB74192 NEG America 
SN54LS490 tTl RC9360 Raytheon 
SN74LS490 TI RM9360 t Rqytheoo 190 

60 54192 Signelics 

Counters, Decade, Count 74192 tSigneIics 

Up/Down SN54192 tTl 
SN74192 TI 

Decade Up/Down Counter, Synchronous TD34192 Toshiba 
TTL N8285 AMD m-LS AM25lS192C AMD 

S8285 tAMD AM25lS192M tAMD 
RC8285 Raytheon SN54LS192 tAMD 
RM8285 t Raytheon SN74LS192 AMD 
N8285 Signetics 130 9LS192C Fairchild 200 
S8285 t Signelics (Continued) 

* Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function Device Source Une Function Device Source 

Counters, Decade, Count Counters, Miscellaneous 
Up/Down (Cont'd.) (Cont'd.) 

TIL-LS (Cont'd.) Divide-by-4 Counter 
9LS192M t Fairchild TIL TOOl 00 Toshiba 

54LS192 t Fairchild Divide-By-12 Counter (Divide by 2 and 6), Ripple 
74LS192 Fairchild TIL 5492 t Fairchild 
SN54LS192 tMotorola 7492 Fairchild 
SN74LS192 Motorola ZN5492 t Ferranti 
DM54LS192 t National ZN7492 Ferranti 
DM74LS192 National HD7492A Hitachi 
PPB74LS192 NEC America 10 M53292 Mitsubishi 
9LS192C Raytheon M53492 Mitsubishi 
9LS192M t Raytheon MC5492 t Motorola 
25LS192C Raytheon MC7492 Motorola 

25LS192M t Raytheon DM5492 tNational 

54LS192 t Raytheon DM7492 National 

74LS192 Raytheon 5492 t Signetics 

54LS192 t Signetics 7492 Signetics 

74LS192 Signetics SN5492A tTl 

SN54LS192 tTl SN7492A TI 

SN74LS192 TI 20 TD3492 Toshiba 

Decade UplDown Counter, Synchronous, Preset Input, TIL-LS 9LS92C Fairchild 
9LS92M t Fairchild 

Three-State 
54LS92 t Fairchiid 

TIL-LS AM25LS2568C AMD 
74LS92 Fairchild 

AM25LS2568M tAMD HD74LS92 Hitachi 
SN54LS568 tMotorola SN54LS92 t Motorola 
SN74LS568 Motorola SN74LS92 Motorola 

Decade Up/Down Counter, Counter, Synchronous, DM54LS92 t National 
Preset Input, Mode Control, Look-ahead Carry DM74LS92 National 

TIL-LS AM25LSl68AC AMD 9LS92C Raytheon 

AM25LSl68AM tAMD 30 9LS92M t Raytheon 

SN54LSl68A tAMD 54LS92 t Raytheon 

SN74LSl68A AMD 74LS92 Raytheon 

9LS168C Fairchild 54LS92 t Signetics 

54LS168 t Fairchild 74LS92 Signebcs 

74LSl68 Fairchild SN54LS92 tTl 

SN54LSl68 t Motorola SN74LS92 TI 

SN74LSl68 Motorola Divide-By-12 Counter (Divide by 2 and 6), Preset Input 
DM54LSl68 National TIL DM7288 t National 
DM74LSl68 . National DM8288 National 

SN54LSl68 tTl 40 N8288 Signetics 

SN74LSl68 TI S8288 t Signetics 

SN54LS668 tTl (1718) Programmable Modulo-N Binary Counter 
SN74LS668 TI (1718) TIL MC4018 Motorola 

TIL-S SN54S168 tTl MC4318 tMotorola 

SN74S168 TI ·MC4019 Motorola 
MC4319 tMotorola 

Decade Up/Down Counter/Register with Multiplexed 
Programmable Modulo-N Decade Counter 

Three-State Output 
TIL-LS SN54LS696. tTl 

TIL MC4016 Motorola 

SN74LS696 -TI 
MC4316 t Motorola 

SN54LS698 tTl 50 
MC4017 Motorola 
MC4317 t Motorola 

SN74LS698 TI 
Binary Counter/Latch, Three-State 

Dual Decade Up/Down Counter, Synchronous, Preset TIL DM7554 t National 
Input DM8554 National 

TIL MC4054 Motorola 
MC4354 t Motorola Decade Counter/Latch, Three-State 

MC54454 Motorola TIL DM7552 t National . 

MC74454 Motorola DM8552 National 

Four Decade Up/Down Counter/Latch/Display Driver 
Programmable Modulo-N Divider (Divide by 2 to 15, 
Cascadable) 

(Synchronous, BCD and segment drives) 
TIL DM7520 t National 

TIL ZN1040E Ferranti 60 
DM8520 National 

Counters, Miscellaneous 4-bit Variable Modulo Counter (2 and 5, 6, 7, 8, or 10, 
12,14,16) 

4-bit Universal Counter TIL 9305C Fairchild 
TIL MC4023 Motorola 9305M t Fairchild 

6-bit Universal Counter TIL-S 93S05C Fairchild 
TIL-S DM75S50 National (Continued) 

t Military Temperature Range (_55' to 125'C) • Typical Values 

Ie MASTER 1979 

- MASTER SELECTION GUIDE 

Line FtJ1CIion DeVice Source Line 

Counters, Miscellaneous 
(Cont'd.) 

TIL-S (Cont'd.) 
93S05M t Fairchild 

Decade Counter/Latchl7 Segment Decoder 
TIL MC4050 Motorola 

MC4350 t Motorola 
70 MC4051 Motorola 

Decade Counter/Latch/Decoder (Nixie Driver) 
TIL SN74142 TI 

.Decade Counter/Latch LED/Lamp Driver (High 140 
Current Output) 

TIL SN54144 tTl 
SN74144 TI 

Decade Counter/Latch, LED/Lamp Driver (Constant 
Current Output) 

80 
TIL SN54143 tTl 

SN74143 TI 

Decoders 

Excess 3-to-Decimal (1 of 10) Decoder 
TIL 5443 t Fairchild 

7443 Fairchild 150 
HD7443A Hitachi 
M53243 Mitsubishi 

90 MC5443 t Motorola 
MC7443 Motorola 
5443 t Signetics 
7443 Signetics 
SN5443A tTl 
SN7443A TI 

TIL-LS 9LS43C Raytheon 
9LS43M tHaytheon 160 
54LS43 t Raytheon 

100 
74LS43 Raytheon 

Excess 3 Gray-to-Decimal (1 of 10) Decoder 
TIL 5444 tFairchitd 

7444 Fairchild 
HD7444A Hitachi 
M53244 Mitsubishi 
MC5444 t Motorola 
MC7444 Motorola 
5444 t Signetics 170 
7444 Signetics 
SN5444A tTl 

110 SN7444A TI 

TIL-LS 9LS44C Raytheon 
9LS44M t Raytheon 
54LS44 t Raytheon 
74LS44 Raytheon 

BCD-to-Decimal (1 of 10) Decoder 
TIL 9301M tAMD 

9301C AMD 180 

5442 t Fairchild 
7442 Fairchild 

120 9301C Fairch~d 

9301M t Fairchild 
9302C Fairchild 
9302M t Fairchild 
ZN5442 t Ferranti 
ZN7442 Ferranti 
H07442A Hitachi 
M53262 Mitsubishi 190 
M53242 Mitsubishi 
MC5442 t Motorola 
MC7442 Motorola 

130 MC8301 Motorola 
(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source 

Decoders (Cont'd.) 

TIL (Conl'd.) 
MC9301 t Motorola 
DM5442 t National 
DM7442 National 
DM8301 National 
DM9301 t National 

.- }lPB7442 NEG America 
RC8251 Raytheon 
RC8252 Raytheon 
RM8251 t Raytheon 
RM8252 t Raytheon 
5442 t Signetics 

I 
7442 Signetics 
N8251 Signetics 
N8252 Signe!ics 

I S8251 t Signetics I 
S8252 t Signetics 
SN29301 TI 
SN39301 tTl 
SN5442A tTl 
SN7442A TI 
TD3441 Toshiba 
TD3442 Toshiba 

TIL-LS 9LS42C Fairchild 
9LS42M t Fairchild 
54LS42 t Fairchild 
74LS42 Fairchild 
HD74LS42 Hitachi 
SN54LS42 t Motorola 
SN74LS42 Motorola 
DM54LS42 t National 
DM74LS42 National 
IlPB74LS42 NEG America 
9LS42C Raytheon 
9LS42M t Raytheon 
54LS42 t Raytheon 
74LS42 Raytheon 
54LS42 t Signetlcs 
74LS42 Signetics 
SN54LS42 tTl 
SN74LS42 TI 

TIL-S N82S52 Signelics 

BCD-to-Decimal (1 of 10) Decoder, Three-Slate 
TIL -LS AM25LS2537G AMD 

AM25LS2537M tAMD 

BCD-to-Binary and Binary-la-BCD Converter, Open 
Collector 

TIL MC4001 Motorola 

BCD to Decimal Decoder/Driver, Open Collector 
TIL-LS 74LS445 Signetics 

SN54LS445 tTl 
SN74LS445 TI 

BCD-to-Decimal Decoder/Driver, Open Collector, 15v 
TIL 54145 t Fairchild 

74145 Fairchild 
HD74145 tHitachi 
M53345 Mitsubishi 
MC54145 t Motorola 
MC74145 Motorola 
DM54145 t National 
DM74145 National 
54145 t Signetics 
74145 Signetics 
SN54145 tTl 
SN74145 TI 

TIL-LS 54LS145 t Fairchild 
(Continued) 

t Military Temperature Range (-55' 10 125'C) 

434 

Une Function Device Source Une Function Device Source Une 

Decoders (Cont'd.) Decoders (Cont'd.) 

TIL-LS (Cont'd.) Dual2-Line to 4-Line Decoder/Demultiplexer, Open 
74LS145 Fairchild Collector (or 3-Line to 8-Line Decoder/Demultiplexer) 

SN54LS145 tTl TIL 54156 t Fairchild 

SN74LS145 TI 70 74156 Fairchild 
HD74156 Hitachi 

BCD-to-Decimal/Decoder Driver, Open Collector to M53356 Mitsubishi 
30v Output MC54156 t Motorola 

TIL 5445 t Fairchild MC74156 Motorola 140 
7445 Fairchild DM54156 tNational 

10 HD7445 Hitachi DM74156 National 
M53245 Mitsubishi !!PB74156 NEG America 

I 

MC5445 t Motorola 

I 
54156 t Signelics 

MC7445 Motorola 74156 Signetics 
DM5445 t National I SN54156 tTl 
DM7445 National I 80 SN74156 TI I 
jlP87445 NEG America TIL-LS 9LS156C Fairchild 
5445 t Signetics 9LS156M t Fairchild 
7445 Signetics 54LS156 t Fairchild 150 
SN5445 tTl 74LS156 Fairchild 

20 SN7445 TI HD74LS156 Hitachi 

Dual 1-01-4 Decoder/Demultiplexer (Independent SN54LS156 t Motorola 

Address) SN74LS156 Motorola 

TIL 9321C AMD 
DM54LS156 t National 
DM74LS156 National 

9321M tAMD 9LS156C Raytheon 
9321C Fairchild 90 9LS156M t Raytheon 
9321M t Fairchild 54LS156 t Raytheon 

Dual Binary to One-Ol-Four Line Gated Decoder 74LS156 Raytheon 160 
TIL MC4007 Motorola 74LS156 Signetics 

MC4307 t Motorola SN54LS156 tTl 
30 SN74LS156 TI 

Demultiplexer, (2-Lines In-2 of 4 Out) Three-State 
TIL DM7230 t National Dual2-Line to 4-Line Decoder/Demultiplexer (or· 

DM8230 National 3-Line to 8-Line Decoder/Demultiplexer) Three-State 
TIL-LS 9LS255C Raytheon 

Dual2-Line To 4-Line Decoder/Demultiplexer, Totem 9LS255M t Raytheon 
Pole Output (or 3-Line to 8-Line 54LS255 t Raytheon 
Decoder/Demultiplexer) 100 74LS255 Raytheon 

TIL 54155 t Fairchild 
Dual 2-Line to 4-Line Decoder /Demulliplexer 170 

74155 Fairchild TIL-LS AM25LS139G AMD 
lN54155 t Ferranti AM25LS139M AMD 40 lN74155 Ferranti SN54LS139 tAMD 
HD74155 Hitachi SN74LS139 AMD 
M53355 Mitsubishi 9LS139C Fairchild 
MC54155 t Motorola 9LS139M t Fairchild 
MC74155 Motorola 54LS139 t Fairchild 
DM54155 t National 74LS139 Fairchild 
DM74155 National 110 HD74LS139 Hitachi 
IlPB74185 NEG America SN54LS139 tMotorola 180 
54155 t Signetics SN74LS139 Motorola 
74155 Signetics DM54LS139 t National 
SN54155 tTl DM74LS139 National 

50 SN74155 TI IlPB74LS139 NEG America 
9LS139C Raytheon 

TIL-LS 9LS155C Fairchild 9LS139M t Raytheon 
9LS155M t Fairchild 25LS139C Raytheon 
54LS155 t Fairchild 25LS139M t Raytheon 
74LS155 Fairchild 54LS139 t Raytheon 
HD74LS155 Hitachi 120 74LS139 Raytheon 190 
SN54LS155 t Motorola 54LS139 t Signetics 
SN74LS155 Motorola 74LS139 Signetics 
DM54LS155 t National SN54LS139 tTl 
DM74LS155 National SN74LS139 TI 

60 !!PB74LS155 NEG America TIL-S 93S21C AMD 
9LS155C Raytheon 93S21M tAMD 
9LS155M t Raytheon SN54S139 tAMD 
54LS155 t Raytheon SN74S139 AMD 
74LS155 Raytheon 54S139 t Fairchild 
74LS155 Signetics 130 74S139 Fairchild 200 
SN54LS155 tTl DM74S139 National 
SN74LS155 TI (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function Device Source line Function Device Source 

Decoders (Cont'd.) Decoders (Cont'd.) 

TIL-S (Coni'd.) TIL (Cont'd.) 
54S139 t Signetics AN852 Panasonic 
74S139 Signetics RC8250 Raytheon 
SN54S139 tTl RM8250 t Raytheon 
SN74S139 TI N8250 Signetics 

Dual.2-Line to 4-Line Decoder/Demultiplexer, S8250 t Signetics 
Three-State 9301 Signetics 

TIL-LS AM25LS2539G AMD 
AM25LS2539M tAMD TIL-S N82S50 Signetics 

3-Line to 8-Une Decoder/Demultiplexer 10 Binary to Octal Decoder, Non-Inverting 

TIL-LS AM25LSl38G AMD TIL MC4048 Motorola 

AM25LSl38M AMD Binary to Octal Decoder, Inverting/Non-Inverting, Open " 
SN54LS138 tAMD Collector 
SN74LSl38 AMD 

TIL MC4038 Motorola 
9LS138C Fairchild 
9LS138M t Fairchild Binary to Octal (1 of 8) Decoder, Polarity Control, 
54LS138 t Fairchild Three-State 
74LS138 Fairchild TIL-LS AM2921C AMD 
HD74LS138 Hitachi AM2921M tAMD 
SN54LSl38 t Motorola 20 
SN74LS138 Motorola 1-Line to 8-Line Demultiplexer 

DM54LS138 tNational TIL DM7223 tNational 

DM74LS138 National DM8223 National 

IlPB74LS138 NEG America Binary to 2-01-8 Decoder, Open Collector 
9LS138C Raytheon 

TIL MC4040 Motorola 
9LS138M t Raytheon 
25LS138C Raytheon 4-Une to 16-Line Decoder/Demultiplexer 
25LS138M t Raytheon TIL 9311C AMD 
54LS138 t Raytheon 9311M tAMD 
74LS138 Raytheon 30 SN54154 tAMD 
54LS138 tSignetics" SN74154 AMD 
74LS138 Signetics 9311C " Fairchild 
SN54LS138 tTl 9311M t Fairchild 
SN74LS138 TI 

54154 t Fairchild 
TIL-S SN54S138 tAMD 74154 Fairchild 

SN74S138 " AMD ZN54154 t Ferranti 
54S138 t Fairchild ZN74154 Ferranti 
74S138 Fairchild 

HD74154 Hitachi 
3205 Intel 

M53354 MitsuOOhi 
M5S138 Mitsubishi 40 

MC8311 Motorola DM74S138 National 
74S138 t Signetics MC9311 t Motorola 

SN54S138 tTl MC54154 t Motorola 

SN74S138 TI MC74154 Motorola 

3-Line to 8-Line Decoder/Demultiplexer, 
DM54154 tNational 

Inverting/Non-Inverting, Three-State DM74154 National 

TIL-LS AM25LS2538G AMD DM8311 National 

AM25LS2538M tAMD DM9311 t National 

3-Line to 8-Line Decoder/Demultiplexer, 
IlPB74154 NEG America 

Inverting/Non-Inverting, Input Latches 50 RC9311 Raytheon • 

TIL-LS AM25LS2536G AMD RM9311 t Raytheon 

AM25LS2536M tAMD 54154 t Signetics 
74154 Signetics 

3-Une to 8-Une Decoder/Demultiplexer with Input 
Latches 

SN29311 TI 

TIL-LS SN54LS137 tTl SN39311 tTl 

SN74LS137 TI SN54154 tTl 
SN74154 TI 

TIL-S 93S137C Fairchild 
93S137M t Fairchild TIL-LS DM54LS154 tNational 

Binary to Octal (1 0(8) Decoder 
DM74LS154 National 

TIL 9301C Fairchild 60 54LS154 t Signetics 

9301M t Fairchild 74LS154 Signetics 

M54402 MitstiJishi 4-Une to 16-Line Decoder/Demultiplexer, Open 
MC4006 Motorola Collector Output 
MC4306 t Motorola TIL-LS HD74159 Hitachi 
MC7250 Motorola 
MC8250 t Motorola TIL SN54159 tTl 

(Continued) SN74159 TI 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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l.ile Function Device Source Line 

Drivers 

Quad Predriver, Open Collector 
TIL MC4042 Motorola 

Quad 2-lnput AND Buffer, Open Collector, to 15v 130 
70 Output (High Voltage 54/74109) 

TIL DS7819 t National 
DS8819 "National 

Hex Buffer/Driver, Open Collector High Voltage 
Output, to 15v 

TIL 5417 t Fairchild 
7417 Fairchild 
HD7417 Hitachi 
M53217 Mitsubishi 
MC5417 t Motorola 140 
MC7417 Motorola 
DM5417 tNational 

80 DM7417 National 
5417 t Signetics 
7417 Signetics 
SN5417 tTl 
SN7417 TI 
TD3417 Toshiba 

Hex Buffer/Driver, Open Collector High Voltage 
Output, to 30v 150 

TIL 5407 t Fairchild 
7407 Fairchild 
HD7407 Hitachi 
M53207 Mitsubishi 

90 MC5407 tMotorola 
MC7407 Motorola 
DM5407 t National 
DM7407 National 
5407 t Signetics 
7407 Signetics 160 
SN5407 tTl 
SN7407 TI 
TD3407 Toshiba 

Hex Inverter Buffer/Driver Open Collector High 
100 Voltage Output, to 15v 

TIL 5416 t Fairchild 
7416 Fairchild 
HD7416 Hitachi 
M53216 Mitsubishi 
MC5416 t Motorola 170 
MC7416 Motorola 
DM5416 t National 
DM7416 National 
DS7812 t National 
DS8812 National 

110 5416 t Signetics 
7416 Signetics 
SN5416 tTl 
SN7416 TI' 
TD3416 Toshiba 180 " 

Hex Inverter Buffer/Driver, Open Collector High 
Voltage Output, to 30v 

TIL 5406 t Fairchild 
7406 Fairchild 
HD7406 Hitachi 
M53206 Mitsubishi 

120 MC5406 tMotoroia 
MC7406 Motorola 
DM5406 t National 
DM7406 National 190 

5406 t Signetics 
7406 Signetics 
SN5406 tTl 
SN7406 TI 
TD3406 Toshiba 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source 

Drivers (Cont'd.) 

Hex High Voltage Interface Driver, Open Collector, to 
35v 

TTL HD235 tHarris 
HD535 Harris 

Quad 2-lnput NAND Buffer, Open Collector, to 15v 
Output 

TTL 5426 t Fairchild 
7426 Fairchild 
HD7426 Hitachi 
MC5426 t Motorola 
MC7426 Motorola 
DM5426 t National 

I 
DM7426 National 
DS7810 tNational 
DS8810 National 

I OS7811 t National I 
DS8811 National 
5426 t Signetics 
7426 Signetics 
SN5426 tTl 
SN7426 TI 
TD3426 Toshiba 

Quad 2-lnput NAND Buffer, Open Collector, to 30v 
Output 

TIL N8T80 Signetics 
S8T80 t Signetics 

4-lnput NAND High Voltage, High Current Driver (40 to 
50v, sinks 150 to 500ma) 

TTL SH2001C Fairchild 
SH2001M t Fairchild 
SH2002C Fairchild 
SH2oo2M t Fairchild 
SH2200C Fairchild 
SH2200M t Fairchild 

Quaa 2-lnput AND Power Driver (to 70v, sinks 300ma) 
TTL MN204 Micro Net 

MN304 Micro Net 
MN304H t Micro Net 
UDN-5706A Sprague 
UDS-5706H tSprague 

Quad 2-lnput AND Power Driver, Open Collector (to 
loov, sinks 5OOma) 

TTL UHC/D-400 tSprague 
UHC/D-406 t Sprcfgue 
UHC/D-500 t Sprague 
UHC/D-506 tSprague 
UHP-4oo Sprague 
UHP-406 Sprague 
UHP-500 Sprague 
UHP-506 Sprague 

Quad 2-lnput NAND Power Driver, Open Collector (to 
1 oov, sinks 5OOma) 

TTL UHC/D-407 tSprague 
UHC/D-408 tSprague 
UHC/D-507 tSprague 
UHC/D-508 t Sprague 
UHP-407 Sprague 
UHP-408 Sprague 
UHP-507 Sprague 
UHP-508 Sprague 

Quad 2-lnput NAND Bus Driver, Open Collector, 80ma 
TTL 96101 Fairchild 

Quad 2-lnput OR Power Driver, Open Collector (to 
100y, sinks 500ma) 

TIL UHC/D-402 tSprague 
UHC/D-403 tSprague 
UHC/D-502 tSprague 

(Continued) 

t Military Temperature Range (-55' to 125'C) 

436 

Une Function Device Source Une Function Device Source Line 

Drivers (Cont'd.) Drivers (Cont'd.) 

TTL (Cont'd.) Dual 3-lnput 3-0utput NAND Series Terminated Line 
UHC/D·503 tSprague Driver 

UHP-402 Sprague TTL-H MC3029 Motorola 

UHP-403 Sprague 70 MC31.29 t Motorola 

UHP-502 Sprague Dual 4-lnput Positive NAND 50 Ohm Line Driver 
UHP-503 Sprague TTL-S 54S140 t Fairchild 

Quad 2-lnput NOR Power Driver, Open Collector (to 74S140 t Fairchild 

lOOv, sinks 500ma) HD74S140 Hitachi 

TTL UHC/D-432 tSprague DM74S140 National 140 

UHC/D-433 tSprague 54S140 t Signetics 

UHC/D-532 ySprague 74S140 Signetics 

I I 
10 UHC/D-533 tSprague SN54S140 tTl 

UHP-432 Sprague SN74S140 TI 

UHp·433 Sprague 80 See Also Interface-Memory and Peripheral Drivers I I 
UHP-532 Sprague 
UHP-533 Sprague Flip-Flops 

Quad 2-lnput NOR 75-0hm/50-0hm Line Driver "J-K" Master-Slave Flip-Flop 
TTL 74128 Signetics TTL 9000t Fairchild 

SN54128 tTl 9000M t Fairchild 
SN74128 TI 9OO1C Fairchild 

20 
Hex Interface Inverter, Open Collector, to 30v 9OO1M t Fairchild 150 

TTL N8T90 Signetics 54104 t Fairchild 

S8T90 t Signetics 
74104 Fairchild 
54105 t Fairchild 

Hex Interface Inverter, Open Collector, to 50v or to 90 74105 Fairchild 
50ma) IlPB74105 NEG America 

TTL HD534 Harris AND Gated "J-K" Master-Slave Flip-Flop with Preset 
Quad Bus Driver, Three-State and Clear 

TTL RC8T09 Raytheon TTL 5472 t Fairch~d 
RM8T09 t Raytheon 7472 Fairchild 

30 N8T09 Signetics ZN5472 t Ferranti 160 
S8T09 t Signetics ZN7472 Ferranti 

Hex Bus Driver, Gated Enable, Three-State 
HD7472 Hitachi 
M5375 Mitsubishi 

TTL DM54365 t National M53272 Mitsubishi 
OM?4365 Nationa! 100 MC5472 t Motorola 
54365A t Signetics MC7472 Motorola 
74365A Signetics DM5472 t National 
SN54365 tTl DM7472 National 
SN74365 TI 7472 Signetics 

Hex Bus Driver, Gated Enable, Inverted Three-State 5472 tSignetics 170 
40 Output SN5472 tTl 

TIL DM54366 t National SN7472 TI 

DM74366 National TD3472 Toshiba 

54366A t Signetics TTL-H 54H72 t Fairch~d 
74366A Signetics 110 74H72 Fairchild 
SN54366 tTl MC3051 Motorola 
SN74366 TI MC3151 t Motorola 

DM54H72 t National Hex Bus Driver, 2-Line and 4-Line Enable, Three-State 
DM74H72 National 

TTL DM54367 t National 
54H72 t Signetics 180 DM74367 National 

50 
54367A t Signetics 

74H72 Signetics 
SN54H72 tTl 

74367A Signetics SN74H72 TI 
SN54367 tTl 
SN74367 TI AND Gated "J-K" Master-Slave Flip-Flop with Data 

Lockout 
Hex Bus Driver, 2-Line and 4-Line Enable, Inverted 120 TTL SN54110 tTl 
Three-State Output SN74110 TI 

TTL DM54368 t National 
DM74368 National AND Gated, Edge-Triggered "J-K" Flip-Flop with 

54368A t Sigletics Preset and Clear 
TTL 5470 t Fairchild 190 

60 74368A Signetics 
7470 Fairchild 

SN54368 tTl 
ZN5470 t Ferranti 

SN74368 TI 
ZN7470 Ferranti 

Dual 3-lnput 3-0utput AND Series Terminated Line M53270 Mitsubishi 
Driver MC5470 tMotoroia 

TIL-H MC3028 Motorola 130 MC7470 Motorola 
MC3128 t Motorola (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 

Ie MASTER 1979 



DIGITAL-TTL (Cont'd) 

Function Device Source Une Function Device Source 

Flip-Flops (Cont'd.) Flip-Flops (Cont'd.) 

TIL (Conl'd.) TIL-LS (Conl'd.) 
DM5470 t National 9LS78M t Raytheon 
DM7470 National 54LS78 Raytheon 
5470 t Signetics 74LS78 Raytheon 
7470 Signetics 54LS78 t Signetics 
N8270 Signetics 74LS78 Signetics 
58270 t Signetics SN54LS78A tTl 
SN5470 ttl SN74LS78A TI 
SN7470 TI 10 TIL-H 54H78 t Fairchild 

"J-K" Negative Edge-Triggered Flip-Flop, AND Input 74H78 Fairchild 

TIL-H 54Hl02 t Fairchild DM54H78 t National 

74Hl02 Fairchild DM74H78 National 

54Hl02 t SigneticS SN54H78 tTl 
74Hl02 Signetics SN74H78 TI 

SN54Hl02 tTl Dual "J-K" Positive Edge-Triggered Flip-Flop, Preset 
SN74Hl02 TI and Clear 

"J-K" Master-Slave Flip-Flop, AND-OR Input TIL 9024C Fairchild 

TIL.-H 54H71 t Fairchild 9024M t Fairchild 

74H71 Fairchild 20 DM54109 tNational 

DM54H71 t National DM74109 National 

DM74H71 National 54109 t Signetics 

54H71 t Signetics 74109 Signetics 

74H71 Signetics SN54109 tTl 

SN54H71 tTl SN74109 TI 

SN74H71 TI TIL-LS 9LS109C Fairchild 

"J-K" Negative Edge-Triggered Flip-Flop, AND-OR 9LS109M t Fairchild 

Input 54LS109 t Fairchild 

TIL-H 54H101 t Fairchild 74LS109 Fairchild 

74Hl0l Fairchild 30 SN54LS109A tMotorola 
~ 

54H101 t Signetics SN74LS109A Motorola 

74Hl01 Signetics DM54LS109 t National 

SN54H101 tTl DM74LS109 National 

SN74Hl01 TI JlPB74LS109 NEG America 
9LS109C Raytheon 

Dual "J-K" Negative Edge-Triggered Flip-Flop, with 9LS109M t Raytheon 
Clear 54LS109 t Raytheon 

TIL-H 54Hl03 t Fairchild 74LS109 Raytheon 
74Hl03 Fairchild 54LS109 t Signetics 
DM54H103 t National 74LS109 Signetics 
DM74Hl03 National 40 SN54LS109A tTl 
54Hl03 t Signetics SN74LS109A TI 
74Hl03 Signetics 
SN54Hl03 tTl 

TIL-S 54S109 t Fairchild 

SN74Hl03 TI 
74S109 Fairchild 

Dual "J-K" Negative Edge-Triggered Flip-Flop, Preset, 
Dual "J-K" Negative Edge-Triggered Flip-Flop, 

Common Clear, Common Clock 
Separate Preset and Clock, (no Clear) 

TIL-H 54Hl08 t Fairchild 
TIL-LS 9LSl13C Fairchild 

74Hl08 Fairchild 
9LS113M t Fairchild 

DM54Hl08 t National 
54LS113 t Fairchild 

DM74Hl08 National 50 
74LS113 Fairchild 
HD74LS113 Hitachi 

54Hl08 t Signetics 
SN54LS113A t Motorola 

74Hl08 Signetics 
SN74LS113A Motorola 

SN54Hl08 tTl DM54LSl13 tNational 
SN74Hl08 TI 

DM74LS113 National 
AND Input "JJ-KK" Flip-Flop JlPB74LSl13 NEG America 

TIL-H MC3052 Motorola 9LS113C Raytheon 
MC3152 t Motorola 9LS113M t Raytheon 

Dual "J-K" Flip-Flop with Preset, Common Clock and 54LS113 t Raytheon 

Common Clear 74LSl13 Raytheon 

TIL-LS 54LS78 t Fairchild 60 54LS113 t Signetics 

74LS78 Fairchild 74LSl13 Signetics 

HD74LS78 Hitachi SN54LSl13A tTl 

SN54LS78A t Motorola 
SN74LSl13A TI 

SN74LS78A Motorola TIL-S 54S113 t Fairchild 
DM54LS78 t National 74S113 Fairchild 
DM74LS78 National HD74S113 Hitachi 
9LS78C Raytheon M5S113 Milsubishi 

(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Line Function Device Source Line 

Flip-Flops (Cont'd.) 

TIL-S (Cont'd.) 
70 DM74S113 National 

54S113 t Signetics 
74S113 Signetics 140 
SN54S113 ttl 
SN74S113 TI 

Dual "J-K" Negative Edge-Triggered Rip-Flop with 
Preset, Common Clock and Common Clear 

TIL-LS 9LS114C Fairchild 
9LS114M t Fairchild 
54LS114 t Fairchild 

80 74LSl14 Fairchild 
HD74LSl14 Hitachi 
SN54LSl14A tMotoroia 150 
SN74LSl14A Motorola 
DM54LS114 t National 
DM74LS114 National 
9LSl14C Raytheon 
9LS114M t Raytheon 
54LSl14 t Raytheon 
74LS114 Raytheon 

90 54LS114 t Signetics 
74LS114 Signetics 
SN54LS114A ttl 160 
SN74LS114A TI 

TIL-S 54S114 t Fairchild 
74S114 Fairchild 
HD74S114 Hitachi 
M5S114 Mitsubishi 
DM74S114 National 
54S114 t Signetics 

100 74S114 Signetics 
SN54S114 tTl 
SN74S114 TI 170 

Dual "J-K" Negative Edge-Triggered Flip-Flop with 
Preset and Clear 

TIL-LS 9LS112C Fairchild 
9LS112M t Fairchild 
54LSl12 t Fairchild 
74LSl12 Fairchild 
HD74LS112 Hitachi 

110 SN54LS112A tMotoroia 
SN74LS112A Motorola 
DM54LS112 tNational 180 
DM74LSl12 National 
JlPB74LSl22 NEG America 
9LS112C Raytheon 
9LS112M t Raytheon 
54LS112 t Raytheon 
74LS112 Raytheon 
54LS112 Signetics 

120 
74LSl12 Signetics 
SN54LS112A tTl 
SN74LSll2A TI 190 

TIL-S 54S112 t Fairchild 
74S112 Fairchild 
HD74S112 Hitachi 
M5S112 Mitsubisli 
DM74S112 National 
54S112 t Signetics 
74S112 Sigrietics 

130 SN54S112 tTl 
SN74S112 TI 

TIL-H 54Hl06 t Fairchild 200 
74Hl06 Fairchild 
DM54Hl06 t National 
DM74Hl06 National 

(Continued) 

437 

Q) 

:2 
::J 
(!) 

C 
o 

:;::: 
(.) 
Q) 

Q) 

en 



~ .. 
::J 

C). 

c: 
o -() 
0) 

Q) 
rJ). 

Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source 

Flip-Flops (Cont'd.) 

TTL-H (Conl'd.) 
54Hl06 t Signetics 
74Hl06 Signetics 
SN54Hl06 tTl 
SN74Hl06 TI 

Dual "J-K" Master-Slave Flip-Flop 
TTL 9020C Fairchild 

9020M t Fairchild 

Dual "J-K" Master-Slave Flip-Flop with Clear 
TTL 5473 t Fairchild 

7473 Fairchild 

I 
54107 t Fairchild 
74107 Fairchild 
ZN5473 t Ferranti 
ZN7473 Ferranti I 
ZN54107 t Ferranti 
ZN74107 Ferranti 
HD7473 Hitachi 
HD74107 Hitachi 
M5373 Mrtsubishi 
M53273 Mitsubishi 
M53307 Mitsubishi 
MC5473 t Motorola 
MC7473 Motorola 
MC54107 t Motorola 
MC74107 Motorola 
DM5473 t National 
DM7473 National 
DM54107 tNational 
DM74107 National 
IlPB7473 NEG America 
IlPB74107 NEG America 
5473 tSignetics 
7473 Signetics 
54107 t Signetics 
74107 Signetics 
SN5473 tTl 
SN7473 tTl 
SN54107 tTl 
SN74107 TI 
TD3473 Toshiba 
TD34107 Toshiba 

TTL-LS 9LS73C Fairchild 
9LS73M t Fairchild 
54LS73 t Fairchild 
74LS73 Fairchild 
54LS107 t Fairchild 
74LS107 Fairchild 
HD74LS73 Hitachi 
HD74LS107 Hitachi 
SN54LS73A t Motorola 
SN74LS73A Motorola 
SN54LS107A t Motorola 
SN74LS107A Motorola 
DM54LS73 t National 
DM74LS73 National 
DM54LS107 t National 
DM74LS107 National 
9LS73C Raytheon 
9LS73M t Raytheon 
54LS73 t Raytheon 
74LS73 Raytheon 
9LS107C Raytheon 
9LS107M t Raytheon 
54LS107 t Raytheon 
74LS107 Raytheon 
54LS73 . t Signetics 
74LS73 Signetics 

(Continued) 

t Military Temperature Range (-55' to 125'C) 
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Line Function Device Source Line Function Device Source Line 

Flip-Flops (Cont'd.) Flip-Flops (Cont'd.) 

TTL-LS (Cont'd.) 70 TTL (Conl'd.) 
54LS107 t Signetics DM8512 Nationa! 
74LS107 Signetics Quad "J-K" Edge-Triggered Flip-Flop with Clear 
SN54LS73A tTl TTL SN54376 tTl 140 
SN74LS73A TI SN74376 TI 
SN54LS107A tTl 
SN74LS107A TI Quad "J-K" Edge-Triggered Flip-Flop with Preset 

and Clear 
TTL-H 54H73 t Fairchild TTL SN74276 TI 

74H73 Fairchild 
10 

MC3061 Motorola Dual D-Type Flip-Flop 
MC3062 Motorola 

1

80 TTL MC5479 t Motorola 

I 
MC3161 t Motorola MC7479 Motorola 
MC3162 t Motorola Dual 0-Type Positive Edge-Triggered Flip-Flop with 
DM54H73 t National I Preset and Clear I DM74H73 National I 

TTL 5474 t Fairchild 150 
54H73 t Signetics 7474 Fairchild 
74H73 Signetics ZN5474 t Ferranti 
SN54H73 tTl ZN7474 Ferranti 

20 
SN74H73 TI HD7474 Hrtachi 

Dual "J-K" Master-Slave Flip-Flop with Preset and M5374 Mitsubishi 
Clear 90 M53274 Mrtsubishi 

TTL 5476 tFairchild MC5474 t Motorola 
7476 Fairchild MC7474 Motorola 
9022C Fairchild DM5474 t National 
9022M t Fairchild DM7474 National 160 
ZN5476 t Ferranti IlPB7474 NEG America 
ZN7476 Ferranti 5474 t Signetics 
HD7476 Hitachi 7474 Signetics 

30 M5376 Mitsubishi SN5474 tTl 
M53276 Mitsubishi SN7474 TI 
MC5476 t Motorola 100 TD3474 Toshiba 
MC7476 Motorola 

TTL-LS 9LS74C Fairchild 
DM5476 t National 

9LS74M t Fairchild 
DM7476 National 

54LS74 tFairchild 
IlPB7476 NEG America 

74LS74 Fairchild 170 
7476 Signetics 

HD74LS74A Hitachi 
5476 t Signetics 

SN54LS74A t Motorola SN5476 tTl 
SN74LS74A Motorola 

40 SN7476 TI 
DM54LS74 tNational TD3476 Toshiba 
DM74LS74 National 

TTL-LS 54LS76 t Fairchild 110 IlPB74LS74 NEG America 
74LS76 Fairchild 9LS74C Raytheon 
H074LS76 - Hitachi 9LS74M t Raytheon 
SN54LS76A t Motorola 54LS74 t Raytheon 
SN74LS76A Motorola 74LS74 Raytheon 180 
DM54LS76 t National 54LS74A t Signetics 
DM74LS76 National 74LS74A Signetics 
9LS76C Raytheon SN54LS74A tTl 

50 9LS76M t Raytheon SN74LS74A TI 
54LS76 t Raytheon 

54H74 74L::S76 Raytheon 120 TTL-H t Fairchild 

54LS76 t Signetics 74H74 Fairchild 

74LS76 Signetics MC3060 Motorola 

SN54LS76A tTl MC3160 t Motorola 

SN74LS76A TI DM54H74 t National 
DM74H74 National 190 

TTL-H 54H76 t Fairchild 54H74 t Signetics 
74H76 Fairchild 74H74 Signetics 
DM54H76 t National SN54H74 tTl 60 DM74H76 National SN74H74 TI 
54H76 t Signetics 
74H76 Signetics 130 TTL-S 54S74 t Fairchild 

SN54H76 tTl 74S74 Fairchild 

SN74H76 TI HD74S74 Hitachi 
M5S074 Mitsubishi 

Dual "J-K" Master-Slave Flip-Flop with Data Lockout DM74S74 National 
TTL SN74111 TI 54S74 t Signetics 200 

Dual Gated Master-Slave "J-K/D" Flip-Flop 74S74 Signetics 
TTL DM7512 t National SN54S74 tTl 

(Continued) (Continued) 
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DIGITAL-TTL (Cont'd) 

Function Device Source Line Function Device Source 

Flip-Flops (Cont'd.) Flip-Flops (Cont'd.) 

TIL-S (Cont'd,) . TIL-LS (Cont'd,) 
SN74S74 TI SN74LS175 Motorola 

Dual Gated D Flip-Flop DM54LS175 t National 

TIL DM7511 t National 
DM74LS175 National 

DM8511 National 
- IlPB74LS175 NEC America 

9LS175M t Raytheon 
Quad Gated D Flip-Flop 9LS175C Raytheon 

TIL DM7613 t National 25LS175C Raytheon 
DM8613 National 25LS175M t Raytheon 

Quad D-Type Flip-Flop, Common Clock 10 54LS175 t Raytheon 

TIL MC4015 Motorola 74LS175 Raytheon 

Quad D-Type Flip-Flop, Three-State 
54LS175 t Signetics 
74LS175 Signetics 

TIL 54173 t Fairchild SN54LS175 tTl 
74173 Fairchild SN74LS175 TI 
HD74173 Hitachi 
DM54173 t National TIL-S SN54S175 tAMD 

DM74173 National SN74S175 AMD 

DM7551 t National 54S175 t Fairchild 

DM8551 National 74S175 Fairchild 

RC8T10 Raytheon 20 HD74S175 Hitachi 

RM8T10 t Raytheon M5S175 Mitsubishi 

N8T10 Signetics DM74S175 National 

S8T10 t Signetics 74S175 Signetics 

74173 Signetics SN74S175 TI 

SN54173 ttl SN54S175 ttl 

SN74173 TI Quad D-Type Flip-Flop with Common Clock Enable 

TTL-LS 9LS173C Fairchild . TIL-LS AM25LS08C AMD 

9LS173M t Fairchild AM25LS08M tAMD 

54LS173A t Fairchild AM25LS379C AMD ...., 

74LS173A Fairchild AM25lS379M tAMD 30 
SN54LS173A t Motorola SN54LS379 tAMD 

SN74LS173A Motorola ,SN74LS379 AMD 

DM54LS173 t National 54LS379 t Fairchild 

DM74LS173 National 74LS379 Fairchild 

54LS173 t Signeties SN54LS379 tMotorola 

74LS173 Signetics SN74LS379 Motorola 

SN54LS173 ttl 
SN54LS379 ttl 

SN74LS173 TI 
SN74LS379 TI 

Quad D-Type Edge-Triggered Flip-Flop with Clear, 
TIL-S AM25S08C AMD 

Complementary Output 40 
AM25S08M tAMD 

TIL SN54175 tAMD 
SN54S379 tAMD 

SN74175 AMD 
SN74S379 AMD 

54175 t Fairchild Quad D-Type Flip-Flop, Standard TIL and Three-State 

74175 Fairchild Outputs 

ZN54175 t Ferranti TIL AM2918C AMD 

ZN74175 Ferranti AM2918M tAMD 

HD74175 Hitachi IlPB2918A NEC Micro 

M53375 Mitsubishi AM2918C Raytheon 

MC54175 t Motorola AM2918M t Raytheon 

MC74175 Motorola 50 TIL-LS AM25LS2518C AMD 
DM54175 t National AM25LS2518M tAMD 
DM74175 National AM29LS18C AMD 
IlPB74175 NEC America AM29LS18M tAMD 
54175 t Signetics SN54LS388 tAMD 
74175 Signetics SN74LS388 AMD 
SN54175 ttl 
SN74175 TI TIL-S AM25S18C AMD 

AM25S18M tAMD 
TIL-LS AM25LS175C AMD SN54S388 tAMD 

AM25LS175M AMD SN74S388 AMD 
SN54LS175 tAMD 60 
SN74LS175 AMD Quad D-type Flip-Flop, Dual Three-State Outputs 

9LS175C Fairchild \ TIL-LS AM25LS2519C AMD 

9LS175M t FairChild AM25LS2519M tAMD 

54LS175 t Fairchild Quad D-Type Flip-Flop with Multiplexed Dual Inputs 
74LS175 Fairchild TIL 54298 t Fairchild 
HD74LS175 Hitachi 74298 Fairchild 
SN54LS175 t Motorola MC54298 t Motorola 

(Continued) (Continued) 

t Military Temperature Range (- 55- to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE, 

Line Function Device Source Line 

Flip-Flops (Cont'd.) 

TIL (Cont'd,) 
70 MC74298 Motorola 

54298 t Signetics 
74298 Signetics 
SN54298 tTl 
SN74298 TI 140 

TIL-LS AM25LS09C AMD 
AM25LS09M tAMD 
AM25LS399C AMD 
AM25LS399M tAMD 
SN54LS399 tAMD 

80 SN74LS399 AMD 
9LS298C Fairchild 
9LS298M t Fairchild 
54LS298 t Fairchild 
74LS298 Fairchild 150 
SN54LS298 t Motorola 
SN74LS298 Motorola 
SN54LS398 t Motorola 
SN74LS398 Motorola 
SN54LS399 t Motorola 

90 SN74LS399 Motorola 
9LS298C Raytheon 
9LS298M t Raytheon 
54LS298 t Raytheon 
74LS298 Raytheon 160 
74LS298 Signefics 
SN54LS298 tTl 
SN74LS298 TI 
SN54LS398 tTl 
SN74LS398 T1 

100 SN54LS399 tTl 
SN74LS399 TI 

TIL-S AM25S09C AMD 
AM25S09M tAMD 
SN54S399 tAMD 170 
SN74S399 AMD 

Hex D-Type Flip-Flop with Common Enable 
TIL -LS AM25lS07C AMD 

AM25LS07M tAMD 
AM25LS378C AMD 

110 AM25LS378M tAMD 
SN54LS378 tAMD 
SN74LS378 AMD 
54LS378 t Fairchild 
74LS378 Fairchild 180 
SN54LS378 t Motorola 
SN74LS378 Motorola 
74LS378 Signetics 
SN54LS378 tTl 
SN74LS378 TI 

120 TIL-S AM25S07C AMD 
AM25S07M tAMD 
SN54S378 tAMD 
SN74S378 AMb 

Hex D-T ype Edge-Triggered Flip-Flop with Clear 190 

TIL SN54174 tAMD 
SN74174 AMD 
54174 t Fairchild 
74174 Fairchild 
93174C Fairchild 
ZN54174 t Ferranti 

130 ZN74174 Ferranti 
HD74174 Hitachi 
M53374 MitsWshi 
MC54174 t Motorola 200 
MC74174 Motorola 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source Une Function Device Source Una Function Device Source Una 

Flip-Flops (Cont'd.) Flip-Flops (Cont'd.) Flip-Flops (Cont'd.) 

TTL (Cont'd.) TTL-LS (Cont'd.) Octal D-type Flip-Flop, Common Clear and Enable, 
DM54174 t National SN74LS374 AMD Three-State 
DM74174 National 54LS374 t Fairchild 70 TTL-LS AM25LS252OC AMD 
54174 t Signetics 74LS374 Fairchild AM25LS2520M tAMD 
74174 Signetics 54LS374 MMI (505) AM2920C AMD 
SN54174 tTl 74LS374 MMI (505) AM2920M tAMD 
SN74174 TI SN54LS374 t Motorola Octal 110 Register, Three-State 140 

TTL-LS AM25LS174C AMD SN74LS374 Motorola TTL-LS 57LS315 tMMI 
AM25LS174M tAMD SN54LS574 tMotorola 67LS315 MMI 
SN54LS174 tAMD 10 SN74LS574 Motorola Quad 110 Register, Three-State (two terminals per 

I 
SN74LS174 AMD DM54LS374 t National flip-flop can be used as input or output) 
9LS174C Fairchild DM74LS374 National TTL DM7542 t National 
9LS174M t Fairchild 9lS374C Raytheon (543) 80 DM8542 National 

I 54LS174 t Fairchild 9LS374M t Raytheon (543) I I 74LS174 Fairchild 25LS374C Raytheon (543) Gates, AND/NAND 
HD74LS174 Hitachi 25LS374M t Raytheon (543) 
SN74LS174 Motorola 54LS374 tRaytheon (543) Dual 4-lnput AND Gate 
DM54LS174 t National 74LS374 Raytheon (543) TTl 5421 t Fairchild 
DM14LS174 National 74LS364 Signetics 7421 Fairchild 
9LS174C Raytheon 20 74LS374 Signetics 5421 t Signetics 150 
9LS174M t Raytheon SN54LS364 tTl 

7421 Signetics 
25LS174C Raytheon SN74LS364 TI 

TD3421 Toshiba 
25LS174M t Raytheon 

SN54LS374 tTl 90 TTL-LS 9LS21C Fairchild 
54LS174 t Raytheon 

SN74LS374 TI 9LS21M t Fairchild 
74LS174 Raytheon 54LS21 t Fairchild 
54LS174 t Signetics TTL-S SN54S374 tAMD 74LS21 Fairchild 
74LS174 Signetics SN74S374 AMD HD74LS21 Hitachi 
SN54LS174 tTl 545374 tMMI (505) $N54LS21 t Motorola 
SN74LS174 TI 74S374 MMI (505) SN74LS21 Motorola 

TTL-S SN54S174 tAMD 30 57S374 tMMI (505) DM54LS21 t National 160 
SN74S174 AMD 67S374 MMI (505) DM74LS21 National 
54S174 t Fairchild SfiJ54S374 tTl JlPB74LS21 NEC America 
74S174 Fairchild SN74S374 TI 9LS21C Raytheon 
HD74S174 Hitachi Octal, D-Type Edge-Triggered Flip-Flop, Inverting, 100 9LS21M t Raytheon 
M5S174 Mitsubishi Three-State 54LS21 t Raytheon 
DM74S174 National TTL-LS SN54LS534 tAMD 

74LS21 Raytheon 
54S174 t Signetics SN74LS534 AMD 

54LS21 t Signetics 
74S174 Signetics 57LS376 tMMI (505) 

74LS21 Signetics 
. SN54S174 tTl SN54LS21 tTl 

67LS376 MMI (505) 
SN74S174 TI 40 SN74LS21 TI 170 

TIL-S SN54S534 tAMD 
Octal D-Type, Edge-Triggered Flip-Flop, with Clear TTL-H 54H21 t Fairch~d 

TIL SN74273 TI 
SN74S534 AMD 74H21 Fairchild 
57S376 tMMI (505) MC3011 Motorola 

TIL-LS AM25LS273C AMD 67S376 MMI (505) MC3111 t Motorola 
AM25LS273M tAMD 57S378 tMMI (505) 110 DM54H21 t National 
SN54LS273 tA~D 67S378 MMI (505) DM74H21 National 
SN74LS273 AMD 54H21 t Signetics 
54LS273 t Fairchild Octal D-Type Flip-Flop with Enable 

74H21 Signetics 
74LS273 Fairchild m -LS AM25LS377C AMD 

SN74H21 tTl 
54LS273 tMMI . (509) AM25LS377M tAMD 

SN74H21 TI 180 
74LS273 MMI (509) 50 SN54LS377 tAMD 

57LS313 tMMI (509) SN74LS377 AMD Dual 4-lnput AND Power Gate 

67LS313 MMI (509) 54LS377 t Fairchild TIL-H MC3026 Motorola 

SN54LS273 t Motorola 74LS377 Fairchild MC3126 t Motorola 

SN74LS273 Motorola 57LS314 tMMI (509) Triple 3-lnput AND Gate 
9LS273C Raytheon (531) 67LS314 MMI (509) 120 TTL 5411 't Fairchild 
9LS273M t Raytheon (531) 54LS3n MMI (509) 7411 Fairchild 
25lS273C Raytheon (531) 74LS3n MMI (509) HD74LSll Hitachi 
25LS273M t Raytheon (531) SN54LS377 t Motorola DM5411 t National 
54LS273 t Raytheon (531) SN74LS377 Motorola DM7411 National 
74LS273 Raytheon (531) 60 9LS3nC Raytheon (549) 5411 t Signetics 190 
74LS273 Signetics 9LS3nM tRaytheon (549) 7411 Signetics 
SN54lS273 tTl 25LS3nC Raytheon (549) TIL-LS 9LSllC Fairchild SN74LS273 TI 25LS3nM tRaytheon (549) 9LS11M tFairchild j 

Octal D-Type Edge-Triggered Flip-Flop, Three-State 54LS3n t Raytheon (549) 54LS11 t Fairchild 
TIL-LS AM25LS374C AMD 74LS3n Raytheon (549) 130 74LS11 Fairchild 

AM25LS374M tAMD 74LS377 Signetics SN54LS11 t Motorola 
SN54LS374 tAMD SN54LS377 tTl SN74LSll Motorola 

(Continued) SN74LS377 TI (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function Device Source Line Function Device Source 

Gates, AND/NAND (Cont'd.) Gates, AND/NAND (Cont'd.) 

TIL-LS (Cont'd.) TIL (Cont'd.) 
DM54LS11 t National HD7408 Hitachi 
DM74LS11 National M53208 Mitsubishi 
IlPB74lS11 NEG America MC5408 tMotorola 
9LS11C Raytheon MC7408 Motorola 
9LS11M t Raytheon DM5408 tNational 
54LS11 t Raytheon DM7408 National 
74LS11 Raytheon 5408 t Signetics 
54LS11 t Signetics 7408 Signetics 
74LS11 Signetics 10 SN5408 tTl 
SN54LS11 TI SN7408 TI 
SN74LS11 tTl TD3408 Toshiba 

TIL-H 54H11 t Fairchild TIL-LS 9LS08C Fairchild 
74H11 Fairchild 9LS08M t Fairchild 
MC3006 Motorola 54LS08 t Fairchild 
MC31 06 tMotorola 74LS08 Fairchild 
DM54H11 tNational HD74LS08 Hitachi 
DM74H11 National SN54LS08 t Motorola 
54H11 t Signetics SN74LS08 Motorola 
74H11 Signetics 20 DM54LS08 tNational 
SN54H11 tTl DM74LS08 National 
SN74H11 TI IlPB74LS08 NEG America 

9LS08C Raytheon TIL-S 54S11 t Fairchild 
74S11 Fairchild 9LS08M t Raytheon 

HD74S11 Hitachi 54LS08 t Raytheon 

M5S011 Mitsubishi 74LS08 Raytheon 

DM74S11 National 54LS08 t Signetics 

54S11 t Signetics 74LS08 Signetics 

74S11 Signetics SN54LS08 tTl 

SN54S11 tTl 30 SN74LSOS TI 

SN74S11 TI TIL-H 54H08 t Fairchild 
74H08 Fairchild Triple 3-lnput AND Gate, Open Collector 
MC3OO1 Motorola TIL-LS 9LS15C Fairchild 

9LS15M t Fairchild MC3101 t Motorola 

54LS15 t Fairchild DM54H08 tNational 

74LS15 Fairchild DM74H08 National 

HD74LS15 Hitachi 54H08 t Signetics 

SN54LS15 tMotorola 74H08 Signetics 

SN74LS15 Motorola TIL-S 54S08 t Fairchild 
DM54LS15 t National 40 74S08 Fairchild 
DM74LS15 National 54S08 t Signetics 
9LS15C Raytheon 74S08 Signetics 
9LS15M t Raytheon SN54S08 tTl 
54LS15 t Raytheon SN74S08 TI 
74LS15 Raytheon 
54LS15 t Signetics Quad 2-lnput AND Gate, Open Collector 

74LS15 Signetics TIL 5409 t Fairchild 

SN54LS15 tTl 7409 Fairchild 

SN74LS15 TI ZN5409 Ferranti 
ZN7409 Ferranti 

TIL-H 54H15 t Fairchild 50 HD7409 Hitachi 
74H15 Fairchild M53209 Mitsubishi 
SN54H15 tTl MC5409 t Motorola 
SN74H15 TI MC7409 Motorola 

TIL-S 54S15 t Fairchild DM5409 tNational 
74S15 Fairchild DM7409 National 
HD74S15 Hitachi 5409 t Signetics 
M5S015 Mitsubishi 7409 Signetics 
DM74S15 National SN5409 tTl 
54S15 t Signetics SN7409 TI 
74S15 Signetics 60 TD3409 Toshiba 
SN54S15 tTl TIL-LS 9LS09C Fairchild 
SN74S15 TI 9LS09M t Fairchild 

Quad 2-lnput AND Gate 54LS09 t Fairchild 
TIL 5408 t Fairchild 74LS09 Fairchild 

7408 Fairchild HD74LS09 Hitachi 
ZN5408 t Ferranti SN54LS09 t Motorola 
ZN7408 Ferranti SN74LS09 Motorola 

(Continued) (Continued) 

t Military Temperature Range (- 55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Line Function Device Source Line 

Gates, ANQINAND (Cont'd.) 

TIL-LS (Cont'd.) 
DM54LS09 t NatiOnal 

70 DM74LS09 National 
9LS09C Raytheon 
9LS09M t Raytheon 
54LS09 t Raytheon 140 
74LS09 Raytheon 
54LS09 t Signetics 
74LS09 Signetics . 
SN54LS09 tTl 
SN74LS09 tTl 

TIL-H 54H09 t Fairchild 
80 74H09 Fairchild 

TIL-S 54S09 t Fairchild 
74S09 Fairchild 
54S09 t Signetics 150 
74S09 Signetics 
SN54S09 tTl 
SN74S09 TI 

2-2-3-3 Input AND Gate 
TIL-S 9S41C Fairchild 

90 9S41M tFairchild 

8-lnput NAND Gate 
TIL 5430 t Fairchild 

7430 Fairchild 
9OO7C Fairchild 160 
9OO7M t Fairchild 
ZN5430 t Ferranti 
ZN7430 Ferranti 
HD7430 Hitachi 
M53230 Mitstbshi 

100 MC5430 t Motorola 
MC7430 Motorola 
DM5430 t National 
DM7430 National 

IlPB7430 NEG America 170 
5430 t Signetics 
7430 Signetics 
SN5430 tTl 
SN7430 TI 
TD3430 Toshiba 

110 
TIL-LS 9LS30C Fairchild 

9LS30M t Fairchild 
54LS30 t Fairchild 
74LS30 Fairchild 
HD74LS30 Hitachi 180 
SN54LS30 tMotorola 
SN74LS30 Motorola 
DM54LS30 t National 
DM74LS30 National 
IlPB74LS30 NEG America 
9LS30C Raytheon 

120 9LS30M t Raytheon 
54LS30 t Raytheon 
74LS30 Raytheon 
54LS30 t Signetics 190 
74LS30 Signetics 
SN54LS30 tTl 
SN74LS30 TI 

TIL-H 54H30 t Fairchild 
74H30 Fairchild 
MC3015 Motorola 

130 MC3016 Motorola 
MC3115 t Motorola 
MC3116 t Motorola 
DM54H30 tNationai 200 
DM74H30 National 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source 

Gates, AND/NAND (Cont'd.) 

TTL-H (Cont'd.) 
I!flB74H30 NEG America 
54H30 t Signetics 
74H30 Signetics 
SN54H30 tTl 
SN74H30 TI 

, TTL-S 54S30 t Fairchild 
74S30 Fairchild 
M5S030 Mitsubishi 
DM74S30 National 
Sf\!54S30 tTl 

I I SN"S'" 
TI 

12-lnput NAND Gate, Three-State 
TTL-S 54S134 t Fairchild I I 748134 Fairchild 

HD74S134 Hitachi 
DM74S134 National 
548134 t Signelics 
748134 Signetics 
SN54S134 tTl 
SN74S134 Ti 

13-lnput NAND Gate 
TTL -L8 9L8133C Fairchild 

9LS133M t Fairchild 
54LS133 t Fairchild 
74LS133 Fairchild 
SN54LS133 t Motorola 
SN74LS133 Motorola 

TTL-S 548133 t Fairchild 
HD74S133 Hitachi 
748133 Fairchild 
M5S133 Milsubishi 
DM74S133 National 
548133 t Signetics 
74S133 Signetics 
SN54S133 tTl 
SN74S133 TI 

Dual 4-lnput NAND Gate 
TTL 5420 t Fairchild 

7420 Fairchild 
9004C Fairchild 
9004M t Fairchild 
ZN7420 Ferranti 
ZN5420 t Ferranti 
HD7420 Hitachi 
M53220 Mitsubishi 
MC5420 t Motorola 
MC7420 Motorola 
DM5420 tNationai 
DM7420 National 
DM9004C National 
IlPB7420 NEG America 
5420 t 8ignetics 
7420 Signetics 
8N5420 tTl 
SN7420 TI 
TD3420 Toshiba 

TTL-LS 9LS20C Fairchild 
9L820M t Fairchild 
54LS20 t Fairchild 
74LS20 Fairchild 
HD74LS20 Hitachi 
SN54LS20 t Motorola 
SN74lS20 Motorola 
DM54lS20 t National 
DM74lS20 National 
IlPB74LS20 NEG America 

(Continued) 

t Military Temperature Range ( - 55' to 125'C) 

442 

Line Function Device Source Line Function Device Source Line 

Gates, AND/NAND (Cont'd.) Gates, AND/NAND (Cont'd.) 

TTL-LS (Cont'd.) TTL-LS (Cont'd.) 
9LS20C Raytheon SN74LS40 TI 
9LS20M- t Raytheon 70 TTL-H 54H40 t Fairchild 
54LS20 t Raytheon 74H40 Fairchild 
74LS20 Raytheon MC3024 Motorola 140 
54LS20 t Signetics MC3025 Motorola 
74LS20 Signetics MC3124 t Motorola 
SN54LS20 tTl MC3125 t Motorola 
SN74LS20 TI DM54H40 t National 

10 TTL-H 54H20 t Fairchild DM74H40 National 
74H20 Fairchiid 

lao 

IlPB74H40 NEG America 

I 
MC3010 Motorola 54H40 t Signetics 
MC3110 t Motorola 74H40 Signetics 
DM54H20 t National SN54H40 tTl 

/150 i DM74H20 National / SN74H40 II 

IlPB74H20 NEG America TTL-S 54S40 t Fairchild 
54H20 t Signetics 74840 Fairchild 
74H20 Signetics 

HD74S40 Hitachi 
8N54H20 tTl M5S040 MilStbishi 

20 
8N74H20 TI 

DM74S40 National 
TTL-S 54S20 t Fairchild 54840 t Signetics 

74S20 Fairchild 74S40 Signetics _ 
ZN54S20 t Ferranti- 90 SN54S40 tTl 
ZN74820 Ferranti SN74840 TI 
HD74820 Hitachi 

Dual 4-lnput NAND Gate, Open Collector 160 
M5S020 Milsubishi 
DM74S20 National 

TTL 5422 t Fairchild 

54820 t Signetics 
7422 Fairchild 

74S20 Signetics 
HD7422 Hitachi 

SN54S20 tTl 
SN5422 tTl 

30 SN74S20 TI 
SN7422 TI 

Dual 4-lnput NAND Buffer 
TTL-LS 9LS22C Fairchild 

9LS22M t Fairchild TTL 5440 t ;:airchild 100 
54LS22 t Fairchild 7440 Fairchild 
74LS22 Fairchild 9009C Fairchild 

9009M t Fairchild 
HD?4LS22 Hitachi 170 

ZN5440 t Ferranti 
SN54LS22 t Motorola 

ZN7440 Ferranti 
SN74LS22 Motorola 

HD7440 Hitachi 
DM54LS22 t National 

M53240 Mitsubishi 
DM74LS22 National 

40 MC5440 t Motorola 
9LS22C Raytheon 

MC7440 Motorola 
9L822M t Raytheon 

DM5440 t National 110 54LS22 t Raytheon 

DM7440 National 
74LS22 Raytheon 

DM9009C National 54L822 t Signetics 

IlPB7440 NEG America 74LS22 Signetics 180 

5440 t Signetics SN54LS22 tTl 

7440 Signetics SN74LS22 TI 

SN5440 tTl TTL-H 54H22 t Fairchild 
8N7440 TI 74H22 Fairchild 

50 TD3440 Toshiba MC3012 Motorola 

TTL-L8 9LS40C Fairchild MC3112 t Motorola 

9L840M t Fairchild 120 DM54H22 t National 

54L840 t Fairchild DM74H22 National 

74L840 Fairchild 54H22 t Signetics 

HD74LS40 Hitachi 74H22 Signetics 190 

SN54LS40 t Motorola 8N54H22 tTl 

SN74LS40 Motorola SN74H22 TI 

DM54LS40 t National TTL-S 54S22 t Fairchild 
DM74LS40 National 74S22 Fairchild 

60 IlPB74LS40 NEG America ZN54S22 t Ferranti 
9LS40C Raytheon ZN74S22 Ferranti 
9LS40M t Raytheon 130 HD74822 Hitachi 
54LS40 t Raytheon M5S022 Mitsubishi 
74lS40 Raytheon DM74S22 National 
54LS40 Signetics 54S22 t Signetics 200 
74LS40 Signetics 74S22 Signetics 

I 
SN54LS40 tTl SN54822 tTl 

(Continued) (Continued) 
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Ie MASTER 1979 



DIGITAL-TTL (Cont'd) 

Function Device Source Line Function Device Source 

Gates, AND/NAND (Cont'd.) Gates, AND/NAND (Cont'd.) 

TIL-S (Cont'd.) TIL (Cont'd.) 
SN74S22 TI ZN5412 t Ferranti 

Dual 5-lnput NAND Gate ZN7412 Ferranti 

TIL DM7092 t National HD7412 Hitachi 

DM8092 National 5412 t Signetics 
7412 Signetics 

Triple 3-lnput NAND Gate SN5412 tTl 
TIL 5410 t Fairchild SN7412 TI 

7410 Fairchild 
9003C Fairchild TIL-LS 54LS12 t Fairchild 

74LS12 Fairchild 
9003M t Fairchild 10 
ZN5410 t Ferranti HD74LS12 Hitachi 

ZN7410 Ferranti SN54LS12 tMotorola 

HD741 0 Hitachi SN74LS12 Motorola 

M5330 Mitsubishi DM54LS12 t National 

M5321 0 Mitsubishi DM74LS12 National 

MC5410 tMotorola 9LS12C Raytheon 

MC7410 Motorola 9LS12M t Raytheon 

DM541 0 t National 54LS12 t Raytheon 

DM7410 National 74LS12 Raytheon 

DM9003C National 20 54LS12 t Signetics 

IlPB7410 NEG America 74LS12 Signetics 

5410 t Signetics SN54LS12 tTl 

7410 Signetics • SN74LS12 TI 

SN541 0 tTl TIL-S HD74S12 Hitachi 
SN7410 TI TIL-H MC3007 Motorola 
TD3410 Toshiba MC31 07 tMotorola 

TIL-LS 9LS10C Fairchild 
9LS10M t Fairchild 

Quad 2-lnput NAND Gate 

54LS10 t Fairchild 
TIL 5400 t Fairchild 

7400 Fairchild 
74LS10 Fairchild 30 
HD74LS10 Hitachi 

9002C Fairchild 

SN54LS10 t Motorola 
9002M t Fairchild 

SN74LS10 Motorola 
ZN5400 t Ferranti 

DM54LS10 t National 
ZN7400 Ferranti 

DM74LS10 National 
HD7400 Hitachi 

IlPB74LS10 NEG America 
M5340 Mrtsubishi 

9LS10C Baytheon 
M53200 Mitsubishi 

9LS10M t Raytheon 
MC5400 tMotorota 
MC7400 Motorola 

54LS10 t Raytheon DM5400. tNational 
74LS10 'Raytheon 40 OM74oo National 
54LS10 t Signetics DM9002C National 
74LS10 Signetics IlPB7400 NEG America 
SN54LS10 tTl 5400 t Signetics 
SN74LS10 TI 7400 Signetics 

TIL-H 54H10 t Fairchild SN5400 tTl . 
74H10 Fairchild SN7400 TI 
MC3005 Motorola T03400 Toshiba 
MC3105 t Motorola TIL-LS 9LSOOC Fairchild 
DM54H10 t National 9LSOOM t FairchHd 
DM74Hl0 National 50 54LSOO t Fairchild 
IlPB74H10 NEG America 74LSOO Fairchild 
54H10 t Signetics HD74LSOO Hitachi 
74Hl0 Signetics SN54LSOO t Motorola 
SN54H10 tTl SN74LSOO Motorola 
SN74Hl0 TI DM54LSOO tNaoonal 

TIL-S 54S10 t Fairchild DM74LSOO National 
74S10 Fairchild flPB74LSOO NEG America 
HD74S10 Hitachi 9LSOOC Raytheon 
M5S010 Mitsubishi 9LSOOM t Raytheon 
DM74S10 National 60 54LSOO t Raytheon 
54S10 t Signetics 74LSOO Raytheon 
74S10 Signetics 54LSOO tSignetics 
SN54S10 tTl 74LSOO Signetics 
SN74S10 TI SN54LSOO tTl 

Triple 3-lnput NAND Gate, Open Collector 
SN74LSOO TI 

TIL 5412 t Fairchild TIL-H 54HOO t Fairchild 
7412 Fairchild 74HOO Fairchild 

(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

I..iIe Function Device Source l.i1e 

Gates, AND/NAND (Cont'd.) 

TIL-H (Cont'd.) 
MC3000 Motorola 

70 MC31 00 tMotorola 
DM54HOO t National 
DM74HOO National 
IlPB74HOO NEC America - 140 
54HOO t Signetics 
74HOO Signetics 
SN54HOO tTl 
SN14HOO TI 

TIL-S 54S00 t Fairchild 
74500 t Fairchild 

80 ZN54S00 t Ferranti 
ZN74S00 Ferranti 
HD74S00 Hitachi 
M5S000 Mitstbshi 150 
DM74S00 National 
54S00 t Signetics 
74S00 Signetics 
SN54S00 tTl 
SN74S00 TI 

Quad 2-lnput NAND Buffer 
90 

TIL 5437 t Fairchild 
7437 Fairchild 
lN5437 t Ferranti 
ZN7437 Ferranti 160 
HD7437 Hitachi 
M53237 Mitsubishi 
MC5437 t Motorola 
MC7437 Motorola 
DM5437 t National 
DM7437 National 
DM7091 t National 

100 OM8091 National 
IlPB7437 NEG America 
5437 t Signetics 170 
7437 Signetics 
SN5437 tTl 
SN7437 TI 
T03437 Toshiba 

TIL-LS 9LS37C Fairchild 
9LS37M t Fairchild 

110 54LS37 t Fairchild 
74LS37 Fairchild 
H074LS37 Hitachi 
SN54LS37 tMotorola 180 
SN74LS37 Motorola 
OM54LS37 t National 
OM74LS37 National 
IlPB74LS37 NEC America 
9LS37C Raytheon 
9LS37M t Raytheon 

120 
54LS37 t Raytheon 
74LS37 Raytheon 
54LS37 t Signetics 
74LS37 Signetics 190 
SN54LS37 tTl 
SN74LS37 TI 

TIL-S 74S37 Signetics 
SN54S37 tTl 
SN74S37 TI 

Quad 2-lnput NAND Gate, Open Collector 
130 TIL 5401 t Fairchild 

7401 Fairdlild 
5403 t Fairchild 
7403 Fairchild 200 
9012C Fairchild 

(Continued) 
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DIGITAL-TTL (Cont'd) 

Function Device Source 

Gates, AND/NAND (Cont'd.) 

TIL (Cont'd.) 
9012M t Fairchild 
ZN5401 t Ferranti 
ZN7401 Ferranti 
HD7401 Hitachi 
HD7403 Hitachi 
M53201 Mitsubishi 
M53203 Mitsubishi 
MC5401 t Motorola 
MC7401 Motorola 
MC5403 t Motorola 
MC7403 Motorola 

I 
DM5401 t National 
DM7401 National 
DM5403 t National 
DM7403 National 
DM9012C .National 
5401 t Signetics 
7401 Signetics 
5403 t Signetics 
7403 Signetics 
SN5401 tTl 
SN7401 TI 
SN5403 tTl 
SN7403 TI 
TD3401 Toshiba 
TD3403 Toshiba 

TIL-LS 9LS03C Fairchild 
9LS03M t Fairchild 
54LS03 t Fairchild 
74LS03 Fairchild 
HD74LS01 Hitachi 
HD74LS03 Hitachi 
S~54lS01 tMotorola 
SN74LSOl Motorola 
SN54LS03 t Motorola 
SN74LS03 Motorola 
DM54LS01 t National 
DM74LSOl National 
DM54LS03 t National 
DM74LS03 National 
IlPB74LS03 NEG America 
9LS01C Raytheon 
9LS01M t Raytheon 
54LSOl t Raytheon 
74LSOl Raytheon 
9LS03C Raytheon 
9LS03M t Raytheon 
54LS03 t Raytheon 
74LS03 Raytheon 
54LSOl t Signetics 
74LSOl Signetics 
54LS03 t Signetics 
74LS03 Signetics 
SN54LSOl tTl 
SN74LSOl TI 
SN54LS03 tTl 
SN74LS03 TI 

TIL-H 54HOl t Fairchild 
74HOl Fairchild 
MC3004 Motorola 
MC3104 t Motorola 
DM54HOl t National 
DM74HOl National 
IlPB74HOl NEG America 
54HOl t Signetics 
74HOl Signetics 
SN54HOl tTl 
SN74H01 TI 

(Continued) 

t Military Temperature Range (- 55' to 125'C) 
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Une Function Device Source Une Function Device Source Une 

Gates, AND/NAND (Cont'd.) Gates, AND/~AND (Cont'd.) 

Quad 2-lnput NAND Gate, Open Collector (Cont'd.) 70 TIL-LS (Cont'd.) 
TIL-S 54S03 t Fairchild 74LS26 Signetics 

74S03 Fairchild SN54LS26 tTl 140 
ZN54S03 t Ferranti SN74LS26 TI 
ZN74S03 Ferranti 

Quad 2-lnput NAND Buffer, Three-State 
HD74S03 Hitachi TIL DM7099 t National 
M5S003 Mrtsubishi DM8099 National 
DM74S03 National 
54S03 t Signetics Gates, AND-ORI AND-OR-Invert 

10 74S03 Signetics 
SN54S03 tTl 80 Dual 2-4 Input AND/OR Gate 
SN74S03 TI TIL-S 9S42C Fairchild 

Quad 2-lnput NAND Buffer, Open Collector 9S42M Fairchild 

TIL 5438 t Fairchild 2-2-2-3-lnput AND-OR Gate, Expandable 
7438 Fairchild TTL·H 54H52 t Fairchild 
7439 Fairchild 74H52 Fairchild 150 
ZN5438 t Ferranti MC3031 Motorola 
ZN7438 Ferranti M.C3131 t Motorola 
HD7438 Hitachi t National 20 DM54H52 
M53238 Mitsubishi DM74H52 National 
MC5438 t Motorola 90 54H52 t Signetics 
MC7438 Motorola Sigrietics 74H52' 
DM5438 t National SN54H52 tTl 
DM7438 National SN74H52 TI 
IlPB7438 NEG America 
5438 tSignetics 2-2-2-3-lnput AND-DR-Invert Gate, Expandable 

7438 Signetics TIL 9008C Fairchild 160 

5439 t Signetics 9008M t Fairchild 

7439 Signetics DM9008C National 

30 SN5438 tTl 4~Wide 2-lnput AND-DR-Invert Gate 
SN7438 TI 100 TIL 5454 t Fairchild 
TD3438 Toshiba 7454 Fairchild 

TIL-LS 9LS38C Fairchild ZN5454 t Ferranti 

9LS38M t Fairchild ZN7454 Ferranti 

54LS38 t Fairchild HD7454 Hitachi 

74LS38 Fairchild MC5454 t Motorola 

HD74LS38 Hitachi MC7454 Motorola 170 

SN54LS38 tMotorola DM5454 t National 

SN74LS38 Motorola DM7454 National 
40 

9LS38C Raytheon IlPB7454 NEG America 

9LS38M t Raytheon 110 5454 t Signetics 

54LS38 t Raytheon 7454 Signetics 

74LS38 Raytheon SN5454 tTl 

DM54LS38 t National SN7454 TI 

DM74LS38 National 4-Wide 2-2-3-3-lnput AND-DR-Invert Gate 
IlPB74LS38 NEG America TIL-LS 9LS54C Fairchild 
74LS38 Signetics 9LS54M t Fairchild 180 
54LS38 t Signetics 54LS54 t Fairchild 

50 
SN54LS38 tTl 74LS54 Fairchild 
SN74LS38 TI HD74LS54 Hitachi 

TIL-S 74S38 Signetics 120 SN54LS54 t Motorola 
SN54S38 tTl SN74LS54 Motorola 
SN74S38 TI DM54LS54 t National 

Quad 2-lnput NAND Buffer, Open Collector, to 15v 
DM74LS54 National 

TIL -LS 9LS26C Fairchild 
IlPB74LS54 NEG America 
9LS54C - Raytheon 

9LS26M t Fairchild 
9LS54M t Raytheon 190 

54LS26 t Fairchild 
54LS54 t Raytheon 74LS26 Fairchild 
74LS54 Raytheon 

60 HD74LS26 Hitachi 
54LS54 t Signetics SN54LS26 tMotorola 
74LS54 Signetics SN74LS26 Motorola 130 
SN54LS54 tTl DM54LS26 tNational 
SN74LS54 TI DM74LS26 National 

9LS26C Raytheon 2-2-2-3-lnput AND-DR-Invert Gate 
9LS26M t Raytheon TIL-H 54H54 t Fairchild 
54LS26 t Raytheon 74H54 Fairchild 
74LS26 Raytheon DM54H54 t National 200 
54 LS26 t Signetics DM74H54 National 

(Continued) (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function DevICe Source Line Function Device Source 

Gates, AND-ORI AND-OR-Invert Gates, AND-ORI AND-OR-Invert 
(Cont'd.) (Cont'd.) 

TIL-H (Cont'd.) TIL-H (Cont'd.) 
54H54 t Signetics 74H51 Fairchild 
74H54 Signetics MC3023 Motorola 
SN54H54 tTl MC3123 tMotorola 
SN74H54 TI DM54H51 t National 

4-Wide 2-lnput AND-OR-Invert Gate, Expandable DM74H51 National 
TIL 5453 t Fairchild IlPB74H51 NEC America 

7453 Fairchild 54H51 tSignetics 
ZN5453 t Ferranti 74H51 Signetics 
ZN7453 Ferranti 10 SN54H51 tn 

. HD7453 Hitachi SN74H51 TI 
M53253 Mitsubishi 

TIL-S 54S51 t Fairchild MC5453 t Motorola 
74S51 Fairchild MC7453 Motorola 
HD74S51 Hitachi DM5453 t National 
M5S051 Mitsubishi DM7453 National 

p.PB7453 NEC America DM74S51 National 

5453 t Signetics 54S51 tSignetics 

7453· Signetics 74S51 Signetics 

SN5453 tTl 20 SN54S51 tTl 
SN7453 TI SN74S51 TI 

2-2-2-3-lnput AND-OR-Invert Gate, Expandable TIL-LS 9LS51C Fairchild 
TIL-H 54H53 t Fairchild 9LS51M t Fairchild 

74H53 Fairchild 54LS51 tFairchild 
MC3032 Motorola 74LS51 Fairchild 
MC3132 tMotorola HD74LS51 Hitachi 
DM54H53 t National SN54LS51 t Motorola 
DM74H53 National SN74LS51 Motorola 
54H53 t Signetics DM54LS51 tNational 
74H53 Signetics 30 DM74LS51 National 
SN54H53 tTl IlPB74LS51 NEC America 
SN74H53 TI 9LS51C Raytheon 

4-2-3-2-lnput AND-OR-Invert Gate 9LS51M t Raytheon 
TIL-S 54S64 tFairchild 54LS51 t Raytheon 

74S64 t Fairchild 74LS51 Raytheon 
HD74S64 Hitachi 54LS51 t Signetics 
DM74S64 National 74LS51 Signetics 
54S64 t Signetics SN54LS51 tTl 
74S64 t Signetics SN74LS51 TI 
SN54S64 TI 40 
SN74S64 TI 2-Wide, 4-lnput AND-OR-Invert Gate 

TIL-LS 9LS55C Fairchild 
4-2-3:2-lnput AND-OR-Invert Gate, Open Collector 9LS55M t Fairchild 

TIL-S 54S65 t Fairchild 54LS55 t Fairchild 
74S65 t Fairchild 74LS55 Fairchild 
HD74S65 Hitachi 

HD74LS55 Hitachi 
DM74S65 National 

SN54LS55 t Motorola 
54S65 t Signelics 

SN74LS55 Motorola 
74S65 Signetics 

DM54LS55 t National SN54S65 tTl 
DM74LS55 National SN74S65 TI 50 
IlPB74LS55 NEC America 

Dual 2-Wide 2-lnput AND-OR-Invert Gate 9LS55C Raytheon 
TIL 5451 t Fairchild 9LS55M t Raytheon 

7451 Fairchild 54LS55 t Raytheon 
ZN7451 Ferranti 74LS55 Raytheon 
ZN5451 t Ferranti 

54LS55 t Signetics 
. HD7451 Hitachi 

74LS55 Signetics 
MC5451 t Motorola 

SN54LS55 tTl MC7451 Motorola 
SN74LS55 TI 

DM5451 t National 
DM7451 National 60 2-Wide, 4-lnput AND-OR-Invert Gate, Expandable 
p.PB7451 NEC America TIL-H 54H55 t Fairchild 
5451 t Signetics 74H55 Fairchild 
7451 Signetics DM54H55 tNational 
SN5451 tTl DM74H55 National 
SN7451 TI 54H55 t Signetics 
TD3451 Toshiba 74H55 Signetics 

TIL-H 54H51 t Fairchild SN54H55 tTl 
(Continued) SN74H55 TI 

t Military Temperature Range (-55' to 125'C) • Typtcal Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Line Function Device Source Line 

Gates, AND-OR I AND-OR-Invert 
(Cont'd.) 

Dual 2-W!de.2-lnput AND-OR-Invert Gate (one gate is 
expandable) 

70 TIL 5450 t Fairchild 
7450 Fairchild 
9005C Fairchild 
9005M t Fairchild 
ZN5450 t Ferranti 140 
ZN7450 Ferranti 
HD7450 Hitachi 
M5352 Mitsubisti 
M53250 Mitsubishi 
MC5450 t Motorola 
MC7450 Motorola 

80 DM5450 t National 
DM7450 National 
DM9OO5C National 
p.PB7450 NEC America 150 
5450 t Signetics 
7450 Signetics 
SN5450 tTl 
SN7450 TI 
TD3450 Toshiba 

TIL-H 54H50 t Fairchild 
74H50 Fairchild 

90 MC3020 Motorola 
MC3120 tMotorola 
DM54H50 t National 160 
DM74H50 National 
54H50 t Signetics 
74H50 Signetics 
SN54H50 tTl 
SN74H50 TI 

Dual 4-lnput Expander (for 54/7423, 5417450, 
54/7453) 

100 TTL 5460 t Fairchild 
7460 Fairchild 
ZN5460 t Ferranti 170 
ZN7460 Ferranti 
HD7460 Hitachi 
M5304 Mitsubishi 
M53260 Mitsubishi 
MC5460 t Motorola 
MC7460 Motorola 
DM5460 tNational 
DM7460 National 

110 IlPB7460 ~C America 
5460 t Signetics 180 
7460 Signetics 
SN5460 tTl 
SN7460 TI 
TD3460 Toshiba 

Dual 4-lnput Extender (for 9005, 9008) 
TIL 9006C Fairchild 

9006M t Fairchild 
DM9006C National 

120 

Gates, Exclusive ORINOR 

Quad 2-lnput Exclusive-OR Gate 
TIL 5486 t Fairchild 190 

7486 Fairchild 
ZN5486 t Ferranti 
ZN7486 Ferranti 
HD7486 Hitachi 
DM74LS386 National 
M53286 Mitsubishi 

130 MC5486 t Motorola 
MC7486 Motorola 
MC7241 Motorola 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source Une Function Device Source line Function Device Source Une 

Gates, Exclusive ORINOR Gates, Exclusive ORINOR Gates, ORINOR (Cont'd.) 
(Cont'd.) (Cont'd.) 

TIL (Cont'd.) 
TIL (Cont'd.) TIL-LS (Cont'd.) 7432 Signetics 

MC8241 t Motorola 9LS136M t Fairchild SN5432 tTl 
DM5486 National 54LS136 Fairchild 70 SN7432 TI 

.... 
Q) 
~ 
CJ) 
as 
:E 

DM7486 National 74LS136 Fairchild 
TIL-LS 9LS32C Fairchild 

flPB7486 NEe America HD74LS136 Hitachi 
9LS32M t Fairchild RC8241 Raytheon SN54LS136 t Motorola 
54LS32 t Fairchild RM8241 t Raytheon SN74LS136 Motorola 
74LS32 Fairchild 5486 t Signetics DM54LS136 t National 
HD74LS32 Hitachi 140 7486 Signetics DM74LS136 National 
SN54LS32 t Motorola N8241 Signetics 10 9LS136C Raytheon 

lao 

SN74LS32 Motorola 

I 
I 

S8241 t Signetics 

I 
9LS136M t Raytheon 

DM54LS32 tNationai SN5486 tTl 54LS136 t Raytheon 
National 

I 
SN7486 TI 74LS136 Raytheon DM74LS32 

TD3486 Toshiba 54LS136 t Signetics I )!PB74LS32 NEG America I I 
74LS136 Signetics 9LS32C Raytheon 

TIL-LS 9LS86C Fairchild 
9LS32M t Raytheon SN54LS136 tTl 9LS86M t Fairchild 
54LS32 t Raytheon 54LS86 t Fairchild SN74LS136 TI 
74LS32 Raytheon 74LS86 Fairchild TIL-S DM74S136 National 
54LS32 t Signetics 150 HD74LS86 Hitachi 

Quad 2-lnput Exclusive NOR Gate 74LS32 Signetics HD74LS386 Hitachi 20 
SN54LS86 t Motorola 

TIL-H MC3022 Motorola SN54LS32 tTl 

SN74LS86 Motorola 
MC3122 t Motorola SN74LS32 TI 

SN54LS386 t Motorola Quad 2-lnput Exclusive NOR Gate, Open Collector TIL-S 54S32 t Fairchild 
SN74LS386 Motorola TIL 9386C Fairchild 90 74S32 Fairchild 
DM54LS86 t National 9386M t Fairchild 54S32 t Signetics 
DM74LS86 National MC7242 Motorola 74S32 Signetics 
DM54LS386 t National MC8242 t Motorola SN54S32 tTl 
DM74LS386 National RC8242 Raytheon SN74S32 TI 
)!PB74LS86 NEG America RM8242 t Raytheon 

2-2-2-4 Input NOR Gate 160 9LS86C Raytheon 30 N8242 Signetics 
9LS86M t Raytheon S8242 t Signetics TIL 9015C Fairchild 

54LS86 t Raytheon 9015M t Fairchild 
TIL-LS 9LS266C Fairchild 

74LS86 Raytheon 9LS266M t Fairchild Dual 4-lnput NOR Gate, with Strobe 
9LS386C Raytheon 

54LS266 t ~airchild 100 TIL 5425 t Fairchild 
9LS386M t Raytheon 

74LS266 Fairchild 7425 Fairchild 
54LS386 t Raytheon 

SN54LS266 t Motorola ZN5425 t Ferranti 
74LS386 Raytheon 

SN74LS266 Motorola HD7425 Hitachi 
54LS86 t Signetics 

DM54LS266 t National ZN7425 Ferranti 
74LS86 Signetics 

DM74LS266 National M53225 Mitsubishi 
54LS386 t Signetics 40 9LS266C Raytheon MC5425 t Motorola 170 
74LS386 Signetics 

9LS266M tRaytheon MC7425 Motorola SN54LS86 tTl 54LS266 t Raytheon DM5425 t National SN74LS86 TI 
74LS266 Raytheon DM7425 National SN54LS386 tTl 54LS266 t Signetics 110 7425 Signetics SN74LS386 TI 
74LS266 Signetics SN5425 tTl 

TIL-H MC3021 Motorola SN54LS266 tTl SN7425 TI 
MC3121 t Motorola SN74LS266 TI 

Dual 4-lnput NOR Gate, with Strobe, Expandable (see 
TIL-S 54S86 t Fairchild TIL-S N82S42 Signetics 5417460 Expander) 

74S86 Fairchild 
Quad 2-lnput ORINOR Gate TIL 5423 tFairchild 

HD74S86 Hitachi 50 
TIL-S 54S135 t Fairchild 7423 Fairchild 180 

DM74S86 National 
74S135 Fairchild HD7423 Hitachi 

N82S41 Signetics 
HD74S135 Hitachi MC5423 t Motorola 

54S86 t Signetics 
DM74S135 National MC7423 Motorola 

74S86 Signetics 
74S135 Signetics 120 DM5423 t National SN54S86 tTl 
SN54S135 tTl DM7423 National SN74S86 TI 
SN74S135 TI 7423 Signetics 

Quad 2-lnput Exclusive OR Gate (two of the outputs SN5423 tTl 
are complemented) Gates, ORINOR SN7423 TI 

TIL 9014C Fairchild 
9014M t Fairchild 60 Quad 2-lnput OR Gate Dual 5-lnput NOR Gate 

TIL 5432 t Fairchild TIL-LS 9LS260C Fairchild 190 
Quad 2-lnput Exclusive-OR Gate, Open Collector 

7432 Fairchild 9LS260M t Fairchild 
TIL HD74136 Hitachi 

ZN5432 t Ferranti 54LS260 t Fairchild 
MC54136 t Motorola ZN7432 Ferranti 74LS260 Fairchild 
MC74136 Motorola 

HD7432 Hitachi SN54LS260 t Motorola 
SN54136 tTl DM5432 t National SN74LS260 Motorola 
SN74136 TI 

DM7432 National 130 54LS260A t Signetics 
TIL-LS 9LS136C Fairchild 5432 t Signetics 74LS260A Signetics 

(Continued) (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function Device Source Une Function Device Source 

Gates, ORINOR (Cont'd.) Gates, ORINOR (Cont'd.) 

Dual 5-lnput NOR Gate (Cont'd.) TIL-LS (Cont'd.) 
TIL-S DM74S260 National SN54LS02 t Motorola 

54S260 t Signetics SN74LS02 Motorola 
74S260 Signetics SN54LS28 t Motorola 
SN54S260 tTl SN74LS28 Motorola 
SN74S260 TI DM54LS02 t National 

Triple 3-lnput NOR Gate DM74LS02 National 
TIL 5427 t Fairchild jlPB74LS02 NEG America. 

7427 Fairchild 9LS02C Raytheon 
ZN5427 t Ferranti 10 9LS02M t Raytheon 
lN7427 Ferranti 54LS02 t Raytheon 
HD7427 Hitachi 74LS02 Raytheon 
M53227 Mitsubishi 
MC5427 t Motorola 

9LS28C Raytheon 

MC7427 Motorola 9LS28M t Raytheon 

DM5427 t National 54LS28 t Raytheon 

DM7427 National 74LS28 Raytheon 

5427 t Signetics 54LS02 t Signetics 

7427 Signetics 74LS02 Signetics 

SN5427 tTl 20 54LS28 t Signetics 
SN7427 TI 74LS28 Signetics 

TIL-LS 9LS27C Fairchild SN54LS02 tTl 

9LS27M t Fairchild SN74LS02 TI 

54LS27 t Fairchild SN54LS28 tTl 

74LS27 Fairchild SN74LS28 TI 

HD74LS27 Hitachi TIL-S 54S02 t Fairchild 
SN54LS27 t Motorola 

74S02 Fairchild 
SN74LS27 Motorola 

HD74S02 Hitachi 
DM54LS27 t National 
DM74LS27 National 30 DM74S02 National 

IlPB74LS27 NEG America 54S02 t Signetics 

9LS27C Raytheon 74S02 Signetics 

9LS27M t Raytheon SN54S02 tTl 

54LS27 t Raytheon SN74S02 TI 

74LS27 Raytheon Quad 2-lnput NOR Buffer, Open Collector 
54LS27 t Signetics TIL 5433 t Signetics 
74LS27 Signetics 

7433 Signetics 
SN54LS27 tTl 

SN5433 SN74LS27 TI tTl 
SN7433 TI 

Quad 2-lnput NOR Gate (5417428 devices are also 40 
buffers) TIL-LS 9LS33C Fairchild 

TIL 5402 t Fairchild 54LS33 t Fairchild 

7402 Fairchild 74LS33 Fairchild 

ZN5428 t Ferranti SN54LS33 t Motorola 
ZN7428 Ferranti SN74LS33 Motorola 
HD7402 Hitachi 9LS33C Raytheon 
M53202 Mitsubishi 9LS33M t Raytheon 
MC5402 t Motorola 54LS33 t Raytheon 
MC7402 Motorola 74LS33 Raytheon 
DM5402 t National 50 54LS33 t Signetics 
DM7402 National 
IlPB7402 NEG America 

74LS33 Signetics 

5402 t Signetics 
SN54LS33 tTl 

7402 Signetics SN74LS33 TI 

5428 t Signetics Quad 2-lnput OR Gate 
7428 Signetics TIL-H MC3003 Motorola 
SN5402 tTl MC31 03 t Motorola 
SN7402 TI 
SN5428 tTl Quad 2-lnput NOR Gate 

SN7428 TI 60 TIL-H MC3002 Motorola 

TD3402 Toshiba MC3102 t Motorola 

HL-LS 9LS02C Fairchild 
9LS02M t Fairchild 

Gates, Miscellaneous 

54LS02 t Fairchild 
74LS02 Fairchild 

Quad Inverter and Dual 2-lnput NAND Gate 
TIL DM7090 t National 

9LS28C Fairchild DM8090 National 
74LS28 Fairchild 
HD74LS02 Hitachi Dual Majority Logic Gate 

(Continued) TIL· MC4062 Motorola 

t Military Temperature Range (-55' to 125'C) * Typical Values 
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MASTER SELECTION GUIDE 

Line Function Device Source Line 

Latches 

70 8-bit Addressable Latch, with Clear 
TIL 9334C AMD 

9334M tAMD 
SN54259 tAMD 
SN74259 AMD 
9334C Fairchild 
9334M t Fairchild 
DM8334 National 
DM9334 tNational 
N9334 Signetics 140 
S9334 t Signetics 

80 SN54259 tTl 
SN74259 TI 

TIL-LS 9LS259C F~rchild 
9LS259M t Fairchild 
54LS259 t Fairchild 
74LS259 Fairchild 
SN54LS259 tMotorola 
SN74LS259 Motorola 
SN54LS259 tTl 150 
SN74LS259 TI 

90 Dual 4-bit Addressable Latch 
TIL-LS 54LS256 t Fairchild 

74LS256 Fairchild 
SN54LS256 tMotorola 
SN74LS256 Motorola 

8-bit Latch, Three-State (input and output through the 
same pins) 

TIL DM7553 t National 
DM8553 National 160 

8-bit Latch, Transparent, D Type, Three-State 

100 TIL-LS AM25LS373C AMD 
AM25LS373M tAMD 
SN54LS373 tAMD 
SN74LS373 AMD 
54LS373 tFairchild 
74LS373 Fairchild 
54LS373 tMMI (505) 
74LS373 MMI (505) 
SN54LS373 t Motorola 170 
SN74LS373 Motorola 
SN54LS573 t Motorola 
SN74LS573 Motorola 

110 9LS373C 
, 

Raytheon (543) 
9LS373M tRaytheon (543) 
25LS373C Raytheon (543) 
25LS373M t Raytheon (543) 
54LS373 t Raytheon (543) 
74LS373 Raytheon (543) 
74LS363 Signetics 180 
74LS373 Signetics 
SN54LS363 tTl 
SN74LS363 TI 
SN54LS373 tTl 

120 SN74LS373 TI 

TIL-S SN54S373 tAMD 
SN74S373 AMD 
545373 tMMI (505) 
745373 MMI (505) 
57S373 tMMI (505) 190 
67S373 MMI (505) 
SN54S373 tTl 
SN74S373 TI· 
SN54S412 tTl 
SN74S412 TI 

8-bit Latch, Transparent, D-Type, Inverting Three-State 
TIL -LS SN54LS533 tAMD 

SN74LS533 AMD 
130 (Continued) 
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DIGITAL-TTL (Cont'd) 

Function Device Source 

Latches (Cont'd.) 

TIL-LS 
57LS380 
67LS380 

tMMI 
MMI 

(Cont'd.) 
(505) 
(505) 

TIL -S SN54S533 
SN74S533 
57S38O 
67S380 
57S382 
67S382 

tAMD 
AMD 

tMMI 
MMI 

tMMI 
MMI 

1

6-blt Latch (independent 2 and 4-bit) 
TIL -S 3404 Intel 

Dual 4-bit Latch 
TIL MC54100 t Motorola 

I MC74100 MotoiOla 
54100 t Signetics 
741 00 Signetics 
SN541 00 tTl 
SN74100 TI 

Dual 4-bit Latch with Clear 
TIL 9308C 

9308M 
9308C 
9308M 
54116 
74116 
MC8308 
MC9308 
)lPB9308 
RM9308 
RC9308 
54116 
74116 
N9308 
S9308 
SN29308 
SN39308 
SN54116 
SN74116 

Quad Multifunction Latch 
TIL 9314C 

9314M 
9314C 
9314M 
MC8314 
MC9314 
N9314 
S9314 

Quad Bistable Latch, Single Output 
TIL 5477 

7477 
MC5477 
MC7477 
5477 
7477 
SN5477 

TIL-LS 54LS77 
74LS77 
SN54LS377 
SN74LS377 
DM74LS77 
9LS77C 
9LS77M 
54LS77 
74LS77 
SN54LS77 
SN74LS77 

AMD 
tAMD 

Fairchild 
t Fairchild 
tFairchild 

Fairchild 
Motorola 

t Motorola 
NEG America 

t Raytheon 
Raytheon 

t Signetics 
Signetics 
Signetics 

t Signetics 
TI 

tTl 
tTl 

TI 

AMD 
tAMD 

Fairchild 
tFairch]d 

Motorola 
t Motorola 

Signetics 
t Signetics 

t Fairchild 
Fairchild 

t Motorola 
Motorola 

t Signetics 
Signetics 

tTl 

t Fairchild 
Fairchild 

t Motorola 
Motorola 
National 
Raytheon 

t Raytheon 
t Raytheon 

Raytheon 
tTl 

TI 

t Military Temperature Range (-55' to 125'C) 

448 

(505) 
(505) 
(505) 
(505) 

Line Function Device Source 

10 

20 

30 

40 

50 

60 

Latches (Cont'd.) 

Quad Bistable Latch, Complementary Outputs 
TIL 5474 t Fairchild 

7474 Fairchild 
5475 t Fairchild 
7475 Fairchild 
ZN5474 t Ferranti 
ZN7475 
HD7475 
M53275 
MC5475 
MC7475 
DM5475 
DM7475 
5474 
7474 
5475 
7475 
SN5474 
SN7475 
TD3475 

TIL-LS 54LS75 
74LS75 
54LS375 
74LS375 
SN54LS75 
SN74LS75 
SN54LS375 
SN74LS375 
DM54LS75 
DM74LS75 
IIPB74LS375 
9LS75C 
9LS75M 
54LS75 
74LS75 

I 54LS75 
74LS75 
54LS375 
74LS375 
SN54LS75 
SN74LS75 
SN54LS375 
SN74LS375 

Quad Set-Reset Latch 
TIL 54279 

74279 
HD74279 
54279 
74279 
SN54279 
SN74279 

TIL-LS 9LS279C 
9LS279M 
54LS279 
74LS279 
SN54LS279 
SN74LS279 
DM54LS279 
DM74LS279 
IIPB74LS279 
9LS279C 
9LS279M 
54LS279 
74LS279 
54LS279 
74LS279 
SN54LS279 
SN74LS279 

Ferranti 
Hitachi 
Mttsubishi 

tMotorola 
Motorola 

tNational 
National 

t Signetics 
Signetics 

t Signetics 
Signetics 

tTl 
TI 
Toshiba 

t Fairchild 
Fairchild 

t Fairchild 
Fairchild 

t Motorola 
Motorola 

tMotorola 
Motorola 

t National 
National 
NEG America 
Raytheon 

t Raytheon 
t Raytheon 

Raytheon 
t Signetics 

Signetics 
t Signetics 

Signetics 
tTl 

TI 
tTl 

TI 

t Fairchild 
Fairchild 
Hitachi 

t Signetics 
Signetics 

tTl 
TI 

Fairchild 
t Fairchild 
t Fairchild 

Fairchild 
t Motorola 

Motorola 
t National 

National 
NEG America 
Raytheon 

t Raytheon 
t Raytheon 

Raytheon 
t Signetics 

Signetics 
tTl 

TI 

• Typical Values 

Line Function Device Source 

Latches (Cont'd.) 

Hex Set-Reset Latch (Common Reset) 
TIL ZN54118 t Ferranti 

ZN74118 Ferranti 
70 ZN54119 t Ferranti 

ZN74119 Ferranti 

Memories 

For additional information on these and larger TIL 
compatible memories, see the Master Selection 
Guide-Memory section 

8-M Multiport Register (RAM with simultaneous 
Read/Write) 

TIL 933Se AMD 
9338M tAMD 
9338C Fairchild 
9338M t Fairchild 

Octal Storage Register (two stage, 4-bit wide shift 
register) • 

TIL -LS SN54LS396 tTl 
SN74LS396 TI 

Dual Rank 8-bit Shift Register (8-Bit 110 Buffer, "D" 
Register, and Serial "8" Register) 

90 TIL-LS DM76LS52 t National 
DM86LS52 National 
DM76LS62 t National 
DM86LS62 National 

16-bit Active Element Memory 
TIL 93407C 

93407M 
MC4004 
MC4oo5 
MC4304 

100 MC4305 
SN5481 A 
SN7481A 

Fairchild 
t Fairchild 

Motorola 
Motorola 

tMotoroia 
t Motorola 
tTl 

TI 

16-bit Active Element Memory, Gated Write 
TIL M53284 Mitsubishi 

I-IPB7484 NEG America 
SN5484A tTl 
SN7484A TI 

16-bit (4x4) Register File, Simultaneous Read/Write, 

110 Open Collector 
TIL 54170 t Fairchild 

Fairchild 

120 

130 

74170 
ZN54170 
ZN74170 
M53370 
DM74170 
)lPB74170 
54170 
74170 
SN54170 

. SN74170 

. TIL-LS 9LS170C 
9LS170M 
54LS170 
74LS170 
SN54LS170 
SN74LS170 
DM54LS170 
DM74LS170 
9LS170C 
9LS170M 
54LS170 
74LS170 
25LS17OC 

t Ferranti 
Ferranti 
Mttsubishi 
National 
NEG America 

t Signetics 
Signetics 

tTl 
TI 

Fairchild 
t Fairchild 
t Fairchild 

Fairchild 
t Motorola 

Motorola 
t National 

National 
Raytheon 

t Raytheon 
t Raytheon 

Raytheon 
Raytheon 

(Continued) 

line 

140 

150 

160 

170 

180 

190 

Bold face indicates additional data is provided on the page noted. 

Ie MASTER 1919 



DIGITAL-TTL (Cont'd) 

Function Device Source Une Function Device Source 

Memories (Cont'd.) Multiplexers (Cont'd.) 

TIL-LS (Cont'd.) TIL (Cont'd.) 
25LS170M t Raytheon MC8322 Motorola 
54LS170 t Signetics MC9322 tMotorola 
74LS170 Signetics MC54157 tMotorola 
SN54LS170 tTl MC74157 Motorola 
SN74LS170 TI DM8322 National 

16-bit (4x4) Register File, Simultaneous Read/Write, DM9322 t National 

Three-State DM54157 t National 

TIL-LS 9LS67OC Fairchild 10 DM74157 National 

9LS670M t Fairchild IlPB74157 NEG America 

54LS670 0 t Fairchild RC8233 Raytheon 

74LS670 Fairchild 
RM8233 t Raytheon 

SN54LS670 t Motorola 
RC9322 Raytheon 

SN74LS670 Motorola 
RM9322 t Raytheon 

DM54LS670 tNational 
N8233 Signetics 

DM74LS670 National 
S8233 t Signetics 

9LS670C Raytheon 
N9322 Signetics 
54157 t Signetics 

9LS670M t Raytheon 
74157 Signetics 

25LS67OC Raytheon 20 
SN54157 tTl 25LS670M t Raytheon 
SN74157 TI 

54LS670 t Raytheon 
74LS670 Raytheon TIL-LS AM25LS157G AMD 
54LS670 t Signetics AM25LS157M AMD 
74LS670 Signetics SN54LS157 tAMD 
SN54LS670 tTl SN74LS157 AMD 
SN74LS670 TI 9LS157C Fairchild 

9LS157M t Fairchild 
16-bit (8x2) Multipart Register File, Simultaneous 

54LS157 t Fairchild 
Read/Write, Three-State 

74LS157 Fairchild 
TIL SN74172 11 30 

HD74LS157 Hitachi 
TIL-S 0 74S172 Signetics SN54LS157 tMotorola 

32-bit (8x4) Multipart RAM SN74LS157 Motorola 

TIL-S N82S12 Signetics (1678) DM54LS157 t National 

N82S112 Signetics (1678) DM74LS157 National 
IlPB74LS157 NEG America 

64-Bit (16x4) Register File with Latch, Three-State 9LS157C Raytheon 
TIL-S 85S68 MMI 9LS157M t Raytheon 

DM85S68 National 25LS157C Raytheon 

64-Bit (32x2) Simultaneous Read/Write RAM 25LS157M t Raytheon 

TIL-S N82S21 Signetics (1678) 54LS157 t Raytheon 
74LS157 Raytheon 

64-Bit (16x4) Simultaneous Read/Write RAM with 40 54LS157 Signetics 
output register 74LS157 Signetics 

TIL 9410C Fairchild (1893) SN54LS157 tTl 
941 OM t Fairchild (1893) SN74LS157 TI 

64-Bit (16x4) RAM with two output ports TIL-S SN54S157 tAMD 
TIL AM29704C AMD SN74S157 AMD 

AM29704M tAMD 93S22C AMD 
AM29705G AMD 93S22M tAMD 
AM29705M tAMD 54S157 t Fairchild 

80-bit (16x5) First-In/First-Out Memory, Asynchronous, 74S157 Fairchild 
Three-State 50 HD74S157 Hitachi 

TIL-S SN74S225 TI M5S157 Mitsubishi 
DM74S157 National 

Multiplexers 54S157 t Signetics 
74S157 Signetics 

Quad 2-lnput Multiplexer, Non-Inverting SN54S157 tTl 
TIL 9322C AMD SN74S157 TI 

9322M tAMD 
Quad 2-lnput Multiplexer, (Three-State 54/74157) SN54157 tAMD 

TIL DM7123 National SN74157 AMD 
DM8123 t National 9322C Fairchild 

9322M t Fairchild Quad 2-lnput Multiplexer with Storage 
54157 t Fairchild TIL 54298 t Fairchild 
74157 Fairchild 60 74298 Fairchild 
ZN54157 t Ferranti MC54298 °t Motorola 
ZN74157 Ferranti MC74298 Motorola 
HD74157 Hitachi 54298 t Signetics 
M53357 Mitsubishi 74298 Signetics 

(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Une Function Device Source Une 

Multiplexers (Cont'd.) 

TIL (Cont'd.) 
SN54298 tTl 
SN74298 TI 

ffi-LS SN54LS298 tAMD 
SN74LS298 AMD 

70 54LS298 t Fairchild 
74LS298 Fairchild 
SN54LS298 t Motorola 140 
SN74LS298 Motorola 
SN74LS398 Motorola 
SN74LS399 Motorola 
9LS298C Raytheon 
9LS298M t Raytheon 
54LS298 t Raytheon 
74LS298 Raytheon 

80 
SN54LS298 tTl 
SN74LS298 TI 

Quad 2-lnput Digital Multiplexer (Suitable for Driving 150 
Adders, Registers) 

TIL MC7266 Motorola 
MC8266 t Motorola 
RC8266 Raytheon 
RM8266 t Raytheon 
N8266 Signetics 

90 
S8266 t Signetics 

TIL-S N82S66 Signetics 

Quad 2-lnput Multiplexer, Open Collector (for adder, 
register input) 160 

TIL MC7267 Motorola 
MC8267 t Motorola 
RC8267 Raytheon 
RM8267 t Raytheon 
N8267 Signetics 
S8267 t Signetics 

100 
TIL-S N82S67 Signetics 

Quad 2-lnput Multiplexer, Inverting 
TIL M53358 Mitsubishi 

54158 t Signetics 170 
74158 Signetics 

TIL-LS AM25LS158G AMD 
AM25LS158M tAMD 
SN54LS158 tAMD 
SN74LS158 AMD 

110 9LS158C Fairchild 
9LS158M t Fairchild 
54LS158 t Fairchild 
74LS158 Fairchild 
HD74LS158 Hitachi 180 
SN54LS158 t Motorola 
SN74LS158 Motorola 
DM54LS158 t National 
DM74LS158 National 
9LS158C Raytheon 

120 25LS158C Raytheon 
25LS158M t Raytheon 
9LS158M t Raytheon 
54LS158 t Raytheon 
74LS158 Raytheon 190 
54LS158 t Signetics 
74LS158 Signetics 
SN54LS158 ttl 
SN74LS158 TI 

TIL-S SN54S158 tAMD 
130 SN74S1511 AMD 

54S158 t Fairchild 
74S158 Fairchild 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source 

Multiplexers (Cont'd.) 

TIL-S (Cont'd.) 
HD74S158 Hitachi 
M5S158 Mitsubis.~i 

DM74S158 National 
54S158 t Signetics 
74S158 Signetics 
N82S66 Signetics 
SN54S158 tTl 
SN74S158 TI 

Quad 2-lnput Multiplexer, Inverting Three-State 
TIL-LS AM25lS258G AMD 

I 

AM25LS258M tAMD 
SN54LS258 tAMD 
SN74LS258 AMD 
9LS258C Faiichild I 9LS258M t Fairchild 
54LS258 t Fairchild 
74LS258 Fairchild 
HD74LS258 Hitachi 
SN54LS258A t Motorola 
SN74LS258A Motorola 
DM54LS258 t National 
DM74LS258 National 
IlPB74LS258 NEG America 
9LS258C Raytheon 
9LS258M t Raytheon 
25LS258C Raytheon 
25LS258M t Raytheon 
54LS258 t Raytheon 
74LS258 Raytheon 
74LS258 Signetics 
SN54LS258A tTl 
SN74LS258A TI 

TIL-S SN54S258 tAMD 
SN74S258 AMD 
54S258 t Fairchild 
745258 Fairchild 
M5S258 Mitsubishi 
DM745258 National 
54S258 t Signetics 
74S258 Signetics 
SN54S258 tTl 
SN74S258 TI 

Quad 2-lnput Multiplexer, Non-Inverting, Three-State 
TIL-LS AM25lS257C AMD 

AM25LS257M tAMD 
SN54LS257 tAMD 
SN74LS257 AMD 
9LS257C Fairchild 
9LS257M t Fairchild 
54LS257 t Fairchild 
74LS257 Fairchild 
HD74LS257 Hitachi 
SN54LS257A t Motorola 
SN74LS257A Motorola 
DM54LS257 t National 
DM74LS257 National 
IlPB74LS57 NEG America 
9LS257C Raytheon 
9LS257M t Raytheon 
25LS257C Raytheon 
25LS257M t Raytheon 
54LS257 t Raytheon 
74LS257 Raytheon 
54LS257 t Signetics 
74LS257 Signetics 
SN54LS257A tTl 
SN74LS257A TI 

(Continued) 

t Military Temperature Range (_55' to 125'C) 

450 

Line Function Device Source Une Function Device Source Une 

Multiplexers (Cont'd.) Multiplexers (Cont'd.) 

Quad 2-lnput Multiplexer, Non-Inverting, Three-State TIL (Cont'd.) 
(Cont'd.) 74153 Fairchild 

TTL-S SN54S257 tAMD 70 ZN54153 t Ferranti 
SN74S257 AMD ZN74153 Ferranti 
54S257 t Fairchild HD74123 Hitachi 
74S257 Fairchild M53353 Mitsubishi 140 
HD74S257 Hitachi MC4000 Motorola 
M5S257 Mitsubishi MC4300 t Motorola 
DM74S257 National MC54153 t Motorola 

10 
74S257 Signetics MC74153 Motorola 
SN54S257 tTl DM54153 t National 
SN74S257 TI DM74153 National 

I I 
Quad 2-lnput Multiplexer, Inverting, Open Collector 80 IlPB74153 NEG America 

TIL RC8234 Raytheon 54153 t Signetics 

RM8234 t Raytheon 74153 Signetics 
1150 1 SN54153 tTl 

N8234 Signetics " 
S8234 t Sig~etics SN74153 TI 

Quad 2-lnput Multiplexer, Conditional Complementing, TIL-LS AM25LS153G AMD 

Open Collector AM25LS153M tAMD 

20 TIL RC8235 Raytheon SN54LS153 tAMD 

RM8235 t Raytheon SN74LS153 AMD 

N8235 Signetics 9LS153C Fairchild 

S8235 t Signetics 90 9LS153M t Fairchild 
54LS153 t Fairchild 

Quad 3-lnput Multiplexer, Conditional Complementing 74LS153 Fairchild 
TIL RC8263 Raytheon HD74LS153 Hitachi 160 

RM8263 t Raytheon SN54LS153 t Motorola 
N8263 Signetics SN74LS153 Motorola 
S8263 t ~ignetics DM54LS153 t National 

30 Quad 3-lnput Multiplexer, Open Collector, Conditional DM74LS153 National 

Complementing, Output Enable IlPB74LS153 NEG America 

TIL RC8264 Raytheon 9LS153C Raytheon 

RM8264 t Raytheon 9LS153M t Raytheon 

N8264 Signetics 100 25LS153C Raytheon 

S8264 Signetics 25LS153M t Raytheon 

Quad 2-lnput Multipiexer with Storage 
54LS153 t Raytheon 170 
74LS153 Raytheon 

TIL-LS AM25LS09C AMD 54LS153 t Signelics 
AM25LS09M tAMD 74LS153 Signetics 
AM25LS399G AMD 

SN54LS153 tTl 
40 AM25LS399M tAMD SN74LS153 TI 

SN54LS399 tAMD 
SN74LS399 AMD TIL-S SN54S153 tAMD 

9LS298C Fairchild SN74S153 AMD 

9LS298M t Fairchild 110 54S153 t Fairchild 

54LS298 t Fairchild 74S153 Fairchild 

74LS298 Fairchild HD74S153 Hitachi 180 

HD74LS298 Hitachi DM74S153 National 
SN54LS298 t Motorola M5S153 Mitsubishi 
SN74LS298 Motorola 54S153 t Signetics 
SN54LS398 t Motorola 74S153 Signetics 

50 SN74LS398 Motorola SN54S153 tTl 
SN54LS399 t Motorola SN74S153 TI 
SN74LS399 Motorola Dual4-lnput Multiplexer (Three-State 54/75153) . 
9LS298C Raytheon 120 TIL DM7214 t National 
9LS298M t Raytheon DM8214 National 
54LS298 t Raytheon 
74LS298 Raytheon Dual4-lnput Multiplexer, Three-State 190 

74LS298 Signetics TIL -LS AM25LS253G AMD 

SN54LS298 tTl AM25LS253M tAMD 

SN74LS298 TI SN54LS253 tAMD 
60 SN54LS398 tTl SN74LS253 AMD 

SN74LS398 TI 9LS253C Fairchild 

SN54LS399 tTl 9LS253M t Fairchild 

SN74LS399 TI 130 54LS253 t Fairchild 
74LS253 Fairchild 

TIL-S AM25S09G AMD HD74lS253 Hitachi 
AM25S09M tAMD SN54LS253 t Motorola 200 

Dual 4-lnput Multiplexer SN74LS253 Motorola 
TIL 54i53 t Fairchild 

I 
DM54LS253 t National 

(Continued) (Continued) 

* Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-nL (Cont'd) 

Function Device Source Une Function Device Source 

Multiplexers (Cont'd.) Multiplexers (Cont'd.) 

TIL-LS (Cont'd.) TIL-LS (Cont'd.) 
DM74LS253 National HD74LS152 Hitachi 
llPB74LS253 NEC America SN54LS152 t Motorola 
9LS253C Raytheon SN74LS152 Motorola 
9LS253M t Raytheon 9LS152C Raytheon 
25LS253C Raytheon 9LS152M t Raytheon 
25LS253M t Raytheon 54LS152 t Raytheon 
54LS253 t Raytheon 74LS152 Raytheon 
74LS253 Raytheon SN54LS152 tTl 
54LS253 t Signetics 10 8-lnput Multiplexer, Complementary Output 
74LS253 Signebcs TIL 9312C AMD 
SN54LS253 tTl 9312M tAMD 
SN74LS253 TI 9312C Fairchild 

TIL-S SN54S253 tAMD 9312M t Fairchild 
SN74S253 AMD MC8312 Motorola 
54S253 t Fairchild MC9312 tMotorola 
74S253 Fairchild DM8312 National 
DM74S253 National DM9312 t National 
54S253 t Signetics /!PB9312 NEC America 
74S253 Signetics 20 RC8230 Raytheon 

Dual 4-lnput Multiplexer, Inverting RC8232 Raytheon 

TIL-LS 54LS352 t Fairchild 
RC9312 Raytheon 

74LS352 Fairchild 
RM8230 t Raytheon 

SN54LS352 t Motorola 
RM8232 t Raytheon 

SN74LS352 Motorola 
RM9312 t Raytheon 

DM54LS352 t National 
N8230 Signetics 

DM74LS352 National 
S8230 t Signetics 

SN54LS352 tTl 
N8232 Signetics 

SN74lS352 TI 
S8232 t Signetics 
N9312 Signetics 

Dual 3-lnput Multiplexer, Inverting, Three-State 30 SN29312 TI 
TIL -LS 54LS353 t Fairchild SN39312 tTl 

74LS353 Fairchild 
TIL-S N82S30 Signetics 

SN54LS353 t Motorola 
SN74LS353 Motorola 

S82S30 t Signetics 

DM54LS353 t National 
N82S31 Signetics 

DM74LS353 National 
S82S31 t Signetics 
N82S32 Signetics 

SN54LS353 tTl S82S32 t Signetics 
SN74LS353 TI 

8-lnput Multiplexer,.Complementary Output, Strobe 
Dual 4-lnput Multiplexer, Complementary Output 

TIL 54151 t Fairchild 
TIL 9309C AMD 40 

74151 Fairchild 
9309M tAMD 

ZN54151 t Ferranti 
9309C Fairchild 

ZN74151 Ferranti 
9309M t Fairchild 

HD74151A Hitachi 
MC8309 Motorola M53351 Mitsubishi 
MC9309 t Motorola MC54151 tMotorola 
DM8309 National MC74151 Motorola 
DM9309 National DM54151A t National 
/!PB9309 NEC America DM74151A National 
N9309 Signetics llPB74151 NEC America 
S9309 t Signetics 50 54151 t Signetics • SN29309 TI 74151 Signebcs 
SN39309 tTl SN54151A tTl 

8-lnput Multiplexer, Inverted Output SN74151A TI 
TTL 54152 t Fairchild TIL-LS AM25LS151C AMD 

74152 Fairchild AM25LS151M tAMD 
MC54152 t Motorola SN54LS151 tAMD 
MC74152 Motorola SN74LS151 AMD 
DM7210 t National 9LS151C Fairchild 
DM7211 t National 9LS151M t Fairchild 
DM821 0 National 60 54LS151 t Fairchild 
DM8211 National 74LS151 Fairchild 
54152 t Signetics HD74LS151A Hitachi 
SN54152A tTl SN54LS151 t Motorola 

TTL-LS 9LS152C Fairchild SN74LS151 Motorola 
9LS1!l'2.M t Fairchild DM54LS151 t National 
54LS152 t Fairchild DM74LS151 National 
74LS152 Fairchild llPB74LS151 NEC America 

(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Une Function Device Source LI1e 

Multiplexers (Cont'd.) 

TIL-LS (Cont'd.) 
9LS151C Raytheon 

70 9LS151M Raytheon 
25LS151C Raytheon 
25LS151M t Raytheon 140 
54LS151 t Raytheon 
74LS151 Raytheon 
54LS151 t Signetics 
74LS151 Signetics 
SN54LS151 tTl 
SN74LS151 TI 

TIL-S SN54S151 tAMD 
80 SN74S151 AMD 

54S151 t Fairchild 
74S151 Fairchild 150 
93S12C Fairchild 
.93S12M t Fairchild 
HD74S151 Hitachi 
M5S151 Mitsubishi 
DM74S151 National 
54S151 t Signebcs 
74S151 Signetics 

90 SN54S151 tTl 
SN74S151 TI 

8-lnput Multiplexer, Complementary Output 160 
(Thr.ee-State 54/74151) 

TIL DM7121 t National 
DM8121 National 

8-lnput Multiplexer, Complementary Output, Open 
Collector 

TIL 9313C Fairchild 

100 
9313M t FairC\1ild 
RC8231 Raytheon 
RM8231 t Raytheon 
N8231 Signetics 170 
S8231 t Signelics 
N9313 Signetics 

8-lnput Multiplexer, Strobe, Complementary Output, 
Three-State 

TIL HD74251 Hitachi 
DM54251 t National 

110 
DM74251 National 
SN54251 tTl 
SN74251 TI 

TIL-LS AM25LS251C AMD 180 
AM25LS251M tAMD 
SN54LS251 tAMD 
SN74LS251 AMD 
9LS251C Fairchild 
9LS251M t Fairchild 
54LS251 t Fairchild 

120 74LS251 Fairchild 
HD74LS251 Hitachi 
SN54LS251 t Motorola 
SN74LS251 Motorola 190 
llPB74LS151 NEC America 
9LS251C Raytheon 
9LS251M t Raytheon 
25LS251C Raytheon 
25LS251M t Raytheon 
54LS251 t Raytheon 

130 74LS251 Raytheon 
54LS251 t Signetics 
SN54LS251 tTl 
SN74LS251 TI 200 

TIL-S SN54S251 tAMD 
SN74S251 AMD 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source Line Function Device Source Une Function Device Source Line 

Multiplexers (Cont'd.) Multivibrators (Cont'd.) Multivibrators (Cont'd.) 

TIL-S (Cont'd.) TIL (Cont'd.) TIL (Cont'd.) 
54S251 t Fairchild OM8601 National 96L02C Fairchild 
74S251 Fairchild OM9601 t National 96L02M t Fairchild 
HD74S251 Hitachi RF8601 Raytheon 9602C Fairchild 
M5S251 Mrtsubishi RF9601 t Raytheon 70 9602M t Fairchild 
DM74S251 National N8T22 Signelics MC8602 Motorola 
54LS251 t Signetics SN29601 TI MC9602 t,Motorola 
74S251 Signetics Retriggerable Monostable Multivibrator, with Reset OM8602 National 140 
SN54S251 tTl 10 TIL 9600C AMD DM9602 t National 
SN74S251 TI 9600M tAMD p.PB9602 NEC America 

8~lnput Multiplexer, InvertinglNon Inverting, Control AM2600C AMD RF8602 Raytheon 
Storage 

I 
AM2600M tAMD RF9602 t Raytheon 

ffi-LS AM25LS2535C AMD 9600C Fairchild 
N9602 Signetics 

AM25LS2535M tAMD I 9600M t Fairchild 
59602 t Signetics 

AM2922C AMD I I Retriggerable Monostable Multivibrator with Clear 80 I 
AM2922M tAMD TIL 54122 t Fairchild TIL-LS 96LS02C Fairchild (472) 

Dual 8-lnput Multiplexer (two 8-to-l sections) 74122 Fairchild 96LS02M tFairchild (4n) 

TIL SN74351 TI ZN54122 t Ferranti TIL-S AM26S02C AMD 

16-lnput Multiplexer, Inverted Output, Strobe 20 ZN74122 Ferranti AM26S02M tAMO 150 

TIL 54150 t Fairchild M53322 Mitsubishi 96S02C Fairchild (472) 

74150 Fairchild MC54122 t Motorola 96S02M t Fairchild (472) 
ZN54150 t Ferranti MC74122 Motorola 

ZN74150 Ferranti 74122 Signetics Dual Retriggerable Monostable Multivibrator with Clear 

H074150 Hitachi SN54122 tTl (AND Triggered) 

M53350 Mitsubishi SN74122 TI 90 TIL AM26123C AMO 

MC54150 tMotorola TIL-LS SN54LS122 tMotorola AM26123M tAMD 

MC74150 Motorola SN74LS122 Motorola SN54123 tAMD 

DM54150 tNational DM54LS122 t National SN74123 AMD 

DM74150 National 30 DM74LS122 National 54123 t Fairchild 
,M'B74150 NEG America 9LS122C Raytheon 74123 Fairchild 160 
54150 t Signetics 9LS122M t Raytheon ZN54123 t Ferranti 
74150 Signetics 54LS122 t Raytheon ZN74123 Ferranti 
SN54150 .tTl 74lS122 Raytheon HD74123 Hitachi 
SN74150 TI SN54LS122 tTl M53323 Mitstilishi 

16-lnput Multiplexer (Three-State 54/74150) SN74LS122 TI 100 MC54123 t Motorola 
TTL DM7219 t National Bidirectional Monostable Multivibrator (lOW level MC74123 Motorola 

DM8219 National Input) DM54123 t National 

10-Input, Quad, 8-to-l Programmable Multiplexer, TIL RC8T20 Raytheon DM74123 National 

Three-State. 40 RM8T20 t Raytheon /lPB74123 NEG America 

TIL 29693C Raytheon N8T20 Signetics 54123 tSignetics 170 
29693M t Raytheon Dual Monostable Multivibrator, Schmitt-Trigger Input 74123 Signelics 

(OuaI54174121) SN54123 tTl 
Multivibrators TIL SN54221 tAMD SN74123 TI 

SN74221 AMD 
Monostable Multivibrator, Schmitt Trigger Input· 

HD74221 Hitachi 110 
TIl-lS AM25LS123G AMO 

TIL 54121 t Fairchild 
74221 Signetics 

AM25LS123M tAMD 
74121 Fairchild 

SN54221 tTl SN54LS123 tAMO 
.lN54121 t Ferranti 

SN74221 TI SN74LS123 AMD 
ZN74121 Ferranti HD74LS123 Hitachi 
HD74121 Hitachi TIl-lS SN54lS221 tMotorola SN54LS123 t Motorola 
M53321 MitsOOishi SN74LS221 Motorola 
MC54121 t Motorola 50 DM54LS221 t National 

SN74LS123 Motorola 180 

MC74121 Motorola DM74LS221 National DM54LS123 t National 

DM54121 t National 9LS221C Raytheon DM74LS123 National 

DM74121 National 9LS221M t Raytheon 9LS123C Raytheon 

54121 t Signetics 54LS221 t Raytheon 120 9LS123M t Raytheon 

74121 Signetics 74lS221 Raytheon 54LS123 tRaytheon 

SN54121 tTl 54lS221 tSignetics 74lS123 Raytheon 
SN74121 Tl 74LS221 . Signetics SN54LS123 tTl 
TD34121 Toshiba SN54LS221 TI SN74LS123 TI 

Retriggerable Monostable Multivibrator SN74LS221 TI 
Dual Monostable Multivibrator (Double-Edge) 

TIL 9601C AMO 60 Dual Retriggerable Monostable Multivibrator with TIL DM7853 t National 190 
9601M tAMD Reset (OR Triggered) OM8853 National 
9601C Fairchild m AM2602C AMO 
9601M t Fairchild AM2602M tAMO Dual Voltage-Controlled Multivibrator ~ 

MC8601 Motorola 9602C AMD 130 TIL l1C24C Fairchild 

MC9601 t Motorola 9602M tAMD MC4024 Motorola 

(Continued) (Continued) MC4324 tMotorola 

t Military Temperature Range ( - 55' to 125'C) * Typical Values 

BoId.face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function Device Source Une Function Device Source 

Shift Registers Shift Registers (Cant'd.) 

4-Bit Parallel Input, Parallel Output Shift Register TIL (Cont'd.) 
TIL 9300C AMD DM5495 t National 

9300M tAMD DM7495 .National 
SN54195 tAMD 5495A t Signetics 
SN74195 AMD 7495A Signetics 
9300C Fairchild SN5495A tTl 
9300M t Fairchild SN7495A TI 
54195 t Fairchild TD3495 Toshiba 
74195 Fairchild 
HD74195 Hitachi TIL-LS 9LS95C Fairchild 

MC8300 Motorola 10 9LS95M t Fairchild 

MC9300 tMotorola 54LS95B t Fairchild 

MC54195 t Motorola 74LS95B Fairchild 
MC74195 Motorola HD74LS95B Hitachi 
DM8300 National SN54LS95B tMotorola 
DM9300 t National SN74L:"'5B Motorola 
DM54195 t National 9LS95BC Raytheon 
DM74195 National 9LS95BM t Raytheon 
flPB74195 NEG America 54LS95B t Raytheon 
RC9300 Raytheon 74LS95B Raytheon 
RM9300 t Raytheon 20 74LS95B Signetics 
54195 t Signetics SN54lS95B tTl 
74195 Signetics SN74LS95B TI 
N9300 Signetics 
S9300 t Signetics 4-bit Universal Bidirectional Shift Register 

SN54195 tTl TIL SN54194 tAMD 

SN74195 TI SN74194 AMD 
54194 t Fairchild 

TIL-LS AM25LS195AG AMD 
74194 Fairchild 

AM25LS195AM tAMD 
SN54LS195A tAMD 

ZN54194 t Ferranti 

SN7AlS195A AMD 30 
ZN74194 Ferranti 

9LS195C Fairchild HD74194 Hitachi 

.9LS195M t Fairchild MC54194 tMotorola 
MC74194 Motorola 54LS195 t Fairchild 

74LS195 Fairchild DM54194 tNational 

HD74LS195A Hitachi DM74194 National 

SN54LS195A t Motorola 54194 t Signetics 

SN74LS195A Motorola 74194 Signetics 

flPB74LS195 NEC America ·SN54194 tTl 
9lS195AC Raytheon SN74194 TI 
9LS195AM t Raytheon 40 TIL-LS AM25LS194AG AMD 
25lS195AC Raytheon AM25LS194AM tAMD 

. 25LS195AM t Raytheon SN54LS194A tAMD 
54LS195A t Raytheon SN74LS194A AMD 
74LS195A Raytheon 

9LS194C Fairchild 
54LS195A t Signetics 

9LS194M t Fairchild 
74LS195A Signetics 
SN54LS195A tTl 

54LS194A t FairChild 

SN74LS195A TI 74LS194A Fairchild 
HD74LS194A Hitachi 

TIL-S SN54S195 tAMD SN54LS194A t Motorola 
SN74S195 . AMD 50 SN74LS194A Motorola 
93S00C Fairchild flPB74LS194 NEG America 
93SooM t Fairchild 9LS194AG Raytheon 
DM74S195 National j 9LS194AM t Raytheon 
74S195 Signetics 

25LS194AC Raytheon 
SN54S195 tTl 

25LS194AM t Raytheon 
SN74S195 TI 

54lS194A t Raytheon 
4-bit Parallel-In, Parallel Out, Right/Left Shift Register 74LS194A Raytheon 

TIL 5495 t Fain::hild 74LS194A Signetics 
7495 Fairchild SN54LS194A tTl 
ZN5495A t Ferranti 60 SN74LS194A TI 
ZN7495A Ferranti 
HD2534 Hitachi TIL-S SN54S194 tAMD 

M5395 Mitsubishi SN74S194 AMD 

M53295 Mitsubishi 54S194 t Fairchild 

MC4012 Motorola 74S194 Fairchild 

MC4312 t Motorola DM74S194 National 
MC5495A t Motorola 74S194 Signetics 
MC7495A Motorola SN54S194 tTl 

(Continued) SN74S194 TI 

t Military Temperature Range ( -55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE· 

Line Function Device Source Une 

Shift Registers (Cant'd.) 

4-bit Parallel In, Parallel Out, Right/Left Shift Register, 
70 Three-State 

TIL-LS 9LS295C Fairchild 
9LS295M t Fairchild 
54LS295 t Fairchild 140 
74LS295 Fairchild 
SN54lS295A t Motorola 
SN74lS295A Motorola 
flPB74LS295 NEG America 
9LS295AC Raytheon 
9lS295AM t Raytheon 
54LS295A t Raytheon 

80 74LS295A Raytheon 
74LS295B Signetics 
SN54LS295B tTl 150 
SN74LS295B TI 

4-bit Parallel-In, Parallel-Out, Cascadable Shift 
Register, Three-State 

TIL-LS 9LS395C Fairchild 
54LS395 t Fairchild 
74LS395 Fairchild 
SN54LS395A t Motorola 

90 SN74LS395A Motorola 
flPB74LS395 NEG America 
9LS395AC Raytheon (557) 160 
9LS395AM t Raytheon (557) 
54LS395A t Raytheon (557) 
74LS395A Raytheon (557) 
54LS395 t Signetics 
74LS395 Signetics 
SN54lS395A tTl 
SN74LS395A TI 

100 4-bit Parallel-In, Parallel Out, Shift Register, (with load, 
shift, hold control) 

TIL 54178 t Fairchild 170 
74178 Fairchild 
MC7270 Motorola 
MC8270 t Motorola 
RCB270 Raytheon 
RM8270 t Raytheon 
S8270 t Signetics 
N8270 Signetics 
SN54178 tTl 

110 SN74178 TI 

TIL-S 74S178 Signetics 180 
N82S70 Signetics 

4-bit Parallel-In, Parallel Out, Shift Register, with 
Reset, Complementary Output for last bit 

TIL 54179 t Fairchild 
74179 Fairchild 
MC7271 Motorola 
MC8271 t Motorola 
RC8271 Raytheon 

120 RM8271 t Raytheon 
N8271 Signetics 190 
S8271 t Signetics 
SN54179 tTl 
SN74179 TI 

TIL-S 74S179 Signetics 
N82S71 Signetics 

4-bit Parallel-In, Serial-Out, Shift Register 
TIL 5494 t Fairchild 

7494 Fairchild 
130 ZN5494 t Ferranti 

ZN7494 Ferranti 200 
MC5494 t Motorola 
MC7494 Motorola 
5494 t Signetics 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source Una Function Device Source Una Function Device Source Una 

Shift Registers (Cont'd.) Shift Registers (Cont'd.) Shift Registers (Cont'd.) 

TTL (Coot'd.) TTL-LS (Coot'd.) m (Coot' d.) 
7494 Signetics 54LS323 tMMI ZN54164 tFerranli 
SN5494 tTi 74LS323 MMI ZN74164 Ferranti 
SN7494 TI SN54LS299 t Motorola 70 HD74164 Hitachi 

5-bit Parallel-In. Parallel-Out. Shift Register 
SN74LS299 Motorola M53364 Mitsubishi 
SN54LS323 tMotorola DM7570 tNational 

TTL 5496 t Fairchild 
SN74LS323 Motorola DM8570 National 140 

7496 Fairchild 
9LS299C Raytfleon (533) DM54164 t National 

ZN5496 t Ferranti 
9LS299M tRaytheon (533) DM74164 National 

ZN7496 Ferranti 
25LS23C Raytheon /lPB74164 NEG America 

HD7496 Hitachi 10 
25LS23M t Raytheon 54164 tSignetics 

M53296 Mitsubishi 
25LS299C Raytheon (533) 74164 Signetics 

MC5496 tMotorola 
25LS299M tRaytheon (533) SN54164 ttl 

MC7496 Motorola 
54LS299 tRaytheon (533) 80 SN74164 TI 

DM5496 t National 
74lS299 Raytheon (533) TD3503 Toshiba 

DM7496 National I 9LS323C Raytheon (540) 
5496 t Signelics TTL-LS AM25LSl64G AMD 

7496 Signetics 
9LS323M t Raytfleon (540) AM25lS164M AMD 150 

SN5496 ttl 
54LS323 t Raytfleon (540) SN54LSl64 . tAMD 

TI 
74lS323 . Raytheon (540) SN74LSl64 AMD SN7496 SN54LS299 ttl 54LSl64 t Fairchild 

TTL-LS 54LS96 t Signetics 20 SN74LS299 n 74LSl64 Fairchild 
74LS96 Signetics· SN54LS323 ttl HD74LSl64 Hitachi 
SN54LS96 ttl SN74LS323 TI SN54LSl64 t Motorola 
SN74LS96 TI TTL-S SN54S299 ttl 90 SN74LSl64 Motorola 

5-bit Right/Left Shift Register with Clear SN74S299 TI DM54LSl64 t National 

TTL M54403 Mitsubishi 8-bit Parallel-In. Serial-Out Shift Register. 
DM74LSl64 National 
/lPB74LSl64 NEG America 160 

8-bit Parallel-In. Parallel-Out. Unidirectional Shift Complementary Output 
9LSl64C Raytheon 

Register TTL 54165 t Fairchild 
9LSl64M t Raytheon 

TTL 54199 t Fairchild 74165 Fairchild 
54LSl64 t Raytheon 

74199 Fairchild ZN54165 t Ferranti 74LSl64 Raytheon 
HD74199 Hitachi 30 ZN74165 Ferranti 

54LSl64 t5qle1ics 
M53399 Mitsubishi M53365 MitslIlishi 74LSl64 Siglelics 
DM54199 t National MC54165 t Motorola SN54LSl64 ttl 
DM74199 National MC74165 Motorola 100 

SN74LSl64 TI 
54199 tSignetics DM54165 tNational 
74199 Signetics DM74165 National 8-bit Serial-In. Serial-Out Shift Register 

SN54199 ttl 54165 tSignetics TTL 5491 t Fairchild 170 

SN74199 TI 74165 Sigletics 7491 Fairctild 

SN54165 ttl ZN5491 t Ferranti 
8-bit Parallel-In. Parallel-Out. Right/Left Shift Register 

SN74165 TI ZN7491 Ferranti 
m 54198 t Fairchild HD7491A Hitachi 

74198 Fairchild 40 TTL-LS 74LS165 Fairchild M5391 Mitstbishi 
HD74198 Hitachi SN54LS165 t Motorola M53291 Mitstbshi 
M53398 Mitsubishi SN74LS165 Motorola MC5491 tMotorola 
DM54198 tNational SN54LS165 ttl 110 MC7491 Motorola 
DM74198 National SN74LS165 TI DM5491A tNational 
/lPB74198 NEG America 8-bit Parallel-In. Serial-Out Shift Register with Clear DM7491A National 180 
54198 t Signetics TTL 54166 t Fairchild j.LPB7491 NEG America 
74198 Signetics 74166 Fairchild N8276 Signetics 
SN54198 ttl ZN54166 t Ferranti 5491 t Signetics 
SN74198 TI ZN74166 Ferranti 7491 Signetics 

8-bit Universal Shift Register. Three-State 50 HD74166 Hitachi SN5491 A ttl 

TTL DM7546 t National M53366 Mitsubishi SN7491A TI 

DM8546 National DM54166 t National • TD3491 Toshiba 
DM74166 National 120 TTL-LS 9LS91C Raytheon TTL-LS AM25LS23C AMD 54166 t Signetics 

AM25LS23M tAMD 9LS91M t Raytheon 
74166 Signetics 54LS91 t Raytheon 190 AM25LS299G AMD SN54166 ttl 74LS91 Raytheon AM25LS299M tAMD SN74166 TI 

SN54LS299 tAMD SN54LS91 ttl 

SN74LS299 AMD TTL-LS SN54LSl66 t Motorola SN74LS91 TI 

SN54LS323 tAMD SN74LSl66 Motorola 8-bit Serial/Parallel-In Register with Sign Extend (for 
SN74LS323 AMD 60 SN54LSl66 ttl use with 25LS14174LS384 Multiplier) 
54LS299 tFairchiid SN74LSl66 TI TTL-LS AM25LS22C AMD 
74LS299 Fairchifd 8-bit Gated Serial-In. Parallel-Out Shift Register AM25LS22M tAMD 
54LS323 t Fairchild m SN54164 tAMD 130 SN54LS322 tAMD 
74LS323 Fairchild SN74164 AMD SN74LS322 AMD 
54LS299 tMMt 54164 tFairchild 25LS22C Raytheon 200 
74LS299 MMI 74164 Fairchild 25LS22M t Raytheon 

(Continued) (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function Device Source Line 

Shift Registers (Cont'd.) 

TIL-LS (Cont'd.) 
54LS322 tMMI 
74LS322 MMI 
SN54LS322 t Motorola 
SN74LS322 Motorola 
9LS322C Raytheon (537) 
9LS322M t Raytheon (537) 
54LS322 t Raytheon (537) 
74LS322 Raytheon (537) . 10 
SN54LS322A tTl 
SN74LS322A TI 

Octal Storage Register, two stage 4-bit wide shift 
register 

TIL-LS SN54LS396 tTl 
SN74LS396 TI 

Dual Rank 8-bit Shift Register (8-bit I/O buffer, "A" 
register, and serial "8" register) 

TIL-LS DM76LS52 t National 
DM86LS52 National 20 
DM76LS62 t National 
DM86LS62 National 

10-bit Parallel-In, Parallel-Out Buffer Register, with 
Reset (clocked flip-flops) 

TIL RC8202 Raytheon 
RM8202 t Raytheon 
N8202 Signetics 
S8202 t Signetics 

-10-bit Parallel-In, Parallel-Out Buffer Register, with 
Reset, Inverting Output (clocked flip-flops) 30 

TIL RC8203 Raytheon 
RM8203 t Raytheon 
N8203 Signetics 
S8203 t Signetics 

10-bit Parallel-In, Serial-Out Shift Register 
TIL RC8274 Raytheon 

RM8274 t Raytheon 
N8274 Signetics 
S8274 Signetics 

10-oit Serial-In, Parallel-Out Shift Register 40 
TIL RC8273 Raytheon 

RM8273 t Raytheon 
N8273 Signetics 
S8273 t Signetics 

Dual 5-bit Parallel-In, Parallel-Out Buffer Register, 
(clocked flip-flops) 

TIL RC8200 Raytheon 
RM8200 t Raytheon 
N8200 Signetics 
S8200 t Signetics 50 

Dual 5-bit Parallel-In, Parallel-Out, Buffer Register, 
Inverting Output (clocked flip-flops) 

TIL RC8201 Raytheon 
RM8201 t Raytheon 
N8201 Signetics 
88201 t Signetics 

Dual 8-bit Serial-In, Serial-Out, Shift Register 
TIL 9328C AMD 

9328M tAMD 
9328C Fairchild 60 
9328M t Fairchild 
MC8328 Motorola 
MC9328 t Motorola 
RC8277 Raytheon 
RM8277 t Raytheon 
N8277 Signetics 

t Military Temperature Range (-55' to 125'C) 

Ie MASTER 1979 

Function Device Source 

Shift Registers (Cont'd.) 

16-bit Serial-In, Serial-Out Register plus Stored 
Parallel Output 

TIL-LS SN54LS673 tTl 
SN74LS673 TI 

16-bit Parallel-In, Serial-Out Shift Register 
TIL -LS SN54LS674 tTl 

SN74LS674 TI 

Translators 

Hex DTL to TIL Inverter 
TIL 9109C Fairchild 

9109M t Fairchild 

Hex TIL to DTL Inverter 
TIL 9112C Fairchild 

9112M t Fairchild 

Dual MOS to TIL Level Converter 
TIL 9625C Fairchild 

9625M t Fairchild 

Dual MOS to TIL Level Translator, Three-State 
TIL MC4068 Motorola 

MC4368 t Motorola 
MC54468 t Motorola 
MC74468 Motorola· 

7-Unit MOS to TIL Level Converter 
TIL SN75270 TI 

Dual 2-lnput NAND Gate, High Voltage to TIL 
Interface, to 30v Input 

TIL N8T18 Signetics 
S8T18 t Signetics 

Dual TIL to MOS Voltage Translator 
TIL D130A t Siliconix 

D130B Siliconix 
D139A t Siliconix 
D139B Siliconix 

Dual 2-lnput NAND TIL to MOS Voltage Translator 
TIL 9624C Fairchild 

9624M t Fairchild 
DH0034 t National 
DH0034C National 
DS7800 t National 
DS8800 National 
SN55180 tTl 
SN75180 TI 

Hex TIL to MOS Voltage Translator 
TIL DS7812 t National 

DS8812 National 
DS78L12 t National 
DS88L12 National 
D123A t Siliconix 
D123B Siliconix 
D125A t Siliconix 
D1258 Siliconix 

Quad 2-lnput NAND TIL to MOS Voltage Translators 
TIL DS7810 t National 

DS8810 National 
OS7811 t National 
DS8811 National 

Quad 2-lnput AND TIL to MOS Voltage Translators 
TIL DS7819 t National 

DS8819 National 

Dual ECL to MOS Driver (also ECL to TIL) 
TIL MC75358 Motorola 

MC75368 Motorola 
SN75368 TI 

* Typical Values 

MASTER SELECTION GUIDE 

Line Function Device Source Line 

Translators (Cont'd.) 

Quad TIL to MOS Inverter/Driver, Three-State 
TIL SN75357 TI 130 

SN75367 TI 
70 For other translators, see Interface-Sense Amplifiers 

and also Memory and Peripheral Drivers 

Miscellaneous 

Field Programmable Array Logic; AND-OR Gate Array 
TIL PAUOHSC MMI (1479) 

PAUOH8M tMMI (1479) 
PAU2H6C MMI (1479) 
PAL12H6M tMMI (1479) 
PAU4H4C MMI 11479) 
PAU4H4M tMMI (1479) 140 
PAU6C1C MMI (1479) 
PALl6C1M tMMI (1479) 

80 PAU6H2C MMI (1479) 
PAU6H2M tMMI (1479) 
PAL10H8C Raytheon 
PAL10H8M t Raytheon 
PAL12H6C Raytheon 
PAL12H6M t Raytheon 
PAL14H4C Raytheon 
PAL14H4M t Raytheon 150 
PAL16C1C Raytheon 
PAL16C1M t Raytheon 
PAL16H2C Raytheon 
PAL16H2M t Raytheon 

90 
Field Programmable Array Logic; AND-OR INVERT 
Gate Array 

TIL PAL10L8C MMI (1479) 
PAUOLBM tMMI (1479) 
PAU2L6C MMI (1479) 
PAU2L6M tMMI (1479) 160 
PAU4L4C MMI (1479) 
PAL14l4M tMMI (1479) 
PAU6L2C MMI (1479) 
PAl16L2M tMMI (1479) 

100 
PAU6LSC MMI (1479) 
PAU6LBM tMMI (1479) 
PAL10L8C Raytheon 
PAL10L8M t Raytheon 
PAL12L6C Raytheon 
PAL12L6M t Raytheon 170 
PAL14L4C Raytheon 
PAL14L4M t Raytheon 
PAL16L2C Raytheon 
PAL16L2M t Raytheon 
PAL16L8C Raytheon 

110 PAL16L8M t Raytheon 

Field Programmable Array Logic; AND-OR INVERT 
Gate Array with registers 

TIL PAL16R4C MMI (1479) 
PAU6R4M tMMI (1479) 180 
PAU6R6C MMI (1479) 
PAL16R6M tMMI (1479) 
PAU6RSC MMI (1479) 
PAU6R8M tMMI (1479) 
PAL16R4C Raytheon 

120 PAL16R4M t Raytheon 
PAL16R6C Raytheon 
PAL16R6M t Raytheon 
PAL16R8C Raytheon 
PAL16R8M t Raytheon 190 

Field Programmable Array Logic; AND-OR-XOR Gate 
Array with registers 

TIL PAU6X4C MMI (1479) 
PAU6X4M tMMI (1479) 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source 

Miscellaneous (Cont'd.) 

TIL (Cont'd.) 
PAl16X4C Raytheon 
PAL16x4M t Raytheon 

Field Programmable Array Logic; 
AND-CARRY-OR-XOR-INVERT Gate Array with 
registers 

TIL PAL16A4C MMI (1479) 
PAL16A4M tMMI (1479) 
PAl16A4C Raytheon 
PAL16A4M t Raytheon 

Programmable Logic Array, Mask Programmed (See 
also Memory-PLAs) 

TIL DM7575 t National 
DM7576 . tNational 
DM8575 National 
DM8576 Nationai 

TIL-S N82S200 Signetics 
N82S201 Signetics 

Programmable Logic Arrays, Field Programmable (See 
also Memory-PLAs) 

TIL IM5200 Intersil 

TIL-S 82S1oo MMI 
82S101 MMI 
N82S100 Signetics (1684) 
S82S1OO t Signetics (1684) 
N82S101 Signelics (1684) 
582S101 t Signetics (1684) 
SN54S330 tTl 
SN74S330 TI 
SN54S331 tTl 
SN74S331 TI 

Bubble Memory Controller (T-Bar) 
TIL-LS SN54LS360 tTl 

SN74LS360 n 

Bubble Memory Controller (Chevron) 
TIL -LS SN54LS361 tTl 

SN74LS361 TI 

4-bit True/Complement Zero/One Element 
TIL-H 54H87 t Fairchild 

74H87 Fairchild 
MC54H87 t Motorola 
MC74H87 Motorola 
SN54H87 tTl 
SN74H87 TI 

Dual4-lnput Expander (for H50, H53, H55) 
TIL-H 54H60 t Fairchild 

74H60 Fairchild 
DM54H60 t National 
DM74H60 National 
54H60 t Signetics 
74H60 Signetics 
SN54H60 tTl 
SN74H60 TI 

Triple 3-lnput Expander (for H52) 
TIL-H 54H61 t Fairchild 

74H61 Fairchild 
DM54H61 t National 
DM74H61 National 
54H61 tSignetics 
74H61 Signetics 
SN54H61 tTl 
SN74H61 n 

3-2-2-3-lnput AND-OR Expander (for H50, H53, H55) 
TIL-H 54H62 t Fairchild 

74H62 Fairchild 
(Continued) 

t Military Temperature Range (-55' to 125'C) 

456 

Lile Function Device Source Lile Function Device Source Lile 

Miscellaneous (Cont'd.) Miscellaneous (Cont'd.) 

TIL-H (Cont'd.) ffi (Cont'd.) 
DM54H62 t National SN54167 tTl 
DM74H62 National SN74167 TI 
54H62 t Signetics 70 

TIL-S t Fairchild 74H62 Signetics 54S167 

SN54H62 tTl 74S167 Fairchild 

SN74H62 TI 4-bit Priority Register, Cascadable 

8-bit Successive Approximation Register TIL M53478 Mitsubishi 

10 TIL AM2502C AMD SN54278 tTl 140 

AM2502M tAMD SN74278 TI 

AM2503C AMD 8-lnput Priority Encoder 

I 

AM2503M tAMD TIL 9318C AMD 
AM2502 Intersi! 9318M tAMD 
AM2503 Intersil 80 9318C Fairchild 
OM2502 t National. (1073) 9318M t Fairchild I 
DM2502C National (1073) 

HD74148 Hitachi 
0112503 t National (1073) 

M53348 Mitslbshi 
OM2503C National (1073) 

MC8318 Motorola 
TIL-LS 54LS502 t Fairchild MC9318 tMotorola 150 

20 54lS503 t Fairchild (488) DM8318 National 
74LS502 Fairchild DM9318 t National 
74lS503 Fairchild (488) DM54148 t National 
SN54LS502 t Motorola DM74148 National 
SN74LSS02 Motorola 90 

1IP874148 NEC America 
SN54LS503 t Motorola 

54148 tSignetics 
SN74LS503 Motorola 

74148 Signetics 
12-bit Successive Approximation Register SN29318 TI 

m AM2504C AMD SN39318 tn 
AM2504M tAMD SN54148 tTl 160 

30 AM2504 Intersil SN74148 TI 
0112504 t National (1073) 
0M2504C National (1073) TIL-LS AM2913C AMD 

(488) 
AM2913M tAMD 

TIL-LS 54LS504 t Fairchild AM25LSl48C AMD 
74lS504 Fairchild (488) 100 

AM25LS148M tAMD 
SN54LS504 tMolorola 

SN54LS148 tAMD 
SN74LS504 Motorola 

SN74LS148 AMD 
8-bit Position Scaler (The output is shifted with respect AM25LS2513C AMD 
to the input up to 8 positions as determined by a 3-bit AM25LS2513M tAMD 
selector code.) SN54LS148 tTl 170 

40 TIL RC8243 Raytheon SN74LS148 n 
RM8243 t Raytheon SN54LS348 tTl 
N8243 Signetics 

SN74LS348 TI 
88243 tSignetics 

4-bit Shifter (shifts data 0, 1, 2, or 3 places as 110 
10-Input Priority Encoder 

determined by 2-bit selector code) TIL HD74147 Hitachi 

TIL-S SN54S350 tAMD M53347 Mitsubishi 

SN74S350 AMD DM54147 tNational 

t Signelics (561) DM74147 National 54S35O 
745350 Signetics (561) ~B74147 NEC America 

54147 tSignetics 180 
50 4-bit Shifter, Three-State (Shifts 0,1,2, or 3-bits under 

74147 Signetics 
2-Line Select Control) 

SN54147 tTl 
TIL-S AM25S1OC AMD 

SN74147 TI 
AM25S10M tAMD 
N25S10 Signetics 120 ffi-LS SN54LS147 tTl 

6-bit Synchronous Binary Rate Multiplier SN74LS147 TI 

TIL 5497 t Fairchild 8-bit Parity Tree 
7497 Fairchild TIL MC4008 Motorola 
MC5497 t Motorola MC4308 t Motorola 
MC7497 Motorola MC54408 tMotoroia 

60 SN5497 tTl MC74408 Motorola 190 
SN7497 TI 

Synchronous Decade Rate Multiplier 
Dual 4-bit Parity Tree 

TIL MC4010 Motorola 
TIL 54167 t Fairch~d MC431 0 t Motorola 

74167 Fairchild 130 
MC54167 tMotorola 9-bit Parity Generator/Checker 
MC74167 Motorola TIL DM7220 t Naiionai 

(Continued) DM8220 National 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

FlJ1Ction Device Source Line Function Device Source 

Miscellaneous (Cont'd.) Miscellaneous (Cont'd.) 

9-bit Odd/Even Parity Generator/Checker TIL (Cont'd.) 
TIL 54180 t Fairchild DM74184 National 

74180 Fairchild SN54184 tTl 
ZN54180 t Ferranti SN74184 TI 
ZN74180 Ferranti 

BCD-To-Binary Converter (Three-State 54/74184) 
HD74180 Hitachi 

TIL DM8898 National 
M53380 Mttsubishi 
MC54180 tMotorola Binary-To-BCD Converter 
MC74180 Motorola TIL M53385 Mttsubishi 
DM54180 t National DM54185A tNational 
DM74180 National 10 DM74185A National 
p.PB8262 NEG America DM8899 National 
IlPB74180 NEG America SN54185A tTl 
RC8262 Raytheon SN74185A TI 
RM8262 t Raytheon Dual Pulse Synchronizer/Driver 
N8262 Signetics 

TIL MC54120 t Motorola 
S8262 t Signetics 

MC74120 Motorola 
54180 t Signetics 

SN54120 tTl 74180 Signetics 
SN54180 tTl 

SN74120 TI 

SN74180 TI 20 Quad Power Strobe (Vcc strobe or digit driver) 
TIL HD6600-2 tHarris TIL-LS 54LS280 t Fairchild 

HD6600-5 Harris 74LS280 Fairchild 
HD6605-2 tHarris SN54LS280 tTl 
HD6605-5 Harris SN74LS280 TI 
HD6600-2 tMMI 

TIL-S 82S62C AMD HD6600-5 MMI 
82S62M tAMD HD6605~2 tMMI 
93S62C Fairchild HD6605-5 MMI 
93S62M t Fairchild 
HD74S280 Hitachi Phase-Frequency Detector 

DM74S280 National 30 TIL 11C44C Fairchild 
MC4044 Motorola . 74S280 Signetics 

N82S62 Signetics MC4344 t Motorola 

SN54S280 tTl Contact Bounce Eliminator 
SN74S280 TI TIL DM7544 t National 

12-lnput Odd/Even Parity Checker 1 Generator DM8544 National 

TIL 9348C Fairchild Quad Complementary-Output Elements (for 
9348M t Fairchild symmetrical generation of complementary outputs) 

TIL-S 93S48C AMD TIL SN54265 tTl 
93S48M tAMD SN74265 TI 

Clock Generator IDriver 40 Dual Zero Crossing Detector 

TIL-LS AM25LS2525G AMD TIL N8T363 Signetics 

AM25LS2525M tAMD MOS Dynamic Memory Refresh Logic Circuit 
Cyclic Redundancy Checker TIL MC8505 Motorola 

TIL 940fC Fairchild Data Encryption, 4 Device Set 
(1893,1894) 12L . 9414-1 Fairchild 

9401M t Fairchild 9414-2 Fairchild 
(1893,1894) 9414-3 Fairchild 

9411C Fairchild 9414-4 Fairchild 
(1893,1894) 

Dual4-lnput NAND Schmitt-Trigger 
Phase Locked Loop 50 TIL 5413 t Fairchild 

TIL -LS SN54LS297 tTl 7413 Fairchild 
SN74LS297 TI ZN5413 t Ferranti 

4-bit Universal Presettable Polynomial Generator ZN7413 Ferranti 
TIL MC8504 Motorola HD7413 Hitachi 

Polynomial Generator M53213 Mitsubishi 

TIL MC8506 Motorola MC5413 t Motorola 
MC7413 Motorola 

Single Error Hamming Code Detector and Generator DM5413 tNational 
TIL MC4041 Motorola DM7413 National 

BCD-To-Binary/Binary-To-BCD Number Converter llPB7413 NEG America 
TIL MC4001 Motorola 60 5413 t Signetics 

. 7413 Signetics 
BCD-To-Binary Converter 

SN5413 tTl TIL ZN54184 t Ferranti 
ZN74184 Ferranti SN7413 TI 

DM54184 t National TIL-LS 9LS13C Fairchild 
(Continued) (Continued) 

t Military Temperature Range (_55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Lile Function Device Source Line 

Miscellaneous (Cont'd.) 

TIL-LS (Cont'd.) 
9LS13M t Fairchild 130 
54LS13 t Fairchild 
74LS13 Fairchild 
HD74LS13 Hitachi 

70 SN54LS13 tMotoroia 
SN74LS13 MotorOla 
DM54LS13 t National 
DM74LS13 National 
9LS13C Raytheon 
9LS13M t Raytheon 
54LS13 t Raytheon 140 
74LS13 Raytheon 
54LS13 t Signetics 
74LS13 Signetics 
SN54LS13 tTl 

80 SN74LS13 TI 

Quad 2-lnput NAND Schmitt-Trigger 
TIL 54132 t Fairchild 

74132 Fairchild 
HD74132 Hitachi 
M53332 Mitsubishi 150 
MC54132 . t Motorola 
MC74132 Motorola 
DM54132 t National 
DM74132 National 

90 54132 t Signetics 
74132 Signetics 
SN54132 tTl 
SN74132 TI 

TIL-LS 9LS132C Fairchild 
9LS132M t Fairchild 160 
54LS132 t Fairchild 
74LS132 Fairchild 
HD74LS132 Hitachi 
SN54LS132 t Motorola 
SN74LS132 Motorola 

. 100 DM54LS132 tNational 
DM74LS132 National 
9LS132C Raytheon 
9LS132M t Raytheon 
54LS132 t Raytheon 170 
74LS132 Raytheon 
74LS132 Signetics 
54LS132 t Signetics 
SN54LS132 tTl 
SN74LS132 TI 

TIL-S 54S132 t Fairchild 
110 74S132 Fairchild 

SN54S132 tTl 
SN74S132 TI 

Hex Schmitt Trigger, Inverting 180 
TIL 5414 t Fairchild 

7414 Fairchild 
HD7414 Hitachi 
M53214 Mitsubishi 
MC5414 t Motorola 
MC7414 Motorola 

120 DM5414 t.Nationai 
DM7414 National 
5414 t Signetics 
7414 Signetics 190 
SN5414 tTl 
SN7414 TI 

TIL-LS 9LS14C Fairchild 
9LS14M t Fairchild 
54LS14 t Fairchild 

(Continued) 
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Ie MASTER 

DIGITAL-TTL (Cont'd) 

Function Device Source 

Miscellaneous (Cont'd.) 

TIL-LS (Cont'd.) 
74LS14 Fairchild 
HD74LS14 Hitachi 
SN54LS14 t Motorola 
SN74LS14 Motorola 
DM54LS14 t National 
DM74LS14 National 
9LS14C Raytheon 
9LS14M t Raytheon 
54LS14 t Raytheon 
74LS14 Raytheon 
54LS14 t Signetics 
74LS14 Signefics 
SN54LS14 tTl 
SN74LS14 TI 

Voltage Controlled Oscillator (or Crystal Controlled) I 
TIL-LS SN54LS324 tTl 

SN74LS324 TI 

Oscillator Clock/Driver 
TIL-LS SN54LS320 tTl 

SN74LS320 TI 
SN54LS321 tTl 
SN74LS321 TI 

Dual Voltage Controlled Oscillator (or Crystal 
Controlled) 

TIL-LS SN54LS124 tTl 
SN74LS124 TI 
SN54LS325 tTl 
SN74LS325 TI 
SN54LS326 tTl 
SN74LS326 TI 
SN54LS327 tTl 
SN74LS327 TI 

TIL-S SN54S124 tTl 
SN74S124 TI 
SN54LS328 tTl 
SN74LS328 TI 

Voltage Comparator (Analog Input-Digital Output) 
TIL-S 686C AMD 

686M tAMD 

Decade Sequencer (sequential 1 of 10 Decoder), 
adjustable sequence length 

TIL 9319C Fairchild 
9319M t Fairchild 
9320C Fairchild 
9320M t Fairchild 

Bus Transfer Switch (transmit-receive connections to 4 
bus terminals) 

TIL MC4060 Motorola 
MC4363 t Motorola 
MC54460 tMotorola 
MC74460 Motorola 

Triple Bidirectional Bus Switch, Three-State (Connects 
any 2 of 3 inputs together) 

TIL-S MC6881 Motorola 
MC3449 Motorola 

Quad Three Bus Transceiver, Three State 
TIL-LS SN54LS442 tn 

SN74LS442 TI 
SN54LS443 tTl 
Sm4LS443 TI 
SN54LS444 tTl 
SN74LS444 TI 

Quad Bus Transceiver 
TIL -LS AM25LS242C AMD 

(Continued) 

t Military Temperature Range (-55' to 125'C) 

458 

Line FlJ1Ction Device Source Line Function Device Source Line 

Miscellaneous (Cont'd.) Miscellaneous (Cont'd.) 

TIL-LS (Cont'd.) TIL-S (Cont'd.) 
AM25LS242M tAMD N8T26 TI 
SN54LS242 tAMD SN75136 TI 
SN74LS242 AMD 4-bit Parallel Bus Transceiver, Open Collector Drivers 
AM25LS243C AMD 70 TIL-S AM26S1OC AMD 
AM25LS243M tAMD AM26S10M tAMD 
SN54LS243 tAMD AM26S11C AMD 140 
SN74LS243 AMD AM26S11M tAMD 
54LS242 t Fairchild AM26S12C AMD 

10 74LS242 Fairchild AM26S12M tAMD 
54LS243 t Fairchild AM26S12AC AMD 
74LS243 Fairchi~d 

1M 

AM26S12AM tAMD 

I 
SN54LS242 t Motorola 9640C Fairchild 
SN74LS242 Motorola 9640M t Fairchild 
SN54LS243 t Motorola 9641C Fairchild 
SN74LS243 Motorola I 9641M t Faiichiid I 
9LS242C Raytheon (528) MC26S10 Motorola 150 
9LS242M t Raytheon (528) MC26S11 Motorola 
25LS242C Raytheon (528) DM26S1OC National 
25LS242U tRaytheon (528) DM26S10M t National 

20 54LS242 t Raytheon (528) DM26S11C National 
74LS242 Raytheon (528) DM26S11M t National 
9LS243C Raytheon (528) 26S10C Raytheon 
9LS243U tRaytheon (528) 26S10M Raytheon 
25LS243C Raytheon (528) 90 26S11C Raytheon 
25LS243U t Raytheon (528) 26S11M Raytheon 
54LS243 tRaytheon (528) AM26S10C tTl 160 
74LS243 Raytheon (528) AM26S10M tTl 
74LS242 Signefics AM26S11C TI 
74LS243 Signetics AM26S11M tTl 

30 
SN54LS242 tTl 
SN74LS242 TI 8-bit Bidirection 110 Port 

SN54LS243 tTl TIL-S N8T31 Signetics (2290) 

SN74LS243 TI 8-bit Bidirectional 1/0 Port, Latched, Addressable 

TIL-S SN54S242 tAMD 100 TIL·S N8T32 Signetics (2291) 

SN74S242 AMD S8T32 t Signetics (2291) 

SN54S243 tAMD N8T33 Signetics (2291). 

SN74S243 AMD SST33 t Signetics (2291) 170 
<# N8T35 Signetics (2291) 

4-bit Parallel Bus Transceiver, Non-Inverting, SST35 t Signetics (2291) 
Three-State N8T36 Signetics (2291) 

TIL-S N8T28 AMD SST36 t Signetics (2291) 40 MC8T28 Motorola N8T39 Signetics (2292) 
MC6889 Motorola SST39 t Signetics (2292) 
DS8T28 National 
DS8T28M t National 110 Octal Bus Driver (Schmitt Trigger), Inverting, 

N8T28 Signetics Three-State 

N8T128 Signetics (2297) TIL-LS AM25LS24OC AMD 

SST128 t Signetics (2297) AM25LS24OM tAMD 180 

N8T129 Signetics (2297) SN54LS240 tAMD 

S8T129 t Signetics (2297) SN74LS240 AMD 
54LS240 t Fairchild 

4-bit Parallel Universal Bus Transceiver, Storage, 74LS240 Fairchild 
50 Three-State 54LS540 t Fairchild 

TIL-S SN54S226 tTl 74LS540 Fairchild 
SN74S226 TI 54LS240 tUMI (768) 

4-bit Parallel Bus Transceiver, Inverting Three-State 120 74LS240 UMI (768) 
TIL-S N8T26 AMD 57LS300 tUMI (768) 

S8T26 tAMD 67LS300 MUI (768) 190 
N8T26A AMD 57LS306 tMMI (768) 

S8T26A tAMD 67LS306 MMI (768) 
MB424 Fujitsu 57LS307 tMMI (768) 

HD268T26 Hitachi 67LS307 MUI (768) 

60 
MC8T26A Motorola SN54LS240 t Motorola 
DS8T26A National SN74LS240 Motorola 
DS8T26AM t National SN54LS540 t Motorola 
N8T26A Signetics 130 SN74LS540 Motorola 
SST126 t Signetics (2297) 9LS24OC Raytheon (522) 
N8T127 Signetics (2297) 9LS240M t Raytheon (522) 200 
SST127 t Signetics (2297) 25LS24OC Raytheon (522) 

(Continued) (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-TTL (Cont'd) 

Function Device Source Line Function Device Source 

Miscellaneous (Cont'd.) Miscellaneous (Cont'd.) 

TIL-LS (Cont'd.) TIL-LS (Cont'd.) 
25LS240M t Raytheon (522) AM25LS244M tAMD 
54LS24O t Raytheon (522) SN54LS244 tAMD 
74LS24O Raytheon (522) SN74LS244 AMD 
74LS240 Signetics 54LS244 t Fairchild 
SN54LS240 tTl 74LS244 Fairchild 
SN74LS240 TI 54L5244 tMMI (768) 

TIL-S SN54S240 tAMD 74L5244 MMI (768) 

SN74S240 AMD 10 57L5304 tMMI (768) 

545240 tMMI (768) 67LS304 MMI (768) 

745240 MMI (768) SN54LS244 t Motorola 

575300 tMMI (768) SN74LS244 Motorola 

675300 MMI (768) 9L5244C Raytheon (525) 

575306 tMMI (768) 9l5244M t Raytheon (525) . 

67S306 MMI (768) 25LS244C Raytheon (525) 

575307 tMMI (768) 25LS244M tRaytheon (525) 

675307 MMI (768) 5415244 . t Raytheon (525) 

SN54S240 tTl 74L5244 Raytheon (525) . 

SN74S240 TI 74LS244 Signetics 20 
SN54LS244 tTl 

Octal Bus Driver (Schmitt Trigger), Inverting, SN74LS244 TI 
Three-State, Symmetrical Controls 

TIL-LS 57LS306 tMMI (768) TIL-S SN54S244 tAMD 

67L5306 MMI (768) SN74S244 AMD 

57L5307 tMMI (768) 545244 tMMI (768) 

67LS307 MMI (768) 745244 MMI (768) 
575304 tMMI (768) 

TIL-S 575306 tMMI (768) 675304 MMI (768) 
675306 MMI (768) 
575307 tMMI (768) Octal Bus Transceiver, Open Collector 

675307 MMI (768) 30 TIL-LS SN54LS641 t Motorola 
SN74LS641 Motorola 

Octal Bus Driver (Schmitt Trigger), Non-Inverting, SN54LS642 t Motorola 
Three-State,. Symmetrical Controls SN74LS642 Motorola 

TIL-LS AM25LS241C AMD SN54LS641 tTl 
AM25LS241M tAMD SN74LS641 TI 
SN54LS241 tAMD SN74LS641-1 TI 
SN74LS241 AMD SN54LS642 tTl 
9L5241C Raytheon (525) SN74LS642 TI 
9L5241M t Raytheon (525) SN74LS642-1 TI 
54LS241 t Fairchild SN54LS644 tTl 
74LS241 Fairchild 40 SN74LS644 TI 
54LS541 t Fairchild SN74LS644-1 TI 

. 74LS541 Fairchild 
54L5241 tMMI (768) Octal Bus Transceiver, Three-State 

74LS241 MMI (768) TIL-LS 8304 AMD 

57LS301 . tMMI (768) SN54LS245 tAMD 

67LS301 MMI (768) SN74LS245 AMD 

SN54LS241 t Motorola 54LS245 t Fairchild 

SN74LS241 Motorola 74LS245 Fairchild 

SN54LS541 tMotorola 54L5245 tMMI (774) 

SN74LS541 Motorola 50 74L5245 MMI (774) 

25LS241C Raytheori (525) 57LS305 tMMI (774) 

25LS241M tRaytheon (525) 67lS305 MMI (774) 

54LS241 t Raytheon (525) 57L531 0 tMMI (774) 

74lS241 Raytheon (525) 67L5310 MMI (674) 

74LS241 Signetics SN54LS245 t Motorola 

SN54LS241 tTl SN74LS245 Motoroia 

SN74LS241 TI SN54LS640 t Motorola 

TIL-S SN54S241 
SN74LS640 Motorola 

tAMD SN54LS645 t Motorola 
SN74S241 AMD SN74LS645 Motorola 
545241 tMMI (768) 60 74LS245 Signetics 
745241 MMI (768) N8T125 Signetics 
575301 tMMI (768) SN54LS245 tTl 
675301 MMI (768) SN74LS245 TI 
SN54S241 tTl SN54LS640 tTl 
SN74S241 TI SN74LS640 TI 

Octal Bus Driver (Schmitt Trigger), Non-Inverting, SN74LS640-1 TI 
Three-State, Complementary Controls SN54LS643 tTl 

TIL-LS AM25LS244C AMD SN74LS643 TI 
(Continued) (Continued) 

t Military Temperature Range (- 55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Lile Function Device Source I..i1e 

Miscellaneous (Cont'd.) 

70 TIL-LS (Cont'd.) 
SN74LS643-1 TI 
SN54LS645 tTl 140 
SN74LS645 TI 
SN74LS645-1 TI 

Pipeline 1/0 Port 
TIL-LS N8T4O Signetics (2293) 

Hex Current Sensing Interface Gate 
TIL-LS SN54LS63 tTl 

80 
SN74LS63 TI 

Microprogram Sequencer 
TIL-LS AM2909C AMD 

AM2909M tAMD 150 
AM2911C AMD 
AM2911M tAMD 
F2909C Fairchild 
F2909M t Fairchild 
9419 Fairchild 
F2911C Fairchild 

90 F2911M t Fairchild 
9421 Fairchild 
3001 Intel 
M3OO1 Intel 160 
MC2909C Motorola 
MC2909M t Motorola 
MC2911C Motorola 
MC2911M t Motorola 
IDM2909AG National 
IDM2909AM t National 
IDM2911AG National 
IDM2911AM tNational 

100 
IlPB2909A NEG Micro 
IlPB2911A NEG Micro 170 
AM2909C Raytheon 
AM2909M t Raytheon 
AM2911C Raytheon , 
AM2911M t Raytheon 
N8X02 Signetics (2280) 
N3OO1 Signetics 
S3OO1 t Signetics 

110 Micro-Address Generator (for bit slice microprocessor) 
TIL-S SN54S482 tTl 

SN74S482 TI 180 

120 

130 
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DIGITAL-Special 

Function Device Source 

Other Digital Devices 

Arithmetic Processor (supply 5-12v) 
9511 AMD 
9511-4 AMD 

Arithmetic Processor, 4 functions, ASCII Floating Point 
Computations (Supply 5v) 

CY-450 Cybernetic 

Baud Rate Generator/Programmable Divider (ROM 
controlled divider) 

MM5307 National 
COM5016 SMC 
COM5016T SMC 

Baud Rate Generator/Programmable Divider, Dual 

I (ROM controlled divider) 
COM5036 SMC 
COM5036T SMC I 
BR1941 Western 

Correlator (Continually compares two independently· 
clocked serial inputs and gives correlation output) 

TDC1004J TRW 

Custom Arrays (Digital and linear circuits customized 
in final metalization) 

A100 Exar (932) 
B100 Exar (932) 
C100 Exar (932) 
0100 Exar (932) 
F100 Exar (932) 
XR-12L-CHIP Exar 
XR-CHIP Exar 
XR300 Exar (932) 
XR400 Exar (932) 
XR500 Exar (932) 
ECL-Array Fairchild 
ULA Ferranti 
MONOCHIP Interdesign 
MCA Interdesign 
MCB Interdesign 
MCC Interdesign 
MCD Interdesign 
MOA Interdesql 
MOB interdesign 
MOC Interdesign 
MOD Interdesign 
MOE Interdesign 
MOF Interdesign 
MOG Interoo;gn 
MDA Interdesign 
MUA Interdesign 
MASTERMOS IMI 
MM50 IMI 
MMloo IMI 
MM150 IMI 
MM200 IMI 
MM250 IMI 
MM300 IMI 
MM350 IMI 
MM400 IMI 
MM450 IMI 
MM500 IMI 
MM550 IMI 
OMNICHIPl IMI 
OMNICHIP2 IMI 
ML50 Master Logic 
ML75 Master Logic 
ML100 Master Logic 
ML150 Master Logic 
ML200 Master Logic 
ML350 Master Logic 
MCA Master Logic 

(Continued) 

t Military Temperature Range (-55' to 125'C) 
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Line Function Device Source Line Function Device Source Line 

Other Digital Devices (Cont'd.) Other Digital Devices (Cont'd.) 

Custom Arrays (Digital and linear cirCUits customized Dual Counter (two 3-decade up/down counters with 
in final metalization) (Cont'd~) latch, BCD output. 0.5 MHz., supply 5-15 v) 

MCB Master Logic LS7040 LSI Comp (494) 

MCC Master Logic Counter/Display Driver, 1 Decade Up/Down, Preset (7 
MCD Master Logic segment and BCD output, 1 MHz) 
MONOCHIP Master Logic HCTR0107 Hughes 150 
MC606 Micro Tech 

10 MC616 Micro Tech Counter/Display Driver, 4 Decade Up/Down (7 

MC626 Micro Tech 80 segment output, 0.6 M Hz, supply -12, 5v; BCD; and 

MC636 Micro Tech serial output versions available) 

MC707 Micro Tech 
AY5-4007 GI 

MC717 Micro Tech 
A.Y5-4007A G/ 

MC727 Micro Tech 
AY5-4007[) GI 

I MC737 Micro Tech Counter 6 Decade Up/Down (predetermining, latched 

MASTERMOS Monosil output, 2 presettable compare registers) 

XC160 Motorola LS70SO LSI ComP (494) I 
XCl77 Motorola Counter/Display Driver, 6 Decade Up/Down (7 160 

20 XC400 Motorola segment and BCD output, 1 MHz, presettable 
ECL-ARRAY NEC America 90 compare register,latcbed output, LED drive maximum 

Calculators: See linear-Consumer count 999999, 995959, or 595999 versions, supply 

Counters-See also CMOS and TIL -Counters 
10-15 v) 

MK50395 Mostek 

Comparator/Mux, 6 Decade, 7 level, latched and MK50396 Mostek 

multiplexed output (use with 6 decade counter) MK50397 Mostek 

LS7240 LSI Comp (494) MK50398 Mostek 

Counter, 16-Bit, Non-Volatile Storage, Parallel 
MK50399 Mostek 

InpUt/Output, 500KHz (Supply -29,5v) Counter, 6 Decade, BCD output, 5 MHz, 8 latches 170 

30 NCR2900 NCR (supply 5-15v) 

Counter, 31f2-Digit, Programmable 
LS7031 LSIComp (494) 

TC9122 Toshiba 100 6 Decade Up/Down Counter/Display Driver, 
non-volatile storage, presettable (supply -8, 12V) 

Counter, 32-bit, multiplexed and latched outputs (5 V NC7102 Nitron 
supply) 

LS7060 LSI Comp (494) 7 Decade Counter/Latch/Display Driver (7 segment 

Counter, 32-bit, 8-bit prescalable, multiplexed and 
and digit drivers for common cathode LEOs, count 
9,999,999; 2 MHz, 2-6 V supply) 

latched outputs (5 V supply) ICM7208 Intersil 
LS7061 LSI Comp (494) 

40 8 Decade Up/Down Counter/Display Driver, 180 
Counter,4 Decade (Counts and stores, BCD Output, non-volatile storage, presettable (supply -8, 12V) 
0.5 MHz; supply -12,5v) NC7101 Nitron 

AY5-4057 GI 
Counter,8 Decade, BCD and 7 segment outputs, 5 

4 Decade Up/Down Counter/Latch/Display Driver, MHz, latches (supply 5-15v) 
Cascadable, Synchronous, Presettable, BCD output LS7030 LSI Comp (494) 
(versions have direct 7 segment and digit drivers for 120 
either common anode or cathode LEOs; either 9999 or 

8 Decade Universal Counter/Latch/Display Driver 

5959 count; 7217: hardwire control; 7227: processor 
(Direct 7 segment and digit drivers for common anode 

control. 5 V supply) 
LEOs: 'A' types; Common cathode LEDs: 'B' types; 

50 ICM7217 Intersil 
7216 hardwire controlled; 7226 processor controlled; 

ICM7217A Intersil 
DC to 10 MHZ, 5 V supply) 190 

ICM7216A Intersil 
ICM72178 Intersil ICM72168 Intersil 
ICM7217C Intersil ICM7226A Intersil 
ICM7227 Intersi! ICM72268 Intersil 
ICM7227A Intersil 
ICM7227B Intersil 130 8 Decade Frequency Counter/Latch/Display Driver 

ICM7227C Intersil (Direct 7 segment and digit drivers for common anode 
LEOs: 7216C; common cathode LEOs: 72160. DC to 

Counter/Clock, 4 Decade (supply -12V) 10 MHz, 5 V supply) 

60 SAJ341 Siemens ICM7216C Intersil 

Counter/Display Decoder, 4 Decade (7 Segment and ICM72160 Intersil 200 

BCD outputs, 0.25 MHz; supply 5v) Counter, 9 Decade Up/Down (count 99959599 or 
MK5002 Mostek 999999999, latched output) 
MK5OO5 Mostek LS7090 LSI Comp (494) 
MK5007 Mostek 

Gounter Time-Base (Oscillator, programmable divider, 
4 Decade Quad Counter, Up/Down, non-volatile 1Q1 to 1Q8, 2x1Q1, 6x1Q1, 6xl0' and 36xl0', (supply 
storage (supply 5.-12 V) 140 -12,5v) 

MN9105 Plessey MK5OO9 Mostek 

70 Counter,5 Decade (includes storage, multiplexed BCD Dual Counter/Timer 
output, 06 MHz, supply -12,5v) MM5865 National 

3815 Fairchild (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-Special (Cont'd) 

Function Device Source Une Function Device Source 

Other Digital Devices (Cont'd.) Other Digital Devices (Cont'd.) 

Dual Counter ITimer (Cont'd.) Programmable Divider (any modulo from 3 to 262,145, 
DF215 Siliconix supply -12,5) 

DownlUp Timer (0.1 and 1 second, Keyboard Entry) 
3816 . Fairchild 

DF216 Siliconix Programmable Divider (divide by 2 to 8191) 
S0437 Siemens 

Elapsed Time Counter, 6 Decade (7 segment and digit 
drivers for common cathode LEDs; 0.01 s to 1 hr; 2-5 Programmable Divider, 22-stage 

V supply) M54814 Mitsubishi 

ICM7205 Intersil Divider, divide by 1/10/100, to 150 MHZ 

ICM7215 Intersil MSL2316 OKI 

Elapsed Time Counter, 8 Decade (7 segment and digit 10 Divider, divide by 2, 0.2 to 1 GHz 

drivers for common cathode LED; 0.01 s to 24 hrs; MC1690 Motorola 

2.5-4.5 V supply) SP1690B Plessey 
SP8602A tPlessey 

ICM7045 Intersil 
SP8602B Plessey 

Elapsed Time Counter, Decimal (7 segment and digit SP8602M Plessey 
driver for common cathode LEDs; 2.5-4.5 V supply; SP8603A tPlessey 
0.1 s to 10 hrs; count 2399999) SP8603B Plessey 

ICM7045A Intersil SP8603M Plessey 
SP8604A tPlessey 

Programmable Diode Matrix, 5x5 SP8604B Plessey 
HM074 tHarris SP8604M Plessey 
HM075 tHarris 20 SP8607A t Plessey 
HM076 tHarris SP8607B Plessey 

Pr.ogrammable Diode Matrix, 5x8 SP8607M Plessey 

HM010 . tHarris 
SP8608B Plessey 

HM012 tHarris 
SP8608M Plessey 

HM013 tHarris Divider, divide-by-2, above 1 GHz 
SP8609B Plessey 

Programmable Diode Matrix, 8x5 SP8609M Plessey 
HM080 tHarris 
HM081 tHarris Divider, divide by 3/4, 40 to 300 MHz 

HM084 tHarris 
SP8720 Plessey 

Divider, divide by 4, 0.15 to 1 GHz 
Programmable Diode Matrix, 4xl0 30 MC1697 Motorola 

HM090 tHarris MC1699 Motorola 
HM091 tHarris SP8600A tPlessey 
HM093 tHarris SP8600B Plessey 
HM0110 Harris SP8600M Plessey 
HM0410 Harris (1406) SP8601A tPlessey 

Programmable Diode Matrix,10x4 SP8601B Plessey 

HM050 tHarris 
SP8601M Plessey 
SP8613B Plessey 

HM051 tHarris SP8613M Plessey 
HM055 tHarris SP8614B Plessey 
HM0104 Harris (1406) 40 SP8614M Plessey 

Programmable Diode Matrix,6x8 SP8615B Plessey 

HM030 tHarris SP8615M Plessey 

HM031 tHarris SP8616B Plessey 

HM034 tHarris Divider, divide by 4, above 1 GHz 
HM0168 Harris (1406) llC05C Fairchild 

llC05M t Fairchild 
Programmable Diode Matrix, 8x6 

SP8610 Plessey 
HM040 tHarris SP8611B Plessey 
HM041 tHarris SP8611M Plessey 
HM044 tHarris SP8616B Plessey 
HM0186 HarriS (1406) 50 SP8617B Plessey 

Programmable Diode Matrix, 9x8 SP8619B Plessey 

HM0198 Harris (1406) Divider, divide by 4/8/32, 0.5 MHZ 

Programmable Diode Matrix, 18x5 
M54812 Mitsubishi 

M54510 Mitsubishi Divider, divide by 4/16/32, 0.5 MHZ 
M54813 Mitsubishi 

Programmable Diode Matrix, 10x16 
S353 Siemens Divider, divide by 4/40/400, 0.5 MHZ 

M54815 Mrtsubishi 
Divider, divide by 2, 525, supply -12v 

Divider, divide by 5, 0.2 to 1 GHz MN115 Panasonic 
SP8620A tPlessey 

Divider, divide by 2, 625, supply -12v SP8620B Plessey 
MNl16 Panasonic 60 (Continued) 

t Military Temperature Range ( - 55' to 125'C) * Typical Values 
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Une Function Device Source Una 

Other Digital Devices (Cont'd.) 

Divider, divide by 5, 0.2 to 1 GHz (Cont'd.) 
SP8620M Plessey 
SP8621A tPlessey 
SP8621B Plessey 
SP8621M Plessey 130 
SP8622B Plessey 
SP8622M Plessey 

Divider, divide by 5/6, 0.2 to 1 GHz 
llC91C Fairchild 
llC91M tFairchild 

70 95H91C Fairchild 
MC12009 Motorola 
MC12509 t Motorola 
SP8740A tPlessey 
SP8740B Plessey 140 
SP8740M Plessey 
SP8745A tPlessey 
SP8745B Plessey 
SP8745M Plessey 

Divider, divide by 6/7, 0.2 to 1 GHz 
80 SP8741A tPlessey 

SP8741B Plessey 
SP8741M Plessey 
SP8746A t Plessey 
SP8746B Plessey 150 
SP8746M Plessey 

Divider, divide by 8, 0.25 to 1 GHz 
SP8670A t Plessey 
SP8670B ' Plessey 
SP8670M Plessey 

90 SP8671A t Plessey 
SP8671B Plessey 
SP8671M Plessey 
SP8672A tPlessey 
SP8672B Plessey 160 
SP8672M Plessey 
SP8735B Plessey 
SP8736B Plessey 

Divider, divide by 8, above 1 GHz 
SP8675B Plessey 

100 SP8675M Plessey 
SP8676B Plessey 
SP8676M Plessey 
SP8677B Plessey 
SP8677M Plessey 170 

Divider, divide by 8/9, 0.25 to 1 GHz 
MC12011 Motorola 
MC12511 t Motorola 
SP8743B Plessey 
SP8743M Plessey 

110 SP8748B Plessey 
SP8748M Plessey 

Divider, divide by 10, 0.2 to 1 GHz 
SP8505 Plessey 
SP8515 Plessey 180 
SP8630A t Plessey 
SP8630B Plessey 
SP8630M Plessey 
SP8631 A tPlessey 
SP8631B Plessey 

120 SP8631M tPlessey 
SP8632A Plessey 
SP8632B Plessey 
SP8632M Plessey 
SP8634B Plessey 190 
SP8635B Plessey 
SP8636B Plessey 

(Continued) 
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DIGIT AL-Special (Cont'd) 

Function Device Source 

Other Digital Devices (Cont'd.) 

Divider, divide by 10, 0.2 to 1 GHz (Cont'd.) 
SP8637B . Plessey 

SP8660A tPlessey 
SP8660B Plessey 
SP8660M Plessey 

Divider, divide by 10, above 1 GHz 
SP8665B Plessey 
SP8666B Plessey 
SP8667B Plessey 

Divider, divide by 10111.,0.2 to 1 GHz 
11C90C Fairchild 
llC90M t Fairchild 
95H90C Fairchild 
95H90M t Fairchild 
MC12013 Motorola 
MC12513 t Motorola 
SP8640A tPlessey 
SP8640B Plessey 
SP8640M Plessey 

. SP8641A tPlessey 
SP8641B Plessey 
SP8641M Plessey 
SP8642A t Plessey 
SP8642B Plessey 
SP8642M Plessey 
SP8643B Plessey 
SP8643M Plessey 
SP8646A tPlessey 
SP8646B Plessey 
SP8646M Plessey 
SP8647A tPlessey 
SP8647B Plessey 
SP8647M Plessey 
SP8680A tPiessey (514) 
SP8680B Plessey (514) 
SP8685A tPlessey 
SP8685B Plessey 
SP8685M Plessey 
SP8690A tPlessey 
SP8690B Plessey 
SP8690M Plessey 
SP8695A tPlessey 
SP8695B Plessey 
SP8695M Plessey 

Divider, divide by 16,0.2 to 1 GHz 
SP8650A tPlessey 
SP8650B Plessey 
SP8650M Plessey 
SP8651A tPlessey 
SP8651B Plessey 
SP8651M Plessey 
SP8652A tPlessey 
SP8652B Plessey 
SP8652M Plessey 
SP8659A tPlessey 
SP8659B Plessey 
SP8659M Plessey 

Divider, divide by 20, 0.2 to 1 GHz 
SP8657A tPlessey 
SP8657B Plessey 
SP8657M Plessey 

Divider, divide by 20/22, above 1 GHz 
SP87858 Plessey (518) 
SP878511 Plessey (518) 
SP8786B Plessey (518) 
SP878611 Plessey (518) 

t Military Temperature Range (-55' to 125'C) 
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Line Function Device Source Line Function Device Source Line 

Other Digital Devices (Cont'd.) Other Digital Devices (Cont'd.) 

Divider, divide by 32, 0.2 to 1 GHz DVM Logic, 4-3/4 Digit, (dual ramp integration, BCD 
SP8655A tPlessey and 7 segment output, supply 5v) 
SP8655B Plessey AY3-3550 GI 130 
SP8655M Plessey 70 

DVM Logic: See also Interface-Analog to Digital 
Divider, divide by 50/60/3000/3600, 2 MHZ Converters, Decimal Output 

M5481 0 Uitsubishi 
Electronic Organ Circuits: See Unear-Consumer 

Divider, divide by 64, 0.08 to 1 GHz 
S0436 Siemens 

Flip-Flop, D-Type Master-Slave (ECL or TIL supplies) 
llC70C Fairchild 

10 
Divider, divide by 64, 0.2 to 1 GHz 

Frequency Synthesizers: See Unear-Phase Locked 
SP4020 Plessey 

Loop Circurts 
Divider, divide by 64, above 1 GHz 

Frequency to Voltage: See Linear-Other Devices 
SP8750B Plessey 
SP8750M Plessey Gate, Dual ORINOR (4-lnput, 0.5 ns delay, ECL 
SP8751B Plessey 80 supply) 140 
SP8751M Plessey SPl6F60 Plessey 
SP8752B Plessey Hall Effect Switch (senses magnetic field) 

Divider, divide-by-80, to 150 MHz DN830 Panasonic 
SP8627 Plessey DM831 Panasonic 

20 DN834 Panasonic Divi~r, divide by 100, to 150 MHz 
DN835 Panasonic DS8629 National 

. SP8627 Plessey DN837 Panasooic 

SP8628 Plessey DN838 Panasonic 

SP8629 Plessey DN839 Panasonic 
SAS201 Siemens 150 

Divider, divide by 256, 0.2 to 1GHZ 90 
SAS211 Siemens 

SP4040 Plessey 
UGN-3019 Sprague 

Divider, divide by 256, above 1 GHz UGS-3019 tSprague 

30 
SP8770B Plessey UGN-3020 Sprague 
SP8771B Plessey UGS-3020 tSprague 
SP8772B Plessey UGN-3201 Sprague 

Divider, divide-by-looo, 0-25 KHz (supply -15v) UGN-3203 Sprague 

SAJ131 Siemens UGN-3501 Sprague 

SAJ135 Siemens TL170 TI 

Divider, divide-by-l, 10, 100, 1000; 0-1 MHZ (supply-5 
TL172 TI 160 

to -16v) 100 
TL175 TI 

SAJ141 Siemens Inverter, Triple PMOS 
LM8942 Sanyo 

Divider Extender, divide by 4, to extend division ratios 40 
of two modulus counters while maintaining the Latch, Quad with non-volatile memory 

difference (ie 5/6 to 20/21) IIN9102 Ptessey (512) 

SP8790A tPlessey Latch/Drivers-See Interface-Memory and Peripheral 
SP8790B Plessey Drivers 
SP8790M Plessey 

LED Driver System, 8 Decade, 8x8 memory, Decoder 
Divider Extender, divide by 8 (ie extends 5/6 to 40/41) (versions either hardwire or processor controlled; 

SP8794A tPlessey versions have either common anode or common 170 
SP8794B Plessey 110 

cathode LED 7 segment and digit drivers; 2-6 V 
SP8794M Plessey 

supply) 
50 DVM Logic, 3-1/2 Decade (for dual ramp integration ICM7216A Intersil 

DVM, BCD or 7 Segment Output; supply -12 to -18 or ICM7218B Intersil 
-18 to -24v) ICM7218C Intersil 

AY5-3507 GI ICM7216D Intersil 
AY5·3510 GI ICM7216E Intersil 

DVM Logic 3-3/4 Digit (ramp integration BCD or 7 Multiplexer/Demultiplexer, 8-channellatched, binary 
segment output, supply -7.5,-15) addressable(Supply -5 to -7Ov) 

AY5-3500 GI LS7110 LSI Comp (494) 180 

DVM Logic, 4 Digits (supply -17v) 120 Multivibrator, astable (programmable pulse width, 

60 MN6032 Panasonic current controlled pulse rep. rate, supply 3-7v) 

DVM Logic, 4-1/2 Digit, (dual slope integration, supply MC3380 Motorola 

-15,5) PIN Diode Drivers 
ADB4500 National DHOO35 tNational 

DVM Logic, 4-1/2 Decade (Multiplexed BCD output; DH0035C National 
supply -12,5v) UDS-5790 tSprague 

3814C Fairchild UDS-5791 Sprague 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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DIGITAL-Special (Cont'd) 

Function Device Source 

Other Digital Devices (Cont'd.) 

Pulse Group Encoder (2141) and Decoder (2151) for 
pulse width code systems (25 5 codes programmed by 
RC networks) 

TMX2141 TMX 
TMX2151 TMX 

Regulators, Switching: See Linear-Other Devices 

Schmitt Trigger, Complementary Open Collector 
Output (supply 2.2 to 6v) 

ULN-3303 Sprague 

Schmitt Trigger (Supply 8 to 16v) 
LB8015 Sanyo 

Schmitt Trigger, Programmable 
CA3098 tRCA 
CA3099 tRCA 

Schmitt Trigger, Zener Clamped Output (supply 2.2 to 
6v) 

CS102 Cherry 
ULN-3304 Sprague 

Schmitt Trigger, Dual, Complementary Open Collector 
Outputs (SUpply 2.2 to 6v) 

CS122 Cherry 
ULN-3305 Sprague 

Schmitt Trigger, Dual one Open Collector Output, one 
Zener Clamped Output (supply 2.2 to 6v) 

ULN-3306 Sprague 

Schmitt Trigger, Dual, Low voltage; 3.5v 
SN76811 TI 

Sequential Boolean Analyzer, microprogrammable 
SBA GI 

Serial to Parallel Converter, 33-bits (shift register with 
output latch) 

MM5559 National 

Shift Registers: See Memory-Shift Registers 

Shift Register, 8-bit with 8 corresponding analog 
switches 

SD5350 Signetics 

Timers: See Linear-Timers 

Voltage to Frequency: See Linear-Other Devices 

Watch Circuits-See Linear-Consumer Circuits 

t Military Temperature Range (- 55' to 125'C) 

Ie MASTER 1979 

Line Function Device Source 
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20 

30 

• Typical Values 
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ABBREVIATIONS OF COMPANY NAMES 

AD Analog Devices Monosil Monosil 
AMD Advanced Micro Devices MOS MOS Technology 
AMI American Microsystems, Inc. Mostek Mostek 
Amperex Amperex Electronics Corp. Motorola Motorola Semiconductor 
Analogic Analogic Corp. National National Semiconductor 

NCR NCR Corp .• Microelectronics Division 
Beckman Beckman Instruments, Helipot Division· NEC America NEC America 
BEl BEl Electronics NEC Micro NEC Microcomputers 
Burr-Brown Burr-Brown Research Nitron Nitron 

Cermetek Cermetek 
Nortec Nortec Electronics 
NoYonics Novonics 

Cherry Cherry Semiconductor NPC Nucleonic Products Co. 
CMA Consumer Microcircuits of America 
Cybernetic Cybernetic Micro Systems OEI Optical Electronics, Inc. 

Data General Data General 
OKI OKI Semiconductor 

Datel Datel Systems Panasonic Panasonic, Matsushita Electric Corp. 
DOC Data Devices Corp. Photo Therm Photo Therm 
Delco Delco Electronics Plessey Plessey Semiconductors 
Dionics Dionics Inc. PMI Precision Monolithics, Inc. 

EA Electronic Arrays Raytheon Raytheon Semiconductor 
EMM/Semi EMM Semi, RCA RCA Solid State Division 

Div. of Electronic Memories & Magnetics Reticon Reticon 
Essex Essex International RIFA RIFA 
Exar Exar Integrated Systems Rockwell Rockwell Microelectronic Devices 

RTC Real Time Corp. 
Fairchild Fairchild 

Sanken Sanken Electric Ferranti Ferranti Electric 
Fujitsu Fujitsu Sanyo Sanyo Electric 

SGS SG8-Ates Semiconductor 
GI General Instrument Siemens Siemens 

Signetics Signetics (Philips) 
Harris Harris Semiconductor Silicon G Silicon General 
Hitachi Hitachi America Ltd. Siliconix Siliconix 
Holt Holt Inc. Silicon Sys. Silicon Systems, Inc. 
Hughes Hughes Aircraft Solid State Products Silitronics Silitronics 
Hybrid Sys Hybrid Systems SMC Standard Microsystems 
HyComp HyComp Solitron Solitron Devices 

IMI International Microcircuits, Inc. 
Sprague Sprague Electric Company 
Supertex Supertex. Inc. 

Intech/FMI Intech/Function Modules Inc. SSM Solid State Microtechnology for Music 
Intel Intel SSS Solid State Scientific 
Interdesign Interdesign Synertek Synertek 
Intersil Intersil 
IPI Integrated Photomatrix, Inc. Telaris Telaris 

TeledyneC Teledyne Crystalonics 
Lambda lambda Electronics Teledyne P Teledyne Philbrick· 
LSI lSI Computer Systems Teledyne S Teledyne Semiconductor 

Telefunken AEG-Telefunken 
Maruman Maruman Integrated Circuits TI Texas Instruments 
Master logic Master logic TMX TMX 
Matrox Matrox Electronics Systems Toshiba Toshiba 
Micro Net Micro Networks Trans-Data Trans-Data 
Micropac Micropac Industries TRW TRW 
Micro Power Micro Power Systems . 
Micro Tech Microcircuits Technology Unitrode Unitrode 
Mitel Mitel Semiconductor Western Western Digital 
Mitsubishi Mitsubishi Electric Co. 
MMI Monolithic Memories, Inc. Zilog Zilog 



The only filing system de­
signed especially for the elec­
tronics engineer. Instant 
retrieval and organization of 
data sheets and catalogs. 

The Cadillac of individualized 
catalogs for the electronic 
parts distributor, featuring 
solely his .lines and services. 



Selection Guide 

Consumer Circuits 

Part No. Description Digits 
Power 

Process Packages 
Supplies 

S1424A Five Function LCD Watch with alternating 3% +1.5V CMOS Die 
time/date mode and voltage tripler display 
options 

S1424C Five Function LCD Watch Circuit 3% +1.5V CMOS Die 
S1425A Five Function LCD Watch Circuit 3% +1.5V CMOS Chi P Carrier 
S1427A Five Function LCD Watch Circuit 3% +1.5V CMOS 40 Pin DIP 
S1856 Digital Clock Circuit - LED/Gas 3% +6V to +16V P_12 40 Pin DIP 

Discharge Auto Clock 

I S1998A 50/60Hz Line LED Clock Circuit 4 +8V to +26V P_12 40 Pin DIP 
81998B 50/60Hz Line Clock - Gas Discharge 4 +8V to +33V P-I2 40 Pin DIP 
S2709 Fluorescent Automotive Digital Clock 4 +12V P_12 22 Pin Plastic 
S2733 Six Function LCD Watch Circuit 4 +1.5V CMOS 40 Pin Plastic 

Organ Circuits 

Part No. Description Process 
Power Power 

Packages 
Supplies Dissipation 

S10110 Analog Shift Register P_12 -24V 8 Pin Plastic 
S10111 Analog Shift Register P_12 -24V 8 Pin Plastic 
S10129 Six-Stage Frequency Divider P_12 -14V, -27V 350mW 14 Pin Plastic 
S10130 Six-Stage Frequency Divider P_12 -14V, -27V 350mW 14 Pin Plastic 
S10131 Six-Stage Frequency Divider P:12 -14V, -27V 350mW 14 Pin Plastic 
810377 Analog Shift Register P_12 MOS 8 Pin Package 
810430 Divider -Keyer P_12 M08 40 Pin Package 
S2193 Seven-Stage Frequency Divider P_12 -14V, -28V 300mW 14 Pin Plastic 
S2567 Rhythm Counter HIVT -15V, -27V 400mW 14 Pin Plastic 
S8890 Rhythm Generator P_12 -12V 400mW 40 Pin Plastic 
89660 Rhythm Generator P_12 -12V 400mW 28 Pin Plastic 
S50240 Top Octave Synthesizer P_12 -llV, -16V 360mW 16 Pin Plastic 
S50241 Top Octave Synthesizer P_12 -llV, -16V 360mW 16 Pin Plastic 
S50242 Top Octave Synthesizer P_12 -llV, -16V 360mW 16 Pin Plastic 
S50243 Top Octave Synthesizer P_12 -llV, -16V 360mW 16 Pin Plastic 
S50244 Top Octave Synthesizer P_12 -llV, -16V 360mW 16 Pin Plastic 
S50145 Top Octave Synthesizer P_12 -llV, -16V 360mW 16 Pin Plastic 

Remote Control Circuits 

Part No. Description Process 
Power 

1/0 Bits Packages 
Supplies 

S2600 Remote Control Transmitter CMOS +7V to +10V 11 16 Pin Plastic 
82601 Remote Control Receiver P_12 +10V to +18V 5 22 Pin Plastic 
S2742 Remote -Control Decoder P-MOS +9V 18 Pin Package 
S2743 Remote -Control Encoder P-MOS +9V 16 Pin Package 
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82600/82601 

ENCODER/DECODER 
REMOTE-CONTROL 2·-CHIP SET 

Features 

o Small Parts Count - No Crystals Required 

o Easily Used in LED, Ultrasonic, RF, or Hard­
wire Transmission Schemes 

o Very Low Reception Error 

o Low Power Drain CMOS Transmitter for 
Portable and Battery Operation 

o 31 Commands - 5-bit Output Bus with Data 
Valid 

RC 
Block Diagram 

S2600 Encoder ABCDEFGHI J I( 

(345611191QII121314) 

OSCILLATOR INPUT 

Block Diagram 
52601 Decoder 

©IC MASTER 1979 

RC 
Ost 
1111 

*PROGRAMMABlE 

'" PULSEOti/OFF 

121 (15) 

1111(14'1171\151(1&1 
121" S 
!II..,RYQUTPUTS 

o 3 Analog (LP Filterable PWM) Outputs 

o Muting (Analog Output Kill/Restore) 

o Indexing Output - 2lh Hz Pulse Train 

o Toggle Output (On/Off) 

o Mask-Programmable Codes 

I~ 

DATA 

Pin Configuration 

S2600 

CMOS 

16·PIN PLASTIC DIP 

liND Vss 

BOARp 1 c 

Pin Configuration 
S2601 

PMOS 

22·PIN PLASTIC DIP 

OATAVAUQ 

ON/OFF , 

BINARY 
>5 ;'JoOUTPUTS 

SIGNAL INPUT 
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AIMII® 
Functional Description 

The 82600/82601 is a set of two L8I circuits which 
allows a complete system to be implemented for re­
mote control of televisions, toys, security systems, 
industrial controls, etc. The choice of transmission 
medium is up to the user and can be ultrasonic, infra­
red radio frequency, or hardwire such as twisted pair 
or telephone. 

The use of a synchronizing marker technique has eli­
minated the need for highly accurate frequencies 
generated by crystals. The 82600 Encoder typically 
generates a 40kHz carrier which it amplitude-modu­
lates with a base-band message of 12 bits, each bit 
preceded by a synchronizing marker pulse. 

Bits 1 and 12 denote sync and end-of-message, respec­
tively, bits 2 thru 6 constitute a fixed preamble which 
must be received correctly for the command bits to 
be received, and bits 7 thru 11 contain the command 
data. The 82601 Decoder produces an output only 
after two complete, consecutive, identical, 12-bit 
transmissions. Marker pulses, preamble bits, and 
redundant transmissions, have given the 826001 
82601 system a very high immunity to noise, with­
out a large number of discrete components. 

82600 Encoder 

The 82600 is a CM08 device with an on-chip oscilla­
tor, 11 keyboard inputs, a keyboard encoder, a shift 
register, and some control logic. The oscillator 
requires only an external resistor and capacitor, and 
to conserve power, runs only during transmission. 
Keyboard inputs are active-low, and have internal 
pull-up resistors to VDD. When one keyboard input 
from the group A thru E is activated with one from 
the group F thru K, the keyboard encoder generates 
a 5-bit code, ~s given in the table entitled ((826001 
82601 CODING," below. This code is loaded into 
a shift register in parallel with the sync, preamble, 
and end bits, to form the 12-bit message. 

The transmitter output is a 40 kHz square wave of 
50% duty factor which has been pulse-code-modulated 
by (i.e., ANDed with) a signal having a recurring 
pattern, a bit frame of 3.2 millisecond duration. This 
bit frame is comprised of three signals: the 8tart 
signal which is 0.4 milliseconds of logic "1"; followed 
by the Data signal which is 1.2 milliseconds of the 
lowest-order shift register bit; followed by the Mark 
signal which is 1.6 milliseconds of logic "0" (except 
in the first bit frame where Mark = 1 to facilitate 
receiver synchronization) .. 
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52600/52601 

The shift register is clocked once per bit frame, so 
that its 12-bit message is transmitted once in 38.4 
milliseconds. The minimum number of tranmissions 
that can occur is two, but if the keyboard in puts are 
active after the first 3.6 milliseconds of any 12-bit 
transmission, one more 12-bit transmission will result. 
Transmissions are always complete, never truncated, 
regardless of the keyboard inputs. 

The Test Input is used for functional testing of the 
device. A low level input will cause the oscillator 
frequency to be gated to the Data Output pin. This 
input has an internal pull-up resistor to VDD. 

82601 Decoder 

The 82601 is a PM08 L8I device with an on-chip 
oscillator, five keyboard inputs, a 40 kHz signal 
input, and 11 outputs. The oscillator requires only an 
external Rand C. The five keyboard inputs are active­
low with internal pull-up resistors to Vss; activation 
of any two causes· one of 10 possible 5-bit codes to 
be generated and fed to the outputs of the 82601, 
overriding any 40 kHz signal input. 

Two counters, the signal counter and the local 
counter, are clocked respectively by the signal input 
and a 40 kHz signal from the local RC oscillator 
timing chain. A 40 kHz input lasting 3.2 milliseconds 
(i.e., an initial bit frame) causes the signal counter to 
overrun and reset both itself and the local counter. 
At specific intervals thereafter, the local counter 
generates pulses used 'to interrogate the contents of 
the signal counter. Resynchronization of the counters 
occurs every bit frame so that the interrogation yields 
valid data bits even if the transmitter oscillator fre­
quency has deviated up to ± 24% with respect to the 
receiver oscillator frequency. 

Decoded data bits from the next five bit frames 
following the initial synchronizing frame are compared 
with the fixed preamble code. The next five decoded 
bits, the command bits, are converted to a p'arallel 
format and are compared against the command bits 
saved from the prior transmission. If they match, and 
if the preamble bits are correct, the command bits 
are gated to the receiver outputs. However, a mismatch 
causes the receiver outputs to be immediately disabled, 
and the new command bits are saved for comparison 
against the command bits from the next 12-bit trans-

. mission. In the case where 2 identical, proper, 12-bit 
transmissions are immediately followed either by 
transmissions with erroneous preamble codes or by 
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nothing, the receiver outputs will be activated during 
the end -frame of the second transmission, and will be 
disabled 45 milliseconds thereafter. In the rest (dis­
abled) state the five Binary Outputs are at a "1" logic 
level; when not in the rest state, one or more of the 
open-sourced output. transistors will conduct to VDD. 
The Data Valid output is low during the rest state, and 
high whenever data is present at the Binary Outputs. 

The 82601 has five other outputs: Pulse Train, On/Off, 
Analog A, Analog B, and Analog C. The states of these 
outputs are controlled by the 10 particular Binary 
Output codes which the receiver Keyboard Inputs can 
cause to be generated. The Pulse Train output provides 
a 2.44 Hz square wave (50% duty factor) whenever 
11011 appears at the Binary Outputs, but otherwise 
it remains at a logic "0". This pulse train can be used 
for indexing, 'e.g., for stepping a TV channel selector. 

The On/Off ("mains") output changes state each time 
01111 appears at the Binary Outputs. In TV applica­
tions the On/Off output is most often used to kill and 
restore the main power supply. 

Analog Outputs A, B, and C are 10 kHz pulse trains 
whose duty factors are independently controllable. 
With a simple low-pass filter each of th~se outputs 

Message Bit Format 

82600/82601 

can provide 64 distinct DC levels suitable for control 
of volume, color saturation, brightness, motor speed, 
etc. Each Analog Output increases its duty factor in 
response to a particular Binary Output code and 
decreases its duty factor in response to another code 
~ 6 codes in all. The entire range of 0% to 100% 
duty factor can be traversed in 26 seconds or at a rate 
of the oscillator frequency divided by 262,144. All 
three Analog Outputs are set to 50% duty factor 
whenever 01011 appears at the Binary Outputs. 
Analog A is mutable; 01100 sets it to 0% duty factor. 
If 01100 then disappears and reappears, the original 
duty factor is restored. This of course implements the 
TV "sound killer" feature. 

The 82601 has an on-chip power-on reset (POR) 
circuit which sets the Pulse Train and On/Off Outputs 
to "0," sets the Analog Outputs at 50% duty factor, 
and insures that Analog A is muted. No external 
components are required to implement POR, but a 
POR input has been provided for applications where 
externally controlled reset is desirable, e.g., where the 
power supply voltage rise time is extremely slow. The 
POR input has an internal resistor pull-up to Vss; pull­
ing it low causes a reset. 

~:J-r------'l-_-~~~~~~-.... -~_-~~~~---- -r---------------------- .... -- --I 

Message Format 

©IC MASTER 1979 

ALWAYS 
~ 1 

DECODER DATA OUTPUT 
~ 1 IN SYNC AND END BITS 
~ TRANSMITTEO DATA 

IN FRAMES 2 THRU 11 
(PREAMBLE OR COMMAND) 

MARK 
1 IN SYNC BIT 

~ 0 OTHERWISE 

~ 
START 

04 msec 1+---- 1.2 msec ---..,....----- 1.6 msec ------I~ 

16 CLOCKS 48 CLOCKS 3.2 msec 64 CLOCKS 
......... 1--------'------- TYPICAL ----------~ 

128 CLOCKS/BIT 
(TYPICAL CARRIER ~ 40kHz) 

* "1" MEANS PRESENCE OF A 40kHz CARRIER (SQUARE WAVE); "0" MEANS ABSENCE OF A 40kHz CARRIER (SQUARE WAVE)' 

** IF MESSAGE BIT = "1" THEN OEcdoER OATA OUTPUT ~ ENCOOER DATA INPUT = "0"; 
IF MESSAGE BIT = "0" THEN DECOOER OATA OUTPUT ~ ENCODER DATA INPUT ~ '.,... 

FIRST PREAMBLE BIT 0 

M S 0 
\ 

INPUT KEYED D M S D M S 0 M 

DON'T CARE 

M 

ST ARTE 0 HE R E ~ +-,-,-""--'-'--'0.1.+-'---'----1 i+'-I--L-If+-'--"----t-'--..L.---;...J..-~ ... H-I_'_.......L..___i 

KE~~~~~;~ ~ T~~~~ _~~~~~~~~~~~r---H-r_--I-

OSC H:~~-+-~---+---ff-+---1"'---+----+-----1~r+---~_ 

OUTPUT OUTPUT 
DECODE DUTPUT.DATA 

DATA~O OATA=l 
40kHz -I----+-, 

'f-~f.lL........t------+'1 r-t--TRANSMllTED'MESSAGE 0 ~ 

SYNC 
BIT 

5BITSOF 5BITSOF END SYNC lOBITSOF 
PREAMBLE COMMAND BIT BIT PREAMBLE 

& COMMAND; 

END 
BIT 

1-ooI_&-----MESSAGE ONE ------i*"ll-- MESSAGE TWO ---I"~ 
76,8msec 

---- TYPICAL 
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S2600/S2601 Coding 

Transmitter 
Keyboard 
Input Pins 
Tied to Vss 

AB 
AF 
AG 
AH 
AI 
AJ 
AK 
BF 
BG 
BH 
BI 
BJ 
BK 
CF 
CG 
CH 
CI 
CJ 
CK 
OF 
DG 
DH 
01 
OJ 
OK 
EF 
EG 
EH 
EI 
EJ 
EK 

Receiver 
Kevboard 
Input Pins 
Tied to VD~ 
(See Note 

-
-
-
-
BC 
-
-
AE 
-
-
-
DE 
CE 

CD 

AD 
BD 

AS 

BE 

AC 

NOTES: 1. Receiver keyboard inputs override any remote signal Input. 
2. Sets Analog A, B, and C waveforms to 50% Duty Factor. 

Resulting 
Receiver 
Binary 
Outputs 
1 2 3 4 5 
0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 0 
0 0 0 1 1 
0 0 1 0 0 
0 0 1 0 1 
0 0 1 1 0 
0 0 1 1 1 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 1 0 
0 1 0 1 1 
o 1 0 0 
o 1 1 0 1 
o 1 1 1 0 
o 1 1 1 1 
1 0 0 0 0 
1 0 0 0 i 
1 0 0 1 0 

o 0 1 1 
o 1 0 0 
o 1 0 1 
o 1 1 0 
o 1 1 1 
1 0 0 0 

o 0 1 
o 1 0 
o 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

3. First operation sets Analog A to 0% Duty Factor; second operation restores former Analog A Duty Factor. 

Electrical Specifications - 2600 Encoder 

All voltages measured with respect to Vss. 

Absolute Maximum Ratings 

52600/52601 

Receiver Dedicated 
Functions 
(Mask programmable 
except for rest state) 

Increase Analog C pulse width 

Decrease Analog B pulse width 

RESET Analog (See Note 2) 
MUTE (See Note 3) 

Toggle On/Off Output 

Increase Analog B pulse width 
Decrease Analog C pulse width 

Increase Analog A pulse width 

Actiyate Pulse Train Output 

Decrease Analog A pulse width 
Rest State 

Operating ambient temperature TA ................................................ 0 to + 70° C 
Storage temperature ...................................................... - 65° C to + 150° C 
Positive voltage on any pin .......................................................... +14V 
Negative voltage on any pin .......................................................... 0.3V 

Electrical Characteristics 

Unless otherwise noted, VDD = 8.5 ± 1.5V and TA = 0 to +70°C. 

Symbol Parameter Min. Typ. Max. Units' . Conditions 

fO Oscillator frequency 7 640 2000 kHz Rose = 12K, Cose = 100pF 
MOlfO Frequency deviation -10 +10 % Fixed Rose, Cose, VDD ± 10% 

i 
During transmissio n, 

IDD Supply current 2 rnA Data Output =lmA 
Standby 10 pA No transmission (25° C) 

Vru Input "1 " threshold 25 50 %VDD 
VIL Input "0" threshold 50 75 %VDD 
IIL Input source currrent 50 200 pA VI = OV 
IOH. Output source current 1 1.5 rnA Vo = VDD - 3V 
IOL Outpu t sink current -.2 -.5 rnA Vo = +0.5V 

Note: Circuit operates with VDD from 3.0V to 12.0V. 
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S27 43/S27 42~ 

ENCODER/DECODER 
REMOTE·CONTROL 2·CHIP SET 

Features 

C Lower System Costs 
- RC oscillator used on encoder fno crystal 

requiredl 
- Phase-locked-loop on decoder fno crystal 

required I 
- Single binary inputs allow inexpensive 

switches on pc board jumpers 

C Flexibility of Application 
- 512 user selectable address codes 
- Decoder signal valid output 
- Externally selectable one-shot tailors 

message reception 
- User has choice of transmission media: 

infrared, ultrasonic, RF, or hardware 
- Eight ROM programmable preamble codes 
- Encoder operates on a single 9V battery 

c:: Reliable System Operation 
- Frequency shift keying scheme means low 

reception error 
- PLL allows frequency variation ± 15 Ofo 

between encoder and decoder 
- One-shot period allows adjustment for 

. system noise 
- Triple message redundancy required 
- Preamble adds to message security 
- High noise Immunity 

S2743 Serial Data Encoder Block Diagram 
. and Pin Configuration 

BIT 2 1 16 Vss 

BIT 3 2 
15 OUTPUT 

EXTERNAL 
COMPONENTS 

BIT 4 3 , ... , 3D R1 

BITS 4 13 R 
R2 

BITS 5 12 C -1 
C1 

BIT 7 6 11 Voo 

BITS 7 EXTERNAL 
10 TEST 

PROGRAMMING 
LOGIC 

9 BIT 1 BIT 9 B 

©IC MASTER 1979 

General Description 

Encoder/Decoder 

This two chip PMOS set includes a user programmable 
serial data encoder for use in a simple low power 
transmitter and a serial data decoder for use in a user 
addressable receiver. The user can select the transmis­
sionmedium (RF, infrared ultrasonic, or hard wired). 
The externally selectable message allows up to 512 
codes or addresses; this is done with the nine binary in­
puts on each device. An additional 3 bits of address can 
be programmed on chip as a fixed preamble. 

The serial data encoder encodes by means of a fre­
quency-shift-keyed trinary data pattern composed of 
16'data bits. Each data bit will have a length equivalent 
to 32 cycles of high frequency clock (20kBz typicaD. 
Each trinary data pattern will be 512 cycles of 1/2 the· 
oscillator frequency length. The encoder frequency 
oscillator reference is controlled with an external RC 
network. The encoder transmitter can be powered by a 
single 9 volt battery so that a single momentary push 
button will activate the encoder and transmitter. In 
the off position there is no current flow. 

The serial data decoder in conjunction with a receiver 
amplifier decodes the transmitted 16 bit coded signal. 
The on-chip phase-locked-loop locks in on the 20kHz 
signal even if the transmitted frequency differs from 
the receiver by up to ± 15%. The coded signal input is '. 

S2742 Serial Data Decoder Block Diagram 
and Pin Configuration 

BIT SWITCHES 

SELECT 2 

SELECT 3 

SELECT 4 

SELECT 5 

SELECT 6 

SELECT 7 

SELECTS 

SELECT 9 

SELECT l 

.ADVANCED PRODUCT DESCRIPTION 
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96S02 
96LS02 

DUAL RETRIGGERABLE RESETTABLE 
MONOSTABLE MUL TIVIBRATOR 

DESCRIPTION - The 96S02 and 96LS02 are dual retriggerable and reset­
table monostable multivibrators. These one-shots provide exceptionally wide 
delay range, pulse width stability, predictable accuracy and immunity to 
noise. The pulse width is set by an external resistor and capacitor. Resistor 
values up to 1.0 MO for the 96LS02 and 2.0 MO for the 96S02 reduce required 
capacitor values. Hysteresis is provided on both trigger inputs of the 96LS02 
and on the positive trigger input of the 96S02 for increased noise immunity. 

• REQUIRED TiMING CAPACITANCE REDUCED BY FACTORS 
OF 10 TO 100 OVER CONVENTIONAL DESIGNS 

• BROAD TIMING RESISTOR RANGE-l.0 kO to 2.0 MO 
• OUTPUT PULSE WIDTH ~S VARIABLE OVER A 2000:1 RANGE 

, BY RESISTOR CONTROL 
• PROPAGATION DELAY OF 35 ns 96LS02, 12 ns 96S02 
• 0.3 V HYSTERESIS ON TRIGGER INPUTS 
• OUTPUT PULSE WIDTH INDEPENDENT OF DUTY CYCLE 
• 35 ns TO a:l OUTPUT PULSE WIDTH RANGE 

ORDERING CODE: See Section 9 

PKGS 

Plastic 
DIP (P) 

Ceramic 
DIP (D) 

Flatpak 
(F) 

PIN 

OUT 

A 

A 

A 

COMMERCIAL GRADE 

Vee = +5.0 V ±5%, 
TA = O°C to +70°C 

96S02PC, 96LS02PC 

96S02DC, 96LS02DC 

96S02FC. 96LS02FC 

MILITARY GRADE 

Vee = +5,0 V ±10%, 
TA = -55°C to +125°C 

96S02DM, 96LS02DM 

96S02FM,96LS02FM 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 

PKG 

TYPE 

98 

68 

4L 

96S (U.L.) 

CONNECTION DIAGRAM 
PINOUT A 

C,· C!: 
Rx' [I 

c"'[I 
,. IT 
1.,[[ 

a'ii 

a,II 

GNO[I 

~ 

~v 
$Jcx: 

2iJ Rx. 

J]CD.' 

:!3J I. 

I!] 1:1 

~a? 
~a) 

LOGIC SYMBOL 

~~~ Rx 

(15) 11 .1 T2 (14) 

Vee 
16 

a -6(10) 

(12)~~-~ 
(11)5~T 

a 1c>--7 (9) 

Co 

Vee = Pin 16 
GND = Pin 8 

96LS (U.L.) 
PIN NAMES DESCRIPTION 

HIGH/LOW HIGH/LOW 

10 Trigger Input (Active Falling Edge) 0.510.625 

'0 Schmitt Trigger Input (Active Falling Edge) 0.5/0.25 

h Schmitt Trigger Input (Active Rising Edge) 0.5/0.625 0.5/0.25 
Co Direct Clear Input (Active LOW) 0.5/0.625 0.5/0.25 
Q True Pulse Output 25112.5 10/5 .. 0 

(2.5) 
(5 Complementary Pulse Output 25/12.5 10/5.0 

(2.5) 
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4 (12) POSITIVE 
TRIGGER 

FAIRCHILD. 96802 • 96L802 

LOGIC DIAGRAM 

FUNCTIONAL DESCRIPTION - The 96S02 and 96LS02 dual retriggerable resettable monostable multivibra­
tors have two dc coupled trigger inputs per function, one active LOW (To) and one active HIGH (I,). The h input of 
both circuit types and the To input of the 96LS02 utilize an internal Schmitt trigger with hysteresis of 0.3 V to 
provide increased noise immunity. The use of active HIGH and LOW inputs allows either rising or falling edge 
triggering and optional non-retriggerable operation. The inputs are dc coupled making triggering independent 
of input transition times. When input conditions for triggering are met the 0 output goes HIGH and the external 
capacitor is rapidly discharged and then allowed to recharge. An input trigger which occurs during the timing 
cycle will retrigger the circuit and result in 0 remaining HIGH. The output pulse may be terminated (0 to the 
LOW state) at any time by setting the Direct Clear input LOW. Retriggering may be inhibited by tying the Q 
output to To or the 0 output to h. Differential sensing techniques are used to obtain excellent stability over 
temperature and power supply variations and a feedback Darlington capacitor discharge circuit mini mizes 
pulse width variation from unit to unit. Schottky TTL output stages provide high switching speeds and output 
compatibility with all TTL logic families. 

Operation Notes 
TIMING 
1. An external resistor (Ax) and an external capacitor (Cx) are required as shown in the Logic Diagram. The 

value of Rx may vary from 1.0 k!! to 1.0 Mil (96LS02) or 2.0 Mil (96S02)' 
2. The value of Cx may vary from 0 to any necessary value available. If, however, the capacitor has significant 

leakage relative to Vee/Rx the ti ming equations may not represent the pulse width obtained. 
3. Polarized capacitors may be used directly. The (+) terminal of a polarized capacitor is connected to pin 1 

(15), the (-) terminal to pin 2 (14) and Rx. Pin 1 (15) will remain positive with respect to pin 2 (14) during the 
timing cycle. In the 96S02, however, during quiescent (non-triggered) conditions, pin 1 (15) may go negative 
with respect to pin 2 (14) depending on values of Rx and Vee. For values of Rx?: 10 k!l the maximum amount 
of capacitor reverse polarity, pin 1 (15) negative with respect to pin 2 (14) is 500 mV. Most tantalum electro­
lytic capacitors are rated for safe reverse bias operation up to 5% of their working forward voltage rating; 
therefore, capacitors having a rating of 10 WVdc or higher should be used with the 96S02 when Rx ?: 10 kil. 

4. The output pulse width tw for Rx ?: 10 kU and Cx ?: 1000 pF is determined as follows: 
(96S02) tw = 0.55 RxCx 
(96LS02) tw = 0.43 RxCx 
Where Rx is in k!!, ex is in pF, t is in ns or Rx is in kil, ex is in j.lF, t is in ms. 

5. The output pulse width for Rx < 10 kH or ex < 1000 pF should be determined from pulse width versus Cx or 
I . 

Rx graphs. . 
6. To obtain variable pulse width by remote trimming, the following circuit is recommended: 

1.0 kll 

PIN2(14)~ - -- - - - --1 
J 

'- AS CLOSE AS POSSIBLE Rx -1.5 kl! 

PIN 1 (15) TO DEVICE 

Vee 0- - - - - - - - -
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"0 

.r::. 
(,) 
'-

"cu 
LL 

FAIRCHILD. 96502. 96L502 

Operation Notes (Cont'cO 
7. Under any operating condition, Cx and Rx (Min) must be kept as close to the circuit as possible to minimize 

stray capacitance and reduce noise pickup. 
B. Vee and ground wiring shoult1 conform to good high frequency standards so that switching transients on 

Vee and ground leads do not cause interaction between one shots. Use of a 0.01 J-LF to 0.1 J-LF bypass capaci­
tor between Vee and ground located near the circuit is recommended. 

TRIGGERING 
1. 
2. 

3. 

The minimum negative pulse width into To is B.O ns; the minimum positive pulse width into h is 12 ns. 
Input signals to the 96S02 exhibiting slow or noisy transitions should use the positive trigger input 11 which 
contains a Schmitt trigger. Input signals to the 96LS02 exhibiting slow or noisy transitions. can use either 
trigger as both are Schmitt triggers. 
When non-retriggerable operation is required, i.e., when input triggers are to be ignored during quasi-stable 
state, input iatching is used to inhibit retriggering. 

INPUT 

"'-""--'l.fV'v- Vee 

CD 

a 1---...... - OUTPUT ...r--L I 
INPUT---'...-----. 

a 

"'-""--'l.fV'v- Vee 

a 1-----. OUTPUT ...r--L 

CD 

NEGATIVE EDGE TRIGGER POSITIVE EDGE TRIGGER 

4. An overriding active LOW level direct clear is proVided on each multivibrator. By applying a LOW to the clear, 
any timing cycle can be terminated or any new cycle inhibited until the LOW reset input is removed. Trigger 
inputs will not produce spikes in the output when the reset is held LOW. A LOW-to-HIGH transition on Co 
will not trigger the 96S02 or 96LS02. If the CD input goes HI GH coincident with a trigger transition, the circuit 
will respond to the trigger. 

474 

TRIGGERING TRUTH TABLE 

PIN NO'S. 
5 (11) 4 (12) 3 (13) 

H-L L H 
H L-H H 
X X L 

H HIGH Voltage Level ~. VIH 
L c: LOW Voltage Level <, VIL 
X " Immaterial1either H or U 

OPERATION 

Trigger 
Trigger 
Reset 

H ~L ~ HIGH to LOW Voltage Level transition 
L ~H = LOW to HIGH Voltage Level transition 
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FAIRCHILD • 96S02. 96LS02 

TYPICAL CHARACTERISTICS 
96S02 

OUTPUT tw YS Rx and Cx 
103 

8 

, ~Vee 5.0 V 
>-TA . ~25°C 

Ilil ~/ 
II ... ~~I' 

10~ 
8 == := CJ"t-

6 

1/" CJ"t-

/ ./ 
~ 

10 
8 
6 , 

/ / 

I/' 
/ 

~ 
!:)~ 

... C:S , 
V ~ ... 

~. 

CJ"t-
~} 

, ~)~ 
CJ"t-f 

/' 

i 1.0 
1.0 4 6 8 10 2 4 6 8 102 2 4 6 8103 

tw - OUTPUT PULSE WIDTH - IJS 

To DELAY TIME YS TA 
15 

14 Vee 5,0 V --+--+---+---1 
C L 15 pF 

8.0 
0 25 50 75 

TA-AMBIENT TEMPERATURE- C 

NORMALIZED Mw YS TA 

' 1,0 

'0.8 ~--+----11----+- Rx 10 k!! 
Cx 1000 pF 

'0.6 

·0.4 

'0.2 

0 

-0.2 

-0.4 

-0.6 

-0.8 

-1.0 

0 ·25 ·50 ·75 

TA - AMBIENT TEMPERATURE - C 

.. 
c 
I 

III 
I-
:::I 
Q. 
I-
:::I 
0 
0 
I-
.;: 

> 
c( 
..J 
w 
0 
I 

I 

.. 
c 
I 

:I: 
I­
o 
i 
w 
III 
..J 

11 DELAY TIME YS T A 

17 
II 

16 
Vee = 5.0 V =- C, = 15 Pi --~ 15 -tPH, - COMPLEMENT OUTPUT (Q)-

14 

13 

- --....--..-
12 tPLH TRUE OUTPUT (a) 

11 

10~--~----L---~ ____ ~ __ ~ ____ ~ 
o 25 50 75 

TA-AMBIENT TEMPERATURE- 'c 

OUTPUT tw YS T A 

42r----r----r----r----~--~--__, 

~ 36~~~----~---+--~~ 
I­
:::I 
Q. 

5 34~~~~--~--~~ 
o 
w 
~ 32r----+---+----+---~~~~~ 

Ui 
o 
Q. 30r----+----+----+----+----4----4 
I 

28L-__ ~ ____ L-__ ~ ____ ~ __ ~ __ ~ 

... 
c 
I 

:I: 
I­
o 

104 

8 

i 103 
8 
6 

W 
III 
..J 
:::I 
Q. 

I­
:::I 
Q. 
I-g 102 

w 
> 
~ 
Ui 
o 
Q. 

I 

o 

10 
1.0 

25 50 75 

T A - AMBIENT TEMPERATURE - 0 C 

PULSE WIDTH YS RxCx 

20 kll 

15 kl! 

10 kl! 

1~ .. 2 k 71 t 
6.2 k ~ ~~ 

~ .... /,., 
3.9 k ... , Yr\ 

3.0 k 
2.0 k 

1 .. 5 k~ t 
I 

1 11.0 k : 

I I ! I 
',468102346810223 468 103 

TIMING CAPACITOR Cx - pF 
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48 
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44 

42 

40 

38 

36 

34 

32 

30 

28 

FAIRCHILD • 96502. 96L502 

TYPICAL CHARACTERISTICS 
96lS02 

OUTPUT tw vs Rx and ex 

II ~ / / 
!:)<V 

",($ 

- f--I <i\- 4< 
!:)() 

",($ 

/ vy ~/ 

" lI' ",' 
I ,()t:;:.J 

I IvV 
I I ~ 

().J~ 

./ / v:// 
f 

I 

Iw - OUTPUT PULSE WIDTH (115) 

10 DELAY TIME vs TA 

r 1 I I 1 I 

~ .. 1- 'e--- v 5.0V _ 

I I C 15 pF 
I I 

I V 
........ r----__ ~i 

- ~ 
IPLH - TRUE OUTPUT (0) 

I I I i 
I I 

~ 
............. 

r---..... v v 
~ -

IPHI - ~OM~lEMIENTI OU~PUTI (0) 

.. 
c: 
I 

III 
~ 
:;:) 
Q. 
~ 
:;:) 

0 
0 
~ 

~ 

>" 
<I( 
....I 
w 
0 
I 

E 

.. 
c: 
I 

J: 
~ 
0 

i 
w 
III 
....I 
:;:) 
Q. 

~ 
:;:) 
Q. 
~ 
:;:) 

0 
w 
> 
i= 
iii 
0 
Q. 

I 
~ 

h DELAY TIME vs TA 
52rl-.--rl-'--·I-'I--'-'-~~'-' 

50 
5.0 V 

15 pF 

48 

46 
"""'r---- _...-""" 

44 ~...-- IPLH - TRUE OUTPUT (Q) +--+-~ 

42 

40 

38 

36 

34 

TA - AMBIENT TEMPERATURE -'C 

OUTPUT tw vs T A 
100 

90 

I ! 
I 

Rx I I 
i 1 kll 

! I 
I Cx 100 pF-

C" 15 pF 

'- I I Vee 5.0V -

---+-- -80 
I 

i 

70 

60 

I 
I 

i ! I 

I I I 
1 I I 

-55 -35 -15 5 25 45 65 85 105 125 145 
50 

-75 -25 ·25 ·75 ·125 

~ -2.0 
I 

Z 
o 
i= 
<I( ·1.0 
ir 
<I( 

> 
J: 

~ 0 
i 
W 
III 
....I 

~ -1.0 

o 
w 
N 
3 
<I( 

:E 
a: 
o 
z 
I 
~ 

4 

-2.0 

-3.0 
-75 

TA - AMBIENT TEMPERATURE - C 

NORMALIZED ~tw vs TA 

1 ! 
Rx '10 Jl -

I 
: Cx 1000 pF 

+- Iw 4.3115 -

~ ;~ 
I 

.J..- t If S.S II 
-I--..!:cc I 

T-~ r--:K,,' I ~r I 

~,~\. 

" ~ " 

-25 ·25 ·75 ·125 

T/. - AMBIENT TEMPERATURE - 'C 

. 
c: 
I 

J: 
~ 
0 

i 
w 
III 
....I 
:;:) 
Q. 

~ 
:;:) 
Q. 
~ 
:;:) 

0 
w 
> 
i= 
iii 
0 
Q. 

TA - AMB'IENT TEMPERATURE - 'c 

PULSE WIDTH vs RxCx 
104 

20 kll 
1.5 k 

10 kll 

103 

III I 'F 
I. I 8.2 k 

~'/ 't III I 

6.2 k 

102 ~ ~ '\.. 

8 

- • .0 k 

== 1.5 k - 3.0 

3.9 k 
1.0 k 

III 
I I II IIII I lUi 10 

1.023468102346810223468103 

TIMING CAPACITOR Cx - pF 
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FAIRCHILD. 96S02. 96LS02 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
96S 96LS 

UNITS CONDITIONS 
M.in Max Min Max 

VT+ 
Positive:"going Threshold 

2.0 2.0 V Vcc = 5.0 V Voltage, To, h (96LS02) 11 (96S02) 

Negative-going 
XM 0.8 0.7 

VT- :rhreshold Voltage 
XC 0.8 0.8 

V Vcc = 5.0 V 
10, 11 (96LS02) 11 (96S02) 

XM 2.7 2.5 Vcc = Min, VIN = VIH or VIL 
VOH Output HIGH Voltage 

XC 2.7 2.7 
V IOH = -400 IlA ('LS02) 

IOH = -1.0 rnA ('S02) 

XM 0.5 0.5 
V Vcc = Min, VIN = VIH or VIL VOL Output LOW Voltage 

XC 0.5 0.4· 

Capacitor Voltage -0.85 3.0 0 3.0 
./ 

Rx = 1.0 k!l 
Vcx Pin 1 (15) Referenced -0.5 3.0 0 3.0 V Rx = > 10 kH Vcc = 4.75 V 

to Pin 2 (14) -0.4 3.0 0 3.0 Rx > 1.0 M!l to 5.25 V 

20 20 IlA VIN = 2.7 V 
Vcc = 

IIH Input HIGH Current 
0.1 0.1 rnA 

VIN = 5.5 V ('S02) 
Max 

VIN = 10 V ('LS02) 

ilL Input LOW Current -1.0 -0.4 rnA VIN = 0.4 V, Vcc ~ Max 

los Output Short Circuit Current -40 -100 -20 -100 rnA Vcc' = Max, VOUT = 0 V 

Ice Power Supply Current 75 36 rnA VIN = Open, Vee = Max 

r"oon'j INPUT PULSE 
f == 100 kHz 
Amp == 3.0 V J. ~\,5V Width == 100 ns 
tr = it ~ 5 ns 

-'''"t 
~ a I 

.~" 
Q 

\ F 
-~"'~ 

Fig. a 

©IC MASTER 1979 477 



FAIRCHILD. 96502. 96LS02 

AC CHARACTERISTICS: Vee = +5.0 V. TA = +250 C (See Section 3 for waveforms and load configurations) 

96S 96LS 

SYMBOL PARAMETER CL = 15 pF CL = 15 pF UNITS. CONDITIONS 

Min Max Min Max 

tPLH 
Propagation Delay 

15 55 ns To to Q 

tPHL 
Propagation Delay 

19 50 ns 
To to Q 

tPLH 
Propagation Delay 

19 60 ns 
11 to Q 

tPHL 
Propagation Delay 

20 55 ns 
h to Q Fig. a 

tPHL 
Propagation Delay 

20 30 ns Co to Q 

tPLH 
Propagation Delay 

14 35 ns 
CD to Q 

tw (U 10 Pulse Width LOW 8.0 15 ns 

tw (H) h Pulse Width HI GH 12 30 ns 

tw (U CD Pulse Width LOW 7.0 22 ns 

tw (H) Minimum Q Pulse Width HIGH 30 45 25 55 ns 
Rx = 1.0 kO. Cx = 10 pF 
including jig and stray 

tw Q Pulse Width 5.2 5.8 4.1 4.5 jJ.s Rx'= 10 kO. Cx = 1000 pF 

Rx Timing Resistor Range 1.0 2000 1.0 1000 kO 
TA = -55°C to +125°C, 
Vee = 4.5 V to 5.5 V 

Change in Q Pulse Width I XM 3.0 
% Rx -= 10 kO. Cx = 1000 pF t 

over Temperature I XC 1.0 1.0 

TA = 25°C. Vee = 4.75 V to 
1.0 0.8 5.25 V. Rx = 10 k!!. 

t 
. Change in Q Pulse Width 

% 
Cx = 1000 pF 

over Vee Range TA = 25°C. Vee = 4.5 V to 
1.5 5.5-V. Rx = 10 kO. 

Cx = 1000 pF 
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CONNECTION DIAGRAM 
PINOUT A 

I" 

96LS32 
ADDRESS MUL TIPLEXER/REFRESH C'OUNTER 

(For 4K Dynamic RAMs) 

DESCRIPTION - The 96LS32 is a.n address multiplexer and refresh counter 
for multiplexed address dynamic RAMs requiring refresh of up to six input 
addresses (or 4K bits for 64 x 64 organizationl. It multiplexes 12 bits of system 

cpu: 
'-. 

~vcc applied address to six output address pins. The device also contains a 6-bit 
refresh counter which is externally clocked so that either distributed or burst RE[I ~RS 
refresh may be used. The high performance of the 96LS32 makes it especially 

A1[I ~As suitable for use with high speed n-channel RAMs like the M4027. The 96LS32 
operates from a single +5.0 V power supply and is specified for operation over A71I ~A11 
a 0° C to +75° C ambient temperature range. A2 [I ~A4 

As[[ mAlO 
• SIMPLIFIES SYSTEM DESIGN Ao [I }!]A3 
• REDUCES PACKAGE COUNT 
• DRIVES HIGH CAPACITANCE LOADS A6[! "mAg 
• USE FOR DISTRIBUTED'OR BURST REFRESH 00[[ 3]]Cb 
• STANDARD 24-PIN DUAL IN-LINE PACKAGE 

od!~ [1]]04 • LOW POWER SCHOTTKY DESIGN MINIMIZES POWER CONSUMPTION 

odE ;mos 

ORDERING CODE: See Section 9 
GNOIE Jilzo 

PIN 
COMMERCIAL GRADE MILIT ARY GRADE 

PKG 
PKGS 

OUT 
Vee = +5.0 V ±5%, Vee = +5.0 V ±10%, 

TYPE 
TA = O°C to +70°C TA = -55°C to +125°C 

Plastic 
A 96LS32PC 9N DIP (P) 

Ceramic 
A 96LS32DC 96LS32DM 6N DIP (D) 

Flatpak 
A 96LS32FC 96LS32FM 4M (F) 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 

PIN NAMES DESCRIPTION 
96XX (U.L.) 
HIGH/LOW 

Ao~A5 Row Address Inputs 0.5/0.13 
A6-Al1 Column Address Inputs 0.5/0.13 
CP Clock Pulse Input (Active Falling Edge) 0.5/0.13 
RE Refresh Enable Input (Active HIGH) 0.5/0.13 
RS Row Select Input (Active HIGH) 0.5/0.13 
ZD Refresh Counter Zero Detect Output (Active LOW) 25/3.1 
00-05 Address Outputs' 25/3.1 
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FAIRCHILD • 96LS32 

LOGIC DIAGRAM 

All ------;:::===========:rl 
A6--;====~========~============~ 

12 TOTAL I 
I 
I 
I 
I 

Aa 

Ao 

RS 6 TOTAL -----
RE 

·64 

cp----------------~ 

23 

2 

LOGIC SYMBOL 

7 8 3 4 ·5 6 18 17 20 19 22 21 

9 11 10 16 15 14 

Vee == Pin 24 
GND == Pin 12 

zo 

05 

6 TOTAL! 

I 
I 
I 
I 

00 

6 TOTAL 

ZO 

13 
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FAIRCHILD • 96LS32 

FUNCTIONAL DESCRIPTION - The 96LS32 address multiplexer/refresh counter perfQrms the fQIIQwing 
functiQns: 

1. RQw, CQlumn and Refresh Address multiplexing 
2. Address cQunting fQr burst Qr distributed refresh 

These functiQns are cQntrQlled by two. signals, Refresh Enable and RQW Select, bQth Qf which are active HIGH 
TTL inputs. the FunctiQn Table shQWS the levels required to. multiplex to. the Qutput: 

1. Refresh address (frQm internal CQunter) 
2. RQW addresses (Ao through As) 
3. CQlumn addresses (A6 thrQugh A,,) 

BURST REFRESH MODE - When refresh is requested the Refresh Enable input is HIGH. This input is 
ANDed with the six Qutputs Qf the internal 6-bit CQunter. At each CP pulse the CQunter increments by Qne, 
sequencing the Qutputs (00 - 05) thrQugh all 64 row addresses. When the CQunter sequences to. all zerQes, the 
Zero. Detect Qutput gQes LOW signaling the end Qf the refresh sequence. Due tQCQunter decQding spikes, the 
Zero. Detect Qutput is valid Qnly after tez fQIIQwing the LOW gQing edge Qf CPo 

DISTRIBUTED REFRESH MODE -In the distributed refresh mQde, Qne rQW is selected fQr refresh' each 
(trefresh/n) time where n = number Qf rows in the device and refresh is the specified refresh rate fQr·the device. 
For the M4027, trefresh = 2.0 ms and n = 64, therefQre Qne row is refreshed each 31 jJ.S. FQIIQwing the refresh 
cycle at rQW n, the CP input is pulsed, advancing the refresh address by Qne rQW so that the next refresh cycle 
will be perfQrmed Qn row n + 1. The CP input may be pulsed fQIIQwing each refresh cycle Qr within the refresh 
cycle after the specified memQry device address hQld time. 

ROW AND COLUMN ADDRESS-All twelve system address lines are applied to. the inputs Qf the 96LS32. 
When Refresh Enable is LOW and Row Select is HIGH, the input addresses Ao - As are gated to. the Qutputs and 
applied to. the driven memQries. Conversely, when RQW Select is LOW (with Refresh Enable still LOWl, input 
addresses A6 - An are gated to. the Qutputsand applied to. the driven memQries. When memQry devices are 
driven directly by the 96LS32, the address applied to. the memQry devices is the inverse Qf the address at the 
inputs due to. the inverted .Qutputs Qf the 96LS32. This shQuld be remembered when checking Qut the memQry 
system. 

©IC MASTER 1979 

Refresh RQW 
Enable Select 

H X 
L H 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

FUNCTION TABLE 

Outputs 

Refresh Address (frQm internal cQunter) 
Row Address (complement Qf Ao - As) 
CQlumn Address (cQmplement of A6 - A,,) 
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96LS42 
ADDRESS ~J1UL TIPLEXER/REFRESH COUNTER 

(For 16K Dynamic RAMs) 

DESCRIPTION - The 96LS42 is an address multiplexer and refresh counter 
for multiplexed address dynamic RAMs requiring refresh of 64 or 128 cycles. 
It multiplexes 14 bits of system supplied address to seven output address 
pins. The device also contains a 7-bit refresh counter which is externally 
controlled so that either distributed or burst refresh may be used. The high 
performance of the 96LS42 makes it especially suitable for use with high 
speed n-channel RAMs like the F16K. The 96LS42 is manufactured using 
Fairchild's advanced low power Schottky process. 

• SIMPLIFIES SYSTEM DESI9N 
• REDUCES PACKAGE COUNT 
• DRIVES HIGH CAPACITIVE LOADS 
• EITHER BURST OR DISTRIBUTED REFRESH 
• LOW POWER SCHOTTKY DESIGN 
• STANDARD 28-PIN PACKAGE 

ORDERING CODE: See Section 9 

PIN 
COMMERCIAL GRADE MILITARY GRADE 
~ ________________ +-________________ ~,PKG 

PKGS 

Plastic 
DIP (P) 

Ceramic 
DIP (D) 

OUT 
Vee = +5.0 V ±5%, 
TA = O°C to +70°C 

A 96LS42PC 

A 96LS42DC 

Vee = +5.0 V ±10%, 
TA = -55° C to +125° C 

96LS42DM 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 

PIN NAMES 

Ao-As 
A7-A13 

CP 
RE 
RS 
ZD 
00-06 

482 

DESCRIPTION 

Row Address Inputs 
Column Address Inputs 
Clock Pulse Input (Active Falling Edge) 
Refresh Enable Input 
Row Select Input 
Refresh Counter Zero Detect Output (Active LOW) 
Multiplexer Outputs (Active LOW) 

TYPE 

9Y 

8E 

CONNECTION DIAGRAM 
PINOUT A 

• 

96XX (U.L.) 
HIGH/LOW 

0.5/0.13 
0.5/0.13 
0.5/0.13 
0.5/0.13 
0.5/0.13 

25/3.1 
25/3.1 

©IC MASTER 1979 



FAIRCHILD·96LS42 

FUNCTIONAL DESCRIPTION - The 96LS42 address multiplexer/refresh counter performs the following 
functions: 

1. Row, Column and Refresh Address multiplexing 
2. Address counting for burst or distributed refresh 

These functions are controlled by two signals, Refresh Enable and Row Select, both of which are active HIGH 
TTL inputs. The Function Table shows the levels required to multiplex to the output: 

1. Refresh addresses (from internal counter) 
2. Row addresses (Ao through A6) 
3. Column addresses (A7 through A13) 

Burst Refresh Mode - When refresh is requested the Refresh Enable input is HIGH. This input is AN D-ed with 
the seven outputs of the internal 7-bit counter. At each CP pulse the counter increments by one, sequencing the 
outputs (00 - (6) through all 128 row addresses. When the counter sequences to all zeroes, the Zero Detect 
output goes LOW signaling the end of the refresh sequence. Due to counter decoding spikes, the Zero Detect 
output is valid only after tez following the LOW going edge of CPo 

Distributed Refresh Mode -In the distributed refresh mode, one row is selected for refresh each (trefresh/n) time 
where n = number of rows ~n the device and refresh is the specified refresh rate for the device. For the F16 k, 
Refresh = -2.0 ms and n = 128, therefore one row is refreshed each 62 J.LS. Following the refresh cycle at row n, the 
CP input is pulsed, advancing the refresh address by one row so that the next refresh cycle will be performed on 
row n + 1. The CP input may be pulsed following each refresh cycle or within the refresh cycle after the specified 
memory device address hold time. 

Rowand Column Address - All 14 system address lines are applied to the inputs of the 96LS42. When Refresh 
Enable is LOW and Row Select is HIGH, the input Addresses Ao - A6 are gated to the outputs and applied tothe 
driven memories. Conversely, when Row Select is LOW (with Refresh Enable still LOWl. Input addresses A7-
A13 are gated to the outputs and applied to the driven memories. When memory devices are driven directly by 
the 96LS42, the address applied to the memory devices is the inverse of the address at the inputs due to the 
inverted outputs of the 96LS42. This should be remembered when checking out the memory system. 

©IC MASTER 1979 

Refresh Row 
Enable Select 

H X 
L H 
L L 

H = HIGH Voltage Level 
L '" LOW Voltage Level 
X = Immaterial 

FUNCTION TABLE 

Outputs 

Refresh Address (from internal counter) 
Row Address (complement of Ao - A6) 
Column Address (complement of A7 - A13) 

483 

"0 

..c:: 
() 
~ 

"(\1 
u. 



484 

FAIRCHILD • 96LS42 

LOGIC SYMBOL 

9 10 5 6 7 8 21 20 23 22 25 24 27 26 

Ao A7 Al A8 A2 A9 A3 A10 A4 All As A12 A6 A'3 
3 RS 

2 RE 

12 18 17 16 19 

Vee = Pin 28 
GND = Pin 14 

LOGIC DIAGRAM 

zo 

A13----------~========================r_-l 

A6---------.========~=============r~l 

14 I 
TOTAL 

I 
I 
I 
I A7 ---+------~~----~~~------------~-~ 

Ao ---+------~~----~~~------------~ 

RS-........... 7 TOTAL 

RE------------~~ 

7-BIT COUNTER 

CP----------------------

15 

7 TOTAL 

06 
I 
I 

7 I 
TOTAL I 

I 
I 
I 
I 
I 

00 
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54S/74S189 
54LS/7 4LS 189 

64-BIT RANDOM ACCESS MEMORY 
(With 3-State Outputs) 

DESCRIPTION - The '189 is a high speed 64-bit RAM organized as a 16-
word by 4-bit array. Address inputs are buffered to minimize loading and are 
fully decoded on-chip. The outputs are 3-state and are in the high impedance 
state whenever the Chip Select (CS) input is HIGH. The outputs are active 
only in the Read mode and the output data is the complement of the stored 
data. 

• 3-STATE OUTPUTS FOR DATA BUS APPLICATIONS 
• BUFFERED INPUTS MINIMIZE LOADING· 
• ADDRESS DECODING ON-CHIP 
• DIODE CLAMPED INPUTS MINIMIZE RINGING 

ORDERING CODE: See Section 9 

PIN 
COMMERCIAL GRADE MILITARY GRADE 

PKG 
PKGS 

OUT 
Vee = +5.0 V ±5%, Vee = +5.0 V ±10%, 

TYPE 
TA = O°C to +70°C T A = -55° C to +125° C 

Plasti"c 
A 74S189PC, 74LS189PC 98 DIP (P) 

Ceramic 
A 7 4S 189DC. 74LS189DC 54Sl89DM,54LS189DM 68 

DIPm) 

Flatpak 
A 74S189FC, 74LS189FC 54S189FM,54LS189FM 4L (F) 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 

PIN NAMES DESCRIPTION' 
54174S (U.L.) 
HIGH/LOW 

Ao-A3 Address I n puts 0.63/0.16 
CS Chip Select Input (Active LOW) 0.63/0.16 
WE Write Enable Input (Active LOW) 0.63/0.16 
01-04 Data Inputs 0.63/0.16 
01-04 Inverted Data Outputs 162/10 

(50) 

©IC MASTER 1979 

CONNECTION DIAGRAM 
PINOUT A 

1 

AOO:: - ~vcc 
cs[I ~Al 
WE [I SA2 

01[I tTIJ A3 

01 [I ti3J 04 

02 [! tEJ04 

od}: ~03 
GNO[! 0 03 

LOGIC SYMBOL 

1- Ao 

15- Al 

14- A2 

13- A3 

2 4 6 10 12 3 

! I I I I ! 

1III 
5 7 9 11 

Vce = Pin 16 
GNO = Pin 8 

54174LS (U.L.) 
HIGH/LOW 

0.5/0.013 
0.5/0.013 
0.5/0.013 
0.5/0.013 

10/10 
(5.0) 
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Ao-

A1-

A3-

FAIRCHILD. 54S/74S189. 54LS/74LS189 

FUNCTION TABLE 

INPUTS 

CS WE 
OPERATION CONDITION OF OUTPUTS 

L L 
L H 
H X 

Write 
Read 
Inhibit 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

DECODER 
DRIVERS -

ADDRESS 
DECODER 

High Impedance 
Complement of Stored Data 
High Impedance 

lOGIC DIAGRAM 

\ 
t---------./ 

(
.---.----Ki • .->--_-+_ WE 

DATA BUFFERS 1:-
\.._-'-' -.JCI'~)--'--+- CS ..... ---..... - ...... 

16-WORD x 4-BIT 
MEMORY CELL 

ARRAY 

r-1<>-OUTPUT BUFFERS I\.. 1 __ -
~-~-~-~ 

1 J 1 1 
01 02 03 04 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
54/74S 54/74LS 

UNITS CONDITIONS 
Min Max Min Max 

Vee = Min 

Output LOW Voltage 
XM 0,5 0.4 

V 
10L = 16 mA ('S189) 

VOL XC 0.45 0.5 10L = 8.0 mA (54LS189) 
10L = 16 mA (74LS189) 

Vee = Min 

VOH Output HIGH Voltage 
XM 2.4 2.8 

V 
10H = 2.0 mA (54S189) 

XC 2.4 2.8 10H = 6.5 rnA (74S189) 
10H = 0.4 mA (,LS189) 

los Output Short Circuit Current -30 -100 -80· mA Vee = Max 

Icc Power Supply Current 110 40 mA Vee = Max; WE, CS, Gnd 

"Typical Value 
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FAIRCHILD. 545/745189. 54L5/74L5189 

AC CHARACTERISTICS OVER RECOMMENDED Vee AND TA RANGE (unless otherwise specified) 

54/74S 54114LS 

SYMBOL PARAMETER CL = 30 pF CL = 15 pF UNITS CONDITIONS 
RL = 300 n 

Min Max Min Max 

tpu-i Access Time, HIGH or XM 50 37" 
Figs. 3-1, 3-20 

LOW, An to On XC 35 37" 
ns 

tPHL 

tPZH Access Time, HIGH or XM 32 10" Figs. 3-3, 3-11, 3-12 
LOW, CS to On XC 22 10" 

ns 
RL = 2 kn ('LS189) tPZL 

Disable Time XM 35 
Figs. 3-3,3-11,3-12· tPHZ 

CS to On XC 25 
Disable Time XM 25 

ns RL'= 2 kO (,LS189) 
tPLZ 

CS to On XC 17 
CL = 5 pF 

tPZH Access Time, HIGH or XM 40 Figs. 3-3, 3-11, 3-12 
LOW, WE to On XC 30 

ns 
RL = 2 kO (,LS189) tPZL 

Disab1e Time XM 30 
Figs. 3-3,3-11, 3-12 tPHZ WE to On XC 20 

Disable Time XM 32 
ns RL = 2 kO ('LS189) 

tPLZ WE to On XC 20 
CL = 5 pF 

AC OPERATING REQUIREMENTS OVER RECOMMENDED Vee AND TA RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
54/74S 54114LS 

UNITS CONDITIONS 
Min Max . Min Max 

ts (H) Setup Time HIGH or LOW 0 10" 
An to WE a 10" 

ns 
ts (U 

Fig. 3-21 
th (H) Hold Time HIGH or LOW a a· 

An to WE a a" ns 
th (U 

ts (H) Setup Time HIGH or LOW 20 25" 
ts (U On to WE 20 25" 

ns 
Fig. 3-13 

th (H) Hold Time HIGH or LOW a a" 
On to WE a a" ns 

th (Ll 

ts (U 
Setup Time LOW a ns Fig. 3-14 
CS to WE 

th (Ll 
Hold Time LOW a Fig. 3-13 
CS to WE 

ns 

tw (Ll WE Pulse Width LOW 20 25" ns Fig. 3-14 

"Typical Value 
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54LS/74LS504 
12-BIT SUCCESSIVE APPROXIMATION REGISTER 

(With Expansion Control) 

488 

DESCRIPTION - The 'LS504 performs serial-to-parallel conversion and pro­
vides a Conversion Complete (CC) signal. The 'LS504 is a 12-bit version of 
the 8-bit 'LS502 and has an active LOW Enable (E) input for expansion, simi­
lar to the 'LS503. For detailed discussion of the various operations, please see 
the 'LS502 and 'LS503 .data sheets. 

• PERFORMS SERIAL-TO-PARALLEL CONVERSION 
• EXPANSION CONTROL FOR LONGER WORDS 
• STORAGE AND CONTROL FOR SUCCESSIVE APPROXIMATION 

A TO D CONVERSION 
• LOW POWER SCHOTTKY VERSION OF 2504 

23 21 20 19 18 17 16 9 8 7 6 5 4 

CONNECTION DIAGRAM 
PINOUT A 
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FAIRCHILD. 54LSl74LS504 

INPUT LOADING/FAN-OUT: See Section 3 tor U.l. definitions 

PIN NAMES DESCRIPTION 54/74LS (U.L) 
HIGH/LOW 

D Serial Data Input 0.5/0.25 
S Start Input (Active LOW) 0.5/0.25 
CP Clock Pulse Input (Active Rising Edge) 0.5/0.25 
E Conversion Enable Input (Active LOW) 0.5/0.25 
aD Synchronized Serial Data Output 10/5.0 

(2.5) 
CC Conversion Complete Output (Active LOW) 10/5.0 

(2.5) 
00-011 Parallel Register Outputs 10/5.0 

(2.5) -
011 Complement of 011 Output 10/5.0 

- (2.5) 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
54/74LS 

UNITS CONDITIONS 
Min Max 

lee Power Supply Current 90 mA Vee = Max 

AC CHARACTERISTICS: Vee = +5.0 V, TA = +25°C (See Section 3 for waveforms and load configurations) 

54174LS 

SYMBOL PARAMETER CL = 15 pF UNITS CONDITIONS 

Min Max 

fmax Maximum Clock Frequency 15 MHz 

tpLH Propagation Delay 38 Figs. 3-1, 3-8 
tpHL CP to an or CC 28 

ns 

. tPLH Propagation Delay 19 Figs. 3-1, 3-5 
tpHL E to 07 24 

ns . 
CP = 4.5, S = Gnd 

AC OPERATING REQUIREMENTS: Vee = +5.0 V, TA = +25° C 

SYMBOL PARAMETER 
54174LS 

UNITS CONDITIONS 
Min Max 

t5 (H) Setup Time HIGH or LOW 16 
t5 (U S to CP 16 

ns 
Fig. 3-6 

th (H) Hold Time HIGH or LOW 0 
th (U S to CP 0 

ns 

t5 (H) Setup Time HIGH or LOW 8.0 
t5 (U o to CP 8.0 

ns 
Fig. 3-6 

th (H) Hold Time HIGH or LOW 10 
th (U o to CP 10 

ns 

tw (H) 
CP Pulse Width HIGH or LOW 

20 
Fig. 3-8 

tw (U 46 
ns 
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54LS/74LS503 
a-BIT SUCCESSIVE APPROXIMATION REGISTER 

(With Expansion Control) 

DESCRIPTION - The 'LS503 register is basically the same as the 'LS502 ex­
cept that it has an active LOW Enable (E) input that is used in cascading two 
or more packages for longer word lengths. A HI GH signal on E, after a START 
operation, forces Q7 HIGH and prevents the device from accepting serial 
data. With the E input of an 'LS503 connected to the CC output of a preceding 
(more significant) device, the 'LS503 will be inhibited until the preceding de­
vice is filled, causing its CC output to go LOW. This LOW signal then enables 
the 'LS503 to accept the serial data on subsequent clocks. For a description of 
the starting, shifting and conversion operations, please see the 'LS502 data 
sheet. 

• PERFORMS SERIAL-TO-PARALLEL CONVERSION 
• EXPANSION CONTROL FOR LONGER WORDS 
• STORAGE AND CONTROL FOR SUCCESSIVE APPROXIMATION 

A TO D CONVERSION 
• LOW POWER SCHOTTKY VERSION OF 2503 

ORDERING CODE: See Section 9 

PIN 
COMMERCIAL GRADE MILIT ARY GRADE 

PKGS 
OUT 

Vee = +5.0 V ±5%, Vee = +5.0 V ±10%, 
T A = 0° C to +70° C TA = -55°C to +125°C 

Plastic 
A 74LS503PC 

DIP (P) 

Ceramic 
A 74LS503DC 54LS503DM 

DIP (D) 

Flatpak 
A 74LS503FC 54LS503FM (F) 

LOGIC SYMBOL 

7 

1 
o 

PKG 

TYPE 

98 

68 

4L 

1 --0 E 

10 --0 S cc C>-2 

9-CP 

I I I I I I I I I 
15 14 13 12 11 6 5 4 3 

490 

CONNECTION DIAGRAM 
PINOUT A 

EIT 
cc[I 

00 II 
o,@ 

odI 
03 II 
°lI 

GNO~ 

Vee = Pin 16 
GND = Pin 8 

, 
-' Svcc 

p:[]o? 
SJo? 
~06 
~05 
g04 

~s 
~cP 
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FAIRCHILD· 54LS/74LS503 

CONNECTION FOR LONGER WORD LENGTHS 

START 

DATA 

o D 

S S 

-----n1E ccb cJ E cc 
CP CP 

CLOCK 

MOST SIGNIFICANT LEAST SIGNIFICANT 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

Fairchild DIGITAL 



:"0 

.c. 
(,) 
'-

"(ij 
LL 

FAIRCHILD·54LS/74LS503 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
54/74LS 

UNITS CONDITIONS 
Min Max 

lee. Power Supply Current 65 mA Vee = Max 

AC CHARACTERISTICS: Vee = +5.0 V, TA = +25°C (See Section 3 for waveforms and load configurations) 

54174LS 

SYMBOL PARAMETER CL = 15 pF UNITS CONDITIONS 

Min Max I 
fmax Maximum Clock Frequency 15 MHz 

tPLH I Propagation Delay I 38 I Figs. 3-1, 3-8 
tPHL CP to an or CC 28 

ns 

tPLH Propagation Delay 19 Figs·. 3-1, 3-5 
tPHL E to 07 24 

ns 
CP = 4.5 V, S = Gnd 

AC OPERATING REQUIREMENTS: Vee = +5.0 V, TA = +25°C 

SYMBOL PARAMETER 
54/74LS 

UNITS CONDITIONS 
Min Max 

ts (H) Setup Time HIGH or LOW 16 
ts.(U Sto CP 16 

ns 
Fig. 3-6 

th (H) Hold Time HIGH or LOW 0 
th (U Sto CP 0 

ns 

ts (H) Setup Time HIGH or LOW B.O 
ts (U D to CP 8.0 

ns 
Fig. 3-6 

th (H) Hold Time HIGH or LOW 10 
th (U D to CP 10 

ns 

tw (H) 
CP Pulse Width HIGH or LOW 

20 
Fig. 3-8 

tw (U 46 
ns 

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions 

PIN NAMES DESCRIPTION 
54174LS (U.L.) 

HIGH/LOW 

D Serial Data Input 0.5/0.25 
§ Start Input (Active LOW) . 0.5/0.25 
CP Clock Pulse Input (Active Rising Edge) 0.5/0.25 
E Conversion Enable Input (Active LOW) 10/5.0 

(2.5) 

CC Conversion Complete Output (Active LOW) 10/5.0 
. (2.5) 

00-07 Parallel Register Outputs 10/5.0 
(2.5) 

ch Complement of 07 Output 10/5.0 
(2.5) 
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LOGIC DIAGRAM 

r--------- ----t--, 
_i 

CP 
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HERE ARE 9 COMPELLING REASONS FOR HAVINGlIS 
PRODUCE A CUSTOM LSI CIRCUIT FOR YOU: 

1. The money you'l save. Production 
cost will be lower since you'l only be 
wiring in one chip instead of many. And 
you'l save money on quality control, 
inventory, and in-plant handling. 

2. The improved reliability of your 
product. 

3. Proprietary protection: a custom 
circuit is almost impossible to copy. 

4. Enhanced marketability: extra 
functions not included in original chip 

concept can be loaded on the chip­
usually at no extra cost-enabling prod­
uct to do things it never could before. 

5. At LSI Computer Systems, Inc., 
your chip receives full-time attention by 
experts, whatever the size of your 
order. 

6. It is produced on the finest most 
advanced processing equipment, with 
the MOS technique best suited to your 
requirements. 

7. Each chip receives 100% func­
tional testing. 

8. The "prototypes" you receive for 
your verification are random samples 
from an actual production run, not 
products of special prototype line. 

9. LSI Computer Systems, Inc., has 
been helping companies large and small 
realize the full benefits of MOSILSI cir­

'cuits for over nine years. All of its engi­
neers have been involved with MOS 
since its infancy. 

AND HERE ARE 14 HOTSHOT STANDARD CIRCUITS 
FOR YOU TO USE RIGHT NOW: NUMERIC DISPlAY DRIVER 

For liquid crystal or gas discharge 
displays requiring up to 60V 
LS71oo: BCD to 7 segment 
latch/decoder/drive~ 

COUNTERS 
For DC to 5MHz counting 
applications. 
LS 7030: DC. to SMHz eight decade MOS 
up counter with 8 decade latch and 
multiplexer. 

Multiplexed BCD and 7 segment out­
puts. Single power supply +4.75 to +15 
VDC (full frequency range over full volt­
age range). Compatible with CMOS logic. 
Counter output latches. Leading zero 
blanking. 40 pin DIP. 

For 5MHz to 500MHz counting 
applications. 
LS7031: DC to SMHz six decade MOS 
up counter with 8 decade latch and 
multiplexer. 

Multiplexed BCD outputs. Access to 
LSD latches allows attachment of pre­
scalers for counting to 500 MHz. Leading 
zero blanking. Single power supply opera­
tion +4.75 to + ISVDC (full frequency 
range over full voltage range). Compatible 
with CMOS logic. 40 pin DIP. 

For multi-comparison applications 
where parallel outputs are required. 
LS7040: Dual 3 decade up/down counter 
with parallel BCD outputs. 

Selectable as 6 decade or dual 3 decade 
up/ down counter. DC to 3SOKHz count 
frequency at +5 volts. Fully synchronous 
operation. Inputs CMOS, TIL, and DTL 
compatible at +SVoperation. Reset. 
Count enable. Power-on-reset. 40 pin DIP. 

For counting applications requir­
ing presignalling and recycling. 
LS 7050: DC to 50 KHz six decade 
up/down counter. 

8-bit tri-state multiplexed outputs. 
Single power supply +4.75 to +5.25 
VOC. Bus compatible. 18-pin DIP. 

For DC to 2.56 GHz counting 
applications. 
LS 7061 DC to 10 Mhz 32-bit MOS up 
counter with 40 bit latch and multiplexer. 

8-bit tri-state multiplexed outputs. 
Access to 8 LSB latches allows attach­
ment of prescalers for counting to 2.56 
GHz. Single power supply operation 
+4.75 to +5.25 VOC. Bus compatible. 
24pin DIP. 

For timing applications requiring 
keyboard control. 
LS7090: 9 decade keyboard controlled 
Up/Down timer or counter with merrtoIy 
providing 7 segment display, comparator 
and tone outputs. 

Interfaces directly with key switches of 
standard keyboard. Automatic or key­
board-controlled reset. Divide by 5 or 6 
inputs. Contents of memory counter can 
be displayed at any time. Schmitt trigger 
count inPUt. Leading zero blanking. Sin­
gle pin scan oscillator controls. CMOS 
type noise immunity. All inputs pro­
tected, and CMOS, TrL, and DTL com­
patible at 5V operation. 4O-pin DIP. 

COMPARATOR 
For multicomparison applications; 
to be used with LS7040. 
LS724O: 7 level comparator/multiplexer 
with parallel BCD inputs. Seven c~ 
tors can be loaded with one set of 
thumbwheel switches. Contents of any 
comparator constantly available for 
7-segment display. Two or more 72405 
can be used with one 7040, offering as 
many levels as needed. 24-pin DIP. 

lon-implanted P Channel MOS circuit 
compatible with CMOS and TTL systems. 
Drive voltages up to 60V. 16 pin DIP. 

MULTIPLEXER/ ALPHA-NUMERIC 
DISPlAY DRIVER 

For switching applications and 
alpha-numeric display applications 
requiring up to 60V. 
LS7110: Binary addressable latched 8-
~hannel multiplexer/demultiplexer/driver. 

Ion-implanted P Channel MOS circuit 
compatible with CMOS and TTL systems. 
Drive voltages up to 6OV. 16 pin DIP. 

CLOCK CIRCUIT 
For direct drive of large iiquid crys­
tal display clocks from SO/60Hz. 

C12oo: MOS digital clock circuit. 
Directly drives liqUid crystal displays 

(80V pop across LCD), SO/60Hz 
AC input. 12 hour clock fonnat 
(hours and minutes). Independent minute 
and hour set at 2Hz rate. Hashing 1 sec­
ond indicator. 28 pin DIP. 

DMDERS 
For applications requiring 10 pulses 
per second from SO/60Hz input. 
RED 5/6: CMOS divider. 

Input shaping network. Resettable. DM­
sion select jnput SO/60Hz. Clock enable 
input. 8 pin· mini-DIP. 

For applications requiring 1 pulse 
per second from SO/60Hz input. 
RED SO/60: CMOS divider. 

Counting down: 2 signals, optional. 
recycling; counting up: 2 signals, optional 
recycling, zero detect output. Divide by 5 
or 6 inputs. 7·segment output. Latches: . 
Leading zero blanking. High noise immu­
nity. All outputs CMOS compatible over 
entire power supply range ( + 5V to 
+ 15V) 4O-pin DIP .. 

For DC to 10 MHz counting 
applications. 

LSI 
CllllPUTER 
SYSIEIUIS • 

Input shaping network. Resettable. Divi· 
sion select input SO/60Hz. Clock enable 
input. 8 pin;' mini-DIP. 

For applications requiring 1 pulse 
per minute from SO/60Hz input. 
RED 3000/3600: CMOS divider. 

Input shaping network. Resettable. Divi­
sion select input SO/60Hz. Clock enable 

LS 7060: DC to 10 MHz 32-bit MOS 
binary counter with 32-bit latch and 
rrndtiplexer. 

INC. 1235 Walt Whitman Road, input. 8 pin· mini-DIP. 
Melville, New York 11746. • Inputs so arranged that circuit cannot be dam· 

(516) 271-()4.()(). 1WX: 510 226 7833. aged if plugged in backwards. 

Argentina Tel. 46-9549. Germany Tel. 089/696566/67. UK Tel. 01 995-8495, Mr. Glyn Hall. 
Italy Tel. (02) 688.38.06 Japan Tel. (03) 449·714112 
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8 x 8" Multiplier 
67558/57558 
67558-1/57558-1 

Features/Benefits 
• Unsigned, Signed, or Mixed Multiplication 
• Rounding Inputs for Signed or Unsigned Operation 
• Inverted Most Significant Output for Signed Expansion 
• Three-State Outputs for Bus Operation 
• High Speed-12S ns Max 

Description 
The 57558/67558 is a high speed 8 x 8 combinatorial Multi­
plier which can multiply two eight-bit unsigned or signed 2s 
complement numbers and generate the sixteen-bit unsigned or 
signed product. Each input operand X and Y has an associated 
Mode control line, XM and YM respectively. When a Mode 
control line is at a Low logic level the operand is treated as an 
unsigned eight-bit number while if the Mode control is at a High 
logic level the operand is treated as an eight-bit signed 2s 
complement number. Two additional inputs RS and RU allow 
the addition of a bit in the multiplier array at the appropriate bit 
positions for rounding signed or unsigned fractional numbers. 
The most significant product bit is available in both True and 
Complement form to assist in expansion to larger signed 
multipliers. The product outputs are three-state, controlled by an 
active Low Output Enable which allows several Multipliers to be 
connected to a parallel bus or be used in a pipelined system. 
The device uses a single + 5V power supply and is packaged in 
a standard 40-pin DIP. 

Pin Configuration DIP 

PART 

NUMBER 

67558, 67558-1 

57558, 57558-1 

57558, 57558-1 

Logic Symbol 

RS 

Flat-Pack 

o 

PACKAGE 
TEMPERATURE 

RANGE 

040 O°C TO +75°C 
040 -55°C TO +125°C 

F42 -55°C TO +125°C 

Xm X Y Ym 

8x8 
MULTIPLIER 

S S15 

1165 Ea.1 Arque. Avenue, Sunnyvale, CA 94086 Tel: (408) 739·3535 TWX: 910.339-9229 1 ~ t I j if I JUJ D [;Ji fI t4 ; .I I j I !;J\ j 
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67558/57558 67558-1/57558-1 

AC Electrical Characteristics 
Over Recommended Operating vee and Temperature Range 

SYMBOL PARAMETER DEVICE MIN TYP MAX UNIT 

tpxz Delay from OE to 67558 30 40 

S High Impedance State 57558 30 50 

67558-1 30 40 
ns 

57558-1 30 50 

tpzx Delay from OE to 67558 30 40 

S Active State 57558 30 50 

I 
67558-1 

I 
30 40 

ns 

57558-1 30 50 

tpD1 Delay from Y. X to SO-4 I 67558 I 80 135 
I 57558 80 140 

67558-1 80 115 
ns 

57558-1 80 125 

tpD2 Delay from Y, X to S5-15, S15 67558 100 150 

57558 100 155 

67558-1 

I 

100 125 
ns 

57558-1 100 135 

Standard Test Load 
560 

Functional Description 

The 57558/67558 Multiplier is an 8 x 8 combinatorial logic array 
capable of multiplying numbers in unsigned, Signed 2s com­
plement: or mixed notation .. Each eight-bit input operand X 
and Y has associated with it a mode control which determines 
whether the array treats the number as signed or unsigned. If 
the mode control is at a High Logic level then the operand is 
treated as a 2s complement number with the most significant bit 
having a negative weight, while if the mode control is at a Low 
Logic level then the operand is treated as an unsigned number. 

The multiplier provides all 16 product bits generated by the 
multiplication. For expansion during signed or mixed multi­
plication the most significant product bit has both true and 
complement available. This allows an adder to be used as a 

496 

Timing Waveform 

INPUTS ________________ _ X,Y,R ~ 

S tP01~1 ' 
~~---...ItPXZ1 L 1 ~ 

subtractor in many applications and eliminates the need for SSI 
circuits. 

Two inputs, AS and AU, are additional inputs to the array which 
allow the addition of a bit at the appropriate positions in the array 
so as to provide rounding to the best Signed or unsigned 
fractional eight-bit result. These inputs can also be used for 
rounding in larger multipliers. 

The product outputs of the multiplier are controlled by an active 
Low Output Enable control. When this control is at a Low Logic 
level the multiplier outputs are active, while if the control is at 
a High Logic level thel) the outputs are placed in a high­
impedance state. This three-state capability allows multipliers 
to be placed on a common bU$ and also allows pipe lining 
of multiplications for higher speed systems. 
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67558/57558 67558-1/57558-1 

Absolute Maximum Ratings 
Supply Voltage VCC .................................................................................... -0.5V to + 7.0V 

Input Voltage ........................................................................................... -1.5V to +5 .. 5V 

Input Current ............. -....... " ....................................................... '" ......... -20 MA to +5 rnA 

Output Current ................................................................................................. 100 rnA 

Storage Temperature Range .............................. : ............................................. -65°C to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
57558,57558-1 67558, 67558-1 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply Voltage 4.5 5.0 5.5 4.75 5.0 5.25 V 

TA Operating Fr~e Air Temperature 0 25 75 DC 

Tc Operating Case Temperature -55 25 125 °c 

10H High Level Output Current -2.0 -2.0 rnA 

10L Low Level Output Current 8 8 rnA 

DC Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range Unless Otherwise Noted 

SYMBOL PARAMETER CONDITIONS MIN Typ1 MAX UNIT 

VIH High Level Input Voltage 2.0 V 

VIL Low Level Input Voltage 0.8 V -
VIC Input Clamp Voltage VCC = Min, II = -18 rnA -1.0 -1.5 V 

VOH High Level Output Voltage . VCC = Min, 10H = - 2.0 rnA 2.4 3.0 V 

VOL Low Level Output Voltage VCC = Min, 10L = 8 rnA 0.3 0.5 V 

1HZ High Level Off-State Output Current VCC = Max, VO' = 2.4V 100 p..A 

ILZ Low Level Off-State Output Current VCC = Max, Vo = 0.5V -100 p..A 

II Maximum Input Current VCC = Max, VI = 5.5V 1.0 rnA 

IIH High Level Input Current VCC = Max, VI = 2.4V 100 p..A 

IlL Low Level Input Current VCC = Max, VI = 0.5V -1.0 rnA 

lOS Output Short Circuit Current VCC = Max, Vo = OV -10 -90 rnA 

iCC Supply Current VCC = Max 180 280 rnA 

NOTE: 1. Typical values are at VCC = 5.0V, TA = 25°C 
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816x16 
/Divider 

x8 Multiplier/Divider 

Information 
16 x 16 (67508 8 x 8) Multiplier/Divider 

The 67516 (67508) is a bus organized family of 16 x 16 and 8 x 8 
Multiplier/Divider. The device provides both multiplication and 
division of 2s complement 16 (8) bit numbers at high speed. 
There are 16 different multiply options including positive and 
negative multiply, positive and negative accumulation, multipli­
cation by a constant and both single and double length addition 
in ponjunction with the multiplication. Seven different divide op­
tions allow single or double length division, division of a previ­
ously generated number, division by a constant, and continual 
division of a remainder or quotient. The 67516 (67508) is a time 
sequenced device requiring a single clock and loads operands 
and presents results to a bi-directional16 (8) bit-bus. The load­
ing of the operands, reading of the results and control of the 
device is performed by a 3-bit control field. The device has the 
additional feature that operands and results can be either inte­
gers or fractions and when dealing with fractions, automati'c scal­
ing occurs. Results can be rounded if required and an Overflow 
output indicates whenever a result is outside the normally ac­
cepted number range. For a simple multiplication of two 
operands and reading of the double length result the device 
takes n/2 clock periods, a worst case clock period of 100 ns 
gives a multiplication time of 800 ns worst case for 16 x 16 mul­
tiplication and 400 ns for 8 x 8. More complex multiplications will 
take additional clock periods for loading the additional operands. 
A simple divide operaton will take n + 4 clock periods for a worst 
case time of 2fJ..s (32 bits/16 bits) and 1.2fJ..s (16 bits/8 bits). 

The device uses standard low-power Schottky technology to 
produce a single +5V supply TTL compatible device. Bus input 
and control and clock inputs require less than 1 mA input current, 
and bus outputs are three-state sinking 8mA at the low logic 
level. These devices will be available both in a commercial and 
military temperature range and packaged in 24 pin (16 x 16) and 
16 pin (8 x 8) dual-in-line packages. Power consumption will be 
approximately 1 watt and 0.75 watts respectively to give a worst 
case clock period over the military temperature range of 100 ns. 

Device Operation 
The Multiplier/Divider contains four working registers each of 16 
(8) bits. These registers are Y the Multiplier register, X the 
Multiplicand and Divisor register, W which is the least significant 
half of a double length accumulator and holds the least 
significant half of the product after a multiplication or the quotient 
after a division operation. In addition to the registers, there is a 
high speed arithmetic unit which performs addition, subtraction 
and shifting operations in order to generate the required 
arithmetic functions, a loading sequencer and a PLA control 
network. 

1165 East ArqiJes Avenue, Sunnyvale, CA 94086 Tel: (408)739-3535 
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Operands are loaded into the working registers in time 
sequence at each clock period under the control of a sequencer. 
A load signal must be low in order for the clock to activate the 
loading process and continue to the next step in the loading 
operation. After all the operands are loaded, the device jumps to 
the multip!y or to the divide routine and performs the required' 
operation. After n/2 clock periods for a multiply (or n + 4 clock 
periods for a divide), the device is ready to place the result on 
the bus in time sequence. 

Three control inputs 10,1,2 select the required function and drive 
the sequencer from state to state. So the action of the Multiplier/ 
Divider at any clock period is a function of the machine state and 
the state of the control inputs. Figure 1 shows the Multiply/Divide 
State Table and all possible operations. After a Read or Round 
operation the machine is driven back to State 0 and a new 
sequence of arithmetic operations is assumed. If a chain 
operation is being performed, such as accumulate products, 
then State 0 is bypassed and loading of an operand or jumping 
to the arithmetic operation occurs at the end of the previous 
arithmetic operation at State 32 for a Multiply, or State 33 for a 
Divide. 

Register X is a dual rank register which allows the loading of 
operand X during the multiplication or division process. If the 
machine enters the loading sequence and a new X operand has 
not been loaded then the machine proceeds with the previously 
loaded X. This loading while processing allows a cycle to be 
saved during chain calculations and also allows multiplication 
and division by a constant. 

Figures 2 and 3 show the codes and time taken for the 23 
different arithmetic operations possible. These operations can 
be concatenated in strings to perform complex arithmetic 2s 
complement operations at high speed. Rounding and reading 
of results can be performed after any operation. 

Figure 4 is a block diagram of the nxn Multiplier/Divider. 

Multiplication 
The 67516 (67508) provides 2s complement 16 (8) bit 
multiplication, and can also accumulate previously generated 
double products. No time penalty is incurred for accumulation 
since the machine accumulates while the multiplication 
operation is proceeding. In addition to accumulation the device 
can add in to a product either a single length or double length 
number. It can also use a previously loaded operand as a 
constant so that constant multiplication and accumulation is 
possible. 

One key feature is the ability to perform both positive and 
negative multiplications again without any speed penalty. This 
feature allows complex multiplications to be programmed 
simply. Another important feature is the ability to work in 
fractions or integers. 
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67~18 16 x 16,67508 8 x 8 r.,ultiplier/Divider 

Division 
The 67516 (67508) also provides a range of division operations. 
A double length number in l, W is divided by X, and the result Q 
is stored in l and the remainder R in W. Again all numbers are in 
the 2s complement number representation with the most 
significant bit of an operand, whether double or single length, 
having a negative weight. In order to facilitate repeated division 
and have a multiple length quotient keep the same sign, the 
remainder is always the same sign as the dividend. Fractional or 
integer operation is possible and division .and multiplication 
operations can be concatenated. For example, the operations 
(A x B)/C, (A/B) x C can easily be performed. The dividend can 
be any previously generated result, product, quotient, remainder, 
or a double or single length signed operand. 

Reading Results 
Results of an arithmetic operation, or string of operations, can 
be read onto the 16 (8) bit bus if the machine is at the end of an 
operation or at the start of a new sequence. The read operation 
requires that the load signal is held Low whereby the information 
is read out onto the bi-directional bus when Code 7 is specified. 
(See Figure 5) Since there is a double length accumulator l,W 
reading can take two time periods. First register l is read out, 
this could be the most significant half of a product, or the quotient 
during a division operation. After a clock has been received and 
Code 7 is still present, the least significant half of the product 
from the W register is placed on the bus, or the remainder if a 
division operation was performed. 

If the machine is asked to perform a read during the loading 
sequence then the sequence is broken and the machine is forced 
back to state 0 ready to start the sequence again. Continual read 
operations at state 0 just swap the contents of register land W. 

Initialization of the 67516 Multiplier/Divider can easily be per­
formed by continually calling out Code 7 which after a maximum 
of 21 (13) clock periods forces the machine back to State o. The 
67508/18 have a direct Reset line. 

Integer and Fractional Arithmetic 
The 67516 (67508) can work in either fractional or integral 
number representations. When working with integers all 
numbers are scaled from the least significant end and the least 
significant bit is assumed to have a weight of 2°. For integer 
multiplication, accumulation, and division, all numbers are 
scaled from this least significant weight, and results are correct if 
interpreted in this manner. The double length register Z, W can 
therefore hold numbers in the range -231 to +231 -1 (-215 to 
+ 215 -1) and the operands X and Y and single length results 
are in the range -215 to +215-1 (-27 to +27 -1). 

When working with fractions, the machine automatically 
performs scaling so that input operands and result have a 
consistent format. Ait numbers in the fractional representation 
are scaled from the most significant end which has a weight of 
2° and is negative. The binary point is one place to the right of 
this most significant bit, so that the next bit has a weight of 2 -1. 
The double length register l,W therefore holds numbers in the 
range -1 to +1 - 2-31 (2-15) and the operand X and Yand 
single length results are in the range -1 to +1 -215 (27). Since 

©IC MASTER 1979 

automatic scaling occurs, the product of two numbers always 
has the least significant bit as a 0 unless an accumulation is 
performed with the least significant bit as a 1. 

During a chain operation with the partial results not being read . 
onto the bus, the machine will stay in either the fractional or 
integer mode. At the start of a sequence of operations, integer or 
fraction operation is designated by loading operands with Code 
6 or Code 5 respectively. 

Mixed fraction and integer working is possible by re-defining the 
weight of the least or most significant bit. Care, however, must ~ 
be exercised due to the automatic scaling feature when ~ 
fractional arithmetic is programmed. ..::::::: 

Rounding 
Rounding can be performed on the result of a multiplication or 
division. Generally rounding would only be called out during 
fractional operation but nothing in the machine precludes 
forming a rounded result during integer working. 

Rounding for multiplication provides the best single length most 
significant half. of the product. Rounding occurs at the end of a 
multiplication and is performed instead of a Load or Read 
operation. The machine looks at the most significant bit of the 
least significant half of the product (W15 or W7) and adds 1 to 
the most significant half of the product at the least significant 
end if W15 (W7) is a 1. After the operation the machine is in 
state 0 so that the rounded product can be read, and the W 
register is clear. 

Division rounding is performed by forcing the least significant bit 
of the quotient in l to a 1 unless the division is exact (remainder 
is zero). This method of rounding causes a slightly higher 
variance in the result than having an additional iterative division 
operation, but is considerably easier to perform. Again after 
rounding the machine goes to state 0 so that a read operation 
can be performed, and the W register is clear. 

Overflow 

The machine has an overflow output which is cleared prior to an 
operation and is set during an operation if the product or quotient 
goes outside the normally accepted range. . 

For niultiplication, overflow can only occur if the most negative 
number in the operand range is used. -1X -1 = +1 which 
cannot be held in the machine. Overflow can more easily occur 
during accumulation of products either positively or negatively. 
For fractional working, if the product or accumulation goes out­
side the range of -1 to +1 -2-31 then the overflow flip-flop will 
be set. 

Division overflow also occurs if the quotient goes outside the 
generally accepted number range of -1 to +1 -2-15 (2-7) 
during fractional operation. This would occur if the divisor is less 
than the dividend or equal to the dividend if a positive quotient is 
being generated. For integer working the numbers must be 
scaled by 215 (27). 

Timing 
General timing waveforms are shown in Figure 6. Specific 
examples are shown in Figures 7 and 8. 
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67518 16 x 16,67508 8 x 8 Multiplier;Divider 

CODE STATE 0 
1211 10 

000 

LOAD XIY 

MULT CLR POS SM 

00' 

LOAD -XIV 

MULT CLR NEG SM 

0' a 

LOAD X. Y + KZ. KW 

MUL T POS SM 

01' 

LOAD -x. Y +KZ. KW 

MULT NEG SM 

, 00 KZ. KW 

LOAD x, 
DIVIDE SO 

101 

LOAD FR. & LOAD FR 

DIVIDE & RND Sl 

110 
I 

LOADINT 

LOAD iNT. 
I 

Sl 

111 

READ 

READ so 

KZ. KW PREVIOUSLY GENERATED Z. W 
Xl PREVIOUSLY LOADED X 

1 

XY 

SM 

-XV 

SM 

XY + KZ. KW 

SM 

-XV + KZ. KW 

SM 

KW 

X 

SO 

I 

KZ -
X 

SO , 
I LOAD I 
I I 

S2 

~ 

2 3 MULTIPLY DIVIDE END 
MULTIPLY 

XY+Z XY + Z. W MULTIPLY DIVIDE I X,Y 

-SM SM 

-XV + Z -XY+Z.W MUL TlPLY DIVIDE -XIV 

SM SM 

XY + Kzr'5 XY + Wsig. MULTIPLY DIVIDE X1Y + KZ·. KW 

SM SM 

-XV + Kzr'5 -XV + WSlg MUL TlPL Y DIVIDE -XIV +KZ. KW 

SM SM 

Z. W 
I 

Wuns KZ. KW 

x X MUL TlPLE DIVIDE X, 

SO I SO I .---.. 

J 

ROUND 3. ~sig 

X X MULTIPLY DIVIDE MULTIPLY 

SO so 1 
~, i i 

LOAD I L~ I MULTIPLE I DIVIDE I LOAO 

'~ S3 

~ ~ MULTIPLY DIVIDE READ 

Table 1 _67516 (16 x 16) and 67508 (8 x 8) Multiply/Divide State Table & Operations 

END 
DIVIDE 

X,Y 

SM 

-XIV 

SM 

X,y + KZ. KW 

SM 

-X,Y+KZ.KW 

SM 

KZ. KW 

I Xl 

SD I 

I ROUND 

DIVIDE 

so I 
i 
I LOAD 

S, 

READ 

so 

I : STARTING POINT I NEXT STATE 

0,1,2,3 0,8,10 
! 

4 

4 I 0,8,10 l 5 

5 ° I 1 

8,10 ° 6 0,8,10 
t 

1 

7 0,8,10 I ° 

SM 

SM 

SM 

SM 

SD 

so 

Sl 

so 

x 

r-__ x ____ ~~ __ --x __ --~.~~ __ x----~.~~~----x--~.~~~--x~--~.~f 31 

m m a B 

Figure 1 Transition Table Multiplier/Divider 
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OPERATION 

X,Y 

-X,Y 

X, Y + KZ, KW 

-X. Y + KZ, KW 

XY 

-XV 

XY + KZ. KW 

-XV + KZ. KW 

XY + Z 

-XV + Z 

XY + KZT(n-l) 

-XV + KZT(n-l) 

XY + Z. W 

-XY+Z.W 

XY + Wsign 

-XV + Wsign 

87518 18 x 16,87508 8 x 8 MuHiplier/Divicier 

IN~ CODE 0 

BUS Y 

INS CODE 1 

BUS Y 

INS CODE 2 

BUS Y 

INS.CODE 3· 

BUS Y 

INS CODE 5/6 

BUS X 

INS CODE 5/6 

BUS X 

INS CODE 5/6 

BUS X 

INS CODE 5/6 

BUS X 

INS CODE 5/6 

BUS X 

INS CODE 5/6 

BUS X 

INS CODE 5/6 

BUS X 

INS CODE i 5/6 

BUS X 

INS CODE 5/6 

BUS X 

INS CODE 5/6 

BUS X 

INS CODE 5/6 

BUS X 

INS CODE 5/6 

BUS X 

2 3 4 5 6 

MULTIPLY 

MULTIPLY 

MULTIPLY 

MULTIPLY 

0 
MULTIPLY 

Y 

1 
MULTIPLY 

Y 

2 
. MULTIPLY 

Y 

3 
MULTIPLY 

Y 

6 0 
MUL TIPLY 

Z Y 

6 1 
MULTIPLY 

Z Y 

6 2 
MULTIPLY 

- Y 

6 3 
MULTIPLY 

- Y 

6 6 0 
MULTIPLY 

Z W Y 

6 6 1 
MULTIPLY 

Z W Y 

6 6 2 
MULTIPLY 

- W Y 

6 6 3 
MULTIPLY 

- W Y 

TIME SLOT 

789 

-

NOTES: 1) Xl IS CONTENTS OF 1ST RANK OF X REGISTER (EITHER OLD X OR A NEW X). 

10 11 

2) KZ2(n-1) IS A SINGLE LENGTH SIGNED NUMBER THE MOST SIGNIFICANT HALF OF THE PREVIOUS 
PRODUCT ADDED IN AT THE LEAST SIGNIFICANT END. 

3) W SIGN IS A SINGLE LENGTH SIGNED NUMBER. 

4) INTEGER OR FRACTIONAL WORKING IS SPECIFIED BY HAVING THE LAST BUT ONE OPERAND 
LOADED WITH A 6 OR 5 RESPECTIVELY. 

Figure 2 Multiplication Codes and Times for 16 x 16 (For 8 x 8 Timing Is Reduced by4 Cycles) 
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67518 16 x 16, 67508 8 x 8 Multiplier/Divider 

OPERATION 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

I 
INS CODE 

~I 11 KZ, KW'Xl DIVIDE NOTE 2 
BUS 

INS CODE! 5/6 4 
KW/X DIVIDE I 

BUS X -

INS CODE 516 5 
KZIX DIVIDE I 

BUS X 

i INS CODE 15/6 6 4 
Z,W/X I DIVIDE I 

I BUS I X Z W 

INS CODE i 5/6 6 5 
ZIX 

j 

DIVIDE I 
BUS X Z -

I 
INS CODE 5/6 6 6 4 

W/X DIVIDE I 
BUS X - W -

1 INS CODE 5/6 6 6 5 
WsiX DiViDE I 

i BUS X 0 W -

NOTES 11 Xl IS CONTENTS OF 1ST RANK OF X REGISTER (EITHER OLD X OR A NEW XI 

2) FRACTiONAL DIVISION DIVIDES A 31 BIT 2'S COMPLEMENT NUMBER IN 1 CLOCK PERIOD LESS 1'HAN INTEGE'R DIVISION. 

31 WSlqn IS A SINGLE LENGTH SIGNED NUMBER 

41 DIVISION OPERATION Ws/X DEMANDS THAT Z REGISTER IS INITIALIZED WITH ALL O'S AT LOADING INTERVAL FOR Z. 

51 INTEGER OR FRACTIONAL WORKING IS SPECIFIED BY HAVING THE LAST BUT ONE OPERAND LOADED WITH A' 6 OR 5 RESPECTIVELY. 

Figure 3 Division Codes and Time for 32/16 (For 16/8 Timing is Reduced by 8 Cycles) 

z W ALU z W BUS 

TO SHIFT MUX 

INSTRUCTION 

LOAD 

CLOCK 

CONTROLS 

DECODE 

TO 
SHIFT 
MUX 

n-BIT HIGH-SPEED ALU 

TO 
SHIFT 
MUX 

OVERFLOW 

Figure 4 Multiply/Divide Processor Family 

BIDIRECTIONAL 
DATA 
BUS 

502 ©IC MASTER 1979 



67518 16 x 16,67508 8 x 8 Multiplier/Dlvider 

8 x 8 Multiplier/Divider Pin-out 

16 x 16 Multiplier/Divider Pin-out 

57516 

Figure 5. 67516/08 Internal Circuitry of "Load" Line and 
Tri-State-Enable. 

©IC MASTER 1979 

57518 

1~100NS-----'1 

CLOCK J 
INSTRUCTION AND DATA 

DATA-OUTPUTS 

, , 
\ 1"-"""\ I , 
~ (X 

, " 
, .... , ~ONS . HOLD TIME 
'SET-UP' 
, TIME' 
~ 
I 30NS, , , 

\ 

___ -J¥ ___ ---'x 
' .... SONS--' , , 

Figure 6. Timing Diagram 67516/67508 (Preliminary) 
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67518 16 x 16, 67508 8 x 8 MultiplierjDivider 

CP -~rururuUru~ruruLru~~~~rururu 
... 

[j) I .... 
i\ 

RST 
- n.J 

STATE ~ ~ lX12 

.... y;;-x:: 0 lAS .... 

.... .... -
~~ INSTR 

~ 

BUS 

TIME-SLOT 

DONE 

--.. - n 

~ 
.... 

r;:- Xw 
X 1 ~ I 

_ .... 

I 
4 1 5 

1 • 
7 I 8 • 110 I 

~ 

3 

I I I I I I I I 

I I I I I I I I I .. , I 

I 
.... 

L 

OVERFLOW 
r- - -- ~ -- -- .., 
I .... J ..... 

.... 
\Ao 

INTERNALC 

INTERNAL ClK L ru L ~ L L ru ru rL n L ~ u n 

Figure 7. Example #1 Load X, Load Y, Multiply, Wait, Read Z, Read W. 

CP -LrurulUnJru LruLrL~ruLrurLLruLr-
- rv 

STATE 
-

0<0 )E )E X12 )E XO IX1 -
INSTR X --X 7 Y;-Xo 

r---I ... -
BUS 

IN IN OUT OUT 
txylN P< 7' HI-IMPEDANCE r-;:x:DC r--' '--~--

TIME-SLOT 1 2 3 4 5 6 7 S 9 10 11 12 1 2 

(OVERFLOW, IF EXISTS, IS THE COMPLEMENT'OF DONE) L .J I 

INTERNALC 

INTERNAL CLK ru rL ru rL ru ru ru rL rL ru rL ~ L ru ~ IL ru -

Figure 8. Example #2: Repeat: "Load X, Load Y, Multiply, Read Z, Read W". 
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Octal Latches, Octal Registers 
With Three-State Outputs 

Featuresl Benefits 
• Inverting and Non-Inverting Outputs • 8 Bits Matches Byte Boundaries 
• Up to 32 mA IOl • Hysteresis Improves Noise Margin 
• 3-State Outputs Drive Bus lines • low Current PNP Inputs Reduce loading 
• 20 Pin Skinny DlpTM Saves Space • Ideal for Microprocessor Interface 

Latch Function Table Register Function Table 
OE G D Q OE CK D Q 

L H H H L i H H 
L H L L L i L L 
L L X 00 L L X 00 
H X X Z H X X Z 

Inverting 
Latch Function Table 

Inverting 
Register Function Table 

OE G D Q OE CK D Q 

L H H L L i H L 
L H L H L i L H 
L L X 00 L L X 00 
H X X Z H X X Z 

PART 
PKG TEMP IOl POLARITY TYPE POWER 

NUMBER 

8N74L8373 N,J com 24mA Non-
8N54L8373 J mil 12mA invert 

Latch 
67L8380 N,J com 24mA 

Invert 
57L8380 J mil 12mA 

L8 
8N74L8374 N,J com 24mA Non-
8N54L8374 J mil 12mA invert 

Register 
67L8376 N,J com 24mA 
57L8376 J mil 12mA 

Invert 

8N748373 N,J com 
20mA 

8N548373 J mil Non-
678373 N,J com 

32mA 
invert 

578373 J mil 
Latch 

678380 N,J com 
20mA 

578380 J mil 
Invert 

678382 N,J com 
32mA 

578382 J mil 
8 

8N748374 N,J com 
20mA 

8N548374 J Mil Non-
678374 N.J com 

32mA 
invert 

578374 J mil 
Register 

678376 N,J com 
20mA 

578376 J mil 
Invert 

678378 N,J com 
32mA 

578378 J mil 

1165 Ea.t Arques Avenue. Sunnyvate. CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229/ ~~ f I ] it I j HI n [ II ~! t§ ; It.] i f41 
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Octal Latches, Octal Registers with Three-State Outputs 

Description 
The latch passes eight (octal) bits of data from the inputs (D) to 
the outputs (Q) when the gate (G) is high. The data is "latched" 
when the gate (G) goes low. The register loads eight (octal) bits 
of input data and passes it to the output on tlie "rising edge" of 
the clock. 

The three state outputs are active when OE is low, and high 
impedance when OE is high. Schmitt-trigger buffers at the gatel 
clock inputs improve system noise margin by providing typically 
400 mV of hysteresis. 

In addition to the standard Sand LS latches and Registers, 
Monolithic Memories provides these enhancements: 

Logic Symbols 

506 

Octal Latch 

373 

Octal Latch (Inverting) 

380,382 

VCC 

sa 

so 

7D 

70 

50 

60 

50 

50 

1) Increased output sink current (IoU from the standard Schottky 
IOL of 20 mA to an improved 32 mAo 

2) Inverting o~tputs instead of the standard non-inverting outputs. 

The higher IOL is intended for upgrading systems which presently 
satisfy 32 mA requirements with SN54/74365, 366, 367, 368, 
Hex Buffers. The inverting outputs are intended for bus applica­
tions that require inversion as in interfacing the Am2901A 4-Bit 
Slice to an active low bus. 

All of the octal devices are packaged in the popular 20 in. Skinny 
DIP'1M 

DE 

10 

10 

20 

20 

30 

3D 

40 

40 

GNO 

Octal Register 

374 

Octal Register (Inverting) 

376, 378 

sa 

80 

70 

70 

50 

60 

50 

50 

CK 
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SN74S240 SNS4S240 SN74S241 SNS4S241 SN74S244 SNS4S244 67S306 -S75306 

Absolute Maximum Ratings 
Supply Voltage, VCC ................................................................................................ 7V 
Input Voltage ..................................................................................................... 5.5V 
Off-state ouptut voltage .................................. : ............................................... : . . . . . . . . 5.5 V. 
Storage temperature range ....... :..................................................................... -65°C to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 

Vec Supply voltage 4.5 5 5.5 4.75 5 5.25 

IOH High-level output current -12 -15 

IOL Low-level output current 48 64 

TA Operating free-air temperature -55 125* 0 

! 'The SN54S241/244J operating at free air temperature above 116°C requires a heat sink such that R9CA is not more than 4QOC/W 

Electrical Characteristics. Over Recommended Operating Free Air Temperature Range 

70 

SYMBOL PARAMETER CONDITIONS 
5240, 5306 5241,5244 

MIN TYP MAX MIN TYP MAX 

VIH High-level input voltage 2 2 

VIL Low-level input voltage O.B O.B 

VIC Input clamp voltage VCC = MIN, II = -18mA -1.2 -1.2 

Hystersis (VT + - Vr - ) Vec = MIN 0.2 0.4 0.2 0.4 

74S VIL = O.BV, IOH = -1mA 2.7 2.7 
High-level Vce = MIN 

54S VOH output 74S VIL = O.BV, 10H = -3mA 2.4 3.4 2.4 3.4 
voltage VIH = 2V 54S 

74S 
VIL = 0.5V, 10H = MAX 2 2 

VOL Low-level output voltage 
VCC = MIN, VIH = 2V 

VIL = 0.8\1, 10L = MAX 
0.55 0.55 

10ZH 
Vee = MAX 

Vo = 2.4V 50 50 

10ZL 
Off-state output current VIH = 2V 

Va = 0.5V -50 -50 
V1L = O.BV 

II Maximum input current Vce = MAX, VI = 5.5V 1 1 

IIH High-level input current Vee = MAX, VI = 2.7V 50 50 

Low-level Any A 
Vee = MAX, VI = 0.5V 

-400 -400 
IlL 

input current Any E -2 -2 

lOS Short circuit output current1 Vee = MAX -50 -225 -50 -225 

Outputs high 
Military BO 123 95 147 

Commercial 80 135 95 160 
Vee = MAX 

Military 100 145 120 170 
lee Supply current Outputs low Outputs Open Commercial 100 150 120 1BO 

Outputs Military 1.00 145 120 170 

disab"led Commercial 100 150 120 1BO 

Switching Characteristics Vec = 5 V, TA = 25(OC 

SYMBOL TEST CONDITIONS 
S240,5306 S241,S244 

PARAMETER 
MIN TYP MAX MIN TYP MAX 

tPLH 4.5 7 6 9 

tPHL 
Data to output delay CL = 50 pF 

4.5 7 6 9 
RL = 900 

tpZL 10 15 10 15 
Output enable delay See Page 10-4 

6.5 10 B 12 tpZH 

tPLZ eL = 5 pF See 10 15 10 15 

tpHZ 
Output disable delay 

RL = 900 Page 10-4 6 9 6 9 

©IC MASTER 1979 

UNIT 

V 

rnA 

rnA 

°e 

UNIT 

V 

V 

V 

V 

V 

V 

p.A 

rnA 

p.A 

p.A 

rnA 

rnA 

rnA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 
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SN74SXXX, SN54SXXX, 67SXXX,57SXXX 

Absolute Maximum Ratings, 
Supply Voltage, VCC ................................................................................................. 7V 
Input Voltage ..................................................................................................... 5.5V 
Off-State Output Voltage ........................................................................................... 5.5V 
Storage Temperature Range ................................ , .................. , ........................ -65°C to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MIN 

MILITARY 
NOM MAX 

COMMERCIAL 
MIN NOM MAX 

UNIT 

VCC Supply Voltage 4.5 5 5.5 4.75 5 5.25 V 

VOH High Level Output Voltage 5.5 5.5 V 

10H High Level Output Current -2 -6.5 mA 

Width of Clock/Gate 
High 6 6 ns 

tw Low 7.3 7.3 ns 

I Set Up Time 
Latch O~ O~ I ns 

tsu, 
Register 51 5j ns 

Hold Time 
Latch 10~ 10~ ns 

tH 
Register 2j 2t ns 

TA Operating Free Air Temperature -55 125 0 70 °c 

Electrical Characteristics, Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

V,H High Level Input Voltage 2 V 

V,L Low Level Input Voltage 0.8 V 

V'C Input Clamp Voltage VCC = MIN, II = -18 mA -1.2 V 

VOH High Level Output Voltage 
VCC = MIN, V,H = 2V, 10H = MAX 

2.4 3.1 V 
V,L = 0.8V 

Low Level 
SN54/74S373 57/67S380 

VCC = MIN 10L = 20 mA 

I 
SN54/74S37457/67S376 

VOl Output V,L = 0.8V 0.5 V 

Voltage 
57/67S373 57/67S382 

V,H = 2V , 
10l = 32 mA 

57/67S37457/67S378 

1HZ High Level Off-State Output Current VCC = MAX, Vo = 2.4V, V,H = 2V 50 p.A 

ILZ Low Level Off-State Output Current VCC = MAX, Vo = 0.5V, V,H = 2V -50 p.A 

II Input Current at MAX V, VCC = MAX, V, = 5.5V 1 mA 

IIH High Level Input Current VCC = MAX, V, = 2.7V 50 p.A 

IlL Low Level Input Current VCC = MAX, V, = 0.5V -250 p.A 

lOS Output Short Circuit Current VCC = MAX -40 -100 mA 

ICC Supply Current 
Latch VCC = MAX 105 160 mA 

Register VCC = MAX 90 140 mA 

Switching Characteristics Vee = 5V, TA = 25°C 

SYMBOL PARAMETER CONDITIONS 
LATCH REGISTER 

MIN TYP MAX MIN TYP MAX 
UNIT 

fMAX Maximum Clock Frequency 75 100 MHz 

tPLH Data to Output Delay 
5 9 ns 

tPHL 
CL = 15 pF 

9 13 ns 

tPLH 7 14 8 15 ns 

tPHL 
Clock/Gate to Output Delay RL = 2800 

12 18 11 17 ns 

tPZH 
See Page 10-4 

8 15 8 15 ns 
Output Enable Delay 

tPZL 11 18 11 18 ns 

tPHZ 
Output Disable Delay 

CL = 5pF See 6 9 5 9 ns 

tPLZ RL = 2800 Page 10-4 8 12 7 12 ns 
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sters 
rand Clock Enable 

ng and non-inverting outputs 
• Slim 20-pin Skinny DlpTM saves space 

• 8 bits matches byte boundaries 
~ Ideal for microprogram instruction register 
• Ideal for microprocessor interface 

Description 
These Octal registers contain 8 O-type flip-flops and feature very 
low ICC (17 rnA typ). The LS273 and LS313 registers are loaded 
on the rising edge of the clock (CK) and asynchronously cleared 
whenever the CLEAR line is low. The LS377 and LS314 are 
loaded on the rising edge of the clock provided the clock enable 
line, CK EN is low. 

Function Table 
INPUTS 

CLEAR CLOCK 

L X 
H t 

I 
.H r 
H L 

Logic Symbols 

Octal Register 
with clear 

LS273 

LS273,LS313 

D 

X 
H 
L 
X 

OUTPUT 
Q Q 

L H 
H L 
L H 

00 50 

Octal Register 
with clear 
(inverting) 

LS313 

PART 
PKG 

NUMBER 

SN74LS273 N,J 

SN54LS273 J 

67LS313 N,J 

57LS313 J 

SN74LS377 N,J 

SN54LS377 J 

67LS314 N,J 

57LS314 J 

Function Table 
INPUTS 

CKEN CLOCK 

H x 
L i 

L ~ 

X L 

Octal Register 
with clock enable 

LS3n 

TEMP POLARITY 
CONTROL 

OPTION 

com Non-

mil invert 
Clear 

com 

mil 
Invert 

com Non-

mil invert Clock 

com 
Invert 

Enable 

mil 

LS377,LS314 

DATA 

X 
H 
L. 
X 

OUTPUTS 
Q a 

00 00 
H L 
L H 

00 00 

Octal Register 
with clock enable 

(inverting) 

LS314 

1165 east Arques Avenue. Sunnyvate. CA 94086 Tel: (408) 739·3535 TWX: 910.339.9229 1 ~j [ I] it.] H J D ttl ~~ t§ ; I I.] i [~ i 
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SN74LS273,67LS313,S~74LS377,67LS314,SN54LS273,57LS313,SN54 LS377, 57LS314 

Absolute Maximum Ratings 
Supply Voltage, Vcc .............................. , .................................................................. 7V 
Input Voltage ........................................................................................................ "TV 
OffiState Output Voltage ............................................................................................. 7V 
Storage Temperature Range ............................................................................ -65°C to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MIN 

MILITARY 

NOM MAX 
COMMERCIAL 

MIN NOM MAX 
UNIT 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

10H High-level output current -400 -400 JJ-A 

10L Low-level output current 4 8 rnA 

fclock Clock frequency 0 30 0 30 MHz 
I tw Width of clock or clear pulse I 20 I 20 os 

Data input 201' 201' 
Clear inactive state 251' 251' 

ns 

tsu Set-up time 
Enable active state 251' 251' 

Enable inactive state 101' 101' 

th Data hold time 51' 51' ns 

TA Operating free-air temperature -55 125 0 70 °c 

Electrical Characteristics 
Over 'Recommended Operating Free-Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIH High-level input voltage 2 2 V 

V,L Low-level input voltage 0.8 0.8 V 

VHC Input clamp voltage VCC = MIN, 'I = -18 rnA -1.5 -1.5 V 

VOH' High-level output voltage 
VCC = MIN, VIH = 2 V, 

2.5 3.4 2.7 3.4 V 
VIL = VILMAX, 10H = -400 JJ-A 

VOL Low-level output voltage 
VCC = MIN, VIH = 2 V, 10L = 4 mA 0.25 0.4 0.25 0.4 

V 
VIL = V,LMAX 10L = 8 rnA 0.35 0.5 

" 

Input current at maximum 
VCC = MAX, VI = 7 V 0.1 0.1 rnA 

input voltage 

IIH High-level input current VCC = MAX, VI = 2.7 V 20 20 JJ-A 

IlL Low-level input current VCC = MAX, VI = -0.4 V -0.4 -0.4 rnA 

lOS 
Short-Circuit 

VCC = MAX -20 -100 -20 -100 rnA 
output current 

LS273 
17 27 17 27 mA 

ICC Supply current VCC = MAX, LS315 

LS377 
17 28 

LS314 
17 28 rnA 

Switching Characteristics, VCC = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

fMAX Maximum clock frequency 30 40 MHz 

tpHL Propagation delay time, high-to-Iow-Ievel output from clear CL = 15 pF, 18 27 ns 

tPLH Propagation delay time, low-to-high-Ievel output from clock RL = 2 kO, 17 27 ns 

tPHL Propagation delay time, high-to-Iow-Ievel outut from clock See Page 10-4 18 27 ns 
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"I need to know if this device exists, and if there are 
any alternate sources. Where do I start?" 

• Memory Ie • CMOS 
• RAM • 250 Nanoseconds 
• Static -5 Volts 
• l024xl 

If you're spending hours to solve a problem similar 
to the one above, you're behind the times ... 

It only takes a few seconds with uTHE MASTER~' 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 

(iIE:) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

... alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section ... a complete 
part numbering gUide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part.number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor-etc. 



GDPLESSEY 
SEMICONDUCTORS 

MN9102 
NON-VOLATILE LOGIC 

PROVISIONAL DATA 
MN9102 
NON-VOLATILE QUAD LATCH 

The Plessey MN9102 is a non-volatile.4-bit data latch which uses MNOS transistors as 
memory elements to retain stored data in the absence of applied power. The data that is 
applied to the four inputs is written into the memory when the SAVE control is taken to a 
logic '0' level and the data subsequently appears on the four outputs. The stored data is also 

>a automatically restored to the. outputs whenever power is re-applied to the device. m An OUTPUT ENABLE is also available, which when taken to logic '0' level presents a high 
(J) impedance state on each data output line, permitting multiplexed operation. 
~ The high voltage ususally associated with MNOS memory devices is generated internally, 
a. requiring only a single external capacitor to act as a charge reservoir for supplying current 

when writing into the memory. The device therefore operates from standard voltage rails and 
requires no additional drive circuitry. 

D2 

__ 6 
SAVE 

Go 

Fig. 2 Block diagram of MN9102 

ELECTRICAL CHARACTERISTICS 

Operating conditions (unless otherwise stated): 
VSS = +5V ± 5% 
VOO= OV 
VGG = -12V ± 5% 
Output loading = 1 TTL load 
Ambient operating temperature range including 
data retention in the absence of applied power: 
OOC to +70oC 

ABSOLUTE MAXIMUM RATINGS 
(all voltages with respect to Vss) 

Voltage on CEXT -46 to + 0.3V 
Voltage on V GG -20 to + 0.3V 
Voltage on any other pin -7 to + 0.3V 
Storage temperature -55°C to + 125°C 
Ambient operating temperature -40o C.to + 
BOoC 

The above limits are absolute limiting 
values beyond which the lifetime and per­
formance of the device may be impaired. No 
guarantee is implied that the device will 
function at any condition other than 
specified under the operating conditions. 

512 

Vss Voo VGG 

1 r 14 9 

8 
I----+------~ OUTPUT ENABLE 

Characteristic Symbol 
Value 

Min. Typ. 
Logic '0' input voltage VIL 
Logic '1' input voltage VIH Vss-1 

Logic '0' output voltage VOL 
Logic '1' output voltage VOH Vss-1 
Output leakage current -10 

Output voltage on CEXT -38 
External reservoir capacitor CEXJ 0.1 
Data set-up time ts 1 
Data hold time th 1 
Data settling time td 
Output enable delay to 
SAVE time tSAVE 10 
SAVE duty cycle 
SAVE cycles 106 107 

SAVE rise and fall times te 
Data retention time I 1 
Power dissipation 50 

Vss Voo 

Do Qo 

01 01 

02 112 

03 03 

SAVE VGG 

em OUTPUT ENABLE 

DC14/DG14 

Fig. 1. Pin connections (top) 

FEATURES 

• Data Retention for One Year in 
Absence of Appl ied Power 

• Simple to Use 

the 

• Standard Power Supplies Only (+5V, 
-12V) 

• CMOS/TTL Compatible 

• 14-lead 01 L Package 

• Typically Ten Million SAVE Operations 

APPLICATIONS 

• Metering Systems 
• Elapsed Time Indicators 
• Security Code Storage 
• Last Channel Memory for Digital Tuning 

Max. Units Conditions 

0,8 V Nominal 20kohms internal pullup 
V resistor to Vss on all inputs 

0.6 V Output current = -1 .6mA 
V Output current = 100 IIA 

+10 I1A Vss ~ VOUT ~ Voo with OUTPUT 
ENABLE = Voo 

V Load on CEXT ~ 1 OM ohms 
0.47 IIF See note 1 

115 
115 

7 115 CLOAO = 47pf 
2.5 115 CLOAO = 47pf 

ms See note 2 
56 % See note 3 

See note 5 
5 115 

year 
100 mW See note 4 
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_PLESSEY 
SEMICONDUCTORS 

OPE RATI NG NOTES 

1. When two or more devices are used, the CEXT outputs may 
be tied together with a single external capacitor. The size of this 
capacitor should be increased in proportion to the number of 
devices. 

2. Data can be entered into the latch with SA V E ti mes much less 
than ten milliseconds, however the retention time is then 
significantly reduceq. It is therefore important that spurious SAVE 
pulses do not occur, particularly when power is applied to the 
device. • 

3. Duty cycles in excess of 50% may be required in certain 
applications .. An external supply (-37V ±5%) must then be used to 
maintain sufficient voltage on the CEXT output. 

4. The majority of the power dissipation arises from the ciJrrent 
flow between VSS and VGG. The current level on VDD is the sum 
of the logic "0" level current plus leakage currents. ' 

5. Exceeding this number of SAVE cycles can cause permanent 
damage to the device. It should also be noted that rapid changes of 
data in excess of 105 may cause a reduction in the data retention 
time. 

ANTI-STATIC PRECAUTIONS 

All inputs have suitable protection devices to minimise the 
possibility of damage due to static discharge. Care should still be 
taken when handling the device and the leads should at all times be 
shorted together until actually incorporated in the circuit in which 
the device is being used. Care should be taken to avoid static charges 
occurring in the circuit before completion and soldering should be 
carried out with an earthed bit. 

To ensure no damage occurs during transit, the devices are 
supplied packed in conducting foam or other suitable carriers. 

PACKAGE DETAILS 
Dimensions are shown thus: mm (in) 

g,,,,,,,,,,,,,,,,,,,,, 
NON ACCUMULATIVE 

S·12MAX 
1032! 

__ 0201OJ<:?_ 

, 10008/00121 

762103001 
NoMINALCRS 

DC14 

Fig. 4 
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10 74/0·S11 

_.12.:?0~X.· ~ 
105001 r- ~ '" § 

3 ~ ~ 0 

6 Q ~ ~ 
.1 '" Q 

T 

.1 

MN9102 
NON-VOLATILE LOGIC 

On --\~r-~ ____________ VIH 

...J'-k. ___ --J~---------- ~IL 
Is 1--1 /--llh 

~~----'fi~('----.JfA----- ::: 
1!e.I.. _I~~I. Id _I 

Isav~ ------X-
~----==-= 

~~~~J ________ ~4-------------- ~:: 
~ 

Q n 0 //IJJ /I1ZTA>(r-=~ __ = __ = __ =_ =_ ::: 
Fig. 3 Timing diagram 
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SP8000 SERIES 
HIGH SPEED DIVIDERS 

SP8785B&M 1.0GHz -;- 20/22 
SP8786B&M 1.3GHz -;- 20/22 
UHF PROGRAMMABLE DIVIDERS 

FEATURES 
• DC to 1.3GHz operation 
• OoC to + 70°C operation (8 Grade) 
• -40 to +85°C operation (M grade) 
• Complementary outputs and control 

inputs are ECl 10K/ECl '" compatible. 
• AC coupled clock input with wide 

dynami.c range. 

QUICK REFERENCE DATA 
• Supply voltage VCC-VEE 

.25V 
5.2V ± 

• Power Consumption 440 mW typ (no 
load) 

• ECl compatible 
• Maximum input frequency 1 GHz 

(SP8785), 1.3GHz (SP8786) 
• Control loop delay time 12 ns typ with 

1.3GHz input. 

The SP8785 8 & M and SP8786· 8 & M are high speed programmable 720/22 counters 
which operate at input frequencies up to 1.0GHz and 1.3GHz respectively over the 
te~perature ranges OoC to +70oC (8 grade) and ,--40oC to +85°C ~M grade). 

The clock input is biased internally and is coupled to the signal source by a capacitor. The 
input RF path is completed by two input reference decoupling capacitors which are 
connected to earth. 

The division ratio is controlled by two PE inputs. The counter will divide by 20 when 
either input is in the high state and by 22 when both inputs are in the low state. These inputs 
are ECl "'/1 OK compatible and have internal 4.3KQpulidown, unused inputs may therefore 
be left open. When using the device as a 720 prescaler the inverse output should be connected 
to a PE input. 

In keeping with the device performance the complementary outputs are ECl 10K 
compatible. 1 

DIP 

QIP 

Fig. 2 Logic Diagram 

ELECTRICAL CHARACTERISTICS Dynamic characteristics 

Test conditions (unless otherwise stated): Characteristic 

Max. toggle frequency 

Fig. 1 Pin connections 

(viewed from above) 

VCC1[~PVCC1 
DIP [ 2 15 JPE' 

"r 
:~ JPE' 

DIP 4 II J N.C 

N.C. S ~2 J f/~DCK 
N.C. [ i> 1; J v." 

N.C. [ I 111] VREf 

V" [8 () J N.C 

DG16 

Clock 01 02 03 04 
Pulse 

2 L H H H 

4 L L H H 
6 L L L H 

8 H L L H 
10 H H L H 

12 L H H L 

14 L L H L 
16 L L L L 
18 H L L L 

20 H H L L 

22 H H H H 

- - D!V 
PE PE RATIO 
L L 22 
H L 20 
L H 20 
H H 20 

The maximum possible loop delay for 
control is obtained if the L ~ H transition 
from 04 or the H ~ L transition from Q4 is 
used to clock the stage controlling the 
-720/22. The loop delay is 20 clock periods 
minus the internal delays of the -720/22 
circuit. 

Value 
Min. Typ. Max. Units Conditions 

Tamb OoC to +70oC (8 Grade) 
-40°C to + 85°C (M Grade) 

Supply voltage VCC=OV 
SP8786 1300 MHz See Note 3 

VEE=-5.2V* 

Static characteristics 

Value 
Characteristic Min. Typ. Max. Units Conditions 

PE input voltage V,NH -.96 VCC V Tamb = 25°C 
V,NL VEE -1.62 V see note 2 

PE input pulldown 
resistor 4.3 KQ 
Output Voltage levels 

VOH -.93 -.78 V Ta~ = 25°C 
VOL -1.85 -1.62 V 430 from olp 

. to VEE 
see note 2 

Power supply current 85 115 mA No load 

* The SP8785/6 may be operated with a +5.2V supply provided sufficient care is taken 
with supply decoupling and interfacing of input and outputs .. 

514 

SP8785 1000 MHz 
Min. frequency sinewave 150 MHz 
drive 
Min. slew rate of square 
wave for correct 
operation to D,C. 200 V/J,JS 
Propagation delay clock 
input to output 2.5 J,JS 
Set up time .5 nS See note 4 
Release time .5 nS See note 5 -
NOTES: 
1. Correct operation is specified for Vee - VEE = 5.2V ±.25V. 
2. The input threshold and output voltage levels have the same temperature coefficient 

as ECl 111/10K. 
3. The devices are dynamically tested using the circuit shown in Fig. 4 with input 

amplitudes of 400 and 1000 mVpp over the full temperature range . 
4. Set up is defined as the minimum time that can elapse between a l ~ H transition 

of control input and the last l ~ H clock pulse transition to ensure the +20 mode 
is selected. 

5. Release time is defined as the minimum time that can elapse between a H ~ l 
transition of the control input and the last l ~ H clock pulse transition to ensure 
the +22 mode is selected. 
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SP8000 SERIES. 
HIGH SPEE·D. DIVIDERS 

+2·9'1 

16 1 

CLOCK CLOCK o--I.......-_...l:t-........ -U·--"i 
CLOCK ~'---_-u 

~
" 

10 =~:: 
-......,,.,,-- ~ ],; ..... -r::-....... 

-52'1 -5,2'1 
-2'3 " 

(a) Normal AC coupled (b) Differential clock (c) Split supply DC coupled 

Clock input interfacing 

-s·2V--e------4~__+_---__ ------' 
(d) Normal ECL interfacing 

Fig. 3 Interface circuit configu;ations 

Control device interfacing -s·2V-~----__+_---_-------' 

OPERATING NOTES 

It is recommended that high frequency construction techniques 
are used with these devices with the positive rail connected to a 
ground plane. All components used in the circuit layout should be 
suitable for the frequencies involved. 

The clock input to the device is normally capacitively coupled to 
the signal source as shown in Fig. 3a. The input is self biased by an 
internal 4rOn resistor to a bias voltage, and in order to complete 
the input path the two input reference pins must be decoupled to 
the earth plane with minimum of series inductance. Alternative 
connections which allow the use of complementary drive or DC 
coupling for added sensitivity are also shown in Fig. 3. 

In the absence of an input signal, circuit will self oscillate with 
an output frequency of approximately 50MHz. This can be 
prevented by connecting a 10Kn resistor between pin 11 and the 
negative rail. This offsets th~ input sufficiently to stop the 
oscillation but it also reduces the input sensitivity by approximately 
100mV. . 

The SP8785/6 will miscount with low frequency sinewave inputs 
or slow ramps. A slew of 200V /J.1S or greater is necessary for safe 
operation at low frequencies. 

The input impedance of the SP8785/6 is a function of frequency 
and minimises at about the same frequency as the maximum input 
sensivity, so although it can load the signal source significantly there 
is generally enough signal to operate the device satisfactorily when 
the input impedance is at a minimum. The worst case occurs at the 
maximum frequency because this is where the input s~nsitivity is 
worst. 

The modulus control inputs have been designed to interface 
directly to ECl III/ECL10k since on ECl counter such as the 
10136 is required to di rectly control the device at the maximum 
input clock frequency. If the input frequency is reduced or the 

. modulus extended as shown in the application notes, the device may 
be controlled by a TTL. or CMOS. counter provided the loop delay 
requirements are met and suitable interfacing is applied. Unused PE 
inPlJts should be left open circuit. 

The SP8785/6 have outputs which are compatable with the ECl 
10k logic family. The device will drive 100n lines and can be used 
with line impedances down to 50n with a small loss in noise 
immunity. 

An equal load on the unused output will reduce waveform 
distortion. 

©IC MASTER 1979 

(e) Reduced power interfacing 

_------<~y~r-----.---- -09'1 .-- eJ -17'1 

OU'PUT 

, ~ « .~ 
01~ 

Fig. 4 Dynamic test 
circuit (all capacitors 
1000pF unless stated) 

SP8785/6 

SOn. 

,,,~ 

OUTPUT 

r---.--- -52 v 

CONTROL 
INPUT 

47 

47 
O/P...-,--- _.,........-r---, Qr---+--.() O~Y~~~K 

~----~ ..... ---~ 

Fig. 5·: 40/42 control loop delay time 24ns typ 

APPLICATION NOTES 

The SP8785/6 when used in a system operating at 1.3GHz may 
be controlled by a variable divider to give effective variable division 
at half the input frequency. The variable divider must produce a 
control signal within the period of the output of the SP8785/6 
minus the delays within this device. The control loop delay time !s 
typically 12 nsec. 

Two methods may be used to achieve a satisfactory delay time 
within the control divider-

1. An extra divider may be inserted to increase the division ratio 
of the two modulus from 20/22 to 40/42, 80/82 or 100/102, 
hence reducing the control divider frequency and increasing 
the control loop delay time. 

2. An ECl variable counter may be used to produce the control 
command. A device which is suitable is the 10136, in the 
ECL10k range. 
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47 

PE PE 0 Q 

SP878S/6 1/210131 
47 

OIP Q 

I I I I 

'"QJJ''' ~" 
Fig. 6 -:- 80/81 control loop delay time 55ns typo 

PE 

SP878S/6 

D Q 

1/210131 

Q 

i 

SP8000 SERIES 
HIGH SPEED DIVIDERS 

CONTROL 
INPUT 

OUTPUT 
1-0 CLOCK 

ABSOLUTE MAXIMUM RATINGS 

Power supply voltage Vee-VEE OV to +8V 
Input voltage, PE inputs VEE to Vee 
Input voltage 2V peak to peak 
Output current 40mA 
Operating function temperature +150oe 
Storage temperatura -55°e to + 1500 e 

~ .. 
VEE 

ar1------------------------~------------~ '"-_____ -.J 

680 

IiEE 

Fig. 7 1.3 GHz variable divide! (200-2000 in steps of 2) 

PACKAGE DETAILS 

Dimensions are shown thus: mm (in) 

0 '--' 
~ 17/6'68 

10 243/0·2631 

,6 --.---1 ' 

I ~ 18·92/19·94 

I~ 
o 

f)o 

d ~ ~Iw ~o ~I~ 
og ~-' 

r---L---~raC,r,r,r,t't'r_==~~-- ~---- t----- ~~ 

; J' , '5 0
MAX 

. 0·25/0·30 

I 16:~;1 -' 10·010/0·0121 

CPS NO",", 

16 LEAD CERAMIC D.lL 

DG16 
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·SP8680A&B;': ePlfSSEY 
SEMICONDUCTORS HIGH SPEED DIVIDERS: 

. SP8680A& B 
600 MHz-1 0/11 
U.H.F. PROGRAMMABLE DIVIDERS 

FEATURES 

• D.C. to 600 MHz operation 
• ECl and TTL compatible 
• D.C. or A.C. clock input 
• Clock enable 
• Asynchronous master set 

QUICK REFERENCE DATA 

• Supply voltage (VCC-VEE) 
=5.0 V +0.5 V 

-0.25 V 
• Power consumption 400 mW typo (no. 

load) 
T.T.L. output 20 mW typo 

• Maximum input frequency600 MHz SP8680B 
550 MHz SP8680A 

Input amplitude (a.c. coupled) 
350 mV to 700 mV. 

The SP8680 A & B are high speed programmable-l 0/11 counters which operate at input 
frequencies up to 600 MHz over the temperature ranges -55°C to +125°C (A grade), -30°C 
to +70oC (B grade). The devices operate on a single +5 V or -5.2 V power supply and may be 
easily interfaced to E.C.L. or T.T.L. logic. The clock input may be directly coupled to E.C.L., 
or (by connecting the internal VREF) capacitively coupled to the signal source. A clock 
enable, which is E.C.L. compatible, is provided. 

The division ratio is controlled by two mode inputs which are also ECl compatible. The 
counter will divide by 10 when either input is in the high state and by 11 when both inputs 
are low. The counter may be set to the eleventh state by applying a high level to the M5 
input. The set command is asynchronous and overrides the clock input. All inputs have 
internal 50 k :'-t")ull down resistors, so that unused inputs may be left open circuit. 0 

Two compJemtil1tary ECl outputs are provided. They are both capable of driving 50 n -I­
lines. A T.T. L. push pull output is also provided which may be powered up separately from 
the counter using the VEE on pin 13. 

RM1 

01 

. M2 

D 
SET 

Fig. 2 Logic diagram 

Absolute Maximum Ratings 

Absolute Maximum Ratings are those values 
beyond which the safety of the device 
cannot be guaranteed. They are not meant 
to imply that the device should be operated 
at these limits. The table of Electrical 
Characteristics provides conditions for 
actual device operation. 
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Power Supply Voltage 

Input Voltage 

ECl Output Source Current 

TTL Output Sink Current 

Voltage applied to TTL Ouput High 

Operating Ambient Temperature 

Storage Temperature 

Fig. 1 Pin Connections (Top View) 

CE CP 

M1 VREF 
M2 MS 

VCC 4 VEE (TTL) 

VCCA VEE 

RM1 OTTL 

RM2 VRtF 

04 

01 02 03 04 (OTR) 
H H H H .. 

,..L H H I H 
L L H H 
L L L H 
H L L H 
H H L H 

, L H H L 
L L H L 
L L L L 
H L L L 
H H· L L -

MS I CE Ml M2 Response 
H X X X Set 
l H X X Hold 
l l L l -;.- 11 
l l H X -;'-'10 
l l X H -;'-10 

X = DON'T CARE 

FOR USE AS -;.- 10 PRESCAlER 
CONNECT Ml OR M2 to Q4 

Fig. 3 Count Sequence & Contro/lnput 

Truth Table 

[VCC(VCCA)-VEE]-0.5 
to +7V 

VEE to VCC 

-50mA 

30 rnA 

VEE to VCC 
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racteristics Conditions 

4. i 4.4 V VCC = +5.2V 
Tamb = 25°C 

Guaranteed 
Input Low Voltage 3.35 3.7 V (See Note 2) 

VINL 

Input High Current VCC = +5.2V 

IINH 
CP and MS inputs 400 J1A Tamb = 25°C 

Ml and M2 inputs 250 J1A VINH = 4,4V 

Input Low Current 0.5 J1A VINL = 3.35V 

IINL 

E.C.L. Output Low VCC = +5.2V 

Voltage VOL 3.38 3.49 3.58 V Tamb = 25°C 

E.C.L. Output High load 1000-

Voltage VOH 4.22 4.30 4.38 V to +3.2V 

. T. L. Output High VCC = VCCA 

Voltage VOH 2.7 3.3 V 
= 4.75V 

IOH = -1 mA 
Tamb = 25°C 

T. T. L. Output Low VCC = VCCA 
Voltage VOL 0.3 0.5 V = 4.75V 

IOL = 20 mA 
Tamb = 25°C 

T. T. L. Output Short VCC = VCCA 

Circuit Current -80 -40 -20 mA = 5.5V 

VOUT= OV 
Pin 14 = VINH 

Ml, M2 Input Low VCC = VCCA 
Current (using into -4.0 -2.5 V = 5.5V 
2K n pull up) VIN = 0.4V 

Pins 6,7 = VCC 

75 105 mA No load 
Pins 6,7,13 open 

Icircuit 

. L. Output Stage 4 mA Mean, Output' 

ply Current ,High and Low 

SP8680A&B 
HIGH SPEED DIVIDERS 

Dynamic Characteristics 

Characteristics Value 
Units Min. Typ. Max. Conditions -

Max. Count Frequency VCC = +5.2v 
a.c. coupled 
input 350mV 
peak to peak 

SP8680B 600 MHz -30°C to 
+70oC 

SP8680A 550 MHz -55°C to 

+1250 C 

Min. Frequency with VCC = +5.2V 
sinewave clock input i 10 MHz a.c. coupled 

input 600mV 
peak to peak 

Tamb = 25°C 

Min. slew rate of V( 

square wave clock ilJput 20 J.l.sec VCC = +5.2v 

Propagation Delay 

CP to 04 2.2 3.0 nsec Tamb = 25°C 

Propagation Delay 

MS to 04 4.5 6.0 nsec Output Load 

Min Set Up Time M to 

CP 2.0 4.0 nsec lOOn to +3.2v 

ECL Output Rise & 

Fall Times 1.3 nsec 

Propagation Delay 

CP to OTTL 8 14 nsec 

VCC = +5.0v 

TTL Ouput Rise Time 3 nsec 

Tamb = 25°C 

TTL Output Fall Time 3 nsec 

NOTES: 
1. The SP8680 may be used in a positive earth system with Vee = OV and VEE = -4.7SV 

Th 
. to -S.SV 

2. e Input threshold has a temperature coefficient of O.8mV 1°C. This may be used to 
calculate VINH and VINL values at the temperature extremes. 

3. The E.C.l. outputs are capable of driving a son load to +3.2V over a limited tem-
"__ ________ --'i-__ -L. __ -L._---lL-._--' ______ --.l' perature range of OOC to 70°C. ThE!' output high level will be reduced by typically 5Omv. 
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HIGH SPEED DIVIDERS 

The output high level has a temperature coefficient of 1.2 mV 1°C, whilst the output iow 
level has a coefficient of 0.2 mV 1°C. 

1200 

Ci 
6. 
> 1000 
E 
w 
> « 800 ~ 
w 
z 
5E 600 w 
0 
~ 
I-
::i 400 
Q. 
~ 
« 
I- 200 ~ 
Q. 

\\\ ,\ 
\.\ 

\' ~\ \\ 
+125°C ~~\ ~ +70°C 

\;, ~ \. 
I' \\ \ 
'- \ \ , 
~'--- ~' - ~-«""-- .............. - " -, 1,..+-55°C ____ ..,4IP --- ..... -=- ,,' --- --... ------Z 

o 
o 200 400 600 800 

INPUT FREQUENCY (MHz) 

Fig. 4 Clock Input Frequency versus Amplitude (a.c. coupled) 

r-::::t::;:!:;:=::------ +4.3V 

MONITOR 

ATTN. 5:1 

Fig. 5 Dynamic test circuit 

+3.5V +4.3V 

... ---_--. +3.5V 

..... ----¥'4~~_~.!) QTTL 5:1 

c;~C 

1,000 

~~VCC 

~ 270 
~ 

PIN 6 or 7 ~ 
T.T.L. 0---0 

PIN 2 

or 3 

i 
VCC 

470 270 PIN 2 

T.T.LD--_~M,...-4 ... ~_~PIN 1 
... - or 16 

470 .. 
:~ 2K 

-O-VEE 

T.T.L. INTERFACE CP & CE 

Fig. 6 
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a) (Low Speed) b) 

T.T.L. INTERFACE 
M1 & M2 

o "A.. ().. or 3 

T.T.L. PIN 6 ~ 
or 7 ~ 

(High Speed) L V E~' 

N.B. 
The graphs on the left are with the TTL 
output connected. Sensitivity in the 300 to 
500MHz frequency range is improved by 
ofthe order of 100mV p-p when pin 13 is 
disconnected. 

OPERATING NOTES 

The SP8680 is designed to operate in the 
UHF band and therefore PCB layouts 
should comply with norman UHF rules, e.g. 
short tracks, low inductance capacitors etc. 

All clock and control inputs are compat­
ible with ECL 10K throughout the tempera­
ture range. The clock input may be capaci­
tively coupled by connecting pin 16 to pin 
15. All inputs may be interfaced with T.T.L. 
logic as shown in Fig. 6 . 
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Two E.C.L. compatible outputs are available (true and inverse) 
both capable of driving a 100 n load (to +3.2V) over the full 
temperature range. These outputs have no internal pull down so an 
external i6sistor to VEEis required when interfacing to other E.C.L. 
logic. A T.T.L output is also provided which is powered up by 
connecting pin 13 to VEE. 

The SP8680 may be controlled by a following variable divider to 
produce effective variable division at up to 600 MHz. Some points 
to be noted when this technique is employed are as follovvs:-

1) The 0-1 edge of the Q4 or TTL outputs must be used to 
clock the following divider. This gives a maximum control 
loop delay time (equal to ten clock periods minus internal 
delays). 

2) At 600 MHz the required control loop delay time is only 13 
nsee (using ECl outputs) and hence only an E.C.L. variable 
divider can be used in the control I.oop. A suitable device is 
the 10136. 

PACKAGE DETAILS 

~~6'68 
~ 1024310·263} 

I 18.92/19.904 1'6 

~ 
10·745/0 785} ~ 

",9 

o 0 ~I~ 

~'------'~r~rV'f',nnl,....,r==~::r-~ -r II ~~ 
J; I 0.7610.66 'f ~ '50 '}.AX 

I, ,0·030/0·034} I J 
I 0·25/0·30 

12.49/2.59 16·.~b} 10·010/0-0'2} 

,0·098/0'102} NON' ACCUMULATIVE 

16 LEAD CERAMIC D.I.L. 
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SP8680A&B 
HIGH SPEED DIVIDERS 

3) To overcome the above problem the modulus may be be 
extended from 10/11 to 20/21,40/41, or 100/101. This will 
considerably increase the control loop delay time, so that a 
TTL variable divider may be used in the control loop. 

4) The minimum division number of a 'two modulus' n/n + 1 
when employed as a fully variable divider is n(n-1). 
Therefore for a 10/11 this will give 90. If the modulus has 
been extended to 100/101 the minimum divide will be 9,900 
which may well be too large. 

5) If the above two modulus approach does not' give a 
satisfactory systems solution then a four modulus system 
may be required. An example of this would be a 
100/101/110/111 followed by two'control dividers. The two 
control dividers decide on the number of +1 and +10 counts 
required. The minimum division number of such a system is 
900. 
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Raytheon • • • 
The source for low power Schottky 

Basic Basic 
Type Description 9LS 25LS 54LS 74LS Type Description 

LSOO Quad 2-input NAND gate X X X LS152 8-to-1Iine multiplexer 
LS01 Quad 2-input NAND gate. open collectors X X X LS153 DuaI4-to-1 multiplexer 
LS02 Quad 2-input NOR gate. open collectors X X X LS155 DuaI2-to-4 decoder/demultiplexer 
LS03 Quad 2-input NAND gate. open collectors X X X LS156 LS155. open collectors 
LS04 Hex inverter X X X LS157 Quad 2-to-1Iine multiplexer 
LS05 Hex inverter. open collectors X X 'X LS158 LS157. inverting 
LS08 Quad 2-input AND gate X X X LS160 Decoder counter. asynchronous clear 
LS09 Quad 2-iriput AND gate. open collectors X X X LS161 , Binary counter. asynchronous clear 
LS10 Triple 3-input NAND gate X X X LS162 Decade counter. synchronous clear 
LS11 Triple 3-input AND gate X X X LS163 Binary counter. synchronous clear 
LS12 Triple 3-input NAND gate. open collectors X X X LS164 8-bit shift register (SIPO) 
LS13 Dual4-input Schmitt trigger X X X LS170 4 x 4 register file. open collectors 
LS14 Hex Schmitt trigger X (1 ) X X LS173 Quad bus buffer reg ister 
LS15 Triple 3-input AND gate. open collectors X (2) X X LS174 Hex D-type flip-flop 
LS20 Dual4-input NAND gate X X X LS175 Quad D-type flip-flop 
LS21 Dual4-input AND gate X X X LS181 4-bit arithmetic logic unit 
LS22 Dual4-input NAND gate. open collectors X (3) X X LS190 BCD decade counter. mode control 
LS26 Quad 2-input NAND. open collectors 15V X (4) X X LS191 4-bit binary counter. mode control 
LS27 Triple 3-input NOR gate X X X LS192 BCD decade counter. up/down 
LS28 Quad 2-input NOR buffer X X X LS193 4-bit binary counter. up/down 
LS30 8-input NAND gate X X X LS194A 4-bit R shift register 
LS32 Quad 2-input OR gate X X X LS195A 4-bit parallel shift register 
LS33 Quad 2-input NOR buffer. open collectors X X X LS196 4-bit presettable decade counter 
LS37 Quad 2-input NAND buffer X X X LS197 4-bit presettble binary counter 
LS38 Quad 2-input NAND buffer. open collectors X X X LS221 Dual one-shot (very stable) 
LS40 Dual4-input NAND buffer X X X LS240 Octal inverting bus driver (20-pin) 
LS42 1-of-10decoder X X X LS241 Octal non-inverting bus driver (20-pin) 
LS43 Excess 3 to decimal decoder X X X LS242 Quad transceiver 
LS44 Excess gray to decimal decoder X X X LS243 Quad transceiver 
LS51 Dual AOI gate X X X LS244 Oct.al 3-state driver 
LS54 2-3-3-2-input AOI gate X X X LS251 LS151 with tri-state outputs 
LS55 2-wide. 4-input AOI gate X X X LS253 LS153 with tn-state outputs 
LS73 Dual J-K flip-flop X X X 

LS255 LS155 with tri-state outputs LS74 Dual D flip-flop X X X 
LS257 LS157 with tri-state outputs LS75 Quad transparent latch X X X 
LS258 LS158 with tri-state outputs 

LS76 Dual J-K flip-flop X ,X X LS261 2 x 4 binary multiplier 
LS77 Quad transparent latch X X X 

LS266 Quad exclusive NOR gate. open collectors LS78 Dual J-K flip-flop X X X 
LS273 Octal D flip-flop with master reset (20-pin) LS83A 4-bit full adder X X X 
LS279 Quad set/reset latch LS85 4-bit magnitude comparator X X X 
LS283 4-bit full adder. fast carry (rotated LS83) 

LS86 Quad exclusive OR gate X X X LS295A LS95B with tri-state outputs 
LS90 Decade counter X X X 

LS298 Quad 2-multiplexer with output register LS91 8-bit shift register X X X 
LS299 8-bit universal shift register (20-pin) LS92 Divide by 12 counter X X X 
~S322 8-bit serial/parallel register LS93 4-bit binary counter X X X 
LS323 8-bit shift/storage register 

LS95B 4-bit shift register X X X LS365 Hex buffer. tri-state. common enable 
LS107 Dual J-K flip-flop X X X 

LS366 Hex inverter. tri-state. common enable LS109 Dual J-K flip-flop X X X 
[S367 Hex buffer. tri-state. 4-bit and 2-bit LS112 Dual J-K edge-triggered flip-flop X X X 
LS368 Hex inverter. tri-state. 4-bit and 2-bit LS113 Dual J-K edge-triggered flip-flop X X X 
LS373 Octal transparent latch (20-pin) 

LS114 Dual J-K edge-triggered flip-flop X X X LS374 Octal D flip-flop (20-pin\ 
LS122 Retriggerable one-shot X X X X 

LS377 Octal D flip-flop with enable (20-pin) LS123 Dual one-shot X X X X 
LS384 8-bit serial/parallel multiplier LS132 Quad 2-input Schmitt trigger X X X 
LS385 4-bit serial/parallel adder / subtractor LS136 Quad exclusive OR gate. open collectors X X X 
LS386 Quad exclusive OR gate 

LS137 Decoder / demultiplexer LS395 4-bit shift register tri-state 
LS138 3-to-8 decoder / demultiplexer X X X X 
LS139 DuaI2-to-4 decoder/demultiplexer X X X X LS670 4 x 4 register file. tri-state 
LS151 8-to-1Iine multiplexer X X X X 

25lS Descriptions 
1. 8-bit serial/parallel two's complement multiplier 3. 8-bit serial/parallel register with sign extender 
2. Quad serial adder/subtractor 4. 8-bit shift/storage register with synchronous clear 

~YTHEO~ 
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LS240 Octal Three-State Inverting Drivers 

Features 
• Three-state outputs drive bus lines directly 

• Hysteresis at inputs improve noise margin 

• PNP inputs reduce D.C. loading on bus lines 

• Data-ta-output propagation delay times-
18ns Max. 

, c • Enable-to-output-30ns Max. 
o 
Q) • 20 pin hermetic and molded DIP packages 

..r::. 
+-' 
~ 

~ Description 
The LS240 is an octal inverting line driver 
fabricated using advanced low-power Schottky 
technology. 

Three-state outputs are provided to drive bus 
lines directly with an output sink current 
guaranteed at 12mA over the military range and 
24mA over the commercial range: Four buffers 
are enabled from onecommon Iineandtheother 
four from a second enable line. 

Improved noise rejection and high fan-out are 
provided by input hysteresis and low current 
PNP inputs. 

Logic Diagram 

2 

522 

2V1 

2V2 

2V3 

2V4 

Pinout Diagram 

19 

20 

1 

18 17 16 15 '14 13 

12 
11 

10 

9 

~,,", 

2345678 

Die Size .102 x .067 

Function Table 

Inputs Output 
G A Y 

H X Z 

L H L 
L L H 
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Octal Three-State Inverting Drivers LS2 

Electrical Characteristics 
The following conditions apply unless otherwise specified: 

Com'l TA = 0° C to +70° C Vee = S.OV ± SOlo (Min. = 4:7SV Max. = S.2SV) 
Mil. TA=-SSOCto+12SoC Vee=S.OV±100/0 (Min.=4.S0V Max.=S.SOV) 

Electrical Characteristics 
9LS/54LS 9LS/74LS 

Parameters Test Conditions1 Min. Typ.2 Max. Min. Typ.2 Max. Units 

Vee = Min., VIH = 2.0V 2.4 3.4 2.4 3.4 
VOH IOH = -3.0rnA, VIL = VILMax. Volts 

Vee= Min., IOH = -12rnA 2.0 
VIL=0.5V IOH = -15rnA 2.0 

VOL Vee= Min. IOL = 12rnA 0.25 0.4 0.25 0.4 Volts 
IOL= 24rnA 0.35 0.5 

VIH Guaranteed input logical HIGH 
voltage for all inputs 2.0 2.0 Volts 

VIL 0.7 0.8 Volts 

VIK Vee = Min., II = -18rnA -1.5 -1.5 Volts 

Vee= Min. 0.2 0.4 0.2 0.4 Volts 

IOZH Vee = Max. Vo = 2.7V 20 20 

VIH = 2.0V uA 

IOZL VIL = VILMax. Vo=O.4V -20 -20 

II Vee = Max., VI = 7.0V 0.1 0.1 rnA 

IIH Vee = Max., VIH = 2.7V 20 20 uA 

IlL Vee = Max., VIL = O.4V -200 -200 uA 

Ise3 Vee= Max. -50 -225 -50 -225 rnA 

Vee= Max. All Outputs HIGH 13 23 13 .23 

lee Outputs open All Outputs LOW 26 .44 26 44 rnA 

Outputs at Hi-Z 29 50 29 50 

Notes: 1. For,conditions shown as Min. or Max., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vee = 5.0V, T A::: 25°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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LS240 Octal Three-State Inverting Drivers 

SWitching Characteristics (Vee = 5.0V) 

-55°C +2SoC +12SoC 
Parameters Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

Test Conditions: CL = 4SpF, RL = 667 Ohms 

tPLH 9.0 14 ns 

tPHL 12 18 ns 
tPZL 20 30 ns 
tPZH 15 23 ns 

Test Conditions: CL = S.OpF, RL = 667 Ohms 

tPLZ 15 25 ns 

tPHZ 10 18 ns 
" 

Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except ~hen disabled by the output control. 
, 2. Waveform 2is for an output with internal conditions such that the output is high except when disabled by the output control. 

3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PRR $ 1.0MHz, 
ZOUT ~50n and tr::;; 2.5ns, if::;; 2.5ns. 

LOAD CI RCUIT FOR 
THREE-STATE OUTPUTS 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE·STATE OUTPUTS 

4 

524 

TEST 
POINT 

51 

IN916 
OR 

IN3064 

OUTPUT 

CONTROL ~ r--4"----- 3V 
(LOW.LEVEL UV1.3V 

ENABLING) I '--.----~~ ~----- OV 

t--'ZLi ~_+- ILZ 
WAVEFORM 1 ~",,4 5V SI & S2 

L:1CLOSEO 1 3V -~-- 15V 
52 OPEN CLOSE~~ '" . 

, I I h 05V 1 VOL 
IZH----1 1 HZ T I t 05V 

S10PEN !r--113V ' IS1 & s:?~ ...... 0 ____ ~~;V 
S2 CLOSED / 13V 

WAVEFORM 2 ------- 'OV CLOSED 

Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PR R .;;; 1.0MHz, Z,OUT "" 50.11 
and tr ..; 2.5ns, tf ..; 2.5ns. 
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Octal Three-State Buffers 

Features 
• Three-state outputs drive bus lines directly 

• Hysteresis at inputs improve noise margin 

• PJJP inputs reduce D.C. loading on bus lines 

• Data-to-output propagation delay times-
18ns Max. 

• Enable-to-output-30ns Max. 

• 20 pin hermetic and molded 01 P packages 

Description 
The LS241 and LS244 are octal buffers 
fabricated using advanced low-power Schottky 
technology. 

Three:..state outputs are provided to drive bus 
lines directly with an output sink current 
guaranteed at 12mA over the military range and 
24mA over the commercial range. Four buffers 
are enabled from one common lineandtheother 
four from a second enable line. 

The LS241 has enable inputs of opposite 
polarity to allow use as a transceiver without 
overlap. The LS244 enables are of similar 
polarity for use as a unidirectional buffer in 
which both halves are enabled simultaneously. 

Improved noise rejection and high fan-out ar.e 
provided by input hysteresis and low current 
PNP inputs. 

Function Tables 

LS241 

Inputs Outputs 
1G 2G A Y 

H L X Z 
L H H H 
L H L L 

LS244· 

Inputs Output 
G A Y 

H X Z 
L H H 

L L L 

~AYTHEO~ 
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LS241 

Pinout Diagrams 
LS241 

19 

20 

1 

18 17 16 15 14 13 

2345678 
Die Size .102 x .067 
LS244 

19 

20 

18 17 16 15 14 "13 

2345678 

Die Size .102 x .067 
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LS241 LS244 Octal Three-State Buffers 

Electrical Characteristics 
The following conditions apply unless otherwise specified: 

Com'l T A = 0° C to +70° C Vee = 5.0V + 5% (Min'. = 4.75V Max. = 5.25V) 
Mil. TA = -55° C to +125° C Vee = 5.0V + 10% (Min. = 4.50V Max. = 5.50V) 

Electrical Characteristics 
9LS/54LS 9LS/74LS 

Parameters Test Conditions1 Min. Typ.2 Max. Min. Typ.2 Max. Units 

Vee = Min., VIH = 2.0V 2.4 3.4 2.4 3.4 

VOH IOH'= -3.0rnA, VIL = VILMax. Volts· 

Vee= Min., IOH = -12rnA 2.0 

I VIL= 0.5V IOH = -15rnA 2.0 I 
I VOL I Vee= Min. I IOL = 12rnA I 0.25 0.4 0.25 0.4 Voits 

IOL = 24rnA 0.35 0.5 

VIH Guaranteed input logical HIGH 

voltage for all inputs 2.0 2.0 Volts 

VIL 0.7 0.8 Volts 

VIK Vee = Min., II = -18rnA -1.5 -1.5 Volts 

Vee= Min. 0.2 0.4 0.2 0.4 Volts 

IOZH Vee= Max. Vo = 2.7V 20 20 

V,H = 2.0V uA 

IOZL V,L = VILMax. Vo=O.4V -20 -20 

II Vee = Max., V, = 7.0V 0.1 0.1 rnA 

IIH Vee = Max., V,H = 2.7V 20 20 uA 

IlL Vee = Max., ViL = O.4V -200 -200 uA 

Ise3 Vee= Max. -50 -225 • -50 -225 rnA 

Vee= Max. All Outputs HIGH 13 23 13 23 

Icc Outputs open All Outputs LOW 27 46 27 46 rnA 

Outputs at Hi-Z 32 54 32 54 

Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under recommended operating conditions, 
2. All typical values are Vee = 5.0V, TA = 25°e. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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Octal Three-State Buffers lS241 LS244 

Switching Characteristics (Vee =S.OV) 

-55°C +25°C +125°C 
Parameters Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

Test Conditions: CL = 45pF, RL = 667 Ohms. 

tPLH 12 18 ns 

tPHL 12 18 ns 

tPZL 20 30 - ns 

tPZH 15 23 ns 

Test Conditions: CL = 5.0pF, RL = 667 Ohms 

tPLZ 15 25 ns 

tPHZ 10 18 ns 

Notes: 1. Waveform 1 isfor an output with internal conditions such that the output is low except when disabled by the output control. 
2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
4. Pulse generator characteristics: PRR ::;1.0MHz, ZOUT ~ 50 Ohms, tr S 15ns, tf ::; 6ns. 
5. When measuring tPLH, switches S1 and S2 are closed. 

Logic Diagram 
LS241 

1A1 1Y1 2A1 

1A2 1Y2 2A2 

1A3 1Y3 2A3 

1A4 1Y4 2A4 

10 2G 

LOAD CIRCUIT FOR 
THREE·STATE OUTPUTS 

2Y2 

2Y3 

2Y4 

LS244 

1A1 1Y1 2A1 2Y1 

1A2 1y2 2A2 2Y2 

1A3 1Y3 2A3 2Y3 

1A4 1Y4 2A4 2Y4 

1G 2G 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE·STATE OUTPUTS 

OUTPUT ~ ____ 3V 

CONTROL ~ t-4 
(LOW LEVEL l.3V j I 13V 

ENABLING) I '-- ~ ------ ov 

r-'ZL---J 'LZ 
WAVEFORM 1--..,;-..,;-_ .... ~"'45V S1 &S2 

L:1CLOSED 13V ~. CLOSED <15V 
52 OPEN' ---l.. 

, h~VOL 
'ZH---J 'HZ U ZV n~" 

I J.-.-!.--.....!~ VOH 

51 OPEN 1.3V ~ I<S'1"'&<S-2~:-T . <1.5V 
52 CLOSED __ ",OV CLOSED 

WAVEFORM 2 

Notes: 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
2. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
3. In the examples above, the phase relations~ips between inputs and outputs have been chosen arbitrarily, 
4. Pulse generator characteristics: PRR ,,;; 1.0MHz, ZOUT = son, tr ,,;; 15ns, tf ,,;; 6ns. 
5. When measuring tpLH and tpHL, switches 51 and 52 are closed. 
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LS242 LS243 
Features 
• Three-state outputs drive bus lines directly 

• Hysteresis at inputs improve noise margin 

• PNP inputs reduce D.C. loading on bus lines 

• Data-to-output propagation delay times-
18ns Max. 

g • Enable-to-otJtput-30ns Max . 
.c: >. • LS242 and LS243 are specified at 48mA 
~ output current 

Description 
The LS242 and LS243 are quad bus trans­
ceivers designed for asynchronous two-way 
communications between data buses. 

The LS242 and LS243 have the two 4-line data 
paths connected input-to-output on both sides 
to form an asynchronous transceiver/buffer 
with complementing enable inputs. The LS242 
is inverting, while the LS243 presents non­
inverting data at the outputs. 

Three-state outputs are provided to drive bus 
lines directly with an outp,ut sink current 
guaranteed at 12mA over the military range and 
24mA over the commercial range. 

Improved noise rejection and high fan-out are 
provided by input hysteresis and low current 
PNP inputs. 

Function Tables 
lS242 

CONTROL 
INPUTS 

GAB GBA 

H 
L 
H 
L 

I = Input 

0= Output 

H 
H 
L 
L 

"0 = Inverting Output 

lS243 

CONTROL 
INPUTS 

GAB GBA 

H H 
L H 
H L 
L L 

DATA 
OUTPUTS 

A B 

0 I 

* * 
ISOLATED 

I '0 

H = HIGH 

L = LOW 

DATA 
OUTPUTS 

A B 

0 I 

* * 
ISOLATED 

I 0 

·Possible destructive oscillation may occur if the transceivers are enable in both 
directions at once 

8 
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Quad Bus Transceivers with 
Three-State Outputs 

Pinout Diagram 
LS242 

13 

14 

1 

NC 
12 11 

2 3 
NC 

Die Size .102 x .067 

LS243 

14 

1 

NC 
12 

2 3 
NC 

11 

,Die Size .102 x .067 

10 

4 

10 

4 

GNu 

9 

11 ... ~8 

7 

5 6 

9 

5 

GND 

6 

8 

7 
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Quad Bus.Transceivers with 
Three-State Outputs LS242 LS---,;; 

Electrical Characteristics: 
The following conditions appJy unless otherwise specified: . 

Com'l T A = 00 Cto'+ 700 C Vee = 5.0V + 5% (Min. = 4.75V Max. = 5.25V) 
Mil. TA = -55 0 C to +1250 C Vee = 5.0V + 10%' (Min. = 4.50V Max. = 5.50V) 

Electrical Characteristics 
9LS/S4LS 9LS/74LS 

Parameters Test Conditions1 Min. Typ.2 Max. Min. Typ.2 Max. Units 

Vee = Min., VIH = 2.0V 2.4 3.4 2.4 3.4 . 

VOH IOH = -3.0rnA,VIL = VILMax. Volts 
Veg= Min., IOH = -12rnA 2.0 
VIL=0.5V IOH = -15rnA 2.0 

VOL Vee= Min. IOL = 12rnA 0.25 0.4 0.25 0.4 Volts 
IOL = 24rnA 0.35 0.5. 

VIH Guaranteed input l.ogical HIGH 
voltage for all inputs 2.0 2.0 Volts 

VIL 0.7 0.8 Volts 

VIK Vee = Min., II = ':"'18rnA -1.5 -1.5 Volts 

Vee= Min. 0.2 0.4 0.2 0.4 Volts 

·IOZH Vee= Max. Va = 2.7V 20 20 
VIH = 2.0V uA 

IOZL VIL = VILMax. Vo=O.4V -20 -20 

II Vee = Max., VI = 7.0V 0.1 0.1 rnA 

IIH Vee = Max., VIH = 2.7V 20 20 uA 

IlL Vee = Max., VIL = O.4V -200 -200 uA 

Ise3 Vee= Max. -50 -225 -50 -225 rnA 

All Outputs HIGH 22 38 22 38 
lee4 All Outputs LOW 29 50 29 50 rnA 

Outputs at Hi-Z (LS242) 29 50 29 50 
Outputs at Hi-Z (LS243) 32 54 32 54 

. . 

Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vee = 5:0V, TA = 25°e. 
3. Not more than one outputshould'b'e shorted' at a time; and duration of the short-circuit should not exceed orie second. 
4. For LS242 and LS243 lee is measured with transceivers enabled in one direction only, or with all transceivers disabled. 
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LS242 LS243 
Quad Bus Transceivers with 

~hree-State Outputs 

LS242 Switching Characteristics (Vee = 5.0V) 

-55°C +25°C +125° 

Parameters Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

Test Conditions: CL = 45pF, RL = 667 Ohms 

tPLH 9.0 14 ns 

tPHL 12 18 ns 

tPZL 20 30 ns 

tPZH 15 23 ns 

Test Conditions: CL = 5.0pF, RL =667 Ohms 

tPLZ 15 25 I ns 

tPHZ 10 18 ns 

LS243 Switching Characteristics (Vee = 5.0V) 

-55°C +25°C +125°C 
Parameters Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

Test Conditions CL = 45pF, RL = 667 Ohms 

tPLH 12 18 ns 
tPHL 12 18 ns 
tPZL 20 30 ns 
tPZH 15 23 ns 

Test Conditions: CL =5.0pF, RL = 667 Ohms 

tPLZ 15 25 ns 
tPHZ 10 18 ns 

Logic Diagram 

LS242 LS243 

~AB ~AB 

1A --+-<I H----18- H---18 

2A--~ .-.+--- 28 2A--~ ~--28 

3A --+-<I ~--3B 3A--~ 
~ __ 3B 

4A --+-<I .-.+--- 48 4A -'-----H ~--4B 

GBA GBA 

10 
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Note: All devices have input hysteresis. 
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Octal D-Type Flip-Flop with Clear 

Features 
• Contains eight flip-flops with single-rail· 

outputs 

• Buffered clock and direct clear inputs 

• Individual data input to each flip-flop 

Description 
These monolithic, positive-edge-triggered flip­
flops utilize TTL circuitry to implement D-type 
flip-flop logic with a direct clear input. 

Information at the 0 inputs meeting the setup 
time requirements is transferred to the Q 
outputs on the positive-goi ng edge of the clock 
pulse. Clock triggering occurs at a particular 
vo~tage level and is not directly related to the 
transition time of the positive-going pulse. 
When the clock input is at either the high or low 
level, the 0 input signal has no effect at the 
output. 

These flip-flops are guaranteed to respond to 
clock frequencies ranging from 0 to 30MHz 
while maximum clock frequency is typically 
40MHz. Typical power dissipation is 10mW 
for the LS273. 

Clear 

L 
H 
H 
H 

Function Table 
(Each Flip-Flop) 

Inputs 
Clock 0 

X X 
t H 
t L 
L X 

Logic Diagram 

riAYTHEO~ 

1111 
CLOCK-
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10 
(3) 

Output 

20 
14) 

Q 

L 
H 
L 

00 

30 
17) 

40 
181 

Pinout Diagram 

50 

[!] 
. CLEAR 10 10 20 20 30 30 40 40 GNO 

18 
19 

20 

positive logic: see function table 

17 16 15 14 

_~III','_-

13 
12 

11 

1 10 

2 9 

3 .. 1IiiIiiII ................. 8 
4 5" 6 7 

Die Size .078 x .071 

50 
1131 

60 
\141 

70 
(171 

80 
1181 

I 
1(191 
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Octal D-Type Flip-Flop with Clear 

Recommended Operating Conditions 
9LS/54LS273 9LS/74LS273 

Min. Nom. Max. Min. Nom. Max. Unit 

Supply voltage, Vee 4.5 5 5.5 4.75 5 5.25 Volts 

High-Level Output Current, 10H '-400 -400 uA 

Low-Level Output Current, tOl 4 8 mA 

Clock Frequency, fclock 0 30 0 30 MHz 

Width of Clock or Clear Pulse, tw 20 20 ns 

Set-Up Time, tsu Data input 20 t 20 t ns 
Clear Inactive State 25 t 25 t 

Data Hold Time, th 5 t 5 t ns 

Operating Free-Air Temperature, T A -55 ;25 0 70 °C 

t The arrow indicates that the rising edge of the clock pulse is used for reference. 

Electrical Characteristics 
9LS/54LS273 9LS/74LS273 

Parameter Test Conditions1 Min. Typ.2 Max. 

V,H 2 

Vil 0.7 

V,K Vee = Min., Ir= -18mA \ -1.5 

VOH Vee = Min., V,H = 2.0V 
V,l = VllMax., 10H = -400uA 2.5 3.4 

VOL Vee = Min., VIH = 2.0V 10l = 4mA 0.25 0.4 
V,l = VllMax. tOl = 8mA 

II Vee = Max., VI = 7.0V 0.1 

IIH Vee = Max., VI = 2.7V 20 

III Vee = Max., V, = -O.4V -0.4 

los3 Vee= Max. -20 -100 

lee4 Vee= Max. 17 27 

Notes 1. For conditions shown as Min or Max use the appropnate value specrfled under recommended operating conditions 
2 All typical values are at Vee = 5 OV TA = 25° C 
3 Not more than one output should be shorted at a time and duratron of short crrcUlt should not exceed one second 

Min. 

2 

2.7 

-20 

4. With all outputs open and 4.SVapplied to all data and clear inputs lecis measuredaftera momentary ground. then4 5Visapplled 
10 clock 

Switching Characteristics (Vee = S.OV) 

-55°C 
Parameters Min. Typ. Max. Min. 

Test Conditions: CL = 15pF, RL = 7KOhms 

12 
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fmax. 

tPHl 

tPlH 

tPHl 

30 

+25°C 
Typ. 

40 

18 

17 

18 

+125°C 
Max. Min. Typ. Max. 

27 

27 

27 

Typ.2 Max. Unit 

Volts 

0.8 Volts 

-1.5 Volts 

3.4 Volts 

0.25 0.4 Volts 
0.35 0.5 

0.1 mA 

20 uA 

-04 mA 

-100 mA 

17 27 mA 

Units 

MHz 

ns 

ns 

ns 

t[AYTHEO"EJ 
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8-BitUniversal-ShiftlStorage Registers 

Features 
• Multiplexed inputs/outputs provide improved 

bit density 

• Four modes of operation: 
Hold (store) Shift Left 
Shift Right Load Data -

• Operates with outputs enabled or at high Z 

• 3-state outputs drive bus lines directly 

• Can be cascaded for n-bit word lengths 

- • 54LS299 and 74LS299 are similar but have 
synchronous clear 

-. Guaranteed shift (clock) frequency-35MHz 

• Typical power dissipation-175mW 

Description 
These Schottky TTL eight-bit universal 
registers feature multiplexed inputs/outputs to 
achieve full eight bit data handling in asingle20-
pin package. Two function-select inputs and 
two output-control inputscan be used tochoose' 
the modes of operation listed- in the function 
table. 

Synchronous parallel loading is accomplished 
by taking both function-select lines, SO and S1, 
high. This places the three-state outputs in a 
high-impedance state, which permits data that 
is applied on the input/output linesto beclocked 
into the register. Reading out of the registercan 
be accomplished while the outputs are enabled 
in any mode. A direct overriding input is 
provided to clear the register whether the 
outputs are enabled or off. 

t[AYTHEOBJ 
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Pinout Diagram 

~~ ~~ 

~" ~m 
Vee Sl SL CH' HiOtt F/OF 0/00 BIOS CLOCK SA 

[ill 

so 

so ~ -G/OG E/Oe CIOc A/OA 

OUTPUT 
CONlROLS 

lOgic: see description and function table 

18 17 16 15 14 13 

19 

20 

1 

2 

3 4 5 6 7 

Die Size .095 x .114 

12 

8 

11 

10 

9 

13 
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8-Bit Universal Shift/Storage Registers 

Function Table 
Inputs I nputsl Outputs Outputs 

Function Output Serial 
Mode Clear Select Control Clock A/QA B/QB C/Qc o/Qo E/QE F/QF G/QG H/QH QA' QH' 

S1 SO G1t G2t. SL SR 

Clear L X L L L I X 
I 

X X L L L L L L L L L L 

L L X L L X X X L L L L L L L L L L 

Hold H L L L L X X X QAO Qso Qco QDO QEO QFO QGO QHO QAO QHO 

H X X L L L X X OAO Qso Qco QDO QEO QFO QGO QHO QAO QHO 

Shift H L H L L t X H H QAn QSn QCn QDn QEn OFn QGn H QGn 

t I: 1 

I Right H L H L L L L OAn QSn QCn QDn QEn QFn QGn L QGn 

Shift H H L L L t X ! QSn QCn QDn QEn OFn QGn QHn H QSn H 

Left H H L I L I I I I 
OFn QGn QHn L QSn. L L.. L QSn QCn QDn QEn 

Load H H H X X a b c d e f g h a h 

tWhen one or both output controls are high the eig ht in putl output term i nals are disabled to the h igh-im pedance state; however, sequential 
operation or clearing of the register is not affected. 

a ... h = the level of the steady-state input at inputs A through H, respectively. These data are loaded into the flip-flops while the flip-flop 
outputs are isolated from the input/output terminals .. 

Recommended Operating Conditions 
9LS/S4LS299 

Min. Nom. Max. 

Supply Voltage, Vcc 4.5 5 5.5 

High-Level Output QA thru QH -1 
Current, IOH QA'orOH' -0.4 

Low-Level Output QA thru QH 12 
Current, IOL QA' or QH' 4 

Clock Frequency, fclock 0 35 

Width of Clock Pulse, Clock High 20 
tw(clock) Clock Low 20 

Width of Clear Pulse, 

tw(clear) Clear Low 20 

Select· 10 t 
Setup Time, Tsu High-Level* 20 t 

Low-Level* 20 t 
Clear Inactive 

State 20 t 
Hold Time, th Select 10 t 

Data* o t 
Operating Free-Air Temperature, T A -55 125 

*Data includes the two serial inputs and the eight input/output data lines. 

14 

534 

9LS/74LS299 
Min. Nom. Max. Units 

4.75 5 5.25 Volts 

-2.6 rnA 

-0.4 

24 rnA 

8 

0 35 MHz 

20 ns 

20 

20 ns 

10 t 
20 t ns 

20 t 

20 t 
10 t ns 

0 t 
0 70 °C 

~AYTHEO]J 
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8-Bit Universal Shift/Storage Registers LS299 

Electrical Characteristics 
9LS/S4LS299 9LS/74LS299 

Parameter Test Conditions1 Min. Typ.2 Max. Min. Typ.2 Max. Units 

VIH 2 2 Volt,s 

VIL 0.7 0.8 Volts 

VIK Vee = Min., II = -18mA -1.5 -1.5 Volts 

VOH OA thru OH Vee = Min., VIH = 2.0V 2.4 3.2 2.4 3.1 Volts 
OA' orOH' VIL = VILMax., 10H = Max. 2.7 3.4 2.7 3.4 

OA thru OH· Vee= Min., 10L = 12rnA 0.25 0.4 0.25 0.4 
VOL VIH = 2.0V IOL=24rnA 0.35 0.5 Volts 

OA' or OH' VIL = VILMax. IOL=4rnA 0.25 0.4 0.25 0.4 
IOL=8rnA 0.35 0.5 

10ZH OA thru OH Vee = Max., VIH = 2.0V 40 40 uA 
Vo = 2.7V 

10ZL OA thru OH Vee = Max., VIH = 2.0V -400 -400 uA 
Vo=oAv 

80,81 VI = 7.0V 200 200 

II A thru H Vee= Max. VI = 5.5V 100 100 uA 
Any other VI = 7.0V 100 100 

IIH A thru H, 
80,81 Vee = Max., VI = 2.7V 40 40 uA 
Any other 20 20 

IlL 80,81 Vee = Max., VI = O.4V -0.8 -0.8 rnA 

Any other -0.4 -04 

los3 OA thru OH Vee= Max. -30 -130 -30 -130 rnA 
OA' orOH' -20 -100 -20 -100 

lee Vee= Max. 35 60 35 60 rnA 

Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under recommended operating conditions. 
2. All typical values are at Vce = 5.0V, TA = 25° e. 
3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Schematics of Inputs and Outputs 
EQUIVALENT OF EACH INPUT 

vcc

o
--

Req 
INPUT __ 

50.51: Req= 9knNOM 
All other inputs: Req= 18 kn NOM 

C::AYTHEO~ 
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TYPICAL OF OUTPUTS 

QA THRU QH 

---'-Vcc 

OUTPUT 

TYPICAL OF OUTPUTS 

QA' THRUQH' 

--f"---Vcc 

OUTPUT 

15 
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LS299 8-Bit Universal Shift/Storage Registe rs 

Switching Characteristics (Vee = 5V) 

From To -55°C +25°C +125°C 
Parameter (Input) (Output) Min. Typ. Max. Min. Typ. Max. Min. Typ~ Max. Unit 

Test Conditions: CL = 15pF, RL = 2kOhms 

fmax * 35 50 MHz 

tPLH Clock QA' orQH' 15 25 ns 
tPHL 15 25 

tPHL Clear QA' orQH' 20 35 ns 

Test Conditions: CL = 45pF, RL = 665 Ohms 

tPLH Clock QA thru QH 15 25 ns 
tPHL 15 25 

tPHL Clear QA thru QHI I 20 35 I I ns 

tPZH G1,G2 QA thru QH 20 35 ns 
tPZL 20 35 

Test Conditions: CL = 5pF, RL = 665 Ohms 

tPHZ G1,G2 QA thru QH 15 25 ns 
tPLZ 15 25 

* For testing fmax, all outputs are loaded simultaneously, each with CL and RL as specified for the propagation times. 

Logic Diagram 

SHIFT 

" 11"1 

:~~~Tl-=1l1' ___ -h 
INfI'UT ................................... 

OUTPUT {1!1 12) 

CONTROLS ~2 -,-(3: _--' 

16 

536 

B'OS OIOe EIOE GIO(; 

SHIFT 

rt+-tt--'c=...111 s:,~L'. 

HIOo< 
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8-Bit Shift/Storage Regi"ster 
with Synchronous Clea~ 
I-Features 
• Three-state outputs 

• Multiplexed serial data input -

i. Sign extend function 

• Advanced low-power Schottky processing 

Description 
The LS322 is an eight-bit serial/parallel register 
built using advanced Low-Power Schottky 
processing. The device features an eight-bit 
parallel multiplexed input/output portto provide 

-improved bit density in a 20-pin package. Data 
may be loaded into the device in a serial manner 
from either input DA or DB. A serial output, 
Qo, is also provided. 

The LS322 is specifically designed for 
operation with the LS384 serial/parallel two's 
complement multiplier and provides the sign 
extend function required for this device. 

When the Register Enable (RE) input is HIGH, 
the register will retain its current contents: 
Synchronous parallel loading is accomplished 
by applying a LOW to RE and applying a LOWto 
the Serial/Parallel (S/P) input. This places the 
three-state outputs in the high-impedance state 
independent of OE and allows data that is 
applied on the input/output lines (DYj) to be 
clocked into the register. When the SIP input is 
HIGH, thedevicewill shift right. TheSign Extend 
(SE) input is used to repeat the sign in the Q7 

flip-flop. This occurs whenever SE is LOWwhen 
the SHIFT mode is selected. When SE is HIGH, 
the serial two-input multiplexer is enabled. 
Thus, either DA or DB can be selected 
to load data serially. The register changes 
state on the LOW-to-HIGH transition of the 
clock. A clear input (CLR) is used to 
asynchronously r~set all flip-flops when a 
LOW is applied. 
Recommended Operating Conditions 

9LS/54LS-
Min. Typ. 

Supply Voltage Vee 4.5 5.0 

Pinout Diagram 

CLOCK CLEAR 

9EJ 
DY1 - CLR GND 

Note: Pin 1 is marked for orientation. 

19 

20 

2 

18 17 16 

3 4 

Die Size .095 x .114 

- 9LS/74LS 

Max. Min. Typ. 

5.5 4.75 5.0 

15 14 13 12 

5 6 7 8 

Max. Units 

5.25 Volts 

11 

10 

9 

High-Level Output 00 -0.44 -0.44 mA 
Current IOH DYi -1.0 

Low-Level Output Current IOL 4 8 

Operating Free Air Temperature -55 125 

CiAYTHEO~ 
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-2.6 

4 8 

0 70 

mA 

°C 
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LS322 

Electrical Characteristics 

Parameters Test Conditions1 Min. 

Vcc= Min. 00, IOH = -440uA 2.7 

VOH VIN = V,H or VIL DYi, IOH = -1.0rnA 2.4 

DYi, IOH = -2.6rnA 2.4 

VOL Vcc = Min. IOL=4.0rnA 
V,N = V,H or VIL IOL=8.0rnA 

VIH Guaranteed input logical HIGH 

I 
2.0 

voltage for all inputs 

ViL I Guaranteed input logical LOW I 
I 

voltage for all inputs 

VI Vcc = Min., liN = -18rnA 

SE 

IIL3 Vcc = Max., V,N = O.4V S 

Others 

Vcc = Max., VIN 2.7V SE 

IIH3 (Except DYi) S 
Others 

Vcc= Max., VIN=5.5V SE 

II (Except DYi) S 

Others 
,,.... 
IV Vcc= Max. Vo=2.4V 

Vo=0.4V 

Isc4 Vcc= Max. -30 

Icc Vcc= Max. 

8-Bit Shift/Storage Register 
with Synchronous Clear 

9LS/74LS 9LS/54LS 
Typ.2 Max. Min. Typ.2 Max. Units 

2.5 

2.4 Volts 
2.4 

0.4 0.4 Volts 

0.45 0.45 

2.0 

I 
Volts 

I I 0.8 I I 0.7 Volts 

-1.5 -1.5 Volts 

-1.08 -1.08 

-0.72 -0.72 rnA 

-0.36 -0.36 

60 60 

40 40 uA 

20 20 

0.3 0.3 

0.2 0.2 rnA 

0.1 0.1 

40 40 uA 
-100 -100 

-85 -30 -85 rnA 

40 65 40 65 rnA 

Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics f orthe appl icable device type. 

18 
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2. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

~YTHEO~ 
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8-Bit Shift/Storage Register 
with Synchronous Clear 

Switching Characteristics (vee = S.OV) 

From To -55°C 
Parameters (Input) (Output) Min. Typ. 

Test Conditions: CL = SOpF, RL = 2.0kOhms 

tPLH Clock DYi 
tPHL 

tPHL Clear DYi 

tPLH Clock 00 
tPHL 

tPHL Clear 00 

Test Conditions: CL = SpF, RL = 2.0kOhms 

tZH . 

tZL OE DYi 
tHZ 
tLZ 

tZH 
tZL SER/PAR DYi 
tHZ 
tLZ 

ts Set Up Time RE to Clock 
ts Set Up Time SE to Clock 

ts Set Up Time S to Clock 
. ts Set Up Time DAiDsto Clock 

ts Set Up Time DYi to Clock 
ts Clear Recovery to Clock 

ts Set Up Time SIP to Clock 
th Hold Time Any Input 

th Clear Hold Time 

tpw Clock Pulse Width HIGH 
Clock Pulse Width LOW 

tpw Clear Pulse Width 

fmax Max. Clock Frequency 

~AYTHEO~ 
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Max. 
+2SoC 

Min. Typ. 

16.5 
18 

23 

16.5 
18 

23 

13 
18 
13 
18 

18 
23 
18 
23 

20 
10 
15 
15 
15 
8.0 

15 
O· 
0 

8.0 
8.0 

20 

50 70 

+12SoC 
Max. Min. Typ. Max. 

24 
26 

30 

24 
26 

30 

21 
26 
21 
26 

26 
32 
26 
32 

LS322 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHZ 

19 
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LS323 8-Bit Universal Shift/Storage Registers 

Features 
_ Multiplexed inputs/outputs provide improved 

bit density 

_ Four modes of operation: 
Hold (store) Shift Left 
Shift Right Load Data 

_ Operates with outputs enabled or at high Z 

§ _ 3-state outputs drive bus lines directly 
Q) 
.r:. _ Can be cascaded for n-bit word lengths 
>. 
ct1 
c: 

• Typical power dissipation-175mW 

_ Guaranteed shift (clock) frequency-35MHz 

• 9LS/54LS299 and 9LS/74LS299 are similar 
but have direct overriding clear 

Description 
These Low-Power Schottky eight-bit universal 
registers feature multiplexed inputs/outputs to 
achieve full eight-bit data handling in a single 
20-pin package. Two funct'ion-select inputs and 
two output-control inputs can be used to choose 
the modes of operation listed in the function 
table. Synchronous parallel loading is 
accomplished by taking both function-select 
lines, SO, and S1, high. This places the three- . 
state outputs in a high-impedance state, which 
permits data that is applied on the input/output 
lines to be clocked into the register. Reading out 
of the register can be accomplished while the 
outputs are enabled in any mode. The clear 
function is synchronous and a low level at the 
~Iear input clears the registeron the next low-to­
high transition of the clock. 

20 

540 

Pinout Diagram 

I 
I 

19 

20 

1 

2 

SHIFT 
LEFT 

S1 SL OH ' 

50 

G G/OG 

IR I 
I 
I 

808 l!J 
50 ~G/OG 

OUTPUT 
CONTROLS 

18 17 16 

3 4 

DieSize .095 x .114 

E/OE C/Oe A/OA 

11 I 
~0c!J 
E/OE c/oc AlGA 

15 14 

5 6 

OA' 

I 
I 
I 

L±J 

5HIF T 
RIGHT 

CLOCK SR 

~ 
OA' CLEAR GND 

13 12 

11 

10 

9 

7 8 
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8-Bit Universal Shift/Storage Registers LS323 

Function Table 
Inputs Inputs/Outputs Outputs 

Function Output Serial 
Mode Clear Select Control Clock A/OA BlOB C/Oc D/Oo E/OE F/OF G/OG·H/OH OA' OH' 

S1 SO G1t G2t SL SR 

Clear L X L L L t X X L L L L L" L L L L L 

L L X L L t X X L L L L L L L L L L 

Hold H L L L L X X X QAO QBO Qco QDO QEO QFO QGO QHO QAO" QHO 

H X X L L L X X QAO QBO Qco QDO QEO QFO QGO QHO QAO QHO 

Shift H L H L L t X H H QAn QBn QCn QDn QEn QFn QGn H QGn 

Right H L H L L t X L L QAn QBn QCn QDn QEn QFn QGn L QGn 

Shift "H H L L L t H X QBn QCn QDn QEn QFn QGn QHn H QBn H 

Left H H L L L t L X QBn QCn QDn QEn QFn QGn QHn L QBn L 

Load H H H X X t X X a b c d e f g h a h 

tWhen one or both output controls are high the eight input/output terminals are disabled to the high-impedancestate; however, sequential 
operation or clearing of the register is not affected. 

a ... h = the level of the steady-state input at inputs A through H, respecti~ely. These data are loaded into the flip-flops while the flip-flop 
outputs are isolated from the input/output terminals. 

Switching Characteristics (Vee =5V) 

From To -55°C +25°C +125°C 
Parameter (Input) (Output) Min. Typ. Max. Min. Typ. Max. Min. ·Typ. Max. Unit 

Test Conditions: CL = 15pF, RL = 2KOhms 

fmax 35 50 MHz 

tPLH Clock QA' orQH' 15 25 ns 
tPHL 15 25 

Test Conditions: CL = 45pF, RL = 665 Ohms 

tPLH Clock QA thru QH 15 25 ns 
tPHL 15 25 

tPZH G1, G2 QA thru QH 20 35 ns 

tPZL 20 35 

Test Conditions: CL = 5pF, RL = 665 Ohms 

tPHZ G1,G2 QA thru QH 15 25 ns 
tPLZ 15 25 

Notes: 1. For testing fmax, all outputs are loaded simultaneously, each with CL and RL as specified for the propagation times. 

~AYTHEO~ 
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Logic Diagram 

CL EAR _(;.;..9)'--+-<:1 

SHIFT 

SO 

(1) 

RIGHT -------h 
SERIAL (11) 
INPUT 

8-Bit Universal Shift/Storage Registers 

FOUR 
IDENTICAL 
CHANNELS 

NOT 
SHOWN 

SHIFT 
r+t-+t----( 1_8)_ LEFT 

SERIAL 
INPUT 

CLOCK _(;....12...;.) ___ --4 "'X)+---+-4..---t++---+-4'--~~ 

OUTPUT G1 --'-"-----Q 

{ 

(2) 

CONTROLS ~2------' 

22 
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(3) (7) 

A/OA 

(13) 

B/Oe 

INPUTS/OUTPUTS NOT SHOWN: 
(6) C/Oc (5) E/OE 
(14)0/00 (15) F/OF 

(4) 

G/OG 

(17) Ow 
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.Octal D-Type Transparent Latches 
and Edge-Triggered Flip-Flops LS373 LS374· 

Features 
• Choice of 8 latches or 8 D-type flip-flops in a 

single package 

• 3-state bus-driving outputs 

• Full parallel-access for loading 

• Clock/Enable input has hysteresis to improve 
noise rejection -

• 54LS363 and 74LS364 are similar but have 
higher VOH for MOS interface 

Description 
These 8-bit registers feature totem-pole three­
state outputs designed specifically for.driving 
highly-capacitive or relatively low-impedance 
loads. The high-impedance third state and 
increased high-logic-level drive provide these 
registers with the capability of being connected 
directly to and driving the bus lines in a bus­
organized system without need for interface OJ 
pull-up components. They are particularly 
attractive for implementing buffer registers, I/O 
ports, bi-directional bus drivers, and working 
registers. 

The eight latches of the LS373 are transparent 
O-type latches meaning that while the enable _ 
(G) is high the Q outputs will follow the data (D) 
inputs. When the enable is taken low the output 
will be latched at the level of the data that 
was setup. 

The eight flip-flops of the LS374 are edge­
triggered D-type flip flops. On the positive __ 
transition of the clock, the Q outputs will be set· 
to the logic states thatweresetupatthe D inputs. 

S c h mitt - t rig ge r b u f fer e din put sat the 
enable/clock lines simplify system design asAC 
and DC noise rejection is improved by typic.ally 
400mV due to the input hysteresis. A buffered 
output control input can be used to place the 
eight outputs in either a normal logic state (high 
or low logic levels) orahigh-impedancestate.ln 
the high-impedance state the outputs neither 
load nor drive the bus lines significantly. 

The output control does not affect the internal 
operation of the latches or flip-flops. That is, the 
old data can be retained or new data can be 
entered even while the outputs are off. 

~AYTHEO~ 
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Pinout Diagrams 

LS373 
'_U 

7010 tolD 5050 G 

18 17 16 15 14 13 12 

19 

20 --="'"1111 

2 

3456789 

Die Size .084 x .080 

LS374 

19 

20 

1 

2 

18 17 16 15 14 13 12 

3456789 
Die Size .084 x· .080 

11 

10 

11 

10 
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LS373 LS374 
Octal D-Type Transparent Latches 

and Edge-Triggered Flip-Flops 

LS373 Function Table LS374 Function Table 
Output Enable Output 

Control G 0 Output Control Clock 0 Output 

L H H H L t H H 

L H L L L t L L 

L L X 00 L L X 00 
H X X z H X X Z 

Recommended Operating Conditions 
9LS/S4LS 9LS/74LS 

Min. Nom. Max. Min. Nom. Max. Units 

Supply Voltage, Vee 4.5 5 5.5 4.75 5 5.25 Volts 

. High-Level Output Voltage, VOH 5.5 5.5 V 

High-Level Output Current, IOH -1 -2.6 mA 

Width of Clock Pulse, High 15 15 ns 

tw(clock) Low 15 15 

Data Setup LS373 o , 0' , ns 

Time, tsu LS374 20 t 20 t 
Data Hold LS373 10 , 10 , ns 

Time, th LS374 o t 0 t 
Operating Free-Air Temperature, T A -55 125 0 70 °C 

t + The arrow indicates the transition of the clock/enable input used for reference: t forthe low-to-high transition, , for the high-to-Iow 

transition, 

Schematic of Inputs and Outputs 

24 

544 

LS373 

EQUIVALENT OF OATA AND 
OUTPUT CONTROL INPUTS 

EQUIVALENT OF ENABLE INPUT 

vcc

o
-- Vcc--__ -

Req 

INPUT --

INPUT 

Data: Req ~ 20 kfl. NOM 
Output control: Req ~ 18 kfl. NOM 

EQUIVALENT OF 
DATA INPUTS 

v cc

o
--

. ,30 kfl. NOM 

INPUT --

EQUIVALENT OF OUTPUT 
CONTROL INPUT 

vcc

o
--

18 kfl. NOM 

INPUT --

LS374 

EQUIVALENT OF 
CLOCK INPUT 

VCC---"'--

INPUT 

TYPICAL OF ALL OUTPUTS 

----vcc 

TYPICAL OF All OUTPUTS 

VCC 
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Octal ··D-TypeTransparent Latches 
and Edge-Triggered Flip-Flops LS'373 LS374. 

Electrical Characteristics 
9LS/54LS 9LS/74LS 

Parameter Test Conditions1 Min. Typ.2 Max. Min. . Typ.2 Max. Unit 

VIH 2 2 Volts 

Vil 0.7 0.8 Volts 

VIK Vee = Min., II = -18mA -1.5 -1.5 Volts 

VOH Vee = Min., VIH = 2.0V . 

Vil = VILMax., 10H = Max. . 2.4 3.4 2.4 3.1 Volts 

VOL Vee = Min., VIH = 2.0V 10l = 12rnA 0.25 0.4 0.25 0.4 Volts 
Vil = VllMax. 10l = 24rnA 0.35 0.5 

10ZH Vee = Max., VIH = 2.0V 20 20 uA 
Vo = 2.7V 

10Zl . Vee = Max., VIH = 2.0V -20 -20 uA 
Vo=O.4V 

II Vee = Max., VI = 7.0V 0.1 0.1 rnA 

IIH Vee = Max., VI = 2.7V 20 20 uA 

III Vee = Max., VI = O.4V -0.4 -0.4 rnA 

1083 Vee= Max. -30 -130 -30 -130 rnA 

lee4 Vee= Max. LS373 24 40 24 40 rnA 

Output control at 4.5V LS374 27 40 27 40 

Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under recommended operating conditions. 
2. All typical values are at Vee =-5.0V, TA = 25°e. 
3. Not more than one output should be shorted at a time and duration of short circuit should not exceed one second. 
4. With all outputs open and 4.5V applied to all data and clear inputs, Icc is measured after a momentary ground, then 4.5Vis applied 

to clock. 

Typical Application Data 

OUTI'IIT . 

CONTROL' 

.. DIRECTIONAL { 
DATA ... ' 

CLOCK' 

I 
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Octal D-Type Transparent Latch es 
ps LS373 LS374 and Edge-Triggered Flip-Flo 

LS373 Switching Characteristics (Vee = 5V) 

From To -SsoC +2SoC +12SoC 

Parameter (Input) (Output) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit 

Test Conditions: CL = 4SpF, R L = 667 Ohms 

fmax MHz 

tPLH Data AnyQ 12 18 ns 

tPHL 12 18 

tPLH Clock or AnyQ 20 30 ns 
tPHL Enable 18 30 

tPZH Output AnyQ 15 28 ns 

I tPZL Control I 25 36 

Test Conditions: CL = SpF, RL = 667 Ohms 

tPHZ Output AnyQ 12 20 ns 

tPLZ Control 15 25 

LS374 Switching Characteristics (Vee = 5V) 

From To -SSOC +2SOC +12SOC 

Parameter (Input) (Output) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit 

Test Conditions: CL = 4SpF, Rt. = 667 Ohms 

fmax 35 50 MHz 

tPLH Data AnyQ ns 

tPHL 

tPLH Clock or AnyQ 15 28 ns 

tPHL Enable 19 28 

tPZH Output AnyQ 20 28 ns 

tPZL Control 21 28 

Test Conditions: CL = SpF, RL = 667 Ohms 

tPHZ Output AnyQ 12 20 ns 

tPLZ Control 14 25 

Notes: 1. Maximum clock .frequency is tested with all outputs loaded. 

26 ~AYTHEO~ 
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Octal D-Type Transparent Latches 
,.and Edge-Triggered Flip-Flops LS373 LS374 
Logic O'iagrams 

LS373 
TRANSPARENT LATCHES 

OUTPUT _(_1_) ----Cl 
CONTROL 

10 (3) 

(4) 
20 ----+----4 

(7) 
30---........t-~ 

(8) 
40 

(13) 
50 

(14) 
60 

( 17) 
70 

80 
(18) 

t[AYTHEO~ 
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LS374 
POSITIVE-EDGE-TRIGGERED FLIP-FLOPS 

OUTPUT _(_1) ___ .-..("1 

CONTROL 

10 (3) 

(4) 
20----4--~ 

(7) 
30----4--~ 

(8) 
40 

(13) 
50 

(14) 
60-

( 17) 
70 

80 
( 18) 

CLOCK 

0 

CK 
Q 

(19) 

50 
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LS377 Octal D-Type Flip-Flops with Enable 

Features 
• LS377 contains eight flip-flops with single­

rail outputs 

• Individual data input to each flip-flop 

Descri ption 
g These monolithic, positive-edge-triggered flip­
Q) flops utilize TTL circuitry to implement D-type 
~ flip-flop logic with an enable input. The LS377 is 
«S similar to the LS273, but features a common 
a: enable instead of a common clear. 

Information at the D inputs meeting the setup 
time requirements is transferred to the Q 
outputs on the positive-going edge of the clock 
pulse if the enable input G is low. Clock 
triggering occurs at a particular voltage level 
and is notdirectly related tothetransition time of 
the positive-going pulse. When the clock input is 
at either the high or low level, the 0 input signal 
has no effect at the output. The ci rcuits are 
desig ned to preventfalse clocking by transitions 
at the G input. 

These flip-flops are guaranteed to respond to 
clock frequencies ranging from 0 to 30MHz 
while maximum clock frequency is typically 
40MHz. Typical power dissipation is 10mW per 
flip-flop. 

28 
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G 

H 
L 
L 
X 

Function Table 
(Each flip-flop) 

Inputs Outputs 
Clock Data Q Q 

X X 00 00 
t H H L 

t L L H 

L X 00 00 

Pinout Diagram 

80 70 

ENABLE 10 10 20 20 
G 

18 
19 

20 

17 16 15 14 

60 50 50 CLOCK 

40 GNO 

13 
12 

11 

1 10 

2 9 

3~ __ .... ~ __ ~.8 
4 5 6 7 

Die Size .078 x .071 

~YTHEO~ 
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Octal 0-Type Flip-Flops with Enable 

Recommended Operating Conditions 

Supply voltage, Vee 

High-Level Output Current, 10H -400 uA 

Low-Level Output Current, 10L 4 8 rnA 

Clock Frequency, fclock 0 30 0 30 MHz 

Width of Clock or Clear Pulse, tw 20 20 ns 

20 t 20 t 
Set-Up Time, tsu ns 

Hold Time, th 5 t 5 t ns 

Operating Free-Air Temperature, T A '"-55 125 0 70 °C 

t The arrow indicates that the rising edge of the clock pulse is used for reference. 

Electrical Characteristics/Over Operating Range 
9LS/74LS 9LS/54LS 

Parameter Test Conditions1 Min. Typ.2 Max. Min. Typ.2 Max. Unit 

VIH 2 2 Volts 

·VIL 0.7 0.8 Volts 

VIK vee = Min., II = -18mA -1.5 -1.5 Volts 

VOH Vee = Min., VIH = 2.0V 

VIL = VILMax., 10H = -400uA 2.5 3.5 2.7 3.5 Volts 

VOL Vee = Min., VIH = 2.0V 10L = 4mA 0.25 0.4 0.25 0.4 Volts 

VIL = VILMax. 10L = 8mA 0.35 0.5 

II Vee = Max., VI = 7.0V 0.1 0.1 rnA 

IIH Vee = Max., VI = 2.7V 20 20 uA 

IlL Vee = Max., VI = -O.4V -0.4 -0.4 rnA 

1083 Vee= Max. -20 -100 -20 -100 rnA 

lee4 Vee= Max. 17 28 17 28 rnA 

Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under recommended operating conditions. 
2. All typical values are at Vee = 5.0V, TA = 25° e. 
3. Notmore than one output should be shorted at a time and duration of s~ort circuit should not exceed one second. 
4. With all outputs open and 4.5V applied to.all data and clear inputs, lec is measured after a momentary ground, then 4.5V is applied 

to clock. 

Switching Characteristics (Vee = 5V) 

-55°C +25°C 

Paramet,ers Min. Typ. Max. Min. Typ. 

Test Conditions: CL = 15pF,RL = 2kOhms 

fmax. 30 40 

tPLH 17 

tPHL 18 

~AYTHEOEJ 
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+125°C 

Max. Min. Typ. 

27 

27 

Max. Units 

MHz 

ns 

ns 

29 

549 

c 
0 
Q) 

.r::. 
+-' 
>-
a1 
0::-



c: 
o 
Q) 

.r::. 
~ 
al 
a: 

Octal D-Type Flip-Flops with Enable 

Logic Diagram 

CLOCK---I 

ENABLE ---<"L---" 
G 

Q 

Q 

Schematics of Inputs and Outputs 

30 

5S0 

EQUIVALENT OF DATA 
INPUT 

VCC-----
25 kn 

INPUT ...... -.__-... NOM 

EQUIVALENT OF CLOCK OR 
ENABLE INPUT 

vcc--...--
20 kn NOM 

INPUT -....:-te-.---..... 

D 

o 

TO 7 LS377 
OTI:iER FLIP-FLOPS 

TVPIC.AL OF ALL OUTPUTS 

-------vcc 
120 n NOM 

~-6-- OUTPUT 
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8-Bit Serial/ParalielTwo's 
Complement Multiplier 

Description 
The L8384_ is an 8-bit by 1-bit sequential log'ic 
element that performs digital Q1ultiplication of 
two numbers represented in two's complement 
form to produce a two's complement product 
without correction by using Booth's algorithm 
internally. The device accepts an 8-bit 
multiplicand (X input) and stores this data in 
eight internal latches. The X latches are 
controlled via the clear input. When the clear 
input is LOW, all internal flip-flops are cleared 
and the X latches are opened. to accept new 
multiplicand data. When the clear input is HIGH, 
the latches are closed and are insensitive to X 
input changes. 

The multiplier word data is passed by the Y input 
in a serial bit stream--Ieast significant bit first. 
The product is clocked out the 8 output least 
significant bit first. 

The multiplication of an m-bit multiplicand byan 
n-bit multiplier results in an m+ n bit product. 
The L8384 must be clocked for m + n clock 
cycles to produce this two's complement 
product. Likewise, the n-bit multiplier (Y-input) 
sign bit data must be extended forthe remaining 
m-bits to complete the multiplication cycle. 

The device also contains a K input so· that 
devices can be cascaded for longer length X 
words. The sum (8) output of the device is 
connected to the K input of the succeeding 
device when cascading. Likewise, a mode input 
(M) is used to indicatewhich devicecontainsthe . 
most significant bit. The mode input is wired 
HIGH or LOW depending on the position of the 
8-bit slice in the total X word length. 

Recommended Operating Conditions 
9LS/S4LS 

Min. Typ. 

Supply Voltage Vee 4.75 5 

High-Level Output Current IOH 

Low-Level Output Current IOL 8 

Operating Free Air Temperature -55 

t[AYTHEO!J 
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Pinout Diagram 

X6 X7 K M 

9 

25LS14 

70 
S CP GND 

1 16 . 15 

6 789 10 

-Die Size: .141 x .088 

9LSi74LS 
Max. Min. Typ. Max. Units 

5.25 4.5 5 5.5 Volts 

-1 -1 mA 

12 8 12 mA 

125 0 70 °C 
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LS384 
Electrical Characteristics 

8-Bit Serial/Parallel Two's 
Complement Multiplier 

9LS/74LS 9LS/54LS 
Parameters Test Conditions Min. 

VOH Vee= Min., IOH = -t.OmA 2.5 
VIN = V,H or V,L 

VOL Vee= Min. IOL= 8.0mA 
VIN = VIH or V,L IOL = 12mA 

VIH Guaranteed input logical HIGH 2.0 
voltage for all inputs 

VIL Guaranteed input logical LOW 
voltage for all inputs 

VI I Vee=Min.,!IN=-18mA I 

X,M 

IlL Vee= Max., K,CLR 
VIN = OAV CP 

Y 

X,M 

IIH Vee= Max., K,CLR 
\l,N = 2.7V CP 

Y 

II Vee = Max., VIN = 5.5V 

Ise Vee= Max. -40 

Icc Vee= Max. 

Switching Characteristics (vee = S.OV) 

From To 
Parameters (Input) (Output) Min. 

Test Conditions CL = 15pF, RL = 2.0kOhms 

32 
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tPLH 

tPHL 

tPHL 

ts 

th 

ts 

th 

ts 

th 

tpw 

tpw 

ts 

fmax1 

Clock y 

Clock y 

Clear X 

Set Up Time Y to Clock 

Hold Time 

Set UpTime K to Clock 

Hold Time 

Set Up Time Xj to Clear 

Hold Time 

Clock Pulse Clock HIGH 

Width Clock LOW 

Clear Pulse Width 

Clear Recovery Time 

Max. Clock Frequency 

-55°C 
Typ. Max. 

Typ. 

3.4 

91 

Min. 

32 

0 

18 

0 

13 

0 

15 

15 

20 

18 

25 

Max. Min. Typ. Max., Units 

2.7 304 Volts 

.4 .4 Volts 
0.45 0.45 

2.0 Volts 

0.8 0.8 Volts 

I 
-1.2 -1.2 Volts 

-0.48 -0048 
-1.2 -1.2 rnA 
-1.6 -1.6 
-3.2 -3.2 

20 20 
30 30 uA 
40 40 
80 80 

1.0 1.0 rnA 

-100 " -40 -100 rnA 

155 91 155 rnA 

+25° +125° 
Typ. Max. Min. Typ." Max~ Units 

13 20 

13 20 

17 25 

40 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 
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8-Bit Serial/Parallel Two's 
Complement Multiplier 

Function Table 
Output 

CLR CP K Xi y Y-1 

L L 

CS H 

L OP L L 

LS384 

Function 

Most sign ficant multiplier device 

Devices cascaded in multiplier string 

Load new multiplicand and clear c: 
internal sum and carry registers 0 

r----+----+----r--~+---~~~_T------_T~----_r~----------------------~ ~ 
Device Enabled ~ H 

H t L L 

H t L H 

H t H L 

H t H H 

H = HIGH 
L = LOW 

t = LOW-to-HIGH transition 
CS = Connected to S output of higher order device 
OP = Xi latches open for new data (1 = 0, 7) 
AR = Output as required per Booth's algorithm 

Definition of Functional Terms 
Xo, X1, X2, X3, X4, Xs, X6, X7 The eight data 
inputs for the multiplicand (X) data. 

Y The serial input for the multiplier (Y) data­
least significant bit first. 

S The serial output for the product of X Y­
least significant bit first. 

CP Clock The buffered common clock input 
for the serial/parallel multiptier. All functions 
occur on the LOW-to-HIGH transition of the 
clock. 

CLR Clear The buffered common clear for all 
flip-flops withing the device. When the clear is 
LOW all flip-flops are cleared. Also the buffered 
X-input latch enable. When the clear input is 
LOW, the X latches will accept newX-inputdata. 

K The sum expansion input to the serial/ 
parallel multiplier. Allows for cascading devices. 

M The mode control input for the most 
significant bit of the multiplier. It is used in 
conjunction with cascading to determine the 
most significant bit. 

~AYTHEOEJ 
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AR 

AR 

AR 

AR 

as 
Shift sum register a: 
Add multiplicand to sum register 
and shift 

Subtract multiplicand from sum 
register and shift 

Shift sum register 
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LS385 

Features 
• Four independent adder/subtractors 

• Use with two's complement arithmetic 

• Magnitude only addition/subtraction 

• Advanced low-power Schottky 

Description 
§ The LS385 is a serial two's complement 
~ adder/subtractor designed for use in associa­
>. tion with the LS384 serial/parallel two's 
~ complement multiplier. This device can also be 

used for magnitude only or one's complement 
addition or subtraction. 

Four independent adder/subtractors are 
provided with common clock and clear inputs. 
The add function is A plus B and the subtract 

~ function is A minus B. The clearfunction sets the 
internal carry function to logic zero in the 

- add mode and to logic one in subtract mode. 
This least significant carry is self propagating 

. in the subtract mode as long as zeroes are 
applied to the A and B inputs at the LSB's. All 
internal flip-flops change state on the LOW-to­
HIGH clock transition. 

The LS385 is particularly useful for recursive or 
non-recursive digital filtering or butterfly 
networks in Fast Fourier Transforms. 

Recommended Operating Conditions 

Supply Voltage Vee 

High-Level Output Current IOH 

Low-Level Output Current IOL 

Operating Free Air Temperature 

34 
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9LS/S4LS 
Min. Typ. 

4.5 5.0 

-55 

Quad Serial Adder/Subtractor 

Pinout Diagram 

CLOCK CLEAR 

Note: Pin 1 is marked for orientation 

18 17 

3 4 

Die Size: .098 x .094 

9LS/74LS 
Max. Min. Typ. 

5.5 4.75 5.0 

-0.44 

8 

125 0 

16 15 14 13 

5 6 

Max. Units 

5.25 Volts 

-0.44 mA 

8 mA 

70 °C 

7 8 

12 

11 
10 

9 
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Quad Serial AdderlSubtractor LS385 

Electrical Characteristics 

9LS/74LS 9LS/54LS 
Parameters Test Conditionsl Min. Typ.2 Max. Min. Typ.2 Max. Units 

VOH Vee = Min., IOH = -440uA 2.7 2.5 Volts 
VIN = ¥IH or VIL 

VOL Vee= Min. IOL=4.0mA .0.4 0.4 Volts 
VIN = VIH or VIL IOL=8.0mA 0.45 0.45 

VIH Guaranteed input logicat HIGH' 2.0 2.0. Volts 
voltage for all inputs 

VIL Guaranteed input logical LOW 0.8 0.7 Volts 
voltage for all inputs 

VI Vee = Min., I_IN =_-18mA 1.5 1.5 Volts 

IIL3 Vee = Max., VIN = O.4V -0.36 -0.36 mA 

IIH3 Vee = Max., VIN = 2.7V 20 20 uA 

f I Vee = Max., VIN = 7.0V 0.1 0.1 mA 

Ise4 Vee= Max. -30 -85 -30 -85 mA 

IceS Vee= Max. 48 75 48 75 mA 

Notes: 1. For conditions shown as ~in. or Max., use the appropriate value specified under Electrical Characteristics for the applicable 
device type.-

2. Typical limits are at Vee = S.OV, 25°C ambient and maximum loading. 
3. Actual input curents = Input Load Current x Input Load Factor (See Loading Rules). 
4 .. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. All inputs HIGH, measured after a LOW-to-HIGH clock transition. 

Switching Characteristics (Vee = 5.0V) -

From To -55°C +25°C +125°C 
Parameters (Input) (Output) Min. Typ. Max. 'Min. Typ. Max. Min. Typ. Max. Units 

Test Conditions CL = 15pF, RL = 2.0kOhms 

tPLH Clock F 14 22 ns 
tPHL 14 22 

tPHL Clear F 20 30 ns 

ts Set UpTime A,B,S 10 ns 
th Hold Time 0 

ts Clear Recovery Time 25 ns 
th Clear Hold Time 0 

tpw Clock Pulse Clock HIGH 17 ns 
Width ClockLOW 17 

tpw Clear Pulse Width 20 ns 

fmax1 Max. Clock Frequency 30 40 MHz 

~AYTHEO~ . 
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LS385 

Function Table 
Intemal 

External Inputs Point Output 

CP CLR S ABC C1 F 

XL L X XL L L 

XL H X X H H L 

L - H X X X NC NC NC 
H H . X X X NC NC . NC 

t 

I 1 
t 
t 

. t 
t 
t 
t 
t 
t 
t 
t 
t 
t 

H 
H 
H 
H 
H 

H 
H 
H 

H 
H 

H 
H 
H 

H 
H 
H 

L L L L L L 

~ ~ ~I~ ~ I ~ 
L L H,H HI L 
L H L L L H 

L H L H H L 

L H H L H L 

L H H H H H 

H L L L L H 
H L L H H L 

H L H L L L 
H L H H L H 
H H L L H L 

H H L H H H 
H H H L L H 
H H H H H L 

Function 

Clear 

Add 

Subject 

C = Data in the carry flip-flop before the clock transition 

Cl = Data in the carry flip-flop after the clock 

X = Don't Care 

. NC= No Change 

H =HIGH 

L =LOW 

t = LOW-to-HIGH Transision 
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Quad Serial Adder/Subtractor 

Definition of Functional Terms 
A1, A2, A3, A4 The "A" input into each adder/ 
subtractor. 

81, 82, 83, 84 The "B" input into each 
adder/subtractor. 

S1, S2, S3, S4 The add subtract control for 
each adder/subtractor. When S is LOW, the F 
function is A + B. When S is HIGH, the F 
function is A-B . 

F1, F2, F3, F4 The four independent serial 
outputs of the adder/subtractor. 

CP Clock The clock input for the device. All 
internal flip-flops change state on the LOW-to­
HIGH transition. 

CLR Clear When the clear input is LOW, the 
four independent adder/subtractors are 
asynchronously reset. The sum flip-flop is 
always set to logic "0". The carry flip-flop is 
set to logic "0" in the add mode and logic "1" 
in the subtract mode. 

~YTHEO!) 
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. 4-Bit Cascadable Shift Registers 
with 3-State Outputs 
Features Pinout Diagram 
• Three-state, 4-bit, cascadable, parallel-in, 

parallel-out registers 

• LS395A offers three times the sink-current 
capability of LS395 

• Low power dissipation-75mW typical 
(enabled) 

• Applications: 
N-bit serial-to-parallel converter 
N-bit parallel-to-serial converter 
N-bit storage register 

. Description 
These 4-bit registers feature parallel inputs, 
parallel outputs, and clock, serial, load/shift,' 
output control and direct overriding clear 
inputs. 

Shifting is accomplished when the load/shift 
control is low .. Parallel loading is accomplished 
by applying the four bits of data and taking the 
load/shift control input high. The data is loaded 
into the associated flip-flops and appears at the 
outputs after the high-to-Iow transition of the 
clock input. During parallel loading, the entry of 
serial data is inhibited. 

16 

~ ~~A BCD ~t: ~ 
~ffi~~9~C!l 
U (I) - PARALLEL 

INPUTS 

15 14 13 12 11 

3 4 5 6 

When the output control is low, the normal logic 
levels of thefouroutputsareavailablefordriving 
the loads or bus lines the outputs are disabled 
indep~ndently from the level of the clock by a 
high logic level at the output control input. The 
outputs then present a high impedance and 
neither load nor drive the bus line; however, 
sequential operation of the registers is not 

Die Size .063 x .098 

affected. During the high-impedance mode, the' 
output at aD' is still available for cascading. 

Function Table 
- -

Inputs 3-State Outputs 
Load/Shift Parallel 

Clear Control Clock Serial A B C 0 aA as ac aD 
L x X x x x x X L L L L 
H H H X X X X· X QAO QBO Qco QDO 

H H ~ X a b c d a b c d 
H L H X X X X X QAO QBO Qco QDO 

H L ~ H X X X X H QAn QBn QCn 

H L ~ L X X X X L QAn . QBn QCn 

When the output control is high, the 3-state outputs are disabled to the high-impedance state; however, 
sequential operation of the registers and the output at QD' are not affected. 

~YTHEO~ 
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LS395A 
4-Bit Cascadable Shift Registers 

with 3-State Outputs, 

Recommended Operating Conditions 
9LS/54LS395A 9 LS/74LS395A 

Min. Typ. Max. Min. Typ. Max. Units 

Supply Voltage, Vee 4.5 5 5.5 4.75 5 5.25 Volts 

High-Level Output QA thru QD -1 -2.6 rnA 

Current, IOH QD -400 -400 uA 

Low-Level Output QA thru QD 12 24 rnA 

Current, IOl QD 4 8 rnA 

Clock Frequency, fclock 0 25 n 25 MHz u 

Width of Clock Pulse, tw(clock) 25 25 ns 

Setup Time, High-Level or Low-Level Data, tsu 20 20 ns 

Hold Time, High-Levelor Low-Level, th 10 10 ns 

Operating Free-Air Temperature, T A -55 125 0 70 °C 

Electrical Characteristics 
9LS/54LS395A 9LS/74LS395A 

·Parameter Test Conditions1 Min. Typ.2 Max. Min. Typ.2 Max. Units 

VIH 2 2 Volts 

Vil 0.7 0.8 Volts 

VIK Vee = Min., II = -18mA -1.5 -1.5 Volts 

VOH QA thru QD Vee = Min., VIH = 2.0V 2.4 3.4 2.4 3.1 Volts 

QD VIL = VILMax., 10H = Max. 2.5 3.4 2.7 3.4 

QA,QS Vee= Min., 10L = 12mA 0.25 0.4 0.25 0.4 

VOL Qe,QD VIH= 2.0V IOL=24mA 0.35 0.5 . Volts 

QD VIL = VILMax. IOL=4mA 0.25 0.4 0.25 0.4 

IOL=8mA 0.35 0.5 

10ZH QA,QS Vee = Max., VIH = 2.0V 20 20 uA 
Qe,QD Vo = 2.7V 

10ZL QA,QS Vee = Max., VIH = 2.0V -20 -20 uA 
Qe,QD Vo=O.4V 

II Vee = Max., VI = 7.0V 0.1 0.1 rnA 

IIH Vee = Max., VI = i7V 20 20 uA 

IlL Vee = Max., VI = O.4V -0.4 -0.4 rnA 

los3 QA thru QD Vee= Max. -30 -130 -30 ~130 rnA 
QD -20 -100 -20 -100 

Icc Condition A Vee = Max.4 22 34 22 34 rnA 
Condition B 21 31 21 '31 

Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under recommended operating conditions. 
'2. All typical values are at Vee = 5:0V, TA = 25° e. 

38 

558 

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
4. lee is measured with the outputs open, the serial input and mode control at 4.5V, and the data inputs grounded under the 

following conditions: ' 
A. Output control at 4,5V and a momentary 3V, then ground, applied to clock input. 
S. Output control and clock input grounded. 
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4-Bit Cascadable Shift Registers 
with 3~State Outputs 

Switching Characteristics (Vee = s.OV) 

-55°C +25°C 

Parameters Min. Typ. Max. Min. Typ. .Max. 

+125°C 

Min. Typ. 

Test Conditions: CL = 45pF, RL = 667 Ohms1;-CL = 15pF, RL = 2kOhms2 

fmax 

tPHL 

tPLH 

tPHL 

tPZH 

tPZL 

Test Conditions: CL = 5.0pF 

tPHZ 

tPLZ 

Notes: 1. OA, Os, Oe, OD outputs. 
2. OD' output. 

Logic Diagram 

30 45 

22 35 

15 30 

20 30 

15 25 

17 25 

11 17 

12 20 

DATA INPUTS 

Max. Units 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

r~--------~--------~A~------------------~\ 
A B C 

. (3) (4) (5) 

INPUT 

CLOCK _(10_) --(]I ~~----------f-""-+-------+---t""'-+-------+---, 

(15) (14) (13) 

UA DB Uc 
~~----------------~v 

3-STATE OUTPUTS 

~AYTHEO~ 
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(12) (11) 

UD, UD' 

CASCADE 
OUTPUT 
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Schematics of Inputs and Outputs 
EQUIVALENT OF SERIAL 

AND DATA INPUTS 

Vee-_--
Req 

EQUIVALENT OF 

OTHER INPUTS 

Vee-

4-Bit Cascadable Shift Registers 
with 3-State Outputs 

TYPICAL OFQA, QB, QC, QO TYPICAL OF QO' OUTPUTS 
OUTPUTS 

----.--Vee ---"'-Vee 

20 k 12 NOM 

Serial: Fleq '" 30 kn NOM 
A, B, C, 0: Req = 20 kn NOM 

40 
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INPUT - ...... 1-+-_._ 

OUTPUT '---6-- OUTPUT 

t[:AYTHEO~ 
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DESCRIPTION 

54S/74S350 
(AM25S10) 

FEATURES 
The "350" is a combinatorial logic circuit 
that accepts a 4-bit data word and shifts the 
word O. 1. 2. 6r 3 places. The number of 
places to be shifted is determined by two 
5elect inputs 50 and 51. The 3-state out­
puts allow expansion of shifting over a larg­
er number of places. 

• Shifts 4-bits of data to 0, 1, 2, 3 places 
under control of two select lines 

• 3-State outputs for bus organized 
systems 

• Alternate source AM25S 10 

ORDERING CODE (See Section 9 for further Package and Ordering Information) 

COMMERCIAL RANGES MILITARY RANGES 
PACKAGES VCC=5V±5%; TA=O"C to +7O"C VCC=5V± 10%; TA=-55OC to +125OC 

Plastic DIP N745350N 

Ceramic DIP N745350F 5545350F 

Flatpak 5545350W 

INPUT AND OUTPUT LOADING· AND FAN-OUT TABLE(a) 

PINS DESCRIPTION 

50. 5 1 5elect inputs 

10. 11. 12. '-1. 1-2 Data inputs 

13. 1-3 Data inputs 

OE Output Enable (active LOW) input 

YO" Y3 3-State outputs 

NOTE 

a. The slashed numbers indicate different parametric values for Military I Commercial 
temperature ranges respectively. 
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IIH (#LA) 
IlL (rnA) 

IIH (#LA) 
IlL (rnA) 

IIH (#LA) 
IlL (rnA) 

IIH (#LA) 
IlL (rnA) 

.IOH (rnA) 
IOL (rnA) 

LOGIC SYMBOL 

·1 2 3 4 5 6 7 

9 

10 

13 

Vcc = Pin 16 
GNO = Pin 8 

15 14 

PIN CONFIGURATION 

54/74 54S/74S 

50 
-2.0 

75 
-3.0 

50 
-2.0 

50 
-2.0 

-2/-6.5 
20 

12 11 

54LS/74LS 

561 

(J) 
(.) -(J) 
c:: 
.2> 
en 



en 
o 
+:: 
Q) 
c: 
0) 

en 

FUNCTIONAL DESCRIPTION 
; The "350" is a combination logic circuit that 
shifts a 4-bit word fr<;>m "0" to "3" places. No 
clocking is required as with shift registers. 

The "350" can be used to shift any number 
I of bits any number of places up or down by 
suitable interconnection. Shifting can be: 

1. Logical - with logic zeros filled in at 
either end of the shifting field 

2. Arithmetic - where the sign bit is ex­
tended during a shift down 

3. End around - where the data word 
forms a continuous loop. 

The 3-state outputs are useful for bus inter­
face applications or expansion to a larger 
number of shift positions in end around shift­
ing. The active LOW Output Enable (OE) in­
put controls the state of the outputs. The 
outputs are in the high impedance "off" 
state when OE is HIGH, and they are active 
when OE is LOW. 

LOGIC DIAGRAM 

'-3 

(1) 

Vee = Pin 16 
GND = Pin 8 
( ) = Pin Numbers 

562 

1-2 

(2) 

TRUTH TABLE 

OE S1 So 

H X X 
L l L 
L L H 
L H L 
L H H 

H = HIGH voltage level 
L = Low voltage level 
X = Don't care 

13 12 11 

X X X 
03 02 01 
X 02 01 
X X 01 
X X X 

10 1·1 1.2 1.3 Y3 Y2 

X X X X Z Z 
DO X X X 03 02 
DO 0-1 X X 02 01 
DO 0-1 0-2 X 01 - DO 
DO 0-1 0-2 0-3 DO 0-1 

(Z) = High impedance (off) state 
On = HIGH or LOW state of the referenced In input 

1-3 

(3) 

LOGIC EQUATIONS 

Yo = 50- 5 1- 10 + 50- 5 1-1.1 + 50- 5 1-1.2 + 50- 5 1-1.3 

Y 1 = 50 - 51 -11 + 50 - 51 -10 + 50 - 51 - I. 1 + 50 - 51 - 1.2 

Y 2 = 50 - 51 - 12, + 50 - 51 - 11 + So - S 1 - 10 + SO· S 1 - I. 1 

Y3 = 50- 5 1- 13 + 50-S1- 12 + SO-Sl- 11 + 50-S1- 10 

10 11 12 13 

(4) (5) (6) (7) 

S!!)llItiCS 

Y1 YO 

Z Z 
01 DO 
DO 0-1 
0-1 0-2 
0-2 0-3 

OE 
(13) 
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APPLICATIONS 

GNO 
I 

'-3 '-2 1-1 
,..--- 5, 

~ So 

r: OE yO Y, 

So 
S1 

OE 

S, So 0 
L L NO SHIFT 
L H SHIFT 1 PLACE 
H L SHIFT 2 PLACES 
H H SHIFT 3 PLACES 

o 1 2 ,3 

10 11 12 13 -
r--

Y2 Y3 -<l 

5, 

So 

16-Bit $111ft-Up 0, 1,2, or 3 Places 
4' 5 6 7 

I I 
1-3 '-2 '-1 10 11 12 13 '-3 1-2 1-1 

r--- S, 

r--- So 

OE yo Y, Y2 Y3 -0 OE yo Y, 

4 5 6 6 9 

8 9 '10 11 

10 11 12 13 -
r--

Y2 Y3 r<l 

10 11 

B-Bit End Around Shift 0, 1,2,3,4,5,6, 7 Places 

o 1 2 3 4 5 6 7 

.; 

12 13 14 15 

I 
S1 

1-3 '1-2 '-1 10 11 12 13 

So 

OE yo Y1 Y2 Y3 

12 13 14 15 

I 
, '-3 '-2 '-1 I() 11 12 13 '-3 1-2 1-1 10 :' 1 ''-3 1-2 1-1 I() 11 12 13 '-3 '-2 1-1 I() 11 ---- 5, - 5, S, 51 

S2 S, So 

So 
S, 

S2 

52 

T, 

r-- So' 

-< OE yo 

D AROUND 1 
L L L NOSHIF 
L L ,H SHIFT EN 
L H L SHIFT EN 
L H H SHIFT EN 

D AROUND 2 
D AROUND 3 

H L L SHIFT END AROUND 4 0 
H L H SHIFT END AROUND 5 
H H L SHIFT END AROUND 6 
H H H SHIFT END AROUND 7 

-
-

Y, Y2 Y3 

12 11 10 9 

'-3 1-2 1-1 
5, ' 

I() 11 

So 

~ OE
yo Y, Y2 

So 
5, 

5, So ' SCALE 
L L +8 1/8 
L H +4 1/4 
H L +2 1/2 
H H NO CHANGE 1 
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I I 
12 11 10 

I 
12 13 

Y3 

9 

~ r---
.--- So 

I 
r-- So r-- So 

-< OE yo Y, Y2 Y3 r< OE Yo Y, Y2 Y3 rC OE
yo Y1 Y2 

4, 6 

13-Blt 2'. Complement Scaler 
8 7 6 5 4 3 2 1 5 

II I 
'-3 '-2 1.1 10 11 12 13 1-3 1-2 '-1 10 11 12 13 - 51. ,---- 51 

r-- So r-- So 

* OE

yo Y, Y2 Y3 r OEy~ Y, Y2 Y3 

I ~ I I 
I 

, 8 6 5 s 

12 13 

Y3 
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SOLID STATE MICROTECHNOLOGY FOR MUSIC SSM2020 SSM2030 
(FORMERLY SOUD STATE MUSIC) 

DUAL LINEAR-ANTILOG VOLTAGE CONTROLLED AMPLIFIER 2020 
DESCRIPTION 
The SSM 2020 is a dual two quadrant multiplier designed 

to be used with op amps in a wide variety of precision 

audio-frequency applications including AGe circuits, Divid­

ers and as a Biquad tuning element. Each channel has 

separate control and differential signal inputs and a current 

output. The device offers an exceptionally flexible control 

circuit for each channel which allows simultaneous linear 

and exponential voltage control of gain or either polarity of 

current control. Both channels are fully temperature com· 

pensated and have 84dB signal to noise ratios at less than 

0.1 % distortion. 

APPLICATIONS 

• 2 and 4 Quadrant Multipliers 

• Dividers 
• AGC Circuits 
• Voltage C~:'"trolled Filters 
• Voltage Controlled Quadrature Oscillators 

• Volume Controls 
• Equalizers 
• Compandors 
• Antilog Amplifiers 
• Voltage Controlled Current Sources 

FEATURES 

• ~ax Supplies ±18V 
• Dual Design (Independent Control Selection) 
• 2"k Channel Gain Matching 
• 100dBControi Range 
• Simultaneous Linear and Exponential Gain Control 

• Differential Signal Inputs 

• Current Output 

• 84dB Signal to Noise 

• 0.1% Distortion 

• Fully Temperature Compensated 

lOUT +V 

1 - SIG I~~ 20UT 

1 + SIG IN 2 - SIG IN 

1 - CON BASE 2 + SIG IN 

1 CON EMIT 2 - CON BASE 

1 + CON BASE 2 CON EMIT 

1 CON COLl 2 + CON BASE 

-v 2 CON CaLL 

TOP 

VOLTAGE CONTROLLED OSCILLATOR 2030 
SSM2030 DESCR IPTION 

The SSM 2030 is a precision voltage controlled oscillator 

designed specifically to meet the waveform and accuracy 

requirements of electronic music systems. It has both exponen· 
tial and proportional. linear sweep inputs which can control 

frequency over a 1,000,000 to 1 range with the same capaci· 

tor. Sweep accuracy is better than 0.25% over a 1,000 to 1 
range and 0.1 % over 100 to 1. The device has si multaneous 

sawtooth, triangle and pulse outputs. An internal comparator 

provides control of pulse output duty cycle from 0 to 100%. 

Hard and soft sync inputs make possible a rich variety of 

modulation and harmonic locking effects. 

APPLICATIONS 

•. Music Synthesizers 

• Elec;tronic Organs 
• Electr..onics Games 
• Waveform Generation 
• V to F and F to ~ Conversion 
• Modulation Control Circuits 
• Wide Range 

Phase-Locked loops 
• Frequency Multiplication and Division 

FEATURES 

• Simultaneous Exponential and Proportional Linear 
Sweep Inputs 

• High Sweep Accuracy (0.25% 1000 to 11 
.1,000,000 to 1 Sweep Range 
.200 kHz Max Operating Frequency 
• Simultaneous Sawtooth, Triangle and Pulse Outputs 
• Pulse Duty Cycle Voltage Control Range (0 to 100%) 
• All Outputs Short Circuit Protected 
• Hard and Soft Sync Inputs 
• Max Supplies ±18V 

v- v+ 

GND COMP 

CAP GND 

DIS ,,2 EMIT 

TAl OUT BASE 

SAW OUT SOFT SYNC 

HAAD SYNC COll 

PULSE OUT PWMOD 

TOP 

Solid State Microtechnology For Music, 20768 Walsh Ave.,SantaClara,CA 95050, Phone(408)248-0917 
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SOLID STATE MICROTECHN·OLOGV FOR MUSIC SSM2040 SSM2050 (FORMERLY SOUD STATE MUSIC) 

VOL T AGE CONTROLLED FILTER CIRCUIT 2040 
DESCRIPTION 

The SSM 2040 is a four section filter whose cutoff frequency 
can be exponentially voltage controlled over a 10,000 to 1 
range. This flexible building-block can be used in virtually any 
active filter design including lowpass, highpass, bandpass and 
notch. Rolloff characteristics can be selected to be Butter­
worth, Bessel, Chevyshev, Cauer or any other filter type. 

Applications include tracking filters, organs, music synthe­
sizers, music phase shifters and sound effects generation. 

APPLICATIONS 

• Voltage Controlled Filters: 

Lowpass Biquad 
Bandpass State Variable 
Highpass Sallen & Key 
Allpass Cauer 
Notch 

• Parametric Equalizers 

• Music Synthesizers 

• Music Phase Shifters 

• Tracking Filters 

• Low Distortion Sine \lCO's 

VOLTAGE CONTROLL.ED 
TRANSIENT GE.NERATOR 
DESCR IPTION: 

The SSM 2050 is a self-contained ADSR type electronic music 
transient generator. Attack, initial decay and final decay 
timers can be exponentially voltage controlled over a 10,000 
to 1 range from 1 msec to more than 10 sec. The sustain level 

. is linearly voltage controllable from 0 to 100%. The device has 
independant gate and trigger inputs for maximum flexibility 
and much efton has been taken to minimize the externa'i parts 
count. 

APPLICATIONS 

• Music Synthesizers 

• Organs 
• Rhythin ~ynthesizers 
• Sound Effects Generators 
• Electronic Games 

FEATURES 
• +/- 15V Supplies 
• Exponential Frequency Control Response 
• 4 Filter Sections in One Package 

• Low Noise 
• Low Distortion 
\I Guaranteed Control Rejection Characteristics 

10,000: 1 range 

OliT 2 v+ 

CAP 2 IN 3 

IN 2 CAP 3 

OUT 1 OUT 3 

CAP 1 IN 4 

IN CAP 4 

CNTLIN OUT 4 

GND v-

TOP 

2050 

FEATURES: 

• +/- 15V Supplies 
• Exponential Time Control Response 
• Minimum External Component Count 
• Guaranteed Control Rejection Characteristics 
• 10,000: 1 Time Control Range 

• Fun ADSR Response 
• Independent Gate & Trigger 

Vee 

NC 

FINAL DeCAY TIME INPUT 

NC 

INITIAL DECAY TIME INPUT SUSTAIN VOLTAGE INPUT 

OUTPUT 

Solid State Microtechnology For Music, Santa Clara, CA 95050, Phone (408)248-0917 
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INTERFACE ....... . 

The Master Selection Guide provides sufficient informa­
tion to make initial product selections. It enables you to 
find the products which are most appropriate to fulfill 
your major requirements and then provides data for 
many of the more important products. 

All devices that appear in this section, both in the initial 
selection guide and in the data pages, are included in 
all other indexes. These index listings lead to the page 
and the line on that page where each device appears. 

In the Interface Section the selection parameters differ 
~ 

(]) drastically for each category; therefore, each has its own 
+-' rJ format. The analog to digital converter category has two 
~ . formats: one for binary output devices and another for 

decimal units. Some of the products in this section, pri­
marily analog to digital and digital to analog converters, 

. are hybrids; the ones listed are those packaged to be 
compatible with IC's. 

This section is not complicated by reference to package 
styles; the package style suffixes are usually deleted. 
For more information on each companies' suffixes, see 
the Part Number Guide. Throughout the Master Selec­
tion Guide, each full military temperature range (-55°C 
to 125°C) device is indicated by a dagger (t) before the 

. manufacturer's name. Manufacturers' names are nor­
mally spelled out; however, a few are abbreviated and 
the abbreviations are explained on page 306. 

566 

I 
Category Page 
Analog Switches 

Switches with Drivers 567 
Switches without Drivers 573 
Multiplexers 574 
Drivers 576 

Analog to Digital Converters 
Binary Output 578 
Decimal Output 584 

Digital to Analog Converters 585 

Display Drivers 601 

Error Checking Circuits 604 

Keyboard Encoders 605 

Line Circuits 
Drivers 606 
Receivers 611 
Transceivers 615 

Memory and Peripheral Drivers 619 

Sense Amplifiers 624 

Serial Transmitters-Receivers 625 

Detailed Product Information 
provided by: 
American Microsystems Inc. 628 
Burr-Brown 658 
Datel Systems 660 
Harris Semiconductor 692 
Micro Power Systems 765 
Monolithic Memories, Inc. 768 
Motorola Semiconductor 778 
National SemiConductor 793 
Signetics 805 
Siliconix 812 
Supertex 834 

The manufacturers listed above are 
providing detailed information on 
their latest and most significant 
products. 
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MASTER SELECTION GUIDE 

INTERFACE-Analog Switches 

ON Analog ON Analog 
Switch Resistance Signal SWPIY Switch ResistanCe Signal Supply 

Function Type 25'C,n Range, v Voltage Device Source Lila Function Type 25'C,n Range, V voltage 0M:e Source liIe 

Switches with Drivers Switches with Drivers (Cont'd.) 

SPST CMOS 75 ±11 ±15,5 HI5040-2 tHarris (696) 2xSPST JFET 10 (Cont'd.) 
HI5040-5 Harris (696) ±10 -18,12 DG141A tlntersil 
IH5040M tlntersil tlntersil 60 

t National (1076) 
National (1076) 

t Siliconix 

-20,10,5 tlntersil 
Intersil 

t Siliconix 
Siliconix 

15 ±7.5 ±15 DG151A tlntersil 
10 AH0151 t National (1076) 

AH0151C National (1076) 
DG151A t Silicorix 



Ie MASTER 

INTERFACE-Analog Switches (Cont'd) 
, ON Analog ON Analog 

Switch Resistanoe Signal Supply Switch Resistance Signal Supply 
Function Type 25'C,fI Range, V Voltage Device Soufce Function Type 25'C,fI Range, V Voltage Device Source Une 

SWitches· with Drivers (Cont'd.) Switches with Drivers (Cont'd.) 

2xSPST JFET 75 (Cont'd.) 4xSPST CMOS (Cont'd.) 60 
-10 to 15 ±15,5 DG182A tlntersil 200 ±7.5 17.5 SCl4066S SSS 

IH182M t Intarsil ±15 ±15 DG2018 Siliconix 
DG182A t Siliconix DG201C smconix 

280 ±7.5 ±7.5 AD 
tAD 

Fairchild 
t Fairchild 

80 
Hitachi 
Micro Power 

+10 -18,12 DG134A tlntersii iO t Micro Power 70 
IH5OO7 Intersi! tMitel 
AH0134 t National (1076) Mitel 
AH0134C National (1076) t Motoroia 
DG134A t Siliconix Motorola 

100 ±5.5 ±15 DG452 Intersil National (1~76) 

DG1528 Siliconix t ~ationaI (1076) 
I-IPD4066 NEe America 

±8 -18,12 DG1348 Intersil MSM4066 OKI 
DG1348 Siliconix CD40668 tRCA 

±10 ±15,5 T11821 TI CD4066BE RCA 

T1182C TI 20 HBF4066AE SGS 
CD N4066A Signetics 
:2 -10 to 15 ±15,5 DG1828 Intersil SCl4066B tSSS 
:J IH182C Intersil SCl4066BE SSS 

C!J AM282 National TC40668 Toshiba 
DG182B Siliconix t: 400 ±7.5 ±7.5 AD 0 -15 to 10 -20,10,5 DG1828 Intersil tAD :;:: 

0 IH182C Intersil Hitachi 

~ AM282 National Micro Power 
CD DG182B Siliconix t Micro Power 90 en PMOS 75-200 tMitel 
to.. Mitel 
CD 30 t Motorola ...... en 75-250 Motorola 
CCS 
~ 

tSSS 
SSS 

100-450 ±10 -20,10,5 DGll1 t Intarsil t Solitron 
bG112 t Intersil Solitron 

4xSPST CMOS 75 ±11 ±15,5 IH201M t Intersil tTl 

IH202M t Intarsil tn 100 

IH5052M t Intersil 
IH5053M t Intersil 

80 ±10 ±15,5 IH201C Intersil 
IH202C Intersil t Fairchild 
IH5052C Intersil 
IH5053C Intersil 850 ±7.5 ±7.5 National (1076) 

t National (1076) 
CD40168 tRCA 

100 ±15 ±15 AD7510DIJ AD CD4016BE RCA 

Ab7510DIK AD CM4016A t Solrtron 

AD7510DIS tAD CM4016AE Solitron 110 

AD7511DIJ AD CM4116A t Solitron 

AD7511D1K AD CM4116AE Solitron 

AD7511D1S tAD Inverted control 
AD7511D1T tAD 50 ±7.5 ±7.5 SCl4416B tSSS 
HI201·5 Harris (694) SCL4416BE SSS 
MP7510DIJ Micro Power 

JFET 
MP7510DIK Micro Power 
MP7510DIS t Micro Power 
MP7511DIJ Micro Power 
MP7511DIK Micro Power 
MP7511DIS t Micro Power 
MP7511DIT t Micro Power 120 

175 ±15 ±15 DG201A t Siliconix 
(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUI"DE 

INTERFACE-Analog, Switches (Cont'd) 

ON Analog 
s~ 

ON Analog 
Switch Resistance ' $p' Supply Resistance SiglaI SUpply 

Function Type 25'C,n Range, v Voltage Device Source li1e Funciion Type 25'C,n Range, V Voltage Source 

with Drivers (Cont'd.) Switches Drivers (Cont'd.) 

4xSPST JFET 75 ±10 ±15 ' , (Cont-d,) SPDT! CMOS 75 (Cont'd,) 
SSS75108 tPMI ±15 (696) 
SSS7510E PMI ' (696) 
SSS751OF PMI 
SSS7511A tPMI 
SSS75118 tPMI JFET 

SSS7511E PMI 
SSS751iF PMI 

-7.5 to 15 ±15,5 oo186A , t Inter5l1 
001868 Intersil 

4xSPST VarioUs Combinations of normally on/off oo186A tSilicorix 

JFET 100 ±10 -18,15 CAG48A tTeledyne C 001868 S~icorix 

200 ±10 ±15,O LF11201 t National (1035) ±10 -18,12 oo146A t Intersil 

LF11202 t National (1035) AH0146 t National 

LFll331 t National (1~) AH0146C National 
LFll332 tNationai (1035) oo146A Siliconix 

LF11333 t National (1035) -12.5 to 10 -20,10,5 oo186A tlntersil 

250 ±10 ±15,O LF12201 National (1035) 001868 Intersil 
LF13201 National oo186A t Siliconix 

(1035,1073) , 001868 Siliconix 
LFl2202 National (1035) 15 ±7.5 ±15 oo161A tlntersil 
LF13202 National , AH0161 t National 

(1035,1076) AH0161C National 
LF12331 National (1035) DG161A Siliconix 
LFl3331 National (1035) ::l 
LFl2332 National (1035) ±8 -18,12 DG1468 Intersil (!) 
LFl3332 National (1035) oo446A Intersil 

LFl2333 National (1035) 001468 Siliconix c::: 
O· 

LFl3333 National 20 ±5.5 ±15 00461 A Intersil +:1 
(1035, 1073) 001618 SiIiconix 01 

0)1 
PMOS 200-600 ±10 -20,10,5 AHOO15 t National (1076) 30 -7.5 to 15 ±15,5 OO187A tlntersil 0) 

AHOO1SC National (1076) IH187M tlntersil en 
4xSPSt Common Output t National '90 ~ 

PMOS 100-450 -20,10 DG1Hi tlniersil t Siliconix 0)' ..... 
±10 -18,12 t Intersil 'W 

as 
tNational ~ 

National 
tSiliconix' 

~12,5 to 10 

5xSPST Common Output 
PMOS 100-450 ±10 -20,10 DG123 t Intersil 

DG123A t Siliconix 40 

-20,10,5 DG125 t Intersil 100 

DG125A t Siliconix 

125-500 ±10 -20,10 DG1,238 Intersil 
DG1238 Siliconix AH0162C National 

~20,10,5 
DG162A ' t Siliconix 

DG125B Intersil 
OG125B Siliconix ~7.5 to 15 ±15,5 OG1878 Intersil 

IH187C Intersil 
SPOT' OG187B Siliconix 

±8 -18,12 oo144B Intersil 

50 ±15 ±15,5 HI5050-2 tHarris (696) OG144B Siliconix 
HI505()'5 Harris (696) 110 

±15 DG301A t Siliconix (819) 
DG301B Siliconix (819) 
DG301C Siliconix (819) 
DG30SA t SiIiconix (819) 
DG305B Siliconix (819) 
DG30SC SiIiconix (819) 
DG387A t SiIiconix (825) 
DG387B Siliconix (825) 75 

DG387C Siliconix (825) 

75 ±11 ±15,5 IH5042M tlntersil -10 to 15 ±15,5 ool88A tlntersil 
(Continued) 

OF means four terminals with a pair of normally open and normally closed contacts. 
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INTERFACE-Analog Switches (Cont'd) 

ON Analog ON Analog 
Switch Resistance Signal SUWly Switch Resistance Signal SUWly 

Function Type 2S'C,n. Range, V Voltage Device Source Function Type 2S'C,n Range, V Voltage Device Source Une 

Switches with Drivers (Cont'd.) Switches with Drivers (Cont'd.) 

SPDP JFET 75 -10 to 15 ±15,5 (Coot'd.) 2xSPDP CMOS (Cont'd.) 
IH188M t Intersil 50 ±15 ±15,5 HI5051·2 t Harris (696) 
DG 188A t Siliconix HI5051-5 Harris (696) 

±15 DG303A t Siliconix (819) 
DG3038 Siliconix (819) 60 
DG303C Siliconix (819) 
DG307A t Siliconix (819) 
003078 Sifrconix (819) 

80 DG307C SiIiconix (819) 
DG390A t SiIiconix (825) 

iO 003908 Siiiconix (825) 
DG390C SiIiconix (825) 

75 

100 (696) 
(696) 

-10 to 15 ±15,5 DG188B Intersil Micro Power 
Q) 

:2 IH188C Intersil 

::J AM288 National 

(!) DG188B Siliconix 

C -15 to 10 -20,10,5 DG188B Intersil 80 

0 IH188C Intersil 

+= AM288 National 
0 DG188B Siliconix 
~ t Siliconix 
Q) Siliconix 
en -12.5 to 15 -20,15,5 DG189A t Intersil 
I... DG189B Intersil 
Q) 

DG189A t S~iconix .... 30 U) DG189B Siliconix CO 
~ 30 -7.5 to 15 ±15,5 DGl90A t Inlersil 

IH190M tlntersil 90 
AMl90 t National 
DG190A t Siliconix 

-121015 -20,15,5 OOl90A t Intersil 
IHl90M t Intersil 
AM190 t National 
DG190A t Siliconix 

50 

40 

100 

75 

SPDT PMOS 100-400 ±10 -20,10 SI3OO2A t Siliconix 
SI3002Ei Siliconix 
TL6011 TI 
TL601M tTl 
TL6071 TI -15 to 10 -20,10,5 DG191A t Intersil 
TL607M tTl IH191M t Intersil 

200-600 ±10 -20,10 TL601C TI 50 
OO191A t Siliconix 

TL607C TI 100 -10 to 15 ±15,5 OO191B Intersil 

200' ±10 -20,10 SH3OO2C 
IHi91C Intersil 110 

Fairchild AM291 National 
SH3002M t Fairchild DG191B Siliconix 

2xSPDP -15 to 10 -20,10,5 DG191B Intersil 
45 ±10 ±15,5 IH5051C Intersil IH191C Intersil 

(Continued) (Continued) 

t Military Temperature Range ( - 55' to 125'C) • Typical Values 

Bold faCe indicates additional data is provided on the page noted_ 
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MASTER SELECTION GuIDE 
INTERFACE-Analog Switches (Cont'd) 

ON Analog ON Analog 
Switch Resistance Siglal Supply Switch Resistance S91aI Suppty 

Fulction Type 25'C,n Range, v Voltage Device 'Source IiIe Function Type 25'C,n Range, V Voltage Source l.ile 

with (Con~'d.) Switches with Drivers 

2xSPDTl JFET 100 -15 to 10 -20,Hl,5 (Cont'd.) 4xSPDT for 01 A (voltage switch) 
AM291 National NPN 100 ±3 15,-4 
001918 Siliconix 

4xSPDT PNP 

150 ±10 ±15,5 Tl1911 TI 
Tl191C TI 

10xSPDT for D/A 
3xSPDT CMOS 280 ±l.5 ±7.5 F40538C FairChild NMOS 

F40538M t Fairchild 
H0140538 Hitachi 
Sll4053B tMitel 

DPST CMOS 75 
Sll40538E Mitel 
MC140538A tMotoroia (696) 
MC14053BC Motorola (696) 
CD40538C National 
CD4053BM t National 
11P04053 NEe America 
MSM4053 OKI 
CD40538 tRCA 2xDPST 
CD4053BE RCA 
SCl4053B tSSS 20 
SCl40538E SSS 50 ±15 ±15,5 HI5049-2 tHarris (696) 
CM4053A t Solitron HI5049-5 Harris (696) 

Q) 
CM4053AE Solitron 

±15 DG302A t SiIiconix (819) ~ TP4053A1B TI 
TC4053 Toshiba 

003028 SiIico'nix (819) ::s 
oo302C (819) (!) 
DG306A (819) c: 

250-850 ±10 -20,10,5 DG1708 Siliconix (819) 0 
DG170C Siliconix (819) +:: 

(825) 0 
4xSPDT for 01 A (825) 

Q) 

CMOS 100 0.1 8 AD7519J AD (825) Q) 
MP7519J Micro Power en 

75 ... 4XSPDT CMOS MC145518A t Motorola Q) 
MC14551BC Motorola +-' 

Cf) 

as 
NMOS - DG515A t Siliconix :2 

DG5158 Siliconix 
DG515C Siticonix ±15 Harris 

4xSPDT for 01 A (current switch) 2xDPST JFET 10 -7.5 to 15 ±15,5 83A t tntersit 

NPN -10 to-3 ±15 UlN-2140 Sprague 001838 tntersil 

UlN-2141 Sprague 40 DG183A t Siliconix 

UlN-2142 Sprague 001838 SiIicOOx 
UlS-2140 tSprague ±10 -18,12 OO140A t Intersil 
UlS-2141 tSprague' AH0140 t National 
UlS-2142 tSprague AH0140C ' National 

-2 to 10 15,-5, AD550J AD OO140A t Siliconix 
AD550K AD -12.5 to 10 -20,10,5 DG183A t,lntersil I 

AD550l AD' . DG1838 Intersil 
AD550S tAD OO183A t Siliconix 
AD550T tAD 001838 t Siliconix 
AD550U tAD 50 
AD553J AD 15 ±7.5 ±15 OO153A t lntersil 

AD553K AD AH0153 t NatiOnal 110 

AD553l AD AH0153C Naliooal 

AD553S tAD OO153A t Siliconix 

AD553T tAD ±8 -18,12 lntersil 
AD553U tAD Siliconix 

4xSPDT for D/A (voltage switch) 20 ±5.5 ±15 Intersil 
NPN 25 ±3 15,-4 AD555l AD Intersil 

AD555U tAD SlIicOOx 
40 ±3 15,-4 AD555K AD 30 -7.5 to 15 ±15,5 t Intersil 

AD555J AD t Intersil 
100 ±3 15,-4 AD555J AD tNaliooal 120 

(Continued) 

Ott means four terminals with a pair of normally open and normally closed contacts. 
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Ie MASTER 

INTERFACE-Analog Switches (Cont'd) 

ON Analog ON Analog 
Switch Resistance Signal Supply Switch Resistance Signal Supply 

Function Type 25'C,n Range, V Voltage Device Function Type 25'C,n Range, V Voltage Device Source Une 

Switches with Drivers Switches with D (Cont'd.) 

2xDPST JFET 30 -7.5 to 15 ±15,5 (Cont'd.) 2xDPST Common Output 
DG184A t Siliconix PMOS 200-600 . ±10 -20,10,5 (Cont'd.) 

±10 -18,12 DG129A t Intersil AH0019C National 60 

AH0129 t National 3xDPST Common Output 
AH0129C National PMOS 100-450 ±10 -20,10 DG120 t Intersil 
DG129A t Siliconix 

-12.5 to 10 -20,10,5 DG184A t Intersil 
IH184M t Intersil 

DPDTI CMOS 50 ±15 (696) 

AM184 t National 
(696) 

OG184A t Siliconix 10 75 

(696) 

50 ±l.5 ±15 OG154A t Intersil 
(696) 

I AH0154 t National 
AH0154C National JFET 70 
OG154A t Siliconix 

-7.5 to 15 ±15,5 DG1848 Intersil National 

IH184C Intersil t Siliconix 

DG1848 Siliconix 15 ±l.5 ±15 t Intersil 
t National 

20 National 

Q) t Siliconix 

:2 ±8 -18,12 DG445A Intersil 
::J DG1458 Siliconix 

(!) 
DG1638 20 ±5.5 ±15 Intersil 80 

c: OG463A Inters!1 
0 OG1638 Siliconix += 
() 30 ±10 -18,12 OG1-39A t Intersil 
~ AH0139 t National 
Q) 

AH0139C National en 
DG139A t Silicorrix 

L-
a> 30 ..... en 
ctS 
~ 90 

±10 -18,12 DG126A t Intersil 
AH0126 tNational 
AHOi26C National 

±10 -18,12 OG142A t Intersil 
OG126A t Siliconix AH0142 t National 

100 ±5.5 ±15 DG1548 Intersil AH0142C National 
OG454A Intersil 40 DG142A t Siliconix 
DG1548 Siliconix 100 ±5.5 ±15 DG1648 Intersil 

OG464A Intersil 

-10 tei 15 ±15,5 DG185B Intersil DG1648 Siliconix 100 

IH185C Intersil 
AM285 National 
OGr858 Siliconix 

-15 to 10 -20,10,5 DG1858 Intersil 
IH185C Intersil 
AM285 National 
DG185B Siliconix 

200-600 ±10 -20,10,5 AHOO14 t National 
AHOO14C National 

OP4T with followers 
TDA1029 Signetics 110 

4PST CMOS 50 ±15 ±15,5 HI5041A·2 tHarris (696) 
HI5047A·5 Harris (696) 

200-600 ±10 -20,10,5 AHOO19 t National 75 ±11 ±15,5 IH5047M t Intersil 
(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

INTERFACE-Analog Switches (Cont'd) 

ON Analog ON Analog 
Switch Resistance Signal Supply Switch Resistance Signal Supply 

FlJlCIion Type 25'C,n Range, v Voltage Device Source Function Type 25"C,n Range, V Voltage Source Li1e 

Switches with Drivers (Cont'd.) Switches without Drivers (Cont'd.) 

4PST CMOS 75 (Cont'd.) 3xSPST Cornmon Output 
±15 ±15,5 HI5047-2 tHarris (696) JFET 100 ° to (Orive-4) (Cont'd.) 

HI5047-5 Harris (696) t Intersil 

150 ±0.2 IH5014C Intersil 

8PST with shift register IH5014M tlntersil 

OMOS 100 12 S05350 Signetics AH5014C National 

4POT for O/A ° to (Orive-4) IH5030C Intersil 

pNp 10 ±10 ±15,5 COA28A tTetedyneG IH5030M tlntersil 

3xSPST PMOS 200-600 MM455 tlntersil 
Switches without Drivers MM555 Intersil 

MM455 t National 
SPST JFET 

MM555 National 
10 Si455A t Siliconix 

100 ±0.2 IH5021C Intersil Si555B Siliconix 

IH5021M t Intersil 4xSPST OMOS 45 
IH5023C Intersil 
IH5023M t Intersil 

° to (Drive-4) IH5037C Intersil 
JFET 100 

IH5037M tlntersil 
(1076) 

National (1076) 

150 ±0.2 IH5022C Intersil . National (1076) Q) 
-C 

IH5022M t Intersil ° to (Orive-4) Intersil ::::s IH5024C Intersil t Intersil (!) 
IH5024M t Intersil 

150 ±0.2 Intersil c::: ° to (Orive-4) IH5038C Intersil t Intersil 0 
IH5038M t Intersil National (1076) ':;:: 

2xSPST JFET 100 ±0.2 IH5017C Intersil NatiOnal (1076) 0 
Q) 

IH5017M . t Intersil NatiOnal (1076) Q) 
° to (Orive-4) IH5033C Intersil ° to (Orive-4) IH5028C Intersil en 

IH5033M t Intersil IH5028M t Intersil ~ 

G125 tlntersil 
Q) 

150 ±0.2 IH5020C Intersil +'" 
C/) 

IH5020M t Intersil G126 t Intersil ctS 
a to (Orive-4) IH5036C Intersil 

G127 tlntersil ~ 
G128 tlntel'Sll 

IH5036M t Intersil 
G129 Intersil 90 

2xSPST Common Output G1330 Intersil 
JFET 100 ±0.2 IH5019C Intersil G1340 Intersil 

IH5019M t Intersil G125A t Siliconix 

° to (Orive-4) IH5035C Intersil G125B SHiconix 

IH5035M t Intersil G126A t Siliconix 
G126B Siliconix 

150 ±0.2 IH5018C Intersil 
G127A t Siliconix 

IH5018M t Intersil 
G127B Siliconix ° to (Orive-4) IH5034C Intersil G128A t Siliconix 

IH5034M t Intersil 40 G128B Siliconix 

3xSPST JFET 100 ±0.2 IH5015C Intersil 4xSPST Common Output 
IH5015M t Intersil OM OS 45 S05101 Signetics 
AH5015C National (1076) 

° to (Orive-4) IH5031C Intersil 
IH5031M t Intersil JFET 100 

150 ±0.2 IH5016C Intersil (1073) 
IH5016M t Intersil (1073) 
AH5016C National (1076) (1073) 

a to (Orive-4) IH5032C Intersil ° to (Orive-4) Intersil 
IH5032M t Intersil t Intersil 110 

3xSPST Common Output 150 ±0.2 IH5010C Intersil 
JFET 100 ±0.2 IH5013C Intersil IH5010M t Intersil 

IH5013M t Intersil AH5010C National 
AH5013C National AM97C1OC National 

° to (Orive-4) IH5029C Intersil AM9710C National 

(Continued) 

OP means four terminals with a pair of normally open and normally closed contacts. 
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Ie MASTER 

INTERFACE~Analog Switches (Cont'd) 

ON Analog ON Analog 
Switch Resistance Signal Supply Switch Resistance Signal Supply 

Function Type 2S'C,n Range, V Voltage Device Source Function Type 2S'C,n Range, V Voltage Device Source Un 

Switches without Drivers (Cont'd.) Switches without Drivers (Cont'd.) 

4xSPST Common Output 6xSPST Common Output 
JFET 150 (Cont'd.) PMOS - (Cont'd.) 

o to (Drive-4) IH5026C inters!! MM4504 National 
IH5026M t Intersil Gl15A t Siliconix 

G129 t Intersil 
G115B Siliconix 

G130 t Intersil 
Gl18A t Siliconix 

G131 t Intersil 
Gl18B Siliconix 

G132 t Intersil 8xSPST Two Outputs 7( 

G1350 Intersil PMOS - MEM857 GI 
G1360 Intersil 10 10xSPST Three Outputs 
G129A t Siliconix NMOS - NMX5010 SMC 
G129B Siliconix 
G130A t Siliconix 
G130B Siliconix 2xDPST Common Output 
G131A t Siliconix PMOS - G122A t Siiiconix 
G131B Siliconix G122B Siliconix 
G132A t Siliconix MM450 t Intersil 
G132B Siliconix MM550 Intersil 

4xSPST Two Outputs MM450 t National 80 

JFET G123 Intersil MM550 National 

PMOS G123A t Siliconix 3xDPST Common Output 

Q) G123B Siliconix PMOS - Gl19C Intersil 

"0 G119M t Intersil 
4xSPST NMOS MEM780 GI G119A t Siliconix :::l 

CJ 
MEM781 GI G119B Siliconix 

PMOS 200-600 MM452 t Intersil 
C MM552 Intersil Multiplexers 
0 
:;:; MM452 t National 

4 channel. See Switches 4xSPST () MM552 National 
Q) Si452A t Siliconix 4 channel differential 

Q) Si552B Siliconix 30 CMOS 270 ±l.5 ±7.5 MCI4529BA t Motorola 

en 250 ±15 ±15 MVD-409 Datel (683) 90 
"- MVD-409M tDatel 
Q) 4xSPST Common Output 

+-t 270 ±7.5 ±7.5 Motorola rn PMOS - G124 Intersil 
ctS MM451 t intersii 

Nanonal 

:;E MM551 Intersil 
tNational 

MM451 t National 280 ±7.5 ±7.5 F4052BC Fairchild 
MM551 National F4052BM t Fairchild 
G124A t Siliconix HD14052B Hitachi 

G124B Siliconix SIL4052B tMitel 

4xSPST (current switch for D/A) 
SIL4052BE Mitel 

LM11340 National 
MC14052BA t Motorola 100 

LM11341 National 
MC14052BC Motorola 
CD4052BC National 

5xSPST Common Output CD4052BM t National 
PMOS - G116A t Intersil /lPD4052 NEe America 

G116B Intersil MSM4052 OKI 
G116A t Siliconix CD4052B tRCA 
G116B Siliconix CD4052BE RCA 

5xSPST Common Output plus output switch SCL4052B tSSS 

PMOS - G117A t Intersil SCL4052BE SSS 

G117B Intersil 50 CM4052B t Solitron 110 

G117A t Siliconix CM4052BE Solitron 

G117B Siliconix TI 
Toshiba 

6xSPST Common Output 
PMOS - MEM855 GI 300 ±15 ±15 AD 

MEM856 GI AD 

G115 Intersil tAD 

G115A t Intersil Micro Power 

G118A t Intersil Micro Power 

G118B Intersil t Micro Power 

AM2009 t National 400 ±15 ±15 tHarris (699) 120 
AM2009C National Harris (699) 
MM5504 t National DG509A t Siliconix 

(ContinUed) 

t Military Temperature Range (-55'to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

INTERFACE-Analog Switches (Cont'd) 

ON Analog ON Analog 
Switch Resistance Signal Supply Switch Resistance Signal Supply 

Function Type 25'C,n Range, V Voltage Device Source Fooction Type 25'C,n Range, V Voltage Device 

(Cont'd.) Multiplexers 

4 channel differential 8 channel 
CMOS (Cont'd.) CMOS 300 ±15 ±15 (Coot'd.) 

450 ±15 ±15 DG509B Siliconix MP7501K Micro Power 
DG509C Siliconix MP7501S t Micro Power 

MP7503J Micro Power 
MP7503K Miao Power 
MP7503S t Micro Power 

400 ±15 ±15,5 

JFET 260 -15 to 11.5 ±15 MUX-24A tPMI 10 
MUX-24E PMI 450 ±15 

300. ±10 ±15,5 LFl1306 tNational 
LF12306 National 
LF13306 National 

350' -15 to 12 ±15 . LFll509 t National 
(1035,1081) 

LF12509 National 
(1035,1081) 

LF13509 National JFET 
(1035, 1073, 1081). 20 

370 -15 to 12 ±15 MUX-24B tPMI 
Q) 

MUX-24F PMI. 300 ±10 ±15,5 t National 
:2 
::::J 

4 channel Sequential Commutator National (!) 
PMOS 200-600 ±10 -24,12 MM454 tNational National 

MM554 National C. 
350' -15 to 12 ±15 t National 0 

6 channel (1035,1081) == 
JFET 60 ±10 -18,2.8 CAM601A tTeledyne C National 

(,) 

~ 
8 channel 

(1035,1081) 
Q) 

CMOS 150 ±8 ±8 MS504 RTC 
LF13508 National en 

(1035,1073, 1081) 
250 ±15 ±15 MV-808 Datel (683) 30 

~ 

370 ' -15 to 12 ±25 MUX-08F PMI Q) 
MV-808M tDatel ..... 

MUX-88B . tPMI UJ 
270 ±7.5 ±7.5 MC14529BA tMotorola MUX-88F PMI as 

MC14529BC Motorola 
PMOS 150-250 ±5 -20,5 DG501A t Siliconix 

~ 
CD4529BC National 
CD4529BM tNational 

DG501B Siliconix 
DG501C Siliconix 

280 17.5 ±7.5 F4051BC Fairchild 
F4051BM t Fairchild 
HD14051B Hitachi 
SIL4051B tMitel 
SIL4051BE Mitel 
MC14051BA t Motorola 
MC14051BC Motorola 
CD4051BC National 
CD4051BM t National 
IlPD4051 NEC America 
MSM4051 OKI 
CD4051B tRCA 
CD4051BE RCA 
SCL4051B . tSSs 8 channel with shift register 

SCL4051BE SSS 50 DMOS 120 0-7 12 SD5350 Signetics 

CM4051A t Solitron 8 channel; BCD input,latch 110 
CM4051AE Solitron PMOS - 60 0-70 LS7110 LSI Comp (494) 
TP4051 AlB TI 
TC4051B Toshiba 8 channel differential 

CMOS 270 ±15 ±15 MVD-807 Date! (683) 
300 ±15 ±15 AD7501J AD MVD-807M tOate! (683) 

AD7501K AD 
AD7501S tAD 

280 ±7.5 ±7.5 CD4097B tRCA 

AD7503J AD CD4097BE RCA 

AD7503K AD 400 ±15 ±15 tAD 
AD7503S tAD 60 tAD. 
MP7501J Micro Power tHarris (107) 

(Continued) (Continued) 

DF means four terminals with a pair of normally open and normally dosed contacts. 
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Ie MASTER 

INTERFACE-Analog Switches (Cont'd) 

ON Analog ON Analog 
Switch Resistance Signal Supply Switch Resistance Signal Supply 

Function Type 2S'C,n Range, V Voltage Device Source line Function Type 2S'C,f) Range, V Voltage Source Une 

Multiplexers (Cont'd.) Multiplexers 

8 channel differential 16 channel 60 
CMOS 400 ±15 ±15 (Cont'd.) 

HI507·5 Harris (707) PMOS 5K -5 to 15 
MP7507S t Micro Power 
MP7507T t Micro Power JFET 300 -15 to 11 ±15 
DG507A tSiliconix 

450 ±15 ±15 AD7507J AD 
AD7507K AD 
MP7507J Micro Power 
MP7507K Micro Power 10 
DG5078 Siliconix 16 channel with storage counter 
DG507C Siliconix PMOS 750 ±5 -12,5 GI 70 

600 ±10 ±15 IH6216C Intersil tGI 

IH6216M t lntersil 18 channel with address latch 
NMOS 600 o to 6 12 GI 

1500 ±15 ±15 MXD-807 Datel (683) 32 channel with memory 

MXD-807M tDatel (683) CMOS 50 ±9 ±9 tMitel 

HI507A·2 tHarris (707) Mitel 

1800 ±15 ±15 MN4708D Analogic Crosspoint Switches 

HI507A·S Harris (707) 20 MT88048 tMitel 

4551 Teledyne P MT8804BE Mitel 
Q) 

MC3416 Motorola 80 
~ JFET 300 -15 to 11 ±15 MUX-28A tPMI MC3466 Motorola 
:J MUX-28E PMI RC4444 Raytheon CJ RM4444 t Raytheon 
c: 450 -15 to 11.5 ±15 MUX-288 tPMI CD22100 RCA 
0 CD22101 RCA - MUX-28F PMI 
() 02 RCA 
Q) 8 channel differential WITh storage, counter Signetics 
Q) PMOS 750 ±5 -12,5 AY5·1016 GI 

en AY6-4016 tGI Drivers 
"- 16 channel 
Q) CMOS 270 ±15 ±15 MV·1606 Datel (683) 

High Current Switch Driver (to drive power transistor - switches) CI) MV-1606M tDatel as SG1629 t Silicon G 90 

:~ 280 ±7.5 ±7.5 F40678C Fairchild SG3629 Silicon G 
F40678M Fairchild 

2 channel 
C040678 tRCA 

D112C Intersil 
C04067BE RCA 

Dl12M tlntersil 
400 ±15 ±15 AD7506S tAD D113C Intersil 

AD7506T tAD D113M t Intersil 
HI506-2 tHanis (707) D120C Intersil 
HI506-5 Harris (707) 40 D120M t Intersil 
MP7506S t Micro Power D121C Intersil 
MP7506T t Micro Power D121M t Intersil 100 
DG506A t Siliconix D130A t Siliconix 

450 ±15 ±15 AD7506J AD 01308 Siliconix 

AD7506K AD 0139A t Siliconix 

MP7506J MICro Power 01398 Siliconix 

MP7506K Micro Power D139C Siliconix 

DG5068 Siliconix 4 channel' 
DG506C SHiconix MEM4900 GI 

600 ±10 ±15 IH6116C , Intersil 50 0129 Intersil 

IH6116M t Intersil D129A t Siliconix 
01298 Siliconix 110 

4 channel for DMOS 
SD5200 Signetics 

1500 ±15 ±15 MX·1606 Datel (683) 4 channel with Decoder 
MX·l606M tDatel (683) 0132A t Siliconix 
HI506A·2 tHanis (707) 01328 Siliconix 

1800 ±15 ±15 MN4716 Analogic 6 channel 
HI506A·S Harris (707) D123C Intersil 

±15 ±15 TC5023 Toshiba 23M t Intersil 
(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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INTERFACE-Analog Switches (C.ont'd) 

ON . Analog 
Switch Resistance Signal 

Function Type 25'C,n Range, V 

Drivers 

6 channel 

Supply 
Voltage Device 

0125C 
0125M 
0123A. 
01238 
012SA 
01258 
COR125A 

Source 

(Cont'd.) 

Intersil 
t Intersil 
t Siliconix 

Siliconix 
t Siliconix 

Siliconix 
tTeledyne C 

(Cont'd.) 

ON 
Switch Resistance 

line Function Type 25'C ,n 

MASTER SELECTION GUIDE 

Analog 
Signal 
Range, V 

Supply 
Voltage Device Source 

OTI means four terminals with a pair of normally open and normally closed contacts. 
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Ie MASTER 

INTERFACE-Analog to Digital Converters 
Linear- Conver- Power Compl. CTC or 
ity sion Time Dis. Off. Compl. Off. 2's Sign. Inl-

Bits Error +1fI LSB mW Bin. Bin Bin. Bin. Compl. Magn. Mux. egra- Int. Par. Ser. 
Res. ±LSB ;S (max.) Outpul Output Output Output Output Output In. S&H ling Ref Out Out Device Source 

Binary Output 

3, expandable 8-line 
1/125 0.016/0.02 2450 x x x ADC-HU3BGC Datel (667) 

x x x ADC-HU3BIIII tOatei (667) 

6 1fl 0.033' 1000 x x x x x TDC1014J TRW 

1000 20' x ,x TL507 TI (1152) 

8 1fl 0.033' 2500 x x x x x TDC1007J TRW 

0.4 400 x x TDC1001J TRW 

0.9 1550 x x x )( x' x MN5101 Micro Net 

x x x x x x MN5101H tMicro Net 

1 400 x 
I I I x TDC1002J TRW 10 

2700 x x I I 
X x ADH-8512-8 DOC 

1.5 1550 x x x x x x MN5100 Micro Net 

x x x x x x MN5100H tMicro Net 

2.5 800 x x x x x ADC5418-8 t Hybrid Sys. 

x x ' x x x ADC541C-8 Hybrid Sys. 

x x x x x ADC5428-8 t HybridSys. 

x x x x x ADC542C-8 Hybrid Sys. 

915 x x x x MN5140 Micro Net 

x x x x MN5140H t Micro Net 

x x x x MN5141 Micro Net 20 

x x x x MN5141H t Micro Net 

x x x x MN5142 Micro Net 

x x x x MN5142H t Micro Net 

x x x x MN5143 Micro Net 

x x x x MN5143H t Micro Net 

1000 x x x x MN5130 Micro Net 

x x x x MN5130H t Micro Net 

x x x x MN5131 Micro Net 

x x x x MN5131H tMicro Net 

x x x x MN5132 tllCrO Net 30 

x x x x MN5132H t Micro Net 

x x x x MN5133 Micro Net 

x x x x MN5133H t Micro Net 

x x x x x x MN5150 Micro Net 

2.8 900 x x x ADC82A Burr-Brown (658) 

6 1000 x x x x MN5120 Micro Net 

x x x x MN5120H tMicro Net 

x x x x MN5121 Micro Net 

x )( x x MN5121H tMicro Net 

x x x x MN5122 Micro Net 40 

x x x x MN5122H tMicro Net 

x x x x MN5123 Micro Net 

x x x x MN5123H tMicro Net 

7 1165 x x x x x x MN7100 Micro Net 

x x x x' x x ,MN7100H tMicro Net 

x x x x x x MN7120 Micro Net 

x x x x x x MN7120H t Micro Net 
(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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INTERFACE-Analog to Digital Converters (Cont'd) 

Unear· Conver· 
ity sian Time 

Bits Error +1h LSB 
Res. ±LSB ;S 

Binary Output 

8 Y2 
12 

20 

20' 

40 

65 

100 

100 Jls' 

1800 

1 1 

65 

, 2 50 

80 

8 (D/A, AID, with counter) 
V2 

1 

Bin.-Binary 

Off.-Offset 

500 

500 

Ie MASTER 1979 

Power 
Dis. Off. 
mW Bin. Bin. 
(max.) . Output Output 

720 

900 x 

x 

350' x x 

x x 

x x 

300 x 

5' x x 

x x 

x x 

30 x 

x 

x 

x 

x 

70 

x 

20 x x 

25 x, 

x 

43 x 

50 x 

2700 x x 

30 x 

x 

255 x 

x 

255 x 

x 

150 x x 

175 x 

175 x 

Compl.-Complementary 

Magn.-Magnitude 

CampI. CTCor 
CampI. Off. 2's Sign. 
Bin. Bin. CampI. Magn. Mux. 
Output Output Output Output In. 

x 

x 

x 

x 

x 

x 

x 

x 

x 

I I 
I I x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

\ 

CTC-Compl. 2's Compl. 

In!. Ref.-lnternal Reference 

S&H 

I 
I 

I 

MASTER SELECTION GUIDE, 

Int· 
egra. Int Par. 
ling Ref. Out 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x . 

x x 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

x x 

x x 

x x 

x x 

x 

x x 

x x 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

x x 

x x 

x x 

Mux. In-Multiplexed Inputs 

S&H-Sample and Hold 

Ser. 
Out 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x • 

x 

x 

x 

x 

x 

x 

x 

Device Source 

(Cont'd.) 

(Cont'd.) 
MN509 Micro Net 

MN509H tMicro Net 

MN502 Micro Net 

MN502H t Micro Net 

MN503 Micro Net 

MN503H t Micro Net 

MN504 Micro Net 

MN504H t Micro Net 

MN507 Micro Net 

MN507H t Micro Net 

ZN432-8 t Ferranti 

ZN432B·8 Ferranti 

ZN432C-8 Ferranti 

NE5034 Signetics (809) 

AD7570J AD 

MP7570J Micro Power 

MP7570P t Micro Power 

ADC0808CC National 
(1073, 1074, 1083) 

ADC0816CC t National (1073) 

ADC0816 tTl 

MM74C948 National 

INS8292 National 

MN5065 Micro Net 

MN5065H tMicro Net 

MN5066 Micro Net 

MN5066H t Micro Net 

ADC0801 National 
(1066,1073,1074) 

ADC-EK8B Datel (662) 

8700 Teledyne S 

8703 Teledyne S 

ADC-ET8BM tDatel (663) 

ADC-ET8BC Datel (663) 

ADH-8512·7 DOC 

ADC0809CC National 
(1074,1083) 

ADC0817CC National 

ADC0800C National 

MM5357 National (220) 

ADC0800 National 
(1073,1074) 

MM4357 National 

ADC-MCSBC Datel (664) 

ZN425E 

ZN425J 

Ferranti 

t Ferranti 

Par. Out-Parallel Output 

Ser. Out-Serial Output 
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Ie MASTER 

INTERFACE-Analog to Digital Converters (Cont'd) 

Unear- Conver- Power Compl. crCar 
ity sionTrne Dis. Off. Compl. Off. 2's Sign. Int-

Bits Error +1h LSB mW Bin. Bin. Bin. Bin. Compl. Magn. Mux. egra- Int. Par. Ser. 
Res. ±LSB ;S (max.) Output Output Output Output Output Output In. S&H ling Ref. Out Out Device Source 

Binary Output (Cont'd.) 

8 (analog input for microprocessors) I !f.! 2.5 1350 x x MP20 Burr-Brown (659) 

x x MP21 Burr·Brown (659) 

8 (analog to pulse width converter for IT icroproce sor syste ~s) 
Y2 - 15' x MC14443 Motorola (782) 

x MC14447 Motorola 

75' x p.A9708C FairchHd (944) 

x ftA9708M t Fairchild (944) 

I 
9 112 20 350 x x x x x ZN432-9 t Ferranti 

x x I I I x I x I x ZN432B-9 Ferranti 

I x I I I I I I I x I x lN432C-9 Ferrant: I x , x 

10 112 5 1400' x x x x x x MN5240-10 Micro Net 

8 1400'. x x x x x x MNADC84-10 Micro Net 

x x x x x x MNADC85-10 t Micro Net 

10 1550 I )( x X x x x ADC84-1 0 Burr·Brown (658) 

1800 x x x x x x x ADC85-1 0 Burr·Brown (658) 

20 350' x x x x x lN432-10 t Ferranti 

x x i x x x ZN432B-10 Ferranti 

x x x x x lN432C-10 Ferranti 

21 950' x x x x x x ADC80·10 Micro Net 

30 300 x x x x AD571K AD 20 

120 5' x x x x AD7570L AD 

x x x x MP7570L Micro Power 

x x x x MP7570S t Micro Power 

6000 20 x x x x ADC-EK10B Da1el (662) 

25 x x x 8701 Teledyne S 

x x x 8704 Teledyne S 

43 x x ADC-ET1OBII tDatei (663) 

50 x x ADC-ET108C Datel (663) 

1 30 300 x x x x AD571J AD 

x x x x AD571S tAD 30 

12 112 2 2700 x x x ADH-8516·12 DOC 

5 1400' x x x x x x MN5240·12 Micro Net 

8 1400' x x x x x x MNADC84·12 Micro Net 

x x x x x x MNADC85·12 Micro Net 

2000 x x x x x x ADC-HZ12BGC Datel (669) 

x x x x x x ADC-HZl2B1I1I tDa1el (669) 

2150 x x x x x ADC-HS12BGC Datel (666) 

x x x x x ADC-HS 12BIIII tDatei (666) 

9' 2845 x x x x x x HDA5-8MC Datel (660) 

x x x x x x HDA5-8MII t Datel (660) 40 

x x x x X lC HDA$-16MC Datel (660) 

x x x x x x HDA5-16MII tDa1el (660) 

10 1550 x x x x x x ADC84-12 BIIr-Brown (658) 

1800 x x x x x x A[)C8S.12 Burr·Brown (658) 

13 745 x x x MN5213 Micro Net 

x x x MN5213H t Micro Net 

x x x MN5214 Micro Net 
(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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INTERFACE-Analog to Digital Converters (Cont'd) 
Linear- Conver-
ity sian Time 

Bits Error HHSB 
Res. ±LSB ;S 

Binary Output 

12 Y2 

Bin.-Binary 

Off.-Offset 

13 

20 

25 

30 

40 

50 

Ie MAST~R 1979 

Power 
Dis. Off. 
mW Bin. Bin. 
(max.) Output Output 

745 

915 x 

x 

2000 

925 x x 

x x 

x x 

950' 

2100 

725 

780 x x 

x x 

~ x 

1150 

435 x x 

x x 

745 x 

x 

915 x 

x 

1370 

1775 x x 

Compl.-Complementary 

Magn.-Magnitude 

Compl. CTCor 
Compl. Off. 2's Sign. 
Bin. Bin. CompI. Magn. Mux. 
Output Output Output Output In. 

x· 

x 

x 

x 

x 

x 

x 

x 

x 

x x x 

x x x 

x 

x 

x 

x x x 

x x x 

x x x 

x x 

x x x 

x x x 

x x 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x x 

x x 

CTC-Compl. 2's Compl. 

Int Ref.-Internal Reference 

S&H 

MASTER SELECTION GUIDE 

Int-
egra- Int Par. 
ling Ref. Out 

x 

x 

x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x 

x 

x 

x x 

x x 

x x 

x x 

x 

x 

x 

x 

x 

x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

Mux. In-Multiplexed Inputs 

S&H-Sample and Hold 

Ser. 
Out 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x' 

x 

x 

x 

x 

x 

x 

x 

Device Source 

(Cont'd.) 

(Cont'd.) 
MN5214H tMicro Net 

MN5215 Micro Net 

MN5215H t Micro Net 

MN5210 Micro Net 

MN5210H t Micro Net 

MN5211 Micro Net 

MN5211H t Micro Net 

MN5212 Micro Net 

MN5212H t Micro Net 

MN5216 Micro Net 

MN5216H t Micro Net 

ADC-HX12BGC Oatel (668) 

ADC-HX12BMM tOatel (668) 

AD572A AD 

AD572B AD 

AD572S tAD 

ADC80A·12 Burr-Brown (658) 

ADC80-12 Burr-Brown (658) 

ADC80-12 Micro Net 

MN5500 Micro Net 

ADC581B-12 t Hybrid Sys. 

ADC581C-12 Hybrid Sys. 

AD574K AD 

AD574S tAD 

AD574T tAD 

873-15 tBeckman 

873-88 Beckman 

7556C Beckman 

7556M tBeckman 

MN5203 Micro Net 

MN5203H tMicro Net 

MN5204 Micro Net 

MN5204H t Micro Net 

MN5205 Micro Net 

MN5205H t Micro Net 

MN5200 Micro Net 

MN5200H t Micro Net 

MN5201 Micro Net 

MN5201H t Micro Net 

MN5202 Micro Net 

MN5202H t Micro Net 

MN5206 Micro Net 

MN5206H t Micro Net 

MN515 Micro Net 

MN515H t Micro Net 

MN516 Micro Net 
(Continued) 

Par. Out-Parallel Output 

Ser. Out-Serial Output 
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Ie MASTER· 

INTERFACE-Analog to Digital Converters (Cont'd) 

Linear- Conver- Power CompI. CTC or 
ity sionTtme Dis. Off. Compl. Off. 2's Sign. Int-

Bits Error HHSB mW Bin. Bin Bin. Bin. Comp!. Magn. Mux. egra- Int. Par. Ser. 
Res. ±LSB ;S (max.) Output Output Output Output Ou1put Output In. S&H ling Ref. Out Out Device Source 

Binary Output (Cont'd.) 

12 1h 50 1775 (Cant'd.) 

x x x x x MN516H t Micro Net 

175 80 x x x x MN5250 Micro Net 

x x x x MN5250H tMicro Net 

x - x x x MN5251 Micro Net 

x x x x MN5251H tMicro Net 

x x x x MN5252 Micro Net 

I 
x x • x x MN5252H tMicro Net 

I x x x x MN5253 Micro Net 

x I x I x x MN5253H tMicro Net I 10 

200 40 x x x x 7555C Beckman 

x x x x 7555M tBeckman 

210 x x x ADC1210 National 
(1073, 1074,220) 

x I x x ADC1210H National 
(1073,1074,220) 

350 26 x x x x x x ADC-HCt2BGC Date! (665) 

x x x x x x ADC-HCt2BIIII tDate! (665) 

2400 43 x x ADC-ETt2BI tDate! (663) 

24000 20 x x x x ADC-EKt28 Date! (662) 20 

25 x x x 8702 Teledyne S 

x . x x 8705 Teledyne S 

lOOK 20 x x x x x ICL71 09 Intersil 

1 2 2700 x x x ADH-8516-11 DOC 

30 780 x x II x AD574J AD 

Ph 2400 50 x x ADC-ET12BC Date! (663) 

2 200 210 x x x ADC1211 t National (1074) 

x x x ADC1211C National (1074) 

12 plus sigil (2 device set) 
1h 36000 - x x x x LFB300 National 30 

x x x x MM5863 National 

x x x x ADBt200C National 
(1073, 1074) 

x x x x LFB300 National 

12 (3·Digit BCD) 
1A 1200 20 x x ADC-EKt2DC Date! (662) 

x x Al)C.EX12D1 fDatti (662) 

1h 50 1775 x x x MN517 MicroNel 

x x x MN517H t Micro Net 

1 6000' 50 x x x AD2020 AD 40 

12 (2 Device Set) 

Ih 250000 40 x x x x x 1CL7104-12 Inlefsjl 

360 x x x x x ICL8052A Intersil 

13 Ih 40000' 64 x x MP7550fj Micro Power 

72 x x x x AD7550B AD 

14 1h 250 300 x x x x MN5260 Micro Net 

14 (31h·Digit BCD) 
Ih 12000 25 x x 8750 Teledyne S 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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INTERFACE-Analog to Digital Converters (Cont'd) 

Unear- Coover-
ity sion Time 

Bits Error +lHSB 
Res. ±LSB ;S 

Binary Output 

14 (2 Device Set) 
112 

16 4 

16 (2 Device Set) 
112 

Bin.-Binary 

Off.-Offset 

250000 

100 

250000 

Ie MASTER 1979 

Power 
Dis. Off. 
mW Bin. Bin. 
(max.) Output Output 

40 x 

360 x 

1440 

40 x 

360 x 

Compl.-Complementary 

Magn.-Magnitude 

Compl. 
Bin. 
Output 

x 

Compl. CTCor 
Off. 2's Sign. 
Bin. Compl. Magn. Mux. 
Output Output Output In. 

x 

x 

x x 

x 

x 

, 

CTC-Compl. 2's Compl. 

Int. Ref.-Intemal Reference 

S&H 

MASTER SELECTION. GUIDE 

Int-
egra- In!. Par. 
ting Ref. Out 

x x x 

x x x 

x x 

x x x 

x x x 

Mux. In-Multiplexed Inputs 

S&H-Sample and Hold 

Ser. 
Out Device 

ICL71 04-14 

ICL8052A 

x MN5280 

ICL71 04-16 

rCL8052A 

Source 

(Cont'd.) 

Intersil 

Intersil 

Micro Net 

Intersil 

Intersil 

Par. Out-Parallel Output 

Ser. Out-Serial Output 
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Ie MASTER 

INTERFACE-Analog to Digital Converters (Cont'd) 

Digits Device Source Line Digits Source 

Decimal Output Decimal Output (Cont'd.) 

Bargraph (Analog Ouiput) 41h Di~, Dual Slope, 2 device sets 

UAA170 Siemens. Intersil 

UAA180 Siemens Intersil 
Intarsil 

2112 Digits, v to f Converter Intersil 
ADD2500 National National 

3 Digits, Integrating National 

LD130 Siliconix (827) (1035.,1074) 
National 

3 Digits, Dual Slope, 2 Device Sets National 
CA3161 RCA SIcorU (831) 
CA3162 RCA SicoIix (831) 

3 Digits, Dual Slope, Building Block, for microprocessor n 
systems, e.g. TMS1000 TI 

TI 
TL505 TI n 

3-1/3 Digits, Dual Slope 
L0131 Siliconix (827) 

3% Digits, Integrating 
MN2301 Analogic 
AOC-EKl2DC Oatet (662) 
ADC-EKl2DM tOatet (662) 
ZNAl116E Ferranti 
ICL7106 Intersil 
ICL7107 Intersil 

::l MC904 IPI 
(!) MP7138 Micro Power 
c: MC14433 Motorola 
0 ADC3511 National ..... (1073,1074,252) 0 
Q) ADD3500. National 

Q) AD00501 National (1074) 

en MM74C935-1 National 30 

~ MM74C937-1 National 
Q) ..... 8750 Tetedyne S 
en 3Y2 Digits, Integrating, 2 device sets ctS 

:?! ICL7101 Intarsil 
ICl7103 Intersil 
ICL8052 Intersil 
ICl8053 Intersil 
ICL8068 Intersil 
L0110 Intersil 
LOll1 Intersil 40 
lDl14 Intersil 
L0110 Siliconix (829) 
L0111 Siliconix (829) 
LOll1A Siliconix (829) 
lDl14 Siliconix 
Tl502 n 
TL503 TI 

3Y2 Digits, 2 device sets 
MP7104 M"rero Power 

3~ Digits, Integrating 50 
ZNA216 Ferranti 
AOO3701 National 

(1074,268) 
ADC3711 National 

(1073,1074,252) 
UM74C936-1 Natiolial 
MM74C938-1 National 
Sl90 Siemens 

3Y2-41h Digits, Ramp Type, 2 device sets 
MCl405 Motorola 
MC1505 tMotorola 
MC14435 Motorola 
MG14435E t Motorola 

t M~itary Temperature Range (-55' to 125'C) * TyPical Values 

Bold face indicates additional data is provided on the page noted. 

584 Ie MASTER 1979 



INTERFACE-Digital to Analog Converters 

Unear- Settling 
ity Time 

Bits Error +1f.! lSB 
Res. ±lSB ;S 

DI A Converters 

4-Sit-16 Unes 
Y2 

6 14 

1/3 

Y2 

6/12-Binary Serial 
112 

'. 

B 1/B 

1/B-

Y4 

Bin.-Binary 

Off.-Offset 

25' 

3 

3 

0.3 

3 

23' 

-

0.15 

0.04' 

0.135 

0.15 

Ie MASTER 1979 

Power 
Dis. 
mW 
(max.) 

125 

250 

250 

200 

240 

200 

250 

400 

5 

1.5' 

450 

174 

1.5-

Compl. CICor 
Off. Campi. Off. 2's Sign. 

Bin. Bin. Bin. Bin. Comp!. Magn. TIL 
Input Input Input Input Input Input logic 

x 

x 

x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x 

x x 

x x x x 

x x x 

x x x 

x x x 

I x 

x 

x 

x 

~. x x x 

x x x x 

x x 

x x 

x x 

x x 

x x x x x 

.x x x x x 

x x x x x 

x x x x x 

x x x x x 

x x 

x x 

x. x x x' x 

x x x x x 

x x x x x 

x x x x x 

x x x x x 

x x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

Compl.-Complementary 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

CMOS ECl Int 
logic logic Ref. Mult Latches Device Source 

x DAc..HU48GC Date! (680) 

x DAc..HU4BMIl t Date! (680) 

".PC603 NEG America 

x DAC-01 tPMI 

x DAC-01B tPMI 

x DAC-01C PMI 

x DAC-01F tPMI 

x DAC-01H PMI 

x MP5520A t Micro Power 10 

x MP5520B t Micro PoWer 

x MP5520C Micro Power 

x MP5520F t Micro Power 

x MP5520H Micro Power 

x MC1406 Motorola 

x MC1506 t Motorola 

x MP5520D Micro Power Q) 

'''0 
x DAC-01D PMI ::J 
x MN301 Micro Net (!J 

x MN30fH t Micro Net 20 C 
0 .... 

x x x I1A9706C Fairchild U 
Q) 

x x x J-LA9706M t Fairchild Q) 

x x x JAA9706AC Fairchild en 
x x x JAA9706AM t Fairchild '-

Q) 

x x AD7523L AD 
..... en 

x x MP7523L Micro Power 
«S 
~ 

x HI5608-2 t Harris (730) 

x HI5608-4 Harris (730) 

x HI5608-5 Harris (730) 30 

x HI5608-8 tHarris (730) 

x x x DAC-OBA tAMD 

x x x J-LA0801A t Fairchild 

x x x J-LAOB01H Fairchild 

x x x DAC-OBA t Motorola 

x x x DAC-OBH Motorola 

x DAC0802 t National (1074) 
--

x DAC0802C National (1074) 

x x x DAC-OBA tPMI 

x x x DAC-OBH PMI 40 

'x x x DAC-08A t Raytheon 

x x x DAC-OBH Raytheon 

x x . x DAC-OBA t Signetics 

x x x DAC-08H Signetics 

x x x NE5009 Signetics 

X x x SE5OO9 tSignetics 

x x AD7523K AD 

x x MP7523K Micro Power 
(Continued) 

CTC-Compl. 2'5 Compl. 

Int Ref.-Internal Reference Mult.-Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling Power Compl. CTC or 
ity TI/T1e Dis. Off. CampI. Off. 2's Sign. 

Bits Error +~ lSB mW Bin. Bin. Bin. Bin. Comp!. Magn. TIl CMOS ECl Inl. 
Res. ±lSB ;S (max.) Input Input Input Input Input Input logic logic Logic Ref. 

01 A Converters 

B 114 

0.16" 123(5V) x x x x x x x 

x x x x x x x 

x x x x x x x x 

x x x x x x x x 

0.2" 25S" x x x x x 

x x x x x 

0.25' 265 x x x x 

x x x x 

2" 255 x 
i I 

x I X X X 
I I I I I I I 

x I 
X X X X 

1h 0.01 450 x x x 

0.01" 500" x x 

0.025 630 x x x x 

x x x x 

0.135 174 x x x x x x x 

x x x x x x 

x x x x x x x 

x x x x 

x x x x x x x 

x x x x x x x 

x x x x x x x 

x x x x x x 

570 x x x 

x x x 

0.15 1.5" x x x x x 

x x x x x 

136 x x x x x 

x x x x x 

174 x x x x x x x 

x x x x x x x 

x x x x x x x 

x x x x 

x x x x x x x 

x x x x x x x 

x x x x x x x 

x x x x x x 

0.16" 123 (5V) x x x x x x x 

x x x x x x x 

x x x x· x x x x 

123(5V) x x x x x x x x 

0.2 240 x x x x 

x x x x 

0.20" 255 x x x x x 

x x x x x 

t Military Temperature Range ( - 55' to 125'C) " Typical Values 

Bold face indicates additional data is provided on the page noted. 

586 

Mull. Latches Device Source 

(Cont'd.) 

(Cont'd.) 
x x AM6080AC AMD 

x x AM6080AM tAMD 

x x AM6081AC AMD 

x x AM6081 AM tAMD 

x x NE5119 Signetics 

x x SES119 t Signetics 

x AD1408-9 AD 

x AD1508-9 tAD 

I X 

I I 
x I NE5019 Signetics 10 

X x SE5019 t Signetics 

it TDCIOI6J TRW 

x MCI031B Motorola 

DAC-HF88GC Date! (677) 

DAC-HF88MM tDate/ (677) 

x DAC-OB tAMD 

x J1A0801 t Fairchild 

x DAC-OB tMotorola 

x DAC0800 t National 
(1073,1074) 20 

x DAC-08 tPMI 

x DAC-08 t Raytheon 

x DAC-08 t Signetics 

x SE5008 t Signetics 

MN3015 Micro Net 

MN3015H tMicro Net 

x AD7523J AD 

x MP7523J Micro Power 

x DAC-08BC Datel 

x DAC-08BM tDatet (670) 30 

x DAC-OBE AMD 

x /!A080IE Fairchild 

x DAC-OBE Motorola 

x DAC0800C National 
(1073,1074) 

x DAC-OBE PMI 

x DAC-OBE Raytheon 

x DAC-OBE Signetics 

x NE5008 Signetics 

x x AM60BOC AMD 40 

x x AM60BOM tAMD 

x x AM60BIC AMD 

x x AM60BIM tAMD 

DAC90B BIIT-Brown (658) 

DAC90S t Burr-Brown (658) 

x x NE5118 Signetics (810) 

x x SE5118 t Signetics (810) 
(Continued) 
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INTERFACE-Digital to Analog Converters (Cont'd) 

linear- Settling 
ity TIme 

Bits Error tY2 LSB 
Res. ±lSB ;S 

01 A Converters 

8 V2 

Bin.-Binary 

Ott.-Offset 

0.25' 

0.25/1.0 

0.3-

1 

1.5 

2' 

2.5 

3 

4 

20 

23-

Ie MASTER 1979 

Power 
. Dis. 
mW Bin. 
(max.) Input 

265 x 

x 

x 

x 

x 

x 

900 

280 x 

x 

305 x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

750 x 

x 

30 x 

x 

200 x 

255- x 

x 

570 x 

x 

830 x 

x 

300 x 

x 

300 x 

x 

585 

Comp!. CTCor 
Off. Compl . Off. 2's Sign. 
Bin. Bin. Bin. Campi. Magn. TIL 
Input Input Input Input Input logic 

x 

x 

x x 

x x 

x x 

x x 

x x x x 

x x x x 

x x 

x x 

x 

x 

x x 

x x 

x 

x 

x 

x 

x 
\ 

x 

x 

x 

x 

x 

x x 

x x 

x x 

x x x 

x 

x 

x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

: x 

x 

x x 

x x 

x x 

CompL-Complementary 

Magn.-Magnitude 

MASTER SELECTION GUIDE ' 

CMOS ECl Inl. 
Logic logic Ref. Mull. Latches Device Source 

(Cont'd.) 

(Cont'd.) 
x x SSS1408A-8 AMO 

x x SSS1508A-8 tAMO 

x x AD1408-8 AD 

x x AD1508-8 tAD 

x x SSS1408A-8 PMI 

x x SSS1508A-8 tPMI 

x x OAC82K Burr-Brown (658) 

x x - OAC82S t Burr-Brown (658) 

x x AD559K AD 10 

x x AD559S tAD 

x x 1408-8 AMD 

x x 1508-8 tAMD 

x x DAC-ICSBC Datel (671) 

x x DAC-ICSBM tOatel (671) 

x x IlA0802 t Fairchild 
Q) 

x x IlA0802A Fairchild "'C 

x MC1408-8 Motorola ::J 
(!J 

x MC1508-8 t Motorola 
C 

x OAC0808 t National 20 0 
(1073,1074) +-' 

() 

x DACOSOSC National Q) 

(1073,1074) Q) 
'CI) 

x LM14Q&.8 National (1073) 
'-

x LM1508-8 t National Q) 
+-' 

x MC1408-8 Signetics 
CIJ 
ctS 

x MC1508-8 t Signetics ~ 

x MN3008 Micro Net 

x MN3008H t Micro Net 

x MN3009 Micro Net 30 

x MN3009H t Micro Net 

x x DAC331B-8 t Hybrid Sys. 

x_ x DAC331C-8 Hybrid Sys. 

HI-10ao Harris (711) 

x x x x x NE5018 Signetics (808) 

x x x x x SE5018 t Signetics (808) 

x MN3014 Micro Net 

x MN3014H t Micro Net 

x x MN3020 Micro Net 

x x MN3020H t Micro Net 40 

x x DAC336B-8 t Hybrid Sys. 

x x DAC336C-8 Hybrid Sys. 

x x DAC337B-0 t Hybrid Sys. 

x x DAC337C-O Hybrid Sys. 

x x DAC337B-1 t Hybrid Sys. 

x x DAC337C-1 Hybrid Sys. 

x x MN3000 Micro Net 
(Continued) 

CTC-CompL 2'5 Compl. 

In!. Ref.-Intemal Reference Mull.-Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settfing Power CampI. CTCor 
ity nne Dis. Off. Comp!. Off. 2's Sign. 

Bits Error +Ih LSB mW Bin. Bin. Bin. Bin. Comp/. Magn. TTL CMOS ECl In!. 
Res. ±LSB ;S (max.) Input Input Input Input Input Input Logic Logic logic ReI. Mull. Latches Device Source 

01 A Converters (Cont'd.) 

8 Y2 23- 585 (Cont'd.) 

x x x x MN3000H tMicro Net 

x x x x MN3001 Micro Net 

x x x x MN3001H tMicro Net 

x x x x MN3002 Micro Net 

x lC x x MN3002H tMicro Net 

x x x )( MN3006 Micro Net 

x x x x MN3006H tMicro Net 

30 570 x x x x x MN3013 Micro Net 

x x x )( x MN3013H t Micro Net 10 . 0.15 174 x I x X X X X X x DAC-08C AMD I 

x x X x x x x x 1tA801C Fairchild 

x x x x x x x x DAC-08C Motorola 

x x x x x DAC0801C National (1074) 

x x x x x x x x DAC-08C NEG America 

x x x x x x x x DAC-08C PMI 

x x x x x x x x DAC-08C Raytheon 

x x x x x x x x DAC-08C Signetics 

x x x x x x x NESOO7 Signelics 

0.25- 265 x x x x x SSS1408A-7 AMD 20 

x x x x x AD14OS-7 AD 

x x x x x p.AOS02B Fairchild 

x x x x x SSS1408A-7 PMI 

0.3- 305 x x x x 1408-7 AMD 

x I x MC14OS-7 Motorola 

x x x DAC0807C National (1074) 

x x x L1I1408-7 National (1073) 

x x x MC1408-7 Motorola 

3 200 x x H1-1085 tHarris (711) 

11/4 0.3- 305 x x x MC3408 Motorola 30 

2 0.25- 265 x x x x x SSS1408A-6 AMD 

~ x x x x p.A0802C Fairchild 

x x x x x SSS1408A-6 PMI 

0.3' 305 x x x x 1408-6 AMD 

x x MC1408-6 Motorola 

x x x DAC0806C National (1074) 

x x x L1I1~ National (1073) 

x x 
'. 

x . MC1408-6 Signetics 

8-2 Digit BCD 
V4 0.135 194 x x x x DAC-20A t Motorola 40 

x x x x DAC-20E Motorola 

x x x x DAC-20A tPMI 

x x x x DAC-20E PMI 

V2 0.135 194 x x x x DAC-20 t Motorola 

x x x x DAC-2OC Motorola 

0.15 194 x x x x DAC-20 tPMI 

x x x x DAC-20C PMI 
(Continued) 

t Military Temperature Range (-55' to 125'C) , Typical Values 

Bold face indicates additional data is provided on the page noted. 
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INTERFACE-Digital to Analog Converters (Cont'd) 
Unear- Settling Power 
ity TIme Dis. 

Bits Error HHSB mW 
Res. ±LSB ;S (max.) 

01 A Converters 

8-2 Digit BCD 
Y2 

23* 630 

8(7 -Bits plus Sign) Companding 
Y2 step 0.5 192 

0.5* 192 

1 step 0.5 192 

0.5* 192 

1 Y2 step 
0.5' 192 

- 0.5 192 

8 (AID, DI A, with counter) 
Y2 2.0 175 

1 2.0 175 

8 plus sign 
Y2 20 750 

Dual 8-Bit, data latches, addressable 
1 

9 plus sign 
112 

10 1/8 

Y4 

Y4* 

Bin.-Binary 

Ofl.-Offset 

-

15 

60 

0.5* 

0.25 

0.25* 

0.5' 

0.6* 

Ie MASTER 1979 

1350 

600 

600 

50 

75 

275 

50 

780 

CampI. CTCor 
Off. CampI. Off. 2's Sign. 

Bin. Bin. Bin. Bin. CampI: Magn. TTL 
Input Input Input Input Input Input Logic 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x x 

x x 

x x 

x x 

x x 

x x 

x x x 

x x x 

x x x 

x x x 

x x x x x 

x x x 

x x x 

x x x 

x x x x x 

x x 

x x 

Compl.-Complementary 

Magn.-Magnitude 

i 

MASTER SELECTION GUIDE 

CMOS ECL Inl. 
Logic Logic Ref. Mull. Latches 

x x 

x x 

x x x 

x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x 

x x 

x 

x 

x x 

x x 

x 

x 

x 

x 

x x 

x x x 

x x 

x x 

x x 

x x 

x x 

In!. Ref.-Internal Reference 

Device 

MN3010 

MN3010H 

AM6070AC 

AM6070AM 

AM6071AC . 

AM6071AM 

DAC-76B' 

DAC-76E 

DAC-86E 

DAC-87E 

AM6070C 

AM6070M 

AM6071C 

AM6071M 

DAC-76 

DAC-76C 

DAC-86C 

DAC-87C 

DAC-76D 

AM6072C 

AM6072M 

AM6073C 

AM6073M 

ZN425E 

ZN425J 

MN380 

MN380H 

MP10 

MP11 

MN411 

MN411H 

MN410 

MN410H 

MP7620J 

DAC·10A 

AD561K 

AD561T 

MP7620K 

HI561Q-2 

HI561 0-4 

Source 

(Cont'd.) 

(Cont'd.) 
Micro Net 

tMicro Net 

AMD 

tAMD 

AMD 

tAMD 

tPMI 

PMI 

PMI 

PMI 

AMD 

tAMD 

AMD 

tAMD 

tPMI 

PMI 

PMI 

PMI 

PMI 

AMD 

tAMD 

AMD 

tAMD 

Ferranti 

t Ferranti 

Micro Net 

t Micro Net 

Burr-Brown (659) 

Burr-Brown (659) . 

Micro Net 

t Micro Net 

Micro Net 

t Micro Net 

Micro Power 

tPMI 

AD 

tAD 

Micro Power 

t Harris (724) 

Harris (724) 
(Continued) 

GTC-Compl. 2's Compl_ 

Mult-Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Unear· Settling Power CompI. CTC or 
ily nne Dis. Off. Coolpi. Off. 2's Sign. 

Bits Error HHSB mW Bin. Bin. Bin. Bin. Coolpi. /Aa!J1. TTL CMOS ECl Int. 
Res. . ±lSB ;S (max.) Input Input Input . Input Input Input logic Logic logic Ref. 

01 A Converters 

10 14" o.S" 780 
x x x 

x x x 
" 

1h 0.01 450 x x x 

0.025 705 x x x x 

x x x x 

0.25 75 x x x x x x x 

x x )( )( x. x x 

x x x x x x x 

x x 
I 

X 
I 

X 
I 

X I X I X 

380 x I 
)( 

x x 

0.25" 275 x x x x x 

x x x x x 

0.375 250 x x x x x . 

x x x x x 

0.5 30 x x x x 

x x x x 

0.5" 0.025 x x x x 

x x x x 

20" x x x x x x 

x x x x x x 

x x x x x x 

x x x x 

x x x x 

x x x x x x 

x x x x x x 

x x x x x x 

x x x x x x 

40 )( x x x x x 

x x x x x x 

50 x x x x 

x' x x x x x 

x x x x x x 

1 18 x x x 

54 x x x 

1.5 30 x x x x 

x x x x 

" 4" 255 x x x x x· 

5 825 x x x 

x . x x 

15 170 x x x x 

x x x x 

20 150 x x x x 

x x x 

x x x 

x x x 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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UuIt LiItches Device Source 

(Cont'd.) 

(Cont'd.) 
x HI5610-5 Harris (724) 

x H15610-8 t Harris (724) 

x TDC1017J TRW 

DAC-HF1OBGC Datel (677) 

DAC-HF10B1111 tDatei (677) 

x DAC·l0B tPMI 

x DAC·1OE PMI 

I 
x DAC-101A tPMI 

x DAC·101E PMI 10 
I 

MC3410 Moiorola 
I 

x 

x MC3510 t Motorola 

AD561J AD 

AD561S AD 

DAC·100A PMI 

DAC·100A tPMI 

x DAC-HA1OBC-1 Datel (675) 

x DAC-HA 10811-1 tDatei (675) 

x DAc-HA1OBC Datel (675) 

x DAC-HA1OBII tDatei (675) 20 

x AD7520l AD 

x AD7520U tAD 

x AD7530l AD 

x AD7520L Intersil 

x AD7520U t Intersil 

x AD7530l Intarsil 

x MP7520l Micro Power 

x MP7520P Micro Power 

x MP7520U t Micro Power 

x x AD7522L AD 30 

x x AD7522U tAD 

x x MP7522L Micro Power 

x x MP7522U t Micro Power 

x MP7620L Micro Power 

x MDA1 00-1 0 tDDC 

x MDA101-10 tDDC 

x DAC331B-l0 t Hybrid Sys. 

x DAC331C·10 Hybrid Sys. 

x X NE5020 Signetic8 (809) 

DAC346C-1OB Hybrid Sys. 40 

DAC346C·l au. Hybrid Sys. 

x DAC348B-l0 t Hybrid Sys. 

x DAC348C·l0 Hybrid Sys. 

DAC347LPB-1OB t Hybrid Sys. 

x DAC347LPC·l08 Hybrid Sys. 

x DAC347LPB·l0U t Hybrid Sys. 

x DAC347LPC-1OU Hybrid Sys. 
(Continued) 
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INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling 
ity Time 

Bits Error +112 lSB 
Res ±lSB ;S 

01 A Converters 

10 Y2 

1 

Bin.-Binary 

Off.-Offset 

23' 

30 

40 

50 

500' 

0.25. 

0.3 

0.5' 

1.5' 

Ie MASTER 1979 

Power 
Dis. 
mW Bin. 
(max.) Input 

585 

x 

x 

-

300 x 

x 

230 

24 x 

x 

x 

x 

.75 x 

x 

x 

380 x 

390 x 

250 

20' x 

x 

x 

x 

x 

x 

x 

x 

x 

40 x 

x 

50 x 

x 

x 

300 

350 x 

Compl. CICor 
Off. Compl. Off. 2's Sign. 
Bin. Bin. Bin. Compl. Magn. m 
Input Input Input Input Input logic 

x x 

x x 

x x 

x x 

x 

x 

x x 

x x 

x x 

x 

x 

x x 

x x 

x x 

x x 

x 

x 

x 

I 
x 

x x x x 

x x x x 

x x x x 

x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x .x x 

x x x x 

x x'· x x 
, 

x , x' x x 

x x x x 

x x x 'x 

1 x x x x 
i x X X 

x x x 

x x x 

x 

Compl.-Complementary 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

CMOS ECl In!. . 
logic logic Ref. Mult. Latches Device Source 

(Cont'd.) 

(Cont'd.) 
x MN3003 Micro Net 

x MN3003H t Micro Net. 

x MN3004 t Micro Net 

x MN3004H tMicro Net 

x MN3005 Micro Net 

x MN3005H t Micro Net 

x MN3007 Micro Net 

x MN3007H t Micro Net 

x MfDA2005-1 HyComp 10 

x x DAC337B-3 t Hybrid Sys. 

x x DAC337C-3 Hybrid Sys. 

x x DAC337B-4 t Hybrid Sys. 

x x DAC337C-4 Hybrid Sys. 

x x MN3100 Micro Net 

x x MN3100H t Micro Net 
Q) 

x x AD7520l National (1073) "0 

x x AD7520U t National ::J 
(!J 

x x DAC1020 t National 
(1073,1074,1080) 20 c: 

0 
x I I x DAC1020C National 

I (1073,1074,1080) 

:;:: 
0 
Q) 

x x x DAC-10F PMI Q) 

x x x DAC-101B tPMI 
(J) 

~ 

x x x DAC-l01F PMI Q) 
+-' 

x x MC3410C Motorola 
CJ) 

as 
x DAC-1C10BC Date! (673) ~ 

x DAC-l00B tPMI 

x DAC-l00B PMI· 

x x AD7520K AD 30 

x x AD7520T tAD 

x x AD7530K AD 

x x AD7520K Intersil 

x x AD7520T t Intersil 

x x AD7530K Intersil 

x x MP7520K Micro Power 

x x MP7520N Micro Power 

x x MP7520T t Micro Power 

x x x AD7522K AD 

x x x AD7522T tAD 40 

x x x MP7522K Micro Power 

x x x MP7522T t Micro Power 

x x MP7620M Micro Power 

X x DAC-04AC PMI 

x x DAC-04BC PMI 

x x DAC-06E PMI 

x x DAC-03AD PMI 
(Continued) 

CTC-Compl. 2's Campi. 

Int. Ref.-Internal Reference Mult.-Multiplying 
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INTERFACE-Digital to Analog, Converters (Cont'd) 

Unear- Settling Power CompI, CTC or 
ity Tillie Dis. Off. ConipI. Off. 2's Sign. 

Bits Error ±YllSB mW Bin. Bin. Bin~ Elfl. Comp!. Magn. m CMOS ECl Int 
Res. ±LSB /IS (max.) Input Input Input Input Input Input logic Logic. Logic Ref. 

01 A Converters .-

10 1 1.5' 350 

I I.x' x 
--. 

x x 

500' 24 x x I x 

x I I X X 

x x x 

x x x . 
2 0.225 250 x . x x x x 

x x x x x 

0.5' 20" x x I X I X I X I x I 
x x x -x x x 

x x x x )( x 

x x x x x x 

x x x x x x 

x x x x x x 

x x x x x x 

x x x x x x 

x 'x x ,x x x 

40 x x x x x x 

x x x x x x 

50 x x x x x x 

,x x x x x x 

1.5" 300 x x x x x 

x x x x x 

350 x x x x 

x x x x x 

500" 24 x x x 

x x x 

x I x I x I 
x x x 

3 0.225 250 "- x x x x x 

x x x x x 

0.5" 50 x x x' x x x 

1.5' 350 x x x x x 

4 1.5' 300 x x x x x 

350 x 'x x x 

2.5' 350 x x', ' x x 

5 1.5" 350 x x x x 

8 0.5" 50 . x x x x x x 
10 plus Sign . " 

1/2 6 300 x 

1 1.5' 300 x x x x x 

x x x x x 

x x x x x 

2 1.5' 300 x x x x x 

t Military Temperature Range (-55' to 125"C) " Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Mult. Latches Devioe Source 

(Cont'd.) 

(Cont'd.) 
DAC-03BD PMI 

x AD7520K National (1073) 

x AD7520T National (1073) 

x DAC1021 t National 
(1073,1074) 

x DAC1021C National 
(1073, 1074) 

DAC-100c PMI 

DAC-100c tPMI 10 

x AD7520J AD 

x AD7520S tAD 

x AD7530J AD 

x • AD7520J Intersil 

x AD7520S t Intersil 

I x AD7530J Intersil 

x MP7520J Micro Power 

x MP7520M t Micro Power 

x MP7520S Micro Power 

x x AD7522J AD 20 

x x AD7522S tAD 

x x MP7522J Micro Power 

x x MP7522S t Micro Power 

DAC-04CC PMI 

DAC-06F PM! 

DAC-03CD PMI 

DAC-06A PMI 

x AD7520J National (1073) 

X 
: 

AD7520S tNationli (1073) 

I x I DAC1022 t National 
(1073, 1074) 

30 

x DAC1022C National 

, (1073,1074) 

DAC-l000 PMI 

DAC-1000 tPMI 

x MP7520H Micro Power 

DAC-06B PMI 

DAC-06G PM! 

DAC-03DD PMI 

DAC-04DD PMI 40 

DAC-06C tPMI 

x MP7520G Micro Power 

J1PC61 0 NEC ArneIica 

DAC-02AC PMI 

DAC-02BC PMI 

DAC-05E PMI 

DAC-02CC PMI 
(Continued) 
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INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling Power 
tty Tme Dis. 

Bits Error ±1h LSB mW 
Res. ±LSB IlS (max.) 

01 A Converters 

10 plus Sign 
2 1.5' 300 

350 

3 1.S' 350. 

4 1.5' 300 

2.5' 350 

11 plus Sign dynamic range (7-Bit plus 
1h step 0.5 

1 step 

-

12 14 

1h 

Bin.-Binary 

Off.-Offset 

0.5' 

0.5 

0.5' 

0.5 

0.4 

0.75' 

1.5' 

1.8 

5 

0.050 

0.085' 

Ie MASTER 1979 

192 

207 

192 

207 

192 

• 365 

400 

500 

780 

150 

465 

500 

475 

500 

700 

575 

780 

1200 

780 

CompI. CTCor 
Off. Comp!. Off. 2'5 Sign. 

Bit Bit Bin. Bin. ~I. MagI. m 
Input _ Input Input Input Input Input Logic 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

ign Forrr~t) 
x 

x 

x 

x 

x 

x 

x 

'x 

x 

x 

x 

x 

x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x 

x x 

x x x x x 

x x x 

x x x x x 

x x x 

x x x 

x x x 

x x x x x 

x x x x x 

x x x 

x x I x 

x x ! x 

x i x ! i X 

x x ; 

i x : i 

x x x 

x I i I x 

x I 

I 
x 

i 
Compl.-Complementary 

Magn.-Magnitude 

i 

MASTER SELECTION GUIDE 

. 
CMOS ECl lot. 
Logic Logic Ref. MuIt. Latches Device Source 

(Cont'd.) 

(Coot'd.) 
x x DAC-05F PMI 

x x DAC-OSA tPMI 

x x DAC-05B tPMI 

x x DAC-05C PMI 

x x DAC-OSG PMI 

x x DAC-02DD PMI 

", AM6071AC AMD 10 

AM6071 AM tAMD 

x x x DAC-7SB tPMI 

x x x DAC~7SE PMI 

x x x DAC-8SE PMI 

x x x DAC-87E PMI 

AM6071C AMD 

AMS071M tAMD CD 
"0 

x x x DAC-7SC PMI ::l 
x x x DAC-8SC PMI C) 

x x x DAC-87C PMI 20 c 
AM6073C AMD .2 

+-' 

AM6073M tAMD 
0 
CD 

x DA~1C Date! (674) CD en 
x x AD566K AD ... 
x x AD566S tAD CD .... 
x x AD56ST tAD 

U) 
as 

x x ADS65K AD ~ 

x x AD565S fAD 

x x AD56ST tAD 

x x HI562·2 tHarris (713) 30 

x x HI562-8 Harris (713) 

x x x DAC-12A tPMI 

x x AD562S/BIN AD 

x x SSS562S/BIN tPMI 

~ x AD563K/BIN AD 

x x AD563S/BIN tAD 

x x AD563l'/BIN tAD 

x x x ! MN562-SO-BIN Analogic 

x x x I MN563-SD-BlN AnaIogic 

X ! x AD564/BIN AD i 40 

x x AD564S/BIN tAD 

x x AD564T/BIN tAD 

X I DAC-Hf12BGC Datel (677) 

x DAC-Hf128UU tOatel (677) 

x x DAC391B-12 t Hybrid Sys. 

x i x DAC391C-12 Hybrid Sys. 

x I x HI5612·2 tHanis (718) 

I I (Continued) 

CTC-Compt 2's Cornpl. 

Int. Ref.-lnternal Reference Mult.-Multiplying 

593 



Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Unear- Setthng Power Compl. CTC or 
ity TIITIe Dis. Off. CampI. Off. 2'5 Sign. 

Bits Error +1h LSB mW Bin. Bin. Bin. BiI). Comp!. Magn. TIL CMOS ECL Int. 
Res. ±LSa ;S (max.) Input Input Input Input Input Input Logic Logic Logic Ref. Mu~. Latches Device Source 

01 A Converters (Cont'd.) 

12 1h 0.085- 780 

I I x 
(Cont'd.) 

x x x HI5612-4 Harris (118) 

x x x x HI5612-5 Hams (118) 

x I x x x HI5612-8 t Harris (118) 

0.3/3- 625-
, 

x x x DACl285 t National x x· 
(1073,1074) 

x x x x x DAC12B5C National 
(1073,1074) 

800 x x x x x DAC80/CBI Burr-Brown (658) 

I I x x x x x DAC85/CB1 Burr-Brown (658) 

I I I 1 x I x I x I I x I I x I I DAC85C/CBI Burr-Brown (658) I I I I 

10 

X X X X X x DAca7-CBI tBurr-Brown 

850- x x x x x DAC80/CBI Micro Net 

x x x x x DAca5/CBI t Micro Net 

x x x X I I X I DAca5/CBI Micro Net 

925 x x x x x DAcaO/CBI AD 

x x x x x DAca5/CBI tAD 

I x x x x x DAC85C/CBI AD 

0.4 365 x x x x DAc-681M tDatel (674) 

400 x x I X X x AD566J AD 20 

x x x x x DAC862B Burr-Brown 

x x x x x DAC862S t Burr-Brown 

500 x x x x x AD565J ' AD 

780 x I x I x x HI562-4 Harris (113) 

x x x x HI562·5 Harris (113) 

0.5 0.05 x x x x x DAC-HA12BC Date! (675) 

x x x x x DAC-HAl2B1I tDate! (675) 

30 x x x x x DAC-HA12BC-l Date! (675) 

x x x x x DAc.HA12BM-1 tDate! (675) 

0.5/3- 850 x x x x DAC-SCB1 DOC 30 

0.6 1200 x x x x x DAC392B-12 Hybrid Sys. 

x x x x x DAC392C-12 Hybrid Sys. 

0.75 150 x x x x x x DAC-12B tPMI 

x x x x x x DAC·12F PMI 

1 20 x x x x MDA120-12 tDDC 

20- x x x x x x x AD7541B AD 

x x x x x x x AD7541K AD 

x x x x x x x AD7541T tAD 

x x x x x x x ICL7541K Intersil 

x x x x x x x ICL7541T Intarsil 40. 

1.5 450 x x x x x DAC335B-12 t Hybrid Sys. 

x x x x x DAC335C-12 Hybrid Sys. 

1.5- 465 x x x x x AD562K/BIN AD 

475 x x x x x AD563J/BIN AD 

500 x x x x SSS562A1B1N PMI 

x x x x SSS562K/BIN PMI 

1.8 500 x x x x x x x x MN562·AI).BIN Analogic 
(Continued) 

t Military Temperature Range (_55' to 125'C) - Typical Values 

Bold face indicates additional data is provided on the page noted. 
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INTERFACE-Digital to Analog Converters (Cont'd) 

Linear· Settling 
tty TIme 

Bits Error HHSB 
Res. ±lSB ;S 

DI A Converters 

12 Y2 

Bin.-Binary 

Off.-Offset 

1.8 

2 

2' 

3 

4 

5 

4 

5 

5' 

6 

6/50' 

7 

Ie MASTER 1979 

Power 
Dis. 
mW Bin. 
(max.) Input 

500 
x 

x 

700 x 

x 

x 

50 x 

x 

x 

150' x 

20' x 

x 

x 

30 x 

x 

810 

900 x 

x 

1050 

300 x 

575 x 

300 x 

800 

825 

1600 

525' 

675' 

400' x 

330 

750 

870 

1155 x 

CompI. CTC or 
Off. CompI. Off. 2's 591· 
Bin. Bin. Bin. CompI. Magn. m 
Input Input Input Input Input Logic 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x 

x x x x 

x x 

x x 

x x 

x x x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x x 

x x x 

x x x 

x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x 

x x x x 

x x x 

x x x 

x x 

x x 

x x 

x x 

x x 

CompI.-CompIementary 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

CMOS ECl Int. 
Logic Logic Ref. Mutt. L.atches Device Source 

(Cont'd.) 

(Cont'd.) 
x x x MN562-11}81N AnaJogic 

x x x MN562·KD-B1N AnaJogic 

x x x MN563-J[)"BlN AnaIogic 

x x x MN563-K[)"BIN Analogic 

x x x MN563·TD-BIN AnaIogic 

x x 1IP1621B Micro Power (765) 

x x IIP7621K Micro PcMr (765) 

x x IIP7621T t Micro Power (765) 

x 4058 Teledyne P 10 

x x 7521M tBeckman 

x x x 7545C Beckman 

x x x 7545M tBeckman 

x x DAC331B-12 t Hytril Sys. 

x x DAC331C·12 Hybrid Sys. 

x MN364 Micro Net 

x MN364H t Micro Net 
Q) 

:2 
x MN366 Micro Net ::J 

x MN366H tMicro Net 
(!) 

x x DAc-HKl2BGC Date! (678) 20 
c 
.2 

x x DAc-HKl2B1I1I tDate! (678) ..... 
0 

x x DAC·HK 12BC·2 Datel ~ 
x x DAc-HKl2B1111-2 t Date! (678) 

Q) 

en 
x DAC-HZl2BGC Date! (681) ~ 

Q) 
x DAC-HZ12B1111 tDate! (681) ..... 

(J) 

x x x DAC336B-12 t Hybrid Sys. as 
~ 

x x AD564J/BlN AD 

x x x DAC336C·12 Hybrid Sys. 

x x DACl200 . t National 
(1073,1074) 30 

x x DAC1200C National 
(1013, 1074) 

x DAC346C·12 Hybrid Sys. 

x x MN3500 Micro Net 

x x MN3850 Micro Net 

x x MN3850H tMicro Net 

x x MN3860 Micro Net 

x x MN3860H tMicro Net 

x x x HI5712 Harris 

x x 758011V Beckman 40 

x MN415 Micro Net 

x MN415H tMicro Net 

x MN360 Micro Net .-

x MN360H tMicro Net 

x MN362 Micro Net 

x MN362H tMicro Net 

x MN416 Micro Net 
(Continued) 

CTC-Compl. 2's CompI. 

In!. Ref.-Intemal Reference Mul!.-Multiplying 
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'0) 

.:Q 
,::3 
(!) 

'C: 
... 2 

+oJ 
·0 

0) 

0) 
CI) 

Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 
Unear- Settling Power Compl. CTCor 
ity Time Dis. Off. CompI. Off. 2'5 Sign. 

Bits Error +lHSB mW Bin. Bin. Bin. Bin. Compl. Magn. m CMOS ECl Int. 
Res. +lSB ;S (max.) Input Input Input Input input Input logic logic logic Ref. 

01 A Converters 

12 112 7 1155 
x x x x 

15 170 x x x x 

x x x x 

300 x x x x x 

x x x x x 

20 150 x x x x 

I 
x x x x 

x x x x 

X I I X I X X 

30 I I I - x x x 

35 90 x x x 

x x x 

1065 x x x x x 

x x x x 

50 75 x x x x 

x x x x 

175 x x x x 

x x x x 

1653 x x x x 

70 90 x x x x 

x x x x 

112" 10 360 x x x x x 

x x x x x 

1 0.3/3" 625" x x x x x 

0.5/3" 850 x x x x 

0.75 150 x x x x x x x 

1 20 x x x 

x x x x x x 

20" x x x x x x 

"x x x x x x 

x x x x x x 

x x x x x x 

50" x x x x x x 

2 50 x x x x x x 

x x x x x x 

x x x x i x 

30 - x x x 

50 1653 x x x x 

2 0.04 - x x x x 

0.5' 20" x x x x x x 

x x x x x x 

x x x x x ·x 

x x x x x x 

x x x i x x 

x x x x x x 

t Military Temperature Range (-55' to 125'C) " Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Mull. latches Device Source 

(Cont'd.) 

(Cont'd.) 
MN416H tMicro Net 

x DAC348B-12 t Hybrid Sys. 

x DAC348C·12 Hybrid Sys. 

DAC349B-12 t Hybrid Sys. 

DAC349C-12 Hybrid Sys. 

DAC347LPB-12B t Hybrid Sys. 

DAC347LPC-12B Hybrid Sys. 

DAC347LPB-12U t Hybrid Sys. 

I I DAC347LPC-12U Hybrid Sys. 10 

x M/DA2000 HyComp 

MN371 Micro Net 

MN371H tMicro Net 

MN321 0 Micro Net 

MN3211 Micro Net 

DAC356LPB-12 t Hybrid Sys 

DAC356LPC-12 Hybrid Sys. 

DAC356B-12 t Hybrid Sys. 

DAC356C·12 Hybrid Sys. 

ADH-030-12 DOC 20 

MN370 Micro Net 

MN370H t Micro Net 

x x· 7546C Beckman 

x x 7546M tBeckman 

DAC1280C National 
(1073,1074) 

DAC-SCCBl DOC 

x DAC-12G PMI 

x MDA120-11 tDDC 

x MP7621K Micro Power (765) 30 

x AD7541A AD 

x AD7541J AD 

x ICL7541J Intersil 

x' ICL7541S t Intersil 

X .- AD7541S tAD 

x MP7621A Micro Power (765) 

x MP7621J Micro Power (765) 

x MP7621S t Micro Power (765) 

x M/DA2005 HyComp 

ADH-030-11 ODC 40 

DA4oo0 HyComp 

x AD7521L AD 

x AD7521U tAD 

x AD7531L AD 

x AD7521L Intersil 

x AD7521U t Inlersil 

x AD7531L Intersil 
(Continued) 
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INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling 
tty Tilne 

Bits Error tiHSB 
Res. ±lSB ;S 

01 A Converters 

12 2 

4 

8 

16 

32 

12-3 Digit BCD 
1/10 

Bin.-Binary 

Off.-Offset 

0.5· 

5 

50 

500' 

0.5' 

50 

500· 

0.5' 

500' 

0.5' 

0.5' 

1.5' 

Ie MASTER 1979 

Power 
Dis. 
mW Bin. 
(max.) Input 

20· 
x 

x 

x 

800 

1653 

24 x 

x 

x 

x 

20' x 

x 

x 

x 

x 

x 

x 

x 

x 

1653 

24 x 

x 

x 

x 

20' x 

x 

x 

x 

x 

x 

x 

x· 

x 

24 x 

x 

x 

x 

50 x 

50 x 

465 

Compl. CTC or 
Off. CompI. Off. 2'5 591· 
Bin. Bin. Bin. CompI. Magn. m 
Input Input Input Input Input logic 

x x x x 

x x x x 

x x x x 

x x x 

x x x 

x x 

x 

x 

x 

x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x. x 

x x x x 

x x x x 

x x x x 

x x 

x 

x 

x 

x 

x x x x 

x x x i x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x 

x 

i 
x 

i x 

x x x x 

x x x x 

x 

I 
x 

Compl.-Complementary 

Magn.-Magnitude 

MASTER SELECTION GUIDE 

CMOS ECl Inl 
logic logic Ref. Mull Latches Device Source 

(Cont'd.) 

(Cont'd.) 
x x MP7521L Micro Power 

x x MP7521P Micro Power 

x x MP7521U t Micro Power 

x x DAC1201 t National (1074) 

x x DAC1201C National (1074) 

x x ADH'{)30-1 0 DOC 

x x AD7521L National (1073) 

x x AD7521U t National 

x x DAC1220 tNationai 10 
(1073,1074, 1080) 

x x DAC1220C National 
(1073,1074, 1080) 

x x AD7521K AD 

x x AD7521T tAD 

x x AD7531K AD 

x x AD7521K Intersil Q) 

x x AD7521T t Intersil "0 

x x AD7531K Intersil 
::J 

CJ 
x x MP7521K Micro Power 20 c: 
x x MP7521N Micro Power 0 

~ 
x x MP7521T t Micro Power 0 

CD 
x x ADH~30-8 DOC CD 

x x AD7521K National (1073) en 
x x AD7521T t National (1073) 

~ 

CD -x x DAC1221 t National 
(1073,1074) 

x x DAC1221C National 

CJ) 

CO 
~ 

(1073, 1074) 

x x AD7521J AD 30 

x x AD7521S tAD 

x x AD7531J AD 

x x AD7521J Intersil 

x x AD7521S tlntersil 

x x AD7531J Intersil 

x x MP7521J Micro Power 

x x MP7521M Micro Power 

x x MP7521S t Micro Power 

x x AD752tJ National (1073) 

x x AD7521S t National (1073) 40 

x 

I 
x DAC1222 t National 

(1073, 1074) 

x 
I 

x DAC1222C National· 
(1073,1074) 

x ! x MP7521H Micro Power 

x x MP7521G Micro Power 

i x 
J 

x AD562K/BCD AD 

x 

I 
x AD562S/BCD tAD 

(Continued) 

CTC-Compl. 2's Compl. 

Int. Ref.-lntemal Reference Mull -Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Unear- Settling Power Compl. CTC or 
ity TItTle Dis. Off. Compl. Off. 2's Sign. 

Brts Error +1h lSB mW Bin. Bin. Bin. Bin. Cornpl. Magn. TIL CMOS ECl Int. 
Res. ±lSB ;S (max.) Input Input Input Input Input Input logic logic logic Rei Mult. Latches Device Source 

01 A Converters (Cont'd.) 

12-3 Digit BCD I I I 
t 

I I I I 
lil0 1.5* ! r 

(Cont'd.) 
I i I t I I 475 I x x x AD563J/BCD AD 

x x x AD563K/BCD AD 

x x x AD563S/BCD tAD 

x x x AD563T/BCD tAD 

500 x x x x SSS562S/BCD tPMI 

I 

1.8 500 x x x x MN562-SD-BCD Analogic 

I 
700 x x x x MN563-SD-BCD Analogic 

5 575 

I I I 
X I X 

! 
x 

i i 
AD564J/BCD AD 

I I ! I I I I I I AD564K/BCD 
I I I 

X 
I 

X x AD 

10 

x x x AD564S/BCD tAD 

x x x AD564T/BCD tAD 

800 x DAC1202 t National (1074) 

I x I DAC1202C National (1074) 

Y4 0.3/3' 925 x x x DAC80/CCD AD 

x x x DAC8S/CCD tAD 

x x x DAC85C/CCD AD 

3 900 x x DAC-HK12OGC Date! (678) 

x x DAC-HK12DM1I tDatei (678) 20 

3' 1050 x x DAC-HZ12OGC Datel (681) 

x x DAC-HZ12DM1I tDatei (681) 

1h 0.3/3' 800 x x DACSO/CCD Burr-8rown (658) 

x x DAC85/CCD t Burr-Brown (658) 

x x DAC8SC/CCD Burr-Brown (658) 

850' x x DAC80/CCD Micro Net 

x x DAC8S/CCD t Micro Net 

x x DAC85C/CCD Micro Net 

0.5 30 x x x DAC-HA12DC-1 Datel (675) 

x x x DAC-HA 12011-1 tDatel (675) 30 

0.5' 0.05 x x x DAC-HA12DC Datel (675) 

x x x DAC-HA12D11 tDatel (675) 

20' x x x ICL7113K Intersil 

x x x ICL7113T t Intersil 

0.5/3' 850 x x DAC-SCCD DDC 

x x DAC-SCCCD DOC 

1.5' 500 x x x x SSS562A/BCD PMI 

x x x x SSS562K/BCD PMI 

5 800 x DAC1203 t National (1074) 

1.8 500 x x x x MN562-AD-BCD Analogic 40 

x x x x MNS62-ID-BCD Analogic 

x x x x MN562-KD-BCD Analogic 

700 x x x x MN563-JD-BCD Analogic 

x x x x MN563-KD-BCD Analogic 

x x x x MN563-TD-BCS Analogic 

5 450 x x x DAC335B-3D t Hybrid Sys. 
(Continued) 

t Military Temperature Range (-55' to 125'C) , Typical Values 

Bold face indicates additional data is provided on the page noted. 
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INTERFACE-Digital to Analog Converters (Cont'd) 

Unear- Settling Power 
ity Time Dis. 

Bits Error +~ lSB mW 
Res. ±lSB ;S (max.) 

01 A Converters 

12-3 Digit BCD 
Y2 5 450 

800 

15 300 

35 1065 

2 0.3/3' 800 

0.5' 20' 

0.75* 150 

4 0.3*/3' 800 

0.75* 150 

12 plus Sign dynamic range (7 -Bit plus 
Y2 step 

1 step 

-

12, Pulse Output 
Y4 

13 1 

2 

4 

13(3 Device Set) 
1 

2 

4 

14 Y2 

1 

2 

4 

Bin.-Binary 

Off.-Offset 

0.5 

0.5 

0.5 

4ms 

0.1 

1.6 

0.1 

1.6 

0.1 

1.6 

1.8 

1.8 

1.8 

3 

0.5 

20 

20 

Ie MASTER 1979 

192 

207 

192 

207 

192 

-

980 

1100 

980 

1100 

980 

1100 

3475 

3475 

3475 

30 

0.05 

30 

900 

900 

l 

Compl. CTC or 
Off. CampI. Off. 2's Sign. 

Bin Bin. Bin. Bin. COITlll· Magn. TIL 
Input Input Input Input Input Input logic 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

ign Forrr~t) 
x 

x 

x 

x 

x 

x 

x 

x 

x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x x 

x x x 

x x x 

x x x 
I 

x x x 

x x x 

x x 

x x 

x x x 

x x I x 

Compl.-Compiementary 

Magn.-Magnitude 

MASTER SELECTION GUIDE" 

CMOS ECl Int 
lQ\jc lQ\jc Ref. Mult Latches Device Soorce 

(Cont'd.) 

(Cont'd.) 
x x DAC335C-3D Hybrid Sys. 

x DAC1203C National (1074) 

x x DAC349B-3D t Hybrid Sys. 

x x DAC349C-3D Hybrid Sys. 

x x MN3212 Micro Net 

x DAC1286 t National (1074) 

x DAC1286C National (1074) 

x -x ICL7113J Intersil 

x x ICL7113S t Intersil 

x x x DAC-30B tPMI 

x x x BAC-30E PMI 

x DAC1287C National (1074) 

x x x DAC-30F PMI 

AM6070AC AMD 
Q) 

:2 
AM6070AM tAMD 

x x x DAC-86E PMI 

:::l 

" AM6070C AMD 
C 

20 0 
AM6070M tAMD +-' 

0 
x x x DAC-76 tPMI 

Q) 

Q) 
x x x DAC-86C PMI C/) 

AM6072C AMD '-
Q) 

AM6072M tAMD 
+-' 
(() 

m 
x ICL7105 Intersil 

~ 

x 2615-12 DOC 

x SDAC-12 DOC 

x 2615-11 DOC .30 

x SDAC-l1 DOC 

x 2615-10 DOC 

x SDAC-l0 DOC 

x DDAC-12 DOC 

x DDAC-ll DDC 

x DDAC-10 DOC 

x x DAC331B-14 t Hybrid Sys. 

x x DAC331C-14 Hybrid Sys. 

x x DAC-HA14BC Datel (676) 40 

x x DAC-HA14BM tDatei (676) 

x x DAC-HA 14BC-1 Datel (676) 

; x x DAC-HA 14811-1 tDatei (676) 

I x DAC-U12-1 tDOC 

I r x DAC-U12-3 DOC 

j I x DAC-U11-1 tDOC 

i ! x DAC-U11-3 DOC 
I 

CTC-Compl. 2's Campi. 

Int. Ref.-Intemal Reference Mult.-Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 
Linear- Settling Power CampI. CTCor 
ity Time Dis. Off. CampI. Off. 2's Sign. 

Bits Error +1h lSB mW Bin. Bin. Bin. Bin. CampI. Magn. TIL CMOS Eel Int. 
Res ±lSB ;S (max.) Input Input Input Input Input Input logic logic Logic Ref. Mult. Latches Device Source 

01 A Converters (Cont'd~) 

16 1f2 35 420 x x x x MN3310 Micro Net 

50 900 x x DAC327C-16ER Hybrid Sys. 

2 35 1170 x x x x DAC-HP16BMC Datel (679) 

x x x x DAC-HP16BIIII t08tel (679) 

50/100* 575* x x x DAC70/CSB t Burr-Brown (658) 

x x x DAClOC/CSB Burr-Brown (658) 

3 501100* 575* x x x DAC70/COB t Burr-Brown (658) 

x x x DAClOC/COS Surr.ercwn (658) 

I 4 50 900 x x x DAC327C-16 Hybrid Sys. 

16-4 Digit BCD I I I I I I .1f2 15 mo I I X x DAC-HP16011C Datel (679) I 
10 

x x DAC-HP16D11M t Datel (679) 

35 420 x x x MN3300 Micro Net 

50 900 x x DAC327C-4D Hybrid Sys. 

x DAC327C-4DER Hybrid Sys. 

50/100* 575* x x DAC70/CCD t BIrr-Brown (658) 

x x DAClOCICCD BIrr-Brown (658) 

t Military Temperature Range ( - 55' to 125'C) * Typical Values 

Bold face indicates additional data is provided on the page noted. 
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INTERFACE-Display Drivers 

FII1ction Device Source Line FIXlCtion Device Source 

Display Drivers Display Drivers (Cont'd.) 

Display Driver, 4-Digit (Stores segment and address BCD to 7-Segment Decoder/Driver, Active High, 
data, drives 7-8 segment digits) Resistive Pull-Up (Cont'd.) 

MM74C911 National DM54LS48 t National 

Display Driver, 6-Digit BCD (Stores segment and 
DM74LS48 National 

address data, drives 7-8 segment digits) 
DM54LS248 t National 

MM74C912 National 
DM74LS248 National 
DS7856 t National 

Display Driver, 6 Digit Hex(Stores Segment and DS8856 National 
address data, drives 7 segments) 5448 t Signetics 

MM74C917 National 7448 Signetics 

BCD to 7 -Segment LED Driver Adjustable Current 10 N8T05 Signetics 

DS7B58 National S8T05 t Signetics 

DS8B58 Nalional SN5448 tTl 
SN7448 TI 

BCD to 7-Segment LED Decoder/Driver, Constant SN5424B tTl 
Current SN74248 TI 

NE5B6 Signetics SN54LS4B tTl 
NE5B7 Signetics SN74LS4B TI 
DSB857 National SN54LS248 tTl 

BCD to 7-Segment Latch/Decoder/Driver SN74LS248 TI 

01-260 Dionics BCD to 7-Segment Decoder/Driver, Active High, Open 

BCD to 7-Segment LED Latch/Decoder/Driver, with 20 Collector 

ripple blanking 5449 t Fairchild 

F4734BC Fairchild 7449 Fairchild 

F4734BM t Fairchild 54LS49 t Fairchild 
74LS49 Fairchild 

BCD plus 1 to 7 -Segment Display Driver; output 1-16 54LS249 t Fairchild 
U143 Telefunken 74LS249 Fairchild 

BCD (Hexadecimal) to 7 -Segment LED HD74LS49 Hitachi 

Decoder/Driver, Constant Current, with Latch HD74LS249 Hitachi 

9368C Fairchild MC5449 t Motorola 

MD436BB. tMitel MC7449 Motorola 

MD436BBE Mitel 30 SN54LS249 Motorola 
SN74LS249 tMotorola 

BCD (Hexadecimal) to 7 -Segment LED SN54LS49 t Motorola 
Oecoder /Driver SN74LS49 Motorola 

M54405 Mitsubishi DM54LS49 t National 
BCD (Hexadecimal) to 7 -Segment LED DM74LS49 National 
Decoder/Driver, with Latch DM54LS249 t National 

MD4311B tMitel DM74LS249 National 
MD4311BE Mitel N8T06 Signetics 
DSB673 National S8T06 t Signetics 

BCD to 7-Segme;1t LED Decoder/Driver with Latch, 
SN5449 tTl 
SN7449 TI 

OUlput 0-9,-, E, H, L, P 40 
SN54249 tTl 

9374C Fairchild SN74249 TI 
DSB674 National SN54LS49 tTl 

BCD to 7-Segment Decoder/Driver, Active High, SN74LS49 TI 
Resistive Pull-Up SN54LS249 tTl 

54LS48 t Fairchild SN74LS249 TI 
74LS4B Fairchild BCD (Hexadecimal) to 7 -Segment Decoder/Driver with 
5448 t Fairchild Latch Active Low, Open Collector 
7448 Fairchild 9370C Fairchild 
54LS248 t Fairchild 
74LS248 Fairchild 50 BCD to 7 -Segment Decoder/Driver Active Low, Open 

9307C Fairchild Collector 

9307M t Fairchild MC4039 Motorola 

HD74LS48 Hitachi N8TD4 SignetiCl1 

HD74LS248 Hitachi S8T04 t Signetics 

M53248 Mitsubishi SN54LS347 tTl 

MC5448 t Motorola SN74LS347 TI 

MC7448 Motorola SN54LS447 tTl 

SN54LS48 tMotorola SN74LS447 TI 

SN74LS48 Motorola BCD to 7-Segment Decoder/Driver, Active Low, Open 
SN54LS248 tMotoroia 60 Collector, 15v Output 
SN74LS248 Motorola 54LS47 tFairchild 
MC83D7 Motorola 74LS47 Fairchild 
MC9307 t Motorola 5447 t Fairchild 
DM5448 t National 7447 Fairchild 
DM7448 National 54LS247 t Fairchild 

(Continued) (Continued) 

fMilitary Temperature Range (_55' to 125'C) • Typical Values 
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MASTER SELECTION GUIDE 

l.ine Function Device Source l.ine 

Display. Drivers (Cont'd.) 

BCD to 7-Segment Decoder/Driver, Active Low, Open 
Collector, 15v Output (Cont'd.) 

74LS247 Fairchild 
9317BC Fairchild 

70 9317BM t Fairchild 
H074LS47. Hitachi 140 
HD7447A Hitachi 
HD74LS247 Hitachi 
M53247 Mitsubishi 
M54406 Mitsubishi 
SN54LS47 tMotoroia 
SN74LS47 Motorola 
MC5447 tMotoroia 
MC7447 Motorola 

80 SN54LS247 tMotoroia 
SN74LS247 Motorola 150 
DM5447A t National 
DM7447A National 
DM54LS47 t National 
DM74LS47 National 
DM54LS247 t National 
DW4LS247 National 
IlPB7447 NEC America 
5447 t Signetics 

90 7447 Signetics 
383A1C Teledyne S 160 
383B/M tTeledyne S 
SN5447A tTl 
SN7447A TI 
SN54247 tTl 
SN74247 TI 
SN54LS47 tTl' 
SN74LS47 TI 
SN54LS247 tTl 

100 SN74LS247 TI 
SN54LS347 tTl 170 
SN74LS347 TI 
TD3447 Toshiba 
TD34247 Toshiba 

BCD to 7-Segment Decoder/Driver, Active Low, Open 
Collector, 30v Output 

5446 tFairchild 
7446 Fairchild 
9317CC Fairchild 

110 9317CM t Fairchild 
HD7446A Hitachi lBO 
MC5446 t Motorola 
MC7446 Motorola 
DM5446A t National 
DM7446A National 
IlPB7446 NEC America 
5446 t Signetics 
7446 Signetics 
SN5446A tTl 
SN7446A TI 

120 
SN54246 tTl 190 
SN74246 TI 

BCD to 7-Segment Decoder/Driver, for gas discharge 
displays 

384A1C Teledyne S 
384B/M tTeledyne S 

BCD to 7-Segment Latch/Decoder/Driver (CMOS with 
Bipolar Output) 

F4511BC Fairchild 
130 F4511BM t Fairchild 

HD14511B Hitachi 200 
SIL4511B tMitel 
SIL4511BE Mitel 
MC14511BA "t Motorola 

(Continued) 
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Ie MASTER 

INTERFACE-Display Drivers (Cont'd) 

Function Device Source Line Function Device Source Une Function Device Source Line 

Display Drivers (Cont'd.) Display Drivers (Cont'd.) Display Drivers (Cont'd.) 

BCD to 7-Segment Latch/Decoder/Driver (CMOS with 30-Bit LCD Driver/Register (Cont'd.) Wigit Gas Discharge Display Anode Driver (Coot'd.) 
Bipolar Output) (Cont'd.) MD4331B tMitel DS7897 tNational 

MC14513BA t Motorola MD4331BE Mitel DS8897 National 
MC14513BC Motorola Hex High Voltage Indicator Driver Open Collector (to UDN-6184 Sprague 
MC14511BC Motorola 

55v) 5-Segment Gas Discharge Display Cathode Driver 
CD4511BC National 
CD4511BM t National 

HD536 Harris UHP-480 Sprague 

MSM561 OKI Hex TIL to LED Bulb Driver, with Latch 7 -Segment Gas Discharge Display Cathode Driver 

MSM4511 OKI DS8859 National DS7885 t National 
CD4511B tRCA 10 DS8869 National DS8885 National 140 
CD4511BE RCA 7 -Digit/Segment MOS to Fluorescent Display Driver UHP-481 Sprague 
SCL4511B tSSs XR2271 Exar 7-Segment Gas Discharge Display Cathode Driver, 
SCL45118E SSS 

1M I I 
CM4511B t Solitron 7 -Digit MOS to Gas Discharge Display Driver 

with BCD Decoder 

CM4511BE Solitron XR2272 Exar 
00700 Beckman 

TP4511B TI 
DS7880 tNationai I 

TC5002 Toshiba I 
4-DigitiSegrnent Fluorescent Display Driver I DS8880 National I I 

DI503 Dionics DS8884A National 
BCD (Hexadecimal) to 7-Segment Latch/ 01504 Dionics DS8980 National 
Decoder/Driver (CMOS with bipolar output) 6-DigitlSegment Fluoresce~t Display Driver DS8880 Signetics 

MC14495 Motorola (786) 20 01508 Dionics SN75480 TI 150 

BCD to 7-Segment Latch/Decoder/Driver, output 1-16 01509 Dionics SN75484 TI 

SAB3211 Siemens UDN-6116 Sprague 7-Segment Gas Discharge Display Cathode Driver, 

BCD to 7-Segment Decoder/Driver; for fluorescent UDN·6126 Sprague with BCD Decoder, 8 outputs 

displays 8-Digit/Segment Fluorescent Display Driver DD704 Beckman 

01-250 Dionics DI513 Dionics 90 8-Segment Gas Discharge Display Cathode Driver 

BCD to 7-Segment Decoder/Driver, for Liquid Crystal 01514 Dionics 01210 Dionics 
Displays DI514A Oionics DI220 Dionics 

SIL40558 tMitel 0I534A Dionics DI230 Dionics 

SIL40558E Mitel XR6118 Exar (931) 01240 Dionics 
CD40558 tRCA 30 XR6128 Exar DI300 Dionics 160 

CD4055BE RCA /1PB249 NEC America DI302 Dionics 
TC4055 Toshiba UDN-6118 Sprague MC3491 Motorola 

BCD to 7-Segment Latch/Decoder/Driver, for Liquid 
UDN-6128 Sprague MC3492 Motorola 

Crystal Displays 12-Line Fluorescent Driver DS7889 tNational 

MC14543BA t Motorola SN75530 TI 100 DS8889 National 

MC14543BC Motorola 
UDN-7180 Sprague 

4-Digit Gas Discharge Display Anode Driver 

BCD to 7-Segment Latch/Decoder/Driver (Strobed 01500 Dionics 4-DigiILED Driver, BCD or Binary to 7-Segment 

Latch), for Liquid Crystal Displays 01502 Dionics Decoder/Driver, data and digit select code latches for 

LS7100 LSI Comp (494) UDN-6144 Sprague IlP interface 

SIL4056B tMitel 40 ICM7212M Intersil 170 

SIL4056BE Mitel 
5-Digit Gas Discharge Display Anode Driver ICM7212AM Intarsil 

UHD-490 tSprague UDN-7183 Sprague MC14543BA t Motorola 
MC14543BC 

UHP-490 Sprague UDN·71B4 Sprague Motorola 
CD4056B tRCA 6-Digit Gas Discharge Display Anode Driver UDN-7186 Sprague 

CD4056BE RCA 01505 Dionics UHP-482 Sprague 

SCL4543A SSS DI507 Dionics 110 4-Digit LED Driver, Mutliplexed BCD or Binary to 
TC4056B Toshiba DI603A Dionics 7-Segment Decoder/Driver 

7-Segment to BCD Converter/Driver 
DI604A Dionics ICM7212 Intersil 

MM54C915 t National 
DI605A Dionics ICM7212A Intersil 

MM74C915 National 50 
DS7891 t National 
DS8891 National LED Driver System, 8 Decade, Bx8 memory, Decoder 180 

4-Segment Liquid Crystal Display Driver UDN-6164 Sprague (Versions either Hardwire or processor controlled; with 

CD4054B RCA UHD-491 tSprague 7 segment and digit drivers for either common anode 

TC40548 Toshiba UHP-491 Sprague or cathode LEDs; 2-6 V supply) 

4-Digit Liquid Crystal Display Driver, Multiplexed BCD UHP-495 Sprague ICM7218A Intersi! 

to LCD Decoder/Driver, AC Drive SN75481 TI 120 ICM721BB Intersil 

ICM7211 Intersil 
ICM7218C Intersil 

7 -Digit Gas Discharge Display Anode Driver ICM7218D Intersil 
ICM7211A Intersil MC3490 Motorola ICM7218E Intersil 
DF411 Siliconix MC3494 Motorola 
DF414 Siliconix 12-Digit DigitrOil Driver 

4-Digit LCD Driver; data and digit select code input 60 
8-Digit Gas Discharge Display Anode Driver EA7050 EA 190 

01510 Dionics EA7052 EA 
latches for JlP interface 01512 Dionics 

ICM7211M Intersil DI803A Dionics 4-Digit CMOS to LED Cathode Driver 
1CM7211AM Intersil DI804A Diooics DS8650 National 

30-Bit LCD Driver/Register DI805A Dionics DS8658 National 

MD4330B tMitel DS7887 t National 130 7-Segment CMOS to LED Driver 
MD4330BE Mitel DS8887 National OS8651 National 

(Continued) (ContinueEl) (Continued) 

t Military Temperature Range (_55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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INTERFACE-Display Drivers (Cont'd) 

FtJlCtion Device Source Line Function Device Source 

Display Drivers (Cont'd.) Display Drivers .(Cont'd.) 

7-Segment CMOS to LED Driver (Cont'd.) 4-Segment MOS to LED Anode Driver (Cont'd.) 
DS8659 National DS75493 National 

6-Digit MOS to LED Cathode Driver SN75491 TI 

9664C Fairchild SN75491A TI 

9664AC FairChild SN75493 TI 

9664BC Fairchild 5-Segment MOS to LED Anode Driver 
75492AC Fairchild D58861 National 
75492BC Fairchild 

8-Segment MOS to LED Anode Driver 
MC75492 Motorola 
DS75492 National 10 HD2902 Hitachi 

DS75494 National MC676 Motorola 

DS8870 National D58867 National 

DS8877 National Bargraph LED Display Driver 
DS8892 National LB1405 Sanyo 
NE582 Signetics UAA170 Siemens 
D140 Siliconix UAA180 Siemens 
SN75492 TI U237 Telefunken 
SN75492A TI U247 Telefunken 
SN75494 TI TL489 TI" 

7 -Digit MOS to LED Cathode Driver 20 TL490 TI 

DS8844 National Bargraph (Gas Discharge) Display Driver 
SN75497 TI NE580 Signetics (805) 

7-Digit MOS TO LED Cathode Driver. with low battery Baragraph VF Display Driver 
indicator TL491 . TI 

DS8866 National 
DS8977 National BCD-To-Decimal Decoder/Driver (Nixie Driver) 

5441 ,.< t Fairchild 
8-Digit MOS to LED Cathode Driver 7441 Fairchild 

HD2903 Hitachi 
M53241 Milsltlishi 

DS8863 National 
DS8865 National 30 

MC676 Motorola 

D58871 National 
DM5441 A t National 

DS8963 National 
DM7441A National 
H158 SGS 

9-Digit MOS to LED Cathode Driver 382A1C Teledyne S 
DS8855 National 382B/M tTeledyne S 
D58872 National 
DS8973 National BCD-To-Decimal Decoder/Driver with Blanking (for. 

DS8974 National cold cathode indicator tubes) 

DS8975 National 74141 Fairchild 

DS8976 National HD74141 Hitachi 

SN75498 TI 40 MC54141 t Motorola 
MC74141 Motorola 

9-Digit MOS to LED Cathode Driver, with low battery DM54141 t National 
indicator DM74141 National 

DS8864 National IlPB74141 NEC America 
DS8873 National SN74141 TI 

9-Digit MOS to LED Cathode Driver with shift register Plasma Display Controller and ASCII Keyboard 
decoding . 

Interface 
DS8874 National 

CY-3oo Cybernetic 
DS8876 National 
DS8879 National 5-line Plasma Display Axis Driver 

12-Digit MOS to LED Cathode Driver (for National 50 
DI5140 Dionics 

CalcUlators) 
015180 Dionics 

DS8868 National' 015240 Dionics 
DI5280 Dionics 

14-Digit Decoder/Driver 
Quad AC Plasma Display Axis Driver DS8665 National 

DS8666 National SN55426 ttl 
SN75426 TI 

14-Digit Decoder/Driver, with low battery indicator SN55427 ttl 
DS7664 t National SN75427 TI 
DS8664 National 

4-Segment MOS to LED Anode Driver 
12-Une AC Plasma Display Axis Driver 

SN75510 TI 
75491AC Fairchild 60 SN75511 TI 
75491BC Fairchild 
MC75491 Motorola 32-line AC Plasma Display Axis Driver 

DS7895 tNational SN75500 TI 

DS8895 t National SN75501 TI 

DS75491 National SN75502 TI 

(Continued) SN75503 TI 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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MASTER SELECTION GUIDE 

Line FtJlCtion Device Source lir1e 

Display Drivers (Cont'd.) 

BCD-To-Decimal Decoder/Driver (for lamps) 130 
380AlC Tekidyne S 
380B/M t Tekidyne S 
381A/C Teledyne S 

70 381B/M tTeledyne S 

Lamp Driver; See below and various high current 
drivers under Interface-Memory and Peripheral Drivers 

Lamp Drivers (to 90 V, 2.0 A) 
S75V01 SiIiconix (833) 
S75V03 SiIiconix (833) 

Lamp Driver 140 
CSR301 Teledyne C 

4-Channellncandescent Lamp. Driver 
CLD4 Teledyne C 

80 Display Controllers and Keyboard Interface: See 
Microprocessors-General Purpose 

90 

100 

.' 

110 

120 
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INTERFACE-Error Checking Circuits 

Max. Serial 
Data Rate Supply 

Function MHz Voltage 

Error Checking Circuits 

CRCC Generator 10 5 

3 5 

'10 6Oma,5v 

Deskew-Queue Register 3' 5 

Error Detection/Correction Circuit (ECl) - -5.2 

Error Pattern Register 3 5 

lRCC Data Register 3 5 

Single Error Hamming Code Detector and Generator - 5 

Polynominal Generator 4' 5 

Universal Polynomial Generator 3.5' 5 

Universal Polynomial 4 Bit Generator 17* 5 

. 

t Military Temperature Range (-55· to 125·C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Souroe 

9401C Fairchild 
(1893, 1894~ 

9401M tFain:hiId 
(1893,1894) 

9411C Fairchild 
(1893, 1894) 

9411M t Fairchild 
(1893, 1894) 

MC8500 Motorola 

8XOl Signetics 

MC8520 Motorola 

I MC10163 Motorola 
MC10193 Motorola 

I 

10 

MC8501 Motorola 

MC8502 Motorola 

MC4041 Motorola 

MC8506 Motorola 

MC8503 Motorola 

MC8504 Motorola 

IC MASTER 1979 



MASTER SELECTION GUIDE 

INTERFACE-Keyboard Encoder-Decoders 

No. of Max. 
No. of Output Clock Rate Supply 
Keys Bits Code KHz Voltage Comments Device Source 

Keyboard. Encoder-Decoders 

16 4 1 of 16 - 5 Strobe output, Key rollover output, 2 of 8 
keyboard to binary encoder, one of four row 
inputs and column inputs (telephone ~ey 
pads) give binary output, strobe. 

HOO165 Harris (731) 
MC14419 Motorola 

Binary - 3-15 2 key rollover, 3 state output MM54C922 t National 
MM74C922 National 

20 5 Binary - 3-15 2 key rollover, 3 state output MM54C923 tNational 
MM74C923 National 10 

76 9 Mask Programmable - -(12-18), 5 To 4 independent 9-Bit codes per switch MM5746 National 

10 Mask Programmable - -(12-18),5 To 4 independent 10-Bit codes per switch MM5745 National 

88 8 plus Parity Mask, Programmable 100 -12,5 Programmable parity, strobe width, strobe 
delay. Two key rollover. 8 x 11 matrix, 3 
levels. 

AY5-2376 GI 
M58609 Milsubisli 
KR2376 SMC 

90 9 Mask Programmable 200 -12,5 Programmable strobe width. 9 x 10 matrix. 
N or two key rollover. 4 levels. Repeat. 20 

MM5740 National 

10 Mask Programmable 100 -12,5 9 x 10 matrix, 4 Mode, 2 or N key rollover AY5-3600 GI 
KR3600 SMC· 

a> 
:Q 

External ROM Programmable 
100 -12,5 9 x 10 matrix, 4 mode, 2 or N key rollover A Y5-3600 - PRO GI 

:J 
(!) 

KR3600-PRO SMC c: 
Mask Programmable 100 -12,5 90 Key, 4 mode encoder, N key rollover MP3802 Plessey 

0 
+::: 

91 9 plus parity Mask Programmable 100 -12,5 2 key rollover, 4 mode encoder M58620 Milsubishi (,) 
a> 

99 10 Mask Programmable 250 -12,5 9 x 9 matrix. N key rollover, 4 levels. No "in 
repeat. 30 C/) 

EA2000 EA L-
EA2oo7 EA a> 

+-' 
99 Key, 4 Mode Encoder EA2030 EA CJ) 

as 
112 10 Mask Programmable 66 5 112 bits for internal programming of function 

keys; 4 mode 
~ 

AY3-4592 GI 

128 9 Mask Programmable 100 5 16x8 matrix, three-state 110, 2 or 3 key 
alarm 

MSM3914A OKI 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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INTERFACE-Line Circuits 
No. 
Per Party 
Device Output line 

Line Drivers-Single Ended 

2 ±4 to 6v No 

+6v No 

±8v No 

TIL No 

I 
High Current Yes 

3 ±6v No 

High Current No 

4 ±4 to 6V Yes 

No 

±6 to 9v No 

±5 to ±7 No 

TIL No 

Yes 

t Military Temperature Range ( - 55' to 125'C) 

606 

Power 
Supply Comments 

±9 to ±15 RS232, RS423, GGITI V.26, V.28 

±12 4 Input; RS232B, G; MIL188 

±12 RS232G; MIL 188; GGITI V.24 

5,12 130 Ohm Twisted Pair 

5 Emitter Follower for Coax/Twisted Pair 

Coax/Twisted Pair; IBM360, 370 

±12 RS232B/C, CCID, MIL188 

5 IBM360 , 

±5 RS423, Three-State 

±5.5 RS423, Three-state 

±5 RS423, RS422 with mode control 

±5.5 RS423 , RS422 with mode control 

±9 to ±15 RS232C, CCID V.24 

±12 RS232C, CCITI V.24 

5 Active Pull-Up 

5 Three-State 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 

Device Source 

9636AG Fairchild 
9636AM t Fairchild 

N8T15 Signetics 

75150 Fairchild 
M54650 Mitsubishi 
OS75150 National 
RM55150 t Raytheon 
SN75150 TI 

9621G AMO 
9621M tAMD 
9621 Fairchild 
9621M t Fairchild 
RG9621 Raytheon 

IRM9621 t Raytheon 

JLA8T13C Pairchild 
JLA8T13M t Fairchild 
75121 Fairchild 
MC8T13 Motorola 
OS55121 tNational. 
DS75121 National 20 
N8T13 Signetics 
S8T13 t Signetics 
N8T13 TI 
SN55121 ttl 
SN75121 TI 

JlA8T23G Fairchild 
JLA8T23M t Fairchild 
55123M t Fairchild 
75123 Fairchild 
MC8T23 Motorola 30 
OS75123 National 
N8T23 Signetics 
N8T23 TI 
SBT23 ttl 
SN75123 T! 

9616C AMD 
9616M tAMD 
9616 Fairchild 
9616E Fairchild 
9616M t Fairchild 40 . 

HD2904 Hitachi 

AM26LS29C AMD 

AM26LS29M tAMO 

AM26LS3OC . AMD 
OS3691C National 

AM26LS30M tAMD 
OS3691M National 

1488 AMD 
XR1488 Exar 
JLA1488 Fairchild 50 
H075188 Hitachi 
MC1488 Motorola 
OS1488 National 
RC1488 Raytheon 
MC1488 Signetics 
SG1488 Silicon G 
MC1488 TI 
SN75188 TI 

AM2616C AMO 
AM2616M tAMO 60 

AM2614C AMO 
AM2614M tAMO 

RC8T09 Raytheon 
(Continued) 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits (Cont'd) 

No. 
Per Party Power 
Device Output Une Supply Corrments Device Source 

Line Drivers-Single Ended (Cont'd.) 

4 TIL Yes 5 Three-State (Conl'd.) 
RM8T09 t Raytheon 
N8T09 Signetics 
58T09 t Signetics 

2-lnput NAND, 80 ma 96101C Fairchild 
96101M t F~rchild 

4-lnput AND, NAND; Three-State OM7831 tAMO 
OM8831 AMO 
OS7831 tNationai 
OS8831 National 10 
OS7831 tTl 
OS8831 TI 

OS7831 wlo Vee Clamp OS7832 t National 
058832 National 
OS7832 tTl 
OS8832 TI 

6 NTDS No 5, -15 NTDS MOA-268B t Interdesql 

8 TIL Yes 5 Three-State (Also see index for 74S244, 74LS244, 67S304, 67LS304) AM25LS241C AMD 
AM25LS241M tAMO 
SN54LS241 tAMO 20 
SN74LS241 AMD 
SN54S241 tAMD Q) 
SN74S241 AMO ~ 
AM25LS244C AMO ::J 
AM25LS244M tAMD (!) 
SN54LS244 tAMO 
SN74LS244 AMO 
SN54S244 tAMD 

£: 
0 

:;:: 
SN74S244 AMO 0 
54LS241 t Fairchild 30 Q) 

74LS241 Fairchild -
54LS44 t Fairchild 

Q) 

en 
74LS244 Fairchild ~ 

54LS541 t Fairchild 
Q) 
~ 

74LS541 Fairchild 
54lS241 tllill (768) 
74lS241 MMI (768) 

en 
ct1 
~ 

545241 tMMI (768) 
745241 MMI (768) 
54lS244 tMMI (768) 40 
74lS244 MMI (768) 
545244 tMMI (768) 
745244 MMI (768) 
57LS301 tMMI (768) 
67LS301 MMI (768) 
57S301 tMMI (768) 
67S301' MMI (768) 
57LS304 tMMI (768) 
67LS304 MMI (768) 
575304 tM1l1 (768) 50 
67S304 MMI (768) 
SN54lS241 t Motorola 
SN74LS241 Motorola 
SN54lS244 tMotorola 
SN74lS244 Motorola 
SN54LS541 tMotorola 
SN74lS541 Motorola 
9lS241C Raytheon (525) 
9LS241M tRaytheon (525) 
25lS241C tRaytheon (525) 60 
25lS241 II Raytheon (525) 
54lS241 tRaytheon (525) 
74lS241 Raytheon (525) 
9LS244C Raytheon (525) 
9LS244U tRaytheon (525) 
25LS244C Raytheon (525) 

(Continued) 

t Military Temperature Range ( - 55' to 125'C) • Typical Values 
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INTERFACE-Line Circuits (Cont'd) 
No. 
Per Party Power 
Device Output Une Supply Comments Device Source 

Line Drivers-Single Ended (Cont'd.) 

8 TIL Yes 5 Three-State (Also see index for 74S244, 74LS244, 67S304, 67LS304) (Cont'd.) 
25LS244N t Raytheon (525) 
54LS244 t Raytheon (525) 
74lS244 Raytheon (525) 
74LS241 Signetics 
74LS244 Signetics 
SN54LS241 tTl 
SN74LS241 TI 
SN54S241 tTl 
SN74S241 TI 10 
SN54LS244 tTl 

I 
SN74LS244 TI 

Three-State, Inverting AM25LS24OC AMO 

I AM25LS240M tAMO 
SN54LS240 tAMO 
SN74LS240 AMO 
SN54S240 AMO 
SN74S240 AMO 
54LS240 t Fairchild 
74L5240 Fairchild 20 
54L5540 t Fairch~d 
74L5540 Fairchild 
54LS24O tMMI (768) 
74LS24O MMI (768) 
545240 tM1l1 (768) 
745240 11111 (768) 
57LS300 tllMI (768) 
67LS300 11111 (768) 
575300 tliMI (768) 
675300 IIMI (768) 30 
57lS306 tllMI (768) 
67LS306 11111 (768) 
57S306 tlllli (768) 
67S306 MMI (768) 
57L5307 tllMI (768) 
67L5307 . IIMI (768) 
575307 tllMI (768) 
67S307 Mill (768) 
SN54L5240 t Motorola 
SN74LS240 Motorola 40 
SN54LS540 t Motorola 
SN74LS540 Motorola 
9LS24OC Raytheon (522) 
9LS24011 tRaytheon (522) 
25LS24OC Raytheon (522) 
25LS24011 tRaytheon (522) 
54LS24O tRaytheon (522) 
74lS24O Raytheon (522) 
74LS240 Signetics 
SN54LS240 tTl 50 
SN74LS240 TI 
SN54S240 tTl 
SN74S240 TI 

Line-Drivers - Differential 

2 High Current TIL 
No 5 40 rna, Active Pull-up/Pull-down 9612C Fairchild 

9612M t Fairchild 

50 rna, Active Pull-up/Pull-down 9612EC Fairchild 

40 rna, Open Collector I Active Pull-up 9614C AMO 
9614M tAMO 
9614C . Fairchild 60 
9614M t Fairchild 
OS55114 t National 
0575114 National 

(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE, 

INTERFACE-Line Circuits (Cont'd) 

No. 
Pel', Party Power 
Device Output Une Supply Comrj1ents Device Source 

Line-Drivers - Differential (Cont'd.) 

2 High Current TIL 
No 5 40 rna, Open Collector/Active Pull-up (Cont'd.) 

9614C n 
SN55114 tTl 
SN75114 TI 

Yes 5 40 rna, Open Collector/Active Pull-up, Three-State DS55113 t National 
DS75113 National 
SN55113 tTl 
SN75113 TI 

No 5 40 rna, 4-lnput AND, NAND DM7830 tAMD 10 
DM8830 AMD 
54S140 t Fairchild 
74S140 Fairchild 
HD74S140 Hitachi 
DM74S140 National 
DS7830 t National 
DS8830 National 
DS7830 t Signetics 
DS8830 Signetics 
54S140 t Signetics 20 
74S140 Signetics 
DS7830 tTl 
DS8830 n 

Q) 
"C 

SN54S140 tTl :::J 
SN74S140 TI C!J 
SN55183 tTl 
SN75183 TI C 

0 
Yes 5 40 rna, 4-lnput AND, NAND; Three-State DM7831 tAMD 

DM8831 AMO 

.... 
0 
Q) 

DS7831 t National 
DS8831 National 

30 Q) 

en 
DS7831 tTl '-
OS8831 TI Q) .... 

DS7831 w/o Vee Clamp DM7832 tAMD 
DM8832 AMD 
DS7832 t National. 

Cf) 

«S 
~ 

DS7832 tTl 
DS8832 TI 

No 5 40 rna, RS422 9638C Fairchild 
9638M t Fairchild 40 . SN55128 tTl 
SN75158 TI 

Yes 5 40 rna, RS422, Three-State 9634C Fairchild' 
9634M t Fairchild 
DS8832 National 
SN75159 TI 

±3v Yes ±5 RS422 at low data rates, RS423 AM26LS30C AMO 

±5.5 RS422 at low data rates, RS423 AM26LS30M tAMD 

High Current CMOS 
No 3-15 CMOS 50 rna, 4-lnput AND, NAND MM78C30 t National 50 

MM88C30 National 

3.5 rna Yes ±5 Twisted Pair; Level Shifting SN55109 tAMD 
SN75109 AMD 
55109 t Fairchild 
75109 Fairchild 
HD75109 Hitachi 
MC75109 Motorola 
OS551 09 tNational 
OS75109 National 
RM55109 t Raytheon 60 
SN55109A tTl 
SN75109A TI 

(Continued) 
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Ie MASTER 

INTERFACE-Line Circuits (Cont'd) 

No. 
Per Party Power 
Device Output line Supply Comments Device Source 

line-Drivers - Differential (Cont'd.) 

2 (Cont'd.) 
6.5ma Yes ±5 Twisted Pair Level Shifting SN55110 tAMD 

SN75110 AMD 
55110A t Fairchild 
75110A Fairchild 
H075110 Hitachi 
MC75110 Motorola 
OS55110 t National 
OS75110 National 
RM55110 t Raytheon 10 
SN55110A tTl 
SN75110A TI 

18 rna Yes ±5 Higher current 75110 75112 Fairchild 
SN75112 TI 

3 2ma Yes 5 Constant Current IHD545 Harris 

4 11 ma Yes +5 Quad 75110 MC3453A Motorola 

High Current m 
No 5 50 ohm lines 74128 Signetics 

SN74128 TI 

75 ohm lines 54128 t Signetics 20 
SN54128 tn 

Yes 5 Three-State OSl688 t National 
DS3688 National 
N8T100 Signetics 
N8T101 Signetics 

RS-422, RS-423, Three-State MC3487 Motorola 
OS3487 National 

20 rna Yes 5 RS-422, Three-State AM26LS31C AMO 
AM26LS31M tAMO 
DM26LS31C t National 30 
DM26LS31M National 
AM26LS31C TI 
AM26LS31M tTl 

40 ma Yes 5 RS-422, Fed. 1020, Three-State SN75151 TI 
SN75153 TI 

High Current CMOS 
No 3-15 CMOS, 25 rna MM78C29 t National 

MM88C29 National 

See also Drivers under dgital logic families 

• 

t Military Temperature Range (-55' to 125'C) * Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits (Cont'd) 

No. Receiver Common 
Per Input Mode Supply 
Device Threshold Voltage Voltage Comments Device Source 

Line Receivers - Single Ended 

2 Ref ±0.1v 5 Ext. Reference AdJllstable from 1.5 to 3.5v MC75140 Motorola 
SN55140 tTl 
SN75140 TI 
SN55141 tTl 
SN75141 TI 

Ext. Ref. Adj. 1.5 to 3.5v with optional internal 2.5v Reference SN55142 tn 
SN75142 TI 
SN55143 tTl 
SN75143 TI 

0.4 to 2.4 ±15 5 Differential Input, Single Ended Data AM2615C AMD 
AM2615M tAMD 

±2.0 5 RS232B DS7822 t National 
DS8822 National 

3 0.7 to 1."7 5 Hysteresis, IBM 360/370 I1AST24C Fairchild 
J1AST24M t Fairchild 
55124 t Fairchild 
75124 Fairchild 
MCST24 Motorola 
DS75124 National 
N8T24 Signetics 

0.75 to 2.25 5 Hysteresis, RS232C, ccm V.24 9617C AMD 
9617M tAMD Q) 

9617C Fairchild "C 

O.S to 2.0 v 5 Hysteresis, High-Speed /!AST14C Fairchild 

11A8T14M t Fairchild 

::J 
(!) 

55122 t Fairchild C 
75122 Fairchild 0 
MC8T14 Motorola 
DS55122 tNational 

..... 
0 
Q) 

DS75122 National 
N8T14 Signetics 

30 Q) 

en 
S8T14 t Signetics 

~ 

SN55122 tTl Q) 
SN75122 TI ..... 

en 
0.S6 to 2.40 5 High Speed HD2915 Hitachi 

1.15 to 1.55 5 IBM 360 HD2905 Hitachi 

as 
~ 

4 ±3/0.8 to 3 5 or 12 RS232C, Hysteresis, Fail Safe Option 55154 t Fairchild 
75154 Fairchild 
M54654 Mitsubishi 
DS75154 National 40 
RM55154 t Raytheon 
RC75154 Raytheon 
SG55154 t Silicon G 
SG75154 Silicon G 
SN75154 TI 

0.75 to 1.5v 5 RS232C, Programmable Threshold, Hysteresis 1489 AMD 
I1A14S9 Fairchild 
HD75154 Hitachi 
M54655 Mitsubishi 
MC1489 Motorola 50 
DS1489 National 
RC1489 Raytheon 
MC1489 Signetics 
SG1489 Silicon G 
SN75189 TI 

0.75 to 2.25 5 RS232C, Programmable Threshold, wider hysteresis than 1489 1489A AMD 
XR1489A Exar 
J1A1489A Fairchild 
HD75189 Hitachi 
M54656 Mitsubishi 60 
MC1489A Motorola 
DS1489A National 
RC1489A Raytheon 
MC1489A Signetics 

(Continued) 
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Ie MASTER 

INTERFACE-Line Circuits (Cont'd) 

No. Receiver Common 
Per Input Mode Supply 
Device Threshold Voltage Voltage Comments 

Line Receivers - Single Ended 

4 0.75 to 2.25 5 RS232C, Programmable Threshold, wider hysteresis than 1489 

0.97 to 2.65 5 Hysteresis, 120 Ohm System 

1.05 to 2.5 5 Hysteresis, 120 Ohm System 

1.2 to 1.8 5 120 Ohm System, No Hysteresis, NOR Input 

1.25 to 2.25 5 RS-232C 

1.3 to 1.7 5 120 Ohm System, No Hysteresis, NOR Input 

1.5 to 2.0 5 120 Ohm System, Hysteresis, NOR Input 

1.7 5 No Hysteresis, NOR Input 

5 to 7.5 15 Hysteresis, Interface to CMOS 

Hysteresis, Open Collector, Interface to CMOS 

5.5 to 8 12 Hysteresis, Interface to CMOS 

Hysteresis, Open Collector, Interface to CMOS 

6 0.97 to 2.65 5 Hysteresis, 120 Ohm System 

1.05 to 2.50 5 Hysteresis, 120 Ohm System 

6 -1 to -4.5/-1.5 to -13 
5 NTDS 

7 0.7 to 1.7 5 18M360/370 

8 0.7 to 1.7 5 18M360/370 

Also see Une Receivers-Differential 

Line Receivers - Differential 

2 ±0.35/0.3 to 3 5 Adj. RS2328,C, MIL-l88 

±0.2/0.3 ±10/15 5 Twisted Pair, ± 15v CMV, Response Control 

±0.2/0.5 ±7I15 5 RS232, RS422/3 

±0.5/2 ±0/15 5,12 ± 15v CMV 

±0/12 5,12 ±12 v CMV 

±0.3/0.3 ±0/15 5 ± 15v CMV, Response Control 

±0.5/1 ±0/15 5 ± 15V CMV, Response Control 

±10/15 5 Twisted Pair, ±15v CMV, Response Control 

.. t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 

612 

Device Source 

(Cont'd.) 

(Coot'd.) 
SG1489A Silicon G 
SN75189A n 
OS7836 t National 

OS8836 National 

OS7640 tNational 

AM2617 AMO 

088640 National 

N8T380 Signelics 

96106 Fairchild 10 

I 367A Teledyne S 
367M tTeIedyne S 

368A Teledyne S 
368M t Teledyne S 

3678 Teledyne S 
367C tTeIedyne S 

3688 t Teledyne S 
368C Teledyne S 

OS7837 t National 

MC3437 Motorola 20 
DS8837 National 
N8T37 Signelics 

M08-272 t Interdes9l 

SN75125 TI 
SN75127 TI 

SN75128 TI 
SN75129 TI 

N8T16 Sigrielics 30 

DS78LSl20 t National 
DS88LSl20 National 

9637C Fairchild 
9637M t Fairchild 
SN55157 ttl 
SN75157 TI \ 

9620M tAMD 
9620M t Fairchild 

962OC AMD 
9620C Fairchild 40 

DS78l20 tNational 
OS88l20 National 

9615C AMD 
9615M tAMD 
9615C Fairchild 
9615M t Fairch~d 
SN55115 ttl 
SN75115 TI 
OM7820 tAMD 

DM8820 AMD 50 
OS78C20 t National 
0S88C20 National 
OS7820 t National 

I 
0S8820 National 
OS7820 tSigneIics 

(Continued) 
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MASTER SELECTION GUIDE, 

INTERFACE-Line Circuits (Cont'd) 

No. Receiver Common 
Per Input Mode Supply 
Device Threshold Voltage Voltage Cooments Device Source 

Line Receivers - Differential (Cont'd.) 

2 ±0.5/1 ±10/15 5 Twisted Pair, ± 15'1 CMV, Response Control (Cont'd.) 
OS8820 Signetics 

±5/15 5 ±15v CMV 9613C Fairchild 
9613M t Fairchild 

±3/15 5 Twisted Pair, ±3/15 v CMV, Response Control OM7820A tAMO 
OM8820A AMO 
OS7820A tNational 
OS8820A National 
OS7820A tSignetics 
0S8820A Signetics 10 
OS7820 tTl 
OS8820 TI 
SN55182 tTl 
SN75182 TI 

±0.5/3 ±25 ±12 Adjusts RS232C/MIL-188, ±25 v CMV, Hysteresis 9627C Fairchild 
9627M t Fairchild 
SN75152 TI 

±2 ±l.5 -10,5 130 Ohm Termination 9622C Fairchild 
RC9622 Raytheon 

±10 -10,5 130 Ohm Termination 9622M t Fairchild 20 
RM9622 tRaytheon 

Q) 

±0.010 ±3 ±5 10 mY, MaS Sense, Active Pull-up SN75207 AMO "'C 
55207 t Fairchild ::J 
75207 Fairchild (!) 
OS75207 National 
75S207 Signetics 

C 
0 

SN75207 TI ..... 
75207 with Diode Protepted Input Stage SN75207B TI 

() 
Q) 

10 mv, MaS Sensj3, Three-State OS3604 AMO 
OS3604 National 

Q) 

30 C/) 

10 mY, MaS Sense, Open Collector SN75208 AMO 
~ 

Q) 
55208 t Fairchild ..... en 
75208 Fairchild ~ 
OS75208 National ~ I 

75S208 Signetics 
SN75208 TI 

75208 with Diode Protected Input Stage SN75208B TI 

±0.025 ±3 ±5 25 mv, Active Pull-up 55107A t Fairchild 
75107A Fairchild 
HD75107A Hitachi 40 
MC55107 t Motorola 
MC75107 Motorola 
OS55107 t National 
OS75107 National 
RC75107A Raytheon 
RM55107A t Raytheon 
75S107 Signetics 
SN55107A tTl 
SN75107A TI 

25 mY, Three-State 55107 OS1603 tAMO 50 
OS3603 AMO 
OS1603 t National 
OS3603 National 

25 mv, Open Collector 55108A Fairchild 
75108A Fairchild 
HD75108A Hitachi 
MC55108 t Motorola 
MC751 08 Motorola 
OS55108 tNational 
OS75108 National 60 
RC75108A Raytheon 
RM55108A t Raytheon 

(Continued) 
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Ie MASTER 

INTERFACE-Line Circuits (Cont'd) 
No. Receiver Common 
Per Input Mode Supply 
Device Threshold Voltage Voltage Coolments 

Line Receivers - Differential 

2 ±0.025 ±3 ±5 25 mv, Open Collector 

55107A with Diode Protected Input Stage 

55108A with Oiode Protected Input Stage 

3 ±0.075 ±5 100 Ohm Twisted Pair, Shielded 

±1.5ma ±5 100 Ohm Twisted Pair, Shielded 

4 ±0.025 ±3 ±5 Four 75107, Active Pull-Up 

Four 75108, Open Collector 

±0.2 ±3 5 Three-state, RS422/423 

±7 5 Three-State, RS-422/423 

±15 5 50 mv Hysteresis 

±0.5 ±15 5 Three-State 

See also Receivers-listed under Digital-ECl and Digital-HNIUHTl Miscellaneous sections 

t Military Temperature Range (-55' to 125'C) • Typical Values 

·BoId face indicates additional data is provided on the page noted. 

614 

Device Source 

(Cont'd.) 

(Cont'd.) 
75S108 Signetics 
SN55108A tn 
SN75108A TI 

SN551078 tAMO 
SN751 078 AMO 
551078 t Fairchild 
751078 Fairchild 
OS55107 tNationai 
OS75107 National 10 
SN551078 . tTl 
SN751 078 n 

SN551088 tAMO 
,SN75108B AMD 
5510888 t Fairchikl 
751088 Fairchild 
OS551 08 tNational 
OS751 08 National 
SN55108B tn 
SN751088 TI 20 

H0548 Harris 

H0546 Harris 
HD549 Harris 

MC3450 Motorola 
053650 National 

MC3452 Motorola 
OS3652 National 

MC3486 Motorola 
083486 National 

AM26LS32C AMO 30 
AM26LS32M tAMO 
DM26LS32C National 
DM26LS32M t National 
AM26LS32C n 
AM26LS32M tn 

OSl689 tNational 
OS3689 National 
OS1690 tNational 
083690 National 
083651 National 40 

AM26LS33C AMO 
AM261S33M tAMO 
DM261S33C National 
DM26LS33M t National 
AM26LS33C TI 
AM26LS33M tn 

Ie MASTER 1979 



MASTER SELECnON GUIDE 

INTERFACE-Line Circuits (Cont'd) 

No: Receiver 
Per Input Supply 
Device Threshold Output Voltage Comments Device Source 

Line Transceivers - Single Ended 

2 MOS/TTL MOS/TTL 5 Transceiver IPort Controller N8T30 Signetics 

4 0.6 to 2.0 TTL 5 Generai Purpose Interface Bus, Open Collector, for MaS input MC3446A Motorola 
MC3446 TI 

0.7 to 2.0 TTL 5 Three-State, Hysteresis AM25lS242M tAMO 
AM25lS243M tAMD 
SN54S242 tAMO 
SN54S243 tAMO 
SN54lS242 tAMO 
SN54lS243 tAMO 
54LS242 t Fairdlild 
54LS243 t Fairchild 
SN54lS242 t Motorola 
SN54lS243 tMotorola 
9LS242M tRaytheon (528) 
25LS242M tRaytheon (528) 
54LS242 tRaytheon (528) 
9LS243M tRaytheon (528) 
25LS243M tRaytheon (528) 
S4LS243 tRaylheon (528) 
SN54lS242 tTl 
SN54lS243 tTl 

Three-State, Bus Transceiver AM2915AM tAMO 
2915AM tMMI Q) 

MC2915AM tMotorola "0 
AM2915AM t Ray1heon ::J 

Three-State, Bus Transceiver, Parity Generator/Chscker AM29176AM tAMO CJ 
AM2917AM tAMO C 
2916AM tMMI 0 
2917AM tMMI 
MC2916AM t Motorola 
MC2917AM t Motorola 
AM2916AM t Ray1heon 
AM2917AM t Ray1heon 

:;::; 
30 0 

-Q) 

Q) 

en 
~ 

0.8 to 1.8 TTl/MaS 5 General Purpose Inteface Bus, Bidirectional Bus Tranceiver, three-state MC3448A Motorola Q) 
+-' 

0.8 to 2.0 TTL 5 Three-State, Bus Transceiver AM2915AC AMO 
F2915AC Fairdl~d 

9425 Fairchild 

f/) 
~ 

~ 
2915AC MMI 
MC2915AC Motorola 
~B2915A NEC Micro 40 
AM2915AC Raytheon 

. Three-State, Bus Transceiver, Parity Generator/Checker AM2916AC AMO 
AM2917AC AMO 
F2916AC Fairchild 
9426 Fairchild 
F2917AC Fairch~d 

9427 Fairchild 
2916AC MMI 
2917AC MMI 
MC2916AC Motorola 50 
MC2917AC Motorola 

1lPB2916A NEC Micro 

1lPB2917A NEC Micro 
AM2916AC Raytheon 
AM2917AC Ray1heon 

General Purpose Interface Bus, Open Collector, 100 ma output MC3440A Motorola 
MC3441 A Motorola 
MC3442 Motorola 
MC3443A Motorola 
0S8641 Motorola 60 
OS7641 tNational 
0S8641 National 
MC3443 TI 

General Purpose Bus, Open Collector, 100 ma,for 50 ohm system 0S8642 Nalional 

Three-State (Inverting) N8T26 AMO 
(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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INTERFACE-Line Circuits (Cont'd) 

No. Receiver 
Per Input Supply 
Device Threshold Output Voltage Comments Device Source 

Line Transceivers - Single Ended (Cont'd.) 

4 0.8 to 2.0 TTL 5 Three-State (Inverting) (Cont'd.) 
SBT26 tAMD 
8T26 Fairchild. 
HD268T26 Hitachi 
MC6880 Motorola 
MC8T26A Motorola 
DS8T26A National 
DSBT26AM t National 
N8T26A Signetics 
N8T126 Signetics (2297) 10 
58T126 t Signetics (2297) 

I 
N8T127 Signetics (2297) 
S8T127 t Signetics (2297) 
SN75136 TI 

Three-State(Non-lnvertingj N8T28A AMD 
S8T28A tAMD 
8T28 Fairchild 
MC688S Motorola 
MC8T28 Motorola 
DS8T28 National 20 
DS8T2BM t National 
N8T28 Signetics 
N8T128 Signetics (2297) 
S8T128 t Signetics (2297) 
N8T129 Signetics (2297) 
S8T129 t Signetics (2297) 

Three-State, Hysteresis AM25LS242C AMD 
SN74LS242 tAMD 
SN74S242 AMD 
AM25LS243C AMD 30 
SN74S243 AMD 
SN74lS243 AMD 
74LS242 Fairchild 
74LS243 Fairchild 
SN74LS242 Motorola 
SN74LS243 Motorola 
9LS242C Raytheon (528) 
25LS242C Raytheon (528) 
74LS242 Raytheon (528) 
9LS243C Raytheon (528) 40 
25LS243C Raytheon (528) 
74LS243 Raytheon (528) 
74LS242 Signetics 
74LS243 Signetics 
SN74lS242 TI 
SN74LS243 TI 

Three-State, dual rank latches SN54S266 tTl 
SN74S226 TI 

0.97 to 2.65 TTL 5 Open Collector, 1 v Hysteresis DS7838 tAMD 
DS7838 t National 50 

1.05 to 2.50 TTL 5 Open Collector, 1 v Hysteresis DS8838 AMD 
MC3438 Motorola 
DS8838 National 
N8T38 Signetics 

1.4 to 2.05 TTL 5 Open Collector, Hysteresis AM26S12AM tAMP 
AM26S12AC AMD 

1.5 to 2.4 TTL 5 2-lnput, Open Collector 100ma Drivers AM2905M tAMD 
2905M tMMI 
MC2905M t Motorola 
AM2905M t Raytheon 60 . 

2-lnput, Open Collector 100ma Drivers, Parity Generator/Checker AM2906M tAMD 
2906M tMMI 
MC2906M tMotorola 
AM2906M t Raytheon 

(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits (Cont'd) 

No. Receiver 
Per Input Supply 
Device Threshold Output Voltage Comments Device Source 

Une Transceivers - Single Ended (Cont'd.) 

4 1.5 to 2.4 TIL 5 (Cont'd.) 
Open Collector, looma output, Parity Generator/Checker AM2907M tAMD 

2907M tMMI 
MC2907M t Motorola 
AM2907M t Raytheon 

1.5 to 3.2 TIL 5 Open Collector, 100 ma output SG55138 t Silicon G 
SN55138 tTl 

1.6 to 1.8 ill 5 Open Collector, Hysteresis AM26S12M tAMD 
AM26S12C AMD 

1.6 to 2.3 TIL 5 2-lnput, Open Collector 100 ma Drivers AM2905C AMD 
F2905C Fairchild 
9415 Fairchild 
2905C MMI 
MC2905C Motorola 
p.PB2905A NEC Micro 
AM2905C Raytheon 

2-lnput, Open Collector, 100 ma Drivers, Parity Generator/Checker AM2906C AMD 
F2906C Fairchild 
9416 Fairchild 
2906C MMI 
MC2906C Motorola 
p.PB2906A NEC Micro Q) 
AM2906C Raytheon "0 

Open Collector, 100 ma output, Parity Generator/Checker AM2907C AMD 
F2907C Fairchild 

::J 
(!) 

9417 Fairchild C 
2907C MMI 0 
MC2907C Motorola ..... 
p.PB2907A NEC Micro 
AM2907C Raytheon 

0 

30 
Q) 

Q) 
1.6 to 2.4 TIL 5 Open Collector, 100 ma output AM26S10M tAMD en 

AM26S11M tAMD ~ 

9640M t Fairchild 
9641M. t Fairchild 

Q) ..... en 
DM26S10M t National 
DM26S11M t National 

ctS 
::E 

AM26S10M tTl 
AM26S11M tTl 

Open Collector,100 ma, HysteresiS 9642M t Fairchild 

1.75 to 2.25 TIL 5 Open Collector, 100 ma output AM26S10C AMD 40 
AM26S11C AMD 
9640C Fairchild 
9641C Fairchild 
MC26S10 Motorola 
MC26S11 Motorola 
DM26S10C National 
DM26S11C National 
AM26S10C TI 
AM26S11C TI 

Open Collector, 100 ma, Hysteresis 9642C Fairchild 50 

1.8 to 2.9 TIL 5 Open Collector, 100 ma output SG75138 Silicon G 
SN75138 TI 

1.05 to 2.50 TIL 5 Three-State, T/R Disables, Hysteresis DS7833 t National 
DS8833 National 

Inverting 7833/8833 DS7835 t National 
DS8835 National 

Three-State, NOR Gate, Transmit Disable, Hysteresis DS7839 tNational 
088839 National 

Inverting 7839/8839 DS7834 t National 
DS8834 National 60 
N8T34 Signetics 

8 CMOS TIL 5 Bidirectional Bus Driver, Three-State MD4245A tMitel 
(Continued) 

.. 
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INTERFACE-Line CircUits (Cont'd) 
No. Receiver 
Per Input Supply 
Device Threshold Output Voltage Comments Device Source 

Line Transceivers - Single Ended (Cont'd.) 

8 CMOS TTL 5 Bidirectional Bus Driver, Three-State (Cont'd.) . 

MD4245A8 Mitel 

TTL TTL 5 Bidirectional Bus Transceiver, Three-State AM8304 AMD 
DP8304 National 

0.7 to 2.0 TTL 5 Bidirectional Bus Transceiver, Open Collector SN54LS641 tMotorola 
SN54LS642 tMotorola 
SN54LS641 tTl 
SN54LS642 tTl 
SN54LS644 tTl 

Bidirectional Bus Transceiver, Three State SN54LS245 tAMD 10 
54LS245 t Fairchild 
54lS245 tMMI (774) 
57LS305 tMM! (774) 
57LS310 tMMI (774) 
SN54LS245 tMotorola 
SN54LS640 tMotorola 
SN54LS645 t Motorola 
SN54LS245 tTl 
SN54LS640 tTl 
SN54LS643 tTl 20 
SN54LS645 tTl 

0.8 to 2.0 TTL 5 Bidirectional Bus Transceiver, Open Collector SN74LS641 Motorola 
SN74LS642 Motorola 
SN74LS641 TI 
SN74LS641-1 TI 
SN74LS642 TI 
SN74LS642-1 TI 
SN74LS644 TI 
SN74LS644-1 TI 

Bidirectional Bus Transceiver, Three State SN74LS245 AMD 30 
74LS245 Fairchild 
74LS245 MMI (774) 
67LS305 MMI (774) 
67LS310 MMI (674) 
SN74LS245 Motorola 
SN74LS640 Motorola 
SN74LS645 Motorola 
74LS245 Signetics 
N8T125 Signefics 
SN74LS245 TI 40 
SN74LS640 TI 
SN74LS640-1 TI 
SN74LS643 TI 
SN74LS643-1 TI 
SN74LS645 TI 
SN74LS645-1 TI 

General Purpose rnterf~ce Bus SN75160 TI 
SN75161 TI 
SN75162 TI 

Line Transceivers - Differential 

1 ±0.5/±lv TTL 5 independent Three-State 55113 Driver and 551 i 5 Receiver SN55116 tTl 50 

"\ SN75116 TI 

Three-State 8 Pin, 40 ma SN55117 tTl 
SN75117 TI 

Same as 55116 with Three-State Receiver SN55118 tTl 
SN75118 TI 

Same as 55117 with Three-State Receiver SN55119 tTl 
SN75119 TI 

t Military Temperature Range (_55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

INTERFACE-Memory and Peripheral Drivers 

Function Device Source Line Function Device Source Line Function Device ' Source Line 

Memory & Peripheral Drivers , Memory & Peripheral Drivers ' Memory & Peripheral Drivers f 

Dual CCD Memory Driver, with enable inputs 
(Cont'd.) (Cont'd.) 

SN75430 TI Quad NMOS Memory Driver (Cont'd.) Quad NAND TIL to MOS Driver (MOS Memory 130 

Dual CCD Memory Driver, with enable inputs and OS1674 tNational Interface- clock driver) . 

protect DS3674 National HD2912 Hitachi 

SN75431 TI DS36144 National 70 HD2916 Hitachi 
DS36174 National 3207A Intel 

MQS Dynamic Memory, Address Refresh logic 3207A-l Intel 
Circuitry Quad MOS Driver (for clock inputs 2416 and 2444 

MC75365 Motorola 
3222 Intel CCD Memories) DS75365 National 
MC8505 Motorola 5244 Intel 3207A Signetics 

MOS Dynamic Memory, 4k Address Multiplexer and 10 Quad Port Driver, for 5270 RAM 3207A-l Signetics 
Refresh Counter DS1640 t National SN75355 TI 140 

96LS32 Fairchild (479) DS3640 National SN75365 TI 
96S32 Fairchild (479) DS1670 t National SN75366 TI 
3232 Intel DS3670 National SN75375 TI 
MC3232A Motorola 

Dual MOS Clock Driver, bootstrapped for single 80 Quad TIL to MOS Driver 
MOS Dynamic Memory Interface, Microproce~sor to supply systems MEM4900 GI 
16K RAM DS1642 t National TIL to MOS Shifter; See also Digital-TIL-Translators MC3480 Motorola DS3642 National 
MOS Dynamic Memory, 16k Address Multiplexer and DS1671 t National Dual ECl to MOS Driver 

Refresh Counter 20 DS3671 National SN75320 TI 

3242 Intel DS1672 t National SN75321 TI 

Clock Generator/Oscillator, to 10 MHz, 8 and 1 DS3672 National Dual Channel ECl to MOS Driver (MOS Memory 150 

Divider" for Microprocessors Quad MOS Clock Driver, decodes input address Interface; also ECl to TIL driver) 

ICM7209 t Intersil DS3643 National 
MC75358 Motorola 

DS3673 National 90 
MC75368 Motorola 

MOS Clock Driver SN75368 TI 
MHOO07 t National Quad, MOS Memory Decoder/Clock Driver 
MH0012 t National DS36143 National 

Dual MOS logic to MOS Memory Driver 

MHOO07C National DS36173 National 
SN75364 TI 

MHOO12C National Dual ECl to TIl/MOS Driver 
6-Bit MOS Refresh Counter/Driver 

SN75441 TI Dual MOS Clock Driver 30 DS1646 t National 
0026 tAMD DS3646 National Hex MOS to Power Transistor-level S~ifter/Driver 
0026C AMD 

DS1676 t National M54520 Mitsubishi 160 
0056 tAMD 

DS3676 National 
0056C AMD Hex latch/Driver, for MOS Memories 

, 0026 Fairchild Quad TIL to MOS Driver, Three-State DS3645 Motorola 

SH013C Fairchild SN75357 TI 100 DS3675 Motorola 

SH013M t Fairchild SN75367 TI DS1645 tNational 

9646 Fairchild DS3645 National 

MMH0026 t Motorola 
Quad TIL to NMOS Memory Driver (for 7001, etc.) DS1675 tNational 

MMH0026C Motorola 40 MC3466 Motorola DS3675 National 

MHOO09 t National Quad TIL to NMOS Memory Driver (for 2105, 2107, Quad MOS Memory I/O Register 
MHOO09C National etc,) DS3647 Motorola 
MH0013 t National 9645 Fairchild DS3677 Motorola 170 
MHOO13C National 3245 Fairchild DS36147 Motorola 
DS0025 t National 3245 Intel DS36177 Motorola 
DSOO25C National 5235 Intel DS1647 tNational 
DS0026 t National MC3245 Motorola 110 DS3647 National 
DS0026C National DS1677 t National 
DS0056 t National Dual TIL to MOS Driver (MOS Memory Interface) 

DS3677 National 
DS0056C National 50 9644 Fairchild 

DS16147 tNational 
SN75369 TI DS75361 National 

DS36147 National DS75362 National 
Two Phase Oscillator/Clock Driver (for MOS systems) DS75364 National DS16177 t National 

DS7803 t National 
MH8805 National DS36177 National 180 

DS8803 National 
75361A Signetics Disc Memory Video Amplifer, for magnetic servo head 

DS7807 t National 
DS8807 National SN75350 TI SSI101A Silicon Sys, 

DS8813 National SN75361A TI Disc Memory Fault Detector 
DS8817 National Dual AND TIL to MOS Driver (NMOS Memory 120 SSI103 Silicon Sys. 

Two Phase Oscillator Driver (for ceo Shift Register Interface) Disc Memory Head Selector 
Memories) 60 9643 Fairchild SSI102 S~icon Sys. 

CS233 Cherry DS3622 National 
DS75322 National Disc Memory Head Control Circuit, for moving heads 

Quad NMOS Memory Driver SN75322 TI SSI104 S~icon Sys. 
MC3459 Motorola 

SN75363 TI Disc Memory Head Control Circuit, for fixed heads 
MC3460 Motorola SSI105 Silicon Sys. 190 
OS1644 t National Dual Channel TIL to MOS Memory Interface (for 
OS3644 National TMS4062, AMS6002, etc,) Gated Decoder, for SS1104/5 

(Continued) SN75370 TI SSI106 Silicon Sys. 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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INTERFACE-Memory and Peripheral Drivers (Cont'd) 

Function Device Source Line Function Device Source Line FlIlCtion Device Source Line 

Memory & Peripheral Drivers Memory & Peripheral Drivers Memory & Peripheral Drivers 
(Cont'd.) (Cont'd.) (Cont'd.) 

Quad Predriver, Open Collector, 50 ma Sink (for Dual Peripheral AND Driver (Cont'd.) Dual2-lnput AND Power Driver (40V, to 2A) 

magnetic memories) 75451 Fairchild LPD4101 Lambda 
MC4042 Motorola 75460 Fairchild Dual4-lnput AND Driver, HNIL 250 ma Open Collector 

Dual Memory Driver, 400 ma Sink (for magnetic 75461 Fairchild 390 Teledyne S 
memories) 75471B Fairchild 

MC4043 Motorola HD75450A Hitachi 4-lnput AND Current Driver (45v, to 1.5A peak) 

HD75451A Hitachi 70 
DHOOO6 tNational 

Memory Driver Dual, 400 ma Sink/Source, Decode 
M54504 MitsWshi 

DHOOO6C National 
(for magnetic memories) 

M54600 Mitsubishi 4-lnput AND High Voltage-High Current Driver (4.5v, to 
75324 ' Fairchild 

Mitsubishi 3A peak) 
DS3629 National 

M54601 

DS75324 MC75450 Motorola DHOOO8 t National 140 
National 

I 
DHOOOBC National I 75~4 MC75451 Motorola Signetics 10 

SN75324 TI SN75451B Motorola Quad 2-lnput AND Driver (to 70v, sinks 300 mal 
MC75461 Motorola MN304 Micro Net 

Memory Driver. Quad. 600 ma Sink 
I 

OS55450 t National I MN304H t Micro Net 
55326M t Fairchi!d DS55451 t National UDS-5706H tSprague 
75326C Fairchild DS55460 tNationaJ 80 
SN55326 tTl DS55461 t National 

Quad 2-lnput AND Power Driver, Open Collector (to 

SN75326 TI DS75450 National 
1 oov, sinks 500ma) 

UHC/O-400 tSprague 
Memory Driver, Quad, 600 ma Source OS75451 National UHC/D-406 tSprague 

55327M t Fairchild DS75460 National UHC/D-500 Sprague 150 
75327C Fairchild DS75461 National UHC/D-506 Sprague 
SN55327 tTl 20 RM55450 t Raytheon UHP-4oo Sprague 
SN75327 TI RM55451 t Raytheon UHP-406 Sprague 

Memory Switch, Quad, 600mA Sink/Source PBD3513 RIFA UHP-500 Sprague 

SN75328 TI 75450B Signetics UHP-506 Sprague 

SN75330 TI 75451B Signetics 90 Quad 2-lnput NAND Driver (to 70v, sinks 300 mal 

Memory Driver, Dual 600 ma Sink/Source 
SG55450 t Silicon G UDN-5707A Sprague 

55325M t Fairchild 
SG55451 t Silicon G UOS-570lH tSprague 

75325 Fairchild SG55460 ' t Silicon G 

MC55325 t Motorola SG55461 tSilicon G Dual NAND Driver, HNIL, 250 ma, Open Collector 

SG75450 Silicon G 392 Teledyne S 160 
MC75325 Motorola 
DS55325 t National 30 SG75451 Silicon G 4-input NAND High Voltage, High Current Driver (40 to 

DS75325 National SG75460 Silicon G 1 00v, sinks 150 to 500 mal 

55325 t Signetics SG75461 Silicon G SH2001C Fairchild 

75325 Signetics SN554508 ttl SH2001M t Fairchild 

SG55325 t Silicon G SN5545iB tTi 100 SH2002C Fairchild 

SG75325 Silicon G SN55460 tTl SH2002M t Fairchild 

SN55325 tTl SN55461 tTl SH2200c Fairchild , 

SN75325 . TI SN75466 TI SH2200M t Fairchild 

Quad Multiplexer/Driver, for MOS systems 
SN55470 tn SH2201C Fairchild 

SN55471 tn SH2201M t Fairchild 170 
DSl648 t National 
DS3648 National 40 SN75401 n 4-lnput NAND High Voltage, High Current Drivers (40v, 

DS1678 t National SN75411 TI 0.15 to 0.25A) 

DS3678 National SN75430 TI DHooll tNationai 
SN75431 n DH0011C National 

Hex Inverter IMOS Driver, Three-State SN75450B TI 110 
DS1649 tNational SN75451B TI 

4-lnput NAND High Voltage, High Current Drivers (50, 

DS3649 'National SN75460 TI 
70 or 100v, 0.25 to 0.5A) 

DS1679 t National DHoo16C National 

DS3679 National 
SN75461 TI I DH0017C National 
SN75470 TI DH001BC National 

Hex Inverter/MOS Driver, disable causes logic 1 state SN75471 TI 
DS16149 t National Dual Peripheral NAND Driver 180 

DS36149 National 50 
Dual Peripheral AND Driver, to 70v 300ma 55452A t Fairchild 

DS16179 t National MC1471 Motorola 55462 tFairchild 

DS36179 National SN75476 TI 55472B tFairchiid 

Dual Buffer, to 40V, 2A Dual Peripheral AND Driver, to 70v 500ma 75452 Fairchild 
75462 Fairchild 

LPD41 06 Lambda SN75416 TI 120 
75472B Fairchild 

Dual AND Driver, HNIL, 250 ma, Open Collector Dual Peripheral AND Driver, to BOv, 300 rna HD75452 Hitachi 
391 Teledyne S DS1611 t National M54501 MitsIbsIi 

Dual Peripheral AND Driver 
DS3611 National M54502 MitsOOishi 

55450AlB t Fairchild 
DS3611 Signetics M54602 Mitsubishi 190 

55451 AlB t Fairchild 
UDN5711 Signetics M54605 Mitsubishi 

55460 t Fairchild 60 
UDN-3611 Sprague MC75452 Motorola 

55461 t Fairchild 
UDN-5711 Sprague MC75462 Motorola 

55471 t Fairch~d Dual Peripheral AND Driver, for CMOS 
SN75452B Motorola 
DS55452 t National 

75450 Fairchild DS1631 t National DS55462 tNational 
(Continued) DS3631 National 130 (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted 
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INTERFACE-Memory and Peripheral Drivers (Cont'd) 

Function Device Source Une Function Device Source 

Memory & Peripheral Drivers Memory & Peripheral Drivers 
(Cont'd.) (Cont'd.) 

Dual Peripheral NAND Driver (Cont'd.) Power Peripheral Driver/logic Switch, to 90 V, 2.0 A 
DS75452 National (relay, solenOid, and hammer driver) (Cont'd.) 
DS75462 National S75V03 SiUconix (833) 
RM55452 tRaytheon Relay Driver, to 70v, 500ma 
754528 Signefics CSR301 Teledyne C 
SG55452 t Silicon G 
SG55462 t Silicon G Relay Driver, to 65v, sinks 300 ma, OR Input for 48v 

SG75452 Silicon G telephone relays 

SG75462 Silicon G DSl686 t National 

SN75402 TI 10 DSl687 t National 

SN75412 TI DS3686 National 

SN75432 TI DS3687 National 

SN75447 TI Dual Relay Driver, to 60v, sinks la 
SN55452B tTl 831 Beckman 
SN75452B TI 
SN55462 tTl Dual OR Driver, HNll, 250 ma, Open Collector 

393 Teledyne S SN75462 TI 
SN55472 tTl Dual Peripheral OR Driver 
SN75472 TI 55453A/B t Fairchild 
SN75475 TI 20 55463 t Fairchild 

Dual4-lnput NAND Driver, HNll, 250 maOpen 554738 t Fairchild 

Collector 75453 Fairchild . 

395 Teledyne S 75463 Fairchild 
754738 Fairchild 

Dual Peripheral NAND Driver, to 7Ov, 300ma 75453 Hitachi 
MC1472 Motorola M54603 Mitsubishi 
SN75477 TI MC75453 Motorola 

Dual Peripheral NAND Driver, to 70v, 500ma MC75463 Motorola 

SN75417 TI SN75453B Motorola 

Dual Peripheral N.AND Driver, to 80v, 300ma 
DS55453 t National 
DS55463 tNational 

DS1612 tNational 30 
D83612 National 

DS75453 National 
DS75463 National 

DS3612 Signetics RM55453 t Raytheon 
UDN5712 Signefics 
UDN-3612 Sprague 

754538 Signetics 

UDN-5712 Sprague 
SG55453 Silicon G 
SG55463 Silicon G 

Dual Peripheral NAND Driver, for CMOS SG75453 Silicon G 
DS1632 t National SG75463 Silicon G 
DS3632 National SN55453B tTl 

Quad 2-lnput NAND Driver, to 30v, sinks 250ma SN55463 tTl 

MC693 Motorola 40 SN55473 tTl 
SN75403 TI 

Quad 2-lnput NAND Driver, to 30v, sinks 100ma SN75413 T1 
M54503 Mitsubishi SN75433 TI 

SN75448 TI Quad 2-lnput NAND Power Driver, Open Collector, to 
SN75453B TI 1 OOv, sinks 500 ma 

UHC/D-407 tSprague SN75463 TI 

UHC/D-408 tSprague SN75473 TI 

UHC/D-507 t Sprague Dual Peripheral OR Driver, to 30v, 300ma 
UHC/D-508 tSprague MC1473 Motorola 
UHP-407 Sprague SN75478 TI 
UHP-408 Sprague 50 

Dual Peripheral OR Driver, to 30v, 500ma 
UHP-507 Sprague 

SN75418 TI 
UHP-508 Sprague 

Dual Peripheral OR Driver, to 80v, 300ma 
Quad PIN Diode Driver (Also see: Linear-Other 
Devices) 

DS1613 t National 

UDS-5790 tSprague DS3613 Signetics 

UDS-5791 tSprague DS3613 National 
UDN5713 Signetics 

Power Peripheral Driver, CMOS/TIL Input (to 150 V, UDN-3613 Sprague 
versions: 0.01 to 16 A) UDN-5713 Sprague 

VF-01 Supertex (835) 
Dual Peripheral OR Driver, ECl Input 

VF-12 Supertex (835) 60 
SN75441 TI 

VF-13 Supertex (835) 
VF-14 Supertex (835) Dual Peripheral OR Driver, for CMOS 

DS1633 t National 
Power Peripheral Driver/logic Switch, to 90 V, 2.0 A 

DS3633 National 
(relay, solenoid, and hammer driver) 

S75V01 Siliconix (833) Dual2-lnput OR Power Driver (40V, to 2A) 
(Continued) lPD4104 lambda 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

. MASTER SELECTION GUIDE 

Line Function Device Source Line 

Memory & Peripheral Drivers 
(Cont'd.) 

Quad 2-lnput OR Driver, to 70v, sinks 300ma 
UDN-5703A Sprague 
UDS-5703H tSprague 

Quad 2-lnput OR Power Driver, Open Collector, to 
70 l00v, sinks 500ma 

UHC/D-402 tSprague 
UHC/D-403 tSprague 
UHC/D-502 Sprague 
UHC/D-503 Sprague 140 
UHP-402 Sprague 
UHP-403 Sprague 
UHP-502 Sprague 
UHP-503 Sprague 

Dual NOR Driver, HNll, 250 ma, Open Collector 

80 394 Teledyne S 

Dual Peripheral NOR Driver 
55454A1B t Fairchild 
55464 t Fairchild 
55474 t Fairchild 150 
75454 Fairchild 
75464 Fairchild 
754748 Fairchild 
HD75454 Hitachi 
M54604 Mttsubishi 

90 MC75454 Motorola 
SN75454B Motorola 
MC75464 Motorola 
DS55454 tNational 
DS55'464 tNationat 160 
DS75454 National 
DS75464 National 
RM55454 t Raytheon 
754548 Signetics 
SG55454 t Silicon G 

100 SG55464 t Silicon G 
SG75454 Silicon G 
SG75464 Silicon G 
SN55454B tTl 
SN55464 tTl 170 
SN55474 tTl 
SN75404 TI 
SN75414 TI 
SN75434 TI 

110 SN75449 TI 
SN75454B TI 
SN75464 TI 
SN75474 TI 

Dual Peripheral NOR Driver, to 30v, 300ma 
MC1479 Motorola 180 
SN75479 TI 

Dual Peripheral NOR Driver, to 30v, 500ma 
SN75419 TI 

Dual Peripheral NOR Driver, to 80v, 300ma 
120 DS1614 tNational 

DS3614 National 
DS3614 Signetics 
UDN5714 Signetics 
UDN-3614 Sprague 
UDN-5714 Sprague 190 

Dual Peripheral NOR Driver, for CMOS 
DS1634 t National 
DS3634 National 

Quad 2-lnput NOR Driver, to 7Ov, sinks 300ma 
130 UDN-5733A Sprague 

UDS-5733H tSprague 
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INTERFACE-Memory and Peripheral Drivers (Cont'd) 

Function Device Source Line Function Device Source Une Function Device Source Line 

Memory & Peripheral Drivers Memory & Peripheral Drivers Memory & Peripheral Drivers 
(Cont'd.) (Cont'd.) (Cont'd.) 

Quad 2-lnput NOR Power Driver, Open Collector, to Driver,5 channel Darlington, to 400ma (Coord.) Driver, 7 Channel, PMOS Input (hammer, lamp, relay 
1 oov, sinks 500ma XR2200M tExar driver) (Cont'd.) 130 

UHC/D-432 tSprague 
Driver, 5 channel, CMOS/TIL Input (lamp, relay 

L202 SGS 
UHC/D-433 tSprague 

driver, load to negative supply) 
SG2OO2 Silicon G 

UHC/D-532 tSprague SG3852 Silicon G 
UHC/D-533 tSprague 

UDN-2957A Sprague 
ULN-2002A Sprague 

UHP-432 Sprague Driver, 5 channel, CMOS/PMOS Input (lamp, relay ULN-2012A Sprague 
UHP-433 Sprague driver, load to negative supply) ULN-2022A Sprague 
UHP-532 Sprague UDN-2956A Sprague 70 SN75467 TI 
UHP-533 Sprague Hex Universal Driver (400 mal ULN2002A TI 

High Current Switch Driver (to drive high power, high NE582 Signetics Addressable Peripheral Driver (Latched, 8-0ulpt.rt I ..... NPN switching tr'"sisto~J 10 D'river, 7 Channel, CMOS/TIL Input (hammer, lamp, 
Driver) 140 

SG 1629 t Silicon G relay driver) 
NE590 Signetk:s (807) 

SG3629 SKicon G NE591 Signetics (807) 
XR2203 Exar (931) 

NE592 Signetics I Driver, Open CoilectoriEmitter, for 150mA (ioad I XR220311 tExar (931) . 
connected to negative supply)_ 9667 Fairchild Driver, 8 Channel, CMOS/TIL Input (hammer, lamp, 

PBD3520 RIFA MC1413 Motorola relay driver) 

Driver, single, 125mA, for relays, motors, lamps PB0352303 RIFA ULN-2803A Sprague 

PBD3510 RIFA ULN2OO3 Signetics 80 ULN-2805A Sprague 

PBD3511 RIFA L203 SGS ULN-2813A Sprague 

SG2oo3 Silicon G ULN-2815A Sprague 
Driver, to 80v, O.2a; for relays, lamps SG3853 Silicon G ULN-2823A Sprague 150 

DI445 Dionics 20 ULN-2003A Sprague ULN-2825A Sprague 

Driver, dual, to 80v, O.2a; for relays, lamps ULN-2005A Sprague Driver, 8 Channel, CMOS/PMOS Input (hammer, 
01446 Dionics ULN-2013A Sprague lamp, relay driver) 

Driver, dual, to 8OY, sinks 5a, (relay, solenoid; hammer ULN-2015A Sprague ULN-2804A Sprague 

driver) ULN-2023A Sprague ULN-2814A Sprague 

SH3011 Fairchild (955) ULN-2025A Sprague ULN-2824A Sprague . 
SN75468 TI 90 

Dual Darlington Switch, to 80v, 1.5a ULN2003A TI 
Driver,8 Channel, MOS/TIL Input (hammer,Iamp, 

ULN-2061 Sprague relay driver) 

ULN-2062 Sprague Driver, 7 Channel, CMOS/PMOS Input (hammer, ULN-2801A Sprague 
lamp, relay driver) ULN-2811A Sprague 160 

Quintuple High Voltage Interface (Outputs can accept XR2204 Exar (931) ULN-2821A Sprague 
high negative voltages in "off" state) 30 XR2204II tExar (931) 

SP1404 . Plessey 9668 Fairchild 
Driver, 8 Channel, PMOS Input (hammer,lamp, relay 

SP1406 Plessey MC1416 Motorola 
driver) 

ULN-2802A Sprague 
Driver, dual, 2-input, Sink or Source 500mA PB0352304 RIFA ULN-2812A Sprague 

SG1627 t Silicon G (1129) ULN2004 Signetics ULN-2822A Sprague 
SG3627 Silicon G (1129) ULN-2004A Sprague 100 

Quad Darlington Switch, to 80v, 1.5a ULN-2014A Sprague Driver, 8 Channel, CMOS/TIL Input (lamps, relay 

ULN-2064 Sprague ULN-2024A Sprague driver) 
UON-2981 A Sprague 

ULN-2065 Sprague SN75469 TI 
ULN2004A TI UDN-2983A Sprague 170 

ULN-2066 Sprague 
ULN-2067 Sprague 40 Driver, 7 Channel, MOS/TIL Input (hammer,lamp, Driver, 8 CIlanneI, CMOS/PMOS Input (lamp, relay 

ULN-2068 Sprague relay driver) driver) 

ULN-2069 Sprague XR2201 Exar (931) UDN-2982A Sprague 

ULN-2070 Sprague XR220111 tExar (931) UDN-2984A Sprague 

ULN-2071 Sprague 9665 Fairchild Eight Latch/Drivers 
ULN-2074 Sprague MC1411 Motorola 110 UCN-4801 Sprague 
ULN-2075 Sprague PBD352301 RIFA Printer Controller, for 5 x 7 dot matrix printers 
ULN-2076 Sprague ULN2oo1 Signetics CY-480 Cybernetic UlN-2077 Sprague L201 SGS 
UL~2064 TI SG2oo1 Silicon G Printer Driver, 5 Channel 
ULN2065 TI 50 SG3851 Silicon G HD2919 Hitachi 180 

Quad Power Drive, with enable, sinks 500ma ULN-2001A Sprague LB1287 Sanyo 

UDN-2540 Sprague ULN-2011A Sprague LB1288 Sanyo 

Quad Latch/Driver ULN-2021A Sprague Printer Solenoid Driver 

UCN-4401 Sprague SN75466 TI DS3654 National 
ULN2001 A TI 120 

5-Channel Relay Driver for telephone relays Thermal Print Head Driver 

AY5-9050 GI Driver, 7 Channel, PMOS Input (hammer,lamp, relay SN75270 TI 
driver) SN75490 TI 

Hammer Driver (to 6A-pulsed output) XR2202 Exar (931) Printing Calculator Circuits 
DHOO28C National XR220211 tExar (931) DS8654 National 

Driver, 5 channel Darlington, to 400ma 9666 Fairchild D58655 National 190 
LB1287 Sanyo 60 MC1412 Motorola DS8656 National 
LB1288 Sanyo PBD352302 RIFA DS8692 National 
XR2200 Exar ULN2002 Signetics D58693 National 

(Continued) (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 

622 Ie MASTER 1979 



MASTER SELECTION GUIDE 

INTERFACE-Memory and Peripheral Drivers (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source line 

Memory & Peripheral Drivers 
(Cont'd.) 

Printing Calculator Circuits (Cont'd.) 
D58694 National 

t Military Temperature Range (_55' to 125'C) • Typical Values 

Ie MASTER 1979 623 



Ie MASTER 

INTERFACE-Sense Amplifiers 

Function Device Source Line Function Device Source Line Function Device Source Line 

Sense Amplifiers Sense Amplifiers (Cont'd.) Sense Amplifiers (Cont'd.) 

Dual Channel Gated Sense Amplifier (for core Dual Core Memory Sense Amplifier, Separate Dual Sense Amplifier (for MOS Memory or line 
memories) Outputs, Test Points (Cont'd.) 70 receiver) (Cont'd.) 140 

CA1541 tRCA SN7528 TI 75207 Fairchild 

Dual Core Memory Sense Amplifier, Separate Outputs Dual Core Memory Sense Amplifier, Separate Inverted 
75208 Fairchild 
OS3604 National 

5524 t Fairchild Outputs 
OSl603 tNational 

5525 tFairchild 55234 t Fairchild 
OS3603 National 

55224 t Fairchild 55235 t Fairchild 
OS75207 National 

55225 t Fairchild 75234 Fairchild 
OS75208 National 

7524 Fairchild 75235 Fairchild 75S207 Signetics 
7525 Fairchild 10 75234 Signetics 75S208 Signetics 
75224 Fairchild SN55234 tTl SN75207 ' TI 150 
75225 Fairchild SN75234 TI 80 SN75208 TI 

I 
HAl902 Hitachi 

I I 
OS5524 tNational 

Dual Core Memory Sense Amplifier, Separate Inverted Dual Sense Amplifier (NMOS memories to ECl 10K) 

OS5525 t National 
Outputs, Test Points HD103461 Hitachi 

55238 t Fairchild MC3461 Motorola OS7524 National I 55239 t Fairchild I I DS7525 Nar.onal 75238 Fairchild Dual MOS to TIL level Converter, latch, Three-State 
7524 Signetics 75239 Fairchild (Sense Amp) 
SG5524 t Silicon G SN55238 tTl MC4068 Motorola 
SG5525 t Silicon G 20 SN75238 TI MC4368 tMotorola 
SG7524 Silicon G MC54468 t Motorola 
SG7525 Silicon G Dual Core Memory Sense Amplifier, Separate Open MC74468 Motorola 160 
SN5524 tTl Collector Outputs 90 OS3625 National 
SN7524 TI 5534 t Fairchild OS7802 tNational 

5535 t Fairchild OS7806 t National Dual Core Memory Sense Amplifier, Complemetary 55232 t Fairchild OS8802 National 
Output, latch Capability 55233 t Fairchild 0S8806 National 

5520 t Fairchild 7534 Fairchild N8T25 Signetics 
7520 Fairchild 7535 Fairchild 
OS5520 tNational 75232 Fairchild Translators: See also Digital-TIL (Translators) 
OS5521 t National 30 75233 Fairchild Quad Sense Amplifier, Three-State 
OS752O National OS5534 t National MC3430 Motorola 
OS7521 National OS5535 t National 100 MC3431 Motorola 170 
7520 Signetics OS7534 National MC3432 Moiorola 
S<;35520 t Silicon G OS7535 National MC3433 Motorola 
SG5521 t Silicon G 75232 Signetics OS3651 National 
SG7520 Silicon G SG5534 t Silicon G OS3653 National 
SG7521 Silicon G SG5535 t Silicon G Hex MOS Sense Amplifier (MOS to TIL Converter) SN5520 tTi SG7534 Silicon G 
SN7520 TI SG7535 Silicon G 

Three-State 
OSl605 tNationai 

Dual Core Memory Sense Amplifier, Single Open 40 SN55232 tn OS1606 t National 
Collector Output SN75232 TI OS1607 tNationai 

OS5522 t National Dual Core Memory Sense Amplifier, Separate Open 110 OS1608 tNational 180 
OS5523 t National Collector Outputs, Test Points OS3605 National 
OS7522 National 5538 t Fairchild OS3606 National 
7522 Signetics 5539 t Fairchild OS3607 National 
SG5522 t Silicon G 5580 Fairchild DS3608 National 
SG5523 Silicon G 7539 Fairchild Hex MOS Sense Amplifier, Open Collector (for 1103) 
SG7522 Silicon G OS5538 t National 3208A Intel 
SG7523 Silicon G OS5539 t National 

, SN5522 tTl 50 OS7538 National Hex MOS Sense Amplifiers with latches, Three-State 

SN7522 TI OS7539 National 3408A Intel 

Dual Core Memory Sense Amplifier, Output Register SG5538 tSilicon G 120 4-lnput Sense Amplifier (for plated wire or thick/thin 

SN7526 TI SG5539 tSilicon G film memories) 190 
SG7538 Silicon G MC1444 Motorola 

Dual Core Memory Sense Amplifier, Separate SG7539 Silicon G MC1544 t Motorola 
Outputs, Test Points 

MOS to TIL level Converter, High Speed, 5528 t Fairchild 
5529 t Fairchild ThreelState 

7528 Fairchild MC4000 Motorola 

7529 Fairchild MC4300 t Motorola 

OS5529 tNationai 60 Oual Sense Amplifier (for MOS Memory or line 130 
OS7528 National receiver) 
OS7529 National OS163 tAMO 
7528 Signetics OS363 AMO 
SG5528 t Silicon G OSl603 tAMO 
SG7528 Silicon G OS3603 AMO 
SG5529 t Silicon G OS3604 AMO 
SG7529 Silicon G SN75207 AMO 
SN5528 tTl SN75208 AMO 

(Continued) (Continued) 

t Military T ernperature Range (-55· to 125·C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

INTERFACE-Transmitters-Receivers 

Max Serial Max Serial 
Data Rate Supply Data Rate SuwIY 

Function in KHZ Voltage Device Source Une Function in KHZ Voltage Source l.ile 

Serial Transmitters-Receivers Serial TransmiHers-Receivers (Cont'd.) 

(ACIA) Asynchronous Communications Interface Adapter UART (Universal Asynchronous Receiver-Transmitter) 
(Unks 8-Bit bidirectional data bus to serial asynchronous complete serial to parallel and parallel to serial interface) (Cont'd.) 
data communications, including to 6860) 12.5 -12.5 S1883 AMI (629) 

50 S6850 AMI (1818) 
AY6-1 013 F6850 Fairchild 20 -12,5 tGI 

(1887,1891) TR1402 Western 

H046850 Hitachi TR1602 Western 

MC6850 Motorola (1977) 25 -12,5 COM2017 SMC 

Asynchronous Addressable ReceiverlTransmitter COM2502 SMC 

4.8 3-18 MC14469 Motorola (788) 30 AY3-1 0150 GI 
Digital Modem (Modulation, demodulation and supervisory COM8017 SMC 
control, up to 600bps.) 

4.8 3-18 F6860 Fairchild 

PSAR (Programmable Synchronous-Asynchronous 
Receiver) Synchronous I Asynchronous serial to parallel 

40 converter with programmable character length and 
programmable serial data rate. 

100 
20 

640 50 

80 Q) 
"C 

PSAT (Programmable Synchronous-Asynchronous :::J 
Transmitter) Synchronous I Asynchronous parallel to serial (!) 
converter that has programmable character length and 

C programmable serial data rate. 
0 100 -12,5 AY8-1482B GI .... 

PT1482B Western 0 
200 -12,±5 NC2257 Nitron ~ 

NC2260 . Nitron Q) 

en 
Harris '-

PSART (Programmable Synchronous-Asynchronous tHarris Q) .... 
Receiver-Transmitter) Serial to parallel and parallel to Hams 90 C/) 

serial converter that can operate in Full Duplex Mode. Intersil ~ 

50 5 8251 Intel tlntersil ~ 
J.lPD8251 NEe Micro (2204) Intersil 

80 5,12 3843-3 Fairchild tlntersil 

(1887,1892) SMC 

100 5,12 3843-2 Fairchild 
(1887,1892) 40 

320 5,12 3843-1 . Fairchild 
(1887,1892) 375 

BOART (Bus Orientated Programmable Asynchronous 100 
Receiver IT ransmitter 

9.6 TR1983 Western 400 

SOLC/HOLCI AOCCP Controller 
1500 S01933 Western 

Synchronous Receiver/Transmitter (Bi-Sync/SDLC) 
800 ±5,12 J.lPD379 NEC Micro 50 

SPCC (Sync-Protocol Communications Controller) Bit and 
Byte Orientated 

1000 F3846 Fairchild 
(1887,1892) 110 

F6856 Fairchild 
(1887,1892) 

UART (Universal Asynchronous Receiver -Transmitter) USART (Universal Synchronous I Asynchronous 

complete serial to parallel and parallel to serial interface) Receiver IT ransmitter) 

1.2 ·12,5 10371 Rockwell 56 TR1953 Western 

10 -12.1 5 S1757 AMI 60 256 5,12 3843 
1892) 

t Military Temperature Range (-55' to 125'C) * Typical Values 
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INTERFACE-Transmitters-Receivers (Cont'd) 

Max Serial Max Serial 
Data Rate Supply Data Rate Supply 

Function in KHZ Voltage Device Source Line Function in KHZ Voltage Device Source Line 

Serial 
. , ... (Com-a.) I. ..... -.~ 

USYNRT (Universal Synchronous Receiver/Transmitter) 
Multi-Protocol, Bit and Byte Oriented 

1500 5,12 COM5025 SMC 

MPCC (Multi-Protocol Communications Controller) Bit and 
Byte Oriented 

500 5 2652 Signetics (2306) 

Universal Communications Interface (receives or transmits 
data to serial data bus when addressed and commanded 
by bus. links the bus to serial or parallel I/O devices) 

500 -10,5 UMC-16 Trans-Data 

~ ASTRO (Asynchronous/Synchronous .. 
ReceiverlTransmitter) to interface serial communications 10 

~ channel with a parallel digital system (i.e. 

r.: microprocessors) 

~ 
1000 12,±5 iNS1671 National 

COM1671 SMC 

~ UG1671 Western 

~ UC1671-01 Western 
UC1971 Western 

Baud Rate Generator (Programmable Divider) 
1000 12,5 COM5026 SMC 

COM5026T SMC 20 
Q) COM5046 SMC 
'C COM5046T SMC 
:J COM8046 SMC 
C) COM8046T SMC 

C 12,±5 F4702BC Fairchild 
0 F4702BM t Fairchild - HD4702·2 tHarris (1926) 
(.) 

HD4702·9 Harris (1926) Q) 

Q) HD6405-2 tHarris (1926) 

en HD6405-9 Harris (1926) 30 
MC14411 Motorola 

~ MM5307 National Q) -Baud Rate Generator (Programmable Divider), Dual en 
ctS 1000 12,5 COM5016 SMC 

~ COM5016T SMC 
COM5036 SMC 
COM5036T SMC 
COM8016 SMC 
COM8016T SMC 

12,±5 BR1941 Western 40 
BR1941-05 ' Western 
BR1941-06 Western 

t Military Temperature Range (-55' to 125'C) • Typical Values 

, Bold face indicates additional data is provided on the page noted. 

626 Ie MASTER 1979 



SUBSCRIBE TO ELECTRONIC PRODUCTS 
MAGAZINE. IT'S YOUR COMPLETE 
GUIDE TO EVERYTHING THAT'S NEW IN 
THE FAST-CHANGING WORLD OF 
ELECTRONIC PRODUCTS AND 
SYSTEMS. 

FEATURE STORIES every month on electronic products, applications and availability. 

FORUMS-Reports on meetings of manufacturers, users and dis­
tributors. Get the very latest news on a wide variety of products. 

NEW PRODUCT NEWS-Hundreds of new products are intro­
duced each month. You'll get the facts on not only what the new 
product is, but also where to get it, basic prices and current delivery. 

EP/IC UPDATE-Exclusive in ELECTRONIC PRODUCTS. A 
monthly report on everything that's new in the fast-moving world of 
integrated circuits. 

QUARTERLY PRODUCT REVIEW-Another exclusive in 
ELECTRONIC PRODUCTS. A complete report of every new elec­
tronic product introduced in the previous quarter. This feature is in 
the January, April, JUly and October issues. 

QUARTERLY PRODUCT PLANNING DIRECTORY-A 
compilation of the latest catalogs of a wide variety of electronic prod-
ucts and systems.· . 

OUTLOOK-Important industry news affecting electronic products 
and systems. 

COMPONENT CAPERS-A humorous look at the strange and 
wonderful world of electronics. 

MINI·GLOSSARIES, Quizzes arid more-Each and every month 
for over twenty years the readers of ELECTRONIC PRODUCTS 
learn something new about the products they work with and specify; 

If you are not now a subscriber, write to: 
Dorothy Renaud, ELECTRONIC PRODUCTS MAGAZINE, 645 Stewart Avenue,Garden City, NY 11530. 
Ask for a free qualification card. 

United Technical Publications, Inc., Div. of Cox Broadcasting Corp., 645 Stewart Ave., Garden City, NY 11530/(516) 222-2500 



Selection Guide 

CQmmunications Circuits 

Part No. Description Process 
Power Input/ 

Package 
Supplies Output 

S1883 Universal Asynchronous P_12 -12V, ± 5V TTL 40 Pin Plastic, 
Receiver/Transmitter (UART) 40 Pin SLAM 

S2350 Universal Synchronous N-SiGate +5V TTL 40 Pin Plastic 
Receiver/Transmitter (USRT) 40 Pin SLAM 

S2559A/B Digi tal Tone Generator CMOS +3.5V to +13V TTL-CMOS 16 Pin Plastic 
S2559C/D Digital Tone Generator CMOS +2.75 to +10V TTL-CMOS 16 Pin Plastic, 

16 Pin Cer-Dip 
S2560A/B Key Pulser CMOS +12V 18 Pin Package 
S2561 Tone Ringer CMOS +13.5V. 18 Pin Package 
S2562 Repertory Dialer CMOS, 40 Pin Package 

TouchControl™ Interface Circuits 

Part No. Description Process 
Power Input/ 

Packages 
Supplies Output 

S9260/61 Seven-Switch Interface P_12 -13.5V CMOS/TTL '22 Pin Plastic 
to -18V 

S9263/64/65 Sixteen -Switch Interface P_12 -13.5V CMOS/MOSt 40 Pin Plasti c 
to -18V TTL 

S9262 Fourteen-Switch Interface P_12 -13.5V MOS/TTL 22 Pin Plastic 
to -18V 

S9266 Thirty -Two -Switch Interface P_12 -13.5V MOS/TTL 40 Pin Plastic 
to -18V 

TCK-IOO TouchControl™ Kit 

The AMI TouchControl kit demonstrates the ease with which this unique system of capacitive switching may be imple­
mented. Included in the kit are a printed circuit board and AMI's S9263 TouchControl circuit. The printed wiring board, 
which has sixteen touch switches etched into its top surface, contains on its reverse side all the interconnection necessary 
to interface the S9263 outputs with sixteen light emitting diodes. Additional components required for the kit are readily 
available, and assembly of the kit should take less than an hour's time. 

The TouchControl™ Concept 

TouchControl™ panels replace mechanical switches with 
non-moving electronically sensitive glass (or other mater­
ial) panels that respond to the touch of a finger. The most 
apparent advantage of TouchControl is the visual appeal 
of a flat keyboard, which may be designed in a wide variety 
of patterns and colors. In addition to the advanced styl­
ling features, TouchControl also offers several practical 
benefits, such as the reliability of non-moving electronic 
controls and electrical isolation of the entire switch area. 
TouchControl also provides safety advantages, complete 
moisture proofing and ease of cleaning. Contact your 
nearest AMI Sales Office for additional information about 
the TouchControl concept. 
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Typical Applications 

• Appliance Control Panels 
• Home Entertainment Systems 
• Power Tool Controls 
• Television Sets 
• Automotive Controls 
• Telephones 
• Games 
,. Industrial Controllers 
• Computer Terminals 
• Keyboards 
• Instrumentation 
• 16-to01 Multiplexers 
• Microprocessor Interface 
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AMJI® 'S1883 

Universal Asynchronous Receivern-ransmiHer 
(UART) 

NS8 NP8 POE N0B2 NDBI DB8 DB7 DB6 DB5 DB4 DB3 062 DBI m 
1361 1351 1381 (371 1381 1331 1321" (311 (301 1291 .(29: (271 (261 (231 

TBMT 
(221 

Vss 
VGG 

~ 
ROB 
RD7 
RD6 
RDS 

., TCP 
POE 
NOB1 
NOB2 
NS8 
NPB 
C5 
OBI 

1-+--1---4-_ TSO RD4 DB7 
(25) RD3 51883 DB6 

RD2 DBS 
1-+--I-_-4-_TEDC RD1 DB4 ;:---7-I -+---t 

I 
1 
1 
1 

I 
I 
I 
I 

(:M) 
RPE DB3 
RFE DB2 
ROR DB1 
SWE TSO 
RCP 

TRANSMITTER TRANSMITTER 
tEOC 

RDA TD5 

1 : ODA TBMT 
RSl RESET t: 

~: 
-------------------n 

RECEIVER RECEIVER 

J---I-----4-r-, 1 (18) 

I OoA 
I 
I 
I 
I 

t------- 2.IM ------.1 
(MAXI 

~ I 
~ I 

I 
I I L ____________________________________ -' 

1161 

RESET !:WI" 
1211-TO ALL REGISTERS 

RD7 RDS RD3 RDI 

SI883 BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION 

FEATURES 

• 
• 
• 
• 
• 

12.5 K Baud Data Rates 

5-8 Bit Word Length 

Parity Generation/Checking Odd, Even, None 

Framing and Overflow Error Detection 

1, 1.5, or"2 Stop Bits 

FUNCTIONAL DESCRIPTION 

The S 1883 Universal Asynchronous Receiver Transmitter 
(UART) is a single chip MOS/LSI device that totally replaces 
the asynchronous parallel to serial and serial to parallel 
conversIon logic required to interface a word parallel con­
troller or data terminal to a bit serial communication network. 

For asynchronous data transmission with a non-contiguous 
data bit stream, the UART automatically inserts a START bit 
preceding each character and under program control 1, 1.5, or 
2 stop bits at the end of each character. To detect incoming' 
characters in a noisy environment the UART employs a 
START bit detection network and allows errorless recovery of 
data with up to 42% distortion. 

The UART will transmit or receive data characters of 5, 6,7, 
or 8 bit length. Options allow the generation and checking of 

©IC MASTER 1979 

• 
• 
• 
• 

Double Buffered Input/Output 

Independent Transmit/Receive Rates 

Start and Stop Bits Generated and Detected 

Interchangeable with TMS6011, COM2017, 
TRI602, AY-S-1013 

• Tri-State Outputs 

odd, even parity or no parity. The odd or even parity bit is 
automatically added to the character length for transmission. 

The parity bit is removed, checked and an error nag set if 
incorrectly received. 

The data or baud rate at the receiver input and transmitter 
output are determined independently by external clock inputs. 
The clock inputs must be 16 times the data rate required at 
the serial input and output. The independent clocks allow for 
either half or full duplex operation. 

The UART provides a buffer register in both the transmitter 
and receiver to allow a full character time for responding to a 
received data ready or transmit data request signal. The UART 
generates a MARK signal if the transmit register is not loaded 
with a data character and also indicates an overflow error if 
two characters are received without a RDA input. 
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TYPICAL APPLICATIONS 

• 
• 
• 

Computer Peripherals 
Communication Concentrators 
Integrated Modems 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature Under Bias ....... . 
Storage Temperature .............. . 
Positive Voltage on Any Pin with Respect to VSS 
Negative Voltage on Any Pin with Respect to VSS 

• 
• 
• 

Industrial Data Transmission 
TTY Terminals 
Time Division Multiplexing 

. . O°C to +70°C 
-65°C to + 150°C 

. . +.3 Volt 
.... -20.0 Volt 

NOTE: Stresses greater than those listed as Maximum Ratings may cause permanent damage to the device. Functional operation of the device at 
these or any other conditions above those indicated in the operation section of this specification are not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

DC (STATIC) CHARACTERISTICS TA = 0° - +70°C, VSS = +5 Volt ±5%, VGG = -12 Volt ±5% 

I Symbol I Parameter Min Max Unit 
, 

Condition 

VIH Input High Voltage VSS -1.0 VSS +0.3 Volt Internal Pull-up 

VIL Input Loy; Voltage VGG 0.8 Volt Resistor Provided 

III Input Load Current -1.2 mamp VIN == 0 Volt 

VOH Output High Voltage 2.4 Volt IOH = - 100 uamp 

VOL Output Low Voltage .4 Volt IOL = 1.6 mamp 

CIN Input Capacitance 20 pf VIN = VSS 

COUT Output Capacitance 10 pf VOUT = VSS 

ISS VSS Supply Current 30 mamp SWE = ROE = VIL 

IGG VGG Supply Current 40 mamp ITTL Load 

AC (DYNAMIC) CHARACTERISTICS TA = O°C - +70°C; VSS = +5 Volt ±5%; VGG = -12 Volt ±5% 

Symbol Parameter Min Max Unit Condition 

TCP,RCP Clock Frequency DC 200 KHz 

Input Pulse Widths 

PWTCP Transmit Clock 2.5 usec CL = 20pf 

PWRCP Receive Clock 2.5 usec 1 TTL Load 

PWCS Control Strobe 250 nsec 

PWTDS Transmit Data Strobe 250 nsec 

PWRST RESET 1.0 f-lsec 

PWSWE Status Word Enable 500 nsec 

PWRDA Reset Data Available 500 nsec 

PWRDE Receive Data Enable 250 nsec 

Switching Characteristics 

tCDS Control Set Up Time 0 nsec Figure 1 

tCDH Control Hold Time 20 nsec Figure 1 

tOE Output Enable Time 500 nsec 

toD Output Disable Time SOp nsec 
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TIMING WAVEFORMS (FigUre I) 

PIN DEFINITIONS 
Pin 

(l) 

(2) 

(3) 

(21) 

(38) 

(37) 

(36) 

(35) 

(39) 

(34) 

(26) 
(27) 
(28) 
(29) 

(30) 
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CONTROL 

INPUTS~l-____ ---JV 
CS r 

_------....1 '! 'llt,...o. __ 

'-.i - TeDs . 0 nsec 
-';1-

! : TecH 20nsec 

~~S~-----------' ____ J X~ _______ _ 

1m 

Label 

VSS 

VGG 

VDD 

RESET 

NDBI 

NDB2 

NSB 

NPB 

POE 

CS 

OBI 
DB2 
DB3 
DB4 

DB5 

--j 
k'H ) 
~os -' On_ 

+5 Volt ± 5% 

-12 Volt ± 5% 

Ground 

I 

I 
~ 
: TecM 20 nsec 

Function 

The transmitter status outputs TBMT and TEOC are set to VOH indicating the input trans­
mitter buffer register is empty. The TSO output generates VOH or MARK until a valid 
data character has been loaded into the transmitte~ and valid data transmission begins. The 
receiver status output ODA,is reset to the VOL state. 

Number Data Bits/Character 

Number Data Bits/Character 

Number Stop Bits 

The bit length of each data character and the number of stop bits added to each transmitted 
character are defined by these three inputs. 

The character word length' does not include the parity bit and is common to both the 
transmitter and receiver if operating in the full duplex mode. 

NSB NDB2 NDBI BITS/CHARACTER STOP BITS 

VIL VIL VIL 5 

VIL VIL Vm 6 

VIL· VlH VIL 7 
VIL VlH Vm 8 I 
Vm VIL VIL 5 1.5 
Vm VIL' Vm 6 2 
Vm VIH VIL 7 2 
Vm VIH Vm 8 2 

NO PARITY BIT. A VIH eliminates the PARITY bit from being transmitted causing the 
STOP bites) to immediately follow the last data bit. The receiver assumes the bites) following 
the last data bit to be STOP bits. The RPE outpUt is also forced to a VOL conditioh. 

PARITY ODD/EVEN. If the NPB input is VIL the parity mode is ODD if POE is VIL and 
EVEN if POE is VIH. 

The parity mode is the same for both the transmitter and receiver. 

CONTROL STROBE. A Vm loads POE, NOB I, NDB2, NPB, NSB into the CONTROL 
HOLDING REGISTER. 

To load the control inputs tor statk operation CS can be hard-wired to VlH. 

TRANSMITTER DATA BITS. Input data on DBI-DB8 are strobed into the DATA INPUT 
HOLDING REGISTER by TDS. 
Input data is assumed right justified so OBI is always the l~ast significant bit and is the bit 

S1883 
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Pin 
(3]) 
(32) 
(33) 

(23) 

(25) 

(22) 

(24) 

(40) 

(17) 

! 

(20) 

(12) 
(11) 
(10) 
( 9) 
( 8) 
( 7) 
( 6) 
( 5) 

( 4) 

(19) 

(is) 

(15) 

(14) 

Label 
DB6 
DB7 
DB8 

TSO 

TBMT 

TEOC 

TCP 

RCP 

RSI 

RDI 
RD2 
RD3 
RD4 
RD5 
RD6 
RD7 
ROS 

RDE 

ODA 

ROR 

RFE 

, Function 
• transmitted following the START bit. For data words less than eight bits, the unused bits are 
don't care inputs. 

TRANSMITTER DATA STROBE. A VIL enters data on the DB]-DB8 inputs into the 
INPUT HOLDING REGISTER. If the transmitter is in the idle state with both TBMT and 
TEO<;: at VOH, the START bit will be generated on the first negative transition of the input 
clock rep following the return of TDS to a VIH state. 

TRANSMITTER SERIAL OUTPUT. Data entered on DBI-DB8 are serially transmitted on 
TSO. A START (SPACE) bit precedes each character. A PARITY bit, if selected, and the 
correct number of STOP bits follow the last valid data bit. 

The TSO output is VOH (MARK) when a valid character is not being transmitted. 

TRANSMITTER BUFFER EMPTY. A VOH indicates the character in the INPUT 
HOLDING REGISTER has been transferred into the transmitter and a new character may be 
loaded into the INPUT HOLDING REGISTER. One complete character time (START BIT, 
DATA BITS, PARITY BIT, AND STOP BIT(S» is available to load the next character. Ifa 
TDS is not generated within the time allotted, the TSO output will go into an idle state of 
VOH or a MARK condition. TBMT will iemain in the tri state mode unless SWE is a UZL. 

TRANSMITTER END OF CHARACTER. A VOL to VOH transition indicates the 
transmission of the character· and stop bits have been completed. The VOH is maintained 
until the leading edge of the next START bit (MARK to SPACE transition) is generated. 

TRANSMITTER CLOCK PULSE. The transmitter input clock must be 16 times faster than 
the desired baud rate at TSO. 

RECEIVER CLOCK PULSE. The receiver input clock must be 16 times the baud rate of 
data received on RSI. 
RE~EIVER SERIAL INPUT. Serial input data is received on RSI at a baud rate 1/16th the 
rate of RCP. The VIH to VIL (MARK to SPACE) transition beginning each START bit 
synchronizes the receiver to the incoming data. Data is assumed to be received least 
significant bit first. 

RECEIVER DATA. Data outputs from the DATA OUTPUT HOLDING REGISTER are 
active only when ROE is a VIL. The eight data outputs are in a tri-state mode if RDE is a 
VIH. Data is presented at the outputs right justified with RDI the least significant bit. For 
data word lengths less than S bits the unused bits will appear as VOL. 

RECEIVER DATA ENABLE. A VIL enables data in the DATA OUTPUT HOLDING 
REGISTER to the RECEIVER OAT A output pins. 
For an output configuration not requiring a tri-state condition for RDI-RDS the ROE input 
can be tied directly to ground enabling the data outputs at all times. 

OUTPUT DATA AVAILABLE. A VOH indicates a complete character has been received 
and transferred to the DATA OUTPUT HOLDING REGISTER. The ODA output will be in 
the tri-state mode unless SWE is a VIL. 

For contiguous data inputs on RSI data will remain in the holding register one character 
time before being lost. 

RESET DATA AVAILABLE. A VIL resets the ODA to a VOL. IfODA is not reset by RDA 
the ROR will be set when the next complete character is received and transferred to the 
DATA OUTPUT HOLDING REGISTER. 

S1883 

RECEIVER OVERRUN. A VOH indicates a second character has been received and 
transferred to the DATA OUTPUT HOLDING REGISTER without an intervening RDA.lf 
the previously received character has not been unloaded from the register the next character 
will be loaded and the first character lost. ROR will rbmain in the tri-state mode unless SWE 
is a VIL. 
RECEIVER FRAMING ERROR. A VOH indicates a correct STOP bit was not received 
follOWing the START bit and correct number of data bits. RFE will remain in the tri-state 
mode unless SWE is a VIL. 
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Function Pin 
(13) 

Label 

RPE RECEIVER PARITY ERROR. A Vas indicates the accumulated parity on tne received 
character does not compare with the parity mode set by POE. RPE will remain in the 
tri-state mode unless SWE is a VIL. 

(16) SWE STATUS WORD ENABLE. A VIL enables the status outputs aDA, ROR, RFE. RPE and 
IBMT on the respective output lines. When SWE is VlH all status outputs are in the tri-state 
mode. 

For output configurations not requiring a tri-state condition for the status outputs, SWE 
may be tied directly to ground. 

APPLICATION DATA 
Asynchronous data communications is typified by low data 
rates, non-contiguous data messages, and a MARK condition 
on the line between characters. As a result, each data character 
must be framed for recognition by START and STOP bits. The 
SI883 UART provides all the logic required to provide a 
complete full-duplex (transmit and receive simultaneously) 
asynchronous communication channel for baud rates up to 
9600 bps. Included in the SI883 capabilities are; automatic 
START and STOP bit generation and detection; PARITY 
generation and detection on variable length characters; tri-state 
outputs for data and status for data bus configurations, double 
buffering for less critical timing, and a' receiver allowing 
acceptance of data with up to 42% distortion. 

RECEIVER OPERATION 
Asynchronous communicatior\ line discipline dictates that 
each character, regardless of Width, mu~t be preceded by a 
START bit. The receiver input logic detects the VIH to VIL 
(MARK to SPACE) transition on the RSI line that is the 
leading edge of the START bit. For one half bit time after the 
leading edge, RSI is sampled for a VIL to insure a proper 
START bit was present. The following data bits are then 
clocked into the receiver in the center of each bit period. If 
RSI returns to the VIH condition before the mid-point of the 
START bit, the receiver returns to a search for a MARK to 
SPACE transition. ' 

If at the time of transfer bOA has not been reset by a RDA, 
indicating the previous character has not been read, the ROR 
error flag is set to VOH- The previous data character and status 
will be lost as the new character is loaded. One full character 
time is available, assuming contiguous data input at RSI, after 
OOA is set to read the output character. The data is available 
at the outputs ROI-R08 right justified with ROl the least 

TYPICAL DATA FORMAT 

MODE: 7 BIT CHARACTERS 
2 STOP BITS 
, PARITY BIT (EVEN) 

MARKING 

significant bit. For character widths less than 8 bits the unused 
outputs are forced to VOL. 

For data bus configurations the output data and -status are 
tri-state lines enabled by ROE and SWE respectively. For 
polled systems SWE can be strobed for detection of aDA and 
error conditions prior to reading data. For interrupt driven 
systems SWE can be tied directly to ground and aDA used as a 
data ready interrupt input. A minimum of one character time 
is available to test the remaining error status bits and input the 
data character. Typically the same signal can be used for ROE 
and RDA. 

TRANSMITTER OPERATION 
The transmit section of the S 1883 is reset to a MARK 
condition with VOH on TSO after receiving a pulse on, ~ 
RESET. Additionally, the transmitter is reset to a character « 
request mode with TBMT and TEOC both at VOH, If the 
character format is not static, the word length NOB 1 and 
-NOB2, parity mode NPB and POE, and number of stop bits 
NSB should be strobed into the UART with CS. 

If both the OAT A INPUT HOLDING REGISTER and the 
TRANSMITTER SHIFT REGISTER are empty the trans­
mitter is in the idle state with TSO, TBMT and TEOC all at 
VOH. The START bit for a data character loaded with a TDS 
pulse during the idle state is generated at the first negative 
transition of the TCP following the trailing edge of TDS. 
TBMT goes to VOL with the first TDS. As soon as the 
character is transferred from the INPUT HOLDING 
REGISTER to the SHIFT REGISTER, TBMT returns to a 
VOH and a second character can be loaded. Each character is 
transmitted with a START bit and 1, 1.5 or 2 stop bits 
controlled by the respective inputs. 

The TEOC is set to Vail after the generation of the last STOP 
bit indicating the complete character has been transmitted. 

NDB1-NPBzV IL 
NDB2 .. NSB = POE z VIH 

.....--... ___ ... M __ ARKING 

I I I 
START DBl DB2 DB3 DB4 DB5 DB6 DB7 PARITY STOP STOP 

BIT BIT BIT BIT 

MODE: 5 BIT CHARACTERS 
1.5 STOP BITS' 
1 PARITY BIT (ODD) 

MARKING 

START DBl 
BIT 

·1.5 stop bits generated only in the 5 bit/character mode. 
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DB3 DB4 

NOB' .. ND82" NPB" POE .. VIL 
NSB-VIH 
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S2350 

Universal Synchronous Receivern-ransmitter 
(USRT) 

GND Vee 

GNO 1. 40 NOB2 
Vee NOB, 
NPB TOS 
POE Rep 

INPUT DATA BUS B Tep 
TSO ROE 
FeT $WE 
SCR ROO 

TBMT RO, 
RPE S2350 R02 
ROR R03 
ROA R04 

fiR RDS 
RESET ROe 

00 R07 
0, RS. 
O2 TFS 
03 RSS 
04 07 
Os De 

1-«;::',--1 
I I 

BLOCK DIAGRAM PIN/PACKAGE CO~FIGURA TION 

FEATURES • Fill Character Register • Odd/Even or No Parity 

• 500 KHz Data Rates 
• Double Buffered Input/Output • Error Status Flags 

• Bus Oriented Outputs • Single Power Supply (+5v) 
• Internal Sync Detection • 5 -8 Bit Characters • Input/Output TTL Compatible 

FUNCTIONAL DESCRIPTION 

The S2350 Universal Synchronous Receiver Transmitter 
(USRT) is a single chip MOS/LSI device that totally replaces 
the serial to· parallel and parallel to serial conversion logic 
required to interface a word parallel controller or data terminal 
to a bit-serial, synchronous communication network. 

The USRT consists of separate receiver and transmitter 
sections with independent clocks, data lines and status. 
Common with the transmitter and receiver are word length and 
parity mode. Data is transmitted and received in a NRZ format 
at a rate equal to the respective input clock frequency. 

Data messages are transmitted as a contiguous character 
stream, bit synchronous with respect to a clock and character 
synchronous with respect. to framing or "sync" characters 
initializing each message. The USRT receiver compares the 
contents of the internal Receiver Sync Register with the in­
coming data stream in a bit transparent mode. When a compare 
is made, the receiver becomes character synchronous for-

634 

matting a 5, 6, 7, or 8 bit character for output each character 
time. The receiver has an output buffer register allowing a full 
character time to transfer the data out. The receiver status 
outputs indicate received data available (RDA), receiver over­
run (ROR), receive parity error (RPE) and sync character 

received (SCR). Status bits are available on individual output 
lines and can also be multiplexed onto the output data lines 
for bus organized systems. The data lines have tri-state 
outputs. 

The USRT transmitter outputs 5, 6, 7, or 8 bit charac­
ters with correct parity at the transmitter serial output (TSO). 
The transmitter is buffered to allow a full character time to 
respond to a transmitter buffer empty (TBMT) request for 
data. Data is transmitted in a NRZ format changing on the 
positive transition of the transmitter clock (TCP). The char­

acter in the transmitter fill register is inserted into the data 
message if a data character is not loaded into the transmitter 
after a TBMT request. 
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TYPICAL APPLICATIONS 

• 
• 
• 

Computer Peripherals 
Communica tion Concen tra tors 
Integrated Modems 

ABSOLUTE MAXIMUM RATINGS 

Ambient temperature under bias 
Storage temperature 
Positive voltage. on any pin with respect to GROUND 
Negative voltage on any pin with respect to GROUND 
Power dissipation 

DC (STATIC) CHARACTERISTICS. 
VCC = +SV ±SV ±S%, TA = 2SoC unless otherwise noted. 

. Symbol Parameter 

VIH Input High Voltage 

VIL Input Low Voltage 

IlL Input .Leakage Current 

VOH Output High Voltage 

VOL Output Low Voltage 

CIN Input Capacitance 

COUT Output Capacitance 

ICC V CC Supply Current 

Min. 

2.0 

- 0.5 

' 2.4 

• 
• 
• 

'82350 

High Speed Terminals 
Time Division Multiplexing 
Industrial Data Trammission 

Max . Unit 

VCC Volt 

+0.8 Volt 

lO ga 

Volts 

+0.4 Volts 

10 pf 

12 pf 

100 rna 

O°C to + 70°C 
-6SoC to +lSO°C 

+7 volt 
-0.5 volt 
0.75 watt 

Condition 

VIN = OTO VCC 
Volts 

IOH = -1001la 

IOL = 1.6ma 

} VIN ;, 0 Volt 
f= 1.0 MHZ 

No Load 

"'Electrical characteristics included in this advanced product description are objective specifications and may be subject to change. 

AC (DYNAMIC) CHARACTERISTICS 
V CC = +SV ±5%, T A = 25°C unless otherwise noted. 

Symbol Parameter Min. Max. Unit Condition 

TCP,RCP Clock Frequency DC 500 KHz 

Input Pulse Widths 

PrCP Transmit Clock 900 nsec CL = 20pf 

PRcP Receive Clock 900 nsec ITTL Load 

PRST Reset 500 nsec 

PIDS Transmit Data Strobe 200 nsec 

PIFS Transmit Fill Strobe 200 nsec 

PRss Receive Sync Strobe 200 nsec 

PCS Control Strobe 200 nsec 

PRDE Receive Data Enable 400 nsec Note 1 

PSWE Status Word Enable 400 nsee Note 1 

PRR Receiver Restart 500 nsec 
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AC (DYNAMIC) CHARACTERISTICS (CONT'D) 
SWITCHING CHARACTERISTICS 

TTSO Delay, TCP Clock to Serial Data Out 

TTBMT Delay, TCP Clock to TBMT Output 

TTBMT Delay,. TDS to TBMT 

TSTS Delay, SWE to, Status Reset 

TRDO Delay, SWE, RDE to Data Outputs 

THRDO Hold Time SWE, RDE to Off State 

TDTS ' Data Set Up Time TDS,TFS, RSS, CS 

TDTH Data Hold Time TDS 

TDn Data Hold Time TFS, RSS 

52350 

700 nsec 

1.4 J.Lsec 

700 nsec 

700 nsec 

400 nsec ITTL Load 

400 nsec CL = 130pf 

0 nsec 

700 nsec 

200 nsec 

I TCNS I Control Set Up Time NDB 1, NDB2, NPB, POE I 0 I nsec I 
TCNH 

I 
Control Hold Time NDBI, NDB2, NPB, POE 

I 
200 

I 
nsec 

TRDA Delay RDE to RDA Output 

NOTE 1: Required to reset status and flags. 

TIMING WAVEFORMS 

RESET 

IICI' 
Tel' 

636 

700 nsec 

TCP 

TSO '--
TBMT 

~---"'" 

RDO· R07 ---..... < 

STS ----t------+-~--~ 

...... ----TsTs+-~I__-.... f'---------
ROA-----------------+-~-----------~ 

RR------~~----PAA-----~I,.--------------------
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TRANSMITTER TIMING DIAGRAM 

Tep 

-..f ~NOTE 1 I 
_R_ES_ET ____ ~n~ ________________________ ~ __ ~---------------------------

I I 

--,---

r r I, 
I 

u u u 
I u 

NOTE 1 DATA TRANSMISSION WILL START ON THE FIRST LOW TO HIGH TRANSITION OF TCP AFTER 
RESET IS LOW. THE INITIAL RESET PULSE SHOULD NOT OCCUR UNTIL 100 MICROSECONDS 
AFTER POWER IS APPLIED. = 

RECEIVER TIMING DIAGRAM 

RCP 

r-

__ R_ES_ET __ ~r1~ ______________________________________________________ ___ 

I 
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AMI® 

Features 

o Wide Operating Supply Voltage Range: 3.5 to 
13 Volts (A, B) 2.75 to 10 Volts (C, D) 

o Low Power CMOS Circuitry Allows Device 
Power to be Derived Directly from the Tele­
phone Lines or from Small Batteries, e.g., 9V. 

o Uses TV Crystal Standard (3.58MHz to Derive 
all Frequencies thus Providing Very High 
Accuracy and Staoility 

o MUTE and Transmitter Drivers On Chip 
o Interfaces Directly to a Standard Telephone 

Push-Button or Calculator Type X-V Keyboard 
o The Total Harmonic Distortion is Below 

Industry Specification 
o On Chip Generation of a Reference Voltage 

to Assure Amplitude Stability of the Dual 
Tones Over the Operating Voltage and Tem­
perature Range 

o Dual Tone as well as Single Tone Capability 
o Four Options Available: 

A: 3.5 to l3V Mode Select 
B: 3.5 to l3V Chip Disable 
c: 2.75 to lOV Mode Select 
D: 2.75 to 10V Chip Disable 

Block Diagram 

638 

S2559A1B/C/D 

DIGITAL 
TONE GENERATOR 

General Description 

The S2559 Digital Tone Generator is specifically de­
signed to implement a dual tone telephone dialing 
system. The device can interface directly to a standard 
pushbutton telephone keyboard or calculator type 
X-Y keyboard and operates directly from the tele­
phone lines. All necessary dual-tone frequencies are 
derived from the widely used TV crystal standard pro­
viding very high accuracy and stability. The required 
sinusoidal waveform for the individual tones is digitally 
synthesized on the chip. The waveform so generated 
has very low total harmonic distortion. A voltage ref­
erence is generated on the chip which is stable over 
the operating voltage and temperature range and regu­
lates the signal levels of the dual tones to meet the 
recommended telephone industry specifications. 
These features permit the S2559 to be incorporated 
with a slight modification of the standard 500 type 
telephone basic circuitry to form a pushbutton dual­
tone telephone. Other applications of the device in­
clude radio and mobile telephones, remote control, 
Point-of-Sale, and Credit Card Verification Terminals 
and process control. 

Pin Configuration 

Vou 

Ct 

C3 

Vss 

ascI 

asca 

Rt 

R2 

R3 

R4 

C4 
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S2559A1B/C/D 

Absolute Maximum Ratings 

DC Supply Voltage (VDD - VSS) S2559 A,B . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. +13.5V 
DC Supply Voltage (VDD - VSS) S2559 C, D ........................................... +10.5V 
Operating Temperature ...................................................... -25°Cto +70°C 
Storage Temperature ...................................................... -55°C to +125°C 
Power Dissipation at 25°C .......................................................... 500mW 
Input Voltage ....................................................... -0.6 ~ Vin ~ VDD + 0.6 

S2559A & B Electrical Characteristics (Specifications apply over the operating temperature range of - 25° C to 
+70° C unless otherwise noted. Absolute values of measured parameters ar~ specified.) 

Symbol Parameter/Conditions 

Supply Voltage 
VDD Tone Out Mode with One Valid Key Depressed 
VDD Non Tone Out Mode (No Keys Depressed) 

Supply Current 

IDD Standby (No Keys Selected, Tone, MUTE and 
XMIT Outputs Unloaded) 

IOD Operating (One Key Selected, Tone, MUTE and 
XMIT Outputs Unloaded) 

Tone Output! 
Row 'Tone R L = 600n 

VOR Single Ton~ Row Tone RL = 320n 
Mode, Output 

Column Tone R L = 600n VOC Voltage 
Column Tone RL = 320n 

dBCR Ratio of Column to Row Tone 
% DIS Distortion (Any Dual Tone)* 

XMIT MUTE Outputs , 
XMIT, Output Voltage IOH = 15mA 

VOH High (Pin 2) IOH = 50rnA 
No Key Depressed 

VOL 
MUTE Output Voltage (Pin Ii)) Low 
No Key Depressed, No Load 

VOH One Key Depressed, No Load 

IOL MUT~ Output Sink VOL == 0.5V 
Current 

IOH 
MUTE Output Source VOH == 2V 
Current VOH = 9V 

Oscillator 

IOH Output Current I Sink VIL = 0.5V 

I Source VIH = 3.0V 
tsu Startup Time 

Input Currents 
Row, Column Inputs, VIH = 3.0V 

IIH Pull-up (Source) Current VIH = 12.5V 

Pull-down (Sink) Current VIL = 2.1V 
IlL 

VIL = 9.1V 

(VDD- VSS) 
Volts 

13.0 

5.0 

5.0 
12.0 
5.0 

12.0 
3'.5-13.0 
3.5-13.0 

3.5 
10.0 

3.5 
13.0 
3.5 

13.0 
3.0 

10.0 

3.0 
10.0 

3.5 
3.5 
3.5 

3.5 
13.0 
3;5 

13.0 

490 
440 
650 
590 
1.75 2.85 

1.5 
8.0 

2.6 
10.0 
0.2 
0.5 

0.5 
0.5 

0.34 
0.23 

130 J1A 

18 rnA 

660 rnVnns 
600 rnVnns 
880 rnVrms 
790 rnVnns 
3.7 dB 
10 % 

'V 
V 

0,4 V 
1.0 V 

V 
V 

rnA 
rnA 

rnA 
rnA 

rnA 
rnA 

6.0 rnS 

0,45 rnA 
1,48 rnA 
0.1 -rnA 
0.6 rnA 

*Distortion measured in accordance with the specification described in Ref. 1 as the "ratio of the total power of all extraneous 
frequencies in the voiceband above 500Hz accompanying the signal to the total power of the frequency pair." 

lAmplitude specification limits apply at room temperature (+25°C) only. 
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S2559A1B/C/D 

S2559C & D Electrical Characteristics (Specifications apply over the operating temperature range of -25°C 
to +70°C unless otherwise noted. Absolute values of the measured parameters are specified.) 

Symbol 

VDD 

IDD 

I 
VOR 

VOC 

dBCR 
%DIS 

VOH 

IOF 

VOL 

VOH 

IOL 

IOH 

IOL 

IOH 

IlL 

IIH 

IlL 

tSTART 

CI/O 

Parameter/Conditions 

Supply Voltage 

Tone Out Mode with Valid Key Depressed 
Non Tone Out Mode (No Key Depressed) 

Supply Current 
Standby (No Key Selected, Tone, XMIT 
and MUTE Outputs Unloaded) 

Operating (One Key Selected, Tone XMIT 
and MUTE Outputs Unloaded) 

Tone Outputl 

Row Tone, RL = 390n 
Single Tone Row Tone, RL = 240n 
Mode Output 

Column Tone, RL = 390n 
Voltage 

Column Tone, RL = 240n 
Ratio of Column to Row Tone 
Distortion (Any Dual Tone)* 

XMIT, MUTE Outputs 

XMIT, Output Voltage, High (IOH = 15mA) 
(No Key Depressed) (Pin 2) (IOH = 50mA) 

XMIT, Output Source Leakage Current, 
VOF = OV 

MUTE (Pin 10) Output Voltage, Low, 
(No Key Depressed), No Load 

MUTE, Output Voltage, High, 
(One Key Depressed), No Load 

MUTE, Output Sink Current VOL = 0.5V 

MUTE, Output Source VOH = 2.5V 
Current VOH = 9.5V 

Oscillator Input/Output 

Output Sink Current VOL = 0.5V 
One Key Selected VOL = 0.5V 

Output Source Current VOH = 2.5V 
One Key Selected VOH = 9.5V 
Input Current 
Leakage Sink Current, 

VIL = 10.0V One Key Selected 
Leakage Source Current 

VIH = O.OV One Key Selected 
Sink Current VIL = 0.5V 
No Key Selected VIL = 0.5V 

Oscillator Startup Time 

Input/Output Capacitance 

(VDD- VSS) 
Volts 

3.0 
10.0 
3.0 

10.0 

5.0 
10.0 
5.0 

10.0 
3.0-10.0 
3.0-10.0 

-
3.0 

10.0 

10.0 

2.75 
10.0 
2.75 
10.0 
3.0 

10.0 
3.0 
10.0 

3.0 
10.0 
3.0 

10.0 

10.0 

10.0 

3.0 
10.0 
2.75 
10.0 
3.0 

10.0 

1 Amplitude specification limits apply at room temperature (+250 C) only. 

640 

Units 

V 
V 

0.3 30 pA 
1.0 100 pA 
1.0 2.0 rnA 
8.0 16.0 rnA 

424 546 667 mVnns 
376 501 626 mVnns 
573 731 889 . mVrms 

504 672 840 mVrms 
1.75 2.54 3.75 dB 

I 10 % 

1.5 1.8 V 
8.5 8.8 V 

100 pA 

0 0.5 V 
0 0.5 V 

2.25 2.75 V 
9.5 10.0 I V 

0.53 1.3 rnA 
2.0 5.3 rnA 

0.17 0.41 rnA 
0.57 1.5 rnA 

0.21 0.52 rnA 
0.80 2.1 rnA 
0.13 0.31 rnA 
0.42 1.1 rnA 

1.0 pA 

1.0 pA 

47 93 p.A 
65 130 pA 

0.4 1.2 mS 
0.25 0.75 mS 
12 16 pF 
10 14 pF 
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AMJI@ 
S2559C & 0 Electrical Specifications (continued) 

Symbol Parameter /Conditions 

Input Currents 

Sink Current, 
VIL = 3.0V (Pull-down) 

IlL Sink Current, 
Row & VIL = 10.0V (Pull-down) 
Column Inputs Source Current, 

VIH = 2.5V (Pull-up) 
IIH Source Current, 

VIH = 9.5V (Pull-up) 
Source Current, 

Mode Select VIH = O.OV (Pull-up) 
IIH Input (S2559C) Source Current, 

VIH = O.OV (Pull-up) 
Sink Current., 

Chip Disable VIL = 3.0V (Pull-down) 
IlL Input (S2559D) Sink Current, 

VIL = 10.0V (Pull-down) 

(VDD-VSS) 
Volts 

3.0 

10.0 

3.0 

10.0 

3.0 

10.0 

3.0 

10.0 

S2559A1B/C/D 

Units 

6.5 16 I1A 

9.2 24 I1A 

85 210 I1A 

280 740 I1A 

1.4 3.3 I1A 

18 46 I I1A 

3.9 9.5 I1A 

55 143 I1A 

*Distortion measured in accordance with the specification described in Ref. 1 as the "ratio of the total power of all extraneous 
frequencies in the 'voiceband above 500Hz accompa:nying the signal to the total power of the frequency pair." 

Table 1. Comparisons of Specified vs Actual Tone Frequencies Table 2. XMIT and MUTI;: Output Functional Relationship 
Generated by S2559 

ACTIVE OUTPUT FREOUENCY Hz % ERROR 
INPUT SPECIFIED ACTUAL SEE NOTE 

OUTPUT 'DIGIT' KEY 'DIGIT' KEY COMMENT 
RELEASED DEPRESSED 

Rl 697 699.1 +0.30 
R2 770 766.2 -0.49 

XMIT VOO High Impedance Can source at 
least 50mA at 

R3 852 847.4 -0.54 10V with 1.5V 
R4 941 948.0 +0.74 max. drop 
Cl 1,209 1,215.9 +0.57 
C2 1,336 1,331.7 -0.32 MUTE VSS VOO Can source or 
C3 1,477 1,471.9 -0.35 sink current 

C4 1,633 1,645.0 +0.73 

NOTE: % Error does not include oscillator drift. 
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Features 
o Low Voltage CMOS Process for Direct 

Operation From Telephone Lines 

o Inexpensive R-C Oscillator Design Provides 
Better than ±5% A~curacy Over Temperature 
and Unit to Unit Variations 

o Dialing Rate Can Be Varied By Changing the 
Dial Rate Oscillator Frequency 

o Dial Rate Select Input 'Allows Changing 
of 'the Dialing Rate by a 2: 1 Factor 
Without the Need of Changing Oscillator 
Components 

D 

D 

D 
D 

0 

Two Selections of Mark/Space Ratios 
(33-1/3/66-2/3 or 40/60) 
Twenty Digit Memory for Input Buffering 
and for Redial With Access Pause Capability 
Mute and Dial,Pulse Drivers on Chip 
Accepts Standard Telephone DPCf Keypad 
Arranged in a 2 of 7 Format; Also Capable 
of Logic Interface 
Ignores Multi Key Entries 

S2560AlS2560B 

KEY PULSER 

General Description 

The S2560 Key Pulser is a CMOS integrated circuit 
that converts pushbutton inputs to a series of pulses 
suitable for telephone dialing. It is intended as a 
replacement for the mechanical telephone dial and 
can operate directly from the telephone lines with 
minimum interface. Storage is provided for 20 digits, 
therefore, the last dialed number is available for 
redial until a new number is entered. 

Unique Features of S2560A (18 Pin Package) 

IDP scaled to the dialing rate such as to produce smaller 
IDP at higher dialing rates. Adciitionally, the IDP can 
be changed by a 2: 1 factor at a given dialing rate by 
means of the IDP select input. 

Unique Features of S2560B (24 Pin Package) 

Separate IDP oscillator for selecting an IDP indepen­
dent of the dialing rate. Provision for changing of the 
IDP by a 2: 1 factor without the need of changing ex­
ternal components. 

Alternating pacifier tgne output simulates dual tone 
effects coincident with each keyboard number entry. 

Data subject to change at any time without notice. These sheets transmitted for information only. 

Block Diagram 

KEYBOARD 
INPUTS 

642 

RD 
DIAL I C 
RATE I 0 

DSC RE 

AI 

lOP \ CI 

OSC I RJ 

PA elF I E R 
TONE 
OUT 

OP 

MuTE 

DRS IPS M'S TEST 

Pin Configuration 

TEST 24 HS 

R4 18 CJ 
RE 

Rl 17 C2 
RI 

R2 16 Cl 
CD 

RJ 15 IPS 
RD 

S2560 rip 
HS KEY 14 DRS 

RE 6 PUlSER IJ Voo 
Vss 

MiiIT 
CD 12 MIS 

MIS 
RO 11 MUTE 

DP 10 Vss 
C1 

Voo 

2J RJ 
22 PACIFIER TONE 

21 R2 

5 S2560 20 Rl 
6 KEY 19 R4 
1 PUlSER 18 CJ 
8 17 C2 

16 Cl 
10 15 NC 

11 14 IPS 

RJ 12 lJ DRS 

ADVANCED PRODUCT DESCRIPTION 
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S2560A/S2560B 

Absolute Maximum Ratings 

Supply Voltage +5.5V 
Operating Temperature Range 
Storage Temperature Range 
V oltage at Any Pin v SS - 0.3V to VDn + 0.3V 
Lead Temperature (Soldering, 10 Seconds) 

Electrical Characteristics Specifications apply over the operating temperature range and 1.5V :::;;; VDD to Vss 
:::;;; 3.5 V unless othenvise specified. Absolute values of the measured parameters are specified. 

VDD- VSS 
Symbol Parameter (Volts) Min. Max. Units Conditions 

Output Current Levels 

10LDP DP Output Low (Sink) 3.5 125 p.A VOUT=OAV 
Current 

10HDP DP Output High (Source) 1.5 20 p.A VOUT = 1V 
Current 3.5 125 p.A VOUT = 2.5V 

10LM MUTE Output Low (Sink) 3.5 125 p.A VOUT = OAV 
Current 

10HM MUTE Output High 1.5 20 p.A VOUT = 1V 
(Source) Current 3.5 125 p.A VOUT = 2.5V 

10LT Tone Output Low (Sink) 1.5 20 p.A VOUT = OAV 
Current 

10HT Tone Output High (Source) 1.5 20 p.A VOUT = 1V 
Current 

IDD Quiescent Current 3.5 1 p.A "On Hook" 
HS = VDD 

IIL,IIH Input Current Any 3.5. 1 10 p.A VIN = Open or VDtl 
Pin (Keyboard Inputs) 

IIL,IIH Input Current Any 3.5 100 nA VIN = VSS or VDD 
Other Pin 

IDD Operating Current 3.5 20 p.A DP, MUTE open, Irn=VSS 
("Off Hook") 
Keyboard processing and dial 
pulsing SPace fo = 2400Hz 

3.5 60 p.A DP, MUTE sourcing 20p.A, other 
conditions as above 

fo Oscillator Frequency 1.5 10. kHz 

Afo/fo Frequency Deviation 1.5 to -5 +5 % Fixed R-C oscillator components 
2.5 50kn .;;; RD';;; 750kn; 

2.5 to -5 +5 % 100pF.;;; CD* .;;; 3000pF; 
3.5 IMn..; RE';;; 5Mn 

*330pF most desirable value 

I 

for CD. Indicated and over the operating 
temperature range and unit to unit 
variations 

Input Voltage Levels 

VIH Logical "1" VDD VDD V 
- 0.25 

VIL Logical "0" VSS VSS + V 
0.25 

Cin Input Capacitance' 7.5 pF 
Any Pin 

The device power supply should always be turned on before the input signal sources, and the input signals should be turned off 
before the power supply is turned off (VSS .;;; VI .;;; VDn as a maximum limit). This rule will prevent over-dissipation and 
possible damage of the input-protection diode when the device power supply is grounded. 
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Features 

o CMOS Process for Low Power Operation 
o Operates Directly from Telephone Lines 

with Simple Interface 
o Also Capable of Logic Interface for 

Non-Telephone Applications 
o Provides a Tone Signal that Shifts Between 

Two Predetermined Frequencies at 
Approximately 16Hz to Closely Simulate 
the Effects of the Telephone Bell 

o Push -Pull Output Stage Allows Direct Drive, 
Eliminating Capacitive Coupling and 
Provides Increased Power Output 

o 50m W Output Drive Capability at 10V 
Operating Voltage 

52561 

TONE RINGER 

o Auto Mode Allows Amplitude Sequencing 
such that the Tone Amplitude Increases in 
Each of the First Three Rings and Thereafter 
Continues at the Maximum Level 

o Single Frequency Tone Capability 

General Description 

The S2561 Tone Ringer is a CMOS integrated circuit 
that is intended as a replacement for the mechanical 
telephone bell. It can be powered directly from the 
telephone lines with minimum interface and can 
drive a speaker to produce sound effects closely 
simulating the telephone bell. 

Data subject to change at any time without notice. These sheets transmitted for information only. 

Block Diagram 

SFS 

OSCT~ 

OSCT'1l 

OSCTo 

OSCR, 

OSCRm 

OSCRo 

5110HJ 
jP40'" 

644 

o 
fN 

],,'\ 

FtlTfR 

TONE 
OSC 

POE 

VOLTAGE 
SENSING 
CIRCUIT 

po. 

DIAL PULSE 

REJECTFILHR 

11 
WU' 

POR 

TONE 

AMPLITUDE 
SEQUENC''''G 

COUNTER 

OUTPUT 
STAGE 

12V 

r-----Cl0UTL 

r-----ClOU™ 

r-__ --ClOUTc 

~ 
VOO VSS 

Pin Configuration 

ADVANCED PRODUCT DESCRIPTION 
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52561 

Absolute Maximum Ratings 

Supply Voltage +12V 
Operating Temperature Range 
Storage Temperature Range 
V oltage at Any Pin Vss - O.3V to Voo + O.3V 
Lead Temperature (Soldering, 10sec) 

Electrical Characteristics Specifications apply over the operating temperature range and 3.5V ~ Voo to Vss 
< 12V unless otherwise specified. 
Symbol Parameter Min. Max. Units Conditions 

VOS Operating Voltage (VOO to VSS) 8.0 13.5 V Ringing, THC pin open 

VOS Operating Voltage 4.0 V "Auto" mode, non-ringing 

lOS Operating Current 500 JJ.A Non-ringing, VOO = 10V, THC 
pin open, 01 pin open or V SS 

lOS Operating Current 25 JJ.A Non-ringing, VOO = 6V, THC 
pin open 

Output Orive 

IOHC ! Output Source Current 5 mA VOO = 10V, VOUT = 9V 
i (OUTH, OUTC outputs) 

IOLC I Output Sink Current S mA VOO = 10V, VOUT = O.SV ·1 
(OUTH, OUTC outputs) 

IOHM Output Source Current 2 rnA VOO = 10V, VOUT = 9V 
(OUTM output) 

IOLM i 
Output Sink Current 2 rnA VOO" 10V, VOUT" O.SV 

i (OUTM output) 

fOHL Output Source Current 1 rnA VOO" 10V, VOUT· 9V 
(OUTL output) 

lOLL Output Sink Current 1 mA VOO· 10V, VOUT • 0.5V 
I 
I (OUTL output) 

CMOS to CMOS 

VIH Input LOlic "l" Level 0.7 VOO VOO + 0,3 V Allinputl 

VIL Input LOlic "0"Level VSS w 0,3 0,3 VOO V Allinputl 

VOHR Output Lolic 111'1 Level (Rate output) O,9VDO V 10 • 10~A (Source) . 
VOLR Output LOllc "0" Level (Rate output) I 0,5 V 10 • 10~A (Sink) I , 
VOz Output Leakale Current 1 IJoA VOO· 10V, VOUT· OV 

(OUTH, OUTM outputl in h.lih =1 
impedance Itate) 

IJoA VOO • 10V, VOUT • 10V 

Cin Input Capacitance 7.5 pF Any pin 
Afo/fo Oscillator Frequency Oeviation -5 +5 % Fixed RC component values 

IMn < Rsi, Rti < 5Mn I 
100kn < Rsm, Rtm < 750kn 
150pF <; Cso , Cto < 3000pF 
330pF recommended value of Cso 
and Cto, supply voltage varied from 
9V ± 2V (over temperature and unit-
unit variations) 

RLOAO Output Load Impedance Connected 600 n Tone Frequency Range = 300Hz to 
Across OUTH and OUTC 3400Hz 

IIH,IL Leakage Current, Yin = VOO or VSS 100 nA Any input, except DI pin VDD = lOV 

VTH POE Threshold Voltage 6.S 8 V 

Vz Internal Zener Voltage 11 13 V IZ = SmA 

The device power supply should always be turned on before the input signal sources, and the input signals should be turned off 
before the power supply is turned off (VSS ~ VI ~ VOO as a maximum limit). This rule will prevent over-dissipation and pos­
sible damage of the input -protection diode when the device power supply is grounded. 

L . 
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June 1978 

Features 

o CMOS Process Achieves Low Power Operation 

o 8 or 16 Digit Number Capability 
(Pin Programmable) 

o Dial Pulse and Mute Output 

o Tone Outputs Obtained by Interfacing with 
Standard AMI S2559 Tone Generator 

o Two Selections of Dial Pulse Rate 

o Two Selections of Inter-Digit Pause 

o Two Selections of Mark/Space Ratio 
(33-1/3/66-2/3 or 40/60) 

o Memory Storage of 32 8-Digit Numbers or 
16 16-Digit Numbers with Standard 
AMI S5101 RAM 

o 16 -Digit Memory for Input Buffering and for 
Redial with Access Pause Capability 

o Accepts the Standard Telephone DPCT 
Keypad or SPST Switch X -Y Matrix 
Keyboards; Also Capable of Logic Interface 

o Ignores Multi Key Entries 

82562 

REPERTORY DIALER 

o Inexpensive, but Accurate R -C Oscillator 
Design Provides Better Than ±3% Accuracy 
Over Supply Voltage, Temperature and Unit­
Unit Variations and Allows Different Dialing 
Rates, IDP and Tone Drive Timing by 
Changing the Time Base 

o Power Fail Detection 
o BCD Output with Update for Number Display 

Applications 

General Description 

The S2562 Repertory Dialer is a CMOS integrated 
circuit that can perfonn storing or retrieving, nonnal 
dialing, redialing or auto dialing and displaying of 
one of several telephone numbers. It is intended to be 
used with the AMI standard S5101-256x4 RAM that 
functions as telephone number storage. With one 
S5101 up to 32 8 -digit or 16 16-digit numbers can 
be stored. It can provide either dial pulses or DTMF 
tones with the addition of the AMI S2559 tone 
generator for either the dial or tone line. applications. 

Data subject to change at any time without notice. These sheets transferred for information only. 

Block Diagram Pin Configuration 
--0 Von 
--0 Vss 

cr 04 Voo 

0] NlS 

OSCi RNI O2 MiS 

oSCm 01 IPS 

oSCo CE HS 

IPS 
M/S 
ORS 

fm PlA 
MODE 

AiW OAS 
AAM I/O DATA MOO MODE 
DISPLAY 

IIp A, 

An A7 As 

NlS 
A1 

Al A, A4 
A2 
A3 RAM ADDRESS As A] 

AS A4 TONE GENERATOR A4 R2 

KEYPAD C1 

C6 

A5 
A] Al 

As 
A7 A2 pf 

A, Cti 

Ao c5 

osco c4 

oscli c] 
osc i c2 

fiPo----...... vss c1 

MUTE 0--00-----...... 
871283 

ADVANCED PRODUCT DESCRIPTION 
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52562 

Absolute Maximum Ratings 

Supply Voltage 
Operating Temperature Range 
Storage Temperature Range 
Voltage at Any Pin V ss - 0.3V to V PP +0.3V 
Lead Temperature (Soldering, 10 sec.) 

Electrical Characteristics Specifications apply over the operating temperature range and 4.5V ~ VPD to Vss 
~ 5.5V unless otherwise specified. Absolute values of measured parameters are specified. 

Symbol Parameter Min. Max. Units Conditions 

Output Drive 

IOLDP DP Output Sink Current 400 pA VOUT = OAV, VDD = 5V 

IOHDP DP Output Source Current 400 pA VOUT = 3.6V, VDD = 5V 

IOLM MUTE Output Sink Current 400 pA VOUT = OAV, VDD = 5V 

IOHM MUTE Output Source Current 400 pA VOUT = 3.6V, VDD = 5V 

IOLPF PF Output Sink Current 100 pA VOUT = OAV, VDD = 3V 

IOHPF PF Output Source Current 100 JiA VOUT = 3.6V, VDD = 5V 

CMOS to CMOS 

VIL Logic "0" Input Voltage 1.5 V All inputs, VDD = 5V 

Vrn Logic "1" Input Voltage 3.5 V All inputs, VDD = 5V 

VOL Logic "0" Output Voltage 0.5 V All outputs except DP,.MUTE, PF, 
10 = 10pA, V DD = 5V 

VOH Logic "1" Output Voltage 4.5 V All outputs except DP, MUTE, PF, 
10 = -10pA, VDD = 5V 

. Current Levels 

IDD Quiescent Current 25 pA Standby, VDD = 5V 

IDD Operating Current 500 pA All valid input combinations, DP, 
MUTE, PF outputs open VDD = 5V 

IlL, IIH Input Current Any Pin 10 100 pA VIN = Vss or VDD, VDD = 5V 
(keyboard inputs) 

IIL,IIH Input Current All Other Pins 100 nA VIN = Vss or VDD, VDn = 5V 

Ioz Output Current in High 1 pA VDD = 5V, VOUT = OV data 
Impedance State outputs (D1-D4) 

-1 pA VDD == 5V, VOUT = 5V 

fo Oscillator Frequency 4 10 kHz VDD = 5V (min. duty cycle 30/70) 

!:lfo/fo Frequency Deviation -3 +3 % VDD- Vss from 4.5V to 5.5V. 
Fixed R-C oscillator components 
50kSl ~ RM ~ 750kSl; 
1MSl ~ RI ~ 5MSl; 
150pF ~ Co ~ 3000pF; 
330pF most desirable value for 
CO, fo < 10kHz over the operating 
temperature and unit-unit variations 

CIN Input Capacitance, Any Pin 7.5 pF 

The device power supply should always be turned on before the input signal sources, and the input signals should be turned off 
before the power supply is turned off (Vss .;;;; VI .;;;; VDD as a maximum limit). This rule will prevent over-dissipation and pos­
sible damage of the input -protection diode when the device power supply is grounded. 

©IC MASTER· ·1979 647 



~ « 

Features 

• Interfaces with up to 16 Touch Switches 
• Eliminates Contact Noise 
• Comparator Sensing Permits Use with Wide Variety of 

Touch Switch Configurations 
• Momentary or Toggle Operation Electrically Selectable 
• Outputs are TTL/CMOS/MOS Compatible 
• Simplifies Design of Touch -Sensitive Switches 
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PINIP ACKAGE CONFIGURATION 
89263/89264/89265 

59260/59261/59263/59264/59265 

TouchControl™ Interface 

General Description 

These TouchControl interface circuits can be connected 
to either seven (S9260/89261) or sixteen (89263/89264/ 
89265) touch switches. For each switch input, there is a 
corresponding separate output. The outputs are open drain 
with their sources connected in common to supply input 
VBB. This permits the driving of TTL as well as M08 cir­
cuits, by varying the VBB voltage. The MIT input controls 
operation of the outputs. In the momentary mode (M) 
output is active only while the touch switch is being acti­
vated (touched by the operator). In the toggle mode (T), 
alternate actuations of a touch switch will cause its asso­
ciated output to latch either on or off. On the 89260 and 
89263, the M/T input affects all outputs. On the 89261, 
89264, and 89265, several switch inputs are permanently 
fixed in the momentary mode, thus allowing both momen­
tary and toggle switch actuation to be implemented 
simultaneously. 
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COMPARATOR 
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BLOCK DIAGRAM - 89263/89264/89265 (16 SWITCHES) 
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AMJI@ 89260/89261/89263/89264/89265 

ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss: +O.3V to -20V Storage temperature (Ambient) 
Operating temperature range: O°C to +70°C 

-FOR MULTIPLEXED TOUCHCONTROL CIRCUITS SEE AMI S9262 and S9266. 

ELECTRICAL CHARACTERISTICS 

(O°C < TA < 70°C, VSS = OV; VDD = 13.5V to -18.0V unless otherwise specified.) 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 

Va Input logic 0 le~el - all except . + 0.3 0 - 1.5 Volts Note: MIT input is 
"I" inputs. internally pulled up 

to Vss 

Vm Input log"ic 1 level - all except -10.0 --12.0 - 18.0 Volts 
"I" inputs 

~c Internal oscillator frequency 50 100 kHz 
measured at RC input. 

TS Switch delay time SO 200 msec Frequency measur-
TRST Time to reset all latches using 100 msec ed at RC Input 

MIT input. = 50 kHz 

VOL Output low voltage Vss - 1.0 Volts ~B =Vss; 10K 
VOH Output high voltage \Do resistive load to \Do 

VOL Output low voltage Vss Vss - 0.5 Volts Vss = +5V; \laB = OV 
VOH Output high voltage \laB + 0.4 \laB Voo = 12V; 28000 

SCI S~an clock output: 
Output low voltage 
Output high voltage 

. OPERATION 

Device operation can be understood by referring to 
Figure I, depicting a typical application of the S9263. Each of 
the sixteen pairs of series capacitors labeled SI - SI6 is one 
touch switch. located on a TouchControl panel. (For details on 
touch panel configuration and operation, see the TouchControl 
application note included in this APD.) In each capacitor pair, 
the two common plates represent the conductive area on the 
control panel surface that is to be touched. The other two 
plates are formed by two conductive surfaces parallel to the 
touched surface and located directly under it on the reverse 
side of the panel. Referring again to Figure 1, the S9263 
generates a clock signal on output SCI that is applie~ to one 
plate of each capacitor pair; this signal passes through the two 
series capacitors and is detected in the MOS circuit. When a 
panel switch surface is touched, the signal level into the chip 
dimishes, and the on-chip differential amplifier senses the 
change and performs the appropriate sWitching function. For 
example, if surface SI is touched, the signal at input 13 
decreases, and output 03, normally open, now becomes 

©IC MASTER 1979 

Vss 

resistive load to Vss 

Max. capacitive 
- 1.5 loading < 1 SO pF 

Voo 
active and drives the S 1 input to the TTL circuitry toward 
voltage level \laB'-
I INPUTS 

Inputs from the touch switch pads to the TouchControl 
circuit are labeled 10 through 115 (S9263, S9264, and S9265) 
or 10 through 16 (S9260 and S9261). Each I input relates 
directly to an 0 output of identical numeral. 
RCINPUT 

A resistor connected to VDD and a capacitor connected 
to Vss are connected to the RC input pin to establish the on­
chip clock frequency that controls the touch switch delay time. 
Nominal values for these components are suggested in Figure 1, 
but they may be varied to change clock frequency over a range 
of 50 klh to 100kHz. 
REF INPUT 

In order· to allow flexibility in the choice of Touch­
Control panel materials, switch layout, and switch size, AMI 
Touch Control inputs have. been designed to detect a differen­
tial change rather than an absolute change in level. To obtain a 
reference level, two resistors are connected to input REF, one 
to Vss and the other to VDD. 
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o OUTPUTS 

Each output pin labeled "0" corresponds to an input pin 
labeled "1." Whenever an input is selected, the output becomes 
active and will . drive an external load toward supply voltage 
\'DB. When outputs are not active, they are high impedance 
open drain. 

VBBSUPPLY 

'The sources of all output devices are common and 
connected to pin VBB. TIlls allows TTL compatibility as shown 
in Figure 1. as well as the ability to drive higher level signals. 
For instance, if Vss = 0 .volts, VnD = - 16 volts, and VBB = 
VSS. then active outputs would drive a load connected to VDD 
towards VSS. The VBB pin can be used also to switch analog 
signals; in this configuration the analog signals are applied to 
the "0" pins and VBB is the output pin. 

M/TINPUT 

The MIT input pin selects the mode of switch operation, 
either momentary or toggle. With no connection to the MIT 
pin momentary operation is selected, and appropriate outputs 
are active only for the duration of touching a switch. In this 
mode, no output is active when no switch is touched. A \'nD 

89260/89261/89263/89264/89265 

level applIed to MIT causes the circuit to operate in the toggle 
mode. In this condition, the brief touch of any switch will 
turn on the appropriate output, which will remain latched on 
until the switch is touched again. Subsequent activations of 
the. switch will toggle the corresponding output on and off 
alternately. To reset all outputs when the toggle mode is 
selected, a pulse of Vss level may be applied to the MIT input. 

SCI OUTPUT 

The SCI output provides the clock signal for the Touch­
Control panel. Its frequency is determined by the RC time con- , 
stant, and it is connected in common with one of each of the 
two common conductive surfaces' on the reverse side of the 
touch panel. 

MOMENTARY AND TOGGLE COMBINATION 

The S9261, S9264, and S9265 contain several outputs 
that are permanently in the momentary mode of operation. 

With the MIT input at Vss these parts function identically to 
the S9260 and S9263. With MIT at a logic 1 level, however, 
the S9261 has four momentary and' three toggle inputs. Table 
1 shows the combinations available on all three parts. 

TABLE 1. COMPARISON OF FEATURES 

Touch Switch Capacity 

Part Pin Total Touch Touch Inputs Touch Switch Number 
Number Count Switch Selectable For Inputs Fixed In of 

Interface Capability Either Momentary Or Momentary Operation Outputs 
Toggle Operation Through (Not affected by 

Use of MIT Input state of MIT input) 

S9260 22 7 7 0 7 

S9261 22 7 3 4 7 
(14 thru 16) (10 thru 13) 

S9263 40 16 16 0 16 

S9264 40 16 8 8 16 
(18 thru 115) (10 thru 17) 

S9265 40 16 12 4 16 
(14 thru 115) (10 thru 13) 
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S9260/S9261/S9263/S9264/89265· 

TYPICAL VALUES: 

RI = lOOKn VSS E +5 volts 

R2 E 30Kn VSS = 0 volts 

R3 * 9IKnVOO=-12volts 
CI = 220 pF 

Nt 
S5 

56 

57 

sa 
SI6 

515 

514 

SI3 

SI2 

SII 

510 

S9 

SI 

52 

53 

S4 

FIGURE 1. 16 SWITCH APPUCATION USING S9263 
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TYPICAL VALUES: RC 00 
RI = l00Kn Vss = +5 volts 

REF VOO VOO R2 = 30Kn VSS = 0 volts 

R3 = 91KnVOO=-12volts NOTE: IT MAY BE 
CI = 220pF NECESSARY TO 

VOO 
CONNECT PULLUP 

R3 
RESISTO RS TO TTL 

Vss RI INPUT LINES. 

57612 

FIGURE 2. 7 SWITCH APPUCATION USING S9260 
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BLOCK DIAGRAM - S9262 (14 SWITCHES) 
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BLOCK DIAGRAM - S9266 (32 SWITCHES) 

FEATURES 

Simplifies design of Touch-sensitive switches 

Interfaces with up to 32 touch switches 

Eliminates contact noise 

Comparator sensing permits use with wide 
variety of touch switch configurations 

• 
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PIN/PACKAGE CONFIGURA TJON - S9262 

. 'IN I ICENTlflU 

Vss 1 40 SCI 

n, ~ 'n'O 

10 39 M'T 010, 

I I ' ,~ 
3B AK CI i~ 

0.' ! (I 
37 84 

I' 
I~ 

13 36 83 ,o,o~: " 

14 3; 82 IS 
IS 

20.0 MA. a 
34 Bl 

~ ~; ~ 

16 33 BO E 
// 32 EXT 

, 

~ "u, '00 

/8 10 31 SC2 
I 

19 11 30 06 

~ 110 12 29 VB8 
111 13 18 0; 

112 14 11 04 
010 .... 

113 1; 16 rNA .. ". 
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!J7604 
S9166 

PIN/PACKAGE CONFIGURATION - S9266 

Binary outputs provided 

Outputs are TTL compatible 

Permits design of totally isolated touch surfaces, 
facilitating UL approval 
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FUNCTIONAL DESCRIPTION 

Fabricated with P-channel ion implanted MOS/LSI tech­
nology, AMI TouchControl integrated circuits* are designed to 
interface with a variety of touch panel switches and provid~ a 
high degree of flexibility in the selection of touch panel 
materials, layout of touch pad ~configurations, and design of 
switching functions. These parts are designed to address an 
array of TouchControl switches in either a 2 x 7 matrix 
(S9262) or a 2 x 16 matrix (S9266) to interface with a total of 

TYPICAL APPLICATIONS 

'89262/89266 

S9262/S9266 
MULTIPLEXED TOUCHCONTROL INTERFACE 

GENERAL DESCRIPTION 

The S9262 and S9266 TouchControl interface circuits 
permit almost any control panel containing mechanical 
switches to be easily replaced by a flat-surface capacitive 
control panel providing superior styling, reliability, ease of 
c\~aning, and safety. Connecting directly to a screened or 
etched pattern on the panel's reverse side, these MaS circuits 
provide, outputs to drive a variety of logic systems from house-

hold appliances to industrial controls. All system functions are 
then selected by merely touching the flat conductive Touch­
Control "switch" areas that' have been deposited on the panel's 
front surface in practically any configuration desired. 

These circuits can operate up to 32 TouchControl 
switches, and their outputs are encoded for easy interfacing 
with microprocessors. For applications requiring an individual 
output for each TouchControl switch, refer to AMI's S9260, 
S9261, S9263, S9264 and S9265. 

either 14 or 32 switches. The outputs are binary encoded for 
easy interfacing with microprocessors or TTL, CMOS or MOS 
logic. 

Both momentary and "push on- push off' (toggle) 
switching operations are available on AMI TouchControl 
ci.uits and are electrically selected by the logic level of the 
M/T input ·pin .. To ensure reliable switch action, a built in 
delay is incorporated in all circuits requiring a minimum touch 
time for switch response. 

• Telephones • Keyboards 
• Appliance Control Panels 
• Home Entertainment Systems 
• Power Tool Controls 
• Televisions 
• Automotive Controls 

ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin except EXT 
relative to VSS: 

Voltage on EXT pin relative to VSS: 

• Games • 
• Fast Food Waterproof Keyboards • 
• Moisture Proofi!1g • 
• Industrial Controllers • 
• Computer Terminals • 

Operating temperature range: 
+ O.3V to - 20V 
+O.3V to - 27V 

Storage tem~erature (Ambient) 

*For non-multiplexed TouchControl circuits see AMI S9260. S9261. S9263. S9264. S9265 
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Inst rumen tat ion 
16 to I Multiplexers 
Microprocessor Interface 
Vending Machines 
Cash Registers 

o°C to + 70°C 
- 6SoC to + IS0°C 
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ELECTRICAL CHARACTERISTICS 

S9262/S9266 

89262/89266 
MULTIPLEXED TOUCHCONTROL INTERFACE 

(O°C <; TA <; 70°C; Vss = OV; Voo = .:.. 13.5V to - 18.0V unless otherwise specified.) 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 

, VIL Input logic 0 level -:- all except + 0.3 0 - 1.5 Volts Note: MIT and 
HI'" ..... ~ 

"I" inputs. I I I 
Input logic 1 level - all except - 10.0 I l 

.... NA mputs are 
internally pulled 

Volts up to Vss· - 12.0 - 18.0 

fRC Internal oscillator frequency 50 100 kHz 
measured at RC input. 

Ts Switch delay time 65 135 msec Frequency measured at 
TRST Time to reset all latches using 100 135 msec RC Input = 50 kHz. 

MIT input. 

VOL Output low voltage. VSS - 1.0 Volts VBB = VSS; 10K resis-
VOH Output high voltage VOD tive load to VOD. 

VOL Output low voltage. VSS Vss - 0.5 Volts VSS = + 5V; VBB = OV 
VOH Output high voltage VBB + 0.4 VsB VDD = - 12V; 2800n 

SCI, SC2 Scan clock output. 
Output low voltage 
Output high voltage. 

100 Supply Curren t 

OPERATION 

Device operation can be understood by referring to 
Figure I, depicting a typical application of the S9266. Each of 
the 32 pairs of series capacitors labeled SI - 532 is one touch 
switch located on a TouchControl panel constructed of glass, 
printed circuit board, epoxy, or other dJelectric material. (For 
details on touch panel configuration and operation, see the 
TouchControl application note included in this APD.) In each 
capacitor pair, the two common plates represent the conductive 
area on the control panel surface that is to be touched. The 
other two plates are formed by two conductive surfaces parallel 
to the touched surface and located directly under it on the 
reverse side of the panel. Referring agai~ to Figure 1 , the S9266 
generates a clock signal pn output SCI and a similar signal on 
output SC2. The SCt clock output is connected to the common 

VSS 

resistive load to VSS. 

Max. capacitive load-
- 1.5 ing~ 150 pF. 
Voo 

7.0 15.0 rna Outputs unconnected 

conductors of 16 of the 32 touch switches; the SC2 clock 
connects to the remaining 16 switches. For each touch switch 
the clock signal passes through the two series capacitors and is 
detected in the MOS circuit. When a panel switch surface is 
touched, the signal level into the chip diminishes, and the on­
chip differential amplifier senses the change and performs the 
appropriate switching function. 

I INPUTS 

Inputs from the touch switch pads to the TouchControl 
circuit are labeled 10 through 115 (S9266), or 10 through 16 
(S9262). The I inputs in conjunction with SCI and SC2 out­
puts form a touch switch matrix of2 x 16 or 2 x 7, respectively. 
In both these parts the outputs are binary coded and will be 
described later. 

I 
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TYPICAL VALUES: 

A1; 100Kn VSS=+5voltl 

A2 = 10Kn Vaa = 0 volts 

A3 = 47KQ VOO = -12 volts 

C1 = 220pF 

89262189266 

S9262/S9266 
MULTIPLEXED TOUCHCONTROL INTERFACE 

SC1 Vss c>----~ ~ss 
r-----f IO MIT NC 

AK~-----, 

.---~ 12 841-----, 

13 83 1-------., 

14 821----, 
15 B1 

16 BO 
17 EXT Vee 

SC2 

06 

ves 
05 

ANY KEY DOWN 

TTL CIRCUITS 

FIGURE 1. 32 SWITCH APPLICATION USING S9266 

RCINPUT 

A resistor connected to VDD and a capacitor connected 
to VSS are connected to the RC input pin to establish the on­
chip clock frequency that controls the rate of multiplexing 
and the touch switch delay time. Nominal values for these 
components are suggested in Figure 1, but they may be varied 
to change clock frequency over a range of 50kHz to 100 kHz. 

REF INPUT 

In order to allow flexibility in the choice of TouchControl 
panel materials, switch layout, and switch size, AMI Touch­
Controfinputs have been designed to detect a differential change 
rather than an absolute change in level. To obtain a reference 

level, two resIstors are connected to input REF, one connected 
to input REF, one connected to VSS and the other to VOO. 
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VBB SUPPLY 

The sources of all output devices (both "0" and "B" out­
puts) are common and connected to pin VBB. This allows TTL 
compatibility as shown in Figure 1, as well as the ability to 
drive higher level signals. For instance, if VSS= 0 volts, VDD = 

- 16 volts, and VBB = VSS, then active outputs would drive a 
load connected to VDD towards VSS' 

MIT INPUT 

The MIT input pin selects the mode of switch operation, 
either momentary or toggle. Applying VSS to the MIT pin 
selects momentary operation in which appropriate outputs are 
active only for the duration of touching a switch. In this mode, 
no output is active when no switch is touched. A VDD level 
applied to MIT causes the circuit to operate in the toggle mode 
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RI lOOK!! VSS -5vol" 

R2 10K!' vee' 0 VOI15 

R3 47K'! \i00 -11.0115 

CI220pF 

57611 

SCI 

89262/89266 

S9262/S9266 
MULTIPLEXED TOUCHCONTROL INTERFACE 

SCI -

MIT i-- NC 

B3 1-------+-/ 

B21----H LOGIC 
S9262 

BI l-----~ CIRCUITS 

80 I---~ 

R3 
RI 

FIGURE 2. 14 SWITCH APPLICATION USING S9262 

for "push-on, push-off' operation. Subsequent activation of 
the switch. will toggle the corresponding output on and off 
alternately. It should be noted that each input should be cleared 
to the off state before selecting a new input to obtain mean­
ingful data from the binary outputs. To reset ali outputs when 
the toggle mode is selected, a pulse of Vss level may be applied 
to the MIT input. 

SCI and SC2 OUTPUTS 

The S9262 and S9266 have multiplexed inputs, using 
2 x 7 and 2 x 16 matrices, respectively, to provide 14 and 32 
input states. Clock signals SC 1 and SC2 are used along with 
the "I" inputs to form these matrices as connected in the 
schematic of Figure 1. 
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o OUTPUTS 

Each output pin labeled "0" corresponds to an input 
pin labeled "I". Whenever an input is selected, the output be­
comes active and will drive an external load toward supply 
voltage VBB. This is true for momentary operation only; 
toggle operation is described in the section labeled "MT 
input." When "0" outputs are not active, they are high 
impedance open drain. 

BAND AK OUTPUTS 

The S9262 has four and the S9266 has five outputs 
labeled "B." These supply a binary code relating to the state 
of the inputs. Fourteen unique states are available on S9262 
and thirty-two on S9266. The output configuration is identical 
to the "0" outputs. An extra output labeled AK is available 
on the S9266 and is active whenever any key is selected. 
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ENAINPUT 

Available on th~ S9266, the ENA input allows the out­
puts to be bussed and may be gated off by application of a 
logic 1 level. Vss applied to the input enables all five outputs 
and AK. 

EXT 

The EXT pin is used in the output circuitry and should 
be connected to VOO. 

SCAN TOUCHED "S"QUIP!.!T!! ':Q"Q!'!IPI.!Ili 
OUTPUT INPUT BO Bl B2 B3 00 01 

SCI 10 0 0 0 '0 I 0 
SCI 11 1 0 0 0 0 1 
SCI 12 0 1 0 0 0 0 
SCI 13 1 1 0 0 0 0 
SCI 14 0 0 I, 0 0 0 
SCI 15 I 0 I 0 0 0 
SCI 16 0 1 I 0 0 0 
SC2 10 I I I 0 0 ~ 
SC2 II 0 0 0 I 0 0 
SC2 12 I 0 0 1 0 0 
SC2 13 0 I a I a 0 
SC2 14 1 1 0 I 0 0 
SC2 15 a 0 1 1 0 0 
SC2 16 1 0 1 1 0 0 
- None 1 1 1 1 0 0 

S92621S9266 

S9262/S9266 
MULTIPLEXED TOUCHCONTROL INTERFACE 

TABLE 1. OUTPUT ENCODING 
(VBB = 0 VOLTS) 

~ TOUCHED "B"OUTPUTS ' ':Q" OUTPUTS AK 
! OUTPUT INPUT BO Bl B2 BJ B4 00 01 02 OJ 04 05 06 OUTPUT 

SCI 10 0 0 
SCI 11 0 0 
SCI 12 1 0 
SCI 13 1 0 
SCI 14 0 1 
SCI 15 0 1 
SCI 16 1 1 
SCI 17 1 1 
SCI 18 0 0 
SCI 19 0 0 
SCI 110 1 0 
SCI 111 1 0 
SCI 112 0 1 
SCI 113 0 1 
SCI 114 1 1 
SCI 115· 1 1 
SC2 10 0 0 
SC2 11 ,0 0 
SC2 12 1 0 
SC2 13 1 0 
SC2 14 0 1 
SC2 15 0 1 
SC2 16 1 1 
se2 17 1 
se2 18 0 
SC2 19 0 
se2 110 0 
SC2 111 O. 
SC2 112 1 
SC2 113 1 
SC2 114 1 
SC2 115 1 

. NOlle 1 

TOUCHCONTROL APPLICATION NOTES 

PANEL CONSTRUCTION 

A TouchControl switch panel consists of a single sheet 
of a rigid material with conductive surfaces applied on both 
sides as shown in Figure 3. 

Anumber of materials may be used for touch panels, the 
selection of the material most suited for a particular applica­
tion being dependent on such things as durability, appearance, 
ease of assembly, cost, and dielectric constant of the materia1. 

Regardless of the selected panel material, a touch switch 
is formed by applying a single conductive surface to its front 

SWITCH 1 

SWITCH 2 

57610 VIEWED FROM 
FRONT SURFACE 

VIEWED FROM 
REAR SURFACE 

surface with two other cond1,1ctive surfaces applied directly in 
line on the reverse. side of the panel. Figure 3 shows three . 
views of a typical touch panel containing two TouchControl 
switches. On switchone, conductive surface A is applied to the 
front of the .panel and is the surface to be touched to effect a 
switch closure. Surfaces Band C are applied directly in line with 
A on the opposite side of the panel. A should cover completely 
and may overlap surfaces Band C. 

SWI 
SW2 
SCI 

SURFACE C SURFACE A 

/ ~ SURFACES 

~~1 

l---t J-------
SWITCH 2 

SCI 

ELECTRICALLY EaUIVALENT SCHEMATIC 

FIGURE 3. CONSTRUCTION OF A TWO SWITCH TOUCHCONTROL PANEL WITH EQUIVALENT ELECTRICAL CIRCUIT. 
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BURR-BROWN DATA CONVERSION 
II 'I 'I _/~,. . 
TUCSON, ARIZONA 85734 '/';"'''~ 

,.c,<~~ ..... 

,:;/,,~~ ........ , ~ . 
.... -> ~,.~ 

~,"*i. 
~ 

AID CONVERTERS 
RANGE OF SPECIFICATIONS 

Conversion Tempco Input 

Resolution Linearity Error Time Bipolar Range 

Model (Bits) (o/c of FSR) max (Jlsec) (ppm of FSR. "C)max (V) Package 

High Speed ADC60 8 - 12 ±0.0244 to ±0.19S .88 - 3.S ±IS ±2S to +20 Module 

Low Cost ADC80 10 - 12 ±0.OI2 to 0.048 21 - 2S ±23 ±2.S to ±IO DIP 

High Speed. ADC82 8 ±0.2 2.8 ±7S ±2.S to +20 DIP 

Low Cost I 
ADC84 10 - 12 ±0.012 to ±O.048 6 - 10 ±33 ±2.S to ±IO DIP 

High Speed. ADC8S 10 - 12 ±O.O 12 to ±0.048 6 - 10 ±18 ±19 to ±S3 DIP 

Low Drift 

1IMJ·.··.··.·IIlUlJ.·· ..•..............• _ .•.. 

TTffiTrr 
D / A CONVERTERS 

Linearity Error Tempco Settling 
Over Temp (ppm of Output Time (FSR. 

Model Resolution (o/c of FSR) max FSR "C) Range ±I 2 LSB) Package 

max 

Very High Speed DAC60 10 - 12 Bits ±o,012 to ±0.048 ±IS -5 to ±2.5mA 40 - ISOnsec Module 
High Resolution DAC70 16 Bits. 4 Digits ±0.003 to ±O.OOS ±9 to ±21 -2 to ±lmA SOJlsec DIP 
Low Cost DAC80 12 Bits. 3 Digits ±0.012 ±2S ±2.S to ±IOV. 300nsec - SJlsec DIP 

-2 to ±lmA 

Voltage Output DAC82 8 Bits ±0.016 ±SO ±2.S to ±IOV. 2.SJlsec DIP 
-1.6 to ±o.8mA 

Low Drift DAC8S 12 Bits. 3 Digits ±0,012 ±S to ±20 ±2.S to ±IOV. 300nsec to SJlsec DIP 
-2 to ±lmA 

Monolithic DAC90 8 Bits ±0.2 ±7S -2. ±lmA 200nsec DIP 

V! F CONVERTERS 
Tempco 

VI:<; Range Fol'l Range Linearity (ppm of 
Model (V) (kHz) (% of FSR) max FSR(C) max Package 

Low Cost. VFC32 User-selected User-selected ±o.OI, 10kHz ±IOO to ±ISO DIP 
Monolithic (SOOkHz, max) ±O.OS, 100kHz TO-IOO 

Low Cost, VFC42 o to +10 o to 10 ±0.01 ±IOO DIP 

Complete Hybrid VFCS2 o to +10 o to 100 ±O.OS ±IOO DIP 

Low Drift, VFCI2 o to +10 o to 10 ±0.01 SO Module 

Complete VFCIS o to +20 o to 20 ±0.01 SO Module 

Very Low Drift, VFCI2LD 0.to +10 o to 10 ±O.OOS JO Module 

Complete VFCISLD o to +20 o to 20 ±O.OOS 10 Module 

FOR ADDITIONAL DETAILS REFER TO THE BURR-BROWN GENERAL CATALOG OR CONTACT YOUR NEAREST BURR-BROWN REPRESENTATIVE 
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DATA CONVERSION BURR-BROWN 

I' II II 
TUCSON, ARIZONA 85734 

MICROPROCESSOR INTERFACED ANALOG INPUT SYSTEMS 

RANGE OF SPECIFICATIONS. 

Resolution Accuracy Accuracy Drift 
Model Channels (Bits) (% of FSR) max (ppm/"C) max Package 

8080, SCIMP, Z-80, MP20 { 8 Differential 8 ±0.4 ±40 Module 
8084,8085 MP22 16 Single-ended 12 ±O.l ±25 Module 
6800, 650X, F8 MP21 8 Differential 8 ±OA ±40 Module 

16 Single-ended ±OA,Low 

MICROPROCESSOR INTERFACED ANALOG OUTPUT SYSTEMS 
S080, SC iMP, Z-SO, MPIO 2 S ±O.4 ±SO DIP 
S084, SOS5 
6S00, 650X, FS MPII 2 8 ±0.4 ±SO DIP 

Output Output 
Tempco Voltage, Range Current 

Model Accuracy (ppm of FSRI"c) (V) Range (rnA Package 

Digitally Controlled, 4800 22 10, ±60 ±200 Module 

Voltage and Current 
Limit 

±0.05% of max User-selected ±1 
Reading to ±30 

SAMPLE! HOLD CIRCUITS 
Gain/Offset Charge Droop Acquisition 

Error Offset Rate Tempco Time 
Model (%).(mV) (mV) (mV/msec) (ppm of 20V!"C) (~sec) Package 

Low Cost. Complete SHCSO ±0.01, ±2 max ±2 max 0.5 max ±2 10 max DIP 
High Speed, Complete SHCS5 ±0.01, ±2 max ±2 max 0.5 max ±2' 4.5 max DIP 
Low Cost, Monolithic SHC29SAM ±O.O I max,±7max ±25 max 10 max ±4 10 max TO-99 
Very High Speed SHM60 ±0.01 max, ±1.5 ±1.5 5 ±2 I max Module 

MULTIPLEXERS 
Input On Crosstalk Settling 
Range Resistance (% of Off Time (to 0.01%) 

Model Channels (V) (kO) max Channel Signal (~sec) Package 

CMOS MPC8S 8 Single-ended ±IO 1.8 0.005 5 DIP 
CMOS MPC4D 4 Differential ±10 1.8 0.005 5 DIP 
CMOS MPCI6S 16 Single-ended ±10 1.8 0.005 7 DIP 
CMOS MPC8D 8 Differential ±10 1.8 0.005 7 DIP 

FOR ADDITIONAL DETAILS REFER TO THE BURR-BROWN GENERAL CATALOG OR CONTACT YOUR NEAREST BURR-BROWN REPRESENTATIVE 
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HDAS-B, HDAS-1S 
12 BIT HYBRID DATA ACQUISITION SYSTEMS 

FEATURES 
• 12 Bit Resolution 
• 8 or 16 Channels 
• Internal Instrumentation Amp 
• 50 kHz Throughput Rate 
• Three State Outputs 

The HDAS-8, with 8 differential input 
channels, and the HDAS-16, with 16 
si.ngle ended input channels, are industry's 
first complete 12 bit data acquisition sys­
tems in a single hybrid package. Acquisi­
tion and conversion times combined are 
20/-tsec. maximum, givinga 50 kHz 
throughput rate. The 12 bit output data 
can be transferred out in three 4 bit bytes 
by means of three state data bus drivers. 
Output coding is straight binary for uni­
polar operation and offset binary for 
bipolar operation. 

The HDAS circuitry includes an analog 
multiplexer, programmable gain instru­
mentatjon amplifier, sample-hold circuit 
with MOS hold capacitor, 10 volt buffered. 
reference, 12 bit AID converter, three 
state bus driver and digital control cir­
cuitry. The instrumentation amplifier can 
be programmed by a single external resistor 
for gains from 1 to 1000. This is an impor­
tant feature for processing signals in the 
range of 10mV to 10 V full scale. 
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SPECIFICATIONS, Typical at 25°C 

No. Channels 
InputType 
Input Range, unipolar FS 
Input Range, bipolar FS 
Common Mode Range 
Input Resista nce 
Input Bias Current, max. 
I nput Off. Voltage Drift 
Input Gain Equation 

Channel Addressing 
Address I nput Logic 

Resolution 
Linearity Error, max. 
Differential Nonlinearity, max. 
Total Error, max. * 
Gain Tempco, typo 
Gain Tempco, max. 
No Missing Codes 
Power Supply Sensitivity 

Throughput Rate, max. 
Acquisition Time 
Conversion Time 
Aperture Delay Time 
Sample-Hold Droop 
Feedthrough at 1 kHz, max. 
Output Coding, unipolar 
Output Coding, bipolar 

Power Requirement 

Package 

*at maximum throughput rate 

HDAS-8 

8 
Differential 
+ 10mVto + 10 V 
± 10mVto ± 10 V 
±l1V 

@n'\JEL 
~ SYSTEMS, INC. 

HDAS-16 

16 
Single Ended 
+10mVto +10V. 
±10mVto ±10V 

100 Meg. 100 Meg. 
200pA 200pA 

20/LV 1°C + (1 O/LV IOC)G 
G= 1+20K/RG 

3-Bit Code 
DTL, TTL 

4-Bit Code 
DTL, TTL 

12 Bits 12 Bits 
1h LSB V2 LSB 
V2LSB V2 LSB 
0.025% 0.025% 
10ppmfC 10ppmfC 
30ppmfC 30ppmfC 

OverOper. Temp., Range 
0.01 %/% 0.01 %/% 

50 kHz 
9/Lsec. 
9/Lsec. 
100 nsec. 
l/LV//Lsec. 
0.01% 
Straight Bin 
Offset Bin. 

50 kHz 
9/Lsec. 
9/Lsec. 
100 nsec. 
1 /LV//Lsec.· 

. 0.01% 
Straight Bin 
Offset Bin. 

+ 15VDC at 67 rnA max. 
-15VDCat 71 rnA max. 
+ 5VDC at 155 rnA max. 

Miniature 62 Pin 
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CHOHI/CHO 4 

CHI HI/CHI 3 

CH2HI/CH2 2 

CHlHI/CHl 1 

CH4HI/CH4 62 

CH5HI/CHS 61 

CH6HI/CH6 60 
CH7HI/CH7 59 

CHO LD/CHI! 58 

CHILD/CHS fil 

CH2LD/CH10 56 

CH3LD/CHll56 

CH4 LO/CH12 54 

CH5LD/CH1353 

CH6LD/CH14 52 

CH7I.01CHI5 51 V--ln=:E~H~~~ 

1615 1413 

:;;:~::l~ 
MUX 

ADDRESS OUT 

6 a 19 12 1110 9 

~IIO:;:~~~ 5 ~ a:: 0: a: a: 
~ ...J MUX 
a: ADDRESS IN 

The internal sample-hold device has ex- OUTPUT CODING 
cellent characteristics and has its own self UNIPOLAR 

35BITI }MSBI 
341!1T2 

33BlT3 <{ 

'-------'~ 32 BIT 4 !;( 

::~r}l h 
28BfT7 ~~ 

L...-----'.~ 27 BIT a ~!!! 
26ERI&-81 ~ 

25BIT9}~ 
24BITlO t-

23 BIT 11 

22 BIT 12 ILSBI 

21eii(9-12) 

~--~----------~7~ 

20 

I~ 

@Dt*tlEL 
~SYSTEMS,INC. 

contained MOS hold capacitor. Aperture Scale Oto+5V Oto+10V Straight Binary 
de~ytim~is100nsec.andho/dmodedr~p -+-F-S--1-L-S-B~~~~-+-4-.9-9-B-B-·~~~~+-9-.9-9-7-6~~~~1-1-1=1~1-11-1~1-1--11 
is 1p.V/p.sec. Nonlinearityerroris/essthan +~FS +3.7500 +7.5000 1100 0000 0000 
1/2 LSB and total error is 1 LSB maximum at +V2FS +2.5000 +5.0000 1000 0000 0000 
50 kHz throughput rate. +lkFS +1.2500 +2.5000 0100 0000 0000 

The HDAS units are especially useful for Z+E1RLOSB +0.0012 +0.0024 0000 0000 0001· 
microcomputer based measurement and 0.0000 0.0000 0000 0000 0000 
control systems. The package is a minia- BIPOLAR 
ture 2.3 x 1.4 x 0.24 inches Scale 
(58 x 36 x 6 mm)with 62 pins. +FS-1 LSB 

+V2FS. 
ZERO 
-V2FS 
-FS+ 1 LSB 
-FS 

±5V 

+4.9976 
+2.5000 

0.0000 
-2.5000 
-4.9976 
-5.0000 

ORDERING INFORMATION 
Model Oper. Temp. 

Range 
HDAS-BMC Ot070C 
HDAS-BMR -25to +B5C 
HDAS-BMM -55to +125C 

HDAS-16MC Ot070C 
HDAS-16MR -25to +B5C 
HDAS-16MM -55to +125C 

COVERED BY GSA CONTRACT 
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±lOV 
+9.9951 
+5.0000 

0.0000 
-5.0000 
-9.9951 
-10.000 

Seal 
Hermetic 
Hermetic 
Hermetic 

Hermetic 
Hermetic 
Hermetic 

Offset Binary 
1111 1111 1111 
1100 0000 0000 
1000 0000 0000 
0100 0000 0000 
0000 0000 0001 
0000 0000 0000 

Price (1-9) 

$325.00 
445.00 
750.00 

325.00 
445.00 
750.00 
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ADC-EK SERIES @D'\lEL 
~SYSTEMStINC. 

MONOLITHIC INTEGRATING AID CONVERTERS 

FEATURES 
• Charge Balancing Type 
• Binary or BCD Models 
• 20 mW Power Consumption 
• No Missing codes 
• 8, 10, 12 Bit Resolution 

The ADC-EK series are low power, 
integrating AID converters fabricated 
on a single monolithic chip using 
CMOS technology. The circuit employs 
a charge balancing integrator, current 
switch, comparator, clock counter, data 
counter, and control logic circuitry to 
implement conversion. The charge bal­
ancing integration technique gives 'high 
linearity and noise immunity along 
-with inherent monotonicity resulting in 
no missing codes. Output data appears 
in parallel form on latched outputs 
which are CMOS, low power TTL, or 
low power Schottky TTL compatible. The 
ADC-EK series consists of 5 different 
models with 8, 10, and 12 bit binary 
coding and 3% digit BCD coding. 

Conversion time is 1.8 to 24 milli­
seconds maximum depending on model. 
Nonlinearity is ±% LSB max. while -
differential nonlinearity is ±X LSB 
typical. 
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AMPLI~~~ 5;J-t-----, 

ANI~~rm 14 

+5VDC -5VDC BIAS 

GROUND t2(1-------. 

r'-----...... J--~~fnJ fS~.fTUS) 
L-__ --r---~~ e~rtD 

START 
CONVERT 

MSB MSB MSB 
12 BITS 10 BITS 8 BITS 

LSB 

BCD 
OVERRANGE 
(ADC,EK12D ONLY) 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Conversion Time, 8 Bits 
Conversion Time, 10 Bits 
Conversion Time, 12 Bits 
Gain Tempco, max. 
Linearity Error, max. 
Differential Nonlinearity 
Diff. Nonlinearity Tempco 
No Missing Codes 
Power Supply Sensitivity 

Analog Input Range 
Reference Input 
Unipolar Coding 
Bipolar Coding 

Power Requirement 
Package 

ADC-EK8B, lOB, 12B ADC-EK12DC, DR 

8, 10, 12 Bits 3% Digits 
. 1.8 msec. 

6.0 msec. 
24 msec. 12 msec. 
40 ppm/oC 40 ppm/oC 
% LSB X LSB 
X LSB X LSB 
1.7 ppm/oC 25 ppm/oC 

Over Operating Temp. Range 
0.05%/% 0.05%/% 

Oto +10~ 
- 20 IlA 
Straight Binary 
Offset Binary 

±5 VDC at 2 rnA 
24 Pin 

Oto +10pA 
-20~ 

BCD 

±5 VDC at 2 rnA 
24 Pin 

ORDERING INFORMATION 

Oper. Temp. 
Model Range Package Price (1-24) 

ADC-EK8B o to 70C Plastic $11.95 
ADC-EKIOB o to 70C Ceramic 27.50 
ADC-EK12B o to 70C Ceramic 36.00 
ADC-EK12DC o to 70C Plastic 14.00 
ADC-EK12DR -25 to +85C Ceramic 22.00 

COVERED BY GSA CONTRACT 
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ADC-ET SERIES 
CMOS AID'S WITH 3-STATE·OUTPUTS 

START DATA 
CONVERSION BUSY VALID 

FEATURES SPECIFICATIONS, Typical at 25°C 
• ,Monolithic CMOS ADC-ET88 
• 3-State Outputs 
• 8, 10, 12 Bit Resolution 
• ~ LSB Typical Linearity 
• Integrating Type 

Resolution B Bits 
Conversion Time; max. 1.B msec. 
Gain Tempco, typo 25 ppm/oC 
Gain Tempco, max. 75 ppm/oC 
Nonlinearity, max. Y:!LSB 
Differential Nonlinearity ~ LSB 
Diff. Nonlinearity Tempco 2.5 ppm/oC 

@c,\lEL,: 
~SYSTEMSIINC.;' 

I 
I 
I 
I 

OUTPUT I 
LATCHESI 

I 
I 

ENABLE 

DATA 
COUNTERS 

, THREE 
, STATE 
'DRIVERS 
I 
I 
I 
I , 
I , 

ADC-ET108 

10 Bits 
6.0 msec. 
25 ppm/oC 
75 ppm/oC 
Y:! LSB 
~ LSB 
2.5 ppm/oC 

ADC-ET128 

12 Bits 
24 msec. 
25 ppm/oC 
75 ppm/oC 
±Y:! LSB':' 
±~ LSB 
2.5 ppm/oC 

The ADC-ET series devices are low 
cost 8, 10, and 12 bit integrating AID 
converters optimized for high accuracy, 
linearity and noise immunity. They 
operate at low power consumption, 
with sufficient speed to handle most 
industrial and instrumentation require­
ments. Discretely controllable three 
state outputs allow bus organized 
output connections making these units 
ideal for microprocessor interfacing. 

No Missing Codes Over Operating Temp. Range 

Fabricated with monlithic CMOS 
techniques, each device is housed in a 
241pin dual in-line package. The con­
ve~er consists of an integrating opera­
tiontll amplifier, comparator, current 
switCih internal clock, two counters, 
latchihg output buffers and control 
logic circuitry. Operation of the circuit 
requires only a few extern91 passive 
components and connection to external 
reference and power supplies. 

©IC MASTER 1979 

Power Supply Sensitivity, 
max. 0.05%/% 

Analog Input Ran'ge Oto+10 1lA 
Reference Input - 2O IlA 
Output Logic LPTTL, CMOS 
Unipolar Coding Straight Bin. 
Bipolar Coding Offset Bin. 

Power Requirement ±5Vat5mA 
Package 24 Pin 

*± 1Y2 LSB max. for ADC-ET12BC 

ORDERING INFORMATION 

Model Oper. Temp. Range 

ADC-ETBBC o to 70C 
ADC-ETBBM -55 to + 125C 

ADC-ET10BC o to 70C 
ADC-ET10BM -55 to +125C 

ADC-ET12BC Oto 70C 
ADC-ET12BR -25 to +B5C 
ADC-ET12BM -55 to +125C 

COVERED BY GSA CONTRACT 

0.05%/% 0.05%/% 

o to +10 JLA o to +10 IlA 
- 2O IlA - 2O IlA 
LPTIL. CMOS LPTIL, CMOS 
Straight Bin; Straight Bin. 
Offset Bin. Offset Bin. 

±5Vat5mA ±5Vat 5 rnA 
24 Pin 24 Pin 

Package Price (1-24) 

Plastic $13.50 
Ceramic 40.00 

Plastic 17.50 
Ceramic 50.00 

Plastic 1B.50 
Ceramic 39.50 
Ceramic 6B.00 
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ACC-Mcsa @D'UEL 
~SYSTEMS,INC. 

LOW COST. B BIT MONOLITHIC AID CONVERTER 

FEATURES 
• 8 Bit Resolution 
• Internal 2.5 V Reference 
• +5 V Supply Operation 
• Operates as AID or D/A 
• Low Cost 

The ADC-MC88 is an 8 bit monolithic, 
multifunction converter which operates 
from a single +5 V supply. This device 
can be operated as either an AID or 
DI A converter by means of external pin 
connections. As a D/A converter it is 
complete, including an internal 2.5 V 
reference; the output voltage is a to 
+2.55 V when using the internal 
reference. When operating as an ND 
converter, two external IC's are 
required: a 311 type comparator, and 
a 74132 type quad NAND gate. An 
internal counter develops the output 
code word with 500 ILsec. required for 
a full scale conversion. 

The ADC-MC88 design consists of 
eight current switches, a diffused 
resistor R-2R ladder network, a 2.5 V 
band gap reference, an 8 bit binary 
counter, and eight logic select switches. 
The logic select switches have a control 
input which determines whether the 
switches provide TIL outputs or accept 
TTL inputs. This converter can also be 
used with an external reference. 

664 

+Vcc 

~~ 
@ +2.:V l 

R-2Rl.atter 

I I I 
ReferenCe I Switches 

G: ~ 

I 

VREF OUT 

GROUND 

I 

l 
r 

l Logic Input Select Switch 

LOGIC.SELECT G: 1.1 1 I 1 I 1 I 1 11 I I 

~ 
I 

8 Bit Binary Countef 
L STROBE 

1 -

SPECIFICATIONS, Typical at 25°C 

Resolution 
Conversion Time 
Gain Tempco 

ADC-MC8B 

8 Bits 
500 ILsec. 
40ppm/oC 
~LSB 
~lSB 

I I 

Nonlinearity Error, max. 
Differential Nonlinearity, max. 
No Missing Codes Over Op. Temp. Range 

Analog Input Ranges* 

Input Impedance 
Reference Output 
Output Logic 
Output Logic 
Unipolar Coding 
Bipolar Coding 

Power Requirement 
Package 

*determined by external resistors 

ORDERING INFORMATION 

Oto +2.5 V 
Oto +5 V 
Oto +10V 
Set by resistor used 
+2.55 V 
DTL/TTL 
DTL/TIL 
Straight Binary 
Offset Binary 

+5 VDC at 30 rnA 
16 Pin DIP 

Model 
Oper. Temp. 
Range Package 

ADC-MC8BC o to 70C Plastic 

COVERED BY GSA CONTRACT 

l-® 
I 

t-@) 

t-@ 
@ 

! @ 
® 
~ 
(2) 
® 
® 

I I 

J i 

ANGOUT 

BIT11MSBl 

BIT2 

BITJ 

BIT4 

BIT5 

BIT6 

Bin 

BIT81LSBI 

RESET 

Price (1-24) 

$ 9.50 
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ADC-HC12B @c'\lEL 
~SYSTEMS.INC. 

1 2 BIT. LOW POWER AID CONVERTER 

FEATURES 
• Single Supply Operation 
• CMOS Circuitry 
• 12 Bit Resolution 
• 6 Input Voltage Ranges 
• 26'mW Consumption at 1000 

Conversions /Sec. 

The ADC-HC12B is a complete, low 
power 12 bit AID converter utilizing 
CMOS circuitry. It is specifically 
designed for portable and remote 
instrumentation applications where 
low power consumption ~s essential; 
this unit operates from either a single 
+9 VDC to + 15 VDC power source 
(interrupt mode) or from a dual ±9 
VDC to ±15 VDC source (conti,nuous 
mode). In the interrupt mode of opera­
tion the converter is initially in standby 
mode, drawing only 10 pA of current 
from the supply until a start convert 
pulse is applied to it. With the pulse 
applied the converter turns on, stabili­
zes, and then performs a 12 bit 
conversion and returns to the standby 
mode while the 12 bit data word is held 
at the output. 

Power consumption is 112 milliwatts 
in the continuous mode and 26 milli­
watts in the i'nterrupt mode at 1,000 
conversions per second. There are six 
different analog input voltage ranges. 

©IC MASTER 1979 

DIGITAl 

~ 17 

12 BlTOAC 

5 6 7 8 
eITNO. 

I 
PARALLEL DATA OUT 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Conversion Time, 

continuous mode 
Conversion Time, 

interrupt mode 
Gain Tempco, max. 
Nonlinearity Error, max. 
Differential Nonlinearity, max: 
Differential Nonlinearity Tem"pco 
No Missing Codes 
Power Supply Sensitivity 

Analog Input Ranges 

Input Impedance 
Output Logic 
Unipolar Coding 
Bipolar Coding 

Power Requirement, continuous 
Power Requirement, interrupt 
Package 

ORDERING INFORMATION 

ADC-HC12B 

12 Bits 
305 J.LSec. max. 

350 JLsec. max. 

30 ppm/DC 
%LSB 
%LSB 
2 ppm/DC of FSR 
Over Ope Temp. Range 
0.003%/% 

o to +5 V, +10V, +20 V 
±2.5 V, ±5 V, ±10 V 
5K, 10K, or 20K 
CMOS 
Straight Binary 
Offset Binary 
Two's Complement 

±9Vto ±15 V 
+9Vto+15V 
32 Pin 

Opere Temp. 
Model Range Seal 

ADC-HC12BGC o to 70C Epoxy 
ADC-HC12BMC Oto 70G Hermetic 
ADC-HC12BMR -25 to +85C Hermetic 
ADC-HC12BMM -55 to +125C Hermetic 

COVERED BY GSA CONTRACT 

11 12 

(LSBJ/ 

21 START 
CONVERT 

Price (1-24) 

$149.00 
159.00 
199.00 
249,00 
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ADC-HS12B @D/\lEL 
~SYSTEMS,INC. 

1 2 BIT AID CONVERTER WITH SAMPLE HOLD 

2 FEATURES 
as • Internal Sample-Hold 
C • 6 !-lSec. Acquisition Time 

• 8 !-lSec. Conversion Time 
• 12-Bit Resolution 
• Programmable Input Ranges 

The ADC-HS12B is a high perform­
ance 12 bit AID converter combined 

,with a sample-hold in a miniature 32 
pin package. It is specifically designed 
for systems applications where the 
sample-hold is an integral part of the 
conversion process. The sample hold 
has a 6/-Lsec. acquisition time and 
the AID converter has an 8 /-Lsec. 
conversion time. Five input voltage 
ranges are programmable by external 
pin connection. The' input impedance 
to the sample-hold is 100 megohms, 
permitting direct connection to an 
analog multiplexer. 

This converter incorporates proven 
thin film hybrid .technology used in 
high volume production. The thin film 
resistor network is fabricated of nichrome 
on glass and then actively laser trimmed 
for best linearity. Other features 
include 20 ppm/DC gain tempco, 
2 ppmrC differential 110nlinearity 
te~pco and no missing codes over the 
operating temperature range. 
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SAMPLE BIPOLAR REF 
CH CONTROL OFFSET OUT 

32 23 

g§ ~ffi 12 11 10 9 

.. ..> LSB 
<J "'8 1 

8 7 II 5 4 

BIT NO. 

3 2 1 ~~§ 

PARALLEL DATA OUT 

SPECIFICATIONS, TYPical at 25°C 

Resolution 
Acquisition Time 
Conversion Time, max. 
Gain Tempco, max. 
Nonlinearity Error, max. 
Differential Nonlinearity,max. 
No Missing Codes 
Power Supply Sensitivity 

Analog Output Ranges 

Input Impedance 
Input Bias Current 
Aperture Delay Time 
Aperture Uncertainty Time 
Hold Mode Droop 
Hold Mode Feedthrough 
Output Logic 
Unipolar Coding 
Bipolar Coding 

Power Requirement 

Package 

ORDERING INFORMATION 

ADC-HSI2B 

12 Bits 
6/-LSec. 
8/-LSec. 
20 ppm/DC 
~LSB 
%LSB 
Over Op. Temp. Range 
0.002%/% max. 

o to + 5 V, 0 to + 10 V 
±2.5 V, ±5 V, ±10 V 
100 Megohms 
50 nA 
50 nsec. 
5 nsec. 
50 nV//-Lsec. max. 
0.01% max. 
TIL 
Compo Binary 
Compo Offset Binary 

+15 VDC at 60 rnA 
-15 VDC at 50 rnA 
+5 VDC at 100 rnA 
32 Pin 

Oper. Temp. 
Model Range Seal 

ADC-HS12BGC o to 70C Epoxy 
ADC-HS12BMC o to 70C Hermetic 
ADC-HS12BMR -25 to +85C Hermetic 
ADC-HS 12BMM -55 to +100C Hermetic 

COVERED BY GSA CONTRACT 

MSBI~O 

Price (1-24) 

$155.00 
169.00 
219.00 
259.60 
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ADC-HU3B @C'\IIEL 
3 BIT EXPANDABLE FLASH AID CONVERTER 

~ SYSTEMS, INC. 

FEATURES 
• 3 Bits Plus Overrange 
• 50 MHz Conversion Rate 
• 0.1% Linearity 
• Expandable Building Block 
• Parallel (Flash) Technique 

The ADC-HU3B is an ultra-fast, 3 bit 
AID converter using the flash (or 
paralleO conversion technique. Using 
thin-film hybrid construction this 
device performs a conversion every 20 
nanoseconds maximum, giving a 50 
MHz conversion rate. It is a miniature 
building block circuit which can be 
used alone as a 3 bit AID, with two 
units corrected together for a 4 bit 
AID, or with four units connected to­
gether for a 5 bit AID. There are two 
sets of digital outputs: one directly 
from the comparator outputs gives a 
"thermometer scale" output; the other 
is a 3 bit decoded binary output with 
an overrange bit. 

The ADC-HU3B is fabricated using a 
bank of 8 ultra-fast monolithic analog 
comparators. A 160 ohm tapped thin­
film resistor network biases the com­
parators and is connected to an-external 
voltage reference: the network is 
actively laser trimmed to give 0.1 % 
linearity. 

©IC MASTER 1979 

8UNEOUlI'VfS 

22 BlT10UT 1:; 
(MS81 § 

21 BIT 2 OUT ~ 

NOTE: R = 23.5 ohms 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Conversion Time, 81ine output 
Conversion Time, binary output 
Conversion Rate, binary output 
Gain Tempco, max. 
Nonlinearity, max. 

Analog Input Ranges 

lnput Bias Current 
. Reference Input 

Reference Input Impedance 
Output logic 
Unipolar Coding 

Bipolar Coding 

Power Requirement 

Package 

ORDERING INFORMATION 

ADC-HU3B 

3 Bits 
16 nsec. max. 
20 nsec. max. 
50 MHz min. 
±25 ppm/oC 
±0.1% 

o to +2.1 V 
Oto-2.1V 
±2.1 V 
50pA 

- ±2V 
141 to 188 Ohms 
ECl 
8 line (thermometer scale) 
Straight Binary 
8 line (thermometer scale) 
Offset Binary 

+5 VDC at 160 mA 
-5 VDC at 330 mA 
32 Pin 

Oper. Temp. 
Model Range Seal 

ADC-HU3BGC o to 70C Epoxy 
ADC-HU3BMC o to 70C Hermetic 
ADC-HU3BMR -25 to +85C Hermetic 
ADC-HU3BMM -55to +10OC Hermetic 

COVERED BY GSA CONTRACT 

iii 

Price (1-24) 

$189.00 
199.00 
251.00 
304.00 
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ADC-HX12B @D'\lEL 
1 2 BIT. LOW COST AID CONVERTER 

~ SYSTEMS, INC. 

FEATURES 
• 12 Bit Resolution 
• 20 J,Lsec. Conversion Time 
• 5 Programmable Ranges 
• 100 Megohm Buffer 
• Lowest Cost 

The ADC-HX12B is a very low cost, 
12 bit AID converter which is function­
ally complete. It is fabricated with 
thin film hybrid technology to perform 
a conversion in 20 flsec. By means of 
external pin connections it can be 
programmed for 5 different input volt­
age ranges. An internal 100 megohm 
buffer is provided for high input 
impedance applications. 

The circuit consists of a 12 bit DAC 
which employs quad current switches, a 
precision zener reference, a fast' 
comparator, clock, successive approxi­
mation register, and buffer amplifier. 
A nichrome thin film resistor network 
is actively laser trimmed to achieve 
optimum linearity. 

Output data'is available in both 
parallel and serial forms. This con­
verter can also be short cycled to 
achieve faster conversions at lower 
resolutions. 
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+15V -16V 
POWER POWER 

REF 
OUT 

·sv 
POWER 

CLOCK CLOCK START 12 11 10 9 8 7 6 5 .. 3 

RATE OUT CONV, , lSB BIT NO 

PARALLEL DATA OUT 

SPECIFICATIONS. Typical at 25°C 

Resolution 
Conversion Time, max. 
Gain Tempco, max. 
Nonlinearity Error, max. 
Differential Nonlinearity, max. 
Diff. NonlinearityTempco 
No Missing Codes 
Power Supply Rejection,max. 

Analog Input Ranges 

Input Impedance 
Buffer Input Impedance 
Buffer Bias Current 
Buffer Settling Time 
Unipolar Coding 
Bipolar Coding 

Power Requirement 

Package 

ORDERING INFORMATION 

ADC-HX128 

12 Bits 
20 flsec. 
20 ppm/DC 
~ LSB 
% LSB 
2 ppm/DC of FSR 
Over Op. Temp. Range 
0.002%/% 

o to + 5 V, 0 to + 10V 
±2.5 V, ±5 V, ±10 V 
2.5 K, 5 K or 10 K 
100 Megohms 
125 nA 
3 flsec. 
Complementary Binary 
Compo Offset Binary 
Compo 2's Comp,lement 

+15 VDC at 55 mA 
-15 VDC at 45 mA 
+5 VDC at 100 mA 
32 Pin 

Model 
Oper. Temp. 
Range Seal 

ADC-HX12BGC 
ADC-HX12BMC 
ADC-HX12BMR 
ADC-HX12BMM , 

o to 70C 
o to 70C 

-25 to +85C 
-55 to +looC ' 

COVERED BY GSA CONTRACT 

Epoxy 
Hermetic 
Hermetic 
Hermetic 

Price, (1-24) 

$ 87.00 
105.00 
125.00 
169.00 

©IC MASTER 1979 



ADC-HZ12B 
1 2 BIT, HIGH PERFORMANCE AID CONVERTER 

@"'\lEL 
~SYSTEMS.INC. 

FEATURES 
• 8 ,..,sec. Conversion Time 
• 20 ppm/at Tempco 
• 5 Programmable Ranges 
• Short Cycle Capability 
• 100 Megohm Buffer 

The ADC-HZ12B features high 
conversion speed in a hybrid 12 bit 
AID converter. By employing a low 
capacitance nichrome-on-glass thin 
film resistor network, a conversion 
time of only 8 J.Lsec. is achieved. This 
converter also has 5 different input 
voltage ranges determined by external 
pin connection and a 100 megohm 
buffer which may be connected if 
desired. 

This ADC-HZ12B is functionally 
complete, incorporating a 12 bit 
DAC, precision reference, fast com­
parator, successive approximation 
register, a clock, and buffer amplifier. 
The thin film resistor network has 
excellent tracking characteristics 
resulting in no missing codes over the 
operating temperature range. The net­
work is functionally laser trimmed. 

Output coding is complementary 
binary, complementary offset binary, or 
complementary two's complement. 
Provision is made for precise, external 
adjustment of offset and gain. 

©IC MASTER 1979 

+15V -15V REF 
POWER POWER OUT 

CLOCK CLOCK START 12 11 10 9 8 7 6 5 4 3 2 1 T SERIAL 

RATE OUT CONV. \ LS8 81T NO. MSS 1m! / ~~A 

PARALLEL DATA OUT 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Conversion Time, max. 
Gain Tempco, max. 
Nonlinearity Error, max. 
Differential Nonlinearity, max. 
Diff. Nonlinearity Tempco 
No Missing Codes 
Power Supply Sensitivity, max. 

Analog Input Ranges 

Input Impedance 
Buffer Input Impedance 
Buffer Bias Current 
Buffer Settling Time 
Output Logic 
Unipolar Coding 
Bipolar Coding 

. Power Requirement 

Package 

ORDERING INFORMATION 

ADC-HZ12B 

12 Bits 
8J.Lsec. 
20 ppm/oC 
%LSB 
%LSB 
2 ppm/oC of FSR 
Over Op. Temp. Range 
0.002%1% 

o to +5 V, 0 to + 10V 
±2.5 V,±5 V, ±10 V 
2.5K, 5K or 10K 
100· Megohms 
125 nA 
3 J.Lsec. 
TTL 
Complementary Binary 
Compo Offset Binary 
Compo 2's Complement 

+15 VDC at 55 rnA 
-15 VDC at 45 rnA 
+5 VDC at 100 rnA 
32 Pin 

Model 
Oper. Temp. 
Range Seal 

ADC-HZ12BGC 
ADC-HZ12BMC 
ADC-HZ12BMR 
ADC-HZ12BMM 

o to 70C 
. Oto 70C 
-25 to +85C 
-55to +10OC 

COVERED BY GSA CONTRACT 

Epoxy 
Hermetic 
Hermetic 
Hermetic 

Price (1-24) 

$125.00 
135.00 
179.00 
215.00 
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CAe-DBB @D''dEL 
~SYSTEMS,INC. 

HIGH SPEED, MONOLITHIC 8 BIT Of A CONVERTER 

FEATURES 
• 8 Bit Resolution 
• 85 nsec. Settling Time 
• High Output Compliance 
• 1 or 2 Quadrant Multiplying 
• Low Cost 

The DAC-08BC and DAC-08BM 
provide very high speed performance 
coupled with low cost and application 
flexibility. These units have guaranteed 
full 8-bit monotonicity with non­
linearity of 0.19% over the full 
operating temperature range. High 
speed current steering switches 
achieve 85 nanosecond settling time 
with a very low glitch for full scale 
changes. A large output voltage compli­
ance range (-10 to + 18 Volts) allows 
direct current to voltage conversion 
with just an output resistor, omitting 
the need for an op amp in many cases. 

The DAC-08 consists of 8 fast­
switching current sources, a diffused 
R-2R resistor ladder, a bias circuit, and 
a reference control amplifier. The 
diffused resistor ladder gives excellent 
temperature tracking resulting in a gain 
temperature coefficient of 10 ppmrC. 
The monolithic fabrication results in 
excellent linearity and tempco, fast 
output settling and low cost. 
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I MSB 

DIGITAL INPUTS 
I 

LSB \ 

2 3 4 5 6 7 8 

COMP -VEE 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time, to % lSB 
Gain Tempco 
Nonlinearity, max 
Diff. Nonlinearity, max. 
Monotonicity 
Power Supply Sensitivity 

Analog Output Ranges 

Output Voltage Compliance 
Input logic 

Coding, unipolar 
Coding, bipolar 

Power Requirement 

Package 

DAC-08BC/BM 

8 Bits 
85 nsec. 
10 ppm/DC 
% lSB 
% lSB 
Over'Op. Temp. Range 
0.002%/% 

Oto2.1mA 
Oto 4.2 rnA 
-10 V to +18 V 
DTl, TTL, HTl 
CMOS, ECl, HNll 

, Straight Binary' 
Offset Binary 

+4.5 to + 18 V at 3.8 mA 
-4.5 to -18 V at 7.8 mA 
16 Pin DIP 

ORDERING INFORMATION 

Model 

DAC-08BC 
DAC-08BM 

Oper. Temp. 
Range 

Oto 70C ' 
-55 to +125C 

COVERED BY GSA CONTRACT 

Package 

Plastic 
Ceramic 

Price (1-24) 

$ 5.95 
12.50 

@IC MASTER 1979 



CAe-lcsa 
LOW COST. MONOLITHIC 'B BIT Of A CONVERTER 

COMPENSATION 

DIGITAL INPUTS 

'MSB LSB' 
BIT 1 2345678 

t------l 4 OUTPUT 

FAST CURRENT SWITCHES 

-VEE GNO RANGE 

CONTROL 

FEATURES SPECIFICATIONS, Typical at 25°C 
• 8 Bit Resolution 
• 300 nsec. Settling Time 
• % LSB Linearity 
• DTL/TTL Inputs 
• Low Cost 

The DAC-IC8B is an 8 bit monolithic 
Of A converter designed for low cost 
and flexible application. It is packaged 
in a 16 pin DIP and requires only an 
external output amplifier and reference 
for operation. A full scale output change 
settles in 300 nanoseconds for a cur­
rent output; this can be converted into 
a fast voltage output with a monolithic 
operational amplifier such as Datel 
System's AM-452. Digital input coding 
is straight binary for unipolar operation 
and offset binary for bipolar operation 
and is compatible with standard 
OTL/TIL logic. 

The DAC-IC8B circuit consists of 8 
fast switching current sources, a 
diffused resistor R-2R ladder network, 
a bias circuit, and a reference control 
amplifier. The diffused ladder network 
results in excellent linearity and 
temperature tracking. An external 
reference current of 2 rnA must be 
supplied from the reference voltage 
source and the reference can be 
varied for one or two quadrant multi­
plying operations. Two models are 
available for the commercial and 
military temperature ranges. I 

©IC MASTER 1979 

Resolution 
Settling Time, to Y2 LSB 
Gain Tempco 
Nonlinearity, max. 
Diff. Nonlinearity 
Power Supply Sensitivity 

Analog Output Ranges 

Output Voltage Compliance 
Input Logic 
Coding, unipolar 
Coding, bipolar 

Power Requirement 

Package 

ORDERING INFORMATION 

Model 

'DAC-IC8BC 
DAC-IC8BM 

COVERED BYGSA CONTRACT 

DAC-IC8B 

8 Bits 
300 nsec. 
20 ppm/oC 
Y2 LSB 
Y2 LSB 
0.01%/% 

Oto 2.1 rnA 
Ot04.2 rnA 
-0.6 V to +0.5 V 
DTL/TTL 
Straight Binary, 
Offset Binary 

+5 VDC at 22 rnA 
-4.5 to -16.5 V at 13 rnA 
16 Pin DIP, 

Oper. Temp. 
Range 

o to 70C 
-55 to +125C 

Package 

Ceramic 
Ceramic 

Price (1-24) 

$ 4.95 
13.50 
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DAC-UPSB @D'\lEL 
~SYSTEMS.INC. 

8 BIT MONOLITHIC DAC WITH INPUT REGISTER 

'CD FEATURES ,., ..... 
«t • Input Register 
C • Internal Reference 

• Voltage Output 
. • Low Cost 

• 8 Bit Resolution 

The DAC-UP8BC and DAC-UP8BM 
are 8 bit monolithic DAC's with internal 
registers. Contained in the 22 pin DIP 
is a stable reference, a high-speed 
output amplifier and an 8 bit input latch. 
These microprocessor compatible 
convert~rs are ideal for low cost ap'plica­
tions. When the "load" input is low, the 
register is transparent and any change 
on the digital input pins will be reflected 
on the analog output. A low to high 
transition will latch this digital informa­
tion and retatn it until the "load" goes 
low. The output voltage range is 0 to 
+ 10 V for unipolar and ±5 V for bipolar. 
Typical settling time is 2 Jlsec for a full 
scale change. 

The DAC design consists of 8 fast­
switching current sources, a diffused 
R-2R resistor ladder network and a 
control amplifier. The diffused resistor 
network gives excellent temperature 
tracking resulting in a gain temperature 
coefficient of 20 ppm/oC. This bipolar 
monolithic device exhibits excellent 
linearity and temperature coefficients. 
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I 

~ 
DAC 

COMP 

LOAD 

DIGITAL INPUTS 
I 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time, to }'2LSB 
Gain Tempco, max. 
Nonlinearity. max. 

DAC-UPS8 

8 Bits 
211sec 
20 ppm/oC 
Y2 LSB 
}'2 LSB 

DIGITAL GND. 

22 ANALOG 
GND. 8K 

ii AMPCOMP 

I 
I 

Differential Nonlinearity, max. 
Monotonicity 
Power Supply Sensitivity 

Over Oper. Temp. Range 
±1 mV/V 

Analog Output Voltages 

Output Current 
Input Logic 
Coding, unipolar 
Coding, bipolar 

Power Requirement 

Package 

ORDERING INFORMATION 

Model 

DAC-UP8BC 
DAC-UP8BM 

Oto +10V 
±5V 
±5mA 
DTL/TTL 
Straight Bin. 
Offset Bin. 

+15 VDC at 7 rnA 
-15 VDC at 10 rnA 
22 pin DIP 

Oper. Temp. 
Range 

o to 70C 
-55 to +125C 

COVERED BY GSA CONTRACT 

Package 

Plastic 
Ceramic 

Price (1-24) 

$12.50 
24.00 

©IC MASTER 1979 



DAC-IC10BC @D'\IEL 
~SYSTEMS.INC. 

LOW COST. MONOLITHIC 1 0 BIT Of A CONVERTER 

FEATURES 
• 10 Bit Resolution 
• Straight Binary Coding 
• Current Output 
• 250 nsec. Settling Time 
• TTL/CMOS Compatible 

The DAC-ICI0BC is a low cost, 10 bit 
monolithic DAC with fast output cur;. 
-rent settling time. It is packaged in a 16 
pin ceramic DIP and requires only an 
external reference and operational 

. amplifier for voltage output operation. 
A full scale change in output current 
settles in 250 nanoseconds, and with a 
fast I.C. op amp (such as Datel System's 
AM-452) a 10V output change can settle 
within 1 microsecond. Digital input 
coding is straight binary for unipolar 
operation, and offset binary for bipolar 
operation; the logic inputs are com­
patible with TIL or CMOS. 

This converter is manufactured with 
monolithic bipolar technology. The 
circuit incorporates 10 fast switching 
current sources which drive a diffused 
resistor R-2R network. The ladder 
network is laser trimmed by cutting 
aluminum links. The circuit also con­
tains a reference control amplifier 
and a bias circuit. An external 
reference current of 2 rnA is required 
at the + Reference input terminal. 

The DAC-ICI0BC has ±1 bit 
linearity with guaranteed monotonicity 
at room temperature and has a tempco 
of 20 ppmrC. 

©IC MASTER 1979 

OIGITAlINPUTS 
MSB lSB 

BIT NO. 1 2 3 4 5 6 7 8 9 10 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time, to 72 LSB 
Gain Tempco 
Nonlinearity, max. 
Diff. Nonlinearity, max. 
Monotoni city 
Power Supply Sensitivity 

Analog Output Range 
Output Voltage Compliance 
Input Logic 

Coding, unipolar 
Coding, bipolar 

Power Requirement 

Package 

ORDERING INFORMATION 

Model 

DAC-ICIOBC 

COVERED BY GSA CONTRACT 

DAC-ICIOBC 

10 Bits 
250 nsec. 
20 ppm/oC 
1 LSB 
1 LSB '-, 
at 25°C 
0.02%1% 

Oto 5 rnA 
-2.5 V to +0.2 V 
DTL, TTL, HTL 
HNIL, CMOS 
Straight Binary 
Offset Bina'ry 

+5 VDC at 18 rnA 
-15 VDC at 20 rnA 
16 Pin DIP 

Oper. Temp. 
Range 

Oto 70C 

Package 

Ceramic 

Price (1-24) 

$11.50 

673 



CAe-S81 
MONOLITHIC 1 2 BIT OJ A CONVERTER 

@D'\lEL 
~SYSTEMS.INC. 

FEATURES 
• 12 Bit Resolution 
• 200 nsec. Settling Time 
• 5 ·ppm/oC Max. Gain Tempco 
• 5 Output Ranges 
• 562 Pin Compatible 

The DAC-681 is a new high per­
formance monolithic 12 bit D/A con­
verter fabricated with advanced 
bipolar· technology. The circuit uses a 
precision, laser-trimmed thin film R-2R 
ladder network driven by equal-value 
switched current sources to achieve 
1/4 LSB typical linearity, 200 nsec. 
settling time, and ±5 ppm/oC max. 
gain tempco. 

The DAC-681 operates from TTL or 
CMOS input logic and provides a 0 to 
5 rnA or ±2.5 rnA output current. The 
converter contains tracking feedback 
and bipolar offsetting resistors to 
provide five output voltage ranges when 
used with an external operational 
amplifier: 0 to +5V, 0 to + 10V, ±2.5, 
±5V, and ± 10V. The DAC-681 features 
pin compatibility with 562 type DAC's 
while offering superior performance to 
these earlier devices. 
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DIGITAL INPUTS 

LOGIC MSB LSB 
+SUPPLY SELECT 1 2 3 4 5 15 7 8 9 10 11 12 BIT NO. 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time, to Y2LSB 
Gain Tempco, max. 
Nonlinearity, max. 
Diff. Nonlinearity 
Monoton icity 
Power Supply Sensitivity 

Output Current 
Output Voltage Ranges 

Input Logic 
Coding, Unipolar 
Coding, Bipolar 

Power Requirement 

Package 

ORDERING INFORMATION 

Model Oper. Temp. Range 

-SUPPLY 

DAC-681 

12 Bits 
200 nsec. 
5 ppm/oC 
Y2 LSB 

<~{ LSB 
Over Op. Temp. Range 
3.5 ppm/% 

o to -5, ±2.5 mA 
o to +5V 
o to +10V 
±2.5V 
±5V 
±10V 
DTL, TIL, CMOS 
Straight Binary 
Offset Binary 

+5 VDC at 9 mA 
-15 VDC at 28 mA 
24 Pin Ceramic 

Package Price (1-24) 

DAC-681C 

DAC-681M 

o to 70C Ceramic $ 39.50 
-----------------------------------

- 55 to + 125C Ceramic 145.00 

COVERED BY GSA CONTRACT 
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DAC-HA10B, DAC-HA12B @D'\lEL, 
~ SYSTEMS, INC. 

LOW POWER CMOS 1 0 & 1 2 BIT MULTIPLYING Of A CONVERTERS 

FEATURES 
• 10 & 12 Bit Resolution 
• Y2 LSB Maximum Nonlinearity 
• 2 & 4 Quadrant Multiplying 
• 20 MHz Reference Bandwidth 
• +5 V or + 15 V Power Supply 

The DAC-HA series are high perfor­
mance, multiplying digital to analog 
converters. They combine CMOS 
switches with laser trimmed nichrome 
thin film resistors to realize low power 
consumption with excellent linearity 
and drift characteristics. There are 
three models in this series: DAC-HAI0B 
for 10 bit binary applications, 
DAC-HAI2B for 12 bit binaryapplica­
tions and DAC-HAI2D for 3 digit BCD 
applications. All units feature ±% LSB 
maximum nonlinearity. 

The thin film R-2R ladder network 
consists of 10K and 20K resistors with 
excellent tracking characteristics. The 
n~twork provides a 10K input resis­
tance to the required external reference, 
which can vary over ± 12 V. The band­
width for the reference input is 20 MHz. 
These devices are ideal for two and four 
quadrant multiplying applications and 
have output settling times of 1.3 & 
5 f-lsec. Separate models are available 
forboth +5 Vand + 15 Vsupplyoperation. 

©IC MASTER 1979 
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3 

10K 10K 10K 
REF. 17"J-----p----I'V\I\r----1~IIV\r_-n-"N\r____t_-....., 

IN 

20K 

DAC-HA12B/D SHOWN 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time, to % LSB 
Gain Tempco, max. ' 
Nonlinearity, max. 

DAC-HAIOB 

10 Bits 
1.3 flsec. 
20 ppm/oC 
% LSB 
% LSB 

DAC-HA12B DAC-HA12D 

12 Bits 3 Digits 
5 flsec. 5 flsec. 
5 ppm/oC 5 ppm/oC 
% LSB % LSB 
% LSB % LSB Dif. Nonlinearity, max. 

Monotonicity 
Feedthrough 

Over Operating Temp. Range 

Power Supply SensWvity 
0.01% 
0.01%/% 

Analog Output Current ± 1 rnA 
Reference Input Range ±12 V 
Reference Input Impedance 10K ±30% 
Input Logic TIL, CMOS 
Coding, unipolar Straight Bin. 
Coding, bipolar Offset Bin. 

Power Requirement'~ 

Package 

+5 VDC @ 1 flA 
+15 VDC 
@l.4mA 
16 Pin DIP 

ORDERING INFORMATION 
Oper. Temp. 

Model * Range 

DAC-HAI0BC o to 70C 
DAC-HAIOBR -25to +85C 
DAC-HAI0BM -55 to +125C 

DAC-HA12BC o to 70C 
DAC-HAI2BR -25 to +85C 
DAC-HAI2BM -55 to +125C 

DAC-HA12DC Oto 70C 
DAC-HAI2DR -25to +85C 
DAC-HAI2DM -55 to +125C 

0.025% 0.025% 
5ppm/% 5ppm/% 

±1 rnA 
±12V 
10K ±30% 
TTL, CMOS 
Straight Bin. 
Offset Bin. 

+5 VDC @ 1flA 
+15VDC 
@ 1.4mA 
18 Pin DIP 

Supply 
Voltage* 

+5V 
+5V 
+5V 

+5V 
+5V 
+5V 

+5V 
+5V 
+5V 

±1 rnA 
±12 V 
10K ±30% 
TTL, CMOS 
BCD 

+5 VDC @ 1flA 
+15VDC 
@ 1.4mA 
18 Pin DIP 

Price (1-24) 

$ 31.00 
41.00 
73.00 

52.00 . 
73.00 

104.00 

52.00 
73.00 

104.00 

*For + 15 V powered version, add suffix -1 to the model numbers shown. 

COVERED BY GSA CONTRACT 
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DAC-HA14B 
HIGH RESOLUTION, MULTIPLYING CMOS Of A CONVERTER 

@D'\lEL 
~SYSTEMS,INC. 

.~ FEATURES 

~ • 14 Bit Resolution 
• 2 & 4 Quadrant Multiplying 
• 7llsec. Settling Time 
• 5 ppm/oC Tempco, Max. 
• 20 MHz Reference Bandwidth· 

The DAC-HA148 is a 14 bit, CMOS 
multiplying 0/ A converter. There are 
two versions, offering a choice of either 
+5 V or +15 V power supply operation. 
The +5 V model draws only lilA quies­
cent current while the + 15 V model 
draws 1.4 rnA. The device is packaged 
in a 20 pin ceramic DIP package. 

The combination of low ON resistance 
CMOS switches and a laser-trimmed 
nichrome thin film resistor network 
result in a maximum nonlinearity of ± 1 
LSB with 14 bit monotonicity at 25°C. 
The, gain temperature coefficient of the 
circuit is 5 ppm/oC maximum. The 
resistor network is an R-2R ladder with 
resistance values of 10K and 20K ohms. 

The input resistance to the ladder is 
10K ohms for the external reference 
source, which may be ± 12 V. Bandwidtt 
for the reference input is 20 MHz. The 
DAC-HA14B incorporates internal pro­
tection on the power supply and digital 
input terminals to prevent latch-up 
problems. 
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SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time, to 1 LSB 
Gain Tempco, max. 
Nonlinearity, max. 
Differential Nonlinearity, max. 
Monotonicity 
Power Supply Sensitivity 

Analog Output Current 
Reference Input Range 
Referenc~ Input Impedance 
Input Logic 
Coding, unipolar 
Coding, bipolar 

Power Requirement 

Package 

BIT 3 BIT14 
iN IN 

DAC-HA14B 

14 Bits 
7/Jsec. 
5 ppm/oC 
1 LSB 
1 LSB 
At 25°C 
5 ppm/% 

±l mA 
±12V 
10K ±30% 
TTL, CMOS 
Straight Binary 
Offset Binary 

+5 VDC @ lJLA 
+15 VDC @ 1.4 mA* 
20 pin DIP 

*For models designated with - 1 suffix 

ORDERING INFORMATION 

Oper. Temp. Supply 
Model Range Voltage 

DAC-HA14BC o to 70C +5V 
DAC-HA14BR -25 to +85C +5V 
DAC-HA14BM -55 to +125C +5V 

DAC-HA14BC-l Oto 70C +15V 
DAC-HA14BR-l -25 to +85C +15V 
DAC-HA14BM-l -55 to +125C +15V 

COVERED BY GSA CONTRACT 

Price (1-24) 

$ 73.00 
104.00 
146.00 

73.00 
104.00 
146.00 
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DAC-HF SERIES ~D'\la'" 
~ SYSTEMS, INC.' 

ULTRA-FAST. CURRENT OUTPUT Of A CONVERTERS 

FEATURES 
• 8, 10, or 12 Bit Resolution 
• 25 nsec. Settling (8 or 10. Bits) 
• 50 nsec. Settling (12 Bits) 
• Unipolar or Bipolar Operation 
• 5 rnA Output Current 

The DAC-HF series features ultra­
fast current outputs for 8, 10, and 12 
bit resolutions. These state-of-the-art 
digital to analog converters give output 
settling times of 25 nanoseconds 
maximum for 8 and 10 bits and 50 
nanoseconds maximum for 12 bits. 
They can be used to drive a load 
resistor directly for up to ±1.2 V 
outputs or with a fast inverting 
pperational amplifier (Datel System's 
AM-500) for up to ± 10 V outputs at 
sub-microsecond settling times. The 
required feedback resistors are 
incorporated inside the unit and give a 
selection of five different output 
ranges by external pin connection. 

The circuit uses high speed PNP 
current switches combined with a low 
impedance R-2R ladder network. The 
network is fabricated with nichrome 
thin-film resistors which are then laser 
trimmed for optimum linearity. The 
output current is a to +5 mA or 
±2.5 mA with a 400 ohm output 
impedance. 

©IC MASTER 1979 

GROUNDS 

THIN FILM R-2R 
LADDER NETWORK 

'----''''' ",_-"')(\, BIPOlAR 
OFFSET 

BIT 1 2 3 4 5 6 7 8 9 10 11 12 

MSB DIGITAL INPUTS LSB 

NOTE: FDR DAC-HF10B PINS 11 & 12ARe NO CONNECTION 
FOR DAC-HF8B PINS 9,10, 11 & 12 ARE NO CONNECTION 

SPECIFICATIONS, Typical at 25°C 
) 

Resolution 
Settling Time max.* 
Gain Tempco,max. 
Nonlinearity, max. 

DAC-HF8B 

8 Bits 
25 nsec. 
20 ppm/DC 
Y2 LSB 
Y2LSB 

DAC-HF1.0B DAC-HF12B 

10 Bits 12 Bits 
25 nsec. 50 nsec. 
20 ppm/DC 20 ppm/DC 
Y2 LSB Y2 LSB 
Y2 LSB Y2 LSB Oiff. Nonlinearity, max. 

Monotonicity Over Operating Temp. Range. 
Power Supply Sensitivity 0.01%/% 

Analog Output Ranges 0 to + 5 rnA 
±2.5 rnA 

Output Voltage Compliance ±1.2 V 
I nput Logic OTL/TTL 
Coding, unipolar Straight Bin. , 
Coding, bipolar Offset Bin. 

0.01%/% 0.01%/% 

Oto +5 rnA 
±2.5mA 
±1.2 V 

.OTL/TTL 
Straight Bin. 
Offset Bin. 

Oto +5mA 
±2.5mA 
±1.2V 
OTL/TTL 
Straight Bin. 
Offset Bin. 

Power Requirement +15 VOC @ 30 rnA +15 VDC@ 35mA +15 VOC@40mA 
"-15VOC@12mA -15VOC@12mA-15VOC@12mA 

Package 24 Pin 24 Pin 24 Pin 

*To 1 LSB 

ORDERING INFORMATION 

Oper. Temp. 
Model Range Seal Price (1-24) 

DAC-HF8BGC o to 70C j Epoxy $109.00 
DAC-HF8BMC o to 70C Hermetic 119.00 
DAC-HF8BMR -25 to +85C Hermetic 159.00 
DAC-HF8BMM -55 to +125C Hermetic 189.00 

DAC-HFIOBGC o to 70C Epoxy 129.00 
DAC-HFIOBMC o to 70C Hermetic 139.00 
DAC-HFIOBMR -25 to +85C Hermetic 179.00 
DAC-HFIOBMM -55 to +125C Hermetic 209.00 

DAC-HF12BGC o to 70C Epoxy 139.00 
DAC-HF12BMC o to 70C Hermetic 149.00 
DAC-HF12BMR -25 to +85C Hermetic 189.00 
DAC-HF12BMM -55 to +125C Hermetic 219.00 

COVERED BY GSA CONTRACT 
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DAC-HK SERIES @D'\lEL 
~SYSTEMS,INC. 

HIGH PERFORMANCE 1 2 BIT DAC'S WITH INPUT REGISTER 

FEATURES 
• 12 Bit Resolution 
• Input Register 
• 20 ppm/oC Tempco 
• Binary, BCD, or 2'5 Compo Coding 
• 3 1Lsec. Settling Time 

The DAC-HK series 0/ A converters 
are high performance 12-bit-devices 
with a fast settling voltage output. 
They incorporate a level controlled 
input storage register and are specifi­
cally designed for systems applications 
such as data-bus interfacing with 
computers. When the "load" input is 
high data in the storage register is held, 
and when the load input is low data is 
transferred through to the DAC. There 
are three basic models available by 
coding option: binary, BCD, and two's 
complement. The output voltage ranges 
are externally pin-programmable and 
include: 0 to +2.5 V, 0 to +5 V, 0 to 
+10 V, ±2.5 V, ±5 V, and±10 V. 

Quad current switches are combined 
with a low T.C. thin film resistor net­
work and a low T.C. Zener reference to 
achieve better than 20 ppm/oC gain 
tempco. Optimum linearity is attained 
by functional laser trimming of the' thin 
film nichrome resistors. 

COVERED BY GSA CONTRACT 
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BIN BIT 1 2 3 4 5 6 7 8 
BCD BIT 800 <100 200 H10 80 40 20 10 

MSB 
DATA INPUTS 

10 11 12 
4 2 1 

LSB 

-For BCD models t~ resistors 
are4K ohms. 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time. to ~ LSS. 
Gain Tempco. max. 
Nonlinearity. max. 
Differential Nonlinearity. max. 
Monotonicity 
Power Supply Sensitivity 

Analog Output Voltages 

Output Current 
Input Logic 
Coding, unipolar 
Coding. bipolar 

Power Requirement 

Package 

ORDERING INFORMATION 

DAC-HK12B DAC-HK12D 

12 Bits 3 Digits 
3 J..Lsec. 3 J..Lsec. 
20 ppm/oC 20 ppm/oC 
~ LSB y.; LSB 
~ LSB y.; LSB 

Over Oper. Temp. Range 
0.~2%/% 0.002%/% 

Oto +5 V 
Oto +10 V 
±2.5V 
±5V 
±10V 
±5mA 
DTL/TTL 
Straight Bin. 
Offset Bin. 
Two's Compo 

o to +2.5 V 
Oto +5 V 
o to +10 V 

+5mA 
DTL/TTL 
BCD 

+15 VDC at 15 mA 
-15 VDC at 30 mA 
+5 VDC at 45 mA 
24 Pin 

Oper. Temp. 
Model Range Coding Seal 

DAC-HK 12BGC Oto 70C Binary Epoxy 
DAC-HK12BMC Oto 70C Binar.y Hermetic 
DAC-HK12BI\1R -25 to +85C Binary Hermetic 
DAC-HK12BMM -55 to +125C Binary Hermetic 
DAC-HK 12BGC-2 Oto 70C 2's Compo Epoxy 
DAC-HK 12BMC-2 Oto 70C 2's Compo Hermetic 
DAC-HK12BMR-2 -25 to +85C 2's Compo Hermetic 
DAC-HK12BMM-2 -55 to +125C 2'5 Compo Hermetic 
DAC-HK12DGC Oto 70C BCD Epoxy 
DAC-HK12DMC o to 70C BCD Hermetic 
DAC-HK12DMR -25 to +85C BCD Hermetic 
DAC-HK12DMM -55 to +125C BCD Hermetic 

Price (1-24) 

$ 62.00 
73.00 

104.00 
146.00 

62.00 
73.00 

104.00 
146.00 
62.00 
73.00 

104.00 
146.00 

©Ie MASTER 1979 



DAC~HP1SBJ DAC-HP.1SD 
HIGH RESOLUTION Of A CONVERTERS 

@n'\lEL 
~SYSTEMS.INC. 

FEATURES 
• 16 Bit Binary Model 
• 4' Digit BCD Model 
• Linearity to 0.003% 
• 15 ppmfoC Tempco, Max. 
• Voltage Output 

The DAC-HPseries are high resolu­
tion Of A converters with voltage 
output. They are self-contained, 
including a low tempco zener reference 
circuit and output operational amplifier, 
all in a miniature 24 pin double spaced 
ceramic DIP package. There are two 
basic models in the series. The DAC­
HP16B has 16 bit binary resolution 
with ±0.003% linearity while the 
DAC-HP16D has 4 digit BCD resolution, 
with ±0.005% linearity. Input coding' is 
complementary binary and comple­
mentary offset binary for the DAC­
HP16B and complementary BCD for 
the DAC-HP16D. The binary version 
operates in both unipolar and bipolar 
modes with output voltages of 0 to 
+ 10 V and ±5 V; the BCD version 
operates in unipolar mode only with 0 
to + 10 V output. 

The DAC-HP design incorporates thin 
film hybrid technology which has been 
in volume production. Selected low 
tempco nichrome on silicon thin film 
resistor networks are combined with 
tightly matched quad current switches­
to achieve 16 bit resolution. 

©IC MASTER 1979 

BIPOLAR 
OFFSET +1SV GND -1SV 

GAIN 
ADJ. 

BIN BIT S 6 7 S 9 10 "12 13 14 1S 16 

BCD BIT ~ ~ ~ ~ § ~ ~ ~ !is ~ 1<1 ~ 

°SK for BCD model MSB 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time 
Gain Tempco, max. 
Nonlinearity, max. 
Monotonicity, 10°C to 40°C 
Power Supply, Sensitivity 

Analog Output Ranges 

Output Current 
Input Logic 
Coding, unipolar 
Coding, bipolar 

Power Requirement 

Package 

ORDERING INFORMATION 

D1GITAL INPUTS 

DAC-HP16B 

16 Bits 
35/-Lsec. 
15 ppmfOC 
0.003% 
14 Bits 
0.002%/% 

o to +10 V 
±5V 
±5mA 
DTL/TTL 
Compo Bin. 
Compo Off. Bin. 

LSB 

DAC-HP16D 

4 Digits 
15 !lSec. 
15 ppm/OC 
0.005% 
16 Bits 
0.002%/% 

o to +10 V 

+5mA 
DTL/TTL 
Compo BCD 

+15 VDC at 42 rnA 
-15 VDC at 36 rnA 
24 Pin 

Oper. Temp. 
Model Range Seal Price (1-24) 

DAC-HP16BMC o to 70C Hermetic $125.00 
DAC-HP16BMR -25 to +85C Hermetic 156.00 
DAC-HP16BMM -55 to +125C Hermetic 219.00 

DAC-HP16DMC Oto 70C Hermetic 125.00 
DAC-HP16DMR -25 to +85C Hermetic 156.00 
DAC-HP16DMM -55 to +125C Hermetic 219.00 

COVERED BY GSA CONTRACT 
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DAC-HU4B @c'\IEL 
~SYSTEMS.INC. 

ULTRA-FAST. 4 BIT Of A CONVERTER 

2 FEATURES 
.~ • 4 Bit Resolution 

• 25 nsec. Settling to 0.1% 
• 24 rnA Output Current 
• 0.1% Linearity 
• ECl 10,000 Input logic 

The DAC-H U48 is an ultra-fast 4 bit 
hyiJrid DAC which is specifically de­
signed as a building block component 
for use with Datel System's ADC-HU38 
NO converters in ultra high speed two 
stage NO converters. The DAC-HU48 
has a 15 line ECl 10,000 comple­
mentary input designed to be driven 
from two ADC-HU38's. The output 
current is 24 rnA with all of the current 
switches on and settling time to 0.1% 
is only 25 nsec. By connecting the input 
logic lines together in groups of 8,4, 
2, and 1, complementary binary coding 
can be realized. 

In order to be used in higher resolu­
tion ND converters, this device has a 
linearity of 0.1%. 

The gain temperature coefficient of 
this circuit is 15 ppm/oC without the 
external reference. The power to this 
device is supplied from an operational 
amplifier which operates from an 
external reference. The nominal supply 
voltage is -5 Vat 25 rnA. 

680 
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COM COM 15 14 13 12 

THIN· FILM RESISTOR NETWORK 
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SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time, to 0.1% FS 
Gain Tempco 
Nonlinearity, max. 
Ditt. Nonlinearity. max. 
Monotonicity 

Analog Output 
Output Voltage Compliance 
Output Impedance, min. 
Output leakage Current 
Input logiC 
Coding 

Power Requirement 
Package 

ORDERING INFORMATION 

Model 

DAC-HU4BGC 
DAC-HU4BMC 
DAC-HU4BMR 
DAC-HU4BMM 

DAC-HU4B 

4 Bits 
25 nsec. 
15 ppm/oC 
0.1% FS 
0.1% FS 
Over Op. Temp. Range 

Oto 24 mA FS 
±0.6V 
50K ohms 
100nA 
ECl10,000 
Complementary 151ine 
Complementary Binary 

-5 VDC at 25 mA 
32 Pin 

Oper. Temp. 
Range 

o to 70C 
o to 70C 

-25 to +85C 
---:55 to +125C 

Seal 

Epoxy 
Hermetic 
Hermetic 
Hermetic 

COVERED BY GSA CONTRACT 

Price (1-24) 

$125.00 
136.00 
178.00 
209.00 
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DAC-HZ12B SERIES @D'\lELt· 
~ SYSTEMS, INC .. 

LOW COST. HIGH PERFORMANCE 1 2 BIT Of A CONVERTERS 

FEATURES 
• 12 Bits Binary 
• 3 Digits BCD 
• 5 Output Ranges 
• 3 I-£Sec. Settling Time 
• 20 ppm/oC Tempco 

The DAC-HZ series are high perfor­
mance, hybrid 12 bit binary and 3 digit 
BCD digital-to-analog converters. They 
are complete and self-contained with a 
'precision internal reference and fast 
output operational amplifier. Pin 
programmable output voltage ranges 
are provided for a high degree of 
application flexibility; the output 
voltage ranges are 0 to +5 V, 0 to 
+10 V, ±2.5 V, ±5 V, and ±10 V with 

only unipolar ranges available on the 
BCD models. 

The internal design utilizes three 
quad current switches, two thin film 
resistor networks, a precision zener 
reference circuit, reference control 
circuit and output amplifier. The thin 
film resistor networks are functionally 
trimmed with a laser to precisely set 
the binary weights of the current 
switches. The excellent tracking of the 
thin film resistors in conjunction with 
the tightly matched current switches 
results in a differential nonlinearity 
tempco of only 2 ppm/oC. 

©IC MASTER 1979 

BCD BIN Sk4 Sk" 

BIT BIT 

MSB 800 

400 

200 

100 

BO 
WEIGHTED THIN FILM 

40 CURRENT RESISTOR 

·20 
SWITCHES' NETWORK 

10 

LSB 

N.C. REF. IN. REF. OUT 

SPECIFICATIONS, Typical at 25°C 

Resolution 
Settling Time, to Y2 LSB 
Gain Tempco, max . 
Nonlinearity, max. 
Diff. Nonlinearity, max. 
Monotonicity 
Power Supply Sensitivity 

Analog Output Ranges 

Output Current 
Input Logic 
Coding, unipolar 
Coding, bipolar 

Power Requirement 
Package 

DAC-HZ12B DAC-HZ12D 

12 Bits 3 Digits 
3 (JSec. 3 (JSec. 
20 ppm/oC 20 ppm/o C 
Y2 LSB ~ LSB 
Y2 LSB ~ LSB 

Over Op. Temp. Range 
0.002%/% 0.002%/% 

o to +5 V 
o to +10 V 
±2.5V 
±5V 
±10V 
±5mA 
DTL/TTL 
Compo Bin. 
Compo Off. Bin. 

o to +2.5 V 
o to +5 V 
Oto +10V 

+5mA 
DTL/TTL 
Compo BCD 

±15 VDC at 35 mA 
24 Pin 

ORDERING INFORMATION 
Oper. Temp. 

Model Range Seal 

DAC-HZ12BGC o to 70C Epoxy 
DAC-HZ12BGR -25 to +85C Epoxy 
DAC-HZ12BMC o to 70C Hermetic 
DAC-HZ12BMR -25 to +85C Hermetic 
DAC-HZ12BMM -55 to +125C Hermetic 

DAC-HZ12DGC Oto 70C Epoxy 
DAC-HZ12DGR -25 to +85C Epoxy 
DAC-HZ12DMC Oto70C Hermetic 
DAC-HZ12DMR -25 to +85C Hermetic 
DAC-HZ12DMM· . -55 to + 125C Hermetic 

COVERED BY GSA CONTRACT 

Price (1-24) 

$ 39.00 
58.00 
52.00 
73.00 

125.00 

39.00 
58.00 
52.00 
73.00. 

125.00 
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VFG-1 
MONOLITHIC VOLTAGE TO FREQUENCY CONVERTER 

ANALOG 
GROUND 

~~~ATOR 11 ~-~ 

-REF. IN 7 1---~ 

+Voo 

@D'\lEL 
~SYSTEMS.INC. 

8 PULSE OUT 
(fol 

INPUT 
CURRENT >-__ L_-_-~ ----1 START I 9 DIGITAL 

GROUND 

FEATURES 
• 10 kHz to 100 kHz FS 
• 0.01% Typ. Linearity at 10 kHz 
• 25 ppmrc Tempco 
• Open Collector Output 
• Pulse or Square Wave Output 

Model VFQ-1 is a new monolithic 
voltage to frequency converter using 
combined bipolar and CMOS tech­
noiogies. This device accepts a positive 
analog input current and produces an 
output pulse train with a frequency 
linearly proportional to an input 
current. In addition to the pulse 
output, there is also a square wave 
output at half the pulse frequency: The 
full scale output pulse rate can be set 
from 10 kHz to 100 kHz by means of 
two external capacitors. Linearities 
are typically 0.01 % for 10 kHz full stale 
and 0.1% for 100 kHz full scale; linearity 
holds all the way down to zero. 

The VFQ-1 internal circuitry includes 
an operational integrator, a comparator, 
digital delay circuit, single-pole double­
throw electronic switch, a start circuit, 
a divide by two circuit, and two output 
driver circuits. It operates on the 
well-known charge balancing integrator 
principle. The two outputs are open 
collector NPN which can sink up to 10 
rnA and give a logic HI output up to 
+18 volts. 
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SPECIFICATIONS Typical at 25°C 

Output Frequency 

Linearity 10 kHz FS 
Linearity, 100 kHz FS 
Gain Tempco 

Output 
Output Waveforms 

Output Settling Time 
Input Current Range 
Input Overrange 
Input Offset Voltage 
Reference Input 
Zero Drift 
Power Supply Sensitivity 

Power Requirement 
Package 

VFQ-l 

o to 10 kHz 
o to 100 kHz 
0.01% 

Open Collector TTL 
Pulses aHo 
Sq. Wave at f0l2 
2 pulses 
o to +10 f.lA 
+50 !lA 
50mV 
-3.5 to -6.5 V 
50 f.lV 1°C max. 
0.025%/V 

±5 Vat 4 rnA 
16 Pin DIP 

ORDERING INFORMATION 

Model 

VFQ-IC 
VFQ-IR 

Oper. Temp. 
Range 

o to 70C 
-25 to +85C 

COVERED BY GSA CONTRACT 

Package 

Plastic 
Ceramic 

13 ~gNNECTION 

Price (1-24) 

$ 7.95 
13.50 

©IC MASTER 1979 



MXAND MV SERIES 
MONOLITHIC CMOS ANALOG MULTIPLEXERS 

+Vs GND -Vs 

+Vs CMOS 
SWITCHES 

MXSEAIES 

FEATURES 
• Dielectrically Isolated CMOS 
• Break-Before-Make Switching 
• 4, 8, and 16 Channels 
• Single Ended and Differential 
• low Power Consumption 

This broad line of monolithic CMOS 
'multiplexers offers 4 through 16 
channel performance. The MX series 
has overvoltage protected·switches 
with 1.5K ON resistance for 4, 8, and 
16 channel applications while the MV 
series provides a lower 270 ohm ON 
resistance. Both single ended and 
differential input versions are 
available. 

These devices are fabricated with a 
dielectrically isolated complementary 
MOS process. The digital inputs are 
DTL, DTL, and CMOS compatible and 
address the proper channel switch 
by means of a 2, 3, or 4 bit binary 
code. An inhibit input enables or 
disables the entire device and thus 
permits expansion of the number of 
channels by using several multiplexers 
together. Another important feature 
is'the use of break-before-make 
switching to insure that no two channels 
are ever momentarily shorted together. 

These multiplexers are ideal for 
multi-channel data acquisition systems 
where the multiplexer operates into 
a high impedance load such as a buffer 
amplifier or sample-hold. 

©IC MASTER 1979 

CH1 
IN 

CHN 
IN 

CA1 CHANNEL 
CA2 ADDRESS 
CA3 (}----~ INPUT 
CA4 BUFFERS 

INHIBIT 

SPECIFICATIONS, Typical at 25°C 

Number of Channels 
Type Input 
Input Voltage Range· 
Input Overvoltage, max. 
Channel ON Resistance 
Channel OFF Resistance 
Channel OFF Leakage 

Channel Addressing 
Address Logic Compatibility 

Transfer Accuracy 
Crosstalk 
Common Mode Rejection 
Turn ON Time 
Turn OFF Time 

Power Requirement 
Package 

Operating Temp. Range 

. Price (1-24) 

MIP-Version (-55 to + 125°C) 

MIL - Version Price 

MXO-409 

4 
Differ. 
±15V 
±35V 
1.5K 
200 Meg. 
30pA 

2 bit code 
DTL/TTL/CMOS , 

.01% 
-86dB 
120 dB 
500 nsec. 
300 nsec. 

±15V 
JS Pin DIP 

$18.00 

MXD-409M 

$54.00 

SWITCH 
DRIVER 
CIRCUITS 

MX-808 

8 
Sing. End. 
±15V 
±35V 
1.5K 
200 Meg. 
30 pA 

3 bit code 
DTL/TII,./CMOS 

.01% 
-86 dB 

500 nsec. 
300 nsec. 

±15V 
16 Pin DIP 

$18.00 

MX-808M 

$54.00 
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MVD-807 

+Vs 1.' 

BOUT 

NC 

88 IN 

78 IN 

58 IN 

SBIN 

48 IN 

38 IN 

28 IN 10 

lBIN 11 

GOO 12 

NC 13 

NC 14 

28 A OUT 

27 -Vs 

26 8AIN 

25 71'. IN 

24 6AIN 

23 SA IN 

22 41'. IN 

21 3AIN 

20 2AIN 

19 lAIN 

18 INHIBIT 

17 CAl 

16 CA2 

15 CM 

CAll. 16 CA2 

1NH16 2 15 GND 

-Vs 3 14 +Vs 
lAIN 13 lBIN 

2AIN 12 2BIN 

JAIN 11 3BIN 

4A1N 

A OUT 

MXD-807 

8 
Differ. 
±15V 
±35V 
1.5K 
200 Meg. 
30 pA 

10 4BIN 

9 BOUT 

MX-1606 

16 
Sing. End. 
±15V 
±35V 
1.5K 
200 Meg. 
30pA 

MVD-409 

CA2 1. 16 CAl 

+5V 2 15 -Vs 

INHIBIT 3 14 + Vs 

BOUT 13 lAIN 

"4BIN 

3BIN 

2BIN 

lBIN 

+vs 1 • 
BOUT 2 

NC 3 

8BIN 

7BIN 

68 IN 

5BIN 

4BIN 

3BIN 

2BIN 10 

lBIN 11 

GND 12 

VA 13 

NC 14 

12 A OUT 

11 2AIN 

10 JAIN 

9 4AIN 

MXD-807 

28~AOUT 
27 -Vs 

26 8AIN 

25 L-7AIN 
241 ;>A iN 

23 SA iN 

22 4AIN 

21 3AIN 

20 2AIN 
19 lAIN 

18 INHIBIT 

17 CAl 

16 CA2 

15 CM 

MVD-409 

4 
Differ. 
±15V 
±17V 
2500 
200 Meg. 
20pA 

3 bit code 
DTL/TTL/CMOS 

4 bit code 
DTL/TTL/CMOS 

2 bit code 
DTL/TTL/CMOS 

.01% 
-86dB 
120dB 
500 nsec. 
300 nsec. 

±15V 
28 Pin 

o to 70 0 C 

$32.50 

MXD-807M 

$75.00 

.01% 
-86dB 

500 nsec. 
300 nsec. 

±15V 
28 Pin 

$32.50 

MX-1606M 

$75.00 

COVERED BY GSA CONTRACT 

NOTES: 

CA = CHANNEL ADDRESS 
Vs = SUPPLY VOLTAGE 
VR = REFERENCE VOLTAGE 
NC = NO CONNECTIONS 

TOP VIEWS SHOWN 
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.01% 
-86dB 
120dB 
350 nsec. 
250 nsec. 

±15V,+5V 
16 Pin DIP 

$16.00 

MVD-409M 

$41.00 

+Vs 1. 

NC 

NC 

161N 

151N 

14 IN 

131N 

121N 

lllN 

lOIN 10 

91N 11 

GND 12 
NC 13 

CAS 14 

MV·1808 

28 OUT 

27 -Vs 

26 81N 

25 71N 

24 61N 

23 SIN 

22 41N 
21 31N 

20 21N 

19 liN 

18 INHIBIT 

17 CAl 

16 CA2 

15 CM 

MX-808 

CAll. 16 CA2 

INHIB 15 CA4 

-Vs 14 GND 

liN 13 +Vs 

21N 12 SIN 

31N 11 61N 

8 

41N 

OUT 

MV-80S 

Sing. End. 
±15V 
±17V 
2500 
200 Meg. 
20pA 

10 71N 

9 81N 

MVD-807 

8 
- Differ. 

±15V 
±17V 
2700 
200 Meg. 
30pA 

@D'\lEL 
~ SYSTEMS, INC. 

MV-808 

CA2 1. 16 CAl 

+5V 15 -VS 

INHIBIT 14 +VS 
CAl 13 liN 

81N 

71N 
SIN 

SIN 

12 OUT 

11 21N 

10 31N 

+VS 1. 

NC 2 

NC 3 
161N 

151N 

141N 

131N 

121N 

ll1N 

lOIN 10 

91N 11 

GND 12 

VA 13 

CA8 14 

MX-1808 

MV-l606 

16 
Sing. End. 
±15V 
±17V 
2700 
200 Meg. 
30pA 

41N 

28 OUT 

27 -Vs 

26 81N 

25 71N 

24 61N 

23 51N 

22 41N 
21 31N 

20 21N 

19 liN 

18 INHIBIT 

17 CAl 

16 CA2 

15 CA4 

3 bit code 
DTL/TTL/CMOS 

3 bit code 
DTL/TTL/CMOS 

4 bit code 
DTLffiL/CMOS 

.01% 
-86dB 

350 nsec. 
250 nsec. 

±15V,+5V 
16 Pin DIP 

$16.00 

MV-808M 

$41.00 

.01% 
-86dB 
120 dB 
300 nsec. 
300 nsec. 

±15V 
28 Pin 

$19.50 

MVD-807M 

$57.00 

.01% 
-86dB 

300 nsec. 
300 nsec. 

±15V 
28 Pin 

Ota 700 C 

$19.50 

MV-1606M 

$57.00 

©Ie MASTER 1979 



SHM~IC-1J SHM-LM-2 
MONOLITHIC SAMPLE-HOLDS 

@D'\lEL 
~ SYSTEMS, INC. 

. FEATURES 
• Acquisition Time to 5 /Lsec. 
• 0.01% Accuracy 
• Bandwidth to 2 MHz 
• 0.01% Feedthrough 
• Low Cost 

These monolithic sample-hold devices 
feature excellent performance specifi­
cations at a low price. They are 
self-contained units requiring only an 
external hold capacitor for operation. 
The SHM-LM-2 operates in a fixed gain 
configuration of + 1 while the 
SHM-IC-l can be externally connected 
for gains of ± 1 or for higher gains by 
means of two external resistors. Both 
models consist of a high impedance 
input amplifier, a fast electronic switch, 
and a high impedance output buffer 
amplifier. The circuit operates in a 
closed loop configuration for maximum 
accuracy. 

Accuracy is 0.01% for both models 
making them useful in 12 bit AID 
converter applications. For a 1000pF 
hold capacitor the acquisition time is 
5 /Lsec. for the SHM-IC-l and 6 /Lsec. for 
the SHM-LM-2. Better accuracy with 
lower feedthrough and hold mode droop 
can be achieved by using higher value 

300n 

- SHM-LM-2 

SAMPLE SAMPLE 
CONTROL CONTROL 

REFERENCE 

HOLD 
CAPACITOR 

SPECIFICATIONS, Typical at 25°C, CH = 1000pF 

SHM-IC-l 

-Accuracy 0.01% 
Acquisition.. Time to 0.01% 5 pSec. 
Acquisition Time to 0.1% 4 pSec. 
Aperture Delay Time 50 nsec. 
Hold Mode Droop 50/-N/msec. 
Hold Mode Feedthrough, max. 0:01% 
Bandwidth 2MHz 
Sample-to-Hold Error, max .. 20mV 

Gain ±1 
Input Voltage Range, min. ±10V 
Input Impedance 108 ohms 
I nput Bias CUrrent, max. 200 nA 
Input Offset Voltage Drift 20/LV/oC 

SHM-LM-2 

0.01% 
6/Lsec. 
5/Lsec. 
100 nsec. 
200/LV/msec. 
0.01% 
1 MHz 
25mV 

+1 
±11.5 V 
1010 ohms 
50 nA 
10 mV* 

Digital Control DTL, TTL DTL, TTL, CMOS 
Output Voltage, min. ±10V ±11.5 V-
Output Current ±5mA ±5mA 

Power Requirement ±15 V at 5 rnA ±15 V at 6 rnA 
Package 14 Pin DIP TO-99 

~fOver Oper. Temp. Range 

ORDERING INFQRMATION 

Oper. Temp. 
Model Range Package Price (1-24) 

SHM-IC-l o to 70C Ceramic $12.00 
SHM-IC-IM -55 to +125C Ceramic 53.00 
SHM-LM-2 o to 70C Metal 6.50 
SHM-LM-2M -55to +125C Metal 50~00 

hold capacitance such as .01 /LF. COVERED BY GSA CONTRACT 

©IC MASTER 1979 685 

Q) 
+'"' as 
0 



Q) 
as 
C 

SHM-S. SHM-HU 
FAST. HYBRID SAMPLE-HOLDS 

DIGITAL 

@D'\lEL 
~ SYSTEMS,ING 

CONTROL CH (OPTIONAL! 

FEATURES 
• 0.01% Accuracy (SHM-6) 
• 1.0~. Acquisition Time (SHM-6) 
• 25 nsec. Acquisition Time (SHM-HU) 
• 50 MHz Bandwidth (SHM-HU) 
• 50 mA Output (SHM-6) 

These hybrid sample-hold circuits fea-
ture fast and ultra-fast acquisition tinies. 
The SHM-6 is designed for use with fast 
12 bit AID converters. Its accuracy is 
0.01 % and acquisition time is 1.0 Ilsec. 
maximum. Bandwidth is 5 MHz and 
aperture delay time is 20 nsec. In 
addition to its high accuracy and high 
speed this model also has a 50 rnA 
output current. The input amplifier of 
the SHM-6 is an open loop trans-
conductance amplifier which can be 
externally connected for closed loop 
gains of ±1 to ±10. The hold capacitor, 
of value 400pF, is included internally. 

The SHM-HU is an ultra high speed 
sample-hold designed for video process-
ing applications. It is specifically 
designed for use with Datel System's 
ADC-HU3B AID converter and other 
ultra fast AID's with resolutions up to 
8 bits. It acquires a 5 V input change 
in just 25 nsec. and features a 10 psec. 
aperture uncertainty time. A 53 pF 
MOS hold capacitor is incorporated in 
the unit. The SHM-HU requires 4 
external resistors and an external 
LHOO3 buffer amplifier. 

COVERED BY GSA CONTRACT 
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INPUT AMPLIFIER 
(TRANSCONDUCTANCE) 

SWITCH 
DRIVER 

""----r----' 

j 
I ___ ...I 

SPECIFICATIONS, Typical at 25°C 

SHM-6 

Accuracy 0.01% 
Acquisition time, to 0.01 % 1.0~ec. 

max. 
Acquisition time', to 0.2% 
Aperture Delay Time 20 nsec. 
Aperture Uncertainty Time 2 nsec. 
Hold Mode Droop 10 IlV/llsec. 
Hold Mode Feedthrough 0.01% 
Bandwidth 5MHz 
Sample-to-Hold Error Adj. to zero 

Gain ±1 to 10 
Input Voltage Range, min. ±10V 
Input Impedance 108 ohms 
Input Bias Current, max. 10 nA 
Input Offset Voltage Drift 100 IlV/oC 
Digital Control DTl, TIL 
Output Voltage ±10V 
Output Current ±50mA 

Power Requirement +15 Vat 55 mA 
-15 Vat 60 mA 
+5 V at 30 mA 

Package 32 Pin 

ORDERING INFORMATION 

Oper. Temp. 
Model Range 

,SHM-6GC o to 70C 
SHM-6MC Oto 70C 
SHM-6MR -25 to +85C 
SHM-6MM -55 to +125C 
SHM-HUGC o to 70C 
SHM-HUMC o to 70C 
SHM-HUMR -25 to +85C 
SHM-HUMM -55 to +125C 

10 

ANALOG 
COMMON 

SHM-HU 

0.1% 

25 nsec. 
6 nsec. 
10 psec. 

400pF 

50 IlV / Ilsec. 
0.02% 
50 MHz 
100mV 

+0.975 
±2.5V 
106 ohms 
51lA 
100 IlV/oC 
Diff. ECl 
±2.5V 
±10mA 

SHM-6 

±15 V at 60 mA 
±5 V at 70 mA 

24 Pin 

Seal Price (1-24) 

Epoxy $135.00 
Hermetic 146.00 
Hermetic 188.00 
Hermetic 219.00 
Epoxy 135.00 
Hermetic 146.00 
Hermetic 188.00 
Hermetic 219.00 

@IC MASTER 1979 



AM-400SERIES. ' ~n'\I EL· 
~SYSTEMS,INC. 

WIDE BANDWIDTH, FAST SETTLING OPERATIONAL AMPLIFIERS 

FEATURES 
•. Gain Bandwidth to 100 MHz 
• Slew Rate to 120 V / /lsec. 
• FET or Bipolar Inputs 
• Settling Time to 200 nsec. 
• CMRR to 100 dB 

This broad line of monolithic opera­
tional amplifiers is specifically designed 
for data acquisition and conversion 
applications where high speed is 
required. These amplifiers feature 
large gain bandwidth products, high 
slew rate, and fast settling times. In 
addition to these high speed character­
istics,they also have excellent DC. 
parameters, making them good choices 
for high accuracy applications. The 
DC characteristics include low input 
bias-currents, high input impedance, 
low input offset voltage drift, and high 
common mode rejection. 

Four basic models of bipolar input 
amplifiers are offered together with two 
FET input models. The AM-464-2 is a 
fast settling amplifier with ±35V 
output swing for use in high output 
voltage DAC's and other high voltage 
applications. 

These amplifiers are also useful in 
many other applications such as sample­
hold circuits, high impedance buffer 
amplifiers, fast signal summing and 
fast absolute value circuits. 

©IC MASTER 1979 

BANDWIDTH 
CONTROL 

SPECIFICATIONS Typical at 25°C 

DC Open Loop Gain 
Gain Bandwidth Product 
Slew Rate 
Settling Time, 10V to 0.1% 

Output, min. 
Common Mode Range, min. 
Common Mode Rejection 
Input Impedance 
Input Bias Current, max. 
Input Offset Current, max. 
Input Offset Voltage, max., adj. to 0 . 
Input Offset Voltage Drift 

Power Requirement 
Temperature Range 
Package 

Price (1-24) 

MIL-Version (-55°C to + 125°C) 

MIL -Version Price 

IDENTIFICATION MARK 
ON LEAD NO. 1 

NO CONN. 1 

NO CONN. 2 

OFFSET 3 
ADJ. 

-IN 4 

+IN 5 

vs- 6 

NO CONN. 7 

AM-462-1 

MOD. SLEW RATE 
AM-45Q-2 

25K 
12 MHz 
30V//lsec. 
330 nsec. 

±10V @ 10mA 
±10V 
90dB 
50 Meg. 
250nA 
50nA 
±8mV 
20/lV/oC 

±15V @ 4mA 
O°C to 70°C 
TO-99 

$7.95 

AM-450-2M 

$14.00 

14 BANDWIDTH 
CONTROL 

13 NO CONN. 

12 NO CONN. 

11 VS+ 

10 VOUT 

9 OFFSET 
ADJ. 

8 NO CONN. 

FAST SETTLING 
AM-452-2 

15K 
20 MHz 
120V / /lsec. 
200 nsec; 

±10V @ 10mA 
±10V 
90dB 
100 Meg. 
250nA 
50nA 
±10mV 
30/lV/oC 

±15V @ 4mA 
O°C to 70°C 
TO-99 

$11.00 

AM-452-2M 

$25.00 

687 

Q) : ...... 
ctS 
0 



-IN 

+IN 

C]) LOW COST WIDEBAND 
+00- AM-460-2 AM-462-1J2 :a:s 
0 l50K l50K 

12 MHz 100 MHz 
7V//lsec. 35V//lSec. 
1.5/lsec. 1.0/lsec. 

±lOV@ 10mA ±lOV @ 10mA 
±llV ±l!V 
lOOdS lOOdS 
300 Meg. 300 Meg. 
25nA 25nA 
25nA 25nA 
±5mV ±5mV 
lOllY /oe l5/lV/oe 

±15V @ 3mA ±15V @ 3mA 
ooe to 700 e ooe to 70°C 
TO-99 TO-l 16/TO-99 

$6.95 $9.50 

AM-460-2M AM-462-lM/2M 

$14.00 $17.00 

COVERED BY GSA CONTRACT 
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FAST SLEW FET 
AM-405-2 

15K 
20 MHz 
l20V / /lsec. 
400 nsec. 

±lOV @ 10mA 
±lOV 
90dS 
1012 ohms 
20pA 
20pA 
±30mV 
50p.V/oe 

±15V @ 6mA 
ooe to 700 e 
TO-99 

$18.00 

AM-405-2M 

$37.00 

OFFSET ZERO ADJ 

@D'\lEL 
~SYSTEMS,INC. 

100Kn (AM-405, AM-406, AM-460. AM-4621 
20Kn (AM-450. AM-4521 
10Kn (AM·4641 WIPER TO -Vs 

WIDEBAND FET ±35V SWING 
AM-406-2 AM-464-2 

l50K lOOK 
100 MHz 4MHz 
35V//lSec. 5V//lsec. 

±lOV @ 10mA ±35V @ 10mA 
±lOV ±35V 
90dS 74dS 
1012 ohms 200 Meg. 
20pA 30nA 
20pA 30nA 
±15mV ±6mV 
50/lV/oe l5/lV/oe 

±15V @ 4mA ±lOV to ±40V @ 3.2mA 
ooe to 700 e ooe to 700 e 
TO-99 TO-99 

$15.00 $7.50 

AM-406-2M AM-464-2M 

$29.00 $34.00 

©IC MASTER 1979 



AM-435. 
MONOLITHIC. FET INPUT INSTRUMENTATION AMPLIFIER 

@D'\lEL 
~SYSTEMS,INC. 

FEATURES 
• 2 X 1012 Ohms Input Z 
• 0.02% Gain Linearity 
• 105 dB min. CMRR 
• Low Noise JFET InPuts 
• Single Resistor Gain Adjust 

DESCRIPTION 
The AM-435 is a low cost, high perfor­
mance, monolithic instrumentation 
amplifier. Tightly matched JFET input 
devices give very high input impedance 
with very low bias currents and low input 
offset voltage drift. The AM-435 is ideal 
for applications where high differential 
source impedances are encountered. 

This amplifier is programmed by means 
of two external resistors, RS and RG. With 
RS at a set value the gain may be varied 
from 1 to 1000 by changing RG. Provision 
is also made for an external offset adjust­
ment by means of a trimming potenti­
ometer. Input impedance is 2 x 1012 ohms 
with .bias currents of 40 pA maximum. 
Common mode rejection is greater than 
105 dB at a gain of 1000. Input noise 
current is only 0.01 pA RMS and gain non­
linearity is typically 0.02%. The input 
offset voltage drift is typically 10/N/oC 
and output offset voltage drift is 
600IlV/oC. 

©IC MASTER 1979 

+ Vee 
9 OFFSET NULL 

2 16 

BIAS 
1 

+ VIN 3 0----1 

7 11 
COMPENSATION 

SPECIFICATIONS, Typical at 25°C, G= 1000 

Gain Range 
Gain Nonlinearity 
Gain Equation 
Gain Tempco 
Gain Equation Accuracy 

Input Impedance 
Input Bias Current, max. 
I nput Offset Current, max. 
Input Offset Voltage, max. 
Input Off. Voltage Drift 
Output Off. Voltage Drift, G=l 

Input Voltage Range, min. 
Output 
Common Mode Rei, G=1000 
Bandwidth, G=1000 
Slew Rate 

AM-435-1C 

1 to 1000 
0.1% 
Rs/RG 
3ppm/oC 
0.05% 

2 X 1012 ohms 
40pA 
20pA 
30mV 
. 10IlV/oC 
600IlV/oC 

±10V 
±10V at 5mA 
105 dB 
7KHz 
1V/llsec. 

SVOUT 

AM-435-1M 

1 to 1000 
0.05% 
RS/RG 
3ppm/oC 
0.05% 

2 X 1012 ohms 
20pA 
10pA 
15 mV 
lOIlV/oC 
600IlV/oC 

±10V 
±10V at 5mA 
115 dB 
7KHz 
1 V/Ilsec. 

Power Requirement 
Package 

±15VDC at 1.5 mA 
16 Pin DIP 

ORDERING INFORMATION 

Model 

AM-435-1C 
AM-435-1M 

Oper. Temp. 
Range 

Oto 70C 
-55 to +125C 

COVERED BY GSA CONTRACT 

Package 

Ceramic 
Ceramic 

Price (1-24) 

$11.50 
27.00 
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AM-490-2 @D'\I EL 
~SYSTEMS.INC. 

MONOLITHIC, DIFFERENTIAL INPUT CHOPPER STABILIZED OP AMP 

FEATURES 
• Differential Inputs 
• 120dB CMR 
• Chopper Stabilized 
• Drift as Low as 0.1 /-LVrC 
• 5 x 108 Open Loop Gain 

Model AM-490-2 is a monolithic, 
chopper stabilized operational ampli­
fier with differential inputs; it is 
specifically designed for applications 
requiring ultra-stable DC characteris­
tics together with good bandwidth. This 
device is available in three different 
grades of maximum input offset voltage 
drift: 1.0,0.3, and O.l/-LV/oC. The 
extremely low input offset voltage drift 
and initial input offset voltage of only 
20/-LV eliminate the requirement for 
zero adjustment in most applications. 
Other important input characteristics 
include an input impedance of 100 
megohms, input bias current of 
lS0pA, and input offset current drift 
of 1pA/oC. This permits the AM-490-2 
to operate accurately with source 
impedances over 100 kilohms. A com­
mon mode rejection of 120 dB minimum 
and open loop gain of S x 108 result in 

. extremely low output errors. Long term 
stability is typicallyS/-LV per year. 

690 

CHOPPER 
CIRCUITRY >---16 OUTPUT 

SPECIFICATIONS, Typical at 2SoC 
AM-490-2 

A B C M 

DC Open Loop Gain 5 x 108 

Gain Bandwidth Product 3 MHz 
Slew Rate 2.5 V/pSec. 
Full Power Frequency 40 kHz 
Overload Recovery Time 200 msec. 

Output ±10 V at 1 mA 
Output Resistance 200 ohms 
Common Mode Range ±10 V min. 
Common Mode Rejection, ± 5V 120 dB min. 
Input Impedance 100 megohms 
Input Bias Current 150 pA 
Input Offset Current 50 pA 
Input Offset Voltage 20/-LV 

Input Off. Volt. Drift,I.NrC max. 1.0 0.3 0.1 0.6 

Long Term Stability 5/-LV/year 
Power Supply Rejection 120 dB min. 

Power Requirement ±15 VDC at 5 mA max. 
Package TO-99 

ORDERING INFORMATION 

Model 

AM-490-2A 
AM-490~2B 

AM-490-2C 
AM-490-2M 
AM-490-CKl 

Oper. Temp. 
Range 

Input Offset 
Voltage Drift 

o to lOC 1.0 /-LV/oC max. 
o to lOC 0.3 /-LV/oC max. 
o to lOC 0.1 /-LV/oC max. 

-55 to +125C 0.6 /-LV/oC max. 
Capacitor Kit for AM-490 Series 

COVERED BY GSA CONTRACT 

Price (1-24) 

$29.00 
34.00 
39.00 
95.00 
4.50 

©IC MASTER 1979 



AM-500 @E]'\lEL 
~SYSrEMS.INC. 

ULTRA-FAST HYBRID OP AMP 

FEATURES 
• 200 nsec. Settling to .01% 
• lOOOV / pSee. Slew Rate 
• 100 MHz Gain Bandwidth 
• 106 Open Loop Gain 
• 50 mA Output Current 

The AM-500 series amplifiers are 
ultra-fast settling operational ampli­
fiers for use in inverting applications. 
A unique feedforward amplifier design 
combines the characteristics of a low 
drift DC amplifier with those of a very 
fast AC amplifier. For optimum fast 
settling performance, this amplifier has 
an open loop gain roll-off of 6 dB per 
octave to beyond 100 MHz. Miniature 
thin-film hybrid construction permits 
an optimum combination of semi­
conductor devices and minimum lead 
lengths to realize the amplifier cir­
cuitry. Applications for the AM-500 
series include fast integrators, sample­
holds, fast waveform drivers, and fast 

. D/A converter output amplifiers. 
Output settling time is 200 nano­

seconds max. to .01% for a 10 volt step 
change. Slew rate is 1 000 V / Ilsec. for 
positive output transitions and 1800V / 
Ilsec. for negative transitions. This high 
slew rate permits undistorted reproduc­
tion of a full load, 20V peak to peak 
sine-wave out to 16 MHz. Gain band­
width product is 100 MHz minim,um. 

©IC MASTER 1979 

NC NC -IN -vs 

NC NC +Vs OUT NC COM. 

SPECIFICATIONS, Typical at 25°C 

DC Open Loop Gain 
Gain Bandwidth Product 
Slew Rate, positive 
Slew Rate, negative 
Settling Time, 10 V to 1.0% 
Settling Time, 10 V to 0.1% 
Settling Time, 10 V to 0.01% 

Output 
Input Impedance 
Input Bias Current, max. 
Input Offset Current, max. 
Input Offset Voltag~, max. 
Input Offset Voltage Drift 

AM-SOO 

106 V/V 
100 MHz 
1000V/~ec. 
1800 V/~ec. 
70 nsec. 
100 nsec. 
200 nsec. max. 

±10Vat 50 rnA 
30 Meg. 
4nA 
0.5 riA 
±3mV 
5 IlV 1°C max. 

Power Requirement 
Package 

±15 VDC at 22 rnA 
14 Pin DIP 

ORDERING INFORMATION 

Model 

AM-50OGC 
AM-500MC 
AM-500MR 
AM-500MM 

Oper. Temp. 
Range 

Oto 70C 
o to 70C 

-25 to +85C 
-55 to +125C 

COVERED BY GSA CONTRACT 

Seal 

Epoxy 
Hermetic 
Hermetic 
Hermetic 

Price (1-24) 

$ 79.00 
89.00 
99.00 

149.00 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HI-200 
Dual SPST CMOS Analog Switch 

FEATURES 

• ANALOG VOLTAGE RANGE ±15V 

• ANALOG CURRENT RANGE BOmA 

• TURN-ON TIME 240ns 

• LOW RON 55n 

• LOW POWER DISSIPATION 15mW 

• TTL/CMOS COMPATIBLE 

• NO DIGITAL INPUT CURRENT SPIKE 

APPLICA TIONS 

• HIGH FREQUENCY ANALOG SWITCHING 

• SAMPLE AND HOLD CIRCUITS 

• DIGITAL FilTERS 

• OP AMP GAIN SWITCHING NETWORKS 

PINOUT 

Package Code 4B Package Code 20 

A2 '?f14 NC 2 13 

GND 3 12 

NC 4 11 
I I 

IN 2 :~rYl: oun 
V- 7 

TO-116 

Al 

NC 

V. 

NC 

IN 1 

OUT 1 

VREF 

Top View 

V+ 

8 OUT 
. I 

yR" 
oun 

TO-l00 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC HaQdling Procedures. 
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DESCRIPTION 

HI-200 is a monolithic device comprising two independently 
selectable SPST switches which feature. fast switching speeds 
(290ns) combined with low power dissipation (15mW at 250 C). 
Each switch provides low "ON" resistance operation for input 
signal voltages up to the supply rails and for signal currents up 
to BOmA. Employing Dielectric Isolation and Complementary 
CMOS processing, HI-200 operates without any applications 
problems induced by latch-up or SC R mode phenomena. 

Alt devices provide break-before-make switching and are TTL 
and CMOS compatible for maximum application versatility. 
HI-200 is an ideal component for use in high frequency analog 
switching. Typical applications include signal path switching, 
sample and h old circuit, digital filters and op amp gain switching 
networks. 

HI-200 is available in D.I.P. (T0-116) and metal (T0-l00) cans . 
HI-200-2 is specified from -550 C to +1250 C while HI-200-5 
operates from OOC to + 750 C. H 1-200 is functionally and pin 
compatible with other available "200 series" switches. 

FUNCTIONAL DIAGRAM 

SWITCH OPEN 
FOR LOGIC HIGH 

IN 1 

'---___ ~[] OUT 1 

IN 2 

OUT 2 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 6 and 10 
VREF to Ground 
Digital Input Voltage: 

Analog Input Voltage (O~e Switch) 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified 

+40V 
+20V, -5V 
+VSupply +4V 
-VSupply -4V 
+VSupply +2.0V 
-VSupply -2.0V 

Total Power Dissipation* 
Operating Temperature 

HI-200-2 
HI-200-4 
HI-200-5 

Storage Temperature 

450mW 

-550 C to +1250C 
-200C to +850C 
OOC to +750 C 
-650C to + 1500C 

*Derate 6mW/oC Above T A = 750C 

Supplies = +15V, -15V; VREF = Open; VAH(Logic Level High) = 3.0V VAL (Logic Level Low) = +O.8V 
For Test Conditions, consult Performance Characteristics 

HI 200-2** - HI 200 5 - -
~550Cto +1250C OOC to +750C 

PARAMETER TEMP. MIN. 
ANALOG SWITCH CHARACTERISTICS 

* VS, Analog Signal Range Full -15 

* RON, On Resistance (Note 1) +250C 
Full 

* IS (0 H), Off I nput Leakage Current +250C 
Full 

* 10 (0 FF), Off Output Leakage Cu rrent +250C 
Full 

* IO(ON). On Leakage Current +250C 
Full 

DIGITAL INPUT CHARACTERISTICS 
V AL, I nput Low Threshold Full 
VAH, Input High Threshold Full 3.0 

* lA, Input Leakage Current (High or LOiN) (Note 2) Full 

SWITCHING CHARACTERISTICS 

t.oPEN. Break - Before Make Delay (Note 3) +250 C 

ton. Switch on Time +250C 

toft' Switch off Time +250C 

"Off Isolation" (Note 4) +250 C 

Cs (OFF), Input Switch Capacitance +250C 

Co (OFF), I +250C 

Output Switch Capacitance 
+250 C CO(ON), 

CA, Digital Input Capacitance +250C 

CDS (OFF), Orain-To-Source Capacitance +250 C 

POWER REQUIREMENTS (Note 5) +250C 
PO, Power Dissipation Full 

* 1+, Current (Pin 10) 
+250C 
Full 

* 1-, Current (Pin 6) +250 C 
Full 

NOTES: 1. V OUT = :t10V lOUT = 1mA 
2. Digital Inputs Are MaS Gates - Typical Leakage is 

Less Than 1 nA 

3. V AH = 4.0V 

*100% Tested For Dash 8 At +250 C And +1250 C Only 

TYP. MAX.' MIN. TYP. MAX. UNITS 

+15 -15 +15 V 

55 70 55 80 n 
80 100 72 100 n 
1 1 nA 

100 500 10 500 nA 

1 1 nA 
100 500 10 500 nA 

.02 .02 nA 
6 500 6 500 nA 

0.8 0.8 V 
3.0 V 

1.0 1.0 JiA 

60 60 ns 

240 500 240 ns 

330 500 500 ns 

70 70 dB 

5.5 5.5 pf 

5.5 5.5 pF 

11 11 pF 

5 5 pF 

0.5 0.5 pF 

15 15 mW 
60 60 mW 

0.5 0.5 rnA 
2.0 2.0 rnA 

0.5 0.5 rnA 
2.0 2.0 rnA 

4. V A = +3V. RL = 1 Kn. C L = 10pF. Vs = 3VRMS. 

f. 100 kHz 

5. V A = +3V or V A = OV For Both Switches 

**Note: HI-200-4 has same specifications as HI-200-2 over the reduced temperature range -20°C to +850 C 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

FEATURES 

694 

• ANALOG VOLTAGE RANGE ±15V 

• ANALOG CURRENT RANGE 80m A 

• TURN-ON TIME 185ns 

• LOW RON 65fl 

• LOW POWER DISSIPATION 15mW 

• TTL/CMOS COMPATIBLE 

• NO DIGITAL INPUT CURRENT SPIKE 

APPllCA TIONS 

• HIGH FREQUENCY ANALOG SWITCHING 

• SAM~LE AND HOLD CIRCUITS 

• DIGITAL FILTERS 

• OP AMP GAIN SWITCHING NETWORKS 

PIN OUT 

Package Code 48 
Top View 

A1 1-H>; ~1-16 A2 

(-~15 OUl1 

14 IN 2 

H----<>l 
3 

OUT 1 

IN 1 

v- 4- -13 V+ 

GNO 5-

IN 4 6 11 IN 3 

1-1-----<» ~--IO OUl3 OUT 4 

A4 8-~ l<f-f-9 A3 

CAUTION: These deVices are sensitive to electrostatIc discharge. 
Users should follow IC Handling Procedures. 

DESCRIPTION 

HI-201 
Duad SPSTCMOS 

Analog Switch 

HI-201 is a monolithic device comprising four independently 
selectable SPST switches which feature fast switching speeds 
(185ns) comhined with low power dissipation (15mW at 250 C). 
Each switch provides low "ON" resistance operation for input 
signal voltages up to the supply rails and for signal currents up 
to 80m A. Employing Dielectric Isolation and Complementary 
CMOS processing, HI-201 operates without any applications 
problems induced by latch-up or SCR-mode phenomena. 

All devices provide break-before-make switching and are TTL 
and CMOS compatible for maximum application versatilitV. 
H /-201. is an ideal component for use in high frequency analog 
switching. Typical appliations include signal path switching, 
sample and hold circuit, digital· filters and op amp gain switching 
networks. 

Hi-201 is available in a 16 lead dual-in-Iine package. HI-201-2 
is specified from -550 C to +1250 C while HI-201-5 operates 
from OOC to + 750 C. H /-201 is functionally and pin compatible 
with other available "200 series" switches. 

FUNCTIONAL DIAGRAM 

TYPICAL SWITCH 

IN 

.L. 

A "" 

~ 

I P~ 0-0 V I N 

.... OUT 
T .() 

SWITCH OPEN 
FOR lOGIC HIGH -
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Sypply Voltage Between Pins 4 and 13 
VREF to Ground 
Digital Input Voltage: 

Analog Input Voltage (One Switch) 

+40V 
+20V, -5V 
VSupply(+)+4V 
VSupplyH -4V 
+VSupply +2.0V 
-VSupply .;.2.0V 

Total Power Dissipation* 
Operating Temperature 

HI-201-2 
HI-201-4 
HI-201-5 

Storage Temperature 

750mW 

-550 C to + 125~C 
-200 C to +850 C 
OOC to +75 0 C 
-650 C to + 1500 C 

*Derate 8mW/oC Above TA = +750 C 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified 
Supplies = +15V, -15V; VREF = Open; V AH (Logic Level High) = 3.0V VAL (Logic Level Low) = +O.8V 
For Test Conditions, consult Perfor'mance Characteristics 

HI-201-2** HI-201-5 

-55°C to + 125°C OOC to +750 C 
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. 

ANALOG SWITCH CHARACTERISTICS 
*VS. Analog Signal Range Full -15 +15 -15 

*RON. On Resistance (Note 1) +250 C 65 80 65 
Full 85 125 -75 

*IS(OFF). Off Input Leakage Current +250 C 2 2 
Full 500 

*lo(OFF). Off Output Leakage Current +25 0C 2 2 
Full 500 

* lo(ON). On Leakage Current +250 C 2 2 
Full 500 

DIGITAL INPUT CHARACTERISTICS 
V AL. I nput Low Threshold Full 0.8 
VAH. Input High Threshold Full 3.0 3.0 

*IA. Input Leakage Current (High or Low) (Note 2) Full 1.0 

SWITCHING CHARACTERISTICS 

tOPEN. Break - Before Make Delay (Note 3) +250 C 30 30 

ton. Switch ON Time +25 0 C 185 500 185 

toft. Switch 0 F F Time +25 0 C 220 500 220 

"Off Isolation" (Note 4) +250 C 80 80 

Cs (OFF). Input Switch Capacitance +250 C 5.5 5.5 

Co !OFF)', +25 QC 5.5 5.5 

Output Switch Capacitance 
COlON) +250 C 11 11 

CA. Digital Input Capacitance +250 C 5 5 

CDS (0 FF). Orain-To-Source Capac itance +250 C 0.5 0.5 

POWER REQUIREMENTS (Note 5) +250 C 15 15 

PD. Power Dissipation Full 60 
+250 C 0.5 0.5 

*1+. Current (Pin 13) Full 2.0 
+250 C 0.5 0.5 

-I> \- Current (Pin 4) Full 2.0 

MAX. UNITS 

+15 V 

100 n 
125 n 

nA 
250 nA 

nA 
250 nA 

nA 
250 nA 

0.8 V 
V 

1.0 I1A 

ns 

ns 

ns 

dB 

pF 

pF 

pF 

pF 

pF 

mW 

60 mW 
mA 

2.0 rnA 
rnA 

2.0 rnA 

NOTES: 1. V OUT = !10V lOUT = 1m~ 4. VA = 5V. RL = 1 K.Q. C L = 10pF, Vs = 3VRMS.f = 100KHz 
2. Digital I nputs Are MaS Gates TYPical Leakage IS 5. V A = f3V or V A = OV For all SWitches 

Less Than 1 n A 

3. V AH = 4.0V 

* 100% Tested tor Dash 8. ("Full' Tested at +250C to +1250Cl 
** Note: H 1-201-4 has same specifications as H 1-201-2 over the reduced temperature range ~200C to +850 C 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HI-5040 thru HI-5051 
HI-5046A and HI-5047A 

FEATURES 

• WIDE ANALOG SIGNAL RANGE ±15V 
• LOW "ON" RESISTANCE (TYP) 25,n 
• HIGH CURRENT CAPABILITY (TYPj BOmA 
• BREAK-BEFORE-MAKE SWITCHING 

TURN-ON TIME (TYP) 370ns 
TURN-OFF TIME (TYP) 280ns 

• NO LATCH-UP 
• INPUT MOS GATES ARE PROTECTED FROM ELEC­

TROSTATIS DISCHARGE 
• DTL, TTL, CMOS, PMOS COMPATIBLE 

APPLICA TIONS 

• HIGH FREQUENCY SWITCHING 

• SAMPLE AND HOLD 

• DIGITAL FILTERS 

• OP AMP GAIN SWITCHING 

FUNCTIONAL DESCRIPTION 

696 

Package Code 4B 

PART NUMBER TYPE RON 

HI-5040 SPST 75n 

HI-5041 ~UAL SPST 75n 

HI-5042 SPOT 75n 

HI-5043 OUALSPOT 75n 

HI-5044 OPST 75n 

HI-5045 ~UAL OPST 75n 

HI-5046 OPDT 75n 

HI-5046A OPOT 30n 

HI-5047 4PST 75n 

HI-5047A 4PST 30n 

HI-5048 ~UAL SPST 30n 

HI-5049 ~UAL DPST 30n 

HI-5050 SPOT 30n 

HI-5051 ~UAL SPOT 30n 

CAUll ON. These deVices are sensitive to electrostatIc discharge. 
Users should follow IC Handling Procedures~ 

CMOS Analog Switches 

DESCRIPTION 

This family of CMOS analog switches offers low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 80mA. "ON" resistance is low 
and stays reasonably constant over the full range of op'erating 
signal voltage and current. R ON remains exceptionally constant 
for input voltages between +5V and -5V and currents up to 
50mA. Switch impedance also changes very little over temp­
erature, particularly between DoC and + 750 C. RON is nomin­
ally 25 ohms for HI-5048 through HI-5051 and HI-5046A/ 
5047A and 50,nfor HI-5040 through HI-5047. 

All de.vices provide break-before-make switching and are TTL 
and CMOS compatible for maximum application versatility. 
Performance is further enhanced by Dielectric Isolation pro­
cessing which insures latch-free operation with very low input 
and output leakage currents {D.8nA at 250 C). This family of 
switches also features very low power operation (1.5mW at 
250 C). 

There are 14 devices in this switch series which are differentiated 
by type of switch action and value of RON (see Functional 
diagram). All devices are available in 16 pin D.I.P. packages. 
The H 1-5040/5050 switches can directly replace I H-5040 series 
devices and are functionally compatible with the DG 180/190 
family. Each switch type is available in the -550 C to + 1250 C 
and OOC to + 75 0 C performance grades. 

FUNCTIONAL DIAGRAM 

TYPICAL SWITCH 

~ ~S 

AO-"" J P~ N 

V I 

-I 
~D 

©IC MASTER 1979 



SPECIFICA TIONS 

ABSOLUTE.MAXIMUM RATINGS 

Supply Voltage (v+ -V-) 
VR to Ground 
Digital and Analog 

I nput Voltage 

3SV. 
V+,V­

V++4V 
V--4V 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified 

Analog Current (S to D) 
Total Power D issipation* 
Operating Temperature 

HI-50XX-2 
HI-50XX-5 

Storage Temperature 

80mA 
450mW 

-55°C to + 125°C 
OOC to +75 0 C 

-S5°.c to +1500 C 

*Derate SmW/oC above T A = 75°C 

Supplies = +15V, -15V; VR = OV; V AH (Logic Level High) = 3.0V; VAL (Logic Level Low) = +O.8V, VL = +5V 
For Test Conditions, consult Performance Characteristics 

-55°C to +1250 C OOC to +750 C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 
ANALOG SWITCH CHARACTERISTICS 

* Ana,log Signal Range Full -15 +15 -15 +15 V 

* Hon,"ON" Resistance (Note la) +250C 50 50 11 
Full 75 75 11 

* Ron,"ON"Resistance (Note lb) +250C 25 25 n 
Full 50 50 S1 

Ron, Channel·to·Channel Match (Note 1a) +250 C 2 10 '2 10 n 
Ron, Channel·to-Channel Match (Note lb) +250 C' 1 5 1 5 ~2 

* IS(OFF) = IO(oFF), Off Input or Output +250C 0.8 0.8 nA 

leakage Current Full 100 500 100 500 nA 

IO(ON), On leakage Current +250 C 0.01 0.01 nA 
Full 2 500 2 - 500 nA * 

DIGITAL INPUT CHARACTERISTICS 

V Al, Input low Threshold Full 0.8 0.8 V 

V AH, Input High Threshold Full 3.0 3.0 V 

* lA, Input leakage Current (High orlow) Full .01 1.0 .01 1.0 J.1A 

SWITCHING CHARACTERISTICS 

ton' Switch "ON" Time +250C 370 1000 370 ns 

toff' Switch "OFF" Time +250C 280 500 .280 ns, 

Charge Injection (Note 2) +250 C 5 20 5 rnV 

"OFF Isolation" (Note 3) +250 C 75 80 80 dB 

"Crosstalk" (Note 3) +250 C 80 88 88 dB 

CS(OFFI. Input Switch Capacitance +250C 11 11 pF 

CO!OFFJ'I +250 C 11 11 pF 

Output Switch Capacitance 
... 

CO(oN), +250C 22 22 pF 

C A, 0 igitall nput Capacitance +250 C 5 5 pF 

COS (OFF), Orain-To-Source Capacitance +250 C 0.5 0.5 -pF 

POWER REQUI REMENTS 

PO; Quiescent Power 0 issipation +250 C 1.5 1.5 rnW 

* 1+, +15V Quiescent Current Full 0.3 0.5 rnA 

* 1-, -15V Quiescent Current Full 0.3 0.5 rnA 

* Il' +5V Quiescent Current Full 0.3 0.5 rnA 

* IR' Gnd Quiescent Current Full 0.3 0.5 rnA 

NOTES: 1. VOUT = :!'10V, lOUT = lmA 
a) For HI-5040 thru HI-5047 
b) For HI-5048 thru HI-5051, HI-5046A/5047A 

2. V IN = OV, CL = 10,OOOpF 

3. RL = lOOn, f= 100 KHz, V 1N = 2 V pp, CL =5pF 

*100% Tested for Dash 8. ("Full" Tested at +250 C to +1250 C) 
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SWITCH FUNCTIONS SWITCH STATES ARE FOR LOGIC "1" INPUT 

SPST DUAL SPST SPST 
HI-5040 (75n) HI-5041 (75n) HI-5042 (75n) 

Vl V+ Vl V+ Vl V+ 

11 11 

S, 
16 

Dj 
S, 0, 

Al 
S2 02 

A2 

A 

S2 02 

14 14' 

VR V- VR V- VR v-

DUAL SPST DPST DUAL DPST 
HI-5043 {7Sn} HI-S044 (75n) HI-5045 (75n) 

Vl V+ Vl V+ 
VL V+ 

11 11 
11 

S, 0, 16 S, 0, S, 0, 
S3 03 S3 03 
Al 

S2 02 
Al 

~ A2 A2 0 ...... S2 02 A 
S2 02 

0 
::J S4 04 S4 04 

"0 14 c: 
0 VR v-
.2 VR v- VR v-

E 
(J) 

DPDT en 4PST DUAL SPST 

en HI-5046 (75n) HI-5047 (75n) H'-504B (30n) . .:: HI-5046A (30n) HI-5047A (30n) 
~ 

ca Vl V+ Vl V+ Vl V+ 
J: 

11 

S, 0, 
S1 0, S, 0, 
S2 02 S2 02 
S3 03 S3 03 
S4 04 84 04 
A A 5 

S2 02 

14 

VR V- VR V- VR v-

DUAL DPST SPST DUAL SPST 
HI-5049 (30n) HI-5050 (30n) HI-5051 (30 n) 

Vl V+ 
Vl V+ Vl V+ 

11 11 

S, 0, 16 S, S, 0, 0, 
S3 03 S3 03 
Al 

S2 02 
Al 

A2 A2 
S2 02 A S2 02 
S4 04 S4 04 

14 
14 

VR V- VR V-
VR V-
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVIStON 
A DIVISION OF HARRIS CORPORATION 

H 1-1818A/1828A 
low Resistance 

8 Channel CMOS Analog Multiplexers 

FEATIJRES 

• SIGNAL RANGE 

• "ON" RESISTANCE (TYPJ 

• INPUT LEAKAGE AT +.1250 C (TYPJ 

• ' ACCESS TIME (TYPJ 

• . POWER CONSUMPTION (TYPJ 

• DTL{TTL COMPATIBLE ADDRESS 

• -550 C to +1250 C OPERATION 

APPLICATIONS 

• DATA ACQUISITION SYSTEMS 

• PRECISION INSTRUMENTATION 

• DEMUL TIPLEXING 

• SELECTOR SWITCH 

PINOIJT 

HI-1818A 
Top View 

ADDRESS A1 1 
+5.0V SUPPL Y 2 

ENABLE 3 
ADDRESS A2 4 

IN 8 5 

IN 7 6 

IN 6 7 

IN 5 8 

HI-1828A 
Top View 

ADDRESS Al 1 
+5.0V SUPPLY 2 

ENABLE 3 
OUT 5 THRU 8 4 

IN 8 5 
IN 7 6 
IN 6 7 

IN 5 8 

±15V 

250n 

20nA 

350ns 

5mW 

Package Code 48 

16 ADDRESS AO 
15 -15VSUPPLY 
14 +15V SUPPLY 
13 IN 1 
12 OUT 

11 IN2 
10 IN 3 

9 IN 4 

Package Code 48 

16 ADDRESS AO 
15 -15V SUPPLY 

14 +15V SUPPLY 
13 IN 1 
12 OUT 1 THRU 4 

11 IN 2 

10 IN 3 

9 IN 4 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

©IC MASTER 1979 

DESCRIPTION 

The HI-1818A/1828A are monolithic high performance CMOS 
analog multiplexers offering built-in channel selection decoding 
plus an inhibit (enable) input for disabling all channels. 
Dielectric Isolation (01) processing is used for enhanced 
reliability and performance (see App.lication Note 521). 
Substrate leakage and parasitic capacitance are much lower, 
resulting in extremely low static errors and high throughput 
rates. Low output leakage (typically O.lnA) and low channel 
ON resistance (250 n) assure optimum performance in low level 
or current mode applications. 

The 1818A is a singl.e-ended 8 channel multiplexer, while the 
HI-1828A is a differential 8 channel version. Either device 
is ideally suited for medical instrumentation, telemetry systems, 
and microprocessor based data acquisition systems. 

The HI-1818A-2 and HI-1828A are specified over -550 C 
to +1250 C, while the -5 versions are specified over OOC to 
+750 C. 

FIJNCTIONAL DIAGRAM 

HI-1818A 

ADDRESS { 
INPUT 

bUFFERS 

DIGITAL ADDRESS 

HI-1828A 

ADDAESS{ 
INPUT 

BUFFERS 
IN I 

---==-__ OUT 1·" 

I. ~ 

,. 

IN 1 

OUT 

IN 8 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (NOTE 1) 

Supply Voltage Between Pins 14 and 15 40.0V Digital Input Voltage V-Supply to V+ Supply 
Logic Supply Voltage, Pin 2 30.0V Total Power Dissipation (Note 2) 780mW 
Analog I nput Voltage: VSupply +2V Storage Temperature Range -65°C to +1500 C 

VSupply -2V 

I 
ELECTRICAL CHARACTERISTICS 

Supplies = +15V. -15V, +5V HI-181BA-2/182BA-2 HI-1818A-5/1828A-5 
-55°C to -'-125°C DoC to +75Oc TRUTH TABLES 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

~ ANALOG CHANNEL CHARACTERISTICS I , 
~ " VIN, Analog Signal Range Full I -15 I +15 I -15 I +15 I V 

~ 
* RON, ON Resistance (Note 3) +250 C 250 400 250 400 .n 

Full 300 500 300 500 .n 
~ i> 

HI-1818A 

• 
*IS(OFF), Input Leakage Current Full 20 50 20 50 nA 

* IDION), On Ch'annel Leakage Current 
ADDRESS "ON" 

(HI-181BA) Full 100 250 100 250 nA A2 Al AO EN CHANNel 
(HI-1828A) Full 50 125 50 125 nA l l l l 1 

'- "I D(OFF) Output Leakage Current l l H l 2 0 ..... (HI-1818A) Full 100 250 100 250 nA l H l l 3 (,,), 
(HI-1828A) Full 50 125 50 125 nA l H H l 4 :::J 

"0 H l l l 5 
C DIGITAL INPUTCHARACTERISTICS H l H l 6 
0 VIL, Input Low Threshold Full 0.4 0.4 V H H l l 7 (.) 

VIH, Input High Threshold (Note 4) Full 4.0 4.0 V H H H l 8 
E' * liN, Input Leakage Current Full ,01 1 .01 1 p.A X X X H NONE 
0>' 
en 

SWITCHING CHARACTERISTICS 
m.o- TS, Access Time (Note 5) +250 C 350 350 ns ·C 
'- Break-Before-Make Delay +250C 100 100 ns ca Settling Time (0.1%) +250 C 1.08 1.08 p.s :::r: 

(0.025%) +250 C 2.8 2.8 J.1s 
CIN, Channel Input Capacitance +250 C 4 4 pF 
COUT, Channel Output Capacitance HI-182SA 

(HI-1818A) +250 C 20 20 pF 
(HI-1828A) +250 C 10 10 pF ADDRESS "ON" 

COS (OFF), Drain-To-Source Capacitance +250 C 0.6 0.6 pF Al AO EN CHANNELS 
CD, Digital Input CapaCitance +250 C 5 5 pF l l l 1 and 5 

l H l 2 and 6 
POWER REQUIREMENTS H l l 3 and 7 
Po, Power Dissipation Full 5 5 mW H H l 4 and 8 
PDS, Standby Power (Note 6) Full 5 5 mW X X H NONE 
* 1+, Current Pin 14 Full 0.1 0.5 0.1 1 mA 
* L, Current Pin 15 Full 0.3 1 0.3 2 mA 
* I L Current Pin 2 Full 0,3 1 I 0.3 2 mA 

NOTES: 1. Voltage ratings apply when voltages at all other pins are 4. To drive from DTL/TTL circuits, 1 K pull-up resistors 
within their normal operating ranges. to + 5.0V supply are recommended. 

2. Derate 9.25 mW/oC above 15°C. 5. Time measured to 90% of final output level; 
3. VOUT = ± 10V lOUT = - lmA, VOUT = - 5.0V to +5.0V, Digital Inputs = OV to + 4.0V. 

6. Voltage at Pin 3, ENABLE = + 4.0V. 

*100% Tested for Dash 8. ("Full" Tested at +250 C to +1250 C) 
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PERFORMANCE ,CHARACTERISTICS 

350 

tJl 300 
:E 
:I: 
o 

ON RESISTANCE vs 
ANALOG SIGNAL LEVEL 

1 rnA 

• v 

IN 

OUT 

Test Circuit· 

I 

I 250 
UJ -- - --~ ~ 

~ u z 
~ 200 
tJl 
en 
UJ 

i 
I 

~150 
o 

I 100 
-10 

± 10V 

100nA 

10nA 

1nA 

~ -55~ 
I -~ I 

I 

I 
i i I I 
i I I i 

-8 -6 -4 -2 0 +2 +4 +6 

VI- ~IGNALLEVEL (VOLTS) 
+8 +10 

ON/OFF LEAKAGE CURRENTS 
vs TEMPERATURE 

Off Leakage On Leakage 

IO(~FF) I~. OUT 

""--__ --' OUT + 10V 

A IO(ON) 

±.10V 

l' 
./ L 

/ L 
/' /' 

lo(ON)=IO(OFF) / // 
HI-1818A 
HI-1828A 

./ ./ L 
.\. ./ ./ ./ 

:\ \ v ./ L 
! \ \ /' /' /' 

~L v /,/ 

" ./ L L "\ 
./ L L \ 

./' /' L ~ IS(OFF) 

v/ V I (HI-1818A/1828A) 
100pA 

V 
10pA 

25 

./ 

./ 

©IC MASTER 1979 

50 75 
TEMPERATURE- DC 

100 125 

+60 

<I: +40 
:E 

I 

~+20 
UJ 
a: 
a: a 0 
~ z 
i -20 
u 
l-

i 
tJl -40 

-60 

ON CHANNEL CURRENT 
vs VOLTAGE 

v~~ IOUT~ 
Test Circuit 

-55°C 

/~ 
~~ 
P=f=~ 

V ~ 
+250 C 

~ 
V 

+25OC 

~ 
V 

+12~ 

~ 
-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10 

VOLTAGE ACROSS SWITCH 

ACCESS TIME 

+5VDC o-IN_l+--_-o... 

-5VDC o-IN~2-+-_.() D---t_O_UT __ SCOPE 

---
-L 

+4V r--1 
OV ---.J L 

Ao INPUT 
2V/OIV. 

.... h. 

\ 

LL 

OUTPUT 
5V/DIV. 
I I 

10Ons/OIV. 

LL 

1 
J 

'-o 
~ 

o 
::l 
"0 
c:: 
o 
o 
E 
Q) 

(J) 

tJ) 
OJ:: 
'-as 
J: 



~ 

o 
+-' o 
:::J 
"0 
c: 
o 
o 
E 
(I) 

en 
tn 
".: 
~ 
(\l 

J: 

SCHEMATIC DIAGRAM 

ADDRESS INPUT BUFFER 

DECODER GATE 

EN 

A2 OR A2 

A 1 OR A 1 

A2 OR A2 NOT USED 
FOR HI-T828A 

MULTIPLEX SWITCH 

FROM DECODE 

FROM DECODE 

702 

+--+--+----+A 

-
'-+--+-+--+----+A 

:- ----------, 

-v 

i 
I 

I 
I 

TO ! 
P CHANNEL 
SW I 

I 

ALL N-CHANNEL 
BODIES TO v-
ALL P-CHANNEL 
BODIES TO V+ 
UN LESS OTH ERWISE 
INDICATED. 

©IC MASTER 1979 



HARRIS HI-1840 
SEMICONDUCTOR 
PRODUCTS DIVIStON 
A DIVISION OF HARRIS CORPOR.ATlON 16 Channel CMOS Analog 

Multiplexer With High-Z Analog 
Input Protection 

FEATURES 

• HIGH ANALOG INPUT IMPEDANCE 
, DURINGPOWER LOSS (OPEN) 

• LOW POWER CONSUMPTION 
(STANDBY) 

• ACCESS TIME 

500MS1 

600~W 

500ns 

• EXCELLENT IN HI-REL REDUNDANT SYSTEMS 

• BREAK-BEFORE -MAKE SWITCHING 

• NO LATCH-UP 

APPLICATIONS 

• FAIL-SAFE DATA ACQUISITION SYSTEMS 

• FAIL-SAFE TELEMETRY SYSTEMS 

• AIRCRAFT INSTRUMENTATION AND CONTROL 

PINOUT 

Package Code 1 M 

Top View 

+VSUPPLY 1 28 OUT 
NC 2 27 -VSUPPL Y 
NC 3 26 IN 2 

IN 16 4 25 IN 7 
IN 15 5 

'" 
24 IN 6 

IN 14 6 23 IN 5 
IN 13 7 22 IN 4 
IN 12 8 21 IN 3 
IN 11 9 20 IN 2 
IN 10 10 19 IN 1 
IN 9 11 18 ENABLE 
GNO 12 17 ADDRESS AO 

(+5VSUPPL yl VREF 13 16 ADDRESS A1 
ADDRESS A3 14 15 ADDRESS A2 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 
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DESCRIPTION 

The H 1-1840 is a monolithil; 16 channel multiplexer constructed 
with the Harris Linear Dielectric Isolation CMOS process. It 

is designed to provide a high input impedance to the analog 
source if device power fails (open) or the analog signal voltage 
inadvertently exceeds the supply rails during powered operation. 
Excellent for use in redundant applications, since the secondary 
device can be operated in a standby unpowered m'ode affording 
no additional power drain. But more significantly, a very high 
impedance exists between the active and inactive devices pre­
venting any interaction. One of sixteen channel selection is 
controlled by a 4-bit binary address plus an Enable-Inhibit 
input which conveniently controls the ON/OFF operation of 
several multiplexers in a system. AI) digital inputs have electro­

static discharge protection. The H 1-1840 is tested and guaran­
teed within the military temperature range and is available in a 
28 pin dual-in-line package. 

FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 1 and 27 +40V Total Power Dissipation* 1200mW 
VREF to Ground +20V. Operating Temperature: 
VEN, VA, Digital Input Overvoltage: HI-1B40-2 -550C to + 1250 C 

VSupply (+) +4V Storage Temperature, -650 C to + 1500 C 
VA VSupply (-) -4V 

Analog Input Overvoltage: 

Vs 
VSupply (+) +10V 
VSupply (-) -10V *Derate BmW/oC above T A = +250 C 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified: 
Supplies = +15V, -15V: VREF(Pin 13) = +5V; VAH(Logic Level High) = 4.0V; VAL(Logic Level Low) = +O.BV 
For Test Conditions, consult Performance Characteristics section. 

-550C to + 1250 C 

PARAMETER • TEMP. MIN. TYP. MAX. UNITS 

ANALOG CHANNEL CHARACTERISTICS 

"VS. Analog Signai Range Full -5 +15 V 

"RON. On Resistance (Note 1) VIN = +15V Full 0.5 1.0 K.I1 

VIN = -5V Full 2.5 5.0 K.I1 

"'SWFF). Off Input leakage Current +250C 0.03 nA 

Full ±100 nA 
TRUTH TABLE "ISWFF). with Power Off (Note 81 Full ±100 nA 

"IO(OFF). Off Output leakage Current +250 C 1.0 nA 

Full ±1000 nA 

" 'O(OFF). or ISWFF) with Inpu~ Overvoltage 

Applied (Nota 2) +250 C' 50 nA "ON" 

Full ±1000 nA A3 A2 Al AO EN CHANNEL 

"IOWN). On Channel leakage Current +250 C 1.0 nA 

Full ±1000 nA 
X X X X H NONE 
L l L L L 1 
L l L H L 2 

OIGITAllNPUT CHARACTERISTICS L l H L l 3 
VAL. Input low Thl'!Shoid 

" TTL Drive 
Full 0.8 V l L H H L 4 

VAH.lnput High Threshold (Note 1) Full 4.0 V L H L L L 5 

VAL I +250 C O.B 'V L H L H L 6 
MOS Orive (Note 3) l H H l L 7 

VAH +250C 6.0 V 
L H H H L 8 

"IA. Input leakage Current (High or low) Full 1.0 IJ.A H L L L L 9 
H L l H L 10 

SWITCHING CHARACTERISTICS H L H l' L 11 
tAo Access Time +250 C 500 1000 ns H l H H L 12 
tOPEN. Break-Sefore-Make Delay +250C 20 80 ns H H L L L 13 

tON (EN). Enable Delay WN) +25DC 300 1000 ns H H L H l 14 

tOFF(EN). Enable Delay (OFF) +250C 300 1000 ns 
H H H l l 15 
H H H H l 16 

Settling Time (0. 1%) +250C 1.2 IJ.s 
10.025%1 +250 C 4.1 IJ.s 

"Off Isolation" (Note 4) +250C 65 dB 

CSWFF). Channel Input Capacitance +250 C 5 pF 

COW F Fl, Channel Output Capacitance: +250C 50 pF 

CA. Digital Input Capacitance +250C 5 pF 

CDSWFFI. Input ot Output Capacitance +250 C 0.15 pF 

POWER REQUIREMENTS 

PO. Power Dissipation (Note 5) +250 C 0.6 15.0 mW 

(Note 6) +250C 0.6 15.0 mW 

"1+. Current Pin 1 (Note 5) Full 0.02 0.5 mA 

"1-. Current Pin 27 (Note 5) Full 0.02 0.5 mA 

"1+. Standby (Note 6) Full 0.02 0.5 mA 

"1-. Standby (Note 6) Full 0.02 0.5 mA 

NOTES: 

1.IOUT= 1mA 6. VEN = 4.0V 
2. Analog Overvoltage = ~OV 7. To drive from DTL/TTL circuits 1 K pull-up to 
3. VREF = +10V +5.0V supply are recommended. 
4. VEN = 4.0V, RL == 1K, CL ='7pF, Vs = 3VRMS, f = 500kHz 8. All supplies (V+, V-, +5V) and digital inputs (AO, A1, A2, A3, 
5. VEN = O.8V EN) opened. Analog input ~10V. 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 

Unless Otherwise Specified: TA = 250 C, VSUPPLY = ±15V, VAH =+4V, VAL = O.8V and VREF = 5V. 
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SCHEMATIC DIAGRAMS 
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FEATURES 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• ANALOG/DIGITAL OVERVOLTAGE PROTECTION 

• FAI L SAFE WITH POWER LOSS (NO LATCHUP) 

• BREAK-BEFORE-MAKE SWITCHING 

• DTL/TTL AND CMOS COMPATIBLE 

.• ANALOG SIGNAL RANGE 

• ACCESS TIME (TYPJ 

• SUPPLY CURRENT AT 1MHz 
ADDRESS TOGGLE (TYPJ 

• STANDBY POWER (TYP.) 

APPLICATIONS 

• DATA ACQUISITION 

• INDUSTRIAL CONTRO LS 

• TELEMETRY 

PINOUT 

±15V 

500ns 

4mA 

7.5mW 

HI-506A Package Code 1 M 

HI-507A 

+VSUPPlY 1 

NC ] 

NC 3 
IN 16 4 

IN 155 

IN 146 

IN 13 1 

IN 12 8 
IN 11 9 

IN 10 10 

IN 9 11 

GND 12 

VREF 13 

ADDRESSA 3 14 

TOPVIEW 

TOP VIEW 

+VSUPPLY 1 • 
OUT B 2 

NC 3 
IN 8B 
IN 7B 
IN 6B 
IN 5B 
IN 4B 
IN 3B 9 
IN 2B 10 
IN lB 11 
GND 12 

VREF 13 
NC 14 

28 OUT 

27 -v SUPPl Y 

26 IN 8 

25 IN 1 

24 IN 6 

23 IN 5 
21 IN 4 

21 IN 3 

20 IN 2 
19 IN 1 

18 EN,\BlE 

11 AODRESS AO 

16 ADDRESS Al 

15 ADDRESS A2 

Package Code 1 M 

28 OUT A 

27 -VSUPPL Y 
26 IN SA 
25 IN 7A 
24 IN 6A 
23 IN 5A 
22 IN 4A 
21 IN 3A 
20 IN 2A 
19 IN lA 
18 ENABLE 

17 ADDRESS AO 
16 ADDRESS Al 
15 ADDRESS A2 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures4 
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HI-506A/HI-507A 
16 Channel C·MOS 

Analog Multiplexer with 
Overvoltage' . Protection 

DESCRIPTION 

The H 1-506A and H 1-507 A are dielectrically isolated CM OS 
analog multiplexers incorporating an important feature; they 
withstand analog input voltages much greater than the supplies. 
This is essential in any system where the analog inputs originate 
outside the equipment. They can withstand a continuous input 
up to 10 volts greater than either supply, which eliminates the 
possibility of damage when supplies are off, but input signals 
are present. Equally important. they can withstand brief input 
transient spikes of several hundred volts; which otherwise 
would require complex external protection networks. Neces­
sarily, ON resistance is somewhat higher than similar unpro­
tected devices, but very low leakage currents combine to pro­
duce low errors. Application Notes 520 and 521 further explain 
these features. 

The HI-506A- 2 and HI-507A-2 are specified over -550 C to 
+1250 C while the-5 versions are specified over OOC to +750 C. 

FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 1 and 27 40V Total Power Dissipation* 1200mW 

VREF to Ground V+ to Ground +20V Operating Temperature 

VEN, VA,' Digital Input Overvoltage: HI-50SA/507A-2 -55°C to +1250 C 

VA t VSupply (+) +4V HI-50SA/507A-5 OOC to +750 C 

VSupply (-) -4V Storage Temperature -65°C to +1500 C 

Analog Overvoltage: 

Vs J VSupply (+) +20V 

VSuppl y (-) -20V *Derate 8mW/oC above TA = +250 C 

ElECTR ICAl CHARACTER ISTICS (Unless Otherwise Specified) 
Supplies = +15V, -15V; VREF (Pin 13) = Open; VAH (Logic Level High) = +4.0V; VAL (Logic Level Low) = +O.8V 

For Test Conditions, consult Performance Characterisitcs section. 

HI-506A/507A-2 HI-50SA/507A-5 

PARAMETER 

ANALOG CHANNEl CHARACTERISTICS 
*VS. Analog Signal Range 

*RON. On Resistance (Note 1) 

*IS (OFF). Off Input leakage Current 

*10 (OFF). Off Output leakage Current 
HI-506A 
HI-50lA 

*10 (OFF) with Input Overvoltage Applied 
(Note 2) 

*10 (ON). On Channel leakage Curnmt 
HI-506A 
HI-507A 

DIGITAL INPUT CHARACTERISTICS 
VAL. Inpul low Threshold I TTL Drive 
VAH. Input High Threshold (Note 7) 

VAll 
VAH 

MOS Orive (Note 3) 

*IA. Input leakage Current (High or ,low) 

SWITCHING CHARACTERISTICS 
tAo Access Time 

tOPEN. Break-Before Make Delay 

tON (EN). Enable Delay (ON) 

tOFF (EN). Enable Delay (OFF) 

Settling Time (0.1%) 
(0.025%) 

"Off Isolation" (Note 4) 

Cs (OFF). Channel Input Capacitance 

Co (OFF). Channel Output Capacitance HI-506A 
HI-507A 

CA. Digital Input Capacitance 

COS (OFF). Input to Output Capacitance 

POWER REQUIREMENTS 
PD. Power Dissipation 

*1+. Current Pin 1 (Note 51 

*'-. Current Pin 27 (Note 5) 

*1+. Standby (Note 6) 

*1-. Standby (Note 6) 

----." 
NOTES: 1. VOUT = ~ lOY. lOUT = - 100 pA. 
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2. Analog Overvoltage = ±33V. 
3. VREF = +10V. 
4. VEN = 0.8V, Rl = lK. Cl = 7pF. Vs = 

3VRMS, f = 500KHz. 

-55°C to + 125°C 

TEMP. MIN. TYP. MAX. MIN. 

Full -15 +15 -15 

+250 C 1.2 1.5 
Full 1.5 2.0 

+250 C 0.03 
Full ,!50 

+250C 1.0 
Full ±500 
Full ±250 

+250 C 4.0 
Full 2.0 

+250C 0.1 
Full ±500 
Full ±250 

Full . O.S 
Full 4.0 4.0 

+250C 0.8 
+250C 6.0 S.O 

Full 1.0 

+250C O.S 1.0 

+250C SO 

+2SoC 300 

+2SoC 300 

+2SoC 1.3 
+250C 4.4 

+250C 65 

+250C 5 

+250C SO 
+250 C 25 
+250C 5 

+250C 0.1 

Full 7.5 

Full 0.5 2.0 

Full 0.02 1.0 

Full 0:5 2.0 

Full 0.02 1.0 

5. VEN = +4.0V. 
6. VEN = O.SV. 
7. To drive from OTl/TTl circuits. lKnpull-

up resistors to .+S.OV supply are recom­
mended. 

ooc to +750 C 

TYP. MAX. UNITS TRUTH TABLES 

+15 V HI-506A 
1.5 I.S Kn 
I.S 2.0 Kn 

"'ON"' 

0.03 A3 AZ Al AO EN CHANNEl 
nA 

±50 nA x x x I x l NONE 

l l 

~ I l H 1 

1.0 nA 
l l 11 H 2 

'!500 nA 
l l H l H 3 

l l H H H 4 
±250 nA l H l l H 5 

l H l H H 6 
4.0 nA l H H l H 1 

pA l H H H H 8 
H l l l H 9 

0.1 nA H l l H H 10 

±500 nA H l H l H 11 

±250 nA H l H H H 12 
H H l l H 13 
11 H l H H 14 

O.S V H H H l H 15 

V H H H H H 16 

O.S V 
'V 

HI-507A 
5.0 pA 

! ON 

0.5 ps 
Al I AO 

SWITCH 
A2 EN PAIR 

SO ns X X I X 
L NONE 

L L L H 

I 
I 

300 ns L L H H 2 

L H L H 3 

300 os L H H I H 4 
H L L H 5 

1.3 ps H L H I H 6 
4.4 ps H H iLl H 7 

H H I H H 8 
65 dB 

5 pF 

50 pF 
25 pF 
5 pF 

0.1 pF 

7.5 mW 

0.5 5.0 mA 

0.02 2.0 mA 

0.5 5.0 mA 

0.02 2.0 mA 

*100% Tested for Dash 8. 
("Full" Tested at +250 C to +1250 C) 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

HI-S08A/S09A 
A DIVISION OF HARRIS CORPORATION 

8 Channel CMOS Analog Multiplexers 
with Overvoltage Protection 

FEATURES 

• ANALOG/DIGITAL OVERVOLTAGE PROTECTION 

• FAIL SAFE WITH POWER LOSS (NO LA!CHUP) 

• BREAK-BEFORE-MAKE SWITCHING 

• DTL/TTL AND CMOS COMPATIBLE 

• ANALOG SIGNAL RANGE 

• ACCESS TIME (TYPol 

• SUPPLY CURRENT AT 1MHz 
ADDRESS TOGGLE (TYPJ 

• STANDBY POWER (TYPJ 

'APPlICA TIONS 

• DATA ACQUISITION 

• INDUSTRIAL CONTROLS 

• TELEMETRY 

PINOUT 

HI.:..50SA 
TOP VIEW 

AO 16 

EN 15 

-Vsup 3 14 

IN1 4 13 

IN2 12 

IN3 6 11 

IN4 10 

OUT S 9 

HI-509A 
TOP VIEW 

Ao 16 

EN 2 15 

-Vsup 3 14 

IN1A 4 

IN2A 

IN3A 6 11 

IN4A 

UTA 9 

A, 

A2 

GNO 

+Vsup 

IN5 

IN6 

IN7 

INS 

A, 

GNO 

+Vsup 

IN1B 

IN2B 

IN3B 

IN4B 

OUTB 

±15V 

500ns 

4mA 

7.5mW 

Package Code 4B 

Package Code 4B 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow Ie Handling Procedures. 
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DESCRIPTION 

The HI-50BA and HI-509A are dielectrically isolated CMOS 
analog multip'lexers incorporating an important feature; they 
withstand analog input voltages much greater than the supplies. 
This is essential in any system where the analog inputs originate 
outside the equipment. They can withstand a continuous input 
up to 10 volts greater than either supply, which eliminates the 
possibility of damage when supplies are off, but input signals 
are present. Equally important, they can withstand brief input 
transient spikes of several hundred volts; which otherwise 
would require complex external protection networks. Neces­
arily, ON resistance is somewhat higher than similar unpro­
tected devices, but very low leakage currents combine to pro­
duce low errors. Application Notes 520 and 521 further explain 
these features. 

The HI-50BA-2 and HI-509A-2 are specified over -550 C to 
+ 1250 C while the -5 versions are specified over OOC to + 750 C. 

FUNCTIONAL DIAGRAM 
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'I 
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I 
I 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage between Supply Pins 

V+ to Ground 

VEN. VA, Digital Input Overvoltage: 

V A I VSupply(+) +4V 
VSupply (-) -4V 

Analog Input Overvoltage: 

40V 

20V 

Total Power 0 issipation* 

Operating Temperature: 

HI-50BA/HI-509A-2 
HI-50B~/H 1-509A-5 
Storage Temperature 

725 mW 

-55°C to + 125°C 
OOC to +750C 

-65°C to +1500 C 

Vs I VSupply (+) +20V 
VSupply (-) -20V *Derate BmW/oC above tA = 75°C 

ELECTRICAL CHARACTERISTICS (Unless Otherwise Specified) 

710 

Supplies = + 15V. -15V; V AH (logic level High) = +4.0V ; VA l (logic level low) = +O.BV 
For Test Conditions. consult Performance Characterisitcs section. 

HI-SOBA/S09A-2 

-55°C to +1250 C 

HI-50BA/509A-5 

OOC to +750 C 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP MAX. UNITS 

ANALOG CHANNEl CHARACTERISTICS 

*VS. Analog Signal Range Full -15 +15 

1.5 
1.B 

-1.5 +15 V 

Kn 
Kn 

* RON. On Resistance (Note 1) +250 C 
Full 

* ISIOFF)' Off Input leakage Current +2SoC 
Full 

*IOWFF)' Off Output Leakage Current +250C 
HI-50BA Full 

* loWFF) with Input Overvoltage Applied (Note 2) +250 C 
Full 

*ID(ON). On Channel Leakage Current +2SoC 
HI-SOBA Full 

DIGITAL INPUT CHARACTERISTICS 

VAL. Input Low Threshold I 
V AH. Input High Threshold 

(Note 6) 
Full 
Full 

* IA. Input Leakage Current (High or Low) Full 

SWITCHING CHARACTERISTICS 

tA. Access Time 

tOPEN. Break - Before Make Delay 

tON(EN)' Enable Delay (ON) 

tOFF (EN). Enable Delay (OFF) 

Settling Time (0.1%) 
(0.025%) 

"OFF Isolation" (Note 3) 

Cs (OFF). Channel Input Capacitance 

CD (OFF). Channel Output Capacitance 

CA. Digital Input Capacitance 

HI-50BA 
HI-S09A 

COS 10 FF). Input to Output Capacitance 

POWER REOUIREMENTS 

PO. Power Dissipation 

* 1+. Current (Note 4) 

*1-. Current (Note 4) 

* 1+. Standby INote 5) 

*1-. Standby (Note 5) 

+250 C 

+250 C 

+2SoC 

+250 C 

+250 C 
+2SoC 

+250 C 

+250 C 

+250 C 
+250 C 

+250 C 

+2SoC 

Full 

Full 

Full 
Full 

Full 

NOTES: 1. VOUT = ~ lOV. IOUT= -100J.1A 

2. Analog Overvoltage = ~ 33V 

3. VEN = O.BV, RL = 1 K, C L = 7pF, 

Vs == 3V RMS, f = 500KHz 

4.0 

1.2 
1.5 

0.03 

1.0 

4.0 

0.1 

0.5 

BO 

300 

I 
300 

1.2 
3.5 

65 

5 

25 
12 

5 

0.1 

7.5 

~50 

:t250 

2.0 

~250 

O.B 

1.0 

1.0 

0.5 2.0 

0.02 1.0 
0.5 2.0 

0.02 1.0 

4. VEN = +4.0V 

5. VEN = O.BV 

4.0 

1.5 1.B 
1.B 2.0 

0.03 

1.0 

4.0 

0.1 

0.5 

BO 

300 

300 

1.2 
3.5 

65 

5 

25 j 
12 

5 

0.1 

7.5 

!50 

~250 

~250 

O.B 

1.0 

0.5 5.0 

0.02 2.0 
0.5 5.0 

0.02 2.0 

nA 

nA 

nA 

nA 

nA 

IJ.A 

nA 

nA 

V 
V 

IJ.A 

IJ.s 

ns 

ns 

ns 

IJ.S 
IJ.s 

dB 

pF 

pF 
pF 

pF 

pF 

mW 

mA 

mA 
mA 

mA 

6. To drive frQm DTL/TTL Circuits, 1 KS1 pull-up 

resistors to +5.0V supply are recommended 

*100% Tested for Dash 8. ("Full" Tested at +250 C to +1250 C) 

TRUTH TABLES 

HI-508A 

"ON" 
A2 Al AO EN CHANNEL 

X X X l NONE 

l l l H t 

l l H H 2 
l H l H 3 
l H H H 4 
H l l H 5 

H l H H 6 

H H l H 7 

H H H H 8 

HI-509A 

ON 
SWITCH 

At AO EN PAIR 

X X l NONE 

l l H 

l H H 

H l H 

H H H 

1 

2 

3 

4 
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FEATURES 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• GUARANTEED ±l L.S.B. ACCURACY OVER 
TEMPERATURE 

HI-1080 -550 C to +1250 C 
HI-l085 OOC to +750 C 

• FAST SETTLING 1.5 J-Ls to Y:z l.S.B. 

• EXPANDABLE FOR HIGHER RESOLUTIONS 

• MONOLITHIC CONSTRUCTION 

• OTL/TTL COMPATIBLE INPUTS 

• RELIABLE MONDLITHIC CONSTRUCTION MEETS 
REQUIREMENTS OF MIL-STO-883 

APPLICATIONS 

• WAVEFORM SYNTHESIZERS 

• MICROPROCESSOR 1/0 INTERFACE 

• HIGH REL APPLICATIONS 

• A TO 0 CONVERTER (USING COMPARATOR AND 
DIGITAL LOGIC) 

• DATA ACGUISITION SYSTEMS 

PINOUT 

NEGATIVE 
SUPPL Y 

NO 
CONNECTION 

COMMON 

08 

07 

06 

05 

03 

02 

01 

CASE 
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3 

4 

5 

6 

7 

8 

9 

10 

Top View 

I II I 
2 1 24 23 22 

21 

20 

DIA 19 
CONVERTER 

24 LEAD 
PACKAGE 18 

17 

16 

11 12 13 14 15 

I II I 

Package Code 4K 

TAP3 

TAP 2 

TAP 1 

LADDER 
TERMINATION 

LADDER 
EXTENSION 

LADDER BUS 

LADDER 
OUTPUT 

R SUM 

2R SUM 

LOGIC SUPPLY 

HI-1080/1085 
Precision Monolithic 

8-Bit 0 to A Converter 

DESCRIPTION 

The HI-1080/l085 is a monolithic 8 bit digital-to-analog con-. 
verter employing bipolar current switches feeding a thin film 
R-2R ladder network. 

Because of the excellent stability of this device, it is practical 
to specify one all-inclusive accuracy parameter: .ill.S.B. 

accuracy over the operating temperature range. This means that 
once the desired full scale output level is set at room tempera­
ture by adjustment of the input reference current, each of the 

256 output levels will always'measure within ±1 L.S.B. of the 
corresponding output of a "perfect" DAC. Thus the accuracy 

specification includes the worst case effects of all of the norm­
ally published errors such as non-linearity, zero drift, full scale 

drift, etc. 

The device is exceptionally versatile, since it may be used in a 
voltage or current output mode, and may be offset 10 produce 

bipolar operation. Matched auxiliary resistors are provided for 

amplifier feedback or current summing. Provisions are also made 
for scale factor adjustment and for cascading of additional OIA 

converters for extended resolution. 

FUNCTIONAL DIAGRAM 

LADDER 
ExTENSION 

1 

lAOOER~!.-U~:-t--'~ 
TERMINATION I 

LADDER 8us!.-1 ~~-L--:~-<JJ>-1 

1 

I 
1 
1 

1 
1 

I 
1 
1 ' 
I' 2R 

1 "r- -- - j,Dt 
I R~'" il(MS.8.1 

'I~,- 'I 
lA.DDER ... ,HIGH -v 
DUTPurt----i . 

I • Rl. 1 

2RSU"~ _lLD~ ___ J 
RSUM 

DIGITAL 
INPUTS 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Maximum Ratings are limiting values above which permanent circuit damage may occur. 

Voltage 
V+ 
V-

Digital Inputs: 

*Derate at 4mW/oC above 850 C ambient. 

ELECTRICAL CHARACTERISTICS 

-

TEMP 
MIN 

Resolution 8 

Accuracy +25 0C 

(Calibrated at 250 C) -550 C to 
'(Note 1) +1250 C ' 

VFuli Scale (Note 2) +250 C -4.5 
(Uncalibrated) 

Power Supply -550 C 
Rejection to .. 05 
(Note 3) +1250 C 

Settling Time +250 C 
(Note 4) 

Digital Inputs: 
High Threshold 
Low Threshold 0.8 
(Note 5) 
linHigh 

lin Low -550 C to 
(Note 6) +1250 C 

Supply Current: 
1+ -550C 
I- to 
IREF +1250 C 
(Note 7) 

NOTES: Test Conditions-

+8.0V 
-18.0V 

+5.5V 

HI-l080 
TYP 

1/4 

1/2 

-4.98 

.001 

1.5 

.01 

-0.7 

8 
8 

0.5 

1. Any Input Combination 4. To :to.2% of full scale 

Ladder Common: 
IREF: 

Storage Temperature: 

Power Dissipation: 

+8.0V 
1.6mA 

-650 C ~TA::; +150oC 

450mW * 

Unless otherwise, stated all measurements taken at V+ = +5V, V - = -15V 
VREF = +5V, VinHigh = +2.4V, VinLow = +O.4V 
Unipolar, zero reference connection (Figure 3) 

TEMP 
HI-l085 

UNITS MAX MIN TYP MAX 

8 Bits 

1/2 

OOC to 
1 +750 C 1/2 1 L.S.B. 

-5.5 +250 C -4.5 -4.98 -5.5 Volts 

OOC to L.S.B. 

I 
+750 C .05 .001 per 

I Volt 

3.0 +250 C 1.5 J,ls 

2.0 2.0 Volts 
0.8 Volts 

1 OOC .01 1 rnA 
to 

-1.0 +750 C -0.7 -1.0 rnA 

10 OOC 8 10 rnA 
10 to 8 10 rnA 
0.6 +750C 0.5 0.6 rnA 

6. Vin = 2.4 Volts 7. V+ = +5.0V 
2. Inputs all low after full scale input step V+= 5.5V V- = -'15.0V 
3. AVOUT/AVSUPPLY 

V+ = +5 ± 0.5V 
V- = -15 ± 3V 5. 

RL>10M 
CL <5pF 
V+ = 4.5V 

Vin = 0.4 Volts VREF = +5.0V 
V+ = 5.5V Inputs all low 
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FEATURES 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• MONOLITHIC CONSTRUCTION 

• EXTREMELY FAST SETTLING 200ns TO 0.01% (TYP.) 

• LOW GAIN DRIFT 

• EXCELLENT LINEARITY 
OVER TEMPERATURE 

• DESIGNED FOR MINIMUM GLITCHES 

• MONOTONIC OVER TEMPERATURE 

APPLICATIONS 

• CRT DISPLAY GENERATION 

• HIGH SPEED AID CONVERTERS 

• VIDEO SIGNAL RECONSTRUCTION 

• WAVEFORM SYNTHESIZERS 

• HIGH SPEED DATA ACQUISITION 

• HIGH-REL APPLICATIONS 

• PRECISION INSTRUMENTS 

PINOUT 

±2ppm/OC (MAX.) 

±1/2 LSB (MAX.) 

PRELIMINARY HI-562 
12 8itHigh Speed Monolithic 

Digital-to-Analog Converter 

_DESCRIPTION 

The Harris HI.-562 is the first monolithic digital-to-anal{lg converter to 
combine both ultra-high speed performance and true 12-bit accuracy on the 
same chip. The HI-562's fast output current settling of 200ns to 0.01% is 
achieved using dielectric isolation processing to reduce internal parasitics for 
fast rise and fall times during switching. Output glitches are minimized in 
the HI-562 by incorporating equally weighted current sources switched into 
an R-2R ladder network for symmetrical turn-ON and turn-OFF switching 
times. This creates within the chip a very uniform and constant thermal 
distribution for excellent linearity and also completely eliminates thermal 
transients during switching. High stabilitY thin film resistor processing to­
gether with laser trimming provide the HI-562 with guaranteed true 12-bit 
linearity to within ±112 LSB maximum over the -550 C to +1250 C temp­
erature range. Beyond that, the HI-562's low offset and gain drift over this 
temperature range assure that its absolute accuracy when referred to a fixed 
10V reference will not deviate more than ±312 LSB for unipolar mode opera­
tion (.±2 LSB for bipolar operation). The input reference can be varied from 
+2V to +10V for two Quadrantmultiplying mode operation. 

The HI-562 is recommended as a replacement for higher cost hybrid and 
modular units for increased reliability and accuracy in applications such as 
CRT displays, precision instruments and data acquisition systems requiring 
throughput rates as high as 5MHz for full range transitions. Its small size, 
makes-it an ideal choice as the heart of high speed AID converter designs or as . 
a building block in high speed or high resolution industrial process control 
systems. The H 1-562 is also ideally suited for aircraft and space instrumenta­
tion where operation over a wide temperature range is required. 

The H 1-5_62-5 is specified for operation over OOC to + JOoC, the H 1-562-4 
over -250 C to +S50 C and the HI-562-2 and HI-562-S over -550 C to+1250 C. 
Processing to MI L-STD-SS3A Class B screening is available by selecting the 
H 1-562-S. All are available in a hermetically sealed 24-lead dual-in-line 
package. 

FUNCTIONAL DIAGRAM 

Package Code 1 H 
TOP VIEW 

Vps+ 1 24 BIT 1 (MSB) IN 

CMOS/TTL 23 BIT 21N LOGIC SELECT 

* VREf (La IN) 22 BIT 3 IN 

N/C 4 21 BIT 41N 

VREF (HI IN) 5 20 BIT 5 IN 

Vps- 19 BIT 61N 

BIPOLAR R IN 7 18 BIT 71N 

BIPOLAR ROUT 17 BIT 81N 

IOAC OUT 16 BIT 91N 

10V SPAN R 10 15 BIT 10 IN 

20V SPAN R 11 14 BIT 11 IN 

* GND 12 13 BIT 12 (LSB) IN 

* Pins 3 and 12 connected to top and bottom case 

for high frequency shielding. 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground)l 

Power Supply ,Inputs 

Reference Inputs 

Digital Inputs 

Outputs 

Vps+ 
Vps-

VREF (Hi) 
VREF (Lo) 

+20V 
-20V 

±Vps 
OV 

Bits 1-12 ·-lV,+12V 
CMOSITTL Logic Select -lV,+12V 

Pins 7, 8, 10, 11 
Pin 9 

±Vps 
+Vps, -5V 

Power Dissipation Pd, Package 

Operating Temperature Range 
HI-562-2 
HI-562-4 
HI-562-5 
HI-562-8 

Storage Temperature Range 

1000mW 

-550 C to + 1250 C 
-250 C to +850 C 

OOC to +700 C 
-550 C to +1250 C 

-650 C to + 1500 C 

ELECTRICAL CHARACTERISTICS (@ +250 C, Vps+, = +5V, Vps- = -15V, VREF = +10V, pin 2 open circuit 
unless otherwise noted) 

HI-562-2/HI-562-8 H 1-562-4/H 1-562-5 

PARAMETER CONDITIONS MIN I TYP I MAX MIN I TYP I MAX UNITS 
I 

INPUT CHARACTERISTICS 

Oigitallnputs (3) Bit ON "logic 1" 
Bit OFF "logic 0" t;; ~:.~ .... C2I 2.0 2.0 V 

logic "0" Over full 0.8 0.8 V 
TTL temp. range 

Input Current (2) 
logic "1" 20 100 20 100 nA 
logic "0" -50 -100 -50 -100 fJA 

\'.,"' v 0''''' logic "1" 0.7Vps+ 0.7Vps+ V 
logic "0" Pin 1 tied to pin 2, 0.3Vps+ 0.3Vps+ V 

CMOS +4.75V:S Vps+ :S+12V 
I nput Current over full temp,range 
logic "1" 20 100 20 100 nA 
logic "0" -50 -100 -50 -100 JIA 

Reference Input 

Input Resistance 8K 8K n 
Input Voltage lOUT = 5mA (±20%) +10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Over full temp. range 12 12 Bits 

@+250C ±1/4 ±1/4 ±1/2 lSB Nonlinearity (3) Over full temp. range ±1I2 ±1 

Differential @+250C ±1/4 il/4 i1l2 lSB 
Nonlinearity (3) Over full temp. range MONOTONICITY GUARANTEED 

Relative Accuracy (6) With 24.9n(1%) Trim Resistors 

Gain Error All Bits ON ±0.024 ±0.024 
Bipolar Offset Error ±0.024 ±0.024 % FSR (4) 
Unipolar Offset Error All Bits OFF ±0.012 ±0.012 

Adjustment Range See Operating Instructions 

Gain With 50nTrim ±0.3 ±0.3 % FSR 
Bipolar Offset Potentiometers iO.6 ±0.6 

Temperature Stability Drift specified with internal 
span resistors for voltage output 

Gain Drift (3) Over full ±2 ±3 
Offset Drift (3) temp. range ppm of 

Unipolar Offset ±0.4 ±l FSR/oC 

Bipolar Offset 
All Bits OFF ±1 ±3 ---

Differential Nonlinearity Over full temp. range ±l ±2 ±2 ±3 

Settling Time (3) All Bits ON-to-OFF or 

to 11/2lSB OFF-to-ON 200 400 200 400 ns 
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SPECIFICATIONS (continued) 

PARAMETER CONDITIONS 

Major Carry Transient 
Peak Amplitude From 011 ... 1 to 100 ... 0 
Settling Time to or 100 ... 0 to 011...1 

9(}% Complete 

Power Supply Sensitivity (3) 

Unipolar Offset All Bits OFF 
Vps+ @ +5V or +15V 
Vps-@-15V 

Bipolar Offset 
Vps+@ 5V or +15V All Bits OFF, Bipolar mode 
Vps-@-15V 

Gain 
Vps+@+5Vor+15V All Bits ON 
Vps-@-15V 

OUTPUT CHARACTERISTICS 

Output Current 

Unipolar 
-_ .. Bipolar. 

Resistance 

Capacitance 

Output Voltage Ranges 
Unipolar Using external op amp 

and internal scaling 
Bipolar resistors. See Figure 1 

and Table 1 for connections 

Compliance limit (3) 

Compliance Voltage (3) Over full temp. range 

0.1 to 10Hz (All Bits ON) 
Output Noise 0.1 to 5MHz (All Bits ON) 

MULTIPLYING MODE PERFORMANCE 

Quadrants Bipolar Mode 
Reference Input; 2V to +10V 

Reference Voltage Unipolar mode, all Bits OFF 
Feedthrough and +2V to +10V (p-p), 2kHz 

Sinewave 

Relative Accuracy Reference Input @ 2VDC 

Output Slew Rate All Bits ON and 
+2 to +10V Step 

Settling Time change at reference 
to ±1/2 lSB input. 

Control Amplifier 

Bandwidth Small signal 

POWER REQUIREMENTS 

Vps+, (7) Over full 
Vps- temp. range 

Ips+ (5) All Bits ON or OFF in 
Ips- (5) either TTL or CMOS mode 

Ips+ (5) Same as above except 
Ips- (5) over full temp. range 
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HI~562-21HI-562-8 

MIN TYP MAX 

0.7 

35 

±0.5 
±0.5 

±1.5 
±1.5 

±1 
±2 

-5.0 
i2.5 

1000 

20 

o to +5 
o to +10 

i2.5 
i5 
±10 

-3 +10 

±1.0 

30 
100 

2 

1 

to.05 

6 

3 

10 

4.5 5 15 
13.5 15 16.5 

9 
28 

11 
33 

HI-562-4/HI-562-5 

MIN TYP MAX 

0.7 

35 

±0.5 
±0.5 

±1.5 
±1.5 

il 

±2 

-5.0 
±2.5 

1000 

20 

o to +5 
o to +to 

±2.5 
±5 
±10 

-3 +10 

itO 

30 
100 

2 

1 

iO.05 

6 

3 

10 

4.75 5 15 
13.5 15 16.5 

9 
28 

11 
33 

UNITS 

rnA 

ns 

ppm of 
FSR/% Vps 

rnA 

ohms 

pF 

V 

V 

V 

pV (p-p) 

lSB (p-p) 

% FSR 

mA/ps 

IJ.s 

MHz 

V 

rnA 

lilA 
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NOTES 

1. Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit 
may be impaired. Functional operation under any of 
these conditions is not necessarily implied. 

2. V ps+ tolerance is ±10% for H 1-562-2, -8. and ±5%' for 
HI-562-4, -5. 

3. See Definitions. 

4. FSR is "full scale range" and is 20V for ±10V range, 10V 
for ±5V range, etc.; or 5mA(±20%) for current output. 

DEFINITIONS OF SPECIFICATIONS 

716 

DIGITAL INPUTS 

The H 1-562 accepts digital input codes in binary format and 
may be user connected for anyone of three binary codes. 
Straight Binary, Two's Complement, or Offset Binary, (See 
Operating Instructions). 

DIGITAL 
INPUT 

MSB LSB 
000 ... 000 
100 ... 000 
111 .. .111 
011 ... 111 

Straight 
Binary 

Zero 
%FS 

+FS - 1 lSB 
%FS - 1 LSB 

ANALOG OUTPUT 

Offset 
Binary 

-FS (Full Scale) 
Zero 

+FS - 1 lSB 
Zero - 1 LSB 

Two's 
Complement* 

Zero 
-FS 

~FS - 1 LSB 
+FS - 1 LSB 

*Invert MSB with external inverter to obtain Two's 
Complement Coding 

ACCURACY 

NONLINEARITY - Nonlinearity of a D/A converter is an 
important measure of its accuracy. It describes the deviation 
froni an ideal straight line transfer curve drawn between zero 
(all bits OFF) and full scale (all bits ON). 

DIFFERENTIAL NONLINEARITY - For a D/A converter, it 
is the difference between the actual output voltage change and 
the ideal (1 LSB) voltage change for a one bit change in code. 
A Differentiat Nonlinearity of ±1 LSB or less guarantees mono­
tonictiy; i.e., the output always increases and never decreases 
for an increasing inPllt. 

, SETTLING TIME 

Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition. 

5. After 30 seconds warm-up. 

6. Using an external op amp with internal span resistors and 
specified external trim resistors in place of potentiometers 
Rl and R2. Errors are adjustable to zero using Rl and R2 
potentiometers. (See Operating Instructions Figure 2.) 

7. Maximum Vps+ is +12V for high level logic only, i.e. when 
pin 1 is tied to pin 2. 

DRIFT 

GAIN DRIFT - The chanqe in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale range per oC (ppm of FSR/oC). Gain error is meas"' 
ured with respect to +250 C at high (TH) and'iow (TLl 'temp­
eratures. Gain drift is calculated for both high (TH -250 C) and 
low ranges (+250 C -TL) by dividing the gain error by the respec­
tive change in temperature. The specification is the larger of 
the two representing worst case drift. 

OFFSET 0 RIFT - The change in analog outPl!t with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per oC (ppm of FSR/oC). Offset 
error is measured with respect to +250 C at high (TH) andJlow 
(TL) temperatures. Offset Drift is calculated for both high 
(TH -250 C) and low (+250 C -TL) ranges by dividing the offset 
error by the respective change in temperature. The specification 
given is thetarger of the two, representing worst-case drift. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the 0/ A converter resulting from a change in -15V, 
+5V or + 15V supplies. It is specified under 0 C conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified accuracy. Com­
pliance limit implies functional operation only and makes no 
claims to accuracy. 

GLITCH 

A glitch on the output of a D/A converter is a large transient 
spike resulting from unequal internal ON-OFF switching times. 
Worst case glitches usually occur at half-scale or the major carry 
code transition from 011...1 to 100 ... 0 or vice versa. For ex­
ample, if turn ON is greater than turn OFF for 011. .. 1 to 
100 ... 0, an intermediate state of 000 ... 0 exists, such that, the ' 
output momentarily glitches to zero output. ~atched switching 
times and fast switching will reduce glitches considerably. 
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OPERATING INSTRUCTIONS 

DECOUPLING AND GROUNDING 

For best accuracy and high frequency performance, the ground­
ing and decoupling scheme shown in Figure 1 should be used. 
Decoupling capacitors should be connecte.d close to the H 1-
562. (Preferrably to the device pins) and should be tantalum 
or· electrolytic bypassed with ceramic types for best high fre­
quency noise rejection. 

, .. < r. V._ 

"':=t"' 
I/-fF I/-fF 

HI-562 

ANALOG GROUND 

Figure 1. 

UNIPOLAR AND BIPOLAR VOLTAGE OUTPUT 
CONNECTIONS 

CONNECTIONS - Using an external resistive load, the output 
compliance should not exceed ±lV to maintain specified accur­
acy. For higher output. voltages, accuracy can be maintained by 
using an external op amp and the internal span resistors as shown 
in Figure 2 and defined in Table 1 for unipolar and bipolar 
modes. 

BIPOLAR 
OFFSET 
ADJUST 

* +5V/+15V,-15V 

Rl 50!l15T 

A \---,,-OU;;..:cT_-. 

* For TTL and DTL compatibilitY, connect +5V to pin 1 and 
leave pin 2 ·open. For CMOS compatibilitY, connect digital 
power supply (+4.85V ~ VDD ~ +12V) to pin 1 and short 
pin 2 to pin 1. 

** Bias resistor, R B, should be chosen to equalize op amp offset 
voltage due to bias current. Its value is calculated from the 
parallel combination of the current source output resistance 
(1 K) and the op amp feedback resistor. See Table 1 for 
values of R B. 

Figure 2 

©IC MASTER 1979 

Table 1 

CONNECTIONS 
OUTPUT Pin 7 Pin 8 Pin 10 Pin 11 BIAS (RB) 
RANGE to to to to RESISTOR 

Unipolar o to +10V N.C. N.C. A N.C. 667[2 

Mode o to +5V N.C. N.C. A 9 500[2 

±10V 0 9 N.C. A 667[2 
Bipolar 

±5V 0 9 A N.C. 580[2 
Mode 

( ±2.5V 0 9 A 9 444[2 

EXTERNAL GAIN AND ZERO CALIBRATION 
(See Figure 2) 

The input reference resistor (7.975K) and bipolar offset resistors 
shown in Figure 2 are both intentionally set low by 25[2 to 
allow the user to externally trim-out initial errors to a very high 
degree of precision. The adjustments are made in the voltage 
output mode using an external op amp as current-to-voltage .. 
converter and the H 1-562 internal scal ing resistors as feedback 
elements for optimum accuracy and temperature coefficient. 
For best accuracy over temperature, select an op amp that has 
good front-end temperature coefficients such as the HA-2600/ 
2605 with offset voltage and offset current tempco's of 5/lV/oC 
and lnA/oC, respectively. For high speed voltage mode applica­
tions where fast settling is required, the HA-2510/2515 is 
recommended for better than 1.5/1s settling to 0.01%; Using 
either one, potentiometer R3 conveniently nulls unipolar offset 
plus op amp offset in one operation (for HA-2510/2515 and 
HA-2600/2605 use R3 = 20K and lOOK, respectively). For. 
bipolar mode operation, R3 should be used to null op amp offset 
to 'optimize its tempco (i.e., short 9 to A and adjust R3 for zero 
before calibrating in bipolar mode). The gain and bipolar offset 
adjustment range using 50[2 potentiometers is ±12 LSB and 
±25 LSB respectively. If desired,. the potentiometers can be 
replaced with fixed 24.9 [2 (1%) resistors reSUlting in an initial 
gain and bipolar offset accuracy of typically ±1/2 LSB. 

UNIPOLAR CALIBRATION 

Step 1: Unipolar Offset 
• Turn all bits OFF 
• Adjust R3 for zero volts output 

Step 2: Gain 
• Turn all bits ON 
• Adjust R 2 for an output of FS -1 LSB 

That is, adjust for: 
9.9976V for OV to + 1 OV range 
4.9988V for OV to +5V range 

BIPOLAR CALIBRATION 

Step 1: Bipolar Offset 
• Turn all bits OFF 
• Adjust R 1 for an output of: 

-10V for ±lOV range 
-5V for ±5V range 
-2.5V for ±2.5V range 

Step 2: Gain 
• Turn bit 1 (MSB) ON; all other bits OFF 
• Adjust R 2 for zero volts output 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

Preliminary H 1-5612 
A DIVISION OF HARRIS CORPORATION 

FEATURES 

• MONOLITHIC CONSTRUCTION 

12 Bit High Speed Monolithic 
'Digital-to-Analog Converter 

APPllCA TIONS 

• CRT DISPLAY GENERATION 

• EXTREMELY FAST SETTLING ............... 150ns TO %LSB 1 YP. 

I 
• HIGH SPEED AID CONVERTERS 

• LOW GAIN DRIFT .......................... ±5ppm/oC TYP. • VIDEO SIGNAL RECONSTRUCTION 
• EXCELLENT LINEARITY OVER TEMPERATURE ....... ± %LSB MAX. • WAVEFORM SYNTHESIZERS 

I 
• DESIGNED FOR MINIMUM GUTCHES 
• MONOTONIC OVER TEMPERATURE 

DESCRIPTION 

The H 1-5612 is an ultra-high speed 12 bit monolithic current out­
put digital-to-analog converter. The fast output current settling of 
150ns to %LSB of its final value is achieved using dielectric isolation 
processing to reduce internal parasitics for fast rise and fall times 
during switching. Output glitches are minimized in the HI-5612 by 
incorporating equally weighted current sources switched into an 
R-2R ladder network for symmetrical turn-on and turn-off switch­
ing times. This creates within the chip a very uniform and constant 
thermal distribution for excellent linearity and also eliminates ther­
mal transients during switching. High stability thin film resistor 
processing, together with laser trimming provide the HI-5612 with 
true 12 bit linearity to within ± %LSB maximum over operating 
temperature range. The HI-5612's low offset and gain drift over 
the operating temperature range assures that its absolute accuracy 
when referred to a fixed 10V reference will not deviate more than 
± 2LSB for both unipolar and bipolar operation. 

FUNCTIONAL DIAGRAM 
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TTL/CMOS 
LOGIC 
LEVEL BIT 1 IN 

:' .,~m 1'"' t 

• HiGH SPEED DATA ACQUISITION 

• HIGH RELIABI LlTY APPLICATIONS 

• PRECISION INSTRUMENTS 

The H 1-5612 is recommended as a replacement for high cost hybrid 
and modular units for increased reliability and accuracy in applica­
tions such as CRT Displays, precision instruments and data acquisi­
tion system requiring through-put rates as high as 7mHz for full 
range transitions. Its small size makes it an ideal choice as the 
essential part of high speed AID converter designs or as a building 
block in high speed or high resolution industrial process control 
systems. The HI-5612 is also ideally suited for.aircraft and space 
instrumentation where operation over a wide temperature range is 
required. 

The HI-5612-5 is specified for operation over OOC to +750 C, the 
HI-5612-2 and HI-56T2-S over -550 C to +1250 C. Processing to 
MI L-STD-S83A class B screening is available by selecting the 
HI-5612-S. All are available in a hermetically sealed 24 lead dual­
in-line package. 

BIT 121N 

PINOUT 

Vps+ ' 1 - r:-u-- I- 24 BIT 1 (MSB) IN 
CMOSlTrL 2- e- 23 BIT 21N 

LOGIC SELECT 
* VREF (LO IN) 3- 1-22 BIT 31N 

NC 4- -21 BIT 41N 

VREF (HI IN) 5- -20 BIT 5 IN 

Vps- 6- f-19 BIT 6 IN 

BIPOLAR R IN 7- e-18 BIT 71N 

BIPOLAR ROUT 8- f-17 BIT 81N 

IOAC OUT 9- e-16 BIT 9 IN 

SPAN R 10- e-15 BIT 10 IN 

SPAN R 11- 1-14 BIT 111N 

'* GNO 12- I- 13 BIT 12 (LSB) IN 

• Pin 3 connected to bottom case for high 
frequency shielding. 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground) 1 

Power Supply Inputs Vps+ +20V 
Vps- -20V 

Reference Inputs VREF(Hi) ± Vps 
VREF(Lo) pV 

Digital Inputs Bits 1 - 12 -lV, +12V 
CMOS/TTL Logic Select -lV, +12V 

Outputs Pins 7, 8, 10, 11 ± Vps 
Pin 9 +Vps, -5V 

Power Dissipation Pd, Package 

Operating Temperature Range 
HI-561.?-2 
HI-5612-5 
HI-5612-8 

Storage Temperature Range 

1000mW 

-550 C to + 1250 C 
OOC to +750 C 

-550 C to +1250 C 

-650 C to "+ 1500 C 

ELECTRICAL CHARACTERISTICS (@ +250 C,Vps+, = +5V, Vps- = -15V, VREF = +10V, pin, 2 ground 
unless otherwise noted) 

HI-5612-2 
HI-5612-8 HI-5612-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs (2) 

TTL Logic Input Voltage (3) 
Logic, "1" Full ,2,0 2,0 V 
Logic "0" Full 0,8 0,8 V 

Input Current 
Logic "1" Full 20 100 20 100 nA 
Logic "0" Full -50 -100 -50 -100 /lA 

CMOS Logic Input Voltage (4) 
Logic "1" Full 0,7Vps+ O.7Vps+ V 
Logic "0" Full OJ V ps+ 0,3 Vps+ V 

Input Current 
Logic "1" Full 20 100 20 100 nA 
Logic "0" Full -50 -100 -50 -100 /lA 

Reference Input 
Input Resistance 8K 8K n 
Input Voltage (lOUT = 5mA + 20%) +10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Full 12 12 Bits 

Nonlinearity (5) 250 C ±% :t% LSB 

Differential Nonlinearity (5) 250 C ±% :t% LSB 

Relative Accuracy (6) 
Gain Error (9) 

(Input Code 11 "" 1) .± 0.024 ± 0.024 % FSR 
Unipolar Offset Error 

(Input Code 00 .... 0) ±0.05 ±O.05 % FSR 
Bipolar Offset Error 

, 

(Input Code!JO .... O) ± 0.024 .:t.0.014 % FSR 

(Adjustable to zero, see Figure 4, 5) 

Adjustment Range 
Gain ± 0.25 ±0.25 % FSIil 
Bipolar Offset '±0.25 ± 0.25 %FSR 

Temperature Stability 
Gain Drift Full .±5 ±5 ppm/oC 

Unipolar Offset Drift Full ±3 ±3 ppm/oC 
Bipolar Offset Drift Full ±3 ±3 ppm/oC 
Differential Nonlinearity Full ±2 '±2 ppm/oC 

MONOTONICITY - GUARANTEED OVER FULL OPERATING TEMPERATURE RANGE 

Settling Time to %LSB (5) 
From all D's to all l's 150 150 ns 
From all 1 's to all D's 150 150 ns 

Major Carry Switching to 90"10 Complete 50 50 ns 
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SPECIFICA TIONS (continued) 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

Power Supply Sensitivity (5) 

Vps+= +5V,Vps- = -13.5V to -16.5V 
Gain 

(Input Code 11. ... 1) :!:.2 ±2 
Unipolar Offset 

(Input Code 00 .... 0) ±. 0.5 ±0.5 
Bipolar Offset ppm of 

(I nput Code 00 .... 0) ±. 1.5 ± 1.5 FSR/%Vps 

I 
Vps- = -15V, Vps+ = 4.5V to5.5V I 

I 
I 

I Gain 
I (I nput Code 11 .... 1) I ±.1 I + 1 
I I I I 

_. 
I 

I Unipolar Offset 
(I nput Code 00 .... 0) ±0.5 ±O.5 

Bipolar Offset 
(I nput Code 00 .... 0) ± 1.5 ± 1.5 

OUTPUT CHARACTERISTICS 

Output Current 
Unipolar -5.0 -5.0 mA 
Bipolar ±2.5 ' ±'2.5 mA 

Output Resistance 300 300 n 

Output Capacitance 20 20 pF 

Output Voltage Range (7) 

Unipolar +10 +10 V 
+5 +5 V 

Bipolar ±5 .t5 V 
±. 2.5 ±2.5 V 

Output Compliance Limit (5) -3 +10 -3 +10 V 

Output Compliance Voltage (5) Full ± 1.5 ±. 1.5 V 

Output Noise Voltage (8) 
O.lHz'to 100Hz 10 10 P. Vp-p 
O.lHzto lMHz 100 . 100 P. Vp-p 

POWER REQUIREMENTS 

Vps+ (4) Fu" 4.5 5 15 4.75 5 15 V 

Vps- . Fu" 13.5 15 16.5 13.5 15 16.5 V 

Ips+ (A" l's or all O's in 25 0 C 9 9 mA 
(10) either TTL or CMOS Mode) Full 20 20 mA 

Ips- (Same as above) 250 C 28 28 mA 
(10) Full 33 33 mA 

720 ©IC MASTER 1979 



NOTES 

1. Absolute maximum ratings are limiting values, applied individ­
ually, beyond which the serviceability of the 'circuit may be 
impaired. Functional operation under any of these conditions 
is not necessarily implied. 

2. The HI-5612 accepts digital input codes in binary format and 
may be user connected for anyone of three binary codes. 
Straight binary, offset binary, or two's complement binary. 
(See operating instructions) 

3. For TTL and DTl compatibility connect +5V to pin 1 and 
ground pin i. The Vps+ tolerance is±l001o for HI-5612-2, -8. 
And± 5% for HI-5612-5. 

4. For CMOS compatibility connect digital power supply 
(+4.5V ~ VDD ~ +10V) to pin 1 and short pin 2 to pin 1. 

DEFINITIONS OF SPECIFICATIONS 

ACCURACY 

NONLINEARITY - Nonlinearity of a D/Aconverter is an import­
ant measure of its accuracy. It describes the deviation from an 
ideal straight line transfer curve drawn between zero (all bits 0 FF) 
and full scille (all bits ON). 

DIFFERENTIAL NONLINEARITY - For a D/A converter, it is 
the difference between the actual output voltage change and the 
ideal (llSB) voltage change for a one bit change in code. A Diff­
erential Nonlinearity of ± llSB or less guarantees monotonicitiy; 
i.e., the output always increases and never decreases for and in­
creasing input. 

SETTLING TIME 

Settling time is the time required for the output to settle to with­
in the specified error band for any input code transition. It is 
usually specified for a full scale or major carry transition 
(01.. ........ 1 to 10 .......... 0 or vice versa) 

DRIFT 

GAIN DRIFT - The change in full scale analog output over,the 
specified temperature range expressed in parts per million of full 
scale range per 0C (ppm of FSRfoC). Gain error is measured with 
respect to+250C at high (TH) and low (Tll temperatures. Gain 
drift is calculated for both high (TH -250 C) and low ranges (+250 C 
- Tl) by dividing the gain error by the respective change in temper­
ature. The specification is the larger of the two representing w~rst 
case drift. 

OFFSET DRIFT - The change in analog output with all bits OFF 
over the specified temperature range expressed in parts per million 

OPERATING INSTRUCTIONS 

DECOUPLING AND GROUNDING 

For best accuracy and high speed performance, the grounding and 
decoupling scheme shown in Figure 1 should be used. Decoupling 
capacitors should be connected close to the HI-5612 (preferrably to 
the device pin) and should be tantalum or electrolytic bypassed _ 
with ceramic types for best high frequency noise rejection. 

©IC MASTER 1979 

5. See definitions. 

6. Using an external. op amp with internal span resistors and 
24.9 n ± 1% external trim resistors in place of potentiometers 
Rl and R2. These errors are adjustable to zero using R 1 and 
R2. (See operating instructions) 

7. Using an external op amp and internal span' resistors. (See 
operating instructions for connections) 

8. Specified for digital input in all 'l's or all ·O's. 

9. FSR is "Full Scale Range" and is 10V for ±. 5V range. 5V 
for ±. 2.5V range. etc., or 5mA (± 20%) for current output. 

10. After 30 seconds warm-up. 

of full scale range per oC (ppm of FSR/oC). Offset error is measur­
ed wit./1 respect to +250 C at high (TH) and low (TLl temperatures. 
Offset Drift is calculated for both high (TH -250 C) and low (+250 C 
-T Ll ranges by dividing the offset error by the respective change 
in temperature. The specification given is the larger of the two, 
representing worst case drift. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and off­
set of the Of A converter resulting from a change in -15V. +5V or 
+15V supplies. It is specified under DC conditions and expressed as 
parts per million of full scale range per percent of change in power 
supply (ppm of FSR/%). 

COMPLIANCE 

Compliance voltage is the maximum output voltage range that can 
be tolerated and still maintain its specified accuracy. Compliance 
limit implies functional operation only and makes no claims to 
accuracy. 

GLITCH 

A glitch on the output of a D/A converter is a large transient spike 
resulting from unequal internal ON-O FF switching times. Worst 
case glitches usually occur at half-scale or the major carry code 
transition from 011.. ... 1 to 100 ..... 0 or vice versa. For example, 
if turn ON is greater than turn OFF for 011 ..... 1 to 100 ..... 0. an 
intermediate state of 000 ..... 0 exists, such that, the output momen­
tarily glitches to zero output. Matched switching times and fast 
switching will reduce glitches considerably. 

CMOS/TTL 

LOGICSELECT r-E ~ 
SEE NOTE 3.4 I ~- VREF 

'- 1 r,-
Vps+ ..b l.o.o~ b 

~
J.tF IJ,F HI-5612 ~---~. 

S----.. ----i 

~ND fP F f~~L ___ ---'~ ~1>L-
Vps_ I ~ 

FIGURE 1 
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OPERA TING INSTRUCTIONS (continued) 

HIGH PERCISION PERFORMANCE 

The output accuracy of the HI-5612 depends mainly on the accur­
acy of the voltage applied to the VREF input of HI-5612 and it can 
be described roughly as VREF/8Kn = % full scale output current. 
This means the output of HI-5612 will change whenever VREF 
varies. For high precision performance a precision +1 OV voltage 
reference with reasonably low tempe.rature coefficient such as HA-
1600 is highly recommended. For voltage output operation use an 
external op amp as current-to-voltage converter and the H 1-5612 
internal scaling resistors as feedback elements for optimum accuracy 
and temperature coefficient. The selected op amp should have a good. 
front-end temperature coefficient such as HA-260012605 with off­
set voltage and offset current tempco's of 5J.l V/oC and 1nA/oC, 
respectively. The input reference resistor (7.975Kn ) and bipolar 
offset resistor (3.975K n ) are both intentionally set low by 25 n 
to allow the user to externally trim-out initial errors to a very high 
degree of precision. For high speed voltage output applications 
where fast settling is required, the HA-2510/2515 is recommended 
for better than 1.2 J.l s settling to %LSB. 

UNIPOLAR VOLTAGE OUTPUT CONNECTIONS 
AND CALIBRATION 

The connections for unipolar +1 OV and +5V voltage output using 
an external op amp and the internal span resistors are shown in Fig­
ure 2 and Figure 3, respectively. 

CALIBRATION - UNIPOLAR 

Step 1 Offset 
• Turn all bits off (all O's) 
• Adjust R3 for zero volts output 

Step 2 Gain 
• Turn all bits on (all 1 's) 
• Adjust R 1 for an output of FS-1 LSB 
• That is, adjust for: 
• 9.99756V for OV to +10V range 
• 4.99878V for OV to +5V range 

UNIPOLAR - STRAIGHT BINARY 
OV TO +10V OUTPUT RANGE 

DIGITAL 
INPUT 

11 ..... 1 
10 ..... 0 
01 ..... 1 
00 ..... 0 

FIGURE 2 
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ANALOG OUTPUT 

FS - 1 LSB 
%FS 
%FS -1 LSB 
Zero 

HI-5612 

= 9.99756V 
= 5.00000V 
= 4.99756V 
= O.OOOOOV 

GAIN 

+15V 

VOUT j 
R3 
20Kn 

l00Kn 

-15V 

UNIPOLAR - STRAIGHT BINARY 
OV TO +5V OUTPUT RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

11 ..... 1 FS - 1 LSB = 4.99878V 
10 ..... 0 %FS = 2.50000V 
01 ..... 1 %FS -1 LSB = 2.49878V 
00 ..... 0 Zero = O.OOOOOV 

GAIN 

+15V 

FIGURE 3 

VOUT j 
R3 

l00Kn 20Kn 

-15V 

BIPOLAR VOLTAGE OUTPUT CONNECTIONS 
AND CALIBRATION 

The connections for Bipolar ± 5V and ±. 2.5V voltage output 
using an external op amp and the internal span resistors are shown 
in Figure 4 and Figure 5, respectively. 

CALIBRATION - BIPOLAR 

Step 1 Op Amp Null 
• Short op amp output to op amp -input 
• Adjust R3 for zero volts output 

Step 2 Gain 
• Turn all bits on (all 1 's) record output voltage 
• Turn all bits off (all O's) record output voltage 
• Adjust R 1 till the difference between the readings 

is equal to: 
9.99756V for ± 5V range 
4.99878V for'±2.5V range 

Step 3 0 ffset 
• Turn bit 1 (MSB) on, all other bits off (10 .... 0) 
• Adjust R2 for zero volts output 
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OPERATING INSTRUCTIONS (continued) 

BIPOLAR - OFFSET BINARY 
±. 5V OUTPUT VOLTAGE RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

11 ..... 1 +FS -lLSB = +4.99756V 
10 ..... 0 Zero = +O.OOOOOV 
01 ..... 1 Zero -lLSB = -0.OO244V 
00 ...... 0 -FS = -5.00000V 

BIPOLAR - TWO'S COMPLEMENT ** 
.±5V OUTPUT VOLTAGE RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

01 ..... 1 +FS -lLSB = +4.99756V 
00 ..... 0 Zero = +O.OOOOOV 
11 ..... Zero -1 LSB = -0.OO244V 
10 ..... 0 -FS ::; -5.00000V 

** Invert MSB with external inverter ~o obtain 
two's complement coding. 

BIPOLAR - OFFSET BINARY 
±2.5V OUTPUT VOLTAGE RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

11 ..... 1 +FS - 1 LSB = +2.49878V 
10 ..... 0 Zero = +O.OOOOOV 
01 ..... 1 Zero -1 LSB = -0.00122V 
00 ..... 0 -FS = -2.50000V 

BIPOLAR - TWO'S COMPLEMENT ** 
±2.5V OUTPUT VOLTAGE RANGE 

mGITAL 
INPUT 

01 . . . .. 1 
00 ..... 0 
11 . . . .. 1 
10 ..... 

SALES OFFICES-

ANALOG OUTPUT 

+FS -lLSB 
Zero 
Zero -1 LSB 
-FS 

= +2.49878V 
= +O.OOOOOV 
= -0.00122V 
= -2.50000V 

2016 QUAIL STREET SUITE 508 535 BROAOHOllOW ROAD 
MelVILLE, L.I., N.Y. 11746 
(516) 249-4500 

NEWPORT BEACH, CALIF. 92660 2355S. ARLINGTON HTS. RD. 
(114) 540-2176 ARLINGTON HTS., Ill. 60005 

(312) 437-4712 
SUITE 300 
625 ELLIS STREET 
MOUNTAIN VIEW, CALIF. 94043 
(415) 964-6443 

SUITE 115 
2020 WEST MCNAB ROAD 
FT. LAUDERDALE, Flo 33309 
(305) 971-3200 

SUITE 301 
177 WORCESTER STREET 
WelLESLEY HILLS, MASS. 02181 
(617)237-5430 

SUITE 519 
2850 METRO DRIVE 
BLOOMINGTON, MINN. 55420 
(612) 854-3484 

SUITE 100 
4972 NORTHcun PLACE 
DAYTON. OHIO 45414 
(513) 226-0636 

SUITE 325 
650 E. SWEDESFORD ROAD 
WAYNE, PENN. 19087 
(215) 687-6680 

HI-5612 

HI-5612 

SUITE 7G 
777 S. CENTRAL EXPRESSWAY 
RICHARDSON, TEXAS 75080 
(214) 231-9031 

P.O. BOX 883 
MELBOURNE, Fl. 32901 
(305) 724-1000 
TWX-510-959-6259 

HARRISSEMICONDUCTOR RESERVES THE RIGHT TO CHANGE AT ANY TIME THE INFORMATION CONTAINED HEREIN. 
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GAIN 

+15V 

R3 
VOloiT ~ 

20KS"l 

FIGURE 4 

GAIN 

FIGURE 5 
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+15V 
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HARRIS 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

Preliminary H 1-5610 
A DIVISION OF HARRIS CORPORATION 

FEATURES 

• MONOLITHIC CONSTRUCTION 

10 Bit High Speed Monolithic 
Digital-to-Analog Converter 

A PPlICA TIONS 

• CRT DISPLAY GENERATION 

• EXTREMELY FAST SETTLING ............... 85ns TO ~LSB TYP. • HIGH SPEED AID CONVERTERS 

• LOW GAIN DRIFT .......................... ±5ppm/OC TYP. • VIDEO SIGNAL RECONSTRUCTION 

• EXCELLENT LINEARITY OVER TEMPERATURE ....... ±. ~LSB MAX. • WAVEFORM SYNTHESIZERS 

• DESIGNED FOR MINIMUM GLITCHES 

• MONOTONIC OVER TEMPERATURE 

DESCRIPTION 

The H 1-561 0 is an ultra-high speed 10 bit monolithic current out­
put digital-to-analog converter. The fast output current settling of 
85ns to ~LSB of its final value is achieved using dielectric isolation 
processing to reduce internal parasitics for fast rise and fall times 
during switching. Output glitches are minimized in the HI-5610 by 
incorporating equally weighted current sources switched into an 
R-2R ladder network for symmetrical turn-on and turn-off switch­
ing times. This creates within the chip a very uniform and constant 
thermal distribution for excellent linearity and also eliminates ther­
mal transients during switching. High stability thin film resistor 
processing, together with laser trimming provide the HI-5610 with 
true 10 bit linearity to within .± ~LSB maximum over operating 
temperature range. The HI-5610's low offset and gain drift over 
the operating temperature range assures that its absolute accuracy 
when referred to a fixed 10V reference will not deviate more than 
± 1 LSB for both unipolar and bipolar operation. 

FUNCTIONAL DIAGRAM 

TTL/CMOS 
LOGIC 
LEVEL BIT 1 IN 

GND V+ SELECT (MSB) 2 4 

• HIGH SPEED DATA ACQUISITION 
• HIGH RELIABILITY APPLICATIONS 

• PRECISION INSTRUMENTS 

The HI-5610 is recommended as a replacement for high cost hybrid 
and modular units for increased reliability and accuracy in applica­
tions such as CRT Displays! precision instruments and data acquisi­
tion system requiring through-put rates as high as 12mHz for full 
range transitions. Its small size makes it an ideal choice as the 
essential part of high speed AID converter designs or as a building 
block in high speed or high resolution industrial process control 
systems. The HI-5610 is also ideally suited for aircraft and space 
instrumentation where operation over a wide temperature range is 
required. 

The HI-5610-5 is specified for operation' over OOC to +750 C, the 
HI-5610-2 and HI-5610-8 over -550 C to +1250 C. Processing to 
MI L-STD-883A class B screening is available by selecting the 
H 1-561 0-8. All are available in a hermetically sealed 24 lead dual­
in-line package. 

PINOUT 

BIT 10 IN vps+ 24 BIT 1 (MSB) IN (LSB) CMOSITTl 
10 LOGIC SELECT 23 BIT 21N 

* VREF (LO IN) 3 22 BIT 31N 

NC 4 21 BIT 41N 

VREF (HI IN) 20 BIT 51N 

T C? CV ~ 23 

I I ~ __ ~~~~ __ ~~~~ __ ~~ __ ~ 

7.975K 

V-

724 

BIPOLAR 
ROUT 

8
8 

3.975K 

3.5K 7 

BIPOLAR 
RIN 

Vps- 19 BIT SIN 

BIPOLAR R IN 18 BIT 7 IN 

BIPOLAR ROUT 17 BIT 81N 

IOAC OUT 9 16 BIT 91N 

SPAN R 10 15 BIT 10 IN 

SPAN R 11 14 NC 

* GND 12 13 COMPo CAP ** 

• Pin 3 connected to bottom case for high 
frequency shielding. 

•• For high speed operation, connect 0.01 J1F 
between Pin 13 and GND. Otherwise 
leave Pin 13 open', ' 
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SPECIFICA 110NS 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Inputs Vps+ 
Vps-

Reference Inputs VREF(Hi) 
VREF(Lo) 

Digital Inputs Bitsl-12 

(Referred to Ground) 1 

+20V 
-20V 

± Vps 
OV 

-lV, +12V 

Power Dissipation Pd, Package 

Operating Temperature Range 
HI-561O-2 
HI-561O-5 
HI-5610-8 

CMOS/TTL logic Select -lV, +12V 
Storage Temperature Range 

Outputs Pins 7,8,10, 11 ± Vps 
Pin 9 +Vps, -5V 

ELECTRICAL CHARACTERISTICS (@+250 C, Vps+, = +5V, Vps- = -15V, VREF = +lOV, pin 2 ground 
unless otherwise noted) 

HI-56JO-2 
HI-5610-8 HI-5610-5 

1000mW 

-550 C to +1250 C 
OOC to +750 C 

-550 C to +1250 C 

-650 C to + 1500 C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTE RISTI CS 

Digital Inputs (2) 

TTL Logic Input Voltage (3) 
Logic "1" Full 2.0 2.0 V 
Logic "0" Full 0.8 0.8 V 

Input Current 
Logic "1" Full 20 100 20 100 nA 
Logic "0" Full -50 -100 -50 -100 f.1A 

CMOS Logic Input Voltage (4) 
logic "1" Full 0.7 Vps+ 0.7Vps+ V 
Logic "0" Full . 0.3 Vps+ 0.3V ps+ V 

Input Current 
Logic "1" Full 20 100 20 100 nA 
Logic "0" Full -50 -100 -50 -100 f.1A 

Reference Input 
Input Resistance 8K 8K ~ 
Input Voltage (lOUT = 5mA + 20%) +10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Full 10 10 Bits 

Nonlinearity (5) 250 C ±Yz '±Yz LSB 

Differential Nonlinearity (5) 250 C ±Yz ±Y2 LSB 

Relative Accuracy (6) 
Gain Error (9) 

(Input Code 11....1) ±. 0.05 .to.05 % FSR 
Unipolar Offset Error 

(Input Code 00 .... 0) ±. 0.05 iO.05 % FSR 
Bipolar Offset Error 

(Input Code 00 .... 01 
(Adjustable to zero. see Figure 4, 5) 

.to.05 iO.05 % FSR 

Adjustment Rallge 
Gain .! 0.25 ±. 0.25 % FSR 
Bipolar Offset ±0.25 to.25 % FSR 

~ Temperature Stability 
Gain Drift Full ±5 i5 . ppm/OC 
Unipolar Offset Drift Full ±3 ±.3 ppm/oC 
Bipolar Offset Drift Full ±3 i3 ppm/OC 
Differential Nonlinearity Full ±'2 ±.2 ppm/oC 

MONOTONICITY - GUARANTEED OVER FULL OPERATING TEMPERATURE RANGE 

Settling Time to YzLSB (5) 
From all O's to all 1 's 85 85 ns 
From all l's to all O's 85 85 ns 

Major Carry Switching to 90% Complete 40 40 ns 
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SPECIFICATIONS (continued) 

PARAMETER 

Power Supply Sensitivity (5) 

Vps+ = +5V, Vps- = -13.5V to -16.5V 
Gain 

(Input Code 11 .... 1) 
Unipolar Offset 

(I nput Code 00 .... 0) 
Bipolar Offset 

(I nput Corie 00 .... 0) 

Vps- = -15V, Vps+ = 4.5V to 5.5V 
Gain 

I (Input Code 11 .... 1) 
Uni'polar Offset 

(I nput Code 00 .... 0) 
Bipolar Offset 

(I nput Code 00 .... 0) 

OUTPUT CHARACTERISTICS 

Output Current 
Unipolar 
Bipolar 

Output Re~istance 

Output Capacitance 

Output Voltage Range (7) 

Unipolar 

Bipolar 

Output Compliance Limit (5) 

Output Compliance Voltage (5) 

Output Noise Voltage (8) 
O.lHz to 100Hz 
O.lHz to lMHz 

POWER REQUIREMENTS 

Vps+ (4) 

Vps-

Ips+ (All l's or all O's in 
(10) either TTL or CMOS Mode) 

Ips- (Same as above) 
(10) 

726 

TEMP MIN 

I 
I 

-3 

Full 

Full 4.5 

Full 13.5 

250 C 
Full 

250 C 
Full 

TYP MAX MIN TYP MAX UNITS 

±2 ±'2 

..± 0.5 ±0.5 

I 
ppm of 

± 1.5 ±. 1.5 FSR/%Vps 

I 
±1 I ±1 I 

±0.5 :to.5 

± 1.5 ±.1.5 

-5.0 -5.0 mA 
±2.5 ±2.5 mA 

200 200 n 

20 20 pF 

+5 +5 V 
+2.5 +2.5 V 

±. 2.5 ±2.5 V 
± 1.25 ± 1.25 V 

+10 -3 +10 V 

± 1.5 ± 1.5 V 

10 10 P. Vp-p 
100 100 J.tVp-p 

5 15 4.75 5 15 V 

15 16.5 13.5 15 16.5 V 

9 9 mA 
20 20 mA 

25 25 mA 
30 30 'mA 

©IC MASTER 1979 



NOTES 

1. Absolute maximum ratings are limiting values, applied individ­
ually, beyond which the serviceability of the circuit may be 
impaired.· Functional operation under any of these conditions 
is not necessarily implied. 

2. The HI-5610 accepts digital input codes in binary format and 
may be user connected for anyone of three binary codes. 
Straight binary, offset binary, or two's complement binary. 
(See operating instructions) 

3. For TTL and OTL compatibility connect +5V to pin 1 and 
ground pin 2. The V ps+ tolerance is ±.1 0% for H 1-561 0-2, -8. 
And± 5% for HI-5610-5. 

4. For CMOS compatibility connect digital power supply 
(+4.5V ~ VDD ~ +10V) to pin 1 and short pin 2 to pin 1. 

DEFINITIONS OF SPECIFICATIONS 

ACCURACY 

NONLINEARITY - Nonlinearity of a D/A converter is an import­
ant measure of its accuracy. It describes the deviation from an 

. ideal straight line transfer curve drawn between zero (all bits 0 FF) 
and full sca'ie (all bits ON). 

DIFFERENTIAL NONLINEARITY - For a D/A converter, it is 
the difference between the actual output voltage change and the 
ideal (1 LSB) voltage change for a one bit change in code. A Diff­
erential Nonlinearity of ± 1 LSB or less guarantees monotonicitiy; 
i.e., the output always increases and never decreases for and in­
creasing input~ 

SETtLING TIME 

Settling time is the time required for the output to settle to with­
in the specified error band for any input code transition. It is 
usually specified for a full scale or major carry transition 
(01 .......... 1 to 10 .......... 0 or vice versa) 

DRIFT 

GAl NOR I FT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of full 
scale range per oC (ppm of FSR/oCI. Gain error is measured with 
respect to +250 C at high (TH) and low (TL) temperatures. Gain 
drift is calculated for both high (TH -250 C) and low ranges (+250 C 
- TL) by dividing the gain error by the respective change in temper­
ature. The specification is the larger of the two representing worst 
case drift-

OFFSET DRIFT - The change in analog output with all bits OFF 
over the specified temperature range expressed in parts per million 

OPERATING INSTRlJCTIONS 

DECOUPLING AND GROUNDING 

For best accuracy and high speed performance, the grounding and 
decoupling scheme shown in Figure 1 should be used. Decoupling 
capacitors should be connected close to the HI-561O (preferrably to 
the device pin) and should be tantalum or electrolytic bypassed 
with ceramic types for best high frequency noise rejection. 

©IC MASTER 1979 

5. See definitions. 

6. Using an external op amp with internal span resistors and 
24.951 ± 1% external trim resistors in place of potentiometers 
R 1 and R2. These errors are adjustable to zero using R 1 and 
R2. (See operating instructions) 

7. Using an external op amp and internal span resistors. (See 
operating instructions for connections) 

8. Specified for digital input in all '1's or all 'O's. 

9. FSR is "Full Scale Range" and is 5V for ± 2.5V range, 2.5V 
for ± 1.25V range, etc., or 5mA (±. 20%) for current output. 

10. After 30 seconds warm-up. 

of full scale range per oC (ppm of FSR/oC). Offset error is measur­
ed with respect to +250 C at high (TH) and low (TL) temperatures. 
Offset Drift is calculated for both high (TH -250 C) and low (+250C 
-TL) ranges by dividing the offset error by the respective change 
in temperature. The specification given is the larger of the two, 
representing worst case drift. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and off­
set of the O/A converter resulting from a change in -15V, +5V or 
+15V supplies. It is specified under DC conditions and expressed as 
parts per million of full scale range per percent of change in power 
supply (ppm of FSR/%). 

COMPLIANCE 

Compliance voltage is the maximum output voltage range that can 
be tolerated and still maintain its specified accuracy. Compliance 
limit implies functional operation only and makes no claims to 
accuracy. 

GLITCH 

A glitch on the output of a 0/ A converter is a large transient spike 
resulting from unequal internal ON-OFF switching times. Worst 
case glitches usually occur at half-scale or the major carry code 
transition from 011.. ... 1 to 100 ..... 0 or vice versa. For example, 
if turn ON is greater than turn OFF for 011.. ... 1 to 100 ..... 0; an 
intermediate state of 000 ..... 0 exists, such that, the output momen­
tarily glitches to zero output. Matched switching times and fast 
switching will reduce glitches considerably. . 

CMOS/TTL 
LOGIC SELECT 

SEE NOTE 3,4 

r - 2 
I 

Vps+ 0.Q1 

~~F 

~0.01 
~F 

V
ps

_ 

HI-5610 

FIGURE 1 
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OPERA TING INSTRUCTIONS (continued) 

HIGH PERCISION PERFORMANCE 

The output accuracy of the HI-5610 depends mainly on the accur­
acy of the voltage applied to the VREF input of HI-5610 and it can 
be described roughly as VREF/8Kn= % full scale output current . 

. This means the output of HI-5610 will change whenever VREF 
varies. For high precision performance a precision +10V voltage 
reference with reasonably low temperature coefficient s~ch as HA-
1600 is highly recommended. For voltage output operation use an 
external op amp as current-to-voltage converter and the HI-5610 
internal scaling resistors as feedback elements for optimum accuracy 
and temperature coefficient. The selected op amp should have a good 
front-end temperature coefficient such as HA-260012605 with off­
set voltage and offset current tempco's of 5 /l V 10C and 1 nAloC, 
respectively. The input reference resistor (7.975K n ) and bipolar 
offset resistor (3.975K n ) are both intentionally set low by 25 n 
to allow the user to externally trim-out initial errors to a very high 
degree of precision. For high speed voltage output applications 
where fast settling is requiied, the HA-251012515 is recommended 
for better than 1 J.1 s settling to }'2LSB. 

UNIPOLAR VOLTAGE OUTPUT CONNECTIONS 
AND CALIBRATION 

The connections for unipolar +5V and +2.5V voltage output using 
an external op amp and the internal span resistors are shown in Fig­
ure 2 and Figure 3, respectively. 

CALIBRATION - UNIPOLAR 

Step 1 Offset 
• Turn all bits off (all O's) 
• Adjust R3 for zero volts output 

Step 2 Gain· 
• Turn all bits on (all l's) 
• Adjust R 1 for an output of FS-l LSB 

That is, adjust for~ 
, 4.99512V for OV to +5V range 

2.49756V for OV to +2.5V range 

UNIPOLAR - STRAIGHT BINARY 
OV TO +5V OUTPUT RANGE 

OIGITAL 
INPUT 

11 ..... 1 
10 ..... 0 
01 ..... 1 

00 ..... 0 

HI-5610 

ANALOG OUTPUT 

FS -lLSB 
}'2FS 
}'2FS -1 LSB 
Zero 

= 4.99512V 
= 2.50000V 
= 2.49512V 
= O.OOOOOV 

GAIN 

+15V 

FIGURE 2 R3 VOUT I 
20Kn 

lOOKn 

-15V 

728 

UNIPOLAR - STRAIGHT BINARY 
OV TO +2.5V OUTPUT RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

11. .... 1 FS - llSB = 2.49756V 
10 ..... 0 }'2FS = 1.25000V 
01 ..... 1 }'2FS -1 LSB = 1.24756V 
00 ..... 0 Zero = O.OOOOOV 

GAIN 

+15V 

FIGURE 3 

VOUT I R3 

l00Kn 20Kn 

-15V 

BIPOLAR VOLTAGE OUTPUT CONNECTIONS 
AND CALIBRATION 

The connections for Bipolar ±. 2.5V and ±. 1.25V voltage output 
using an external op amp and the internal span resistors are shown 
in Figure 4 and Figure 5, respectively. 

CALIBRATION - BIPOLAR 

Step 1 Op Amp Null 
• Short op amp output to op amp -input 
• Adjust R3 for zero volts output 

Step 2 Gain 
• Turn all bits on (all l's) record output voltage 
• Turn all bits off (all O's) record output voltage 
• Adjust R 1 till the difference between the readings 

is equal to: 
4.99512V for ± 2.5 V range 
2.49756V for i1.25V range. 

Step 3 Offset 
• Turn bit 1 (MSB) on, all other bits off (10 .... 0) 
• Adjust il2 for zero volts output 
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OPERA TING INSTRUCTIONS (continued) 

BIPOLAR - OFFSET BINARY 
± 2.5V OUTPUT VOLTAGE RANGE 

DIGITAL 
INPUT 

11 ..... 
10 .... 
01 ...... 
00 .... 

1 
0 
1 
0 

ANALOG OUTPUT 

+FS - 1 LSB = +2.49512V 
ZERO = +O.OOOOOV 
Zero - 1 LSB· = -0.00488V 
-FS = -2.50000V 

BIPOLAR TWO'S COMPLEMENT ** 
.±2.5V OUTPUT VOLTAGE RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

01 · .... 1 +FS - 1 LSB = +2.49512V 
00 ...... 0 Zero = +O.OOOOOV 
11 ....... 1 Zero - 1 LSB = -0.00488V 
10 · .... 0 -FS = -2.5000QV 

** Invert MSB with external inverter 
to obtain two's complement coding. 

BIPOLAR - OFFSET BINARY 
.± 1.25V OUTPUT VOLTAGE RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

11 · .... 1 +FS -lLSB = +1.24756V 
10 · ..... 0 Zero = +O.OOOOOV 
01 · .... 1 Zero - 1 LSB = -0.00244V 
00 · ~ . . . 0 -FS = -1.25000V 

BIPOLAR - TWO'S COMPLEMENT ** 
± 1.25V OUTPUT VOLTAGE RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

01 · .... 1 +FS - 1LSB = +1.24756V 
00 ........ 0 Zero = +O.OOOOOV 
11 · .... 1 Zero - 1LSB = -0.00244V 
10 · .... -FS = -1.25000V 

SALES OFFICES-

2016 OUAIL STREET SUITE 508 535 BROADHOLLOW ROAD 
MELVILLE, l.i., N.Y. 11746 
15161 249-4500 

NEWPORT BEACH, CALIF. 92660 2355 S. ARLINGTON HTS. RD.-
(714) 540-2176 ARLINGTON HTS., ILL. 60005 

(312) 437-4712 
SUITE 300 
625 ELLIS STREET 
MOUNTAIN VIEW, CALIF. 94043 
1415) 964-6443 

SUITE 115 
2020 WEST MCNAB ROAD 
FT. LAUDERDALE, FL. 33309 
1305) 971-3200 

SUITE 301 
177 WORCESTER STREET 
WELLESLEY HILLS, MASS. 02181 
1617) 237-5430 

SUITE 519 
2850 METRO DRIVE 
BLOOMINGTON, MINN. 55420 
(612) 854-3484 

SUITE 100 
4972 NORTHCUTT PLACE 
DAYTON, OHIO 45414 
(513) 226-0636 

SUITE 325 
650 E. SWEDESFORD ROAD 
WAYNE, PENN. 19087 
1215) 687-6680 

HI-5610 

HI-5610 

SUITE 7G 
777 S. CENTRAL EXPRESSWAY 
RICHARDSON, TEXAS 75080 
1214) 231-9031 

P.O. BOX 883 
MELBOURNE, FL. 32901 
1305) 724-7000 
TWX-510-959-6259 

HARRIS SEMICONOUCTOR RESERVES THE RIGHT TO CHANGE AT ANY TIME THE INFORMATION CONTAINED HEREIN. 
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GAIN 

+15V 

VOUT i 
R3 
20Kn 

-15V 

FIGURE 4 

GAIN 

+15V 

VOUT ~ 
R3 
20Kn 

FIGURE 5 -15V 

m 
~ 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HI-5608 

Advance Information 
8-Bit High Speed Monolithic 

Digital-to-Analog Converter 

FEATURES PINOUT 

• MONOLITHIC CONSTRUCTION TOP VIEW 

• EXTREMELY FAST SETTLING ............. 45ns TO Y2 LSB (TYP) Vps+ 1 16 BIT 1 (MSB) IN 

• LOW GAIN DRIFT ........................ 10ppm/OC (TYP) VREF (Hi INi<2 

Vps- 3 

BIPOLAR IN 4 

IOAC OUT 5 

SPAN R 6 

SPAN R 7 

GNO 8 

i5BiT2iN 

• LINEARITY GUARANTEED OVER TEMPERATURE ..... % LSB (MAX) 14 BIT 31N 

13 BIT 41N 

12BIT51N 

• GAIN SETTLING AND FEEDBACK RESISTORS ON CHIP 

• MONOTONICITY GUARANTEED OVER TEMPERATURE 

• DESIGNED FOR MINIMUM GLITCHES 11 BIT 61N 

10BIT71N • 16-PIN HERMETIC PACKAGE 

730 

9 BIT 8 (LSB) IN 

DESCRIPTION 

The HI-5608 is an ultra-high speed 8-bit monolithic current output digital-to-analog converter. The fast output current settling 

of 45ns to % LSB of its final value is achieved using dielectric isolation processing to reduce internal parasitics for fast rise and fall 
times during switching. Output glitches are minimized in the H 1-5608 by incorporating equally weighted current sources switch­
ed into an R-2R ladder network for symetrical turn-on and turn-off switching times. This creates within the chip a very uniform 
and constant thermal distribution for excellent linearity and also eliminates thermal transients during switching. High stability 
thin film resistor processing, together with laser trimming provide the H 1-5608 with guaranteed true 8~bit linearity to within 
.±. % LSB maximum over operating temperature range. The HI-5608's low offset and gain drift over the operating temperature 

range assures that its absolute accuracy when referred to a fixed 10V reference will not deviate more than ±. 3/8 LSB for both 
unipolar and bipolar operation. 

The H 1-5608 is recommended as a replacement for high cost hybrid and modular units for increased reliability and accuracy in 

applications such as CRT display, and data acquisition systems requiring t.hrough-put rates as high as 20M Hz for full range tran­

sitions. Its small size makes it an ideal choice as the essential part of high speed AID converter designs or as a building block in 

high speed industrial process control systems. The H 1-5608 is also ideally suited for aircraft and space instrumentation where 
operation over a wide temperature range is required. 
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FEATURES 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• STROBE OUTPUT 

• KEY ROLLOVER OUTPUT 

• EXPANDABLE: 2 PACKAGES REQUIRED FOR FULL 
TELETYPEWRITER, EIGHT-BIT ENCODING 

• SINGLE +5.0V SUPPLY REOUI RED 

• DTL/TTlOUTPUTS 

• MONOLITHIC RELIABILITY 

APPLICATIONS 

• MICROPROCESSOR DATA ENTRY (16 KEY TO 
HEX CODE) 

.• BCD DATA ENTRY 

• TYPEWRITER TYPE KEYBOARDS 

• CONTROL PANELS 

PINOUT 

Package Code 4K 

Top View 

Vee 1 24 KRO 
PARALLEL {OUT 3 2 23 GND 

BINARY OUT 4 3 22 OUT 1} PARALLEL 
STROBE 4 21 OUT 2 BINARY 

#16 INPUT 5 20 #- 1 INPUT 
15 " 6 19 2 
14 " 7 18 3 
13 " 8 17 4 
12 .. 9 16 5 
11 .. 10 15 6 
10 .. 11 14 7 

#9 .. 12 13 #8 
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HO-0165 
Keyboard Encoder 

DESCRIPTION 

The HD-0165 Keyboard Encoder is a 16l.ine to four-bit parallel 
encoder intended for use with manual data entry elevices such as 
calculator or typewriter keyboards. In addition to the encoding 
function, there is a Strobe output and a Key Rollover output 
which energizes whenever two or more inputs are energized 
simultaneously. Any four-bit code can be implemented by 
proper wiring of the input lines. I nputs are normally wired 
through the key switches to the +5.0V power supply. Full 
typewriter keyboard encoding up to eight bits can be accomp­
lished with two Encoder circuits by the use of double pole key 
switches or single pole switches with two isolation diodes per 
key. Outputs will interface with all popular DTl and TTL logic 
families. The circuit is packaged in a hermetic 24-pin dual-in­
line package and operates over the temperature range of DoC 
to +750 C. 

EIlUIVALENT CIRCUITS 

OUTPUT 

+5.0V 

- ANY OUTPUT 

KEYBOARD -
• EQUIVALENT RESISTORS FOR OTHER 

INPUTS ARE BETWEEN THESE TWO VALUES 

-
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage +7.0V Output Current 30mA 
Input Voltage +5.5V Storage Temperature -65° to +1500 C 
Output Voltage +5.5V Operating Temperature (Case) OoC to +750 C 

ELECTRICAL CHARACTERISTICS 

Test Conditions: VCC = +5.0V ± 5% 
T Case = OoC to + 75°C 
Unless otherwise specified 

I PARAMETER SYM. 
LIMITS 

UNITS 1 TEST CONDITIONS· 
M~N Typ MAX 

Input Current "1" IIH 17 mA VIN = +5.0V 

"0" VOL +0.2 +0.4 VIH = +4.5V IOL = 10mA 
D.C. Output Voltage +0.'4 

V 
VIH = +3.5V IOL = 3.2mA 

"1" VOH +2.4 +4.0 VIL = Open Circuit,loH = -240fJA 

J Operating ICC 52 mA One I nput at +5.25V 
Power Supply Current 

Maximum ICCM 88 mA All Inputs at +5.25V 

T Case == 25°C 
A.C. Skew Time (Note 1) TSK 80 200 ns VCC = VIN = +5.0V , 

CL < 50pF 

NOTE: (1) Skew time is the maximum time differential between propagation delay times of any 
outputs including strobe and K RO ' 

TRUTH TABLE 

INPUTS OUTPUTS 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 '1 2 3 4 St. KRO 
L L L. L L L L L L L L L L L L L H H H H H H 
H L L L L L L L L L L L L L' L L H H H H L H 
L H L L L L L L L L L L L L L L L H H H L H 
L L H L L L L L L L L L L L L L H L H H L H 
L L L H L L L L L L L L L L L L L L H H L H 
L L L L H L L L L L L L L L L L H H L H L H 
L L L L L H L L L L L L L L L L . L H L H L H 
L L L L L L H L L L L L L L L L H L L H L H 
L L L L L L L H L L L L L L L L L L L H L H 
L L L L L L L L H L L L L L L L H H H L L H 
L L L L L L L L L H L L L L L L L H H L L H 
L L L L L L L L L L H L L L L L H L H L L H 
L L L L L L L L L L L H i L L L L L H L L H 
L L L L L L L L L L L L H L L L H H L L L H 
L L L L L L L L L L L L L H L L L H L L L H 
L L L L L L L L L L L L L L H L H L L L L H 
L L L L L L L L L L L L L L L H L L L L L H 
ANY TWO OR MORE HIGH X X X X L L 

INPUTS L = Open CirCUIt or < + 1.0V H = > +4.5V Current Source 
OUTPUTS: L = < +O.4V H = > +2.4V X = Erroneous Data 
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HARRIS HD-6431 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION CMOS THREE-STATE 

LATCHING BUS DRIVER 

Features 

• SINGLE POWER SUPPLY 

• HIGH NOISE IMMUNITY 

• INDUSTRIAL AND MILITARY GRADES 

• DRIVE CAPACITY ........•.......••.•.•..•...... 300pF 

• SOURCE CURRENT. . . . . . . . . • . . . . . • . . • . . . • • . . . . . •. 4mA 

• SINK CURRENT ......•.•......•.•...•... " ••• " 6mA 

• PROPAGATION DELAY .•.•........•..•........ 65nsec@ 5V 

Description 

The HD-6431 is a self-aligned silicon gate CMOS Latching Three-State 

Bus Driver. This circuit consists of 6 non-inverting latching drivers with 

separate input and output. A high on the strobe line L allows data to go 

through the latches and a transition to low latches the data. A high on 

the Three-State control E forces the buffers to the high impedance mode 

without disturbing the latched data. New data may be latched in while 

the buffers are in the high impedance mode. 

Functional Diagram 

L 

1y 2A 
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Pinout 
TOP VIEW 

L VCC 

1A E 

1y 6A 

2A 6y 

5A 

3A 5y 

3y 4A-

GND 4y 

Truth Table 

CONTROL DATA PORT 

INPUTS STATUS 

E L A Y 

H L X HI-Z* 

H .H X HI-Z 

L ~ X * 

L H L L 

L H H H 
---- -

* Data is latched to the value 
of the last input 

X = Don't Care 
HI-Z = High Impedance 
~ = Transition from High to 

Low level 

3y 
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Specifications HO-6431A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HD-6431A-9 

Military HD-6431A-2 

Operating Voltage Range 

+12.0V 

GND -0.3V to vee +0.3V 

-650 e to + 1500 C 

-400 e to +850 e 
-550 e to + 1 250 e 

+4 to +11 V 

ELECTRICAL CHARACTERISTICS 

i... 

·0 ....... 
o 
:::J 

'"0 
c D.C. 
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Vee = 10V ± 10%; TA = Industria! or Military 

SYMBOL 

VIH 

VIL 

IlL 

VOH 

VOL 

10 

ICC 

CIN 

Co 

eL = 300pF 

SYMBOL 

tPD 

tEN 

tDIS 

tSET 

tHOLD 

tpw 

tR 

tF 

PARAMETER MIN MAX UNITS TEST CONDITIONS 

Logical "1" Input Voltage 70% VCC V 

Logical "0" Input Voltage 20% VCC V 

Input Leakage -10 10 J1A OVSVINSVCC 

Logical "1" Output Voltage VCC -0.4 V 10H = -8.0mA, 

E = Low 

Logical "0" Output Voltage 0.4 V !OL = 12mA 

E = Low 

Output Leakage -10 10 J1A OVSVoSVCC, 

E = High 

Supply Current 100 J1A VIN = VCC or GND, 

Vec = l1V 

I nput Capacitance * 5 pF VIN = OV; TA = 250 C; 

f = lMHz 

Output Capacitance * 15 pF VIN = OV;TA = 250 C; 

f = 1 MHz 

* Guaranteed and sampled, but not 100% tested. 

Vee = 10.0V <D Vee = 10.0V±10% 

250 e T A = Indust. or Mil. 

PARAMETER J MIN MAX MIN MAX UNITS 

Propagation Delay 35 45 

Enable Time 35 45 

Disable Time 35 45 

Input Set Up Time 10 10 

I nput Hold Time 10 10 

Pulse Width 15 20 

Output Rise Time 30 40 

Output Fall Time 20 30 

NOTE <D All devices guaranteed at worst case limits. Room temperature, 

10V data provided for information-not guaranteed. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Specifications H0-6431 

ABSOLUTE MAXIMUM RATINGS 

,Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HD-6431-9 

Military HD-6431-2 

Operating Voltage Range 

ELECTRICAL CHARACTERISTICS 

Vee:= 5.0V ± 10%; T A := Industrial or Military 

+8.0V 

GND -0.3V to Vee +0.3V 

-650 e to +1500 e 

-400 e to +850 e 

-550 e to +1250 e 

+4 to +7V 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VIH 

VIL 

IlL 

VOH 

D.C. VOL 

10 

ICC 

CIN 

Co 

eL = 300pF 

SYMBOL 

tpD 
A.C. tEN 

tDIS 

tSET 

tHOLD 

tpw 

tR 

tF 

©IC MASTER 1979 

Logical "1" Input Voltage 70% Vec V 

Logical "0" Input Voltage 20% VCC V 

I nput Leakage -1.0 1.0 JiA OV~ VIN~VCC 
Logical "1" Output Voltage VCC -0.4 V IOH = -4.0mA, 

E = Low 

Logical "0" Output Voltage 0.4 V IOL =6.0mA 

E= Low 

Output Leakage -1.0 1.0 JiA OV~VO~VCC, 
-
E = High 

Supply Current 10 JiA VIN = VCC or GND, 

VCC = 5.5V 

I nput Capacitance * 5 pF VIN = OV; TA = 250 C; 

f = 1 MHz 

Output Capacitance * 15 pF VIN = OV; TA = 250 C; 

f = 1 MHz 

* Guaranteed and sampled, but not 100% tested. 

Vee = 5.0V CD Vee = 5.0V ± 10"10 

250 e T A = Indus. or Mil. 

PARAMETER MIN MAX MIN MAX 

Propagation Delay 65 75 

Enable Time 80 90 

Disable Time 80 90 

Input Setup Time 15 15 

Input Hold Time 15 15 

Pulse Width 25 30 

Output Rise Time 80 90 

Output Fall Time 70 80 

NOTE <D All devices guaranteed at worst case limits. Room temperature, 

5V data provided for information-not guaranteed. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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y 

y 

Switching Waveforms 

50%.,< 

>§~~HOLD~ ::::::::::::::::::. ~% )(r~5-~_~::::::: 
- tpo -K:= 

10% 
E= LOW 

5O%f>=.DISJ ... _---
10% 

All inputs have tR., tF S 20ns. 

orJOOpF 
T • 

OUTPUT TEST CIRCUIT 
FOR PROPAGATION DELAYS 

DECOUPLING CAPACITORS 

<>--+-....... --<ly 

lK!1 

OUTPUT TEST CIRCUIT 
FOR THREE-STATE DELAYS 

The transient current required to charge the load capacitance is given by IT = e dv. Assuming that all outputs may 
dt 

change state at the same time and that dv is constant; IT = (I CL) (vee x SO%) ego [tR = SOns, VCC = 5.0V, each 

dt tR or tF ' 

CL = 300pF, IT = (4) (300 x 10-12) 5.0 x O.S 90mA] This current spike may cause a large negative voltage 
I SO x 10-9 

en spike on Vee, which if it becomes a diode drop less than any input, may cause the device to latch up. It ~s recom-
.~ 

'-.', mended that a 0.1 JlF ceramic disk decoupling capacitor be placed between VCC and GND at each device to filter as;: 
:r:. out this noise. 

PROPAGATION DELAYS 

A 

1.24 

1.16 

1.08 

tp() 1.00 
tpo 13OOpF) 0.92 

1.8 

1.6 

1.4 

1.2 

tR. tF 1.0 

tR, tF 13OOpF) 0.8 

0.6 0.84 ):h~ ~ ~=1tt'~ ---90% 1~ ~ 90% 

Y ~~t-F------t-R-~~ 

736 

o 50 100 200 300 400 500 
CL(pF) 

FIGURE 1 

o 50 100 200 300 400 .500 
CL(pF) 

FIGURE 2 

The above example will illustrate the calculation of a more useful propagation delay. The system in this example uses 
a 5 volt supply with a tolerance of ±1 0%. an ambient temperature of as high as 1250 C. and a calculated load capacit­
ance of 150pF. This application requires the HD-6431-2. The table of A.C. specs shows that tPD at 4.5V and 1250 C 
is 75nsec. Use the graph in Figure 1 to get the degradation mUltiple for 150pF. The number shown is 0.S4. The adjust­
ed propagation delay, to the 10% or 90% point, is therefore 75 x 0.S4 or 63nsec. To obtain the rise and fall times 
check the A.C. specs for the rise and fall times at 4.5V and 1250 C to obtain a worst case rise time of 90nsec. Use 
Figure 2 to find it's degradation multiple to be 0.65. The adjusted rise time is, therefore, 90 x 0.65 or 5Snsec. To 
obtain the standard 50% to 50% propagation delay, add the adjusted propagation delay to half of the adjusted rise time 
to get a propagation delay of 92nsec. The rise, time was used here because it is always the worst case. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION Of HARRIS CORPORATION 

• SINGLE POWER SUPPLY 

• HIGH NOISE IMMUNITY 

• INDUSTRIAL AND MILITARY GRADES 

• DRIVE CAPACITY .........•.•.•...•••..•• , ...•.. 300pF 

• SOURCE CURRENT .•..........•..•.•..........•.• 4mA 

• SINK CURRENT. ••...•.....................•..• 6mA 

• PROPAGATION DELAY ......................... 45nsec@ 5V 

Description 

The HD-6432 is a self-aligned silicon gate CMOS bi.:..directional bus driver. 

This circuit consists of 12 drivers organized as 6 bi-directional pairs. 

Four enable lines select drive direction or Three-State mode. 

Functional Diagram 

48 

(17) (15) (14) (13) (12) (11 ) (10) 

(1) (2) (3) (4) (5) 

38 
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HD-6432 
CMOS BI-DIRECTIONAL 

BUS DRIVER 

Pinout 

TOP VIEW 

1A vcc 

1S EAS 

2A EAS 

6A 

3A 6s 

3s 5A 
~ 

ESA 5S 

ESA 4A 

GND 4S 

Truth Table 

CONTROL DATA PORT 

INPUTS STATUS 

EAB EAB EBA EBA A B 

L X H L 0 I 

X H H L 0 I 

H L X H I 0 

H L L X I 0 

L X L X ISOLATED 

X H X H ISOLATED 

L X X H ISOLATED 

X H L X ISOLATED 

H L H L NOT 
ALLOWED 

I = Input, 0 = Outpu~, X = Don't Care 
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Specifications HD-6432A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HD-6432A-9 

Military HD-6432A-2 

Operating Voltage Range 

+12.0V 

GNf) -O.3V to Vee +O.3V 

-650 e to + 1500 e 

-40oe to +850 e 

-550 e to + 1250 e 

+4 to +llV 

ELECTRICAL CHARACTERISTICS 

A.C. 

Vee = 10V ± 10%; TA = Industrial or Military 

SYMBOl 

VIH 

VIL 

IlL 

VOH' 

VOL 

10 

ICC 

CIN 

CliO 

eL = 300pF 

SYMBOL 

tpD 

tEN 

tDIS 

tR 

tF 

PARAMETER MIN MAX UNITS TEST CONDITIONS 

Logical "1" Input Voltage 70% Vee V 

Logical "0" Input Voltage 20% Vee V 

Input Leakage -10 10 J.1A OV~VIN~VCC 
Logical "1" Output Voltage VCC -0.4 V IOH = -S.OmA, 

Logical "0" Output Voltage 0.4 V 10l = 12mA 

Output Leakage -10 10 J.1A OV~VO~VCC, 
EAB = EBA = low 

Supply Current 100 J.1A VIN = VCC or GND, 

Vec = llV 

Input Capacitance* 5 pF VIN = OV; TA = 250 C; 

(except I/O) f = 1 ~."'Hz 

I/O Capa'citance* 20 pF VIN = OV; T A = 250 C; 

f = lMHz 

* Guaranteed and sampled, but not 100% tested. 

Vee = 10.0V <D Vee = 10.0V ± 10% 

250 e TA = Indust.'or Mil. 

PARAMETER MIN MAX MIN MAX UNITS 

Propagation Delay 35 45 

Enable Time 40 50 

Disable Time 75 85 

Output Rise Time 40 50 

Output Fall Time 35 45 

NOTE G): All devices guaranteed at worst case limits. Room temperature, 

10V data provided for information-not guaranteed. 

ns 

ns 

ns 

ns 

ns 
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Specifications HD-6432 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HD-6432-9 

Military HD-6432-2 

Operating Voltage Range 

ELECTRICAL CHARACTERISTICS 

Vee = 5.0V ± 10%; TA = Industrial or Military 

SYMBOL PARAMETER MIN 

VIH logical "1" Input Voltage 70% VCC 

VIL Logical "0" Input Voltage 

IlL I nput leakage -1.0 

VOH Logical "1" Output Voltage VCC -0.4 

D.C. VOL Logical "0" Output Voltage 

10 Output Leakage . -1.0 

ICC Supply Current 

CIN. I nput Capacitance * 

(except I/O) 

CliO I/O Capacitance* 

MAX 

20% VCC 

1.0 

0.4 

1.0 

10 

5 

20 

+8.0V 

GND -0.3V to Vee +0.3V 

-650 e to + 1500 e 

-40oe to +850 e 

-550 e to + 1250 e 

+4 to +7V 

UNITS TEST CONDITIONS 

V 

V 

J.1A OV~VIN~VCC 
V 10H = -4.0mA 

V 10l = 6.0mA 

J.lA OV~VO~VCC. 
EAB = EBA = Low 

J.lA VIN = VCC or GND. 
I 

VCC = 5.5V 

pF VIN = OV; T A = 250 C; 

f = 1 MHz 

pF VIN = OV; T A = 250 C; 

f = 1 MHz 

* Guaranteed and sampled. but not 100% tested. 

eL = 300pF 

SYMBOL 

tpD 
A.C. tEN 

tDIS 

tR 

tF 

©IC MASTER 1979 

Vee =5.0V <D Vee = 5.0V ± 10% 

25°C TA = Indus. or Mil. 

PARAMETER MIN MAX MIN MAX 

Propagation Delay 45 55 

Enable Time 65 75 

Disable Time 100 110 

Output Rise Time 100 110 

Output Fall Time 70 80 

NOTE <D: All devices guaranteed at worst case limits. Room temperature. 

5 V data provided for information-not guaranteed. 

UNITS 

ns 

ns 

ns 

ns 

ns 
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Switching Waveforms 

B A ~ 
EBA EAB 

EBA EAB 50% 

A B 

All inputs have tR, tF ~ 20ns. 

OUTPUT TEST CIRCUIT 
FOR PROPAGATION DELAYS 

DECOUPLING CAPACITORS 

) 

_-----.l9O% 
1>----­

~----""'10% 

OUTPUT TEST CI RCUIT 
FOR THREE-STATE DELAYS 

dv 
The Transient current required to charge the load capacitance is given by IT =: C Assuming that all outputs may 

dt 

change state at the same time and that ~ is constant; IT =:/£CL) (vee x 80%\ ego [tR" lOOns Vee" 5.0V each 
dt ~ tR or tF -; 

12 5.0 x 0.8 ] CL = 300pF IT =: (6) (300 x 10- ) - 72mA. This current spike may cause a large negative voltage 
100 x 10-9 

spike on VCC, which if it becomes a diode drop less than any input, may cause the device to latch up. It is recom­

mended that a 0.1 Ii F ceramic disk decoupling capacitor be placed between VCC and GND at each device to filter 

Ollt this noise. 

PROPAGATION DELAYS 1.8 

1.6 

1.4 

1.2 

1.24 

1.16 

1.08 
tR. tF 1.0 

tR. tF (3OOpF) 0.8 

0.6 

tpo 1.00 

tpo (3OOpF) 0.92 

0.84 :.8 ___ )_;; .D~b... 
~~~t-F------t-R~~~r~ 

740 

o 50 100 200 300 400 500 
Cl(pFI 

FIGURE 1 

o 50 100 200 300 400 500 
Cl(pFI 

FIGURE 2 

The above example will illustrate the calculation of a more useful propagation delay. The system in this example uses 
a 5 volt supply with a tolerance of 2=.10%, an ambient temperature of as high as 1250 C, and a calculated load capacit­
ance of 150pF. This application requires the HD-6432-2. The table of A.C. specs shows that tpD at 4.5V and 1250 C 
is 55nsec. Use the graph in Figure 1 to get the degradation multiple for 150pF. The number shown is 0.84. The adjust­
ed propagation delay, to the 10% or 90% point, is therefore 55 x 0.84 or 46nsec. To obtain the rise and fall times 

check the A.C. specs for the rise and fall times at 4.5V and 1250 C to obtain a worst case rise time of 110nsec. Use 
Figure 2 to find it's degradation mUltiple to be 0.65. The adjusted rise time is, therefore, 110 x 0.65 or 72nsec. To 
obtain the standard 50% to 50% propagation delay, add the adjusted propagation delay to half of the adjusted rise time 
to get a propagation delay of 82nsec. The rise time was used here because it is always the worst case. 
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-HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A O'V':;'ON OF HARRIS CORPORATION 

Features 

• 
• 
• 
• 
• 
• 
• 

SINGLE POWER SUPPLY 

HIGH NOISE IMMUNITY 

INDUSTRIAL AND MILITARY GRADES 

DRIVE CAPACITY .............................. , 300pF 

SOURCE CURRENT ............ , ., .......... " .. ,. 4mA 

SINK CURRENT .............. ' ........•....... " 6mA 

PROPAGATION DELAY ........................ 40nsec @ 5V 

Description 

The HD-6433.is a self-aligned silicon gate CMOS busseparator/driver. 

This circuit consists of 8 drivers organized as 4 pairs of bus separators 

which allow a unidirectional input bus and a unidirectional output bus to 

be interfaced with a bi-directional bus. 

Functional Diagram 

©IC MASTER 1979 

4y 

(15) 

(1) 

ly 

4A 48 3y 

(14) (13) (12) 

(2) (3) (4) (5) (6) 

HD-6433 
CMOS BUS 

SEPARATOR/DRIVER 

Pinout 

TOP VIEW 

1y vee 
1A 4y 

18 4A 

2y 48 

2A 3y 

28 3A 

ES 

GND EA 

Tmth Table 

CONTROL 

INPUTS FUNCTION 

EA ES A S 

L L I 0 

L H I D 

H L D 0 

H H ISOLATED 

I = Input, 0 = Output, 

D = Disconnected 

(7) D-----E8 

Y 

0 

0 

I 
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Specifications HD-6433A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HD-6433A-9 

Military HD-6433A-2 

Operating Voltage Range 

ELECTRICAL CHARACTERISTICS 

vee = 10V ± 10%; TA = Industrial or Military 

SYMBOL PARAMETER MIN 

VIH logical "1" Input Voltage 70% Vee 

VIL Logical "0" Input Voltage 

IlL I nput leakage -10 

VOH Logical "'" Output Voltage Vec -0.4 

VOL Logical "0" Output Voltage 

10 Output Leakage -10 

MAX 

20% Vee 

10 

0.4 

10 

+12.0V 

GND -0.3V to vee +0.3V 

-650 e to + 1500 e 

-40oe to +850 e 
-550 e to + 1250 e 

+4 to +11 V 

UNITS TEST CONDITIONS 

V 

V 

/J.A OVS VINSVee 

V 10H == -8.0mA 

V 10l == 12mA 

I1A OVSVoSVCC, c 
o o D.C. EA == EB == High 

E 
Q) 

(J) 

en 
.~ 

I... 

«S 
::I: 

A.C. 

742 

ICC 

CIN 

CI/O 

Co 

eL = 300pF 

SYMBOL 

tpD 

tEN 

tDIS 

tR 

tF 

Supply Current 100 I1A VIN == VCC or GND, 

VCC == 11V 

I nput Capacitance * 5 pF VIN == OV; TA == 250 C; 

(except I/O) f == lMHz 

I/O Capacitance * 20 pF VIN == OV; TA '" 250 C; 

f == 1MHz 

Output Capacitance* '5 pF VIN == OV; TA == 250 C; 

f == 1MHz 

* Guaranteed anrl sampled, but not 100% tested. 

Vee = 10.0V <D Vee = '.o.OV ± 10% 

250 e TA = Indust. or Mil. 

PARAMETER MIN MAX MIN MAX 

Propagation Delay 20 30 

Enabl(: Time 45 55 

Disable Time 45 55 

Output Rise Time 65 75 

Output Fall Time 55 65 

NOTE <D All devices guaranteed at worst case limits. Room temperature, 

10V data provided for information-not guaranteed. 

UNITS 

ns 

ns 

ns 

ns 

ns 
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Specifications HO-6433 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial· HD-6433-9 

MiHtary HD-6433-2 

Operating Voltage Range 

+8.0V 

GND -0.3V to Vee +0.3V 

-650 e to + 1 500 e 

-400 e to +850 e 

-550 e to +1250 e 

+4 to +7V 

ELECTRICAL CHARACTERISTICS 

Vee = 5.0V± 10%; TA = Industrial or Military 

SYMBOL 

VIH 

VIL 

IlL 

VOH 

VOL 

10 

D.C. 
ICC 

CIN 

CliO 

Co 

eL = 300pF 

SYMBOL 

A.C. 
tpD 

tEN 

tDIS 

tR 

tF 

©IC MASTER 1979 

PARAMETER MIN MAX UNITS TEST CONDITIONS 

Logical "1" Input Voltage 70% Vec V 

Logical "0" Input Voltage 20% VCC V 

Input Leakage -1.0 1.0 J.1A OV.:::; VIN~ VCC 

Logical "1" Output Voltage VCC -0.4 V 10H = -4.0mA 

Logical "0" Output Voltage 0.4 V 10L = 6.0mA 

Output Leakage -1.0 1.0 J.1A OV':::;VO':::;VCC 

EA = ES = High 

Supply Current 10 J.1A VIN = Vccor GND, 

VCC = 5.5V 

I nput Capacitance * 5 pF VIN = OV; TA = 250 C; 

(except I/O) . f = 1 MHz 

I/O Capacitance* 20 pF VIN ;= OV; TA = 250 C; 

f = 1 MHz 

Output Capacitance * 15 pF VIN = OV; T A = 250 C; 

f = 1 MHz 

* Guaranteed and sampled, but not 100% tested. 

Vee = 5.0V <D Vee = 5~OV ± 10% 

250 e TA = Indust. or Mil. 

PARAMETER MIN MAX MIN MAX 

Propagation Delay 40 50 

Enable Time 60 70 

Disable Time 90 100 

Output Rise Time 85 95 

Output Fall Time 70 80 

NOTE <D All devices guaranteed at worst case limits. Room temperature, 

5 V data provided for information-not guaranteed. 

UNITS 

ns 

ns 

ns 

ns 

ns 
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Switching Waveforms 

fBZ L 
A ~~ ____________________________ _ 

'4 
y 

tpo ~ 
50% t.= ... ;G0 __ e_5O% __ tO_IS_--l~ 

40% 10'l(,-----------1'~ 

y 

b"0==L- ) 
50% ~'E~ {:.OIST ____ _ 

40% 10% 10% 
B 

AI; inputs have tR. tF ~ 2005. 

OUTPUT TEST CI RCUIT 
FOR PROPAGATION DELAYS 

DECOUPLING CAPACITORS 

1Kil 

OUTPUT TEST CIRCUIT 
FOR THREE--STATE DELAYS 

The transient current required to charge the load capacitance is given by IT = C dv. Assuming that all outputs may 
dt 

change state at the same time and that dv is constant; 'T = (L CL) (VCC x 80%) ego [tR = 85ns, VCC = 5.0V, each 
dt tR or tF 

CL = 300pF, 'T = (4) ( 300 x 10-12) 5.0 x 0.8 = 56.5mA.] This current spike may cause a large negative voltage 
85 x 10-9 

spike on VCC, which if it becomes a diode drop less than any input, may cause the device to latch up. It is recom­

mended that a 0.1 I1F ceramic disk decoupling capacitor be placed between VCC arid GNO at each device to filter 

out this noise. 

PROPAGATION DELAYS 

1.24 

1.16 

1.08 

1.8 

1.6 

1.4 

1.2 

:_:_: ___ ~_~~:~o ___________ tP_.~_~ __ ~~~ 
~l=-tF tR=fl= 

~1.oo 
tpo f300pFI 0.92 

0.84 

tR. tF 1.0 

tR. tF fJOOpFI 0.8 

744 

o 50 100 200 300 400 500 
CL(pFI 

FIGURE 1 

o 50 100 200 300 400 500 
CLfpF) 

FIGURE 2 

The above example will illustrate the calculation of a more useful propagation delay. The system in this example uses 
a 5 volt supply with a tolerance of ±.10%, an ambient temperature of as high as 1250 C, and a calculated load capacit­
ance of 150pF., This application requires the HO-6433-2. The.table of A.C. specs shows that tpo at 4.5V and 1250 C 
is 50nsec. Use the graph in Figure 1 to get the degradation multiple for 150pF. The number shown is 0.84. The adjust­
ed propagation delay. to the 10% or 90% point, is therefore 50 x 0.84 or 42nsec. To obtain the rise and fall times 
check the A.C. specs for the rise and fall times at 4.5V and 1250 C to obtain a worst case rise time of 95nsec. Use 
Figure 2 to find it's degradation multiple to be 0.65. The adjusted rise time is, therefore, 95 x 0.65 or 62nsec. To 
obtain the standard 50% to 50% propagation delay, add the adjusted propagation delay to half of the adjusted rise time 
to get a prop~gation delay of 73nsec. The rise time was used here because it is always the worst'case. 
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m'·HARRlS 
SEMICON"DUCTOR 
PRODUCTS DIVISION 

.. A DIVISION OF HARRIS CORPORATION 

Features 

• HIGH SPEED DECODING FOR MEMORY ARRAYS 

• 
• 
• 
• 

• 

INCORPORATES 3 ENABLE INPUTS TO SIMPLIFY EXPANSION 

LOW POWER .........•..... TYPICALLY<50J.LW@5VSTANBDY 

HIGH NOISE IMMUNITY 

AVAILABLE IN BOTH MILITARY AND INDUSTRIAL TEMPERATURE 

RANGE 

HIGH CAPACITANCE DRIVE ...................•.••. 200pF 

• HIGH OUTPUT DRIVE .......•...•.... IOH = -2mA, IOL = 2.4mA 

• SINGLE POWER SUPPLY 

Description 

The HD-6440 is a self aligned silicon gate latched decoder. One of 8 out­
put lines is decoded, and brought to a low state, from the 3 input lines. 
There are two latch enables ("L"1. L2), one complemented and one not, to 
eliminate the need for external gates. The output is enabled by three diff­

erent output enables (G1, G2, G3), two of them complemented and one 
not. Each output remains in a high state until it is selected, at which time 
it will go low. 

When using high speed CMOS memories, the delay time of the HD-6440 
and the enable time of the memory is usually less than the access time of 
the memory. This assures that memory access time will not be lengthened 
by the use of the HD-6440 latched decoder driver. The latch is useful for 
memory mapping or for systems which use a multiplexed bus. 

Functional Diagram 

AO 
(3) 

0 Q 

G Q 

A1 0 Q 

Q 

A2 Q 

L1 
L2 a 
G1 (8) 

G2 
(7) 
(6) 

G3 
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G1 

X 

X 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

HO-6440 
CMOS LATCHED, 

DECODER-DRIVER;"~ 

Pinout 
TOP VIEW 

Truth Table 
INPUTS 

Enable Address OUTPUTS 

G2 G3 [1 L2 iA2A1 AD YOY1Y2 Y3 Y4Y5YSY7 FUNCTION 

X L X X X X X H H H H H H H H 

iDISABLE H X X X X X X H H H H H H H H 

X X X X X X X H H H H H H H H 

L H L H L L L L H H H H H H H 

L H L H L L H H L H H H H H H 

L H L H L H L H H L H H H H H 

L H L H L H H H H H L H H H H DECODE 

L H L H H L L H H H H L H H H 

L H L H H L H H H H H H L H H 

L H L H H H L H H H H H H L H 

L H L H H H H H H H H H H H L 

L H X L X X X YOY1 Y 2·Y3 Y4Y5YSY7 I LATCHED 
L H H X X X X YOYl Y2 Y3 Y4 Y5 Ys Y7 

(10) 
Yo 

(11 ) 
Y1 

(12) 
Y2 

(13) 
Y3 

(14) Y4 

. (15) 
Ys 

(16) 
Y6 

(17) 
Y7 
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Specifications HD-/!440A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Applied 
Storage'Temperature Range 
Operating Tempe~ature Range 

Industrial HD-6440A-9 
Military HD-6440A-2 

Operating Voltage Range 

ELECTRICAL CHARACTERISTICS 

Vee = 10V ± 10%; TA = Industrial or Military 

SYMBOL PARAMETER MIN 

VIH Logical "1" Input Voltage 70% VCC 

VIL Logical "a .. Input Voltage 

MAX 

20% VCC 

12.0V 
GND -0.3V to Vee +0.3 

-650 e to + 1500 e 

-400 e to +850 e 
-550 e to +1250 e 

+4 to +11 V 

UNITS TEST CONDITIONS 

V 

V 

ilL Input Leakage -10 10 J1A OV.:5 VIN .:5 VCC 

VOH Logical "1" Output Voltage VCC - 0.4 V IOH =0 -5.0mA -6 D.C. 
e 
o 
o 
E 
(J) 

CJ). 

U) 

VOL 

ICC 

CIN 

Co 

Logical "0" Output Voltage 

Supply Current 

I nput Capacitance * 

Output Capacitance* 

0.4 V IOL = 5.0mA 

100 J1A VCC=11V 

5 pF VIN == OV; TA == 250 C; f == lMHz 

15 pF VIN == OV; TA == 250 C; f = lMHz 

'i: * Guaranteed and sampled, but not 100% tested .. 
~ 

CO, 
J:. 

A.C. 

746 

CL = 200pF 

SYMBOL 

tSET 

tHOLD 

tpD 

tEN 

to IS 

tpw 

tR 

tF 

Vee = 10.0V <D Vee = 10.0V ±10% 

250 C TA = Indus. or Mil. 

PARAMETER MIN MAX MIN MAX 

Input Setup Time 15 15 

Input Hold Time 15 15 

Propagation Delay 40 60 

Enable Time 35 50 

Disable Time 35 50 

Pulse Width 15 25 

Output Rise Time 45 60 

Output Fall Time 45 60 

NOTE <D All devices guaranteed at worst case limits. Room temperature, 
10V data provided for information-not guaranteed. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Specifications HD:6440 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Applied 
Storage Temperature Range 
Operating Temperature Range 

Industrial HD-6440A-9 
Military HD-6440A-2 

Operati ng. Voltage Range 

ELECTRICAL CHARACTERISTICS 

Vee = 5.0V ± 10%; T A = Industrial or Military 

+8.0V 
GND -O.3V to Vee +0.3 

-650e to + 1500C 

-400e to +850e 
-550e to + 1250e 

+4 to +7V 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VIH 

VIL 

ilL 
D.C. VOH 

VOL 

ICC 

CIN 

Co 

eL = 200pF 

SYMBOL 

tSET 

tHOLD 
tpD 

A.C. tEN 

tDIS 

tpw 

tR 

tF 
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Logical "1" Input Voltage 70% VCC V 

Logical "0" Input Voltage 20% VCC V 

Input Leakage -1.0 1.0 J,lA OV ~ VIN ~ VCC 

Logical "1" Output Voltage VCC - 0.4 ' V IOH = -2.4mA 

Logical ~:O" Output Voltage 0.4 V IOL = 2.4mA 

Supply Current 10 J,lA VCC = 5.5V 

Input Capacitance* 5 pF . VIN = OV; TA = 250 C; f = 1MHz 

Output Capacitance * 15 
I 

pF VIN = OV; TA = 250 C; f = 1MHz 

*Guaranteed and sampled, but not 100% tested. 

Vee == 5.0V G) Vee = 5.0V± 1\)% 

250C T A = Indust. or Mil. 

PARAMETER MIN MAX MIN MAX 

I nput Setup Time 20 20 

I nput Hold Time 20 20 

Propagation Delay 65. 100 

Enable Time 50 80 

Disable Time 50 90 

Pulse Width 30 30 

Output Rise Time 60 90 

Output Fall Time 50 80 

NOTE <D All devices guaranteed at worst case limits. Room temperature, 
5 V data provided for information-not guaranteed. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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DECQUPLING CAPACITORS 

Switching Waveforms 

L2 ___ J 

G1 8. G2 = LOW. G3 = HIGH 

L1 = LOW. L2 • HIGH 

All Inputs have tR, tF ~ 20ns 

OUTPUT TEST CIRCUIT 
FOR PROPAGATION DELAYS 

. L OUTPUT 

rOOp' 

The Transient current required to charge the load capacitance is given by 'T = C dv. Assuming that all outputs may 
dt 

change state at the same time and that dv is constant; 'T = (ICL)(VCC x 80%) ego [tR = 60ns, VCC = 5.0V, each 
dt tR or tF 

CL == 200pF, 'T = (2) (200 x 10-12) 5.0 x 0.8 - 26.7mA.) This current spike may cause a large negative voltage spike 
60 x 10-9 

on VCC, which if it becomes a diode drop less than any input, may cause the device to latch up. It is recommended 

that a 0.1 IlF ceramic disk decoupling capacitor be placed between VCC and GNO at each device to filter out this noise. 

'PROPAGATION DELAY 1.20 

1.16 

1.12 

1.08 

1.04 

2.2 

2.0 

1.S 

1.6 

748 

~1.00 
tPD (200pFI 

0.96 

0.92 

0.88 

0.84 

1.4 
tR. tF 1.2 

tR. tF (200pFI 
1.0 

O.S 

0.6 

0.4 

0.80 .......,r---I---r--r--~---,r-- 0.2 .......,r--"I---r--,---r--~ 
o 50100 200 300 400 500 0 50 100 

CL (pFI 

FIGURE 1 

200 300 

CL (pFI 

FIGURE 2 

The above example will illustrate the calculation of a more useful propagation delay. The system in this example uses 
a 5 volt supply with a tolerance of ± 10%, an ambient temperature of as high as 1250 C, and a calculated load capacit­
ance of 150pF. This application requires the HO-6440-2. The table of A.C. specs shows that tpo at 4.5V and 1250 C 
is 100nsec. Use the graph in Figure 1 to get the degradation multiple for 150pF. The number shown is 0.97. The 
adjusted propagation delay, to the 10% or 90% point, is therefore, 100 x 0.97 or 97nsec. To obtain the rise and fall 
times check the A.C. specs for the rise and fall times at 4.5V and 1250 C to obtain a worst case rise time of 90nsec. 
Use Figure 2 to find it's degradation mUltiple to be 0.85. The adjusted rise time is therefore, 90 x 0.85 or 76.5nsec. 
To obtain the standard 50% to 50% propagation delay, add the adjusted propagation delay to half of the adjusted rise 
time to get a propagation delay of 135nsec. The rise time was used here because it is always the worst case. 

400 500 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

HD-649S', 
A DIVISION OF HARRIS CORPORATION CMOS THREE-STATE 

Features 

• SINGLE POWER SUPPLY 

• HIGH NOISE IMMUNITY 

• INDUSTRIAL AND MILITARY GRADES 

• DRIVE CAPACITY ...............•...•..•.....•. , 300pF 

• SOURCE c;URRENT. . . . . . . . . • . . . . . • . • . . • . • . . . . . . .. 4mA 

• SINK CURRENT. . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .. 6mA 

• PROPAGATION DELAY ........... , ...•........ 35nsec@ 5V 

Description 

The HD-6495 is a self aligned silicon gate CMOS Three-State buffer dri­

ver. The circuit consists of 6 non-inverting buffers with separate inputs 

and outputs which permit this driver to be used for bi-directional or 

uni-directional busing. A high on either Three-State,controlline E1 or E2 
will force the drivers to the high impedance mode. 

Functional Diagram 

6A 
(14) 

6y 5A 5y 4A 
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(1 ) 

E1 

(13) (12) 

(3) (4) 

1y 2A 

(11) (10) 

(5) (6) 

BUFFER DRIVER· 

Pinout 

TOP VIEW 

E1 Vct 

1A E2 

1y 6A 

2A 6y 

2y 5A 

, 3A 5y 

3y 4A 

GND 4y 

Truth Table 

CONTROL 

INPUTS INPUT OUTPUT 

E1 

L 

L 

L 

H 

H 

E2 A 

L L 

L H 

H X 

L X 

H X 

X = DON'T CARE 

HI-Z = HIGH IMPEDANCE 

4y 
(9) 

(7) 
3y 

Y 

L 

H 

HI-Z 

HI-Z 

HI-Z 
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Specifications HD-6495A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HD-6495A-9 

Military HO-6495A-2 

Operating Voltage Range 

+12.0V 

GND -0.3V to Vee +O.3V 

-650 C to + 1500 e 

-4oDe to +850 e 
-550 e to + 1 250 e 

+4 to +11V 

. ELECTRICAL CHARACTERISTICS 

A.C. 

750 

Vee = 10V± 10%; TA = !ndustrial or Military 

SYMBOL 

V,H 

VIL 

I,L 

VOH 

VOL 

10 

ICC 

C,N 

Co 

eL = 300pF 

SYMBOL 

tPD 

tEN 

tDIS 

tR 

tF 

PARAMETER MIN MAX UNITS TEST CONDITIONS 

Logical "1" Input Voltage 70% VCC V 

Logical "0" Input Voltage 20% VCC V 

I nput Leakage -10 10 J,J.A OV~VIN~VCC 
Logical "1" Output Voltage VCC -0.4 V 10H = -S.OmA, 

El = E2 = Low 

Logical "0" Output Voltage 0.4 V iOL = 12mA 

El = E2 = Low 

Output Leakage -10 10 /lA OV~VO~VCC, 
El = E2 = High 

Supply Current 100 /lA V,N = VCC or GND, 

VCC = l1V 

I nput Capacitance * 5 pF V,N = OV; TA = 250 C; 

f = 1 MHz 

Output Capacitance* 15 pF V,N = OV; TA = 250 C; 

f = lMHz 

* Guaranteed and sampled, but not 100% tested. 

Vee = 10.0V <D Vee = 10.0V ± 10% 

250C TA = Indust. or Mil. 

PARAMETER MIN MAX MIN MAX 

Propagatioll Delay 30 40 

Enable Time 60 70 

Disable Time 60 70 

Output Rise Time 65 75 

Output Fall Time 65 75 

NOTE G): All devices guaranteed at worst case limits. Room temperature, 

10V data provided for information-not guaranteed. 

UNITS 

ns 

ns 

ns 

ns 

ns 
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Specifications HD-6495 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HO-6495-9 

Military HO-6495-2 

Operating Voltage Range 

ELECTRICAL CHARACTERISTICS 

Vee = 5.0V ± 10%; T A = Industrial or Military 

SYMBOL PARAMETER MIN 

VIH Logical "1" Input Voltage 70% VCC 

VIL Logical "0" Input Voltage 

IlL Input Leakage -1.0 

VOH Logical "1" Output Voltage VCC -0.4 

VOL Logical "0" Output Voltage 
D.C. 

10 Output Leakage -1.0 

ICC Supply Current 

CIN Input Capac.itance* 

Co Output Capacitance* 

MAX 

20% VCC 

1.0 

0.4 

1.0 

10 

5 

15 

+8.0V 

GNO -0.3V to Vee +0.3V 

-650 e to + 1 500 e 

-400 e to +850 e 

-550 e to +1250 e 

+4 to +7V . 

UNITS TEST CONDITIONS 

V 

V 

MA OV~VIN~VCC 
V 10H = -4.0mA, 

E1 = E2";' Low 

V 10L = 6.0mA 

E1 = E2 = Low 

MA OV~VO~VCC, 
E1 = E2 = High 

MA VIN = VCC or GND, 

VCC = 5.5V 

pF VIN = OV; T A = 250 C; 

f = 1 MHz 

pF VIN = OV; T A = 250 C; 

f = 1MHz 

* Guaranteed and sampled, but not 100% tested. 

eL = 300pF 

Vee = 5.0V <D Vee = 5.0V ±10% 

250 e T A = Indus. or Mil. 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS 

A.C. 
tpD 

tEN 

tDIS 

tR 

tF 
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Propagation Delay 35 45 

Enable Time 90 100 

Disable Time 90 100 

Output Rise Time 85 95 

Output Fall Time 65 75 

NOTE <D All devices guaranteed at worst case limits. Room temperature, 

5V da·ta provided for information-not guaranteed. 

ns 

ns 

ns 

ns 

ns 
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Switching Waveforms 

--->650% tPo--)( _______ _ 

10% 

E1 = E2- LOW 

-----~ 50% 50% ~--------

~ 'EN =1 ... ____ 1-___ t
O_IS_-=1......., 90% 

40%f,";;--

All inputs have tR, tF ~ 20ns. 

'T3OOpF r 
OUTPUT TEST CIRCUIT 

FOR PROPAGATION DELAYS 
OUTPUT TEST CIRCUIT 

FOR THREE-STATE DELAYS 

DECOUPLING CAPACITORS 

The transient current required to charge the load capacitance is given by IT = C dv. Assuming that all outp'uts may 
dt 

change state at the same time and that dv is constant; IT = (ECL) (VCC x 80%) ego [tR = 85ns, VCC = 5.0V, each 

dt tR or tF 

CL = 300pF, IT = (6) (300 x 10-12) 5.0 x 0.8 84.7mA.] This current spike may cause a large negative voltage 
85 x 10-9 

spike on VCC, which if it becomes a diode drop less than any input, may cause the device to latch up. It is recom­

mended that a 0.1 J1 F ceramic disk decoupling capacitor be placed between VCC and GND at each device to filter 

out this noise. 

PROPAGATION DELAYS 

1.8 

1.6 

A }5O% __ :j 
-y----k;c,; tPO 10% ~ 

1.24 

1.16 

1.08 

~1.00 
tpo 13OOpF) 0.92 

1.2 

tR. tF 1.0 

tR. tF 1300pFI 0.8 

752 

--JLtF tR=r~ 
0.84 

o 50 100 200 300 400 500 o 50 100 200 300 400 500 
CLlpFI 

FIGURE 1 FIGURE 2 

The above example will illustrate the calculation of a more useful propagation delay. The system in this example uses 
a 5 volt supply with a tolerance of ±10%, an ambient temperature of as high as 1250 C, and a calculated load capacit­
ance of 150pF. This application requires the HD-6495-2. The table ofA.C. specs shows that tPD at 4.5V and 1250 C 
is 45nsec. Use the graph in Figure 1 to get the degradation mUltiple for 150pF. The number shown is 0.84. The adjust­
ed propagation delay, to the 10% or 90% point, is therefore 45 x 0.84 or 38nsec. To obtain the rise and fall times 
check the A.C. specs for the rise and fall times at 4.5V and 1250 C to obtain a worst case rise time of 95nsec. Use 
Figure 2 to find it's degradation multiple to be 0.65. The adjusted rise time is, therefore, 95 x 0.65 or 62nsec. To 
obtain the· standard 50% to 50% propagation delay, add the adjusted propagation delay to half of the adjusted rise time 
to get a propagation delay of 69nsec. The rise time was used here because it is always the worst case. 
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HARRIS HD-15530 SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION CMOS Manchester Encoder-Decoder 

Features 

• SUPPORT OF MI L-STD-1553 

• 1.25 MEGABIT/SEC DATA RATE 

• SYNC IDENTIFICATION AND LOCK-IN 

• CLOCK RECOVERY 

• MANCHESTER II ENCODE, DECODE 

• SEPARA TE ENCODE AND DECODE 

• LOW OPERATING POWER: 50mW AT 5 VOLTS 

• FULL MILITARY TEMPERATURE RANGE 

Description 

The Harris HD-:-15530 is a hi~h performance CMOS 
device intended to service the requirements of MI L­
STD-1553 and similar Manchester II encoded, time 
division multiplexed serial data protocals. This LSI 
chip is divided into two sections, an Encoder and a 
Decoder. These sections operate completely in­
dependent of eacn other, except for the Master Reset 

function. 

This circuit provides many of the requirements of 
MIL-STD-1553. The Encoder produces the sync 
pulse and the parity bit as well as the encoding of the 
data bits. The Decoder recognizes the sync pulse and 
identifies it as well as decoding the data bits and 
checking parity. 

Block Diagrams 

ENCODER 

12> GND 

13 MASTER RESET 

~~~~~~~--~--------~ 
·14_~"::':"' ...... 

23 ":>---==....J 

SEND 
DATA 

SERIAL 
DATA IN 

20 

SYNC 
SELECT 

ENCODER ENCODER 
SHIFT ENABLE 

CLOCK 

Vee C:::24 

0iJTPUT 
iNHiBiT 16 

BiPOlAii 
ONE OUT 

BiPOLAR 
ZERO OUT 

Pinout 

VALID WORD 

ENCODER SHIFT CLOCK 

TAKE DATA 

SERIAL DATA OUT 

DECODER CLOCK 

BIPOLAR ZERO IN 

BIPOLAR ONE IN 

UNIPOLAR DATA IN 

DECODER SH II"T CLOCK 

COMMAND/DATA SYNC 

DECODER RESET 

GND 

VCC 

ENCODER CLOCK' 

SEND CLOCK IN 

SEND DATA 

SYNC SELECT 

ENCODER ENABLE 

SERIAL DATA IN 

BIPOLAR ONE OUT 

OUTPUT INHIBIT 

BIPOLAR ZERO OUT 

760UT 

MASTER RESET 

This integrated circuit is fully guaranteed to support 
the lMHl. data rate of MIL-STD-1553 over both 
temperature and voltage. It interfaces with CMOS, 
TTL or N channel support circuitry, and uses a 
standard 5 volt supply. 

The HD-l5530 could also be used in many party line 
digital data communications applications, such as an 
environmental control system driven from a single 
twisted pair cable or fiber optic cable throughout 
the building. 

UNIPOLAR 
DATA IN 

BIPOLAR 7 
ONE IN 

BIPOLAR 
ZERO IN 

DECODER 5 
CLOCK 

DECODER 

TAKE DATA 

COMMAND/DATA 
SYNC 

4 SERIAL 
DATA OUT 

1 VALID 
WORD 

M~~~~~>.!~---------.-lr __ !:::-:-+_---,,9 .. ~~~~DER 
CLOCK 
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Specifications HD-15530 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HD-15530-9 

Military HD-15530-2 

+7.0V 

GND -O.3V to Vee +3.0V 

-650e to + 1500e 

-400e to +850e 

-550e to + 1250e 

ELECTRICAL CHARACTERISTICS vee = 5.0V i5% TA = Industrial or Military 

SYMBOL PARAMETER MINIMUM TYPICAL MAXIMUM UNITS TEST CONDITIONS 

I ViH I Logical" 1" input Voltage I 70% VCC I I V 
Vil Logical "O"lnput Voltage I 20% VCC I V 

VIHC Logical "1" Input Voltage (Clock) VCC -:0.5 V 
VILC Logical "0" Input Voltage (Clock) GND +0.5 V 
IlL Input Leakage -1.0 +1.0 Il A OV ~ VIN ~ VCC 

D.C. VOH Logical "1" Output Voltage 2.4 V IOH = -3mA 
VOL Logical "0" Output Voltage 0.4 V IOl = 1.8mA 

ICCSB Supply Current Standby· 0.5 2 mA VIN = VCC = 5.25V 
Outputs Open 

ICCOP Supply Current Operating" 8.0 10.0 mA VCC = 5.25V, 
f = 1 MHz 

CIN Input Capacitance" 5.0 7.0 pF 
CO Output Capacitance" 8.0 10.0 pF 

"Guaranteed and sample~ but not 100% tested . 

ENCODER TIMING Vee = 5.0V ±5% T A = Industrial or Military 

FEC Encoder Clock Frequency 15 MHz CL "fOpF FESC Send Clock Frequency 2.5 MHz 
TECR Encoder Clock Rise Time 8 ns 
TECF Encoder Clock Fall Time 8 ns 
FED Data Rate 1.25 MHz 

A.C. 
TMR Master Reset Pulse Width 150 ns 
TEl Shift Clock Delay 125 ns 
TE2 Serial Data Setup 75 ns 
TE3 Serial Data Hold 75 ns 
TE4 Enable Setup 90 ns 
TE5 Enable Pulse Width 80 ns 
TE6 Sync Setup 55 ns 
TE7 Sync Pulse Width 150 ns 
TE8 Send Data Delay 50 ns 
TE9 Bipolar Output Delay 130 ns 

DECODER TIMING Vee = 5.0V ±5% T A = Industrial or Military 

FDC Decoder Clock Frequency 15 MHz CL = 50pF 
TDCR Decoder Clock Rise Time 8 ns 
TDCF Decoder Clock Fall Time 8 ns 
FDO Data Rate 1.25 MHz 
TOR Decoder Reset Pulse Width 150 ns 

TORS Decoder Reset Setup Time 75 ns 
TMR Master Reset Pulse Width 150 ns 
TDl Bipolar Data Pulse Width TDC +10 ns (j) 

A.C. 
TD2 Sync Transition Span 18TOC ns (j) 

TD3 One Zero Overlap TOC -10 ns <D 
T04 Short Data Transition Span 6TOC ns (j) 

TD5 Long Data Transition Span 12TOC ns (j) 

T06 Sync Delay (ON) 40 110 ns 
TD7 Take Data Delay (ON) 50 110 ns 

T08 Serial Data Out Delay 80 80 ns 

T09 Sync Delay (OFF) 90 110 ns 

T010 Take Data Delay (OFF) 110 110 ns 

TOll Valid Word Delay 90 110 ns 

NOTE <D : 15TOC +10 = [15 (Decoder Clock Period)] +lOns TOC = Decoder Clock Period = _1_ 
These parameters are guaranteed but not 100% tested. FOC . 
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PIN SECTION 

1 Decoder 

2 Encoder 

3 Decoder 

4 Decoder 

5 Decoder 

6 Decoder 

7 Decoder 

8 Decoder 

9 Decoder 

10 Decoder 

11 Decoder 

12 Both 

13 Both 

14 Encoder 

15 Encoder 

16 Encoder 

17 Encoder 

18 Encoder 

19 Encoder 

20 Encoder 

21 Encoder 

22 Encoder 

23 Encoder 

24 Both 

©IC MASTER 1979 

Pin Assignments 

NAME DESCRIPTION 

VALID WORD Output high indicates receipt of a valid word. 

ENCODER SHIFT CLOCK Output for shifting data into the Encoder. This 
clock shifts data on a low-to-high transition. 

TAKE DATA Output is high during receipt of data after ident-
ification fo a sync pulse. 

SERIAL DATA OUT Delivers received data in correct NRZ format. 

DECODER CLOCK Input drives the transition finder, and the synchron-
izer which in turn supplies the clock to the balance 
of the Decoder. 

BIPOLAR ZERO IN A high input should be applied when the bus is in its 
negative state. This pin must be held high when 
the Unipolar input is used. 

BIPOLAR ONE IN A high input should be applied when the bus is in 
its positive state, this pin must be held low when 
the Unipolar input is used. 

UNIPOLAR DATA IN With pin 6 high and pin 7 low, this pin enters unipolar 
data into the transition finder circuit. If not used this 
input must be held low. 

DECODER SHIFT CLOCK Output which delivers a frequency (Decoder Clock 
+- 12), synchronized by the recovered serial data 
stream. 

COMMAND SYNC OutP~t of a high .from this pin occurs during output 
of decoded data whi"ch was preceded by a Command 
(or Status) synchronizing character. A low output 
indicates a Data synchronizing character. 

DECODER RESET A high input to this pin during a rising edge of 
DECODER SHIFT CLOCK resets the decoder bit 
counting logic to a condition ready for a new word. 

GROUND GroLindsupply pin. 

MASTER RESET A high on this pin clears 2: 1 counters in both the 
Encoder and Decoder. 

-7- 60UT Output from 6: 1 divider which is driven by the 
ENCODER CLOCK. 

BIPOLAR ZERO OUT An active low output designed to drive the zero or 
negative sense of a bipolar line driver. 

OUTPUT INHIBIT A low on this input forces pin 15 and pin 17 high, 
the inactive states. 

BIPOLAR ONE OUT An active low output designed to drive the one or 
positive sense of a bipolar line driver. 

SERIALDATA IN Accepts a serial data strea.m at a data rate equal to 
ENCODER SHIFTCLOCK. 

ENCODER ENABLE A high on this input initiates the encode cycle. 
(Subject to the preceding cycle being complete.) 

SYNC SELECT Actuates command sync for an input high and data 
sync for an input low. 

SEND DATA Is an active high output which enables the external 
source of serial data. 

SEND CLOCK IN Clpck input at a frequency equal to the data rate X2. 

ENCODER Input to the 6: 1 divider. 

VCC Positive supply pin. 
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_ Encoder Operation 

The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on 
chip which can be utilized to produce the SEND CLOCK 
by dividing the DECODER CLOCK. 

The Encoder's cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK CD. 
This cycle lasts for one word length or twenty ENCODER 
SH I FT CLOCK periods. At the next low-to-high transition 
of the ENCODER SHIFT CLOCK, a high at SYNC S~L­
ECT input actuates a command sync or a low will produce 
a data sync for that word CV . 'Nhen the Encoder is ready 
to accept data, the SEND DATA output will go high and 
remain high for sixteen ENCODER SH I FT CLOCK per­
iods @. During these sixteen periods the data shouid be 

TIMING 

SEND CLOCK 

ENCODER 
SHIFT CLOCK 

clocked in"to the SERIAL DATA input with every low­
to-high transition of the ENCODER SHIFT CLOCK @ -
@ . After the sync and the Manchester II coded data are 
transmitted through the BIPOLAR ONE and BIPOLAR 
ZERO outputs, the Encoder adds on an additional bit 
which is the parity for that word ®. At any time a iow on 
OUTPUT INHIBIT input will force both bipolar outputs to 
a high state but will not affect the Encoder in any other 
way. 

To abort the Encoder transmission a positive pulse must 
be applied at MASTER RESET. Anytime after or during 
this puise, a iow to high transition on SEND CLOCK 
clears the internal counters and initializes the Encoder 
for a new word. 

I 15 ! 16 I 17 ! 18 I 19 ,. 

~ 

~ 
ENCODER ENABLE ~ ~\\\\\\\\\\~~M>Rt:cA~~~\\\~\\\\\\\~ _\\\\\\,,\\\\\~ 

SYNC SELECT ~\\\\\\lVALID&\\\\\ \\\\\\\\\ DON'T CARE%\\'\\\\\\~ ~\\\\\\\\\\\\\\\\\\~,\\\\\\\\\\\\W 

SEND DATA ~--------------~I ~f--------~ 

SERIAL DATA IN I 15 14 I 13 I 12 I 11 110: ~ 3 I 2 I 1 I 0 I 

~-i5-["-[tlJ-12Tl1-C 

L3!~~~_~_I}~_r=~_IJ!_L}2_G 

Decoder Operation 

The Decoder requires a single clock with a frequency of 
12 times the desired data rate applied at the DECODER 
CLOCK input. The Manchester II coded d~ta can be pr~­
sented to the Decoder in one of two ways. The BIPOLAR 
ONE and BIPOLAR ZERO inputs will accept data from a 
comparator sensed transformer coupled bus as specified 
in Military Spec 1553. The UN IPOLAR DATA input can 
only accept non-inverted Manchester II coded data. (e.g. 
from BIPOLAR ZERO OUT of an Encoder.) 

The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When·a 
valid sync is recognized CD , the type of sync is indicated on 
COMMAND/DATA SYNC output. If the sync character 
was a command sync, this output will go high @ and re-

. main high for sixteen DECODER SH I FT CLOCK periods 
@ , otherwise it will remain low. The TAKE DATA 
output will go high and remain high @ - @ while the 
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Decoder is transmitting the decoded data through SERIAL 
DATA OUT. The decoded data available at SERIAL 
DATA OUT is in a NRZ format. The DECODER SHIFT 
CLOCK is provided so that the decoded bits can get shifted 
into an external register on every low-to-high- transition 
of this clock @-@. 

After all sixteen decoded bits have been transmitted @ the 
data is checked for odd parity. A high on VALID WORD 
output ® indicates a successful reception of a word with­
out any Manchester or parity errors. At this time the 
Decoder is looking for a new sync character to start another 
output sequence. 

At any time in the above sequence a high input on DE­
CODER RESET during a low-to-high transition of DE­
CODER. SHIFT CLOCK will abort transmission and initial­
ize the Decoder to start looking for a new sync character. 
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TIMING 

DECODER 
SHIFT CLOCK 

BIPOLAR ONE IN 

BIPOLAR ZERO IN 

TAKE DATA 

COMMANDIDATA SYNC 

I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I i 16 I 17 I 18 I 19 I I I " 
~ 

____________________ ~I ______ -------~ ~-----------------~I------

SERIAL DATA OUT ~\\\\\~\'\ UWkIWp~\\\\\\\\\l 15 14 13 12 I~ !f-'-_4 --'1'--3~_2__'1_' --,-I _O~&~~~...,.~...,~ ..... ~~..,.~..>.;~U 

VALID WORD (FROM PREVIOUS RECEPTION)J L-_____________________ ...... r-
00 &® 

Encoder Timing 

SEND CLOCK -.--J I I I L 
--, t-- TE1 

ENCODER SHIFT CLOCK TE2t:::t:!.jTE3 ~~ 
SERIAL DATA IN ~~\\\\\\\\\\\,W~\\\\\~,,\\\\\\\X VALID A\\\\\\\.'\ 

---.J I 
SEND CLOCK --l ~TE1 I 

ENCODER SHIFT CLOCK ~;--;;.;....-------.I I 
--J~E4 I 

ENCODER ENABLE ---------!i--TE5 ~ 

SYNC SELECT ~"\\\\\\\\\\\\\\\\\\\\\\~WF~~~A\'\"\\\\~ 

L 

ENCODER SHIFT CLOCK ---.J 
TE8d r-----------SEND DATA 

SEND CLOCK ---.J IF' 1 ________ ~~~ T~E~9 ____ ~r-____ _ 

B~~~t:RO::R~U~U~ ======x .~ ________ ~x~ ____ _ 
L 

Decoder Timing 

NOTE: UNIPOLAR IN z 0, FOR NEXT DIAGRAMS 

I----BITPERIOO • I' BIT PERIOD I. BITPERIOO----j 

j:TD14.""\\~\\\\\\,\\\\~\\\,\\\\\'J . : r-
I • T02 • L!::"- TD3 -I f- TD3 

BIPOLAR ZERO IN _t-______ : ___ IP~;r~D:.:..~::~~::~"X~$~~::~~~~~'\~~~$::~~~"X~$::~~~~~::~"X~~~~::~~~I~--
I' TD2 -I 

BIPOLAR ONE IN 

COMMAND SYNC 

DATA SYNC 

ONE ZERO ONE 

NOTE: BI;LAR ONE IN = 0; BIPOLAR ZERO IN E " FOR NEXT DIAGRAMS. 

UNIPOLAR IN J:F.::::====~;;:~~==:::h========~:=:.~.::::=:;:======::!.:lt'\~~~~~~~~~~~$~~§~L 
I I 

~IPOLARIN:J~:.~========~~==~====~~======~~Tm~========~.~~~~§~~~§~"X~~§~~$§~L-
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DECODER SHIFT CLOCK ----, r-
T~~ ~~ _______________________________________ _ 

COMMAND/DATA SYNC --.LJ. ______________________________ _ 
TD71 f---

TAKE DATA ----1-Jr-------------------------------------

DECODER SHIFT CLOCK --, ............. _______ ~ ~ _______ .....Ir_ 
TD8-i I;::= ___________________ ~ ,..-__________ _ 

SERIAL DATA OUT ~ DATA BIT X"" _________ _ 

DECODER SHIFT CLOCK --... 1 ....-_____ ---! 
TOg ..... I---

'--____ ....... r-
COMMAND/DATA SYNC =:il 

TD10-=! !-, -----------------------------

TAKE DATA ------,I.. ________ ~---------------------
VALID WORD TD11~ f== 

~ __________ ~r---
DECODER SHIFT CLOCK ----, ... ____ ~---~I 

TDRS--j r----
DECODER RESET _________ ==fTDiil--;;.ITDR 1.. _______________________ _ 

Applications 

How to Make Our MTU Look Like a Manchester Encoded UART 

( VALID ~ f VCC ) WORD .J 

G DECODER '\ 
ENCODER CLK.! 

{ SYNCSEL 

( 81POLAR '"- r ENCODER 
ZEROIN .J 

rCltQ a \. ENABLE 

~ 
'-- 1 24 -

r-- 2 23-

( BIPOLAR '\ f--f-- 3 22 - ( BIPOLAR ) ONE IN ../ 21 d \. ONE OUT 4 

I I 
'--r- 5 20 - ,.--~ 

( UNIPOLAR 6 HD-15530 19 ( INHIBIT 
DATA IN .J 7 18 I \. OUTPUT 

8 17 

9 16 
( COMMAND '\ BIPOLAR 

SYNC 
10 15 \ ZERO OUT 

I[~:: 
14 f--
13r--n ( DECODER '\ r MASTER 

RESET .J \. RESET 

I 

~ rTl J 11 I I 
A B CK H A B CK OH SH/LD CK SI OH SH/LD CK 

74LS164 74LS164 74165 74165 

" I I I I II 11111111 I I I II I I I I I I I I II I 
PARALLEL OUT PARALLEL IN 

Typical Timing Diagrams for a Manchester Encoded UART 

ENCODER TIMING 

ENCODER ENABLE 

SYNC SELECT 

PARALLEL IN 

DECODER TIMING 

BIPOLAR ONE IN 

BIPOLAR ZERO IN 

COMMAND SYNC --------',---------------------------' .... _-------------
PARALLEL OUT VALID vOZZVIIIZVZ1Z/7Zl VALID 

VALID WORD PR:~~ RECEPTION ... 1 _______________ ~ 
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Mll-STO-1553A 

The 1553A standard defines a time division multiplexed 
data bus for application within aircraft. The bus is defined 
to be bipolar, and encoded in a Manchester II format, so 
no DC component appears on the bus. This allows trans­
former coupling and excellent isolation among systems and 
their environment. ' 

The HD-15531 supports the full bipolar configuration, 
assuming a bus driver configuration similar to that in 
Figure 1. Bipolar inputs from the bus, like Figure 2, 
are also accommodated. 

The signaling format in MI L-STD-1553A is specified on 
the assumption that the network of 32 or fewer terminals 
are controlled by a central control unit by means of Com­
mand Words, and Data. Terminals respond with Status 
Words, and Data. Each word is preceded bya synchron­
izing pulse, and followed by parity bit, occupying a total 
of 20 J1 sec. The word formats are shown in Figure 4. 
The special abbreviations are as follows: 

P Parity, which is defined to be odd, taken 
across all 17 bits. 

R/T Receive on logical zero, transmit on ONE. 

ME Message Error if logical 1. 

TF Terminal Flag, if set, calls for controller 
to request self-test data. 

The paragraphs above are intended only to suggest the 
content of M I L-STD-1553A, and do not completely 
describe. its bus requirements, timing or protocols. 

COMMAND 
SYNC 

DATA 
SYNC 

I-------t-------­

,-------f-------­

~E~~o}.E~~o\-..~~~ 

LOGICAL ONE DATA - -1---< 

LOGICAL ZERO DATA S 
FIGURE 3 - MIL-STD-1553 Character Formats 

BUS 

FIGURE 1 -.Simplified MIL-STD-1533 Driver· 

"1" 

"0" 

FIGURE 2 - Simplified MIL-STD-1553 Receiver 

COMMAND WORD (FROM CONTROLLER TO TERMINAL) 

9 5 11 1 5 1 5 11 I 
SYNC I TERMINAL I I SUBADDRESS I DATA WORD I p I ADDRESS 

R/T 
/MODE COUNT 

DATA WORD (SENT EITHER DIRECTION) 

d 16 

SYNC I DATA WORD 

STATUS WORD (FROM TERMINAL TO CONTROLLER) 

1 9 1 1 

I CODE FOR FAILURE MODES ITFI p I 
ME 

FIGURE 4 - MIL-STD-1553 Word Formats 

NOTE: This page is a summary of MIL-STD-1553A and is not intended to describe the operation of the HD-15530. 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HD-15531 
CMOS Manchester Encoder-Decoder 

Features 

• SUPPORT OF MIL-STD-1553 

• 1.25 MEGABIT/SEC DATA RATE 

• SYNC IDENTIFICATION AND lOCK-IN 

• CLOCK RECOVERY 

• VARIABLE FRAME LENGTH TO 32· BITS 

• MANCHESTERIIENCODE,DECODE 

• SEPARATE ENCODE AND DECODE 

• LOW OPERATING POWER: 50mW@ 5 VOLTS 

• FULL MILITARY TEMPERATURE RANGE 

Description 

The Harris HD-15531 is a high performance CMOS 
device intended to service the requirements of M I L­
STD-1553 and similar Manchester II encoded, 
time division multiplexed serial da'ta protocals. This 
LSI chip is divided into two sections, an Encoder 
and a Decoder. These sections operate independently 
of each other, except for the Master Reset and 
frame length functions. 

This circuit provides many of the requirements of 
M I L-STD-1553. The Encoder produces the sync 
pulse and the parity bit as well as the encoding of 
the data bits. The Decoder recognizes the sync pulse 
and identifies it as well as decoding the data bits 
and checking parity. 

The HD--15531 also surpasses the requirements of 

Block Diagrams 
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ENCODER 

~VCC 

OUTPUT 
r--"":::'< INHIBIT 

IN 

ENCODER ENCODER ENCODER 
SHIFT ENABLE PARITY 
CLOCK SE LECT 

BIPOLAR 
ONE OUT 

BIPOLAR 
ZERO OUT 

Pinout 

UNIPOLAR 
DATA IN 

BIPOLAR 

Vcc 40 COUNT C1 

VALID WORD 39 COUNT C4 
TAKE DATA 38 DATA SYNC 
TAKE DATA 37 ENCODER CLOCK 

SERIAL DATA OI,JT 36 COUNT C3 

SYNCHRONOUS DATA 35 N.C. 

SYNCHRONOUS DATA SEL. 34 ENCODER SHIFT CLOCK 

SYNCHRONOUS CLOCK 33 SEND CLOCK IN 

DECODER CLOCK 32 SEND DATA 

SYNCHRONOUS CLOCK SEL. 10 31 ENCODER PARITY SEL. 

BIPOLAR ZERO IN 11 30 SYNC SELECT 

BIPOLAR ONE IN 12 29 ENCODER ENABLE 

i..iNIPOLAR UA rA IN 13 28 SERIAL DATA IN 

DECODER SHIFT CLOCK 14 27 'iiii'Oi:'AR Ci'NEOUT 
TRANSITION SEL 15 26 0uTPi.iT iNHTiiiT 

N.C. 16 25 'ii'iPO'i:AR ZERO OUT 

COMMAND SYNC 17 24 +60UT 

DECODER PARITY SEL. 18 23 COUNT C2 

DECODER RESET q 19 22 MASTER RESET 

COUNT Co 20 21 GND 

MIL-STD-1553 by allowing the frame length to be 
programmable. The frame length may be programmed 
from 2 to 28 data bits plus sync and parity. This 
chip also allows selection of either even or odd 
parity for the Encoder and Decoder separately. 

This integrated circuit is fully guaranteed to support 
the 1 MHz data rate of MIL -STD-1553 over both 
temperature and voltage. It interfaces with CMOS, 
TTL or N channel support circuitry, and uses a 
standard 5 volt supply. 

The HD-15531 can also be'used in many party line 
digital data communications applications, such as 
an environmental control system' driven from a single 
twisted pair or fiber optic cable throughout the 
building. 

DECODER 

SYNCHRONOUS DATA 

TAKE DATA 

COMMAND 
ONE IN 11 SYNC 

DATASVNC. BIPOLAR 
ZERO IN 

DECODER 
CLOCK 

TRANSITION 
SELECT 

SYNCHRONOUS 
CLOCK .>-''----------' 

~:~~~RS~~~~~ ~:~~--------J 
MASTER >-="'------------' 

RESET 

SERIAL DATA OUT 

VALID WORD 

PARITY 
SELECT 

...----1----'-'-. ~~~~ER SHIFT 

TAKE DATA 
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Mll-STD-1553A 

The 1553A standard defines a time division multiplexed 
data bus for application within aircraft. The bus is defined 
to be bipolar, and encoded in a Manchester II format, so 
no DC component appears on the bus. This allows trans­
former coupling and excellent isolation among systems and 
their environment. 

The HD-15531 supports the full bipolar configuration, 
assuming a bus driver configuration similar to that in 
Figure 1. Bipolar inputs from the bus, like Figure 2, 
are also accommodated. 

The signaling format in MIL-STD-1553A is specified on 
the assumption that the network of 32 or fewer terminals 
are controlled by a central control unit by means of Com­
mand Words, and Data. Terminals respond with Status 
Words, and Data. Each word is preceded by a synchron­
izing pulse, and followed by parity bit,occupying a total 
of 20 J1 sec. The word formats are shown in Figure 4. 
The special abbreviations are as follows: 

P Parity, which is defined to be odd, taken 
across all 17 bits. 

R/T Receive on logical zero, transmit on ONE. 

ME Message Error if logical 1. 

TF Terminal Flag, if set, calls for controller 
to request self-test data. 

The paragraphs above are intended only to suggest the 
content of M I L-STD-1553A, and do not completely 
describe its bus requirem,ents, timing or protocols. 

COMMAND 
SYNC 

DATA 
SYNC 

I-------r-------­

,---~---f-------­
~PE~~oj.E~~oj-..~~~ 

LOGICAL ONE DATA 

LOGICAL ZERO DATA 

FIGURE 3 - MIL-STD-1553 Character Formats 

BUS 

FIGURE 1 - Simplified MIL-STD-1533 Driver 

"1" 

"0" 

FIGURE 2 - Simplified MIL-STD-1553 Receiver 

COMMAND WORD (FROM CONTROLLER TO TERMINAL) 

9 I 5 /1 I 5 ·1 5 /1 I 
SYNC I TERMINAL 

ADDRESS 
I I SUBADDRESS I DATA WORD I p I 
RfT /MODE COUNT 

DATA WORD (SENT EITHER DIRECTION) 

cJ 1~ ______ 16 ________ ~111 
SYNC I DATA WORD I p I 

STATUS WORe (FROM TERMINAL TO CONTROLLER) 

1 9 1 1 
I CODE FOR FAILURE MODES lTFI p I 

ME 

FIGURE 4 - MIL-STD-1553 Word Formats 

NOTE: This page is a summary of MIL-STD-1553A and is not intended to describe the operation of the HD-15531. 
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Specifications HD-15531 
ABSOLUTE MAXUMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HD-15531-9 

Military HD-15531-2 

+7.0V 

GND -O.3V to Vee +O.3V 

-650 e to + 1500 e 

-400 e to +850 e 
-550 e to + 1250 e 

ELECTRICAL CHARACTERISTICS Vee = 5.0V ±5% TA =: Industrial or Military 

SYMBOL PARAMETER MINIMUM TYPICAL MAXIMUM UNITS TEST CONDITIONS 

VIH Logical "1" Input Voltage 70% VCC V 

VIL Logical "0" Input Voltage 20% VCC V 

VIHC Logical "1" Input Voltage (Clock) VCC -0.5 V 

VILC Logical "0" Input Voltage (Clock) GND +0.5 V' 

ilL Input Leakage -1.0 +1.0 I1A OV ~ VIN ~ VCC 
VOH Logical "1" Output Voltage 2.4 V IOH = -3mA 

D.C. VOL Logical "0" Output Voltage 0.4 V IOL = 1.BmA 

ICCSB Supply Current Standby 0.5 2.0 mA VIN = VCC = 5.25V 
Outputs Open 

ICCOP Supply Current Operating* B.O 10.0 mA VCC = 5.25V, 
f=15MHz 

CIN Input Capacitance* 5.0 7.0 pF 

Co Output Capacitance* B.O 10.0 pF 

*Guaranteed and sampled but not 100% tested. 

ENCODER TIMING 

FEC Encoder Clock Frequency 15 MHz CL = 50pF 

FESC Send Clock Frequency 2.5 MHz 

TECR Encoder Clock Rise Time B ns 

TECF Encoder Clock Fall Time B ns 
FED Data Rate 1.25 MHz 
TMR Master Reset Pulse Width 150 ns 

A.C. TEl Shift Clock Delay 125 ns 
TE2 Serial Data Setup 75 ns 
TE3 Serial Data Hold 75 ns 
TE4 Enable Setup 90 ns 
TE5 Enable Pulse Width BO ns I 
TE6 Sync Setup 55 ns 

j TE7 Sync Pulse Width 150 ns 

TEB Send Data Delay 50 ns 
TE9 Bipolar Output Delay 130 ns 

DECODER TIMING 

FDC Decoder Clock Frequency 15 MHz CL = 50pF 
FDS Decoder Synchronous Clock 2.5 MHz 

TDCR Decoder Clock' Rise Time B ns 

TDCF Decoder Clock Fall Time B ns 
FDD Data Rate 1.25 MHz 
TOR Decoder Reset Pulse Width 150 ns 

TORS Decoder Reset Setup Time 75 ns 

A.C. 

TMR Master Reset Pulse Width 150 ns 
TD1 Bipolar Dat3 Pulse Width TDC +10 ns 

I TD2 Sync Transition Span 1BTDC ns 
TD3 One Zero Overlap TDC -10 ns 
TD4 Short Data Transition Span 6TDC ns 
TD5 Long Data TransitioJ1 Span 12TDC ns 

TD6 Sync Delay (ON) 110 ns 

TD7 Take Data Delay (ON) 110 ns 

TDB Serial Data Out Delay BO ns 

TD9 Sync Delay (OFF) 110 ns 

TD10 Take Data Delay (OFF) 110 ns 

TD11 Valid Word Delay 110 . ns 

TD12 Synchronous Clock To Shift Clock Delay 75 ns 

TD13 Synchronous Data Setup 30 ns 

NOTE CD: 15TDC +10 = [15 (Decoder Clock Period)) +10ns TDC = Decoder Clock Period =_1_ 
These parameters are guaranteed but n9t 100% tested. FDC 
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PIN SECTION 

1 Both 

2 Decoder 

3 Decoder 

4 Decoder 

5 Decoder 

6 Decoder 

7 Decoder 

8 Decoder 

9 Decoder 

10 Decoder 

11 Decoder 

12 Decoder 

13 Decoder 

14· Decoder 

15 Decoder 

16 Blank 

17 Decoder 

18 Decoder 

19 Decoder 

20 Both 

21 Both 

22 Both 

23 Both 

24 Encoder 

25 Encoder 

26 Encoder 

27 Encoder 

28 Encoder 

29 Encoder 

30 Encoder 

31 Encoder 

32 Encoder 

33 Encoder 

34 Encoder 

35 Blank 

36 Both 

37 Encoder 

38 Decoder 

39 Both 

40 Both 

©IC M~STER 1979 

· Pin Assignments 
;c.· 

NAME DESCRIPTION 

VCC Positive supply pin. 

VALID WORD Output high indicates receipt of a valid word. 

TAKE DATA' A continuous, free running signal provided for host timing or data 
handling. When data is present on the bus, this signal will be 
synchronized to the incoming data and will be identical to take data. 

TAKE DATA Output is high during receipt of data after identification of a sync pulse 

SERIAL DATA OUT Delivers received data in correct NRZ format. 

SYNCHRONOUS DATA Input presents Manchester data directly to character identification 
logic. SYNCHRONOUS DATA SELECT must be held high to use 
this input. If not used this pin should be held high. 

SYNCHRONOUS DATA SELECT In high state allows the synchronous data tb enter the character identi-
fication logic. 

SYNCHRONOUS CLOCK Input provides externally synchronized clock to the decoder. 

DECODER CLOCK Input drives the transition finder, and the synchronizer which in 
turn supplies the clock to the balance of the decoder. 

SYNCHRONOUS CLOCK SELECT In high state directs the SYNCHRONOUS CLOCK to control the decoder 
character identification logic. A low state selects the DECODER CLOCK 

BIPOLAR ZERO IN A high input should be applied when the bus is in its negative state. 
This pin must be held high when the unipolar !nput is used. 

BIPOLAR ONE IN A high input should be applied when the bus is in its positive state. 
This pin must be held low when the unipolar input is used. 

UNIPOLAR DATA IN With pin 11 high and pin 12 low, this pin enters unipolar data into 
the transition finder circuit. If not used this input must be held low. 

DECODER SHIFT CLOCK Output which delivers a frequency (DECODER CLOCK 7 12), 
synchronized by the recovered serial data stream. 

TRANSITION SELECT A high input to this pin causes the transition finder to synchronize on 
every transition of input data. A low input causes the transition finder 
to synchronize only on mid-bit transitions. 

N.C. Not connected. 

COMMAND SYNC Output of a high from this pin occurs during output of decoded data 
which was preceded by a Command (or Status) synchronizing character 

DECODER PARITY SELECT An input for parity sense, calling for even parity with input high and 
odd parity with input low. 

DECODER RESET A high input to this pin during a rising edge of DECODER SHIFT 
CLOCK resets the decoder bit counting logic to a condition ready 
for a new word. 

COUNT Co One of five binary inputs which establish the total bit count to be 
encoded or decoded. 

GROUND Supply pin. 

MASTER RESET A high on this pin ciears 2: 1 counters in both the encoder and decoder. 

COUNT C2 See pin 20. 

60UT Output from 6: 1 divider which is driven by the ENCODER CLOCK. 

BIPOLAR ZERO OUT An active low output designed to drive the zero or negative sense of 
a bipolar line driver. 

OUTPUT INHIBIT A low on this pin forces pin 25 and 27 high, the inactive states. 
----

BIPOLAR ONE OUT An active low output designed to drive the one or positive sense of 
a bipolar line driver. 

SERIAL DATA IN Accepts a serial data stream at a data rate equal to ENCODER SH I FT 
CLOCK. 

ENCODER ENABLE A high on this pin initiates the encode cycle. (Subject to the preceed-
ing cycle being complete.) 

SYNC SELECT Actuates a Command sync for an input high and Data sync for an 
input low. 

ENCODER PARITY SELECT Sets transmit parity odd for a high input, even for a low input. 

SEND DATA Is an active high output which enc,bles the external source of serial data 

SEND CLOCK IN Clock input at a frequency equal to the data rate X2. 

ENCODER SHIFT CLOCK Output for shifting data into th~ Encoder. This shift clock shifts data 
on a low-to-high transition. 

N.C. Not connected. 

COUNT C3 See pin 20. 

ENCODER CLOCK I nput to the 6: 1 divider. 

DATA SYNC Output of a high from this pin occurs during output of decoded data 
which was preceded by a Data syn :hronizing character. 

COUNT C4 See pin 20. 

COUNT C1 See pin 20. 
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YESTERDAY'S 
RADIO 

MASTER 
IS TODAY'S 

ELECTRONIC DISTRIBUTORS· 
MASTER CATALOG 

First published to serve you in 1935, The Radio 
Electronic Master has continuously changed over 
the years to better meet your needs. Today The 
Radio Master has become The Electronic Dis­
tributors MASTER CATALOG. 
The 1979 edition of The Electronic Distributors 
MASTER CATALOG includes components, sys­
tems and subsystems sold through distributors. 
It encompasses the following product areas: elec­
tronic and electromechanicaJ components, audio 
and communications equipment, sub-assembly and 
panel components, hardware, production equipment 
and tools, test instrumentation, power sources, wire 
and cable, and chemicals. 
The MASTER CATALOG is divided into four basic 
sections: 
The GENERAL INDEX lists manufacturers and 

products alphabetically, including product cross ref­
erences. Page numbers are displayed for both 
manufacturers and products. Manufacturers names 
are bold-faced. 
The MANUFACTURERS' CATALOG SECTION is 
a collection of their respective product pages, al­
phabetically by manufacturer, again including ad­
dresses and phone numbers. 
The MANUFACTURERS DIRECTORY is an a/pha-

'betical listing of all manufacturers who~~ products 
information is shown. Page numbers are refer­
enced. Sales offices, representatives and dis­
tributors are included for many manufacturers. 
The DEALER/DISTRIBUTOR DIRECTORY geo­
graphically lists distribution outlets by state and city. 
The listings were supplied by manufactu'rers 
cataloging in this edition. 

United Technical Publications, Inc., Div. of Cox Broadcasting Corp. ·645 Stewart Ave., Garden City, N.Y. 11530 



SYSTEMS 

FEATURES 

• 12-Bit Linearity (0.01 %), achieved without trimming of 
ladder Rs 

• Full Four-Quadrant Multiplication 

• 2 ppm/oC Gain Error Tempco 
• Plug-In Replacement For AD7541 

• TTL/CMOS Compatible 
• Low Power Consumption 
• Low Feedthrough Error 

• Low Cost 

APPLICATIONS 

DigitallSynchro Conversion 
Programmable Amplifiers 
Ratiometric AID Conversion 
Function Generation 

GENERAL DESCRIPTION 

The MP7621 is a 12-bit monolithic digital-to-analog converter, 
featuring high-density CMOS. Precision thin-film deposition 
allows 12-bit linearity without laser trimming, thus eliminating 
any long-term instabilities the laser might introduce. Thermal 

compensation reduces Gain Error Tempco to 2 ppm/o (; 
maXImum. 

Also, the MP7621 is a pin-compatible replacement for Analog 
Devices' AD7541. It meets or excee~s the performance of 
that device. 

ORDERING INFORMATION 

I 

Temperature Range and Package 

Nonlinearity 
Plastic Ceramic Ceramic 

0° to +70°C -25°C to +8S
o
C -5S

0
Cto+125°C 

0.024% MP7621]N MP7621AD MP7621SD 
0.012% MP7621KN MP7621BD MP7621TD 

PI{ICES (100+) 

.\\P7621J:-.l 516.00 MP7621 AD 523.60 .\\I'7621SD $62.80 
,\1P7621 K\: 21.50 .\1P7621BD 25..+0 .\1P762ITD 79.50 

Information furnished by Micro PowerSystems is believed to be accurate 
and reliable. However, no responsibility is assumed for its use; nor for 
any infringements of patents or other rights of third parties which may 
result from its use. No license is granted by implication or otherwise 
under any patent or patent rights of Micro Power Systems. 

©IC MASTER 1979 

cd 
12-Bit Monolithic 'Multiplying DAC 

MP7621/7541 

PIN CONFIGURATION 

'OUT1 

IOUT2 

GND 

BIT 1 (MSB) 

BIT 2 

BIT 3 

BIT
c4 

BIT 5 

BIT 6 

TOP VIEW 

FUNCTIONAL DIAGRAM 

RFEEDBACK 

VREF IN 

VDD (+) 

BIT 12 (LSB) 

BIT 11 

BIT 10 

BIT 9 

BIT 8 

BIT 7 

10k 10k 10k 
VREFo-~~~~~~~~~~~ __ ~ 

20k 

~~~~~~---+~~----OIOUT2 
~--~~--~~----~~~~-oIOUT1 

"""""".0 RFEEDBACK 

BIT 1 (MSBI BIT 2 BIT 3 BIT 12 (LSB) 

DIGIT AL INPUTS (DTL/TTL/CMOS COMPATIBLE) 

Logic: A switch is closed to loun for 
its digital input in a "high" state. 

CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 
The MP7621, a 12-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and twelve CMOS current 
swiLches on a monolithic chip. Most applications require the 
addition of only an output operational amplifier and a voltage 
or current reference. 

The simplified DI A circuit is shown above. An inverted 
R-2R ladder structure is used- that is, the binarily weighted 

currents are switched between the IOUT1 and IOUT2 bus 
lines thus maintaining a constant current in each ladder leg 
independent of the switch state. 

MICRO POWER SYSTEMS, INC. 
3100 Alfred Street, Santa Clara CA 95050 

(408)247-5350 
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PARAMETER 

STATIC ACCUKACY 

Resolution 
Nonlinearity 

MP7621JN, MP7621AD, MP7621SD 

,\1P7621 KN, MP7621BD, MP7621TD 

Nonlinearity Tempco 
Gain Error l , 2 

Gain Error Tempc0 2 

Power Supply Rejection 

Output Leakage Current 

DYNAMIC PERFORMANCE 

Output Current Settling Time 3 

Feedthrough Error 3 

REFERENCE INPUT 

Input Resistance 

D!GIT AL INPUTS 

V INH 
V INL 
Input Leakage Current 

Inpu t Capacitance 3 

Inpllt Coding 

ANALOG OUTPUTS 

Output Capacitance3 

COUTl 
COUT2 
C OUTl 
COUT2 

POWER REQUIREMENTS 

\'DD Range 

IDO 

NOTES, 

1 FSR is Full Scale Range. 

2 Using internal feedback resistor . 
3 (;uaranteeJ by design, not subject to test. 

Specifil:ations subject to t:hange without notice. 

ABSOLUTE MAXIMUM RATINGS 
(T A = +25°C unless otherwise n'oted) 

VDD (to GND) .. _ ..... . 

VREF (to GND) .... ' ... . 
Digital Input Voltage Range 
Output Voltage (Pin l, Pin 2) 
Power Dissipation (Package) 

Up to +75°C. ...... . 
Derate above +75°C by. 

Operating Temperature 
IN, KN Versions. 
AD, BD Versions. 
SO, TO Versions. 

Storage Temperature 

CAUTION 

. TA = +2SOC 

12 bits min 

+0.024% FSR 1 max 

:':0.012% FSR max 
2 ppm of FSRtC max 

,0.3% FSR typ 

2 ppm of FSR/oC max 

±.Ol % per % max 
:,:SOnA max 

2 J..LS max 
ImV pop max 

Skn min, 20kn max 

2.4V max 

0.8V min 

±1 J..LA max 

8pF max 

Binary or Offset 

Binary (see page 6) 

200pF max 

60pF max 
60pF max 

200pF max 

+5V min, +16V max 

2mA max 

. ..... +17V 

. ... _ .±25V 

VDD to GND 
. -100mV to VDD 

. 450mW 

.6mW/C 

. 0 to +70
o
C 

.. -25°C to +85°C 

.-55°C to +125°C 
. . -65°C to + 150°C 

1. Do not apply voltages higher than VDD or less than GND 
potential on any terminal except VREF. 

2. The digital control inputs are zener protected; however 
permanent damage may occur on unconnected units under 
high energy electrostatic ·fields. Keep unused inputs in 
conductive foam at all times. 

766 

MP7621 I 7541 

TA = min-max TEST CONDITION 

I 12 bits min 

!:0.024% FSR max VOUTl = VOUT2 = OV 
:':0.012% FSR max 

±0.02% per % ma~ V DD = 14.5V - 15.5V 
±200nA max V REF = ±IOV 

2 J..Lsmax To 0.012% of F'SR 

1mV' pop max 

I 
V REF = 20V pop @ 10 kHz 

Skn min, 20kn max 

2.4V max 

0.8V min 

±1 J..LA min V IN = 0 or 15V 

8pF max 

200pF max 

! Digital Inputs = \'INH 
60p.F max 
60pF max 

Digital Inputs = V INL 200pF max 

+SV min, +16V max Accuracy is not guaranteed 
over this range. 

2mA max Digital Inputs = Vli'm' or V1NL 

SPECIFICATION DEFINITIONS 

NONLINEARITY: Error contributed by deviation of the 
DAc transfer function from a best straight line function. 
Normally expressed as a percentage of full scale range. For 
a multiplying DAC, this should hold true over the entire 

VREF range . 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (VREF). A 
bipolar converter of n bits has a resolution of [2-(n - 0] 
[VREF]. Resolution in no way implies linearity . 

SETTLING TIME!· Time required for the output function of 
the DAC to settle to within 112 LSB for a given digital input 
stimulus, i.e., 0 to Full Scale . 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the input voltage. 

FEEDTHROUGH ERROR: Error caused by capacitIve 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from lOUT! and 
IOUT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 

IOUTl terminal with all digital inputs LOW or on IOUT2 
tenninal when all inputs are HIGH. 

I 

©IC MASTER 1979 



TYPICAL PERFORMANCE CHARACTERISTICS 

*' 
cr 
0 
cr 
cr 
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0.4 

0.3 

0.2 

0.1 
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~ 
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~ 

o I 
o 5 10 15 

V DD - Volts 

Figure 1. Gain Error vs. Supply Voltage 
1.0 ...---r-----,r----r-----,r-----,--......, 

I 0.5 t----f-----t~--f-----If-----t_#_----. 

o 
o 

o~--~---~~~~~~~----~--~ 
o 5 10 15 

V DD - Volts 

Figure 2. Supply Current vs. Supply Voltage 
0.04 ...---r------.r---~r-----,r-----,--......, 

~ 0.03 t---f-------tf-----_.r-----If---__t----i 

o 
a: 
a: 

~ 0.02 t---f-----tf-----f-----~~-__t--__t 
I-

a: 
« 
w 
~ 0.01 t-----+----+---+----+----+--~ ... 
-l 

o~ __ ~_~~ __ ~_~~_~ __ ~ 
o 5 10 15 

VDD - Volts 

Figure 3. Linearity Error vs. Supply Voltage 

1.0 

?f-

J: 
c.!) 
:::> 
0 0.1 
a: 
J: 
I-
0 
w 
w 
~ 

0.01 
103 104 105 

FREQUENCY - Hz 

Figure 4. Feedthrough Error vs. Frequency 
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MP7621/7541 

APPLICATION HINTS 

Linearity depends upon the potential of IOUTl and IOUT2 
(pin 1 and pin 2) being exactly equal to GND (pin' 3) and the 

output amplifier's non-inverting (+) input. Careful PC board 
'layout and adjustment and selection of the amplifier's offset 
voltage and bias current are necessary. 

The input structures of some high speed operational amplifiers. 
can attempt to draw substantial current 'duri~g switch-on. 
Schottky diodes should be used in these circumstances to 

prevent the absolute maximum rating for VOUTI and VOUT2 
being exceeded. . 

The power supply should be carefully checked for noise, 
which would affect performance, and overshoot which could 
damage the device. 

Unused digital inputs must always be' grounded or taken to 
VDD to ensure correct operation. Particular care should be 
taken when digital inputs are routed to another PC card. It is 
recommended that inputs open-circuited when PC cards are 
disconnected be taken to VDD or GND via high value (lMr2) 
resistors to prevent the accumulation of static charges. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

I ~]~~~~]~]3;~ 
I 091 [23 12[ I . ---- . 

089 [22 Gl[ 

"~.~J~-~ 0125 (3181 

--H-- --1 ~ 
Ft

o.!05[ 
~ 

:',2[03051 
o C0810 203f 

I- ·1 
0306 [7 7S[ 
~ 

0.06 [1531 
~ 

00210 S08[ 0 105 [2 671 
'OOi5iOTsii ~ 

18-PIN CERAMIC DIP 

1:::::::::~3i:: 
~ 091123.121 ~ 10.306177BI~ 

L~0'89[22'611 'ft' 029417.471 01413561 

~ 012[3051 

MAX ~ ~ -r-J II ~:~~~~:~I ~ 
~ -l~ ~ ~ 0012[0305' 0 

o:ooiiiii"iQjl 
0.06511661 
~ 

0.02 [0.5081 
~[ 

0105 [2.671 
0ii9si'i'42i 

18-PIN PLASTIC DIP 
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Octal Buffers 

Features /Benefits 
• 3-state outputs drive bus lines • 20-pin Skinny DlpTM saves space 

• Schmitt trigger guarantees high noise. margin • 8-bits matches byte boundaries 

• Low current PNP inputs reduce loading • Ideal for microprocessor interface 

PART 
PKG TEMP. ENABLE POLARITY 

THRESH-
POWER 

NUMBER OLD 

SN74LS240 N,J com, 
LOW 

SN54LS240 J mil 
Invert 

67LS306 N,J com LOW-

57LS306 J mil HIGH 
Hysteresis 

SN74LS244 N,J com 
SN54LS244 J mil 

LOW 
Non-

SN74LS241 N,J com LOW- invert 
I 

SN54LS241 J mil HIGH 
LS 

67LS300 N,J com 
LOW 

57LS300 N mil 
Invert 

67LS307 N,J com LOW-

57LS307 N mil HIGH Schmitt 

67LS304 N,J com 
LOW 

trigger 

57LS304 N mil Non-

67LS301 N,J com LOW- invert 

57LS301 N mil HIGH 
SN74S240 N,J com 

LOW 
SN54S240 N mil 

Invert 
67S306 N,J com LOW-

57S306 N mil HIGH 
Hysteresis 

SN74S244 N,J com 
SN54S244 N mil 

LOW 
Non-

SN74S241 N,J com LOW- invert 

SN54S241 N mil HIGH 
S 

67S300 N,J com 
LOW 

57S300 N. mil 
Invert 

67S307 N,J com LOW-

57S307 N mil HIGH Schmitt 

67S304 N,J com 
LOW 

\ trigger 

575304 N mil Non-

67S301 N,J com LOW- Invert 

57S301 N mil HIGH 

1165 Ea.t Arqu •• Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-922911~ [I] I f I] m n [ti ~ m , If I ] j [=11 
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Octal Buffers 

Description 
The Octal Buffers provide high speed and high current interface 
capability for bus organized Digital Systems. The three-state 
drivers will source a termination to ground (up to 1330) or sink a 
pull-up to vee as in the popular 2200/3300 computer periph­
eral termination. The PNP inputs provide improved fan-in with 
0.2 rnA IlL on the Low Power Schottky buffers and 0.4 rnA IOC 
on the Schottky buffers. 

The 240 and 244 provide inverting and non-inverting outputs 
with active low enables. The 241 and 306 provide inverting and 
non-inverting outputs with both active low and active high en­
ables allowing transceiver operation. 

Logic Symbols 
240, 300 

El Vee 

lAl E2 

2Y4 lYl 

lA2 2A4 

2Y3 lY2 

lA3 2A3 

2Y2 1Y3 

lA4 2A2 

2Yl 1Y4 

GND 2Al 

244, 304 

E1 Vee 

lAl E2 

2Y4 1Yl 

lA2 2A4 

2Y3 lY2 

1A3 2A3 

2Y2 lY3 

lA4 2A2 

2Y1 lY4 

GND 2Al 

©IC'MASTER 1979 

In addition to the standard Schottky and Low Power Schottky 
Octal Buffers, Monolithic Memories provides a full hysteresis 
with "a true" Schmitt trigger circuit. The improved performance 
characteristics are designed to· be consistent with the SN54/ 
74LS14 Hex Schmitt trigger and guarantee a full 400 mV noise 
immunity. 

The Schmitt Trigger operation makes the LS buffers ideal for 
bus receivers in a noisy environment. The Schmitt Trigger oper­
ation on the S buffers acts as a safeguard against feedback 
oscillation and prevents slow transitions through the threshold 
region, insuring fast transitions and reducing ICC spikes. 

241,301 

E1 Yee 

lAl E2 

2Y4 lYl 

lA2 2A4 

2Y3 lY2 

lA3 2A3 

2Y2 1Y3 

lA4 2A2 

2Yl 1Y4 

GND 2Al 

306, 307 

E1 Vee 

lAl. E2 

2Y4 1Yl 

lA2 2A4 

2Y3 1Y2 

lA3 2A3 

2Y2 1Y3 

lA4 2A2 

2Yl 1Y4 

GND 2Al 
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SN74LS240 SN74LS241 SN74LS244 67LS306 SN54LS240 SN54LS241 SN54LS244 57LS306 

Absolute Maximum Ratings 
Supply Voltage, Vee ................................................................................................ 7V 
Input Voltage .......................... : ................................................................... " .......... 7V 
Off-State Output Voltage ............................................................................................. 7V 
Storage Temperature Range ............................................................................ -65°e to +150oe 

Recommended Operating Conditions 

SYMBOL . PARAMETER 
MIN 

Vee " Supply voltage 4.5 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air temperature -55 

MILITARY 

NOM 

5 

MAX 

5.5 

-12 

12 

125 

COMMERCIAL 
MIN NOM MAX UNIT 

4.75 5 5.25 V 

-15 mA 

24 mA 

0 70 °e 

Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

MILITARY 
SYMBOL PARAMETER TEST CONDITIONS 

MIN TYP MAX 

COMMERCIAL 

MIN TYP MAX 
UNIT 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

Vie Input clamp voltage Vee = MIN, II = -18 mA -1.5 -1.5 V 

Hysteresis (VT + - VT - ) Vee = MIN 0.2 0.4 0.2 0.4 V 

Vee = MIN, VIH = 2 V, 
2.4 3.4 2.4 3.4 

VIL = MAX 10H = -3mA 
VOH High-level output voltage 

Vee = MIN, VIH = 2 V, 
V 

VIL = 0.5 V, IOH = MAX 
2 2 

Vee = MIN, 
10L = 12 mA 0.4 0.4 

VOL Low-level output voltage VIH = 2 V, V 

VIL = VILMAX 10L = 24 mA 0.5 

IOZH Vee, VIL = MAX VO= 2.7 V 20 20 I 

10ZL 
Off-state output current 

VIH = 2 V Vo = 0.4 V -20 -20 
jJ..A 

II 
Input current at maximum 

Vee = MAX, VI = 7V 0.1 0.1 mA 
input voltage 

IIH High-level input current, any input Vee = MAX, VI = 2.7 V 20 20 jJ..A 

IlL Low-level input current Vee = MAX, VIL = 0.4 V -0.2 -0.2 mA 

lOS Short-circuit output current Vee = MAX -40 -225 -40 -225 mA 

Outputs high 
Vee = MAX 

All 13 23 13 23 
'LS240, LS306 26 44 26 44 

iee Supply current 
Outputs low 

'LS241, 'LS244 27 46 27 46 
mA 

All outputs 
Outputs open 

'LS240, LS306 29 59 29 50 

disabled 'LS241, 'LS244 32 54 32 54 

Switching Characteristics Vce = 5 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS 
LS240, LS306 LS241 , LS244 

UNIT 
MIN TYP MAX MIN TYP MAX 

tPLH Propagation delay, low-to-high 9 14 12 18 ns 

tPHL Propagation delay, high-to-Iow eL = 45 pF, RL = 667·0, 12 18 12 18 ns 

tpZL Ouptut enable time to low level See Page 10-4 20 30 20 30 ns 

tPZH Output enable time to high level 15 23 15 23 ns 

tPl2 Output disable time from low level eL = 5 pF, RL = 667 n, 15 25 15 25 ns 

tPHZ Output disable time from high level See Page 10-4 10 18 10 18 ns 
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67LS304, 67LS307, 57LS300,' 57LS301, 57LS304, 57LS307 

....... , ................................................... : ................................... 7V 
................................................................................................ 7V 

.................................................................................. 0 .............................................. 7V 
........... : ..................................... '. . . . . . . . . . . . . . . . . . . . . . . . . . .. -65°e to +150 oe 

nded Operating Conditions 

PARAMETER 
MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX UNIT 

'{C~ Ipply voltCig~ f.5 .5 .75 5.25 

191-! High-level output 12 mA 

IOL L..... '" " o~tp~t 'rent 12 24 mA 

TA upe~ CUll Il::f free-ail It: ·55 125 0 70 °e 

. 
Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

TEST CONDITIONS 
MILITARY COMMERCIAL r--. SYMBOL PARAMETER UNIT 

MIN TYP MAX MIN TYP MAX 

VT + Positive-going threshold voltage Vee = 5V 1.5 1.7 2.0 1.5 1.7 2.0 V 

VT- Negative-going threshold voltage Vee = 5V 0.6 0.9 1.1 0.6 0.9 1.1 V -
Vie Input clamp voltage Vee = MIN, II = -18 mA -1.5 -1.5 V ~ 

Hysteresis (VT + - VT - ) Vee = 5V 0.4 0.8 0.4 0.8 V ~ 
Vee = MIN, VIH = 2 V, 

2.4 3.4 2.4 3.4 
VIL = MAX, 10H = -3mA 

VOH . High-level output voltage 
Vee = MIN, VIH = 2 V, 

V 

Vil = 0.5 V, 10H == MAX 
2 2 

Vee = MIN, 
10l::-: 12 mA 0.4 0.4 

Val low-level output voltage VIH = 2 V, V 

VIL = VllMAX 10l = 24 mA 0.5 

10ZH Vee, Vil = MAX Va = 2.7 V 20 20 

10Zl 
Off-state output current 

VIH = 2 V Vo = 0.4 V 
/LA 

-20 -.20 

II 
Input current at maximum 

Vee = MAX, VI = 7V 0.1 0.1 rnA 
input voltage 

IIH High-level input current, any input Vee = MAX, VI = 2.7 V 20 20 /LA 

III low-level input current Vee = MAX, Vil = 0.4 V -0.2 -0.2 mA 

lOS Short-circuit output current Vee = MAX -40 -225 -40 -225 mA 
-

. Outputs high 
lS300, LS307 13 23 13 23 

LS301, LS304 18 31 18 31 
Vee = MAX 

LS300, LS307 26 44 26 44 

lee Supply current 
Outputs low 

LS301, lS304 32 46 32 46 
mA 

All outputs 
Outputs open 

lS300, LS307 29 59 29 50 

disabled lS301, lS304 34 54 34 54 

Switching Characteristics VCC = 5 V, TA = 25
C

C 

SYMBOL PARAMETER ;fEST CONDITIONS 
LS300, LS307 LS301, LS304 

UNIT 
MIN TYP MAX MIN TYP MAX 

tPLH Propagation delay, low-to-high 19 19 ns 

tPHL Propagation delay, high-to-Iow eL = 45 pF, RL = 667 n, 19 19 ns 

tpZL Ouptut enable time to low level See Page 10-4 37 26 ns 

tPZH Output enable time to high level 26 26 ns 

tPLZ Output disable time from low level el = 5 pF, RL = 667 n, 19 22 ns 

tPHZ Output disable time from high level See Page 10-4 19 22 ns 
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SN74LS373,67LS380,SN74LS374,67LS376,SN54LS373,57LS380,SN54LS374,57LS376 

Absolute Maximum Ratings 
Supply Voltage, VCC .......................................................................... : ..................... 7V 
Input Voltage ..................................................................... " ................................ 5.5V 
Off-State Output Voltage ........................................................................................... 5.5V 
Storage Temperature Range ............. , ..................... -.......... " ............................. -65°C to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 
UNIT 

> 

Vcc Supply Voltage 4.5 5 5.5 4.75 5 5.25 V 

VOH High Level Output Voltage 5.5 5.5 V 

IOH High Level Output Current -1 -2.6 rnA 

Width of Clock/Gate 
High 15 15 

tw ns 
Low 15 15 

I Set Up Time 
'LS373 I ol , Ol I tsu I 

ns 
'LS374 I 20i 201 

Hold Time 
'LS373 10l 10l 

tH Or ns 
'LS374 or 

TA Operating Free Air Temperature -55 125 0 70 °c 

~ Electrical Characteristics Over Recommended Operating Free-Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY COMMERCIAL 

MIN TYP MAX MIN TYP MAX 
UNIT 

VIH High-level input voltage 2 2 V 

VIL Low~level input voltage 0.8 0.8 V 

VIC Input clamp voltage VCC = MIN, II = -18mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC = MIN. VIH = 2 V. 

VIL = VILMAX, 10H = MAX 
2.4 3.4 2.4 3.1 V 

VOL Low-level output voltage 
VCC = MIN. VIH = 2 V, IIOL = 12 rnA 0.25 0.4 0.25 0.4 

VIL = VILMAX I 10L = 24 rnA 
V 

0.35 0.5 

10ZH High off-state current VCC = MAX, VIH = 2V, Vo = 2.7 V 20 20 p.A 

10ZL Low off-state current VCC = MAX, VIH = 2 V, Vo = 0.4 V -20 -20 p.A 

II Input current at max VI VCC = MAX, V, = 7 V 0.1 0.1 rnA 

IIH High-level input current VCC = MAX, VI = 2.7 V 20 20 p.A 

III Low-level input current VCC = MAX, VI = 0.4 V -0.4 -0.4 rnA 

I lOS Short-circuit current VCC = MAX -30 -130 -30 -130 rnA 

Supply current 
I Latch 24 40 24 40 

ICC VCC MAX 1 Register 
rnA 

27 40 27 40 

Switching Characteristics VCC = 5 V, TA = 25°C 

SYMBOL PARAMETER CONDmONS 
LATCH REGISTER 

MIN TYP MAX MIN TYP MAX 
UNIT 

fMAX Maximum Clock Frequency 35 50 MHz 

tPLH 
Data to Output Delay 

12 18 
ns 

tPHL 
CL = 45pF 

12 18 

tPLH 20 30 15 28 
Clock/Gate to Output Delay RL = 6670 ns 

tPHL 18 30 19 28 

tPZH 
See Page 10-4 

15 28 20 28 
Output Enable Delay ns 

tPZL 25 36 21 28 

tPHZ 
Output Disable Delay 

CL = 5pF See 12 20 12 20 

RL = 6670 
ns 

tPLZ Page 10-4 15 25 14 25 
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, 67S304, 67S307, 57S300, -57S301, 57S304, 57S307 

............................................................................................... 7V 
............................................................................................. 5.5V 

........................................................................................... 5.5V 
........ '.' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 

MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 

*The SN54S241/244J operating at free air temperature above 116°C requires a heat sink such that ROCA is not more than 40°C/W 

Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER CONDITIONS 
S300, S307, S301, S304 

MIN TYP MAX MIN TYP MAX 

VT+ Positive going threshold voltage VCC = 5V 1.5 1.7 1.9 1.5 1.7 1.9 

VT- Negative-going threshold voltage VCC = 5V 0.7 0.9 1.1 0.7 0.9 1.1 

VIC Input clamp voltage Vce = MIN, II = -18mA -1.2 -1.2 

Hystersis (VT + - VT - ) VCC = MIN 5V 0.4 0.8 0.4 0.8 

High-level 
74S VIL = 0.8V, IOH = -1mA 2.7 2.7 

Vec = MIN 54S 
VOH I output 74S VIL = 0.8V, IOH = -3mA 2.4 3.4 2.4 3.4 

. voltage V IH = 2V 54S VIL = 0.5V, IOH = MAX 74S 
2 2 

VOL Low level output voltage 
VCC = MIN, VIH = 2V 

0.55 0.55 
VIL = 0.8V, IOL = MAX 

10ZH 
VCC = MAX 

Vo = 2.4V 50 50 

10ZL 
Off state output current VIH = 2V 

Vo = 0.5V -50 -50 
VIL =. 0.8V 

II Maximum input current VCC = MAX, VI = 5.5V 1 1 

IIH High level input current VCC = MAX, VI = 2.7V 50 50 

Low level Any A - -400 -400 
IlL 

input current Any E 
VCC ,= MAX, ·VI = 0.5V 

-400 -400 

lOS Short circuit output current1 VCC = MAX -50 -225 -50 -225 

Military 123 147 
Outputs high 

Commercial 135 160 
VCC = MAX 

Military 100 145 120 170 
ICC Supply current Outputs low Outputs Open 

Commercial 100 150 120 180 

Outputs Military 100 145 120 170 

disabled Commercial 100 150 120 .180 

Switching Characteristics VCC = 5 V, TA = 25 C 

SYMBOL PARAMETER TEST CONDITIONS 
S300, S307 S301, S304 

MIN TYP MAX MIN TYP MAX 

tPLH 

tPHL 
Data to output delay CL = 50 pF 

RL = 900 
tpZL See Page 10-4 
tpZH 

Output enable delay 

tPLZ CL = 5 pF See 

tPHZ 
Output disable delay RL = 90n Page 10-4 
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UNIT 

UNIT 

V 

V 

V 

V 

V 

V 

fJ-A 

mA 

fJ-A 

fJ-A 

fJ-A 

mA 

rnA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 
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Octal Transceiver 
SN74LS245,SN54LS245 
67LS305, 67 LS31 0, 57LS305, 57 LS31 0 

Features/Benefits PART 
• 3-state outputs drive bus lines NUMBER 
• Schmitt trigger guarantees high noise margin 
• Low current PNP inputs reduce loading SN74LS245 

• 20 pin Skinny DlpTM saves space SN54LS245 

• 8 bits matches byte boundaries 67LS305* 
• Ideal for microprocessor interface 57LS305* 

, Description 
67LS310* 

57LS310* 

PKG 

N,J 

J 

N"J 
J 

N,J 

I J 

TEMP POLARITY THRESHOLD 

com Non-

mil invert 
Hysteresis 

com Non-

mil invert Schmitt 

I com 
Invert 

trigger 

I mil 

These Octal Bus transceivers are designed for asynchronous 
two-way communication between data buses. The control func­
tion implementation minimizes external timing requirements. Function Table LS24S, LS30S 

The device allows data transmission from the A bus to the B bus 
or from the B bus to the A bus depending upon the logic level at 
the direction control (OIR) input. The enable input (E) can be 
used to disable the device so that the buses are effectively 
isolated. " 

In addition to the standard Octal transceivers, Monolithic Mem­
ories provides a full hysteresis with "a true" Schmitt Trigger 
circuit. The improved performance characteristics are designed 
to be consistent with the SN54/74LS14 Hex Schmitt Trigger 
and guarantee a full 400 mV noise immunity. 

The Schmitt Trigger operation makes these LS transceivers 
ideal for noisy bus environments. 

Logic Symbols (S245, LS305 

* Preliminary Data 

ENABLE 
DIRECTION 

E CONTROL 
DIR 

L L 
L H 
H X 

Function Table LS310 

ENABLE 
DIRECTION 

E CONTROL 
DIR 

L L 
L H 
H X 

LS310 

DIR 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

GND 

OPERATION 

B data to A bus 
A data to B bus 

Isolation 

OPERATION 

B data to A bus 
A data to B bus 

Isolation 

Vee 

E 

81 

82 

83 

84 

85 

86 

87 

88 

1165 East Arques Avenue. Sunnyvale. CA 94086 Tel: (408) 739·3535 TWX: 910.339.9229 1 fJ t., a I iH 1 n til ~j f§ m I ] ; [11 
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SN74LS245, SN54LS245 

Abso'lute Maximum Ratings, 

Supply Voltage, Vec ........................................................................... ' .................... 7V 
Input Voltage ,..................................................................................................... 7V 
Off-State Output Voltage ............................................................................................ 7V 
Storage Temperature Range ........................................................................... -65°e to +150;e' 

Recommended Operating Conditions 

MIN 

MILITARY 

NOM MAX 

COMMERCIAL 

MIN NOM MAX 
UNIT SYMBOL PARAMETER 

Vce Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

IOH High-level output current -12 -15 mA 

IOL Low-level output current 12 24 mA 
TA Operating free-air temperature -55 125 o 70 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

MILITARY COMMERCIAL 
SYMBOL PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 
UNIT 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIC Input clamp voltage Vec = MIN, II = -18 mA -1.5 -1.5 V 

Hysteresis (VT + - VT -) A or B input Vec = MIN 0.2 0.4 0.2 0.4 V 

Vec = MIN, 
IOH = -3mA 2.4 3.4 2.4 3.4 

VOH High-level output voltage VIH = 2V, V 

VIL = VIL max 
IOH = MAX 2 2 

Vec = MIN, 
IOL = 12 mA 0.4 0.4 

VOL Low-level output voltage VIH = 2V, V 

VIL = VIL max 
IOL = 24mA 0.5 

IOZH 
Vee = MAX, Vo = 2.7V 10 10 

Off-state output current 
Eat 2 V 

JLA 

IOZL 
Vo = 0.4 V 200 200 

II 
Input current at maximum I A or B 

VCC = MAX, 
VI = 5V 

0.1 0.1 mA 
Input voltage I DIR, E VI = 7V 

IIH High-level input current VCC = MAX, VIH = 2.7 V 20 20 JLA 

IlL Low-level input current Vec = MAX, VIL = 0.4 V -0.2 -0.2 mA 

lOS Short-circuit output current Vec = MAX -40 -225 -40 -225 mA 

Total, outputs high 48 70 48 ,70 

ICC' Supply current Total, outputs low Vec = MAX, Outputs o'pen 68 90 88 90 mA 

Outputs at_ Hi-Z 64 95 64 95 

Switching Characteristics vee = 5 V, TA = 25°e 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tPLH Propagation delay, low-to-high ns 

tpHL Propagation delay, high-to-Iow CL ' 45 pF, RL = 667 n, See Page 10-4 ns 

tpZL Output enable time to low-level ns 

tpZH Output enable time to high-level ns 

tpLZ Output disable time from low-level ns 

tPHZ Output disable time from high-level 
CL -" 5 pF, RL '. 667 0, See Page 10-4 

ns 
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67LS305,67LS310,57LS305,57LS310 

............................................................................................... 7V 
.................................................................................................... 7V 
Voltage ............................................................................................. 7V 

rature Range .................................................................. , ........ -65°C to +150oe 

mended Operating Conditions 

PARAMETER 
MIN 

MILITARY 

NOM .MAX 

COMMERCIAL 

MIN NOM MAX 
UNIT 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

MILITARY COMMERCIAL 
SYMBOL PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 
UNIT 

VT+ Positive-going threshold voltage Vee = 5V 1.5 1.7 1.9 1.5 1.7 1.9 V 

Vt- Negative-going threshold voltage Vee. = 5V 0.7 0.9 1.1 0.7 0.9 1.1 V 

VT- Input clamp voltage Vee = MIN, II = -18 rnA -1.5 -1.5 V 

Hysteresis (VT + - VT -) A or B input Vee = MIN 0.4 0.8 0.4 0.8 V 

Vee = MIN, 
10H = -3mA 2.4 3.4 2.4 3.4 

VOH High-level output voltage VIH = 2V, V 

VIL = VIL max 
10H = MAX 2 2 

Vee = MIN, 
10l = 12 rnA 0.4 0.4 

VOL Low-level output voltage VIH = 2V, V 

VIL = VIL max 
10L = 24 rnA 0.5 

10ZH 
Vee = MAX, Va = 2.7 V 10 10 

Off-state output current 
Eat 2 V 

/-LA 

10ZL 
Va = 0.4 V -200 -200 

II 
Input current at maximum I A or B 

Vee = MAX, 
VI = 5.5V 

0.1 0.1 rnA 
Input voltage I DIR, E VI = 7V 

IIH High-level input current Vee = MAX, VIH = 2.7 V 20 20 /-LA 

IlL Low-level input current Vee = MAX, VIL = 0.4 V -0.2 -0.2 rnA 

lOS Short-circuit output current Vee = MAX -40 -225 -40 -225 rnA 

Total, outputs high 

ICC Supply current Total, outputs low VCC = MAX, Outputs open 62 90 62 90 rnA 

Outputs at Hi-Z 64 95 64 95 

Switching Characteristics vee = 5 V, TA = 25°e 

SYMBOL PARAMETER TEST CONDITIONS 
CS305. LS310 LS310 

UNIT 
MIN TYP MAX MIN TYP MAX 

tPLH Propagation delay, low-to-high CL 45 pF. ns 

tPHL Propagation delay, high-to-Iow Rl ~ 6670 ns 

tpZl Output enable time to low-level See Page 10-4 ns 

tpZH Output enable time to high-level ns 
tpLZ Output disable time from low-level Cl : 5 pF. See ns 

tPHZ Output disable time from high-level RL - 667 !! Page 10-4 ns 
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® MOTOROLA 
Semiconductors 
3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

HIGH SPEED PROGRAMMABLE DIVIDE-BY-N 
DUAL 4-BIT BCQ/BINARY COUNTER 

The MC'14569B is a high speed programmable divide-by-N dual 
4-bit BCD or binary down counter constructed with MOS P-channel 
and N-channel enhancement mode devices (complementary MOS) 
in a single monolithic structure. 

It has been designed for use with the MC14568B phase compara­
tor/counter in frequency synthesizers, phase-locked loops, and other 
frequency division applications requiring low power dissipation and/ 
or high noise immunity. 

• 9.5 MHz Typical Counting Rate at 10 V for Any Division 
Ratio Greater Than 1 

• Speed-up Circuitry for Zero Detection and Preset Enable 

• Each 4-Bit Counter Can Divide Independently in BCD 
or Binary Mode 

• Quiescent Current = 5 nA typ/pkg @ 5 Vdc 

• Can be Cascaded With MC14568B, MC14522B and MC14526B 
for Frequency Synthesizer Appl ications 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating 

DC Supply Voltage 

Input Voltage, Aii Inputs 

DC Current Drain per Pin 

Operating Temperature Range - A L Device 

CL/CP Device 

Storage Temperature Range 

CTL = "0" for Binary Count 

CTL = "1" for BCD Count 

Symbol 

VDD 

Vin 

I 

TA 

T stg 

Value 

-0.5 to +18 

-0.5 to VDD + 0,5 

10 

-55 to +125 

-40 to +85 

-65 to +150 

BLOCK DIAGRAM 

Unit 

Vdc 

Vdc 

mAdc 

°c 

°c 

MC14569B 

'MeMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

HIGH SPEED PROGRAMMABLE 
DIVIDE-BY-N DUAL 4-BIT 
BCD/BINARY COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

Mel,XXX. l1::SUffiX Denotes 

L Ceramic Package 
P Plastic Package 
A Extended Operating 

Temperature Range 

C I;-imlted Operating 
Temperature Range 

DpA1 

3 

CTLa DpBl DPB2 DPB3 DPB4 

BCD/Binary 

High Speed 

Johnson Counter 

C F 0--------.., 
7 

r 
Clock 

PE 

Preset Enable 

(Including Early Zero Detection) 

This is advance information and specifications are subject to change without noHce. 

778 

11 12 13 j14 

4-Bit BCD/Binary 

Synchronous Counter 
Q 

15 

VDD = Pin 16 

VSS = Pin 8 

~-----------a PE out 

@MOTOROLA INC., 19n OS 9454 
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MC14569B 

ELECTRICAL CHARACTERISTICS 

Voo 
Characteristic Symbol Vdc 

Output Voltage "0" Level VOL 5.0 

Vin =VDD or 0 10 

15 

"1" Level VOH 5.0 

Vin=OorVDD 10 

15 

Input Voltageff "0" Level VIL 
(VO ~ 4.5 or 0.5 Vdc) 5.0 

(VO =9.0 or 1.0 Vdc) 10 

(VO = 13.5 or 1.5 Vdc) 15 

"1" Level VIH 
(VO = 0.5 or 4.5 Vdc) 5.0 
(VO = 1.0 or 9.0 Vdc) 10 
(VO = 1.5 or 13.5 Vdc) 15 

Output Drive Current (AL Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 

(VOH = 4.6 Vdc) 5.0 

(VOH = 9.5 Vdc) 10 

(VOH = 13.5 Vdc) 15 

(VOL = 0.4 Vdc) Sink' IOL 5.0 

(VOL = 0.5 Vdc) - 10 

(VOL = 1.5 Vdc) 15 

Output Drive Current (CL/CP Device) IOH 
(VOH = 2.5 Vdc) Source 5.0 

(VOH =4.6 Vdc) 5.0 

(VOH =9.5 Vdc) 10 
(VOH = 13.5 Vdc) 15 

(VOL =0.4 Vdc) Sink IOL 5.0 

(VOL = 0.5 Vdc) 10 

(VOL = 1.5 Vdc) 15 

Input Current (AL Device) lin 15 

Input-Current (CL/CP Device) lin 15 

Input Capacitance Cin -

(Vin =0) 

Quiescent Current (AL Device) 100 5.0 
(Per Package) 10 

15 

Quiescent Current (CLlCP DeVice) 100 5.0 
(Per Package) 10 

15 

Total Supply Current*'"1 IT 5.0 

(Dynamic plus Quiescent, 10 

Per Package) 15 
(CL = 50 pF on all outputs, all 
buffers switching) 

*Tlow = -55 0 C for AL Device, -400 C for ClICP Device. 
Thigh = +1250 C for AL Device, +850 C for CLlCP Device. 

#Noise immunity specified for worst-case input combination. 

Tlow 

Min 

-

-

-

4.95 
9.95 

14.95 

-
-

-

3.5 

7.0 
11.0 

-3.0 

-0.64 
-1.6 

-4.2 

0.64 

1.6 
4.2 

-2.5 

-0.52 
-1.3 
-3.6 

0.52 

1.3 

3.6 

-
-

-

-
-
-

-

-
-

Noise Margin for both" 1" and "0" level = 1.0 Vdc min @ VDD = 5.0 Vdc 

2.0 Vdc min @ VDD =10 Vdc 

2.5 Vdc min @ VDD =15 Vdc 
tTo calculate total supply current at loads other th'an 50 pF: 

IT(CL) = IT(50 pF) + 1 x 10-3 (CL -50) VDDf 

* 

Max 

0.05 
0.05 
0.05 

-

-

-

1.5 
3.0 
4.0 

-
-

-

-

-

-
-

-
-

-

-

-
-
-

-

-

-

±0.1 

± 0.3· 

-

5.0 
10 

20 

50 

100 
200 

2SoC Thigh* 

Min Typ Max Min Max Unit 

- 0 0.05 - 0.05 Vdc 
- 0 0.05 - 0.05 
- 0 0.05 - 0.05 

4.95 5.0 - 4.95 - Vdc 
9.95 10 - 9.95 -

14.95 15 - 14.95 -

Vdc 
- 2.25 1.5 - 1.5 
- 4.50 3.0 - 3.0 
- 6.75 4.0 - 4.0 

3.5 2.75 - 3.5 - Vdc 

7.0 5.50 - 7.0 -

11.0 8.25 - , 11.0 -

mAdc 
-2.4 -4.2 - -1.7 -

-0.51 -0.88 - -0.36 -
-1.3 -2.25 - -0.9 -
-3.4 -0.88 -2.4 

-
- -

0.51 0.88 - 0.36 - mAdc 
1.3 2.25 - '0.9 -

3.4 8.8 - 2.4 -

mAdc 

-2.1 -4.2 - -1.7 -

-0.44 -0.88 - -0.36 -

-1.1 -2.25 - -0.9 -

-3.0 -8.8 - -2.4 -

0.44 0.88 - 0.36 - mAdc 

1.1 2.25 - 0.9 -

3.0 8.8 - 2.4 -

- ±0.00001 ±0.1 - ± 1.0 ,uAdc 

- ±0.00001 ± 0.3 - ± 1.0 ,uAdc 

- 5.0 7.5 - - pF 

- 0.005 5.0 - 150 ,uAdc 

- 0.010 10 - 300 
- 0.015 20 - 600 

- 0.005 50 - 150 ,uAdc 
- 0.010 100 - 300 
- 0.015 200 - 600 

(0.58 ,uA/kHz)f + 100 ,uAdc 

(1.20,uA/kHz)f + 100 

(1.95J..LA/kHz)f+ 100 

where: IT is in,uA (per package), CL in pF, VDD in Vdc, and f in kHz is input frequency. 
• 'The formulas given are for the typical characteristics only at 250 C. 

This devicp. contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. F or proper operation it 
is recommended that Vin and Vout be 
constrained to the range VSS .;;;; (Vin or 
V out) .;;;; VDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

VSS or VDD)' 

"--------® MOTOROLA Semiconductor Products Inc. --------
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MC14569B 

SWITCHING CHARACTERISTICS (CL '" 50 pF, T A = 250 C) 

Voo 
All Types 

Characteristic Symbol Vdc Min Typ Max Unit 

Output Rise Time tr 5.0 - 100 200 ns 
10 - 50 100 
15 ~ 40 80 

Output Fall Time tf 5.0 - 100 200 ns 
10 - 50 100 
15 - 40 '80 

Turn-On Delay Time tpLH ns 
PEout 5.0 - 420 700 

10 - 175 300 

15 - 125 250 

I 
Q Output 

I 
5.0 - 675 1200 ns 
10 -

/ 

285 
/ 

500 
15 I - 200 400 I 

Turn-Off Delay Time tpHL ns 
PEout 5.0 - 380 600 

10 - 150 300 

15 - 100 200 

Q Output 5.0 - 530 1000 ns 
10 - 225 400 . 15 - 155 300 

Minimum Clock Pulse Width PWC 5.0 - 100 300 ns 
10 - 45 150 

15 - 30 115 

Maximum Clock Pulse Frequency # PRF 5.0 2.1 3.5 - MHz 
10 5.7 9.5 -
15 7.8 13.0 -

Maximum Clock Pulse Rise and Fall Time t r . tf 5.0 p.s 
10 NO LIMIT 

15 

#This inplies that zero detection and preset enable is done while the clock is running at the specified frequency. 

SWITCHING WAVEFORMS 

FIGURE 1 

c fin=fmax 

Q 

~ ________ t;r 
J.:t-

FIGURE 2 

20 ns 

c 

PE 

t----tpLH ----4Ifr-4 
90% 

10% ------------------------jtr 

~------® MOTOROLA Semiconductor Products Inc. ______ --..J 
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MC145698 

OPERATING CHARACTERISTICS 

The MC14569B includes a high speed Johnson counter 
followed by a BCD/binary 4-bit synchronous counter (see 
block diagram). The use of an encoder allows the Johnson 
counter to be programmed (i.e. preset) in BCD or binary 
code through inputs DPA 1, DPA2, DPA3, and DPA4. 

The BCD/binary counter can be programmed through 
inputs DPB 1, DPB2, DPB3, and DPB4. For each counter a 
divide ratio of 10 (BCD count) or 16 (binary count) can 
be chosen independently by inputs CTLA and CTLB 
respectively. When one of those inputs is set high, the 
divide ratio of the corresponding counter is 10 (BCD); 
when it is set low, the division ratio is 16 (binary). 

A Cascade Feedback input (pin 7), a Q output (pin 15) 
and a Preset Enable output (pin 1) made it possible to 
cascade the MC14568B, MC14522B and MC14526B with 
this device. CF, Q and PEout of MC14569B must be 
respectively connected to "0", C and PE of the following 
counter. 

18 

16 

14 

N 
I 

~ 12 

>-
0 
Z 10 w 

~ 

:--"" ........ 
~ 

~ 

~ 
.......... 

........... 
::> 
d 
w 
a: 8.0 
u.. 
'+--

6.0 

~ 

When MC14569B is u~ed alone, CF must be connected 
to VDD. One pulse will appear on output PEout every N 
clock periods (N being the value programmed on the Dp 
inputs). Both counters included in MC14569B, and even­
tually all the counters which are cascaded, should nor­
mally be preset at the programmed values during the clock 
period where they all reach the count zero. For best speed 
performance, preset is started as soon as count 1 is detected. 
As a consequence, it is not possible to program a frequency 
division ratio of one. However, it is possible to program a 
division ratio of 11 (i.e. DPA 1, ... DPA4 = 1,0,0,0 and 
DPB 1, ... DPB4 = 1,0,0,0), or a division ratio of, 101 if 
another counter is cascaded with the MC14569B. 

This high speed configuration makes it possible to 
guarantee a maximum clock pulse frequency of 5.7 MHz 
for a 10 V VDD supply for any division ratio greater than' 
one. Due to .the presence of the early zero detection, the 
circuit must be used in the two least significant digit 
positions. 

Because all the circuitry is static, there is no minimum 
frequency specification for the Clock input, C (pin 9). 

. L 
c L = 50 pF 

~, Voo=15V_ 

.......... 1'--
r--

~ 
~ 10 V 

------~ 

4.0 -r-- 5.0 v r---I--

2.0 

o 
-40 -20 o +20 +40 +60 +80 +100 

T A, AMBIENT TEMPERATURE (oC) 
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Advance InforIllation 

ANALOG TO DIGITAL CONVERTER 
LINEAR SUBSYSTEM 

The MC14443 and the MC14447 devices are 6 channel, single 
slope, '8-10 bit analog to digital converter linear subsystems for 
microprocessor based data and control, systems. Contained in both 
devices are a one of 8 decoder, an 8 channel analog multiplexer, 
a buffer amp! i fier, a precision voltage to current converter, a ramp 
start circuit, and a comparator. The output driver of the MC14443 
comparator is an open-drain N-channel capable of sinking up to 
5 mA of current. The output of the MC14447 comparator has a 
standard B-Series P-channel, N-channel pair. 

A processor syst~m (such as the MC6800, MC141000 or 
MC3870) provides the addressing, timing, counting, and arithmetic 
operations required for implementing a full analog to digital 
converter system. A system made up of a processor and the linear 
subsystem has features such as automatic zeroing and variable scaling 
(weighting) of six separate analog channels. 

• Quiescent Current 0.8 mA Typical at VDD = 5 V 

• Single Supply Operation +4.5 to + 18 Volts 

• MPU Compatible 

• Typical Resolution - 10 Bits 

• Typical Conversion Cycle as Fast as 300 jJ.S 

• Ratio Metric Conversion Minimizes Error 

-=-
Ch1 

Ch2 
c 

a; 0 

Ch3 x E 
~ E 
c. 0 
';; U 

Ch4 ::J 
~ 

Ch5 

Ch6 

Rttf 

2 
A2Q----I 

BLOCK DIAGRAM 

Ramp Start 
" 3 

VDD = Pin 14 

Vss=Pin5 

This is advance information and specifications are subject to change without notice. 
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MC14443 
MC14447 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

MICROPROCESSOR BASED 
ANALOG TO DIGITAL CONVERTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

MC14XXX 

2 

3 

4 

5 

6 

7 

8 

1 fU;f'X~I~t;i;~:k"~'''' 
A Extended Operating 

Temperature Range 

C LImited Operating 

Temperature Range 

PIN ASSIGNMENT 

16 

15 

14 

13 

12 

11 

10 

9 
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MC14443 • MC14447 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vdc 

Input Voltage, All Inputs Vin -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - AL Device TA -55 to +125 °c 
C LlCP Device -40 to +85 

Storage Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS 

Voo Tlow * 

Characteristic Symbol Vdc Min Max 

Output Voltage-Comparator "0" Level VOL 5.0 - 0.05 
Vin @ Pin 4 =0 V 10 - 0.05 

15 - 0.05 

Vin@Pin4=0.5V "1" Level VOH 5.0 4.95 -

(RL = 10 k, MC14447 only) 10 9.95 -

15 14.95 -

Input Voltage-Address, Ramp Start "0 Level" VIL 

(VO = 4.5 or 0.5 Vdc) 5.0 - 1.5 
(VO = 9.0 or 1.0 Vdc) 10 - 3.0 
(VO = 13.5 or 1.5 Vdc) 15 - 4.0 

"1" level VIH 
(VO = 0.5 or 4.5 Vdc) 5.0 3.5 -

(VO = 1.0 or 9.0 Vdc) 10 7.0 -
(VO = 1.5 or 13.5 Vdc) 15 11.0 -

Output Drive Current-Comparator IOH 
Vin @ Pin 4 = 0.5 V (MC14447 only) 

(VOH = 2.5 Vdc) 5.0 -2.5 -

(VOH = 4.6 Vdc) 5.0 -0.52 -
(VOH = 9.5 Vdc) 10 -1.3 -

(VOH = 13.5 Vdc) 15 -3.6 -

Vin@Pin4=OV IOl 
(VOL = 0.4 Vdc) 5.0 0.52 -

(VOL = 0.5 Vdc) 10 1.3 -

{VOL = 1.5 Vdc) 15 3.6 -

Input Current-Address, Ramp Start lin 15 - ±0.3 

Input Current-Analog Inputs lin 15 - -

. Input Capacitance-Address, Ramp Start Cin 15 - -
Vin = 0 V 

Quiescent Current 100 5 - -
10 - -

15 - -

Crosstalk Between Any Two Input Channels VCr - - -

Reference Current Range IR - - -

Common Mode Input Voltage VCM 5 - -

10 - -

15 - -

Buffer Amplifier Output Offset VBO 5 - -

10 - -
15 - -

Comparator Threshold VTC 5 - -

10 - -

15 - -

I 
Reference Voltage Range VR 5 - -

10 - -

15 - -

Conversion Linearity lC - - -

Vin = VDD - 3 V for C > 100 pF 

"1'low = -55 0 C for Al Device, -400 C for CL/CP Device. 

Thigh = +125C for AL Device, +850 C for CL/CP Device. 

Min 

-

-
-

4.95 

9.95 

14.95 

-

-

-

3.5 

7.0 
11.0 

-2.1 

-0.44 

-1.1 

-3.0 

0.44 
1.1 

3.0 

-

-

-

-

-

-
-

10 

0 
0 
0 

-

-

-

-

-

-

2.0 

2.0 

2.0 

-

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
V out be constrained to the range V SS ..;; 
(Vin or Vout) ..;; VDD. 

25°C Thigh* 

Typ Max Min Max Unit 

0.01 0.05 - 0.05 Vdc 
0.01 0.05 - 0.05 
0.01 0.05 - 0.05 

4.99 - 4.95 - Vdc 

9.99 - 9.95 -

14.99 - 14.95 - -

Vdc 

2.25 1.5 - 1.5 
4.50 3.0 - 3.0 
6.75 4.0 - 4.0 

Vdc 
2.75 - 3.5 -

5.50 - 7.0 -

8.25 - 11.0 -

mAdc 

-4.2 - -1.7 -

-0.88 - -0.36 -

-2.25 - -0.9 -

-8.8 - -2:4 -

mAdc 
0.88 - 0.36 -

2.25 - 0.9 -

8.8 - 2.4 -

- ±0.3 - ± 1.0 ,uAdc 

±0.1 ±10 - - nAdc 

5.0 7.5 - - pF 

0.8 - - - mAde 
1.5 - - -
1.7 - - -

0 4.0 - - mVdc 

- 50 - - ,uAdc 

- 2.5 - - \'dx 
- 7.0 - -

- 12 - -

0.285 - - - Vdc 

0.400 - - -
0.420 - - -

0.195 VBO - - Vdc 

0.275 VBO - -

0.290 VBO - -

- 2.5 - - Vdc 
- 7 - -

- 12 - -

0.05 0.2 - - % Full 

Scale 
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MC14443 • MC14447 

SWITCHING CHARACTERISTICS (CL = 50 pF, T A = 250 C) 

Characteristic 

Output Rise Time-Comparator (MCl4447 only) 

Output Fall Time-Comparator 

Propagation Delay Time-Comparator MC14443 
(RL = 10 k to VDD) 

MCl4447 

I 
All Devices 

Multiplexer Propagation Delay 

Ramp Start Delay Time 

Acquisition Time* 

Voo 
Symbol Vdc 

tr 5.0 
10 
15 

tf 

I 
5.0 
10 
15 

tpLH 5.0 
10 
15 

tpLH 5.0 
10 
15 

tPHL 5.0, 

I 10 
15 

tM 5.0 
10 
15 

tRS 5.0 
10 
15 

tA 5.0 
10 
15 

Typ Max Unit 

100 200 ns 
50 100 
40 80 

,40 80 ns 
20 40 
15 30 

2.0 - J,lS 
1.0 -

0.75 -

2.0 - /-IS 
1.0 -

0.75 -

2.0 - /-IS 
1.0 -

0.75 ~ 

850 - ns 
300 -

250 -

850 - ns 
300 -

250 -

10 - J,lS 
9.0 -
8.0 -

. .. o * AcquIsition Time Includes multiplexer propagation delay, ramp start propagation delay and the time required to charge ramp capacitor to 
'0 the selected input voltage. 

~ 

DEVICE OPERATION 

ADDRESS INPUTS SELECT (AO, Al, A2, Pins 1, 2, 16) The input voltage source to be pres~nted to the measurement 
system according to the Truth Table shown in Figure 3. 

RAMP START (Ramp Start, Pin 3) When the Ramp Start is low, the ramp capacitor is charged to a voltage associated with 

the selected input channel. When the Ramp Start is brought high,the connection to the input channel is broken and the 

capacitor beginsto ramp toward VSS. 

RAMP CAPACITOR (Ramp Cap, Pin 4) The ramp capacitor is used to generate a time period when discharged from a selected 

voltage via a precise reference current. 

NEGATIVE POWER SUPPLY (VSS, Pin 5) This pin is system ground. 

REFERENCE CURRENT (Ref Current, Pin 6) To discharge the ramp capacitor, the reference current is fixed via a resistor 

(RRef) to a positive supply from pin 6. Typical current is equal to (VOO - VRef)/RRef· 

COMPARATOR OUTPUT (Comp Out, Pin 7) This output is low when the capacitor has reached the discharged voltage and 

is high otherwise. 

REFERENCE VOLTAGE (Ref Voltage, Pin 8) This voltage can be set to a voltage between VSS + 2 V and VOO - 2 V. This 

is the known voltage to which the unknown is compared. 

INPUT CHANNELS (Pins 9, 10, 11, 12, 13, 15) Input channels 1 through 6 are used to monitor up to six separate unknown 

voltages. Selection is via the address inputs. 

POSITIVE POWER SUPPL Y (VDD, Pin 14) This pin is the package positive power supply pin. 

1-.--______ ® MOTOROLA Setniconduc'for Produc'fs Inc. - _____ ---1 
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MC14~43 • MC14447 

FIGURE 1 - VOLTAGE TO PULSE WIDTH CONVERSION 

Voltage 

Reference Voltage' (VR + Vao) 

Unknown Voltage" (VX + Vao) I 

i 
Voltage at 0 V Input" (Vno) 

Comp Ref (VTC) ,- I 

IR 
Slope = C 

(VBO)count = to 

(VX + VBO)count = tx 

(VR + VBO)count = tR 

(VR)count=tR- to 

(VX)count = tx - to 

(VX)count tx - to 

(V R)count tR - to 

• Voltages measured at pin 4 o LI _L: __ ....1..-___ -'-______ ---, .. _ time 

with ramp start low. 

Address Lines 1 
from the 
Microprocessor 

A2 

0 

0 

0 

0 

1 

1 

1 

1 

Ramp start 
from the ~ 

M icroprocesso r 

Comparator 
Output to 
M icroprocesso r 

_ ..... 

Step No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

etc. 

. . 

A2 

1 

1 

0 

0 

0 

0 

0 

0 

o to 

FIGURE 2 - TRUTH TABLE 

A1 AO Input Selected 

0 0 VSS Channe~ 0 (ground) 

0 1 Ch1 Channel 1 

1 0 Ch2 Channel 2 

1 1 Ch3 Channel 3 

0 0 Ch4 Channel 4 

0 1 Ch5 Channel 5 

1 0 Ch6 Channel 6 

1 1 VRef Channel 7 (External Reference) 

FIGURE 3 - TYPICAL APPLICATIONS CIRCUIT 

1 16 J 
2 15 

I 
Ramp Capacitor 3 Mf'. 14 

-q -q 

:C 4 -q-q 13 
1 -q-q 

5 (J(J 12 -:!:- 2~ 
6 11 

7 10 

8 9 

CONVERSION SEQUENCE 

A1 A3 Ramp Start Comment 

1 1 0 Channel 7 Selected (Reference Voltage) 

1 1 1 Record time until Pin 7 goes low 

0 0 0 Channel 0 Selected (Ground) 

0 0 1 Record time until Pin 7 goes low 

0 1 0 Channel 1 Selected 

0 1 1 Record time until Pin 7 goes low 

Calculate tCh7 - tChO = tChi Step 2-Step 4 

Calculate tCh1 - tChO - tCh1' Step 6-Step 4 

Calculate Vunknown = VCh7{tCh1/tChi) . 

0 Channel 2 Selected 

1 Record time until Pin 7 goes low 

Calculate tCh2 - tChO = tCh2 

Calculate Vunknown = VCh7 (tchi/tChil 

Channel 1 

Cbannel 2 

Channel 3 

Channel 4 

Channel 5 

Channel 6 

Unknown 
Analog 
Voltage 
Inputs 
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Advance Infor:rnatton 

BCD-TO-SEVEN SEGMENT HEXADECIMAL LATCH/ 
DECOD ER/DR IVER 

The MC14495 BCD-to-seven segment hexidecimal latch/decoder/ 
driver is constructed with complementary MOS (CMOS) enhance­
ment mode devices and NPN bipolar output drivers in a sjngle mono­
lithic structure. The circuit provides the functions of a 4·bit storage 
latch. It can be used with LED seven segment displays without resis­
tor interface at 5 volt supply. The resistors of typically 290 ohms are 
internal to the part. 

Applications include MPU systems display driver, instrument dis­
play driver, computer/calculator display driver, cockpit display 
driver, and various clock, watch, and timer uses. 

• Low Logic Circuit Power Dissipation 

• High-Current Sourcing Outputs With Internal Limiting Resistance 

• Latch Storage of Code 

• Supply Voltage Range = 4.5 Vdc to 16 Vdc 

• Internal Input Level Shift: 

A 

B 

c 

Input +5 CMOS to VDD of +5 to + 16 Vdc 
Input +5 V TTL with Pull-up, to VDD of +5 to +16 Vdc 

4-Bit 
Latch 

BLOCK DIAGRAM 

This is advance information and specifications are subject to change without notice. 
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D 

0 
0 
0 
0 

0 
0 
0 
0 

1 

1 

1 

1 

1 

1 

1 

1 

2 

3 

4 

5 

6 

7 

8 

MC14495 

CMOS MS. 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
HEXADECIMAL 

LATCH/DECODER/DRIVER 

OUTPUT CIRCUIT 
(Except Pin 11) 

VOO 

290 

-= VSS 

16 

15 

14 

13 

12 

11 

10 

9 

a 

f~'b 
eClc 

d 

ALPHANUMERIC DISPLAY 

[1[n28I.Yf%f1T819iRib\C \d\EI8 
0123456789101112131415 

TRUTH TABLE 

INPUTS OUTPUTS 

C B A a b c d e f 9 h+i VCR DISPLAY 

0 0 0 1 1 1 1 1 1 0 0 Open 0 
0 0 1 0 1 1 0 0 0 0 0 Open 1 . 

0 1 0 1 1 0 1 1 0 1 0 Open 2 

0 1 1 1 1 1 1 0 0 1 0 Open 3 

1 0 0 0 1 1 0 0 1 1 0 Open 4 

1 0 1 1 0 1 1 0 1 1 0 Open 5 
1 1 0 1 ·0 1 1 1 1 1 0 Open 6 
1 1 1 1 1 1 0 0 0 0 0 Open 7 

0 0 0 1 1 1 1 1 1 1 0 Open 8 
0 0 1 1 1 1 1 0 1 1 0 . Open 9 
0 1 0 1 1 1 0 1 1 1 1 Open A 

0 1 1 0 0 1 1 1 1 1 1 Open b 

1 0 0 1 0 0 1 1 1 0 1 Open C 
1 0 1 0 1 1 1 1 0 1 1 Open d 

1 1 0 1 0 0 1 1 1 1 1 Open E 
1 1 1 1 0 0 0 1 1 1 1 0 F 

©MOTOROLA INC., 1978 AOI-484 
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MC14495 

MAXIMUM RATINGS (Voltages referenced to vss). 
Rating Symbol 

DC Supply Voltage VDD 

Input Voltage, All Inputs Vin 

DC Current Drain per Input Pin I 

Operating Temperature Range TA 

Storage Temperature Range Tstg 
Maximum Continuous Output Power POHmax 

(Source) per Output @ 25 °c 
Pins 1, 2, 3,12,13,14,15 
Pin 14 

:j:POHmax = IOH (VDD - VOH) 

Value 

-0.5 to +18 

-0.5 to VDD + 0.5 

10 

-40 to +85 

-65 to +150 

50 
100 

Unit 

Vdc 

Vdc 

mAdc 

°c 
°c 

mW 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however , it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range VSS ~ (Vin or 
Vout) ~ VDD· 

ELECTRICAL CHARACTERISTICS (All voltages referenced to VSS = 0, T A -250 C) 

Characteristics Symbol Condition Min Typ Max Unit 

DC Supply Voltage VDD 4.5 16 Vdc 

I nput Voltage Vil - 0.8 Vdc 

VIH VDD = 15V 4.0 - Vde 
VDD = 5.0V 3.5 -

Input Current lin - ±10 /JAde 

Output VCR, Pin 11 IOH VOH =VDD - ±10 /JAde 

Open Drain Output IOl VOL = 0.5V, VDD = 5.0V 0.2 - mA 
VOL = 0.5V, VDD = 15V 1.0 -

IOH VOH = 2.0V, VDD = 5.0V -7.5 mA 
VOH = 1.5V, VDD = 5.0V - -11.5 
VOH = 12V, VDD = 15V -7.5 

Outputs a, b, e, d, e, f. g VOH = 11.5V, VDD = 15V - -11.5 

IOl VOL = 1.0V, VDD = 5.0V 0.1 - mA 
VOL = 1.0V, VDD = 15V 0.5 -

IOH VOH = 2.0V, VDD = 5.0V -15 - mA 
VOH = 1.5V, VDD = 5.0V - -23 
VOH = 12V, VDD = 15V -15 -

Outputh + i VOH = 11.5V, VDD = 15V - -23 

IOl VOL = 1V, VDD = 5.0 V 0.2 - mA 
VOL = 1.0V, VOD = 15V 1.0 -

INPUT IOUTPUT FUNCTIONS INPUT LATCH (A,B, C, D; Pins 5, 6,8, 10) 
Segment Driver (a, b, c, d, e, f, g, h, i; Pins 1;2, 3, 4, 12, 
13, 14, 15) 

The block diagram is shown on page 1. The inputs A, S, 
C, and D are fed to a 4-bit ~atch which is controlled by 
clock (Cll. Two modes of operation are available. The segment drivers are emitter-follower NPN­

transistors. To limit the output current, a resistor 
typically 290 ohms is integrated internally at each output. 
Therefore, external .. resistors are not necessary when 
driving an lED at the supply voltage of VDD = 5.0 volts. 

OUTPUT (VCR; Pin 11) 
This output is activated (goes to low) whenever the 

address corresponding to program 16 is selected. Other­
wise the output is open. See the truth table. 

CLOCK (CL; Pin 7) 
The data on the inputs A, S, C and D will pass through· 

the latch and will be displayed immediately when the 
clock is low. In this mode of operation the circuit is per­
forming the function of a conventional decoder/driver. 
The data may be loaded into the latch when Cl = low and 
will be latched with the rising edge of CL. The data will 
remain stored as long as Cl is high. 

VOO 5.0V 

TYPICAL CIRCUIT @ Vee = 5.0V 

10 

16 12 f.".a-----------1 

MC14495 

131------------1 

141--________ ---1 

151------------1 

3 9 

VCR 
(Open) 

Inciicator 

-= LED 

... 1 fl Jb I Common 

-1-:'''' ! ~;~::-
~ I 

-= 
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ADDRESSABLE ASYNCHRONOUS 
RECEIVER/TRANSMITTER 

The MC14469 Addressable Asynchronous Receiver Transmitter is 
constructed with MOS P-channel and N-channel enhancement de­
vices in a single monolithic structure (CMOS). The MC14469 re­
ceives one or two eleven-bit words in a serial data stream. One of the 
incoming words contains the address and when the address matches, 
the MC14469 will then transmit its information in two eleven-bit­
word data streams. Each of the transmitted words contains eight 
data bits, even parity bit, start and stop bit. 

The received word contains seven address bits and the address of 
the MC14469 is set on seven pins. Thus 27 or 128 units can be 

interconnected in simplex or full duplex data transmission. In addi­
tion to the address received, seven command bits may be received 
for data or control use. 

The MC14469 finds application in transmitting data from remote 
A-to-D converters, remote MPUs or remote digital transducers to the 
master computer or MPU. 

• Supply Voltage Range - 4.5 Vdc to 18 Vdc 

• Low Quiescent Current - 75 fJ.Adc maximum @ 5 Vdc 

• Data Rates to 4800 Baud 

• Receive - Serial to Parallel 
Transmit - Parallel to Serial 

• Transmit and Receive Simultaneously in Full Duplex 

• Crystal or Resonator Operation for On-Chip Oscillator 

BLOCK DIAGRAMS 

Receive 

Data 

Strobe 

Receive 

Address Command Dj:lta 

Pulse 

OSC1 

05C 2 

Transmit 

100-107 Status 

Clocks 

Receive Data 

Strout?: Enaule 

Data Rate Clock 

Receive Data Strobe 

MC14469 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

ADDRESSABLE ASYNCHRONOUS 
RECEIVER/TRANSMITTER 

PSUFFIX 
PLASTIC PACKAGE 

CASE 711 

CERAMIC PACKAGE 

CASE 715 

ORDERING INFORMATION 

MC14XXXE~f;X Denotes 

Ceramic Package 

Plastic Package 

PIN ASSIGNMENTS 

Osc1 40 

2 Osc2 CO 39 

3 Reset C1 38 

4 AO C2 37 

5 A1 C3 36 

6 A2 C4 35 

7 A3 C5 34 
Transmit 

8 A4 Data C6 33 
OUTPut 

Logic 9 A5 CS 32 

10 A6 VAP 31 

11 IDO Send 30 

12 1D1 SO 29 

13 ID2 S1 28 -

14 ID3 52 27 

15 ID4 53 26 

16 105 54 25 

17 55 24 

18 ID7 56 23 

19 RI 57 22 

20 V55 TRO 21 

This is advance information and specifications are subject to change without notice. ~TOROI.A WC., 1977 
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MC14469 

MAXIMUM RATINGS (Voltages referenced to VSS, Pin 20. 

Symbol Value Unit 

DC Supply Voltage VDD -0.5 to +18 Vdc 
I nput Voltage, All Inputs Yin -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin 

Operating Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

Characteristic 

Outp.ut Voltage "0" Level 

Yin = VOD or 0 

"1" Level 

Vin=OorVDO 

Input Voltage # "0" Level 

(Va = 4.5 or 0.5 Vdc) 
(Va = 9.0 or 1.0 Vdc) 

(Va = 13.5 or 1.5 Vdc) 

"1" Level 

(Va = 0.5 or 4.5 Vdc) 
(Va = 1.0 or 9.0 Vdc) 

(Va = 1.5 or 13.5 Vdc) 

Output Drive Current (Except Pin 2) 
(VOH = 2.5 Vdc) Source 

(VOH = 4.6 Vdc)' 

(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) Sink 

(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Output Drive Current (Pin 2 Only) 

(VOH = 2.5 Vdc) 
(VOH = 4.6 Vdc) 
(VOH = 9.5 Vdc) 
(VOH = 13.5 Vdc) 

(VOL = 0.4 Vdc) 
(VOL = 0.5 Vdc) 
(VOL = 1.5 Vdc) 

Maximum Frequency 

I npu t Cu rrent 

Pull-Up Current (Pins 4-18) 

I nput Capacitance 

(Vin = 0) 

Qu iescent Current 
(Per Package) 

Supply Voltage 

*Tlow = -400 C 

Thigh = +850 C 

Source 

Sink 

I 

TA 

Tstg 

10 

-40 to +85 

-65 to +150 

Vee 
Symbol Vdc 

VOL 5.0 
10 
15 

VOH 5.0 
10 
15 

VIL 
5.0 
10 

15 

VIH 
5.0 
10 
15 

IOH 
5.0 
5.0 
10 
15 

IOL 5.0 
10 
15 

IOH 
5.0 
5.0 
10 
15 

IOL 5.0 
10 
15 

fmax 4.5 

lin 15 

lup 15 

Cin -

100 5.0 
10 
15 

VOO -

=Noise immunity specified for worst-case input combination. 
Noise Margin both "1" and "0" level = 1.0 Vdc min @ VOO = 5.0 Vdc 

2.0 Vdc min @ VOO = 10 Vdc 

2.5 Vdc min @ VOO = 15 Vdc 

mAdc 

°c 
°c 

Tlow* 
Min Max 

- 0.05 
- 0.05 
- 0.05 

4.95 -

9.95 -

14.95 

- 1.5 
- 3.0 
- 4.0 

3.5 -

7.0 -

11.0 -

-1.0 -

-0.2 -

-0.5 -

-1.4 -

0.52 -

1.3 -

3.6 -

-0.19 -
-0.04 -

-0.09 -

-0.29 -

0.1 -

0.17 -

0.50 -

400 -

- ±0.3 

12 120 

- -

- 75 
- 150 
-- 300 

+4.5 +18.0 

Min 

-

-

-

4.95 
9.95 

14.95 

-

-

-

3.5 
7.0 

11.0 

-0.8 
-0.16 
-0.4 
-1.2 

0.44 
1.1 
3.0 

-0.16 

This device contains circuitry to protect 

the inputs against damage due to high static 

voltages or electric fields; however, it is advised 
that normal precautions be taken to avoid 

application of any voltage higher than maxi­
mum rated voltages to this high impedance 

circuit. For proper operation it is recommended 

that V in and V out be constrained to the range 

VSS ~ (Vin or V out) ~ VDD' 
Unused inputs must always be tied to an 

appropriate logic voltage level (e.g., either 

VSS or VDDl. 

2SoC Thigh* 
Typ Max Min Max Unit 

0 0.05 - 0.05 Vdc 
0 0.05 - 0.05 
0 0.05 - 0.05 

5.0 - 4.95 - Vdc 
10 - 9.95 -
15 - 14.95 -

Vdc 
2.25 1.5 - 1.5 
4.50 3.0 - 3.0 
6.75 4.0 - 4.0 

Vdc 
2.75 - 3.5 -

5.50 - 7.0 -

8.25 - I 11.0 -

I mAdc 
-1.7 - -0.6 -

-0.35 - -0.12 -

-0.9 - -0.3 -

-3.5 - -1.0 -

0.88 - 0.36 - mAdc 
2.25 - 0.9 -

8.8 - 2.4 -

mAdc 
-0.32 - -0.13 -

-0.035' -0.07 - -0.03 -
-0.08 -0.16 - -0.06 -
-0.27 -0.48 - -0.2 -

0.085 0.17 - 0.07 - mAdc 
0.14 0.28 - 0.1 -
0.42 0.84 - 0.3 -

365 550 - 310 - kHz 

- ±0.00001 ±0.3 - ±1.0 /lAdc 

10 50 100 8.0 85 /lAdc 

- 5.0 7.5 - - pF 

- 0.010 75 - 565 /lAdc 
- 0.020 150 - 1125 
- 0.030 300 - 2250 

+4.5 - +18.0 +4.5 +18.0 Vdc 
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MC14469 

RECEIVE DATA (RI; Pin 19) r Address ~ I-S ·I~ Command ·1 
------"IL~r T T T ,.. T T II i r 

L1lJ_ 1_ L L J.. L.L.J ,l! J SP 
~TTT"T"'T T ~,\JsP 

..J. ..... ...L .J. .J. ..J. l 
MC14469 

Pin Number 
'\ Address 

4 5 6 7 8 9 10 Identifier 
Command 

Identifier 
39 38 37 

Pin Designation Ap A1 A2 A3 A4 A5 A6 
36 35 34 33 

CO C1 C2 C3 C4 C5 C6 
MC6850 
ACIA Pin Number 22 21 20 19 18 17 16 22 21 20 19 18 17 16 

Pin Designation DO D1 D2 D3 D4 D5 D6 DO D1 D2 D3 D4 D5 D6 

TRANSMIT DATA (TRO; Pin 21) 

~1~"~--------,nputData--------~""~I-"~-----------Status------------~ .. ~I 

rs;rL ; T T T T IT T" r;,:; ...... T I" T ,. T T pi SP _____ ""'1;:, I I ......L .1 ~ ..L ~ J. .L P ~ ST L ...L ..L. .L .J. .J. ~ J.. ~ ...... ' ______ _ 

MC14469 

Pin Numbers 11 12 13 14 15 16 17 18 29 28 27 26 25 24 23 22 

Pin Designation IDOI01 ID2 ID3 ID41D51D6 ID7 SO S1 S2 S3 S4 S5 S6 S7 

MC6850 
ACIA Pin Number 22 21 20 19 18 17 16 15 22 21 20 19 18 17 16 15 

Pin Designation DO D1 02 D3 D4 D5 D6 D7 DO D1 D2 D3 D4 D5 D6 D7 

ST = Start Bit 

P = Parity Bit 

SP = Stop Bit 

AO --* A6 = Address Bits 100 --* ID7 = MC14469 Identification Code 

CO --* C6 = Command Bits SO --* S7 = MC14469 Status Code 

DO --* D7 = ACIA Bus Bits 

CORRESPONDING DATA POSITION AND PINS FOR MC14469 AND MC6850 

TYPICAL RECEIVE/SEND CYCLE 

M M 

Address S Command S 
____ '__,B S ___ '__,B S 

V DO S 0 1 2 3 4 5 6 7 P S 0 1 2 3 4 5 6 7 P 
-'T~XTXTX~XTXTXTXr,PrlT~X'xrXTXTXTX~~ rp ----------------------~---------------------------

VSS ~ ~:.&;~ a::.&;~~_L_., ....... ~ ~ ~~:.&;~ Receiver Input (RI) 

Valid Address Pulse 

(VAP) 

Internal Valid 

Address Memory 

(VAL) 

Internal Send 

Enable (SE L) 

Command Strobe 

Output (CS) 

Send IflPut 
(Send) 

Transmit Out 

(TRO) 

I 

~~--~---------------------------------------, 
I 
I 

~~---------------------L-------------------------------

I ________________ ~nL_ ____ ~ ______________________________ _ 

--------------------~----~rr_l~ ______________________________ ___ 
M M 

ISS 

V I B S B S 
DD ~S X X X"'X'TXT"xTXTXT p"Tpr:::'1S X 'X 'X "X"X"Xf)(IXlpl p -­_____________________________ ---11 S LX lX~ .&. :£ :£ ~ &.;. I _ L!:.P L: ~ L: .a.; .&,; L. L ~ I ..J''';'''-__ 

T01234567 T01234567 

10 STATUS 
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MC14469 

DEVICE OPERATION 

OSCILLATOR (Osc1, Osc2; Pins 1, 2) - These pins are 
the oscillator input and output. (See Figure 1.) 

RESET (Reset; Pin 3) - When this pin is pulled low, the 
circuit is reset and ready for operation. 

ADDRESS (AO-A6; Pin 4, 5, 6, 7, 8, 9, 10) - These are 
the, address setting pins which contain the address match 
for the received signal. 

INPUT DATA (100-107; Pins 11, 12, 13, 14, 15, 16, 17, , 
18) - These pins contain the input data for the first eight 
bits of data to be transmitted. 

RECEIVE INPUT (RI; Pin 19) - This is the receive input 
pin. 

NEGATIVE POWER SUPPLY (Vss; Pin 20) - This pin is 
the negative power supply connection. Normally this pin 
is system ground. 

TRANSMIT REGISTER OUTPUT SIGNAL (TRO; Pin 

21) - This pin transmits the outgoing signal. Note that it 
is inverted from the incoming signal. It must go through 
one stage of inversion if it is to drive another MC 14469. 

SECOND or STATUS ,NPUT DATA (SO-S7; Pins 22, 23, 
24, 25, 26, 27, 28, 29) - These pins contain the input 
data for the second eight bits of data to be transmitted. 

SEND (Send; Pin 30) - This pin accepts the send com­
mand after receipt of an address. 

VALID ADDRESS PULSE (VAP; Pin 31) - This is the 
output for the valid address pulse upon receipt of a 
matched incoming address. 

COMMAND STROBE (CS; Pin 32) - This is the output 
for the command strobe signifying a valid set of command 
data on pins 33-39. 

COMMAND WORD (CO-C6; Pins 33, 34,35,36, 37, 38, 
39) - These pins are the readout of the cQmmand word 
which is the second word of the received signal. 

POSITIVE POWER SUPPLY (VDD; Pin 40) - This pin is 
the package positive power supply pin. 

OPERATING CHARACTERISTICS 

The receipt of a start bit on the Receive Input (R I) line 
causes the receive clock to start 'at a frequency equal to 
that of the oscillator divided by 64. All received data is 
strobed in at the center of a receive clock period. The 
start bit is followed by eight data bits. Seven of the bits 
are compared against states of the addre'ss of the particu­
lar circuit (AO-A6), while the eighth bit signifies an "ad­
dress word "1", or a command word "a". Next, a parity 
bit is received and checked by the internal logic for even 
parity. Finally a stop bit is received. At the completion of 
the cycW1f the address compared, a Valid Address Pulse 
(VAP) occurs. Immediately following the address word, a 
command word is received. It also contains a start bit, 
eight data bits, even parity bit, and a stop bit. The eight 
data bits are composed of a seven-bit command, and a 

"0" which indicates a command word. At the end of the 
command word a Command Strobe Pulse (CS) occurs. 

A positive transition on the Send input initiates the 
transmit sequence. Again the transmitted data is made 

, up of two eleven-bit words, i.e., address and command 
words. The data portion of the first word is made up from 
Input Data inputs (100-107), and the data for the second 
word from Second Input Data (SO-57) inputs. The data on 
inputs SO-57 is latched before the start of transmit of the 
first of the second two words. The transmitted signal is 
the inversion of the received signal, which allows the use 
of an inverting amplifier to drive the lines. 

The oscillator can be crystal controlled or ceramic res­
onator controlled for required accuracy. Pin 1 may be 
driven from an external oscillator. See Figure 1. 
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ABBREVIATIONS O,F COMPANY NAMES 

AD Analog Devices Monosil Monosil 
AMD Advanced Micro Devices MOS MOS Technology 
AMI American Microsystems, Inc. Mostek Mostek 
Amperex Amperex Electronics Corp. Motorola Motorola Semiconductor 
Analogic Analogic Corp. National National Semiconductoi 

NCR NCR Corp., Microelectronics Division 
Beckman Beckman Instruments, Helipot Division NEC America NEC America 
BEl BEl Electronics NEC Micro NEC Microcomputers 
Burr-Brown Burr-Brown Research Nitron Nitron 

Cermetek Cermetek Nortec Nortec Electronics 
Novonics Novonics 

Cherry Cherry Semiconductor NPC Nucleonic Products Co. 
CMA Consumer Microcircuits of America 
Cybernetic Cybernetic Micro Systems OEI Optical Electronics, Inc. 

Data General Data General . 
OKI OKI Semiconductor 

Datel Datel Systems Panasonic Panasonic, Matsushita Electric Corp. 
DOC Data Devices Corp. Photo Therm Photo Therm 
Delco Delco Electronics Plessey Plessey Semiconductors 

~, . Dionics Dionics Inc. PMI Precision Monolithics, Inc. 

EA Electronic Arrays Raytheon Raytheon Semiconductor 
EMM/Semi EMM Semi, RCA- RCA Solid State Division 

Div. of Electronic Memories & Magnetics Reticon Reticon 
Essex Essex International RIFA RIFA 
Exar Exar Integrated Systems Rockwell Rockwell Microelectronic Devices 

RTC Real Time Corp. 
Fairchild Fairchild 

Sanken Sanken Electric Ferranti Ferranti Electric 
Fujitsu Fujitsu Sanyo Sanyo Electric 

SGS SG5-Ates Semiconductor 
GI General Instrument Siemens Siemens 

Signetics Signetics (Philips) 
Harris Harris Semiconductor Silicon G Silicon General 
Hitachi Hitachi America Ltd. Siliconix Siliconix 
Holt Holt Inc. Silicon Sys. Silicon Systems, Inc. 
Hughes Hughes Aircraft Solid State Products Silitronics Silitronics 
Hybrid Sys Hybrid Systems SMC Standard Microsystems 
HyComp HyComp Solitron Solitron Devices 

IMI International Microcircuits, Inc. 
Sprague Sprague Electric Company 
Supertex Supertex, Inc. 

Intech/FMI Intech/Function Modules Inc. SSM Solid State Microtechnology for Music 
Intel Intel SSS Solid State Scientific 
Interdesign Interdesign Synertek Synertek 
Intersil Intersil 
IPI Integrated Photomatrix, Inc. Telaris Telaris 

TeledyneC Teledyne Crystalonlcs 
Lambda Lambda Electronics Teledyne P Teledyne Philbrick 
LSI LSI Computer Systems TeledyneS Teledyne Semiconductor 

Telefunken AEG-Telefunken 
Maruman Maruman Integrated Circuits TI Texas Instruments 
Master Logic Master Logic TMX TMX 
Matrox Matrox Electronics Systems Toshiba Toshiba 
Micro Net Micro Networks Trans-Data Trans-Data 
Micropac Micropac Industries TRW TRW 
Micro Power Micro Power Systems 
Micro Tech Microcircuits Technology Unitrode Unitrode 
Mitel Mitel Semiconductor Western Western Digital 
Mitsubishi Mitsubishi Electric Co. 
MMI Monolithic Memories, Inc. Zilog Zilog 
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DP8350 Series Programmable CRT Controllers 
General Description 
The DP8350 Series of CRT Controllers are single-chrp 
bipolar (l2L technology) circuits in a 40-pin package. 
They are designed to be dedicated CRT display' refresh 
circuits. 

The CRT Controller (CRTC) provides an internal dot 
rate crystal controlled oscillator for ease of system 
design. For systems where a dot rate clock is already 
provided, an external clock input may, be' used by the 
CRTC. In either case system synchronization is made 
possible with the use of the buffered Dot Rate Clock 
Output. 

The DP8350 Series has 11 character generation related 
timing outputs. The'se outputs are compatible for 
systems with or without line buffers, using character 
ROMS, or DM8678-type latch/ROM/shift register 
circuits. 

12 bits (4k) of bidirectional TRI-STATE® character 
memory addresses are provided by the CRTC for direct 
interface to character memory. 

Three on-chip registers provide for external loading of 
the row starting address, cursor address, and top-of-page 
address. 

A complete set of video outputs is available including 
cursor enable, programmable vertical blanking, program­
mable horizontal sync, and programmable vertical sync. 

The DP8350 Series CRTC provides for a wide range of 
programmability using internal mask programmable 
ROMs: 

- Character Field (both number' of dots/character and 
number of scan lines/character) 

- Characters per Row 

- Character Rows per Video Frame 

DP8350 Series Connnnection Diagram 

NC' NO CONNECTION 

© 1978 National Semiconductor Corp. 
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13 
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The CRTC also provides system sync and program inputs 
includiQg 50/60 Hz control, system clear, external 
character/line rate clock, and character generator pro­
gram. 

The DP8350 Series operates on a single +5 V power 
supply. Outputs and inputs are TTL compatible. 

Features 
• Internal crystal controlled dot rate oscillator 

• External dot rate clock input 

• Buffered dot rate clock output 

• Timing pulses for character generation 

• Character memory address outputs (12 bits) 

• Internal cursor address register 

• Internal row starting address register' 

• Top-of-page address register (for scrolling) 

• Programmable horizontal and vertical sync outputs 

• Programmable cursor enable output. 

• Programmable vertical blanking output 

• 50/60 Hz refresh rate 

• Programmable characters/row (5 to 110) 

• Programmable character field size (up to 16 dots x 16 
scan line field size) 

• Programmable character rows/frame (1 to 64) 

• Single +5 V power supply 

• Inputs and outputs TTL compatible 

• Ease of system design/application 
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DP8350 Block Diagram 
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DP8350 Functional Pin Description 

CHARACTER GENERATION/TIMING OUTPUTS 

The CRTC provides " interface timing outputs for line 
buffers. character generator ROM. DM8678-type latch/ 
ROM/shift register combination character generators. 
and system status timing. All outputs are TTL compatible 
and directly interface to popular system circuits. 
including: 

DM8678 Series Character Generators 

MM52157. MM52179 Character ROMs 

DM74166 Dot Shift Register 

MK1007P. 33571/2.2532 80-Bit Shift Registers (Line 
Buffers) 

Dot Rate Clock: This output is buffered for use in 
system synchronization and interface to dot shift 
register. Positive edge clock at crystal oscillator frequency. 

Load Video Shift Register: Buffered output at character 
rate frequency. Used for direct interface to dot shift 
register. This output is active only during video time and 
therefore performs both the horizontal and vertical 
blanking functions. Low level active. 

Latch Character Generator Address: Buffered output at 
character rate frequency. Active at all times_ Positive 
edge clock. 

Line Buffer Clock: This output directly interfaces to line 
buffers. Output operates at character rate_ Negative edge 
clock_ Not active during horizontal blanking. The 
number of clocks per scan line is equivalent to the 
number of video characters per row. 

Line Rate Clock: Line rate frequency output for use 
with DM8678-type character generator. 

Line Counter Outputs (LCO to LC3): Buffered outputs 
at line rate frequency for use with character ROMs 
without internal line counter. These outputs are also 
useful for system decode of present line position in 
character row. Outputs clock in sync with Line Rate 
Clock at start of horizontal blanking. Outputs are always 
active. 

Clear Line Counter: Row rate clock - occurs in sync 
with Line Rate Clock during horizontal blanking 
between last line of any row and first line of a new roW_ 
This output is always active and is a negative edge clock 
- direct interface to the DM8678. 

Line Buffer Recirculate Enable: This output interfaces 
to a line buffer and becomes inactive (logic "0" state) 
during the last line or the first line of a character row. 
depending on the state of the character generator pro­
gram input. A low level on this output indicates (in line 
buffer applications) the time during which the line 
buffer is loaded with the next row of character codes. 

Table 1. Character Generator Program Truth Table 

Character Generator Recirculate Enable Output 
Low Level and New Row Program Input Address at Address Outputs 

"0" Last line of character row 

"1 I' First line of character row 

©IC MASTER 1979 

The pulse appears at the start of horizontal blanking 
prior to when the memory address bus must be trans­
ferred to the CRTC. then returns to the high state at the 
next horizontal blanking interval. 

MEMORY ADDRESS OUTPUTS/INPUTS AND 
REGISTERS 

CRT Character Address Outputs (TRI-STATE) - AO to 
All: 12 bits of bidirectional CRT character address 
counter outputs are provided by the CRTC_ These 
outputs directly interface to the system RAM memory 
address bus. 

Within a scan line the counter is pre-set to the address 
contained within the Row Start Register (RSR) three 
character times before· the start of video time. The 

. counter is then advanced sequentially at character rate 
to the max video character address plus 1 for the present 
scan line. This address is then held during the horizontal 
blanking interval up to three character times before 
video start for the next scan line. At this point the 
counter is again pre-set to the contents of the F!SRand 
the above sequence is repeated. This sequence provides 
scan line address repetition for every scan line of a char­
acter location within a row. Row-to-row start address 
modifications are accomplished by updating the 
contents of the RSR. 

During vertical blanking the address counter operation 
is modified by stopping the pre-set load of the contents 
of the RSR into the address counter. thereby allowing 
the address outputs to free run during vertical blanking. 
This allows minimum access time to the CRTC when the 
CRTC address counter output~ are being used for 
dynamic RAM refresh. 

RAM Address Enable Input: At all times the status of 
the address counter outP\Jts is controlled externally by 
the Enable I nput. Logic "0" = TR I-STATE. Logic "'" = 
Active. 

Internal Top-of-Page. Row Start. and Cursor Registers: 
Control pins are provided for loading the top-of-page. 
row start. and cursor address into three 12-bit CRTC. 
registers from the bidirectional memory address pins_ 

The Top-of-Page Register (TOPR) holds the address of 
the first character of the first video row. This register 
allows display scroll with the CRTC without the use of 
external memory address adders. If the TOPR is not 
loaded after a system clear its contents will be zero and 
the address outputs will be sequential from zero at the 
top-of-page. 

The Cursor Register (CR) holds the present address of 
the cursor and is cleared to zero after a system clear. 
Once the TOPR and CR registers have been loaded they 
need not be accessed again until modification of their 
contents is required. These registers may be loaded at 
any time. but to cause minimum display distortion it is 
recommended that they be loaded only during blanking 
intervals. 
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The Row Start Register (RSR) is the working register 
for the CRTC address counter. It determines the first 
video character address on a scan line to scan line basis. 

Modification of this register after the start of video in a 
scan line will modify the address counter outputs at the 
start of video on the next scan line. (See address output 
description.) If the RSR is never externally loaded, the 
CRTe address outputs will be sequential on a row·to· 
row basis from the TOPR contents at the start of the 
video page. With external loading, row-to-row non­
sequential operation of the CRTC address outputs is 
possible, thus row-to·row edit capability. When used in 
this mode the RSR should be loaded after the start of 
video time of the last scan line of the previous row. A 
load to the RSR during vertical blanking will also load 
the TOPA. 

Register 
SI e ect 

A 

0 

0 

1 

1 

X 

I 
i 

Table 2. Register Load Truth Table 

Register 
SI e ect 

B 

0 

1 

0 

1 

X 

Register 
L d oa 
Input 

0 

0 

a 
0 

1 

Register 
II Access 
II 

No Select 

T op-of-Page 

Ii Row Start * 

Cursor 

No Select 

*During vertical blanking a load to this register will also load the 
top-ot-page register. 

VIDEO RELATED OUTPUTS 

Horizontal Sync: This output provides the necessary 
line (scan) rate sync to either three-terminal or composite 
sync monitors. The pulse is programmable in position 
and width at character time increments. This output 
may also be programmed to have RS-170 compatible 
serration pulses during the vertical sync interval. The 
active logic state of this output is also programmable. 

Vertical Sync: This output provides the necessary frame 
rate sync consistent with either three·terminal or com­
posite type monitors. The pulse is programmable in 
position and width at line (scan) time increments. The 
active logic state of this output is also programmable. 

Cursor Enable: When a match with the CRTC cursor 
address register and address counter occurs a pulse will 
appear at this output at that video character time 
(character field width) for every line in that row. This 
output may also be pragrammed to appear on only one 
line of a character row. With the character generator 
program pin in a logic "0" position the cursor enable 
output will not be valid on the last line of a character 
row for that row. like the Load Video Shift Register 
Output, this output is not active during horizontal or 
vertical blanking. High level active output. 

CRT SYSTEM CONTROL FUNCTIONS 

50/60 Hz Control Input: This input controls the CRT 
system refresh rate, The CRTe may also be programmed 
for refresh rates other than 50 and 60 Hz. 

50/60 Hz Refresh ! 
Control Rate 

1 60Hz(fl) 

0 50 Hz (fO) 

Vertical Blanking Output: Th is output becomes active 
(logic "1 ") at the start of vertical blanking and may be 
programmed to stop at the end of any line of the 
character row before the start of the first video row. 
This output is useful for flag applications to other 
elements in the CRT system. Its active level is also pro­
grammable. 

System Clear Input: This input when low sets and holds 
the CRTC at the start of vertical blanking for system 
sync and test, It also clears to zerO the cursor and top· 
of-page registers. The input has hysteresis and may be 
connected to a resistor to V CC and a capacitor to 
ground to provide power'up system clear. 

Character Generator Program Inpm: This input modifies 
both ~he position of the recirculate enable output low 
level and the time at which the address outputs change 
to a new row address. It is intended to provide optimum 
use of the CRTC with character generator/ROMs pro­
grammed with or without active video on the first or last 
line of a character row. (See Recirculate Enable for truth 
table.) 

External Character/Line Rate Clock: This input is 
intended to aid testing of the CRTC and is not meant 
to be used as an active input in a CRT system. When this 
input is left open it is guaranteed not to interfere with 
normal operation. 

Crystal Inputs X1 and X2: The oscillator is controlled 
by an external, parallel resonant crystal connected 
between the Xl and X2 pins. Normally, a fundamental 
mode crystal is used to determine the operating fre­
quency of the oscillator; however, overtone mode 
crystals may be used. 

Crystal Specifications (parallel resonant): 

Type .............. , ..... AT-Cut Crystal 

Tolerance ................. 0.005% at 25°C 
Stability .......... 0.01% from O°C to +70°C 

Resonance ........... Fundamental (parallel) 
Maximum Series Resistance ...... Dependent on 

frequency 
(for 10.92MHz, SOD) 

Load Capacitance ............ 20 pF 

Connection Diagram 

1 kn! 10"10 
TOPINX2~ 

PIN (21) . - - ~ ..L C2 

CRYSTAL CJ I JOpF 

TO PIN Xl +_ 
PIN (ll! .. . .L;" 

Cl 
IJDPF 

If the DP8350 series is clocked at dot rate by a system 
clock, pin 22 (X 1 ipput) should be clocked directly 
using a Schottky series circuit. Pin 21 (X2 input) may be 
left open. 
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lining Waveforms 

_ CHA~~~TER _"t---------------cHAR:cTER ___________ ~--CHA;~~TER-
OOT COUNT MAX MAX - 1 MAX 1 2 

OOT RATE CLOCK 

~. r 101-j r----.:-102 
-----ff---_ 

SHIFT REGISTER ~I \", __ """;'.,J 
LOAO VIDEO -, 1 \ 1 

-I F~103- 1-104 1/-----
LATCH CHARACTER 1 \ \ . 

GENERATOR AOO. _____ ~I I 22 '---

I _10S:!-tPW1 "I I 
LINE BUfFER CLOCK J J I· ~ (( lr---~I -----.,\.. 

--11061----------y---------(Ut'--------
ENABLE ~~~~~~ IJL __ J _________________ -n- _________ J _ \"" ______ _ 

I 1-107-1 . . I 
AOORESS I T-------------~t------_:_----I-~------y-

COUNTER OUTPUTS ______________ ....A.. )? ..A-I -----------------~((~--------------I---------

Figure 1. Dot/Character Rate Timing 

I 
------------------lINEX------------------·"~I----lINEX+l-------. 

1 
VIOEO VIOEO 

LATCH CHARACTER 

BLANKING -------------------" '1 4 CHAR --i- CHAR --f--- CHAR " 144
------ BLANKING 

- 1 ! 2 11"'"\ MAX -: 

GENERATOR AOORESS nj 108 -------------------------------~------------r~--------~--~ 
LINE RATE I (( CLOCK 1"'_ ____________ _ 

-I 109 1-' 109 ,1-
CLEAR LINE I! I (( 1\ 

COUNTER ___ ..II 1 I \1\.-____________ _ 
: , - IDIOt--

LINE COUNTER I I a I I r------OUTPUTSLCO-LC3 ____________ - __________________ ?2 _____ .!.. ___ I ____ _ 

I I ! r- I011 ·1 ____ _ 
RECIRCULL~~~ ~~~~~: ______ 1 _________________ L ______ :~ _____ 1_ J __ I ____ _ 

1 I I 1-10121 
VERTICAL Ii· n I I 1r-----
BLANKING ______ ..:.. _________________ !... ______ ~2 __________ .IrL... ____ _ 

: . I I l- to13 j 
2( y------

VERTICAL SYNC ______ 1 _________________ L.:... ____ -?2 _____ 1 ____ .A...~ ____ _ 
-I f- 1014 I --l 1-1014 

HORIZONTAL SYNC ---""\-\..-_---.'r\ - - - ',-- - \ - - - \ - - - \" - - -"\ « ,I - - -l~--_--_--.L.,i-_--_-_-.J-.,i-
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'THE POSITION Of THE START AND STOP 
POINTS OF. THE HORIZONTAL SYNC PULSE 
ARE PROGRAMMABLE BY CHARACTER TIME -
WITHIN ONE CHARACTER TIME THE POINTS 
Will HAVE THE 1014 TIME RelATIONSHIP 

Figure 2. Character/Line Rate Timing 
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. nming Waveforms (cont'd.) 

All 
SCAN 
LINES 

(NOTE " 

ROWX 

LINE 
MAX-i 

ROW X 

LINE 
MAX 

ROW 
X +1 

LINE 
1 

VIDEO CHARACTER ..... ----- B~::~N-G-----.. : t:_-----~~EE~--===-=-=-~---t.f-o------ ~~::~'~~::~~~::~---
POSITION~ 1 I ,1-- 1-5 I~ 1-3 1-2 1-1 1 2 13 I~:x ~fX IMAX ~~X I~~x I~x I~:x I~~x I~:x -I 

LATCH CHARACTER 
GENERATOR ADDRESS 

-------------~.~--~~----.--~---------------lOAOVIDEO U U U ~~u u U 
SHIFT REGISTER I 

LINE BUfFER 
CLOCK 

LINE RATE 
CLOCK 

I fLJI--~I--------------
-----..' I . I n I 1 _________ _ 

HORIZO~~~~ - '"T" - ~ - .,.. -..,.. - -r - -r - ..,.. - -r - if""T" -...,.. --.- -:-r - ..,.. - "T'" ".,'" ' , , , , , i" '" j' ' , 
LINE ~OuUT~1~~ _______________ -!- ___ ~ _ ~~ ________ .!.. - - - - - - - - - - - - --

. I n I CLEAR LINE COUNTER 

ADDRESS OUTPUTS 

RECIRCULATE 
ENABLE OUTPUT 

CURSOR OUTPUT 

I (NOTE 4) I 
------------~~ ---,----------------

-- i - n. I tCJ.!.ElL------------
___ ---:-I_~I I 

I I 
LINE COUNTER ---------------', -----it -------- r, 

OUTPUTS t? 

CL~~~NL~~~ ... I n I .. '-------------
PO'NT A (NOTE 3) 

ADDRESS OUTPUTS -------- i __ ~p_:_r---,----------------
RECIRCULATE _________ ...;. _____ + _____ ~~~-------~..,Ir-N-OT-E-3:.1-----------

::::~::~::~: I ~~ 1 --------------

I I 
LINE COUNTER I n 

OUTPUTS ----------- - - --1-- -- -~; - - - - - - - -I 
CLEAR LINE lC 

COUNTER I 
• POINT B (NOTE 31 

ADDRESS OUTPUTS _-_-_-_-_-_-_-_-_-:..r:..---:r.~;~--rtt-~ ---,---------------
--~-~(---J-

RECIRCULATE N J 
ENABLE OUTPUT ---------------.!..-----~(--------.!.. 

LOGIC "0" . 
CURSOR OUTPUT 

Note 1: The load video shift register output is not active during vertical or horizontal blanking (remains in the logic "1" state during these 
intervals. 

Note 2: The horizontal sync output start and stop point positions are user-programmable at character width intervals. 

Note 3: The position of the recirculate enable output logic "0" level is dependent on the state of the character generator program input (CGPll. 
With CGPI = "0," recirculate enable occurs on the max line of a character row (solid line) and the address counter outputs roll over to the new 
row address at point A. With CGPI = "1;' recirculate enable occurs on the first line of a character row (dashed linel and the address counter 
outputs roll over to the new row address at point B. 

Note 4: The address counter outputs clock to the address of the last character of a video row plus 1. Th is address is then held during the horizontal 
blanking interval until video minus three character times. At this point the outputs are modified to the contents of the RowStart Register (RSRl. 
With no external iOading of the RSR the contents will be either the character address of the first character in the present row or the character 
address of the first character of the next video row (depending on the state of the Character Generator Program input) which will be sequential 
from the last character address of the la~t row. If the RSR was loaded, then the address outputs will be modified to the contents of the register. 

Figure 3_ Character/Line Rate Functional Diagram 
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Timing Waveforms (cont'd.) 

FRAME l. FRAME __ - , • FRAME 
X-I r X ~ X+l 

VIDEO _I" VERTICAL . • t. . - VIDEO _'-VERTlCAL_ 
TIME . IllAN1:r-tn.rNG ~I TIME I BLANKING 

UN~ RATE ..:.:a~ ,......., ,......., ,......., ~ rot . M ,--; .....--, ,......., ,:....., .... 
CLOCK U U U U u· u - -u u U U U 

I I. I 
couNit:~ni~~~ --U 2~2 U 2r--u~------

. I . I· I 
RECIRCULATE -r - T 1 22 (NOTE II L i . (~ - -i--r----f?-T- - +-.... ,-----

ENABLE OUTPUT L-..-L _ oJ - oJ' L-L _ j -, .L..L, _ oJ 

I' I I 
LINE COUNTER -,- - - - -.--.-.--r ~~ n?,---,--, r-T-f2T -..; r-T' - ~ 

OUTPUTS '-----L. _ . ...L..-L. _...L- - - -2t-'- -~ -.J....t2.L...-L.....L _..L....J 
I . I I 

VERTICAL i 22 i 22 iii ' ,,.....------
BLANKING OUTPUT ----' ' . . (NOTE 21 L -2?-L- - .J.. 2~ 

I I I 
VERTICAL .,..-. I i I -!2-r-'T-T~h--"'-"""-"--""'~h--'"T'" i i 

SYNC(~~~~U3~ I ' -..L..-..J..-~2 i ' '22 i ' i ' 'n i i _..J.._.J-

Note 1: One full row before start of video the line counter is set to zero state - this provides line counter synchronization in cases where the 
number of lines in vertical blanking are not even multiples of the number of lines per row. 
Note 2: The stop point of vertical blanking is programmable at line intervals within the last character row before start of video. 

Note 3: The Vertical Sync Output start and stop points are programmable at line rate increments. 

Figure 4. Line/Frame Rate Functional Diagram 

I" tpw2- ·1 
REGISTER LOAD ---------""\ /-----------

_I tSl 1-= -I IHI 1--
REGISTERSElECT ------..... 1-------------------,1--------
ADOR~~RI~pt~~ _______ -'\ y'- _______ _ 

ENABLE 
INPUT 

REGISTER LOAD WAVEFORMS 

\! ENABLE /1 
\ INPUT. -I tLZ r=. ----..1--1 IZL Q 

'- "'1.SV ",1.5 V \ • O.SV 
l-o.sv ... 

VOL -------.. ,---. ,------ VOL . I : ' 
VOH -L r----- VOH 

I 
'q_O._SV __ ",1.SV "'1.5V _____ ...III~O.5V 

-- 1HZ \.= --I IZH ....!. 
ADDRESS OUTPUTS ENABLE/DISABLE WAVEFORMS 

Test Load Circuits 
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TO OUTPUT 
UNDER TEST 

Sk CL=50pF 

-=- IS" 'OlEI I 
LOAD CIRCUIT 1 

VCC 

TO OUTPUT 
UNDER TEST 

CL = lSpF 

'''''OTElI 

NOTE: Ct INCLUDES PROBE AND JIG CAPACITANCE 
ALL DIODES ARE lN914 OR EOUIVALENT. 

VCC 

lOAD CIRCUIT 2 
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Absolute Maxinum Ratings (Note 1) Operating Conditions 
Supply Voltage, VCC 7.0V Min Max Units 

I nput Voltage -1 V to +5.5V 
VCC, Supply Voltage 4.75 5.25 V 

Output Voltage 5.5V 

Storage Temperature Range -65°C to +150°C T A, Ambient Temperature 0 +70 °c 

Lead Temperature (soldering, 10 seconds) 300°C 

Electrical Characteristics VCC = 5 V ± 5%, T A = o°c to +70°C (Notes 2 and 3) 

Parameter Conditions Min Typ Max Units 

VIH Logic "1" Input Voltage 

I (System Clear) 2.6 V 

(All Other Inputs Except Xl, X2) 2.0 V 

ViL 

I 

Logic "0" Input Voitage 

I I 
I I I (System Clear) 0.8 V 

(All Other I nputs Except Xl, X2) I I 0.8 V I 
VIH-V,L System Clear I nput Hysteresis 0.4 V 

Vclamp 

i 
Input Clamp Voltage liN = -12mA -0.8 V 
(All Inputs Except Xl, X2, & 
Char/Line Rate Clock) 

IIH Logic "1" Input Current 

(Address Outputs) Enable Input = 0 V, 10 pA 
VCC = 5.25 V, VR = 5.25 V 

(All Other Inputs Except Xl, X2) VCC = 5.25 V, VR = 5.25 V 2 pA 

IlL Input Current 

(Address Outputs) Enable Input = 0 V, -20 pA 
VCC = 5.25 V, V,N = 0.5 V 

(All Other Inputs Except Xl, X2) VCC = 5.25 V. VIN = 0.5 V -20 pA 

VOH Logic "1" Output Voltage 10H = -100pA 3.2 4.1 V 

fOH = -1 mA 2.5 3.3 V 

VOL Logic "O"Output Voltage .IOL = 5mA 0.35 0.5 V 

lOS Output Short Circuit Current VCC = 5 V, VOUT = OV, -40 mA 
(Note 4) 

ICC Power Supply Current VCC = 5.25V 170 mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to 
imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the O°C to +70°C temperature range and the 4.75 V to 5.25 V power supply 
range. All typical values are for T A = 25° C and V CC = 5.0 V. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to 
ground, unless otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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Switching Characteristics Vce = 50V, TA = 25°C /Notes 1 and 2) 

Parameter Conditions Min Typ Max Unit 

tOl Oot Clock to Load Video Shift CL = 50pF, RL = 1 kn, 5 ns 
Register Negative Edge Load Circuit 1 

t02 Oot Clock to Load Video Shift CL = 50pF, RL = 1 krl, 11 ns 
Register Positive Edge Load Circuit 1 

t03 Oot Clock to Latch Character CL == 50pF, RL =.1 krl, 11 ns 
I Generator Positive Edge Load Circuit 1 

t04 Oot Clock to Latch Character CL= 50pF, R L =1 krl, 4 ns 
Generator Negative Edge Load Circuit 1 

t05 Oot Clock to Line Buffer CL = 50pF, RL = 1 krl, 20 I ns 
Clock Negative Edge Load Circuit 1 i 

-
tPW1 Line Buffer Clock Pulse Width CL = 50pF, RL = 1 krl, N(OT)* ns 

Load Circuit 1 

Oot Clock to Cursor Enable 
r-----

t06 CL = 50pF, RL = 1 kn, 25 - ns 
Output Transition Load Circuit 1 

t07 Oot Clock toValid Address CL = 50pF, RL = 1 krl, 20 ns 
Output Load Circuit 1 

t08 Latch Character Generator to CL = 50pF, RL = 1 krl, 300+20T ns 
Line Rate Clock Transition Load Circuit 1 

t09 Latch Character Generator to CL = 50pF, RL = 1 krl, 400+20T ns 
Clear Line Counter Transition Load Circuit 1 

t010 Line Rate Clock to Line CL = 50pF, RL = 1 krl, 180 ns 
Counter Output Transition Load Circuit 1 

tOll Line Rate Clock to Line Buffer CL = 50pF, RL = 1 krl, 200 ns 
Recirculate Enable Transition Load Circuit 1 

t012 Line Rate Clock to Vertical CL = 50pF, RL = 1 kn, 200 ns 
Blanking Transition Load Circuit 1 

t013 Line Rate Clock to Vertical CL = 50pF, RL = 1 krl, 
I 

200 ns 
Sync Transition Load Circuit 1 

t014 Latch Character Generator to CL = 50pF, RL = 1 kn, 100 ns 
Horizontal Sync Transition Load Circuit 1 

tSI Register Select/Memory 100 ns 
Address Setup Time Prior to 
Register Load Negative Edge 

tHI Register Select Memory Hold 0 ns 
Time After Register Load 
Positive Edge 

tPW2 Register Load Pulse Width 150 ns 

fMAXdot Maximum Oot Rate Frequency 25 MHz 

fMAXchar Maximum Character Rate 2.5 MHz 
Frequency 

tLZ, tHZ Oelay from Enable Input to CL = 15 pF, Load Circuit 2 25 ns 
High Impedance State from 
Logic "0" and Logic "1" 

tZL, tZH Oelay from Enable Input to CL = 15pF, Load Circuit 2 25 ns 
Logic "0" and Logic "1" from 
High Impedance State 

Note 1: Unless otherwise specified, all AC measurements are referenced to the 1.5 V level of the input to 1.5 V of the output. 

Note 2: When external clock inputs are used, the input characteristics are ZOLJT = 50 nand tR .:;; 10 ns, tF .;;; 10 ns. 

*"DT" is defined as the duration (in ns) of one full cycle of the Dot Rate Clock (Item 20 of the ROM Program Table!. "N" denotes the num-
ber of DTs per definition in Item 24 of the ROM Program Table. 

-
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DP8350 Series Option Program Table (Notes 1, 2, and 3) 

Item Parameter Value 
No. 

1 Opts per Character 
Character (Font Size) 

2 Scan lines per Character 

3 Dots per Character , 
Character Field (Block Size) r---

4 Scan lines per Character 

5 Number of Video Characters per Row 

6 Number of Video Character Rows per Frame 
--~--- ---- - ---------- --- I 7 Number of Video Scan Lines (Item 4 x Item 6) 

I~
---------------- -

8 Frame Refresh Rate (Hz) (two frequencies allowed) 

,- 9 I Delay after/be-;o~~~~-ica!-~-Ia~~-startto start of Vertical Sync (+/- Number of Scan lines) 

f1 = 

I --- --------- ------

I 

~t;cal Sync W;dth (Numbe, of Scan Unes) 

11 Delay after Vertical Blank start to start of Video (Number of Scan lines) 

I 12 Total Scan Lines per Frame (Item 7 + Item 11 = Item 13 -7- Item 8) 

13 Horizontal Scan Frequency (Line Rate) (kHz) Item 8 x Item 12) 

14 Number of Character Times per Scan Line 

15 Character Clock Rate (MHz) Item 13 x Item 14) 

16 Character Time (ns) (1 -7-ltem 15) 

17 Delay after/before Horizontal Blank start to Horizontal Sync Start (+/- Character Times) 

18 Horizontal Sync Width (Character Times) 

19 
I 

Dot Frequency (MHz) (Item 3 x Item 15) 

I 20 I Dot Time (ns) (1 -7- Item 19) 

21 Vertical Blanking Stop before start of Video (Number of Scan Lines) 
(Range = Item 4 - lime to 0 lines) 

22 Cursor Enable on all Scan Lines of a Row? (Yes or No) If not, which Line? 

23 Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 

24 Width of I-ine Buffer Clock logic "0" state within a Character Time 
(Number of Dot Time increments) 

25 Serration Pulse Width, if used (Character Times) 

26 Horizontal Sync Pulse Active state logic level (lor 0) 

27 Vertical Sync Pulse Active state logic level (lor 0) 

28 Vertical Blanking Pulse Active state logic level (lor 0) 

Note 1: If the Cursor Enable, Item 22, is active on only one line of a character row, then Item 21 must be either "1" or "0" unless it is the same 
as the line selected for Cursor Enable_ 

Note 2: Item 24 x Item 20 should be> 250 ns. 

Note 3: Item 11 must be greater than Item 4 + 1_ 
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DP8350 Series Option Program Table 

DP8350 Option: 80 Characters x 24 Rows, 5 x 7 Character Font, 7 x 10 Character Field 

Item Paramther Value No. 
I 

1 Dots per Character 5 
Character (Font Size) 

2 Scan Lines per Character 7 

3 Dots per Character 7 
Character Field (Block Size) 

4 Scan Lines per Character 10 

5 Number of Video Characters per Row 80 ~, 6 Number of Video Character Rows per Frame 24 

7 Number of Video Scan Lines (Item 4 x Item 6)- 240 ,,~ 

8 Frame Refresh Rate (Hzj (two frequencies allowed) fl=;60Hz fO = 50Hz 
'PI 
~ 

9 Delay after/before Vertical Blank start to start of Vertical Sync (+/- Number of Scan Lines~ 4 30 
-. : 

10 Vertical Sync Width (Number of Scan Lines) 10 10 ti 11 Delay after Vertical Blank start to start of Video (Number of Scan Lines) 20 72 

12 Total Scan Lines per Frame (Item 7 + Item 11 = Item 13 -;- Item 8) 260 312 

13 Horizontal Scan Frequency (Line Rate) (kHz) Item 8 x Item 12) 15.6kHz s-
O ... 

14 Number of Character Times per Scan Line 100 0 
:s 

15 Character Clock Rate (MHz) Item 13 x Item 14) 
"0 

1.56MHz c: 
0 

16 Character Time (ns) (1 -;- Item 15) 641 ns 0 

I 

E 
17 Delay after/before Horizontal Blank start to Horizontal Sync Start (+/- Character Times) 0 (J) 

en 
18 Horizontal Sync Width (Character Times) 43 CiS 
19 Dot Frequency (MHz) (Item 3 x Item 15) 10.920MHz 

c: 
.2 ... 

20 Dot Time (ns) (1 -;- Item 19) 91.6 ns as 
V Blanking Stop before start of Video (Number of Scan Lines) 

Z 
21 (Range = Item 4 - 1 line to 0 lines) 1 

22 Cursor Enable on all Scan Lines of a Row? (Yes or No) If not, which Line? Yes 

23 Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) No 

24 Width of Line Buffer Clock logic "0" state within a Character Time 
(Number of Dot Time-increments) 4 

25 Serration Pulse Width, if used (Character Times) -
26 Horizontal Sync Pulse Active state logic level (lor 0) 1 

27 Vertical Sync Pulse Active state logic level (lor 0) 0 

28 Vertical Blanking Pulse Active state logic level (lor 0) 1 

FULL/HALF ROW CONTROL (PIN 5) 

Device pill 5 converts the DP8350 programmed display With pin 5 in logic "0" state, the 12 character rows are 
from 80 characters by 24 rows to 80 characters by 12 equally spaced vertically on the CRT. Each row is spaced 
rows. by one full row of blanked video. 

-F:lI~T----.-,-·---
Also in this mode the address counter outputs address 

Row (Pin 51! D~iz~Y 
the same memory space for two rows - the video row LogIC State i -- , and the blanked row. Thus one half of the CRT memory 

1 1 80 by 24 
- ._ .. ------- . _ ... _-- -------- space is addressed with pin 5 in logic "0" state as 

0 80 by 12 compared to pin 5 in logic "1" state. --
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BiB GRAPH lOGIC CIRCUIT 

DESCRIPTION 
The NE580 is a dual bar-graph logic circuit 
designed to provide all the functions neces:" 
sary to drive a gas discharge self-scan e 
bar-graph panel. The NE580 is configured 
to drive a 201 element bar-graph in either 5 
or6 phase operation. Phase number selec­
tion is obtained by applying a logiC 0 or 1 
level to the phase select pin. 3 phase opera­
tion for a 101 element device can be attai ned 
by a wire-or connection of adjacent cathode 
phase outputs. 

The device inputs accept an analog voltage' 
in the range 0 to 2.5V and performs an A/D 
conversion with reference to a fixed input 
voltage at the reference terminal. On-chip 
functions include a clock generator, linear 
ramp generator, control logic and ROM 
decoding. Output functions comprise 2 
anode control lines, 2 overrange indication 
outputs, 6 cathode phase outputs and 1 
cathode reset ·output. Refer to the system 
block diagram for clarification. 

A minimum of external components are 
required for the whole conversion and dis­
play system shown in the typical appli­
cation. The NES80 can be expanded t9 
handle more analog channels using ex­
ternal comparators. Either LM393A or 
LM33,9A type comparators will function 
well. A few external low-cost logiC packages 
can in addition provide binary or BCD 
encoded data to interface with a logic 
control system. 

The device is supplied in a 22-pin plastic 
molded or ceramic dual-in-line package. 

8-self-scan is a trademark of Burroughs Corporation, 
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FEATURES 
• Dual channel device 
• Easily expandable to handle more chan-

nels. 
• Single 5 volt supply 
• 3, 5 or 6 phase operation 
• Can be custom masked for different cath­

ode segment counts, (maximum 240) 
• Equivalent 8-bit resolution of displayed 

information. 
• Overrange indication outputs. 

ABSOLUTE MAXIMUM RATINGS 

"NOTE 

PARAMETER 

Supply voltage, Vcc 
Output voltage (all outputs) 
Analog input voltage range 
Reference voltage input 
Phase select input 
Analog/digital ground voltage 

differential 
Power dissipation 

plastic 
cerdip* 

Operating temperature range 
Storage temperature range 
Soldering temperature 

(10sec) 

IIESBD 

NE58D-F,N 

PIN CONFIGURATION 

F,N PACKAGE 

PHASE 2 PHASE 3 

PHASE 1 PHASE 4 

5/6 SEL PHASES 

S+H CAP. 

S+H CAP, 

RAMP CAP. 

INPUT A OVER-RANGE B 

INPUT B ANA. GND 

ORDERING INFORMATION 
Plastic DIL package-NE580N 

Cerdip package-NE580F 

RATING UNIT 

. +7 V 
+VCC V 

-0.3 to +7 V 
+VCC V 
+5.5 V 
±0.3 V 

500 mW 
800 mW 

o to +70 'oC 

-65 to+150 °C 
300 °C 

The plastic 22 pin package has a thermal impedance IJJA of 120°C/Wand the cerdip , 
t)ackage, (}JA of 75°C/W, Provided the maximum junction temperature is kept below 
150°C then more power may be diSSipated to a maximum of 1 watt. 

!ijgOotiC!i 

sos 

C/) 
0 -(J) 
c::: 
C> 

en 



DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 5V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

VIN 
VREF 

Operating supply voltage 
range 

, 
Input voltage range 
Applied reference voltage1 

IBREF Bias current at 

;'B 

VOUT (1) 

lOUT (1) 

lOUT (sc) 

VOUT (0) 

Fe 

reference voltage input 
Bias current at 

analog input 

All outputs2 

All outputs2 

All outputs2 

All outputs 

Clock generator 
frequency 

VREF = 2.5V 
VREF = 2.5V 

VIN = OV 

lOUT = -500j.LA 

VOiJT = 1.5V 
VOUT = Ov 

ISINK = 1.SmA 

Timing capacitor 
= .022j.LF 

Accuracy 2V $ VREF $ 2.5V 
VIN = VREF 

Icc Supply current 

NOTES 
1. Displayed accuracy is a function of reference voltage. Values of VREF below 2 volts will 

impair conversion accuracy. 
2. All logic outputs comprise an NPN transistor with 3kO pull-up resistor to 5 volts. 

BLOCK DIAGRAM 
~L .. 

t 7 
() • C) () . 

SAMPLE 
AND HOLD 

4 CLOCK 

t 
GENERATOR 

RAMP 

COUNTER 

ROM 

I 
PHASE DECODER 

12 ( ) C) () ) () C) 
3 2 1 22 21 20 

--

806 

9 

-

() ,() 
11 17 

Min 

4.75 

0 
0 

± )10 

L~ 
:/ 

~ 
IV 

() 
11 

LIMITS 

Typ 

5.0 

500 
500 

3.5 

-1.0 
-1.5 

25 

±1 

50 

OIP 
BUFFER 

OIP 
BUFFER 

,. C) 

-I... 

Max 

5.25 

2.5 
2.5 

0.4 

.... 
~ 

..... -

..... 
~ 

~ 

NE580-F,N 

UNIT 

14 

15 

13 

V 

V 
V 

nA 
nA 

V 

mA 
mA 

V 

KHz 

bar 

mA 
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DESCRIPTION 
The NES90/591 addressable peripheral 
drivers are high current latched drivers, 
similar in function to the 9334 address de­
coder. The device has 8 Darlington power 
outputs, each capable of 250mA load 'cur­
rent. The outputs are turned on or off by 
respectively loading a logic high or logic 
low into the device data input. The required 
output is defined by a 3-bit address. The 
device must be enabled by a CE input line 
which also serves the function of further ad­
dress decoding. A common clear input, 
CLR, turns all outputs off when a logic low is 
applied .. 

The NE590 has 8 open collector Darlington 
outputs which sink current to ground. The 
device is packaged in a 16-pin molded or 
cerdip package. 

The NE591 has 8 open emitter Darlington 
outputs which source current to an external 
load from a common collector line, Vs. This 
Vs line need not necessarily be the same as 
the 5 volt Vee supply. The device is pack­
aged in an 18-pin molded or cerdip pack­
age. 

PIN DESIGNATION 

590 591 
SYMBOL 

PIN NO. PIN NO. 

1-3 2-4 Ao-A2 

4-7, 5-8, 00-07 
9-12 11-14 

13 15 D 

14 16 CE 

15 17 CLR 

- 1 CS 

- 10 Vs 

©IC MASTER 1979 

NE590-F,N • NE591-F,N 

FEATURES PIN CONFIGURATIONS 
• 8 high current outputs 
• Low-loading bus compatible inputs NES90 

• Power-on clear ensures safe operation F,N PACKAGE 

• NES90 will operate in addressable or 
demultiplex mode 

• Allows random (addressed) data entry 
• Easily expandable 
• NES90 is pin compatible with 9334 

APPLICATIONS 
• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver 

NES91 
F,N PACKAGE 

NAME & FUNCTION 
" 

A 3-bit binary address on these pins defines which of the 8_output latches is to 
receive the data. 

The 8 device outputs. The NE590 has open collector Darlington outputs. The 
NE591 has open emitter follower outputs. 

The data input. When the chip is enabled, this data bit is transferred to the defined 
output such that: 

"1" turns output switch "ON" 
"0" turns output switch "OFF" 

Thus in logic terms, the NE590 inverts data to the relevant output. The NE591 
retains true data at the output. 

The chip enable. When this input is low, the output latches will accept data. When 
CE goes high, all outputs will retain their existing state, regardless of address or 
data input conditions. 

The clear input. When CLR goes low all output switches are turned "OFF". On the 
NE590, a high data input will override the clear function on the addressed latch. On 
the NE591, CLR low will override any other condition. 

The chip select input provides for an additional level of address decoding. 

The Vs line provides the power to all 8 output devices. It is connected to the 
collectors of all 8 output transistors. This pin may be connected to the Vee or 
another supply. 
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DESCRIPTION 
The NE5018 is a complete 8-bit digital to 
analog converter subsystem on one mono­
lithic chip. The data inputs have input 
latches. controlled by a latch enable pin. 
The data and latch enable inputs are ultra­
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 

,LE goes high. the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces­
sors. 

The chip also comprises 8 stable voltage 
, reference (5V nominal) alid Ii high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale. while main­
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

(19) 

(13) VREFo-___ -~ 

OUT 

(10) 
[E 

~ 

(12) VA~J. 0---4-------1 

VCC­
(17) 

All R values equal SKU and are thermally matched. 
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FEATURES 

• 8-blt resolution 
• Input latches 
• Low-loading data Inputs 
• On-chip voltage reference 
• Output butter amplifier 
• Accurate to ± 1 14 LSB (.1%) 
• Monotonic to 8 bits 
• Amplifier and reference both short­

circuit protected 
• Compatible with 2650,8080 and many 

other /oLP'a 

APPLICATIONS 

• Precision 8-blt D I A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digltal multiplication 

(9) (8) (7) (6) (5) 
DB7 DB6 DB5 DB4 DB3 

MSB 

LATCHES AND 
SWITCH DRIVERS 

DAC SWITCHES 

Figure 1 

!ii!PIIliCS 

(2) 
DBO 

LSB 

DAC CURRENT 
OUTPUT 

SE/NE5018 F.N 

PIN CONFIGURATION 

F,N PACKAGE 

ANALOG GND 

AMP. COMPo 

SUM NODE 

VCC+ 

VOUT 

VCC-

DAC COMPo 

BIPOLAR OFFSET R 

VREF OUT 

SE/NE5018 available in F package only. 

(1) 
DIGITAL 

GND 

r--------O SUM NODE (20) 

R 

>--+--.....r.VOUT (18) 

'-------" ~~~P. (21) 

..--------0 ~:~~OG (22) 
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DESCRIPTION 
The NE5020 is a 10-bit voltage output Of A 
converter similar in design to the NE5018 
8-bit OAC. The chip incorporates an R-2R 
ladder, input data latches, a voltage refer­
ence and an output operational amplifier. 
The divice can be configured for either 
unipolar or bipolar operation. 

The 10 bits of digital data may b~ loaded 
into the latches simultaneously or as 2 bits 
of 2 and 8 bits respectively. CE 1 latches the 
2 most significant bits. CE2 latches the 8 
least significant bits. CE 1. and CE2 are tied 
together to load 10 bits in parallel. When 
loading from an 8 bit data bus CE 1 and CE2 
are controlled separately, and the 2 MSBs 
may be paralleled with any 2 of the least 8 
significant bits.· 

FEATURES 
• 1o-bit resolution 
• ± 0.05% accuracy 
• Monotonic to 1o-blts 
• Unipolar (0 to 10V) and bipolar (-5 to 

+5V) operation 
• 1o-bit data can be loaded from 8-blt 

data bus. 
• Settling time - 51's 
• Latch enable pulse width 200ns mini­

mum. 

ANALOG TO DIGITAL ConVEl1 EI 

PRELIMINARY SPECIFICATIONS 

DESCRIPTION 
The 5034 is an 8-bit resolution analog-to-' 
digital converter. The circuitry is arranged to 
provide maximum design flexability. 

The 5034 contains all of the elements com- . 
prising a true 8-bit accuracy analog-to-digi­
tal converter on one monlithic chip. These 
elements include the internal logic, voltage 
reference, comparator, clock, and output 
buffers. The output buffers are micro­
processor addressable for bus compatibil­
ity. 

The 5034 achieves fast conversion time 
(17lLsec, Typ) using a single external ca­
pacitor to set the internal clock frequency. 
Faster qonversion times are possible using 
an external clOCk. 

@IC MASTER 1979 

FEATURES 
• 8-bit resolution and accuracy 
• Micro-processor compatible logic 
• Internal clock with external override for 

higher speed 
• Pin programmable unipolar and bipolar 

inputs 
• No missing codes over full operating 

temperature range 
• System flexibility 

APPLICATIONS 
• AID converters In micro-processor 

based systems 
• High speed AID systems 
• Ratlometrlc AID conversion 
• Automated process controls 
• Low cost AID systems 

Si.!JllDliCS 

PIN CONFIGURATION 

D88 

CEl 

PIN CONFIGURATION 

CLK in 

NE5034 N Plastic Dip 
NE5034 F Ceramic Dip 

ANALOG GND 

AMP. CQMP. 

SUM NODE 

+VCC 

VOUT 

-VCC 

R OFFSET 

+VREF IN 

-VREF IN 

VREFOUT 

VREF ADJ 

CE2 

ME5034 

NE5034-N,F 

DIG GND 

ANA GND 

SUM NODE 

-VCCl 

Roffsel 

VREF IN 

VREF OUT 

VREF ADJ 

+VCC 1 
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DESCRIPTION 
The NE5118 is a high-speed 8-bit digital to 
analog converter subsystem on one mono­
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra­
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment 'of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro­
processors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer­
ence may be externally trimmed with a po­
tentiometer for easy adjustment of full scale, 
while maintaining a low temperature co-effi­
cient. 

The output has high voltage compliance in­
creasing versatility. 

CB~ BLOCK DIAGRAM 

(19) 

(12) v~~~o-__ ~_, 

(10) 
[E 

(11) v::.::O-__ -+-____ _ 

(22) 

ANALOG 0---..., 
GND 

R 

(13) -VREF IN 

VCC­
(17) 

All R values equal 5k!l and are thermally matched. 
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FEATURES 

• 8-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Fast settling output current-200ns 
• Accurate to ± 1 14 LSB 
• Monotonic to 8 bits 
• Reference short-circuit protected 
• Compatible with 2650, 8080 and many 

other ~P's 

APPLICATIONS 

• Precision 8-bit D I A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 
• CRT display drivers 
• High-speed modems 

(9) (8) (7) (6) (5) (4) (3) (2) 
DB7 086 DB5 084 DB3 DB2 DB1 080 

MSB LSB 

LATCH£SAND 
SWITCH DRIVERS 

SE5118-F. NE5118-N 

PIN CONFIGURATION 

F,N PACKAGE 

VCC-

DAC COMPo 

-VREFIN 

SE5118 available in F package only. 

(1) 

DIGITAl 
GND/VLC 

R 
.....---..JV'.~---~ RouT (20) 

r----------+--------~ louT (21) 

DAC SWITCHES 

Figure 1 

! 
DAC CURRENT 
OUTPUT L--~AI\~-----v BtPR(18) 
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"I need to know if this device exists, and if there are 
any alternate sources. Where do I start?;' 

• Memory IC • CMOS 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If you're spending hours to solve a problem similar 
to the one above!l youre behind the times ... 

It only takes a few seconds with uTHE MASTER~!I 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, intedace, linear and digital.) 

(K). 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

. . . alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section . . . a complete 
part numbering gUide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor -etc. 

uT? 
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Siliconix 

incorporatl!d 

2201 Laurelwood Road 
Santa Clara, CA 95054 

(408) 988-8000 
TWX: 910-338-0227 

Application 

Battery Operated or Battery 
Back-Up Supply 

Audio 

Video (High Frequency) 

812 

Product Selector Guide 
by Applications 

Feature of Applic~tion 

1) Low Power 

2) Minimum Nur:nber of 
Power Supplies 

3) Low Standby Power 

1) Low Signal Distortion 

2) Low Noise 

3) Wide Signal Range 

1) High OFF Impedance, 
Sma" Feedthrough of 
Signal 

2) Good Impedance 
Matching, Minimum 
Signal Drop Across 
Switch 

Send for Complete 
information in the 
New Analog Switch 
Data Book 

Suggested Switches 

CMOS DG304-DG307 
DG300-DG303, DG38l-DG390 

JFET DG126-DG164 

CMOS DG300-DG307 
(Can Also Be Used With Single Supply) 

CMOS DG200, DG201 
(For MUX: DG506-DG509) (JFET DG126-DG164) 

CMOS DG300-DG390 
~FET DG126-DG164 

JFET DG180-DG191 
CMOS DG300-DG390 

CMOS OG300-DG390 
JFET DG180-0G191 

CMOS DG300-DG390 

CMOS DG200, DG201 
(MUX: DG506-DG509) 

JFET DG182, DG185, DG188, DG191 

JFET DG181, DG182, DG184, DG185, 
DG187, DG188, DG190, DG191 

CMOS DG200, DG201 
CMOS DG300-0G307, OG38l-0G390 

JFET DG180, DG183, DG186, DG189 
OG181, OG184, OG187, OG190 

CMOS OG300-0G390 
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Bilicanix 

Application 

Differential Signal Switching 

S.mall Signal «1 V) 

Multiplexing 

Sample and Hold 

Switching to High Impedance 

·Inputs 

Low Cost 

©IC MASTER 1979 

Product Selector Guide by Applications 

(Continued) 
Feature of Application Suggested Switches 

1) Good Matching of CMOS DG300, DG302, DG303, DG304, 
Switch Parameters DG306, DG307, DG381, DG384, DG390 

CMOS DG200, DG201, DG507, DG509 

2) Low Thermocouple JFET DG183, DG184, DG185 (10 [2) 

Offset Voltage 

CMOS DG304, DG306, DG307 
DG300, DG302, DG303 
DG381, DG384, DG390 

1) Low Noise JFET DG180; DG183, DG186, DG189 
(Remainderof DG181-DG191 Family) 

CMOS DG300-DG390 

2) High Impedance CMOS DG300-DG390 
Inputs or Load JFET DG181, DG182, DG184, DG185, 

DG187, DG188, DG190, DG191 

3) Low Thermocouple CMOS DG304-DG307 
Offset Voltage DG300-DG303, DG381-DG390 

JFET DG180-DG191 

1) Break-Before-Make CMOS DG506, DG507, DG508, DG509 
Switching PMOS DG501, DG503 

2) Binary Controlled 
Logic Inputs 

3) Differential Multi- CMOS DG507, DG509 
plexing 

4) D/A Conversion NMOS DG515, DG516 

1) Low Droop Rate CMOS DG300-DG390 
JFET DG180-DG191 
CMOS DG200, DG201 

2) Low Sample to Hold CMOS DG200, DG201 

Offset CMOS DG300-DG391 
JFET DG181, DG182, 

DG184, DG185, DG187, 
DG188, DG190, DG191 

3) Fast Acquisition Speed JFET (10 Sl) DG180, DG183, DG186, DG189 (10 Sl) 

Remainder of DG181-DG191 Family 

CMOS DG300, DG390 
CMOS DG200, DG201 

1) Low Error Voltage CMOS DG300, DG390 
JFET DG180-DG191 

2) Low Switching CMOS DG200, DG201 

Transient Error DG300-DG390 

Voltage 

1) Best Performance CMOS DG200, DG201 

for Lowest Cost DG300-DG390 
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Product Selector Guide by Applications 

814 

(Continued) 

PMOS Medium Speed 'Analog Switches 

OGMll1 2XSPST OG170 3XSPOT 

DGl16 4XSPST DG171 SPST 

DGM122 2XOPST OGl72 4XSPST 

DG123 5XSPST DG173 DPOT 

DG125 5XSPST OG175 SPOT 

This series of analog switches contains 1-5 SPST func· 

tions as well as DPST, DPST, and OPOT functions. 

These switches interface with TTL/DTL logic . 

• Analog Range 

• ON Resistance 

• OFF Leakage 

±10 V 

5G-450 n 

100pA 

TTL/OTL Compatible N-Channel Junction FET 

Analog Switches 

DG126 through DGl64 

This series of analog switches includes SPST, DPST, 

and DPDT functions with low to medium ON resistance, 

constant over the analog voltage range, and medium 

speed. 

• ON Resistance 10-80n 

• OFF leakage 100 pl\ 

• Standby Power lmW 

• Analog Voltage Range ±10 V 

• tON 600 nsec 

• tOFF 1.2 J.1sec 

High Speed, High Frequency, OTLITTl Compatible 

N-Channel Junction FET Analog Switches 

DG180 through DG191 

These switches feature very high switching speeds', 

high frequency signal handling capabilities, and constant 

ON resistance over analog voltage range. 

• Analog Voltage Range 

• Sreak·Before-Make 

• tON 

• toFF 
• Signal Frequency Range 

±lOV 

±7.5 V 

150 nsec 

100 nsec 

100 MHz 

Medium Speed CMOS Switches and Analog Multiplexers 

DG200 2XSPST 

OG201 4XSPST 

DG506 

OG507 

DG508 

DG509 

16 Channel MUX 

8 Channel Oitt. MUX 

8 Channel MUX 

4 Channel Oitt. MUX 

This series of CMOS switches features medium speed, low 

priced CMOS switches with voltage handling capabilities 

of ±15 V. 

• VANALOG 
• Leakage 

±15 V 

200pA 

High Speed, low Power, low RON CMOS Analog Switches 

DG30G-304·381 2XSPST 

DG 301-305·387 

DG302·306·384 

DG303·307·390 

1XSPDT 

2XDPST 

2XSPDT 

The OG300 series is a new group of CMOS devices featuring 

high speed, low RON. low power and ± 15 V signal handling 

capabilities. DG300·309 have TTL/DTL/CMOS compatible 

inputs. DG304-307 have MOS compatible inputs and feature 

higher speed and lower power. 

• RON 
• tON 150 (TTL) 

• tOFF 130 (TTL) 

• Power 5 J.1W (TTL) 

• Signal Frequency Range 

8 Channel PMOS Multiplexer 

DG501 

DG503 

Low cost 8 channel multiplexer. 

50n 

110 (CMOS) 

70 (CMOS) 

1 J.1W (CMOS) 

100 MHz 
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H 
Siliconix 

Product Selector, Guide by Switch Fundions 

Siliconix drivers and associated FET switches are available as single-package integrated circuits. They are intended for appli­

cations where the switched analog signal must be isolated from the driving source and associated power supplies. Designs 

include monolithic devices with bipolar and Schottky tr'ansistors and MoSFETs on a single chip; monolithic CMOS switches 

and multiplexers; and multichip hybrids which combine discrete junction FET chips and a common driver in Olle package. 

The accompanying swit'ch diagrams display a wide variety of switch functions. The devices shown in boldface are recom­

mended parts for new designs. 

SPST 

o a1~ 

~ 
X2 X4 

DGMll1 DG152 DG300t DG172* 
DG133 DG180 DG304t DG201t 
DG134 DG181 DG381t 
DG141 DG182 
DG151 DG200t 

DPST 

o~~~--o-1.L-..() 
. 0 ~A...-.o 

~ 
X2 

DGM122* DG183 
DG126 DG184 
DG129 DG185 
DG140 DG302t 
DG153 DG306t 
DG154 DG384t 

MUL TIPLEXER 

INPUTS 

N 

ADDRESS 

8-Channel 16-Channel 
DG501 * DG508* t 
DG503* Si3705* 

DG506* t 

X5 

DG123* 
DG125* 

OUTPUT 

X1 

DG143 DG187 X2 

DG144 ' DG188 DG189 DG303t 
DG146 
DG161 
DG162 

DG186 

DI F FERENTIAL 
INPUTS 

DG301t DG190 DG307t 
DG305t DG191 DG390t 
DG387t 

Si3002* 

DPDT 

X1 

DG139 DG163 
DG 142 DG 164 
DG 145 DG 173* 

DIFFERENTIAL MULTIPLEXER 

lAo-+-------------~ 

NAn--4----.J 

1 B 0--+---------------<':1' 

NB O---f---r:r 

ADDRESS 

X3 

DG170* 

X4 
DG515* 

X10 

DG516* 

OUTPUT B 

4-Channel 8-Channel 

DG509* t DG507* t 

* Indicates one or more common drain connections t CMOS 
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Produd Seledor Guide by Parameters 

TYPICAL PERFORMANCE CHARACTERISTICS 

Typical Switching Speed 

I t 
MAX LIMIT 

~ALVALUE 

o .... 
C; 
o 

M 

C; 
o 

'" .... 
C; 
o 

c 
~o 

Typical rOS(on) vs V 0 

lKrJ==~===I==~====~V~~~-~~~15~vll 
~--~'~,+---~--~V-~-15V 

~ I TA~125°C 
f---+---+-----"'",....~=---t---~--+ ___ ---::::=:!-PMOS (OG170) 

w I ~ 

~ iOOS~~~~~$;;;;~~~~=CMOS (DG201) 
~ ~ JFET (OG182. 185. 188. 191) 

t;........ -.. CMOS (OG200) 

~ __ JFET (OG181. 184. 187. 190) 

~ 10 -.;: CMOS (OG300 SERIES) 

~=t=~~~~~t~~~~·-JFET (OG180. 183. 186. 189) 

1~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ 

-15 -10 -5 10 15 

Vo - ANALOG SIGNAL VOL TAGE (VOLTS) 

NOTE: The CMOS switches are the only ones capable of switching 

signals down to the negative supply. 

SELECTION GUIDE, LISTED BY PERFORMANCE: 

rDS{on) tON/tOFF 
Analog Signal Range 
(with ±15 V supply) 

(S2) Device No. Ins) Device No. (Volts) Device No. 

OG140, 141, 145, 146 150/130 OG181, 184, 187, 190 OG200, 201 
10-15$1 OG151, 153, 161, 163 200/700 DG173 +15to-15V DG300 through 390 

OG180, 183, 186, 189 DG506 through 509 
250/130 OG182, 185, 188. 191 

30$1 
DG129, 133, 139, 144 +15 to -10V DG182, 185, 188. 191 
DG181, 184, 187. 190 250/150 DG304, 305. 306. 307 

OG180. 181, 183,184 
DG152. 154. 162. 164 DG300, 301. 302, 303 +15 to -7.5V 

OG186, 187, 189. 190 
DG300. 301. 302. 303 300/250 DG381 , 384. 387,390 

50$1 
DG304, 305.306,307 OG180, 183, 186, 189 +15 to-5V 

OGM111.122 
DG170.172,173 

DG381, 384, 387, 390 300/400 OG170 

DGM111.122 300/750 DGl72 
OG170, 172.173 

loon & Up DG201 800/1600 
DG126. 129. 133, 134 

DG506. 507, 508, 509 DG152.154 

DG501,503 
800/1600 

OG139, 142, 143. 144 
OG162,164 

1000/2500 
DG140, 141. 145, 146 
DG151, 153, 161, 163 

1000/500 DG200, 201 

1000/1500 DG506, 508,509 

*Multiplexers 

Better performance than shown can be obtained from Siliconix analog switches by special sorting at customer request, or 
by using discrete FET devices chosen for optimal switching characteristics. 

816 ©Ie MASTER 1979 



H 
Siliconix 

Preferred Product Selector Guide 

Basic 

Part 

No. 

OGM111 

OG180 

OG181 

OG182 

OG200 

OG300 

OG304 

OG381 

OG172 

OG201 

OG186 

OG187 

OG188 

OG301 

OG305 

OG387 

OG189 

OG190 

OG191 

OG303 

OG307 

OG390 

OG170 

OGM122 

OG183 

OG184 

OG185 

OG302 

OG306 

OG384 

OG173 

OG515 

OG516 

Switch 
Type 

rOS(onl 
Max 
(HI 

(Note 41 

PMOS 75-200 

N-JFET 10 
10 

N-JFET 30 

30 

N·JFET 75 
75 

CMOS '70 

CMOS 

CMOS 
CMOS 

50 

50 

50 

PMOS 150-450 

CMOS 175 

N-JFET 10 

N·JFET 10 

N-JFET 30 

N-JFET 30 

N-JFET 75 

N-JFET 75 

CMOS 50 
CMOS .. 50 

CMOS 50 

N-JFET 10 

N-JFET 10 

N-JFET 30 
NeJFET 30 

N-JFET 75 

N-JF ET 75 

CMOS 50 

CMOS 50 

CMOS 50 

PMOS. 200-800 

PMOS 100-450 

N·JFET 10 
N-JFET 10 

N·JFET 30 
N-JFET 30 

N-JFET 75 

N·JF ET 75 

CMOS 50 

CMOS 

CMOS 

50 

50 

PMOS 150A50 

ANALOG SWITCHES 
Analog 

Voltage 

Range 
(VI 

(Note 41 

Switching 

Time 
(}.Isecl 

Logic Levels 
(VI 

Opt. Supply Voltage 
(VI 

(+1 (-I 

tON tOFF 
Sup. Sup. 

V 1 V 2 

TWO CHANNEL SPST (See Analog Switch Configuration I 

+10to-l0 0.3 1.0 0.5 4.6 10 -20 

+10 to -12.50.3 0.25 0.8 2.0 10 -20 

+15 to - 7.5 

+10 to -12.5 

+15 to - 7.5 

+10 to -15 

+15 to -10 

-+;15 to -15 

+15 to -15 

+15 to -15 

+15 to -15 

0.3 0.25 

0.15 0.13 

0.15. 0.13 

0.25 0.13 

0.25 0.13 

1.0 0.5 

0.3 0.25 

0.25 0.15 

0.3 0.25 

0.8 

0.8 
0.8 

0.8 

0.8 

0.8 

0.8 

3.5 

0.8 

2.0 

2.0 

2.0 

2.0 
2.0 

2.4 

4.0 

11.0 

4.0 

15 

10 
15 

10 

15 

15 

15 

15 

15 

-15 

-20 
-15 

-20 

-15 

-15 

-15 

-15 

·15 

FOUR CHANNEL SPST (See Analog Switch Configurationl 

+10 to -10 0.3 0.75 0.8 2.0 10 -20 

t15 to -15 1.0 0.5 0.8 2.4 15 -15 

ONE CHANNEL SPOT (See Analog Switch Configuration) 

+10 to -12.5 0.3 0.25 0.8 2.0 10 -20 

+15 to - 7.5 

+10to-12.5 

+15 to - 7.5 

+ 1 0 to -15 
+15to-l0 

+15 to -"15 

+15 to -15 

+15to 15 

0.3 

0.15 

0.1·5 

0.25 

0.25 

0.3 

0.25 

0.3 

0.25 

0.13 

0.13 

0.13 

0.13 

0.25 

0.15 

.0.25 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

3.5 

0.8 

2.0 

2.0 
2.0 

2.0 

2.0 

4.0 

11.0 

4.0 

15 

10 

15 

10 

15 

15 

15 

15 

-15 

-20 
-15 

-20 
-15 

-15 

-15 

-15 

TWO CHANNEL SPOT (See Analog Switch Configuration I 

+10 to -12.5 0.3 0.25 0.8 2.0 10 -20 

+15 to - 7.5 0.3 0.25 0.8 2.0 15 -15 

+10 to -12.5 0.15 0.13 0.8 2.0 10 -20 
+15 to - 7.5 0.15 0.13 0.8 2.0 15 -15 

.. 10 to -15 0.25 0.13 0.8 2.0 10 -20 

+-15 to -10 0.25 0.13 0.8 2.0 15 -15 

.,.15 to -15 0.3 0.25 0.8 4.0 15 -15 

+15 to -15 0.25 0.15 3.5 11.0 15 -15 

+15 to -15 0.3 0.25 0.8 4.0 15 -15 

THREE CHANNEL SPOT (See Analog Switch Configuration) 

+lOto-10 0.3 0.4 0.8 2.0 10 -20 

TWO CHANNEL OPST (See Analog Switch Configuration) 

+-10to-10 0.3 2.0 0.4 1mA(1) 10 -20 

+1010-12.5 0.3 0.25 0.8 2.0 10 -20 

+15 to - 7.5 

+10to-12.5 

+15 to - 7.5 

+10to-15 

+15to-l0 

+ 15 to -15 

+15 to -15 

+15 to -15 

0.3 0.25 

0.15 0.13 

0.15 0.13 

0.25 0.13 

0.25 0.13 

0.3 0.25 

0.25 0.15 

0.3 0.25 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

3.5 

0.8 

2.0 

2.0 
2.0 

2.0 

2.0 

4.0 

11.0 

4.0 

15 

10 
15 

10 

15 

15 

15 

15 

-15 

-20 
-15 

-20 

-15 

-15 

.,.15 

-15 

ONE CHANNEL OPOT (See Analog Switch Configuration) 

+10to-l0 0.2 0.7 0.8 2.0 10 -20 

Logic 

Sup. 

VL 

5 

Ref. 

Sup. 

VR 

Comments 

5 0 Break·Before-Make 
5 0 15 V Supplies 

5 0 Break-Before-Make 

5 0 15 V Supplies 

5 0 Break-Before-Make 

5 0 15 V Supplies 

(Note 3) 

5 0 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5' 

5 
5 

5 

5 
5 
5 

5 
5 

5 
5 

5 

(Note 3) 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

o 

o 
o 
o 
o 
o 
o 
o 

o 

Low Power, TTL In 

Low Power, CMOS In 

Low Power, OG181 Pin Out 

Break·Belore-Make 

15 V Supplies 

Break-Belore-Make 

15 V Supplies 

Break-Belore-Make 

15 V Supplies 

Low Power, TTL In 

Low Power, CMOS In 

Low Power, OG187 Pin Out 

Break-Belore-Make 

15 V Supplies 

Break-Belore-Make 

15 V Supplies 

Break-Belore-Make 

15 V Supplies 

Low Power TTL In 

Low Power, CMOS In 

Low Power, OG190 Pin Out 

Break·Belore-Make 

15 V Supplies 

Break-Before-Make 
15 V Supplies 

Break-Belore·Make 

15 V Supplies 

Low Power, TTL In 

Low ·Powe., .CMOS In 

Low Power, OG184 Pin Out 

2 Input "OR" Control 

FOUR CHANNEL SPOT O/A CONVERTER SUMMING NODE SWITCHES (See Analog Switch Configurationl 

NMOS (see comments) 0.12 0.17 0.5 7.5 8.0 0 R1 6.2511,R2 12.511, 

R3 - 25 I], R4 5012 

TEN CHANNEL SPOT OIA CONVERTER SUMMING NODE SWITCHES (See Analog Switch Configuration) 

NMOS (see comments) 0.12 0.17 0.5 7.5 8.0 0 Rl 100i2,R2 
R3 . 400 \], R4 

R5 1600 \l, 
R6 -10 3200 I] 

200 II, 

800 H, 

ABBREVIATIONS Prop. propagation Camp. 

Ind. 

complementary NA - not applicable 

Chn. 

Sw. 

Orvr. 

channel 

switch 

driver 

Com. 

MUX 

- independent 

common 

mUltiplexer 

Trmnls. - terminals 

Diffrnt\. differential . 
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Preferred Product Selector Guide 

(Continued) 
ANALOG MULTIPLEXERS 

Analog 
Transition 

Opt. Supply Voltage 

Basic rOS(on} Voltage Logic Levels (V) 

Part 
Process Max 

Range 
Time 

(V) (+) (-) Ref. 
Type (n) ().Lsecl 

No. 
(Note 4) 

(V) 
(Note 2) 

V INL V INH Sup. Sup. Sup. 

(Note 4) V 1 V 2 V R 

Comments 

EIGHT CHANNEL MUX + ENABLE (See Analog Switch Configuration) 

DG501 PMOS 150-250 + 5 to - 5 

150-800 +10 to-lO 

400 +15 to -15 

1.5 

1.5 

1.0 

0.6 

0.6 

0.8 

3.5 5 

10 

15 

-20 o 
o 

Logic Pullup Resistors 

Basic N 

Part P 
U 

No. T 
S 

0125 6 

0129 7 

0139 2 

Basic 

Part 

No. 

DG503 PMOS 

OG508 CMOS 

8.5 

2.4 

-20 

-15 Break-Before-Make 

SIXTEEN CHANNEL MUX + ENABLE (See Analog Switch Configuration) 

OG506 CMOS 400 +15 to -15 1.0 0.8 2.4 15 -15 (Note 3) Break-Before-Make 

FOUR CHANNEL DIFFERENTIAL MUX + ENABLE (See Analog Switch Configuration) 

OG509 CMOS 400 +15to-15 1.0 0.8 2.4 15 -15 Break·Before·Make 

EIGHT CHANNEL 01 FFERENTIAL MUX + ENABLE (See Analog Switch Configuration) 

OG507 CMOS 400 +15 to -15 1.0 0.8 2.4 15 -15 (Note 3) Break-Before-Make 

DRIVERS FOR FET SWITCHES 

OFF Level 

0 V(out) OFF Input Limits 
U ON Level At Input Optimum Supply 
T V INH 

V(out} ON V 2 Rated Current Logic Voltages 
P Function and Uses V'NL (V) 

At Or for (V) 
U (V) (lINH) 

Rated Currentisi I(out) OFF V OUT (low) V 1 V 2 V L V R T (rnA) 
S At 

Rated Voltage 

6 Six Separate MOSfET- 0.4 V @ 5 mA 0.1 ).LA @ 10 V a 0.5 4.6 (Note 5) -20 5 

Drivers 

4 Four Channel (BV=50) 0.7 V @ 10 mA 0.1 ).LA @ 10 V 0.7 2.2 (Note 5) -20 

MOSFET-Driver with 

Decode 

4 Dual High·Speed 1.1 V@ lallA V l -2V@ Output and 0.8 2.0 10 -20 5 a 
Drivers/with Compli- 1.5 V @ 2 mA 2 mA Cpmpliment 0.8 2.0 10 -20 5 a 
mentary Outputs Available 

MUl TIPLE FET SWITCHES 

S 
0 0 
U R G 

Switch Switch rOS MAX (~2) IS(off) VGS(th) R A A BVOSS 
I T Function Type @VS =+10V @VS =-10V (nA) Min Max C 

E N E 
S S S 

SWitching 

Time !.us) 

tON tOFF 

0.6 1.2 

0.25 0.8 

0.17 0.2 

0.17 0.2 

G115 6 6 SP6T PMOS 100 450 -30 0.5 -1.5 -4.0 6 Switches, Common Out 

G123 4 2 4 2XSPDT PMOS 100 450 -30 0.5 -1.~ -4.0 4 Switches 

NOTES: 

1. Current Driven Device - IINH = 1 mA 

2 The appropriate switching characteristic for multiplexers is tTRANSITION' not tON' tOF F' 

3. V REF = 1.5 V is used when supply voltages < ± 15 V are used. Not needed when supply voltages of ± 15 V are used. 

4. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS. rDS is also a function of Supply Voltage 

and Analog Voltage. See individual data sheets for more detail. Values shown are for temperature suffix ~. 

5 .. Device normally operates with resistor to + 1 0 V. 
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H DG300 DG301 DG302 DG303 . 
Siliconix DG304 DG305 DG306 DG307 

Monolithic CMOS Analog Switches 
designed for. . . BENEFITS 

• Portable, Battery Operated Circuits· Low Standby Power 

o 0.06 JlW Typical 

• Low Leakage Switching 
i.e. Sample and Hold Circuits 

• Communication Systems 
• Low Level Switching Circuits 
• Fast Switching Circuits 

such as Multiplexers 

• Minimizes Signal Error 
o 0.1 nA Typical Leakage 

• Low Operating Power 
o 0.06 JlW Typical for DG304-407 

• Reduced Voltage Drop Across Switch in ON 
Condition 

o rds(on) < 50 [2 

• Minimizes Switching Time 

o Typ ton & toff < 200 ns 

• Standard Linear Dual Supply 
Voltages or Single Supply Systems 

• Minimizes System Power Requirements 
o Single Supply Operation Capabilities 

• Easily Interfaced 
o TTL, DTL and CMOS Input Compatible 

• Reduces External Component Requirements 
DESCRIPTION o Logic Input Overvoltage Protection 

The DG300 through DG307 switch family features four switching functions using CMOS technology for low and nearly 
constant ON resistance (less than 50 [2) over the full analog signal range. In the ON condition the switches will conduct 
current in either direction with no offset voltage. With low power dissipation, (a few milliwatts for the OG300-303, a few 
hundred microwatts for the' DG304-307), this series of switches becomes an ideal candidate for battery-powered or remote 
switching applications. The switching speed is among the fastest available with the low quiescent power dissipation. In the 
OFF condition, the switches will block voltages up to 30 V peak-to-peak. A logic input driver controls the ON/OFF state of 
the switches. (See the "Pin Configuration" for switch status with a logic "1" input.) The DG300-303 switches are TTL and 
CMOS input compatible and have a logic "0" state with an input less than 0.8 V and a logic "1" state with an input greater 
than 4.0 V. A pull-up resistor should be added for totem pole TTL outputs. The DG304-307 switches are CMOS input 
compatible and have a logic (10" state with an input less than 3.5 V and a logic "1" state with an input greater than 11 V 
(for 15 V positive supply). The logic inputs are protected against overvoltage up to 18 V above and 36 V below the positive 
supply. The combination of low cost, low power, low resistance and fast speed optimizes system design. 

PIN CONFIGURATIONS 
DUAL SPST DG300 or DG304 

Metal Can Package Dual·ln·Line and Fiat Package 

ORDER NUMBERS: V+ (SUBSTRATE AND CA~E) 

O~" .02 

, V+ DG300AP OR DG30QBP 

'. °2 DG304AP OR DG304BP 

s,. 1 : . S2 

IN,· ; L . IN2 

NC' . • V-

GNO 
TOP VIEW 

ORDER NUMBERS: 

DG300AA OR DG300BA 

DG304AA OR DG304BA 

TOP VIEW 

NC 
" $2 
" NC 
'. IN2 

V-

DG300CJ 

DG304CJ 

DG300AL OR DG304AL 

DUAL OPST DG302 or OG306 
Dual·in·Line and Fiat Package ORDER NUMBERS: 

NC 
$3 
03 
0, , 
$, , 

IN, " 

., V+ DG302AP OR DG302BP 

" S4 DG306AP OR DGJWBP 
·,04 

" 02 
". S2 
• IN2 

DG302CJ 

DG306CJ 

GNO -'L-_--I- V- DG302AL OR DG306AL 
TOP VIEW 

SPOT DG301 or OG305 
Dual·in·Line and Flat Package Metal Can Package 

ORDER NUMBERS: 

DG301AP OR DG301BP 

DG305AP OR DG305BP 

DG301CJ 

DG305CJ 

NC ' 
0, 
NC 
S, 

NC 
IN ., 

~ ., S2 ' 
; "NC IN, .J NC 

_J, NC NC'.," V- . 

~~~, .•.. : ~( (::aB1STR~;E~,AN~2::SEI 

DG301AL OR DG305AL GNO / ,::::-=".--,--:-,' V- GNO 
TOP VIEW TOP VIEW 

LOGIC 
SW 1 
SW 2 

0 OFF 
1 ON 

ORDER NUMBERS: 

r-----,-----,-----, DG301AA OR DG301BA 

r---t----t----( DG305AA OR DG305BA 

DUAL SPOT OG303 or OG307 
ORDER NUMBERS: Dual·in·Line and Flat Package 

DG303AP OR DG303BP NC' V+ 
DG307 AP OR DG307BP $3 " $4 

03 ' ''" 04 
0, , " 02 
S, " S2 

IN, b " IN2 

SW 3 
SW 4 

ON 
OFF 

DG303CJ 

DGJ07CJ 

DG30JAL OR DG307AL GNO '"'---_--" V-
TOP VIEW 

SWITCH STATES ARE FOR LOGIC "1" INPUTS (POSITIVE LOGIC) 

"SEE PRODUCT APPLICATION GUIDE ON PAGE 812" 
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ABSOLUTE MAXIMUM RATIN.GS 
V I N to Ground 

Vs or VD 

V+ +18 V, V+ -36 V 

V+ to Ground 
. V+ to V-

Current, Any Terminal (Except S or D) 
Current, S or 0, Continuous . 

Pulsed 1 ms 10% Duty Cycle 
Operating Temperature (A Suffix) 

(8 Suffix) 
(C Suffix) 

Storage Temperature (A & 8 Suffix) 
(C Suffix) . 

ELECTRICAL CHARACTERISTICS 

V+ to V­

+36 V 
+36 V 

30 rnA 
30mA 

100 rnA 
-55 to +125°C 
-20 to +85°C 

Oto+70°C 
-65 to +150o

C 
-65 to +125°C 

DG300 DG301 DG302 DG303 
DG304 DG30S DG306 DG307 

Power Dissipation * 
14 Pin Sidebraze DIP (P)** 

14 Pin Plastic DIP (J)*** 
Metal Can (A)**** 
Flat Package (L)***** 

825mW 
470mW 
450mW 
750mW 

* Device mounted with all leads welded or soldered to 
PC board. 

** Derate 11 mWfC above 75°C 
***Derate 6.5 mWfC above 25°C 

****Derate 6 mW/C above 75°C 
*****Derate 10 mWfC above 75°C 

All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 

1 -
2 -
3 -
4 

-
5 -
6 -
7 

-
8 

9 -
10 -
11 

12 

-
13 

-
14 

-
15 

-
16 

-
17 

-
18 

-
19 -
20 -21 -
22 

23 

-
24 -
25 

-
26 -
27 -
28 

-
29 -
30 

820 

Max Limits 

Characteristics 
AlB Suffix C Suffix 

Typl _55°CI 125°CI 

25°C -20°C 
25°C 

85°C 
O°C 25°C 

Drain Source 30 50 50 75 50 50 

roS(on) ON Resistance 30 50 50 75 50 50 

Source OFF 0.1 1 100 5 
S ISloft) Leakage Current W -0.1 -1 -100 -5 
I 
T OrainOFF 0.1 1 100 5 
C loloff) 
H Leakage Current -0.1 -1 -100 -5 

Channel ON 0.1 1 100 5 

lolon) Leakage Current -0.1 -2 -200 -5 

I 
oG300·303 Only -0.001 -1 -1 -1 -1 

N 
IINH 

Input Current 
P Input Voltage High oG300-307 0.001 1 1 1 1 
U 
T 
S IINL Input Current I nput Voltage Low -0.001 -1 -1 -1 -1 

ton Turn ON Time oG300-303 150 300 

toff Turn OFF Time Only 130 250 

ton Turn ON TIme oG304-307 110 250 

toff Turn OFF TIme Only 70 150 

0 Break-Before-Make oG3011303 
y ton - toff oG3051307 Only 

50 
Interval 

N 
A 

CSloffi Source OF F Capacitance 14 
M 
I 
C Coloff) Oram OFF Capacitance 14 

Co(onl + CS(onl Channel ON Capacitance 40 

6 
CIN I nput Capacitance 

3.5 

OFF Isolation3 62 

1+ Positive Supply Current 0.23 1 0.5 0.5 1 

1- Negative Supply Current OG300-303 -0.001 -10 -10 -100 -100 

S 1+ Positive Supply Current Only 0.001 10 10 100 100 

U 
P 

1- Negative Supply Current -0.001 -10 -10 -100 -100 

P 1+ Positive Supply Current 0.001 10 10 100 100 
L 
y 1- Negative Supply Current oG304-307 -0.001 -10 -10 -100 -100 

1+ Positive Supply Current Only 0_001 10 10 100 100 

1- Negative Supply Current -0.001 -10 -10 -100 -100 

NOTES' 

1. Typical values are for OESIGN AID ONL Y. not guaranteed and not subject to production testing. 

2. VIN - Input voltage to perform proper function. oG300-303: V IN - For logic "1" = 4 V, for logic "0" = 0.8 V 
oG304-307: V IN - For logic "1" = 11 V. for logic "0" = 3.5 V 

3. "OFF" Isolation ~ 20 log VSlV o • Vs Input to OFF switch, Vo "Output 

Unit 
Test Conditions 

V+ = +15 V. V- = -15 V. Gnd = 0 V 
70°C 

75 V 0 " + 1 0 V. IS = -10 mA 
n Note 2 

75 Vo=-lOV.IS=+10mA 

100 Vs = +15 V. Vo = -15 V 

-100 VS=-15V.VO +15 V 
. Note 2 

100 VO=+15V.VS=-15V 
nA 

-100 Vo = -15 V. Vs = +15 V 

100 Vo=VS=+15V 
Note 2 

-200 Vo=VS=-15V 

V 1N =+5V 

).I A V IN =+15V 

V IN = 0 

See Switching Time Test Circuit 

nS 

See Break-Before-Make Time Test Circuit 

Vs = O. Note 2 

Vo = O. Note 2 

pF Vo = Vs = O. Note 2 f - 1 MHz 

V IN = 0 

V IN =+15V 

dB 
V IN = O. RL = lK 1I,C L = +15 pF 

Vs = 1 VRMS' f = 500 kHz 

mA 
V IN - 4 V (One Inputl (All Other Inputs = 01 

V IN = 0.8 V (All Inputs) 

IJA 

V IN = +15 V (All Inputs) 

V IN = 0 (All Inputs) 
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DG381 DG384 DG387 DG390 

Monolithic CMOS Analog Switches 
designed-for... B.ENEFITS 

• Portable, Battery Operated Circuits· Low Standby Power 
o 0.06 pW Typical 

• Low Leakage Switching 
i.e. Sample and Hold Circuits 

• Communication Systems 
• Low Level Switching Circuits 
• Fast Switching Circuits 

such as Multiplexers 

• Standard Linear Dual Supply 
Voltages or Single Supply Systems 

DESCRIPTION 

• Minimizes Signal Error 
o 0.1 nA Typicall.eakage 

• Low Operating Power 
o 7.5 mW Typical 

• Reduced Voltage Drop Across Switch in 
ON Condition 

o. rds(on) < 50 il 

• Minimizes Switching Time 
o Typ ton & toff < 200 ns 

• Minimizes System Power Requirements 
o Single Supply Operation Capabilities 

• Easily Interfaced 
o TTL, DTL / CMOS Input Compatible 
o Pin to Pin Replacement for DG 180 Series 

Switches 

• Reduces External Component Requirements 
o Logic Input Overvoltage Protection 

The DG381 through DG390 switch family features four switching functions using CMOS technology for low and nearly 
constant ON resistance (less than 50 il) over the full analog signal range. I n the ON' condition the switches will conduct 
current in either direction with no offset voltage. With low power dissipation, a few milliwatts, this series of switches 
becomes an ideal candidate for battery-powered or remote switching applications. The switching speed is among the fastest 
available with the low quiescent power dissipation. In the OFF condition, the switches will block voltages up to 30 V 
peak-to-peak. A logic input driver controls the ON/OF F state of the switches. (See the "Pin Configuration" for switch 
status with a logic "1" input.) The switches are TTL and CMOS input compatible and have a logic "0" state with an input 
less than 0.8 V and a logic "1" state with an input greater than 4.0 V. A pull-up resistor should be added for totem pole 
TIL outputs. The logic inputs are protected against overvoltage up to 18 V above and 36 V below the positive supply. The 
combination of low cost, low power, low resistance and fast speed optimizes system design. 

PIN CONFIGURATIONS 
DUAL SPST DG381 

Metal Can Package Dual-In-Line Packa,ge 

O'~'_S: .• ~'N2 
IN" ld ; V-

, " 

V+* '- GNO 
NC 

TOP VIEW 

ORDER NUMBERS: 
DG381AA OR DG381BA DG381CJ 

DUAL DPST DG384 

Dual-In-line Package 

0, , H, S, 
NC I ", IN, 
03 ' " V-
S3 ' 11 GNO 

ORDER NUMBERS: 
DG384AP OR DG384BP 

DG384CJ 
S4 " " NC 
04 " " V+ 
NC I '01N2 
02 K " S2 

LOGIC 
SWl 

SW2 

0 ON 
1 OFF 

·(SUBSTRATE 
AND CASE) 

·(SUBSTRATE 
AND CASE) 

LOGIC 
SW 1 SW3 

SW2 SW4 

0 OFF ON 

1 ON OFF 

SPDT DG387 
Oual-.In-Line Package 

NC , NC 

NC NC 
0, 02 
S, S2 
IN NC 

V+ ' V-
NC GNO 

TOP VIEW 
ORDER NUMBERS: 

DG387AP OR DG387BP 

DG387CJ 

DUAL SPDT DG390 

" V+ 
>t, IN2 

~~---', S2 

SWITCH STATES ARE FOR LOGIC "1" INPUTS (POSITIVE LOGIC) 

©IC MASTER 1979 

Metal Can Package 

~
02 S2 

'-.. 

S, .~'" .. NC 

IN . - V-
, , 

V+* - GNO_ 
NC 

TOP VIEW 

ORDER NUMBERS: 
DG387 AA OR DG387BA 

ORDER NUMBERS: 
DG390AP OR DG390BP 

DG390CJ 

821 

.~ 
c: 
o 
.~ 

(J) 



·~ c 
o 
.2 
w 

H 
Bilicanix 

ABSOLUTE MAXIMUM RATINGS 

VIN to Ground 

Vs to VD 

V+ to Ground 

V+ to V-

V+ +18 V, V+ -36 V 

. V+, V­

+36 V 

+36 V 

Current, Any Terminal (Except S or D) 30 rnA 

30 rnA Current, S or 0, Continuous . 

Pulsed 1 ms 10% Duty Cycle 

Operating Temperature (A Suffix) 

(8 Suffix) 

(C Suffix) 

Storage Temperature (A & 8 Suffix) 

(C Suffix) . 

ELECTRICAL CHARACTERISTICS 

100 rnA 

-55 to +125°C 

-20 to +85°C 

o to +70°C 

-65 to +150°C 

-65 to +125°C 

DG381 DG384 DG387 DG390 

Power Dissipation * 

14 Pin Sidebraze DIP (P)** 

14 Pin Plastic DIP (J)*** 

Metal Can (A)**** . 

825 mW 

470mW 

450mW 

*Device mounted with a" leads welded or soldered to 

PC board. 

**Derate 11 mWfC above 75P C 

***Derate 6.5 mWtC above 25°C 

****Oerate 6 mWfC above 75°C 

A" DC parameters are 100% tested at 25° C. Lots are sample tested for AC parameters and high and low temperature limits to 
assure conformance with specifications. 

Characteristics AlB Suffix 

TVp' _55°CI 
25°C 

25°C _20c C 

1 Drain Source 30 50 50 - rOSlon) ON Resistance 2 30 50 50 

35 Source OFF 0.1 1 
-w IS(offl Leakage Current -0.1 -1 4 I 

5 T Drain OFF 0.1 1 
-C 1010ffi 

6 H Leakage Current -0.1 -1 
-

7 Channel ON 0.1 1 

8 10(onl Leakage Current -0.1 -2 

~ Input Current -0.001 -1 -1 

10 1 IINH I nput Voltage High 0.001 1 1 
!TN 

IINL Input Current Input Voltage Low -O.QOl -1 -1 

12 ton Turn ON Time 150 300 -
13 toff Turn OF F Time 130 250 -
14 0 

Break ·Before·Make 
OG387/390 only 50 ton - toff 

-y Interval 

15 N CSloft) Source 0 F F Capacitance 14 
-A 

16 M COloft) Drain OFF Capacitance 14 
- 1 

17 C COlon) + CSlonl Channel ON Capacitance 40 

18 6 - CIN I nput Capacitance 
19 3.5 

-
20 OFF Isolation' 62 

21 5 1+ Positive Supply Current 0.23 1 0.5 
-u 

22 P 1- Negative Supply Current -0.001 -10 -10 

n P 1+ Positive Supply Current 0.001 10 10 
-L 

24 y 1- Negative Supply Current -0.001 -10 -10 

NOTES 

1 TYPical values are for DESIGN AID ONL Y. not guaranteed and not subject to production testing 

2 V I N Input voltageto perform proper f unction, V I N for logic" 1 ,. 4 V, for logic "0" 0.8 V 

3 "OFF" IsolatIon I) 20 log VSIV O .. Input to OFF sWItch, Vo ~ Output 

Max Limits 

C Suffix Unit 
Test Conditions 

V+ = +15 V. V- = -15 V. Gnd = 0 V 
125°CI 

oOe 25°C 70°C 
85°e 

75 50 50 75 V 0 = + 1 0 V. IS = - 1 0 mA 
n Note 2 

75 50 50 75 V 0 = - 1 0 V, IS = + 1 0 mA 

100 5 100 VS=+15V,VO=-15V 

-100 VS=-15V,VO=+15V -5 -100 
Note 2 

100 5 100 VO=+15V,VS~-15V 
nA 

-100 -5 -100 VO=-15V,VS=+15V 

100 5 100 VO=VS=+15V 
Note 2 

-200 -5 -/00 VO:':\'5"7-15\/ 

-1 -1 VIN = +5 V 

1 1 iJ.A VIN=+15V 

-1 -1 VIN r 0 

See Switching Time Test Circuit 
nS 

See Break·Before·Make Time Test Circuit 

Vs ~ 0, Note 2 

Vo ~ 0, Note 2 

pF Vo = Vs = 0, Note 2 f = l MHz 

VIN ~ 0 

V IN=+15V 

dB 
VIN = O. RL = lK n, CL = +15 pF 

Vs = 1 VRMS' f = 500 kHz 

0.5 1 rnA 

-100 -100 
VIN = 4 V (One Input) (All Other Inputs = 0) 

100 100 iJ.A 

-100 -100 
VIN = 0.8 V (All Inputs) 
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11' 00300 DG301 DG302 DG303 DG304 DG305: 
Silicanix DG306 DG307 DG381·DG384 DG387 DG390-
TYPICAL CHARACTE RISTICS 

rOS(on) VS Vo and 
Temperature 

Z 
0 ... 
~Cii 
:l2; 
O:r 
~o 
0-
~ ... 

!~ 
<t<t 
II:~ 
o~ 
I~ 
811: 
iii 
!? 

i 
! 
z 
0 
i= 
~ 
~ 
i5 
II: 

~ 
~ 
I ... ... 

100 

V~ = l15 ~ 
V-= -15 V-

80 

60 

40 - 125°C ~ r---
I""" - 25°C 

20 

_55°C . -r 
-15 -10 -5 10 15 

100 

10 

0.1 

VD - DRAIN VOLTAGE (VOLTS) 

Device Power Dissipation 
vs Switching Frequency 

Single Logic Input 

=V+-+15V 

::V - 15V 
I -TA =25'C 

-Vs= 15V I i 
RL = 2K Sl II 

D 

1=:= 1:::=0(,300-303 '// I 
DG381·390 I i 

: 
I DG304·307 --i---

11 

J I i V I 
1 ,10 100 lK 10K lOOK 1M 

LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 

'S(off) or 10(off) vs Temperature* 

25 ~5 65 85 105 125 

·100 

80 

20 

o 

rOS( ~n) vs V 0 and 
Power Supply Voltage 

A v+ = +15 V, V- = -15 V 
B V+=+10V,V-=-10V 
C v+ = +7.5 V, V- = -7.5 V 
o v+ = +5 V, V- = -5 V ~~+--t-; 

C 

B 

- --
A 

-15 -10 -5 10 15 

VD - DRAIN VOLTAGE (VOL TS) 

OFF Isolation vs Frequency 

100 , 

~ 
80 I 

", ... , 
z 
0 
i= 60 j 
0 
~ 
u. 
u. 40 
0 
I 

... ~ i 
I ...... RL = 100 Sl 

RL=lKSl ~ " 111111 
, Ii 

"Uojo 
2' ~ 20 :11111 """"' ..... .;. 

V+=+15V,V-=-15V I ~ CLOAD= 3 pF 
Vs = 1 VRMS /1 i I I III 

o 
105 loB 

1 - FREQUENCY (Hz) 

10(on) vs Temperature* 

8 
§ 0.01 
- 25 45 66 85 105 125 

T - TEMPERATURE (OC) T - TEMPERATURE ('C) 

*The net leakage into the source or drain is the n-channel leakage minus the p-channel 
leakage. This difference can be positive, negative, or zero depending on the analog voltage 
and temperature, and will vary greatly from unit to unit. 

Output ON Capacitance 
vs Drain Voltage 

~ 70 
V+ = +15 V 

w 
u 
~. 

60 ~ 

'-V-=-15V 
! VS=VD 

U 
<t 
~ 
u 50 z 
0 
~ 

lL .,.,. ,,/ 
~ 
~ 40 :::l 

~ V 
0 
I 

8 
iii 30 
u 
+ I 

§ 
0 20 
u 

10 12 14 16 

VD - DRAIN VOL T AGE (VOLTS) 

©IC MASTER 1979 

20 

LL 
.!: 16 ... 
u 
Z 
<t 
~ 
(j 12 
<t ... 
<t 
U 
~ 

~ 
~ 
I 
Z 
J 

I nput Capacitance vs 
Input Voltage 

V+=+15V 
i-v-=-15V 

TA=25'C 

'--- ( DGJ04-DG3071 / 
~I==i=-i..--"" ~ 

./ 

/" 
~ TRANSITION (INDETERMINATE 

DUE TO ACTIVE INPUT) 

..--:: ~- ~ 

1 
(DG3oo·DG303) 

j ( DG381·DG3901 

I i 

10 12 14 16 

VIN - INPUT VOLTAGE (VOLTS) 

Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 

If RGEN, RL or CL is increased, there will be 
proportional increases in rise and/or fall RC 
times. Applying V GEN to 0 rather than S 
results in much greater spikes. 

Cii 
~ 
0 
~ 
~ 

~ 
~ 
u 
(; 15 
g 

10 I 
Z 

-> 

+10 

+5 

Cii 
~ +5 
..J 
o 
~ 
w 
t:1 
<t 
~ 
o 
> 
I-

~ 
I­
:::l 

~ +5 

o 
> 

-5 

-5 

-5 

-10 

1 
! 

i 

DLJ TH~·U dG30~-
DG384 THRU DG390 

'DG381 INVERTED LOGIC 

\ I I I· I J 
LOGIC INPUT 

Dl304'THJu Db30)-r I INPUT 

LOGIC INPUT 

I ['.. 'SEE NOTE 
~ 

I VGEN = 10 V i'+-"""-
: i 

i I 

I 

l' 
J ......... r--.... -VGEN=5V 

I : 

... ; ,... 
VGEN

I
= OV 

I 

1 

\ ,.... ....-
vGEN=-5V I I i 

I ~ 
~ 

I r'~ i ! 
i VGEN=-10V 

0.4 0.8 1.2 1.6 

t - TIME (~sl 

°Note: The turn-off time is primarily limited here by the 
RC time constant (100 ns) 01 the load. 
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Billcanix 

DG300 DG301 DG302 DG303 DG304 DG305 
DG306 DG307 DG381 DG384 DG387 DG390 

TYPICAL CHARACTE RISTICS' (Cont'd) 
Switching Time vs Temperature Switching Time vs Temperature 

DG300-303. DG381-390 DG304-307 
220 

200 

180 

c 160 

~ 140 ;:: 
CI 120 
Z 
i 100 u 
~ 

~ 80 

V+ = +15 V 

V-= -15V 
..,./ 

VINH = 4.0V 

VINL = 0 V tON ,,/ ~ 

~ ~ ,,~ 
..--~ .... i.,..--" I--""" 

~ .... tOFF 

.-'" 

220 

200 

180 
c 

160 

~ 140 ;:: 
CI 120 2 
i 

100 u 
~ 

~ 80 

r-)=+~5V I 
V-= -15 V 

f-VINH = +15 V 
./ rVtNl=OV ---

I ./ 
ION ,..-V 

I ~ 
.--~,.,. tO~F 

~ 60 I 60 --
40 40 

20 

I 
I 

I 
I I I I I 

20 

o 
-55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125 

T - TEMPERATURE fOCI 

Switching Time and Break-Before-Make Time 
vs Positive Supply Voltage 

DG300-303.DG381-390 
c 500 ...---.,...--.....---r----r----,..---, 

~ 
;:: 
UJ 400 I---t---+-\--+----+ 

'" « 
~ 

'E ~ 300 I---+----+-~r+---t---+---i 
.ow Em 
":;:.~ 
'0« 
~ w 200 I---+-----+-~,-t 
-g~. 

~ 
;:: 
c.!l 100 I----t----+_-
2 
i 
:= 
~ 

c 
UJ 
::!' 
;:: 
CI 
2 
i 
u 
~ 

~ 
I 

0 

c 
0 

250 

200 

150 

100 

50 

10 

V+ - POSITIVE SUPPLY VOL TAGE (VOLTS) 

Switching Time 
vs Negative Supply Voltage 

DGJOO-JOJ.DG381-J90 

V+ = +15 V 

TA = 25°C 
VINH = +4.0 V 
VINL: 0 

X I 

toft ....... t'--

15 

240 

] 200 

UJ 
::!' 

~ 160 
2 
i 
:= 
~ 120 

I 

~ 80 
.9 

40 

240 

200 
c 
w 
::iE 
;:: 
c.!l 160 
2 
i 
u 
~ 

~ 120 

I 

j 80 

40 

T - TEMPERATURE rc) 

Switching Time 
vs Positive Supply Voltage 

DG304-307 

V- = -15 V 

TA = 25°C 

\ VINH = V, 

\ 
VINL = 0 

\ 
" ton 

\ toft '\:.: I i -,. ~ 
"- ! 

....... r-.,. 
::r 

10 15 

v+ - POSITIVE SUPPLY VOL TAGE (VOL TS) 

Switching Time 
vs Negative Supply Voltage 

DGJ04-J07 

v+ = +15 V 
TA = 25'C 

....... 
VINH = +15 V "', VINL = 0 

~ton I 
.~ 

I I ............. 
1'0... 

--I'--
I 

tof! 

SWITCHING TIME TEST CIRCUIT 
(OG300-307 OG381-390) 

LOGIC 
INPUT 

tr ' 20ns OV 
It"" 20ns 

VS---+------+-------

-/ ton --I loft 1-
L--_ VINH I 
IDG300-303 DG381·DG390 4 V 
r-
DG304·307 15 V 

"INVERTED LOGIC FOR DG381 

+15V 

SWITCH 
OUTPUT 

VS=3Vo-~------~T -1---4:>--+--+-0 Vo 

~ 
c.!l...J 
2 0 
-> x-
u'" 
'::~ 
~I-
~5 ... > 
~9 
10 
XX 
1-11) 
>~ 

X 
I-

-15V 

Input Switching Threshold 
vs Positive Supply Voltage 

DGJOO-J07.DG381-J90 

V- = -15 V 
T A = 25°C -+_--4-_--\_---' 

-5 -10 -15 o -5 -10 -15 10 15 

V- - NEGATIVE SUPPL Y VOL TAGE (VOLTS) V- - NEGATIVE SUPPLY VOL TAGE (VOLTS) V+ - POSITIVE SUPPLY VOL TAGE (VOL TS) 

BREAK-BEfORE-MAKE TIME TEST CIRCUIT SPOT (OG301, DG303, DG305, DG307, DG384, OG390) 

824 

LOGIC "I" = SWITCH ON 

LOGIC 

'.'UT J 
50% 

OV 

DG300·303 DG381·DG390 

\ 

DG304·307 
~-

VS1----------------------

SWITCH VOl 
OUTPUT 0 V ------

VS2-------+--------+-----

SWITCH 
OUTPUT 

-tBBM--

4V 

15V 

+15V 
V+ 

SWITCH 
01 OUTPUT 

VS1=3Vo-~--------~_y~~>_----_+_------~_oVOI 
S2 02 

VS2 = 3 V V02 

CLl 
33pF 

"SEE PRODUCT APPLICATION GUIDE ON PAGE 812" 
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DG300 DG301 DG302 DG303 DG304 DG305 
DG306 DG307 DG381 DG3.84 DG387 DG390 

PARTIAL SCHEMATIC OF TYPICAL SWITCH (DG300-307,DG381-390) 

IN 

~--~----~---------oD 

V-o---------------------------------~--------~----~~----~----_4--------~ 

INPUT PROTECTION LOGIC INTERFACE AND SWITCH DRIVERS ANALOG SWITCH 

APPLICATIONS 

+15V -15V 

+15 V 

114 CD4001 DG306 

CMOS LOGIC GAIN SELECT 

Low Power Instrumentation Amplifier With 

Digitally Selectable Inputs and Gain 

+15V 

+15 V -15 V 

RSET 
3MIl 

1/3 L144 

R2 
AV = 10.4 75K II 

AV = 101 11 13 

DIP PINOUT 
SHOWN 

DG305 

Rl Rl 
16K I! 1.5KII 

GND· R2 
75K II 

R4 
70K II 

R6 
75K II 

13 

12 + 

1/3 L 144 

R5 R7 
75K II 67K II 

+15 V 

VOUT 

VOS NULL 

50K !Z 

114 CD4001 

IN 

'CLOCK 
(·5kHz) 

2 R2 
VOLTAGE GAIN AV = 1 + R, 

Negative Voltage Converter For Use In 

Single Supply Systems 

+15 V (@ 11 rnA) 

.....--+---........ ..JV.II\r--II-~ICI-.-...-o v OUT 
-9.6 V @9rnA 

14.7 ~F 

-15V -15V 

Low Power Inverting Amplifier With 

Digitally Selectable Gain 
20Kl! 

+15 V 
200KII 

+5 V DG301 

X 10 Xl 

13 

"SEE PRODUCT APPLICATION GUIDE ON PAGE 812" 
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PRELIMINARY DF412 

four digit LCD decoder driver 
designed for . . . BENEFITS 

• Driving Liquid Crystal Displays 
Directly 

DESCRIPTION 

• Reduces Complexity of Driving LCD Displays 

• Only 1 Package Required to Drive Up to a 
4 Digit Display 

• Minimal Power Consumption 
() Typically 1.5 mW 

• Easily Interfaces with Most Logic Families 

• No External Oscillator Required 

• No Display Buffering Required 

• Easy Multiple Driver Interfacing 

• Eiiminates DC Biases which Degrade Display 
Lifetime 

• Blank Digital Code on Chip 

The DF412 Four Digit LCD Decoder Driver is a CMOS Monolithic multiplexed BCD to LCD Decoder Driver. One DF412 

contains all of the circuitry needed to decode up to 4 digits of multip!exed BCD information and derive the AC signals 

needed to drive a 4 digit LCD display . 

An on board oscillator, its frequency being controlled by an external capacitor, develops a backplane (BP) signal which 

is a square wave swinging between ground (VSS) and the positive supply (VDD). Segment drivers supply square waves of 

the same frequency as the backplane but either in phase for an OF F segment or out of phase for an ON segment. In this 

manner of LCD digit driving the net DC voltage applied between segment and backplane is zero, a necessary requirement 

for long display life. Digital input levels are defined as input voltages> 5 V being a logic "1" and input voltages < 0.8 V 

being a logic "0" with VDD = 6 V. 

BCD input data is decoded into 7 segment form using an on board ROM. The 7 segment data is then latched into the 

appropriate static latches via the digit strobe inputs and control logic. 

The pinout of the DF412 allows easy PC board interfaces to Dual In-Line LCDs as well as edge connecting types of displays. 

FUNCTIONAL BLOCK DIAGRAM 

826 

B3 
IMSB) 

B2 

B, 

BO 
ILSB) 

0,0-.---1 
020-+.---1 
°30-+H---f 
040-+++"-; 

FCLKo---.; 

BeD TO 7 
SEGMENT ROM 

PIN CONFIGURATION 

Dual-In-Line Package 

'Joo COMMON TO SUBSTRATE 

ORDER NUMBER DF412CJ 

BP 
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LD130 LD131 

± 3 digit AID converter 
± 3V3digit AID converter 
designed for • • • . 
• Digital Voltmeters, Panel Meters 
• Digital Thermometers 
• General Instrumentation (Noise, 

Light, pH, etc.) 

• Microprocessor Interf~ces to 
Analog Signals 

DESCRIPTION 

BENEFITS 

• Accuracy of 0.1% ±1 Count For Full Use of 
3 Digits 

• Low Power Consumption of 25 mW 

• Minimum External Parts Count 

• Auto-Zero and Auto-Polarity 

• Buffered Signal and Reference Inputs 
(ZIN> 109 rl.) 

• Internal Oscillator Uses Only One External 
Capacitor 

• Wide Sampling Range of 1 to 60/Second 

• Multiplexed BCD Output For Simple Dis­
play and p-P Interface 

The LD130 combines both the analog and digital subsystems of a 3 digit A/D system in a single monolithic CMOS I.C. 

The "Quantized Feedback" conversion scheme, introduced by Siliconix, provides the LD 130 with afi Auto-Zero, Auto­

Polarity -AID system requiring only a single reference voltage. External parts are minimized by the on-chip resistors and 

buffer amplifiers. These high impedance input and reference buffer amplifiers eliminate source loading errors providing the 

outstanding temperature coefficient and ratio operation inherent in this system. Break-before-make switch action insures 

that neither the analog input nor the reference voltage will be shorted to ground at any time. 

The LD130 3 digit AID is made functionally complete by the following additions: 

1. CAZ (0.10pF) between AZ and ~ pins 

2. CINT (0.033pF) between INT and ~ pins 

3. COSC (0.001 pF) between OSCand Digital Ground 

4. VREF == 2.000 V 

5. ±5 V supplies (@ 3 mAl 

The LD 131 is functionally equivalent to the 3 digit LD 130 AID converter with the exception of not having overrange 

blinking when the count exceeds 999. 

FUNCTIONAL DIAGRAM 

ANlG 

GND 

v, 

AZ INT DIG GND osc 

PIN CONFIGURATION 

Dual-In-line Package 

ORDER NUMBER LD130CJ 

ORDER NUMBER LD130BP 

ORDER NUMBER LD131CJ 

"SEE PRODUCT APPLICATION GUIDE ON PAGE 812" 
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ABSOLUTE MAXIMUM RATINGS 
VIN . 
V,- V2 
V, 
Current at V,N 
Voltage on any pin 

VREF 
Operating Temperature (BP) 

V 1 + 0.3 V, V 2 - 0.3 V 
16 V 
8V 

1 mA 
V1 + 0.3 V, V2- 0.3 V 

V1 
. --20 to 85° C 

ELECTRICAL CHARACTERISTICS 

LD130 LD131 

Operating Temperature (CJ) . . 0 to 70°C 
Storage Temperature (B Suffix) . -65 to 150°C 
Storage Temperature (C Suffix) . -65 to 125°C 
Power Dissipation* (J Package) 450 mW 
Power Dissipation (P Package). . 1000 mW 
.. Device mounted with all leads welded or soldered to PC 

Board, Derate 6.3 mWtC above 25°C. 

All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters and High Temperature Limits to 
assure conformance with specifications. 

I I 
TYP I I TEST CONDITIONS 

CHARACTE R ;STlC MIN i MAX UNIT V, = +5 V, V2 = --5 V. VREF = 2.000 V 

T A = 25"C. CINT = 0.033 J.-LF. Cstrg = 0.1 J.-LF 

1 linearity 0.1 % rdg - G Peak-Jo-Peak noise apparent when going from 
2 Noise 0.3 lSB E one steady reading to another. - N 
3 E Zero T.C. 10 /lVfC 0';; T A';; 70°C 

- R 
4 A Gain T.C. 15 ppMfc 0';; T A';; 70°C 

- l 
5 

NMR Normal Mode 
36 dB 

fseries = 60 Hz. fosc = 24 kHz 
Rejection 

6 7 T A = 25°C - pA 
7 "N V IN Input Bias Current 90 T A = 70°C 

-
8 1 nA T A =B5°C, (BP Only) -
9 7 TA = 25°C - I 

pA 
10 'REF VREF Input Bias Current 90 TA = 70

c
C 

- N 

11 P 1 nA T A =- 85°C, (BP OI1!y) - U 
12 T 'AZ AZ Input Bias Current 1 nA T A = 85°C, (BP Only), V AZ = -1 V -
13 fClK Clock Frequency 6* 30 370* kHz 

-
14 D,C'ClK Clock Duty Cycle 30/70 70/30 % -
15 "Nl Clock Input Current low 1 V,Nl = 0.25 V - mA 
16 "NH Clock Input Current High 1 V,NH = 4.75V 

0.4 IOl = 1.6 mA Over Operating Temperature 
17 VOL All Outputs 

Range 

- 0 
w IOH =- -400 /lA Over Operating Temperature 

18 U VOH Digit Strobes 2.4 V 
T Range 

-
19 VOH Data Bits, Sign/UR/OR 2.4 

IOH = -100 J.-LA Over Operating Temperature 
Range 

20 S '1 Supply Current 6 

- U mA 
21 p '2 Supply Current -4 

- P 22 PSRRl V 1 Supply Rejection 0.6 

- L mV/V 
23 y PSRR2 V2 Supply Rejection 1.4 

Typical values are for Design Aid Only, not guaranteed and not subject to production testing. *LD131 Specs (lnly 

INPUT/OUTPUT SCHEMATICS 

~~'&.r- TO BUFFER 
AMPLIFIER 

V1 I-

VIN or VREF Input 

·Protection circuitry not shown. 

828 

V1 

Glrt} 
llr r 

Oscillator Input Output Buffers 
(Digits, Bits, SIGN/UR/oR) 
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LDll0 LDll1A 

3V2 digit AID converter set 
designed for • • • BENEFITS 

• High Performance 'Digital 
Voltmeters 

• Digital Panel Meters 
• Digital Instrumentation Readouts 
• Microprocessor AID Interface 

Subsystem 

• Auto-Zeroed Microvolt or Strain­
Gauge Systems 

DESCRIPTION 

• Three Usable Ranges with a Single Resistor 
Change. 1.999 V, 199.9 nV, 19.99 mV 

• Excellent System Performance From Basic 
0.02% ±1 Count Accuracy 

• Wide Sampling Rate: .1/3 to 40/Second 
• High Gain Stability (5 'ppmtC) with Buf­

fered Reference Input 

• Reduced Signal Loading with MOSFET 
Input (ZIN > 109 [2) 

• Auto-Zero System Minimizes Internal and 
External Offset and Drift Over Temperature 

• Auto-Polarity with a Single Reference 
• Easy Interface to Displays with Strobed 

BCD Output Format 

• Overrange and Underrange Signals Available 

The "Quantized Feedback" conversion scheme used in the LD110/LD111A set provides an Auto-Zeroing, Auto-Polarity 
AID system requiring only a single reference voltage. 

The monolithic LD111A high performance analog processor contains a bipolar comparator, a bipolar integrating amplifier, 
a bipolar reference amplifier, two MOSFET input unity gain amplifiers, several P-channel enhancement mode analog 
switches and the necessary level shifting drivers to allow the analog and digital processors to be directly interfaced. The high 
impedance input and reference buffer amplifiers eliminate source loading errors and provide the outstanding temperature 
coefficient inherent in this system. Break-before-make switch action insures that neither the analog input nor the reference 

voltage will be shorted to ground at any time. 

The PMOS LD110 synchronous digital processor combines the counting, storage and data multiplexing functions with the' 
random logic necessary to control the quantized charge-balancing function of the analog processor. Seventeen static latches 
store the 3 1/2 digits of BCD data as well as overrange, underrange and polarity information. Nine push-pull output buffers 
(capable of driving One standard TTL load each) provide the sign, digit strobe and multiplexed BCD data outputs, all of 
which are active high. The digit scan is an interlaced format of digits 1, 3, 2 and 4. 

FUNCTIONAL DIAGRAM 

V,N 

HI 
QUALITY 

GND 

"2 ANALOG 
GND 

LD111A 

Vss SIGN 

PARALLEL 
BCD OUtPUT 
~ 

B, B2 B3 Bo 

GND 

LD110 

DIGIT STROBES 
~ 

0, 02 03 Do 

SWITCH STATES ARE FOR A LOGIC "0" AT UfO AND M/Z INPUTS. 

©IC MASTER 1979 

PIN CONFIGURATIONS 
Dual-In-Line Package 

ORDER NUMBER LD110CJ 

Dual-In-Line Package 

ORDER NUMBER LD111ACJ 
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ABSOLUTE MAXIMUM RATINGS 

liN (Pin 15,2). 
Vl - V2 (LD111A) 

VSS . 
Vss - V2 (LDll0) 
Voltage On Any Pin Relative 

toVSS(LD110) 

VREF 

ELECTRICAL CHARACTERISTICS 

±1 rnA 
30 V 
6V 

20 V 

0.3 V to -20 V 

Vl 

Operating Tern perature 
Storage Temperature 
Power Dissipation (Package) * 

LDll0 LDlllA 

o to 70°C 
-65 to +125°C 

750mW 

*Device mounted with all leads welded or soldered to PC 
board. Derate 6.3 mWfC above 25°C. 

All DC parameters are 1 O(flo tested at 25° C. Lots are sample tested for AC parameters to assure conformance with specifications. 

I M;J Typ I I Test Conditions, Unless Noted: 

Characteristics Max Unit 1 v, = +12 V, V 2 = -12 V, Vss = 5 V 

V REF = 8.2 V, T A = 2SoC, Rl = lOOK n 

1 Linearity 0.02 % rdg -
2 G Noise 0.1 LSB 

Peak-to-Peak Noise Apparent When Going From 

E One Steady Reading to Another 
- N 

3 E Gain T.C. 5 ppm/oC 

- R 
4 A NMR Normal Mode Rejection 40 dB f noise = 60 Hz - L 
5 fiN . Clock Frequency 2 30.7 250 kHz 50% Duty Cycle 

-
6 rDS(on) ON Resistance, Auto Zero Switch 6 20 Kn V AZ(in) = -4.0 V, IS = -30 JJ.A 

7 I ICL Clock I nput Current, Low -500 JJ.A VCLOCK in = 0.4 V - N· 
8 P 4 T A =25°C 

- U liN Input Bias Current pA 
9 T 40 T A = 70°C 

10 A I source Reference Buffer -400 -800 V INL (U/D) = 0.8 V, V OUT = 0 

- M 
11 P 

'sink AZ Buffer 800 V AZ = -4 V, VOUT = 0 V 
- L JJ.A 

12 I I sink I nput Buffer 400 800 VIN = -2 V, VOUT = 0 V F - I 
13 E Isource I nput Buffer -50 -100 VIN = 2 V, VOUT = 0 V 

- R 
14 S Voffset AZ Buffer -100 100 mV VOUT = OV 

15 V OLl Measure/Zero Voltage, Low 0.4 IOL = 150 JJ.A 
-

16 V OH1 Measure/Zero Voltage, High 2.4 IOH = -200 JJ.A -
17 V OL2 Up/Down Logic Voltage, Low 0.4 IOL = 250 JJ.A - 0 18 

U 
V OH2 Up/Down Logic Voltage, High 2.4 IOH = -200 JJ.A 

- T 
19 P V OH3 Analog Comparator Voltage 2.4 V IOH = -100 JJ.A 

- U 20 
T VOl3 Digits, Bits, Voltage, low 0.4 IOl = 1.6 mA 

-
21 VOl4 Sign Voltage, low 0.6 IOl = 1.6 mA 

-
22 V OH4 Data Bits Voltage, High 2.4 IOH = -200 J.,LA 

-
23 V OH5 Digits, Sign Voltage, High 2.4 'OH = -800J.,LA 

24 11 Supply Current 2.2 4.0 

-
25 12A Supply Current, lDlll A -1.8 -3.5 

- mA 

26 S 120 Supply Current, lDll0 -17 -23 

- U 
27 P, ISS Supply Current 17.4 24 

- P 
28 L PSRR 1 Power Supply Rejection Ratio, V 1 80 85 

- y dB 

29 PSRR 2 Power Supply Rejection Ratio, V 2 60 65 

-
30 Reference Voltage Rejection 1 

%.6.rdg/ 
RREF = R2 = lOOK n, V IN = 2 V 

.6.VREF 

Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing 
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H 
Siliconix 

LD120 LD121 

41h digit AID converter set 
designed for • • • BENEFITS 

• High Accuracy Digital Voltmeters, 
Panel Meters 

• Digital Scales, Thermometers 
• Microprocessor' Data Acquisition 

Systems 
• Scientific Instrumentation 

DESCRIPTION 

• 0.005% ±1 Count Accuracy Ensures High 
System Performance 

• Two R~nges, ±2.0000 V or ±200.0 mV, 
With Single Resistor Change 

• 28~500 Count Maximum For 185% Over­
range 

• Sample Rate From One to Five/Second 

• Auto-Zero Cycle Nulls Out I nternal and 
External Amplifier Offsets 

• Auto-Polarity Operation with One Reference 
• Multiplexed BCD Output For Easy Interface 

To Displays 

• Two Overrange Outputs, Underrange Output, 
Blink Inhibit" and Convert-On-Command 
Capabilities Allow Easy Interface to External 
Circuitry and Microprocessors 

The LD120/LD121 4 1/2 digit A/D system uses Siliconix's proprietary "Quantized Feedback" (patent pending) conversion 

technique. Intrinsic features of this system are Auto-Polarity, Auto-Zero and ratiometric operation. No critical components 

are required except for a stable voltage reference. The technique offers superior linearity, normal mode rejection, and 

stability due to the simultaneous integration of the unknown input and the reference Voltages. Unlike other conversion 

techniques, the integrator output voltage never represents more thanlOO counts, thus critical, high resolution performance 

is not required of either the integrator or comparator. 

The LD120 analog processor is fabricated with a unique combined PMOS/Bipolar process. It contains all the necessary 
amplifiers, MOSFET switches, and ,switch driver circuits for the system. The reference voltage input is fully buffered on the 

LD120 to eliminate the reference switch resistance as a source of error. All the amplifiers are internally compensated. The 

LD120 directly interfaces the LD121 digital processor with no additional active components required. 

The LD121 synchronous processor contains all the digital circuitry for the quantized feedback system. Device outputs 

supply two overrange signals, underrange, sign and 4 1/2 digits of multiplexed BCD data. (All outputs are TTL compatible). 

Overrange is also indicated by blinking digit strobes above 20,000 counts. An input is provided to inhibit this feature at 
user option. Microprocessor controlled operation is simplified by a start conversion input that allows conversion-on­

command. 

Both devices are supplied in space saving 300 mil dual-in-line plastic packages. The LD120 has 16 pins and the LD121 has 

18 pins. 

FUNCTIONAL BLOCK DIAGRAM 

VIN 

HI 
QUALITY 

GND I 
I 
I 
I 
I 
I 
I 
I 
I~ _____ ... L ________ _ 

ANALOG Al Fil TEA 

LD120 LD121 

SWITCH STATES ARE FOR A LOGIC "0" AT U/O AND M/Z INPUTS. 
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PIN CONFIGURATIONS 
Dual-In-Line Package 

ORDER NUMBER LD120CJ 

Dual-In-Line Package 

ORDER NUMBER LD121CJ 
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H 
Siliconix 

LD120 LD121 

GND~ 
20 

+SV--+ 

-SV~ 
2S 

+12V--+ 

SOSOA 
CPU 

SYSTEM DMA REa-! HOLD 

SYSTEM INT REa~ INT 

!NT ENA8LE -.-! INTE 

I4Pl:fl
HZ 

10pFT 
114 15 

TANK~ ~91 

AO 
2s1 

Al 
26 

A2 
27 

A3 29 

A.t 
30 

A5 31 

As 32 

A7 
33 

AS 
34 

A9 
35 

OSC--.!! ~ 92 DO~....!2 

Ao 
Al 

A2 

A3 

A.t 

A5 

A6 

A7 

AS 

A9 

ADDRESS BUS 

II 
I I I 

34 
-- DBO 

..E OBI 

..E DB2 
31 

........ -+--+-~ -- DB3 

~ DB4 
29 

-- DB5 

PAol~4~ ____________ ~ 

3 

'~:::!§1 
PA4 40 

PAS 39 I I 
PAs~ 
PA7~ 
PBO r!!-o 
PBl f2!!-o 
PB2 f!'Lo 

<1>2 (TTL) r--"""~ ::T D1 L..!!..........-1Z 

S224 .E WAIT D2~....E 

t'1~3-"_DBO 

~+--OBI 
f!.!---+--aB2 

~ DB6 

..E DB7 

PB3 f3!-o 
PB4~ 

832 

REDYIN--'; GE~i~~~OR 03 ~~ 
RESIN~~ DRIVER 4 23 04 3 6 
.~ ~ READY 

+12V--! 1 12 D5~....12 
+5 V---! ~ RESET 06 ~..1J 

GNo---! ~ SYNC D7~.J 
~--~7--~ ~------~ ~ 

f.--_DB3 

fL--+--DB4 

.,:1:;:;,S_"_DB5 

~+--OB6 
~+--DB7 

DATA BUS -.. ~AO 
L-. __ ~S Al 

'--__ ---:6~ CS 

s 
...-----<)lRD 

PB5~ 
PB6~ 
PB7~ 
Peo f!!-o 
Pelf12-o 

PC2 f12-o 
Pe3 fl!-o 

+5V~ 
GND_q ~ :: :j CONTROL BUS 

___ 30/6 WR PC4 f1Lo 
""Sf""A .... TOrnS ..... s .... f'l'<"RO""B"'E 1 

SYSTEM 
CONTROL ~6 i70R 

~ RESET PC5 f!Lo 
BUSEN ~ g I i70W 
~-...... I "--------' 

+SV~ VCC 

~VSS 
~--------------------------------------------~ 

12.048 MHzr51 r5'lSl.92 KHz 

~ 

-12Vo-~--------~-.----------~-,1 

.----.---~_o+5V 

R.~, 
2.2K n ~N2222 

.-----------~----~~~~~~~~~-r~~ 

~mm' 
10Kn 

_ 5V 

ZERO 
ADJUST 
lOOK n 

10K n 

f I~ : 

Pe6 fl!-o 
Pe7~ 

rjI=Rl 
IS 7 6 5 4 3 2 r;--

NOTES: NOT ALL SOSOA SYSTEM COMPONENTS 
ARE SHOWN. 

'TTL OPEN COLLECTOR INVERTER GATE, 
TRANSISTOR OR EaUIVALENT 

"VALUE GIVEN IS FOR 200 mV FULL SCALE; 
USE lOOK n FOR 2 V. 

10Kn 
FULL 
SCALE 
ADJ 

- .... 400 pF lOOK n 

g' " 
.. 

LD120 

..>_1% ___ r--..... LJ10 
11 12 13 14 15 16 

t-----~.~A----+-4---~--~R4 
~ UKn C2 _ .... 

0.47I'FJ_ 
4.7K n H : ......... 4--IVt./V-..J 

C1 
1S00 pF CR1600R 

C~O 

R3 
62K n 

~N4274 
+12V~~~-------------+JL--------~--------~ 

8080A for LD120/LD121 Hardware Interface 
Figure 1 

:~O.OOJI'F 

• R2 
10K n" 

~ 

""'" 

INPUT 
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H 
Silicanix 

PRELIMINARY 575V03: 

high speed power peripheral driver 
(2.0A, SOY) designed for ••• 
• Peripheral Drivers for EDP and 

Process Control Systems 

• Laser Diode Pulsing 
• High Speed Line Drivers 
• CMOS to High Current Interfacing 
• TTL to High Current Interfacing 
• Switching Reactive Loads 

TO-202 

ABSOLUTE MAXIMUM RATINGS 

DRAIN 

~~ 
'KIs~~CE 

GATE 

Output Voltage ............................... 80 V 
Continuous Output Current. . . . . . . . . . . . . . . . . . . .. 2.0 A 
Peak Output Current ...................... ' ... , 3.0 A 
Voltage at Input ............................. ±30 V 
Power Dissipation at 25°C Case Temperature ........ 15 W I 
Linear Derating Factor .................... 67 mW;oC 'I 
StorageTemperature ................ -40°Cto+150°C L_ 

BENEFITS 

• Directly Interfaces to CMOS, TTL, DTL 
and MOS Logic Families 

Low Drive Current (lGSS < 100 nA) 
Threshold Voltage 0.8 to 2.0 V 

• Fan Out From CMOS> 100 

• No Power Supply Requi red 

• Permits Improved Data Transmission 
Rates 

Propagation Delay Typically 4 nsec 

• Reduces Component Count and .Design 
Time/Effort 

Drives Inductive Loads Directly 
High Speed 

• Improves Reliability 
Free From Secondary Breakdown 

Failures and Voltage Derating 

Input Protected From Static Discharge 

Switching Time Test Circuit 
VI 

Operating Temperature ............... -40°C to +150°C -=- -=- REP RATE - 1.0 MHz 
AMPLITUDE - 10 V 
PULSE WIDTH - 50 ns Lead T em peratu re 

(1/16" from case for 10 seconds) .............. 300°C 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
NOTES: 1. Pulse Test - 80 p.s, 1 % duty cycle 

2. Sample Test 

Characteristic Min Typ Max Unit Test Conditions 

1 3.4 V VO=25V,10=0.lA 
-

2 VIH High Level lnput Voltage 4.& V Vo = 25 V, 10 = 0.3 A 
-

3 8.0 V VO= 25V, 10= 1.0A 
- S 

4 T VIL Low Lev~.lnput Voltage 1.2 0.8 V Vo = 25 V, 10 = 1.0 rnA 
- A 

5 T IIH High Level· Input Current 1 100 nA Vi=10V,VO=OV -
6 I 

IlL Low Level Input Cu,rrent 1 500 nA Vi = 0.0 V, Vo = 25 V - C 
7 0.4 V 10 = 0.1 A, Vi = 5.0 V 

- Low Level Output Voltage 
8 VOL· 1.2 1.5 V 10 = 0.3 A, Vi = 5.0 V 

- (Note 1) 
9 2.5 3.0 V 10 = 1.0 A, Vi = 10 V 

10 
D Turn-ON Time ~' 

20 y ton ns 
(Note 2) See Switching Time Test - N 

A Turn-OFF Time Circuit 
11 M toft ,;, 20 ns 

(Note 2) 
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o liupertex inc. 
ED-15/ ED-11 / ED-9 ENCODER - DECODER 

FEATURES 

• Encoder/Decoder in one circuit 

• Schmidt Trigger Input for excellent noise rejection 

• Built-in oscillator 

• Zener diode to regulate the power supply 

• Low power, high noise immunity CMOS technology 

• Ability to decode original signals 

GENERAL DESCRIPTION 

ED-15 is a single monolithic chip using metal-gate CMOS 
technology for low cost, low power, high yield and high 
reliability. It is a dual purpose circuit, capable of working 
either as an encoder or as a decoder on special purpose 
coded identification applications where exclusive recogni­
tion of a special code is required. It will decode 1 of 32,768 

BLOCK DIAGRAM AS A TRANSMITTER 

°LOATA."'~' 
01THAU01S 

ED-ll OPTION 

The EO-11 is also a multi-purpose circuit identical to EO-15, but it 
decodes 1 of 2048 codes and transmits 4 bits of control data. 

In the transmit mode each circuit is capable of generating all of the 
2048 codes by connecting the Data inputs 1 thru 11 to VDD for a 
"1". A "0" is automatically programmed by leaving the data line 
open because all the data lines have a pull-down resistor to GRD. 
Data bits 12 thru 15 can be used to transmit control information up 

. to 16 codes by connecting them to VDD or iGRD. In adding 
external 4 bit shift registers (i.e. %4015 or two 4013's) it can receive 
control information that will only be processed after the decoder 
recognizes the first 11 bits of data. Data bits 1 thru 11 are the only 
bits that are decoded, but Data Valid will not operate until the 15th 
bit. -

TYPICAL APPLICATIONS 

D Smoke and Fire Alarm Contro"1 Systems 

D Theft Alarm Systems 

D Digital Locks 

D Garage Door Openers 

D Security Systems 

o Digitai Paging Systems 

D Pocket Pagers' 

o Systems that require Special Idtlntification Code 

D Recognition or Transmission 

codes. In the transmit mode each circuit is capable of 
generating all the possible codes by connecting the Data 
inputs to VDD or GRD or "1" or "0". A 16 bit shift 
register (i.e. 4015's) can be attached to a ED-15 for 
monitoring a large number of encoders and interrogate each 
input. The encoder code will be loaded into the shift register. 

BLOCK DIAGRAM AS A RECEIVER 

ED-9 OPTION 

j 

°LOA'A.'TS---.J' 
0, TH"UDI~ 

ED-9 is also a multi-purpose circuit packaged in a 18 pin and has the 
capability of encoding and decoding 512 codes. Pins handling Serial 
Data Output, Data Reset, Data Clock Output and Data Valid are not 
on this device. So the monitoring capability is not available. Apart 
from these differences mentioned, the ED-9 operates exactly like 
the ED-15 and ED-11. 

1225 Bordeaux Drive • Sunnyvale, California 94086 • (408) 744-0100 • TWX910-3399388 
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VF-01/VF-12/VF-13/VF-14 N-CHANNEL AND P-CHANNEL 

ENHANCEMENT-MODE MOSFET DRIVERS 

APPLICATIONS 

o High Speed Switching Drivers 

o CMOS Logic to High Current/High 

Voltage Interface Driver 

o Microprocessor to High Current/ 

High Voltage Interface Driver 

o TTL to High Current Interface 

Driver 

BENEFITS 

o High performance Linear Ampl ifiers 

o Inductive Load Drivers 

o DC to DC Converters 

o Switching Power Supplies 

o Low Power Complementary High 

Current/High Voltage Driver 

o Display Driver 

• Directly Interfaces to CMOS, TTL, DTL, and MOS Logic Families. 

• Low Drive Current Requirement (IGSS < 100 nA). 

• Permits more Efficient and Compact Switching Designs, Typical TON and 

TOFF less than 5 nsec for 2 Amp device. Very short propagation delay and 

virtually no storage time delay. 

• Reduces Component Count and Design TimeiEffort, Drives Inductive Loads 

Directly, High Gain, Fan-Out from a CMOS Logic Gate exceeds 100 if speed is 

not critical. Easily Paralleled without Base Current Sharing Resistors to obtain 

very high Cu rrent Output . 

• Improves Reliability, Free from Secondary Breakdown and Voltage Derating 

Output Current decreases as Temperature Increases. 

October 1978 

Packages 

~TO-3 

TO-92 

1225 Bordeaux Drive • Sunnyvale, California 94086 • (408) 744-0100 • TWX910-3399388 

©IC MASTER 1979 835 

)( 
Q) 

t:: 
Q) 
C. 
:J en 



~ 
Q) 
0.. 
:::J 

UJ 

'" §upertex inc. 
VF-01/VF-12/VF-13/VF-14 N-CHANNEL AND P-CHANNEL 

ENHANCEMENT-MODE MOSFET DRIVERS 

GENERAL DESCRIPTION 

These four device families are normally-off MOSFET 
Drivers especially suited for Switching and Amplifier 
Applications where High Input Impedance, High Gain, High 
Frequency, and Fast Switching speed is desired. They 
combine the power handling capability of bipolar transis­
tors with the high input impedence and negative tempera­
ture coefficient of field effect transistors. The key device 

ELECTRICAL CHARACTERISTICS 

Device Current 

Type (Amps) 

VF-01 1-2 

VF-12 8-16 
N-Channel 

VF-13 .5-1 

VF-14 .02 

VF-01 .5-1 

VF-12 4-8 
P-Channel 

VF-13 .25-.5 

VF-14 .01 

*Dependent on current and voltage rating 

* ·Higher voltages will be available in 1979 

Voltage ** 

(Volts) 

30-150 

30-200 

30-150 

30-150 

30-150 

30-150 . 

30-150 

30-150 

parameters are, on-resistance, R OS (on), threshold voltage 
(VT), and breakdown voltage (BVDSS). RDS (on) is related 
to die size, drain current, and VT. BVOSS depends on VT 
and the silicon material used in the device manufacture. 

Devices are avaiiable with and without Zener input protec­
tion. 

RDS(on)* gm* Package Options 

(Ohms) (mhos) T03 T039 T092 T0220 Dice 

2-10 .25 X X X X X 

.2-1 3.0 X X X X 

4·20 .12 X X X 

16-80 .03 X X X 

4-20 .12 X X X X X 

.4·2 1.5 X X X X 

8-40 .06 X X X 

30-150 .015 X X X 

X Available 

1225 Bordeaux Drive • Sunnyvale, California 94086 • (408) 744-0100 • TWX910-3399388 
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The only filing system de­
signed especially for the elec­
tronics engineer. Instant 
retrieval and organization of 
data sheets and catalogs. 

The Cadillac of individualized 
catalogs for the electronic 
parts distributor, featuring 
solely his lines and services. 
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The Master Selection GUide provides sufficient informa­
tion to make initial product selections. It enables you to 
find the products which are most appropriate to fulfill 
your major requirements and then provides data for 
many of the more important products. 

All devices that appear in this section, both in the initial 
selection guide and in the data pages, are included in 
all other indexes. These index listings lead to the page' 
and the line on that page where each device appears. 

In the Linear section over 1 000 operational amplifiers are 
covered. Since there are so many devices, the opera­
tional amplifier entries have been given special con­
sideration. Separate lists are provided for those which 
have High Speed, High Voltage capability, Wide Band­
width, etc. Under General Purpose, four amplifier types 
are listed; these are the ones that the high volume manu­
facturers indicate are the most widely used; however, 
quad amplifiers should also be considered when appro­
priate. If you have located an op amp in a specialized 
category, you can review its characteristics by finding it 
in the Part Number or Product Indexes and looking it up 
in the Operational Amplifier Characteristics and in the 
Data Sections. 

Following the special lists, the "Operational Amplifier­
Characteristics" listings, categorize amplifiers by input 
parameters. They are arranged in order of increasing 
offset voltage, bias current, offset current and then 
voltage drift. The other parameters fisted do not affect 
the sequence in which the devices are presented. The 
column labeled "Comp" indicates the number of exter­
nal components normally used for compensation; for 
example, "0" means no compensation is required. 

Consumer circuits such as audio amplifiers, AM, FM, 
and TV circuits as well as some digital devices (watches, 
calcu!ators, etc.) are covered by model number in the 
Consumer Circuit Section. Linear devices and unusual 
circuits which do not fit elsewhere are listed under the 
heading "Other Linear Devices." 

838 

Category Page 
Amplifiers, Special Purpose 839 

Arrays 
Transistor 842 
Special 843 

Comparators 

Consumer Circuits 

Followers 

Operational Amplifiers 
Selected Characteristics 

General Purpose 
High Output Current 
High Speed 
High Voltage 
Low Bias Current 
Low Drift 
Low Power 
Programmable 
Single Supply 
Wide Band 

Complete Characteristics 

Phase Locked Loop Circuits 

Telecommunication Circuits 

Timers 

Voltage Regulators 
Fixed 
Adjustable 
Switching 

Other Linear Devices 

Detailed Product Information 
provided by: 
Burr-Brown 
Exar Integrated Systems 
Fairchild Semiconductor 
Harris Semiconductor 
Intech 
Motorola Semiconductor 
National Semiconductor 
Plessey Semiconductors 
Raytheon Semiconductor 
Signetics 
Silicon General 
Siliconix 
Texas Instruments 

845 

851 

862 

863 
863 
864 
865 
865 
865 
866 
866 
866 
867 
868 

898 

900 

902 

903 
912 
914 

915 

920 
922 
934 
958 

1026 
1030 
1035 
1087 
1093 
1106 
1128 
1130 
1140 

The manufacturers listed above are 
providing detailed information on 
their latest and most significant 
products. 
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LINEAR-Amplifiers, Special Purpose 

Function Device Source line FI.IlCIion Device Source 

Special Purpose Special Purpose (Cont'd.) 

AC Amplifier, Dual with automatic gain control, for Followers. See Unear-Followers 
tape recorders 

M5130 Mitsubishi Floppy Disc Read Amplifier System 
M51301 Mitsubishi MC3470 Motorola 

AC Amplifier, Quad, Single Supply Front End Amplifier, for ultrasonic or infrared remote 
CA3048 tRCA control systems 
CA3052 RCA TDA4180 Telefunken 

AGC/Squelch Amplifier (Gain Controlled Amplifier) Gated Unear Amplifier {operational amplifier} 
LM170 tNational ZN424 Ferranti 
LM270 National 10 
LM370 National Hearing Aid Amplifiers. See Unear -Consumer Circuits 

AGC Generator, for SSB receivers Instrumentation, (Differential Input, Independent Gain 

SL621C Plessey Adjustment) 

Sl1621C Plessey AD520J AD 
AD520K AD 

AGC Generator (voice operated gain adjusting device) 
AD520S tAD 

SL620C Plessey 
AD521J AD 

SL622C Plessey 
AD521K AD 

Sl1620C Plessey 
Sl1626C Plessey AD521S tAD 

AD522A AD 
Amplifier, CATV. See Unear-Consumer Circuits, TV 20 AD522B AD 
Amplifier, Audio with three NPN transistors AD522S tAD 

LM389 National 3626A Bwr-Brown (920) 
36268 Bwr-Brown (920) Amplifier, triple for active filters (See also 

Unear-Other Devices, Active Filters) 3626C Burr-Brown (920) 

TAA960 Signetics 3629 t Burr-Brown (920) 
3630A Burr-Brown 

Current Amplifier (unity gain, 100 rna output) 3630B Burr-Brown 
SHOOO2C Fairchild 

3630C Burr-Brown 
LHOOO2 t National 

3630S Burr-Brown 
LHOOO2C National 
9910 tOEI 30 3660J Burr·Brown (920) 

3660K Burr-Brown (920) 
Current Amplifier (unity gain, 200 rna output) , 36605 ., t BWT-Brown (920) 

3553 t 8WT-Brown (920) 3662 8WT-Brown (920) 
9963 tOEI HC3020 HyComp 

Current Amplifier (unity gain, 300 rna output) MN2200 Micro Net 
MC1438 Motorola MN2200H t Micro Net 
MC1538 tMotorola LHOO36 t National (1073) 

Current Amplifier (unity gain, 500 m.a output) LHOO36C National (1073) 

823 Beckman LHOO37 t National (1073) 

9911 tOEI LHOO37C National (1073) 

Current Amplifier (unity gain, 600 rna output) 40 Instrumentation, (Differential FET Input, Independent 

HA·2630 tHarris (982) Gain Adjustment) 
HA·2635 Harris (982) 3670J Burr-Brown 

Current Amplifiers, See also Unear-Followers 3670K Burr-Brown 
3670S t Burr -Brown 

Differential Input/Differential Output AMplifier AM-435-1C Oatel (689) 
(bandwidth less than 2 MHz) AM-435-1M tOatel (689) 

)1A730C Fairchild LF152 t National 
""A730M t Fairchild 

LF252 National 
MC1590G t Motorola 
CA3000 tRCA 

LF352 National (1073) 

CA3007 tRCA 50 LF152 tTl 

NE515 Signetics LF252 TI 

SE515 t Signetics LF352 TI 

Differential Input/Single Output DC Amplifier with Instrumentation, (unity gain) 

switched inputs for a gain ot-± 1 3627 BWT·Brown (920) 

MN2120 Micro Net Instrumentation, with low pass filter 
MN2120H t Micro Net MN2200 Micro Net 

Differential/Cascade Amplifier (dc to rJ) MN2200H tMicro Net 
MC3330 Motorola Isolation Amplifier, Optically Coupled 
LM3028 t National 3650 BWT-Brown (921) 
LM3053 t National 60 
CA3028 tRCA 

3652HG Burr·Brown (921) 

CA3028A tRCA Amplifier for IR remote control (1300 db gain, 8 kHz 
CA3028B tRCA bandwidth) 
CA3053 tRCA U256 Telefunken 

t MiJitary Temperature Range (_55' to 125'C) • Typical Values 

Ie MASTER 1979 
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line Function Device Source l.ine 

Special Purpose (Cont'd.) 

Unear-Antilog Amplifier, Dual (Differential input, 
separate control input) 

SSM2000 SSM 
55112020 SSM (564) 130 

Log/ Antilog Amplifier, (Antilog) 
ICL8049C Intersil 
2910 tOEI 

70 Log/Antilog Amplifier, (Log) 
4127 Bwr-Brown (921) 
ICL8048C Intersil 
2910 tOEI 
TL441C TI 
TL441M tTl 

Microphone/Headphone Amplifier 140 
M51304 Mitsubishi 
SL630C Plessey 
Sl1630 Plessey 

Microphone Amplifier (for microphones in telephones) 
80 TAA970 Signetics 

TCA980 Signetics 

Mixer (to 200 MHz) 
S042 Siemens 

MOS Amplifier, MOS and NPN tranSistors, 3 terminal 
TAA320 Signetics 150 
TAA320A Signetics 

Operational Amplif~r, Dual with Dual Voltage 
Comparator 

90 MC3405 Motorola 
MC3505 t Motorola 

Operational. Amplifier /voltage Comparator, Dual 
LM192 t National· (1054) 
LM292 National (1054) 
LM392 National (1054) 
LM2924 National (1054) 160 

Operational Transconductance Amplifier 
CA3060 RCA 
CA3060 tRCA 

100 CA3060A tRCA 
CA3060B tRCA 
CA3080 RCA 
CA3080A tRCA 

Operational Transconductance Amplifier, Dual 
LM11600 tNational (1050) 
LM13600 National (1050) 170 
LM13600A National (1050) 

Power Amplifier, Motor and Actuator Driver, to 24V, 3a 
ICH8510C Intersil 

110 
ICH851OM tlntersil 
ICH8520C Intersil 
ICH8520M tlntersil 
ICH8530C Intersil 
ICH8530M t Intersil 

Power Amplifier/Switch (equivalent to an operational 
amplifier with uncommitted Darlington power output 180 
tranSistor), Programmable Gain 

CA3094 tRCA 
CA3094A tRCA 
CA3094B tRCA 

120 Power Transistor Driver/Amplifier; boosts ± 12V op 
amp outputs to ±30V 

ICL8063 Intersil 
ICL8063M tlntersil 

Preamplifier JFET (to precede operational amplifiers 
and comparators) 190 

HA-2000 tHarris 
(Continued) 
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Ie MASTER 

LINEAR-Amplifiers, Special Purpose (Cont'd) 

Function Device Source line Function Device Source line function Device Source line 

Special Purpose (Cont'd.) Special Purpose (Cont'd.) Special Purpose (Cont'd.) 

Preamplifier JFET (to precede operational amplifiers RF Amplifiers, Hybrids; Capable of operation above Video, IF and RF Amplifiers (Cont'd.) 
and comparators) (Conrd.) 100 MHZ (See also: Consumer Circuits- T.V., CATV SL611C Plessey 

HA-2005 Harris Amplifiers) (Cont'd.) SL612C Plessey 

Preamplifier, Infrared (74 db gain, 100 kHz bandwidth) 
CA2820 TRW SL1550 Plessey 

TOA4050 Siemens 
CA2830 TRW 70 S11610C Plessey 
CA2840 TRW 

S11611C Plessey 140 
Preamplifier, Low Noise (35 to 67 db gain, 3.6 MHz CA2842 TRW 

S11612C Plessey bandwidth) CA2850 TRW 
S11202 tPlessey CA2851 TRW S11030 tPlessey 

Sl1203 tPlessey CA2870 TRW RC733 Raytheon 

CA2871 TRW RM733 t Raytheon 
Preamplifier, Low Noise (49-59 db gain, 6.5 MHZ 10 

CA2875 TRW CA3OO1 tRCA 
bandwidth) 

CA2876 TRW CA3OO2 tRCA 
Sl1205 Plessey 

I 
CA2880 TRW 

1M' 
CA3004 tRCA 

I 
I Preamplffier, Low Noise.(6Odb gain, 15MHz R.F. Amplifier, Gated CA3OO5 tRCA 

bandwidth) 
MC1445 Motorola CA3006 tRCA 

ZN459 t Ferranti 
MC1545 t Motorola 1 CA3011 tRCA 1150 

ZN459C Ferranti 1 
CA3012 tRCA 

ZN459CP Ferranti Signal Sources Switch, (Buffer Amplifiers with input . CA3020 tRCA 
Preamplifier, Low Noise (40db gain, 20 MHz 

switches) 
CA3020A RCA 

TDA1028 Signetics 
bandwidth) TDA1029 Signetics CA3021 tRCA 

9913 OEI 20 CA3022 tRCA 

Preamplifier, Precision (to precede operational 
Single-ended Input/Output Amplifier, Triple CA3023 tRCA 

CA3035 RCA CA3040 tRCA amplifiers) 
LM121 tNatiooal Two Wire Transmitter (Sends current signal over same TBA400 Siemens 

LM221 National two lines from which it is powered) 90 NE592 Signetics 
LM321 National LH0045 t National SE592 t Signetics 160 
LM121A t National LH0045C National TAA263 Signetics 
LM221A National Video, IF and RF Amplifiers TBA1440 Signetics 
LM321A National 592C AMD TDA2541 Signetics 

Preamplifier, Temperature Controlled 592M tAMD JlA733 t Signetics 

pA727C Fairchild 30 733 tAMD p.A733C Signetics 

pA727M t Fairchild 733C AMD SG733 t Silicon G 
pA703C Fairchild SG733C Silicon G 

Preamplifier, with ALC transistors for tape recorders /lA703M {"Fairchild SG1401 t Silicon G LA3201 Sanyo /lA733C Fairchild 100 SG2401 Silicon G . TDA2054 SGS /lA733M t Fairchild 
SG3OO1 t Silicon G 170 TDAloo2 Signetics p.A753 Fairchild 

TA7137 Toshlba TBA970 Fairchild SG3401 Siiicon G 

TA7137-ST Toshiba HA1110 Hitachi TDA440 TeleImken 

TA730l Toshiba HAl7733 Hitachi p.A733C TI 

Programmable Channel Op Amp (one of 4 input 733C Intersil pA733M tTl 

stages can be connected to single output) 40 733M tlntersil TA7061A Toshiba 

HA-2400 tHarris (964) 753 Intersil TA7084 Toshiba 

HA·2404 Harris (964) MC1350 Motorola TA7084A Toshiba 

HA-2405 Harris (964) MC1410 Motorola 110 
Gain Controlled IF Amplifier 

MC1510 tMotoroia 
Programmable gain amplifier, digitally controlled gain MC1550 t Motorola 

p.A757 Fairchild 

3606 Btrr-Brown (920) MC1552 t Motorola SL550 Plessey 180 

MN2020 Micro Net MC1553 tMotorola limiting Amplifier/Detector (IF or RF) 

Read Amplifier/Preamplifier (for magnetic tape MC1590G tMotorola SL613C Plessey 

memory systems) MC1733 t Motorola S11613C Plessey 
MC3467 Motorola MC1733C Motorola 

MC3468 Motorola 50 NE592 Motorola Voltage Controlled Amplifier: See also Compander 

SE592 tMotorola under: linear-Telecommunication Circuits 
RF Amplifiers, Hybrids; Capable of operation above LM171 t National 120 Voltage Controlled Amplifier 
100 MHZ (~also: Consumer Circuits- T.V., CATV LM271 National SSM2000 SSM Amplifiers) LM371 National SSII2020 SSII (564) 

MHW401 Motorola LM703 tNalional 
MHW590 Motorola LM703C National . Wideband Amplifier with low level video detection (7 to 
MHW591 Motorola LM733 tNational 200 MHz for log IF amplifiers) 190 
MHW592 Motorola LM733L National SL521 Plessey 
MHW593 Motorola LM3011 National SL571 Plessey 
MHW601 Motorola AN606 Panasonic SL525 tPiessey, 
MHW602 Motorola 60 AN607 Panasonic SL613C Plessey 
MHW603 Motorola AN608 Panasonic 130 SL1521 tPlessey 
MHW709 Motorola SL541 Plessey SL1522 Plessey 
MHW710 Motorola SL550 Plessey S11523 Plessey 
CA2800 TRW SL560 Plessey 
CA2810 TRW SL610C Plessey Wideband Amplifier, Logarithmic limiting (4 to 85 MHz) 

(Continued) (Continued) SL530C Plessey 

t Mmtary Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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LINEAR-Amplifiers, Special Purpose (Cont'd) 

Function Device Source Line Function Device Source line Function Device Source li1e 

Special Purpose (Cont'd.) 

Wideband Amplifier, Triple 
CA3035 tRCA 

,/ 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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LINEAR-Arrays 

Function Device Source 

Transistor Arrays 

Dual Transistors, Monolithic NPN TIghtly Matched 
AD810 tAD 
AD811 tAD 
AD812 tAD 
AD813 tAD 
AD814 tAD 
AD815 tAD 
AD816 tAD 
IT120 Intersil 
ITl20A Intersi! 
IT121 Intarsil 
IT122 Intersil 
LM114 tlntersil 
LM114A t Intersil 
LM115 t Intersil 
LM115A t Intarsil 

I 
MP301 Micro Power I MP302 Micro Power 
MP303 Micro Power 
MP310 Micro Power 
MP311 Micro Power 
MP312 Micro Power 
LM114 t National 
LMl14A t Nabonal 
LM115 tNational 
LM115A tNationaJ 
LM194 t National 
LM394 National 
LM3018A t Nabonal 
LM3018 t National 
SL301 Plessey 
SL360 Plessey 
SL362 Plessey 
MAT-Ol tPMI 
MAT-01A tPMI 
MAT-01F tPMI 
MAT-01G tPMI 

Dual Transistors, Monolithic PNP, TIghtly Matched 
AD820 tAD 
AD821 tAD 
AD822 tAD 
1T130 Intersil 
ITl30A Intersil 
IT131 Intersil 
IT132 Intersil 
MP350 Micro Power 
MP351 Micro Power 
MP352 Micro Power 

Dual Transistors, Monolithic NPN, Logarithmic 
Conformance 

AD818 tAD 
MP318 Micro Power 
MAT-Ol tPMI 
MAT-01A tPMI 
MAT-01F tPMI 
MAT-OlG tPMI 

Dual Transistors, Monolithic PNP, Logarithmic 
Conformance 

MP358 Micro Power 

Dual Transistors, NPN, Matched plus a third transistor 
SL303 Plessey 

Dual Matched Transistor Pairs, NPN 
SL354 Plessey 

Darlington Pair and two Matched NPN Transistors 
I!A3018M t Fairchild 
IlA3018AM tFairchild 
LM3018 t National 
LM3018A tNational 

(Continued) 

t Military Temperature Range (-55' to 125'C) 

842. 

lile Fooction Device SOIKce lile FlIICIion Device Source lile 

Transistor Arrays (C()nt'd.) Transistor Arrays (Cont'd.) 

Darlington Pair and two Matched NPN Transistors Four High Current NPN Transistors (Core Driver) 
(Cont'd.) (Coord.) 

LM3118 t National 70 DH6376C National 
lM3118A tNationai AN807 Panasonic 
SFC2018 tNPC CA3138 tRCA 
SL3018 tPlessey CA3138A tRCA 140 
SL3018A tPlessey CA3724 tRCA 
SL3118 tPlessey CA3725 tRCA 
SL3118A tPlessey TPQ3724 Sprague 

10 CA3018 tRCA TPQ3725 Sprague 

CA3018A tRCA TP03725A Sprague 

CA3118 tRCA Four High Current PNP Transistors (Core Driver) 
CA3118A tRCA 80 FQ3467 FairChild 

,;01 
SG3018 t Silicon G FQ3468 Fairchild 
SG3018A t Silicon G MHQ3467 Motorola 
SG3818 Silicon G DH3467C National 
SG3818A Silicon G 

Differential Pair and Three NPN Transistors 
Dual Darlington (NPN) !!A3045M tFaircllld 

20 
!!A3036M t Fairchild !!A3046C Fairchild 
SFC2036 tNPC !!A3086C Fairchild 
SL305 Plessey HA1127 Hitachi 
CA3036 tRCA MC3346 tMotorola 

Dual Darlington (NPN-PNP Quasi Complementary) 90 MC3386 t Motorola 

TDA1410 SGS LM3045 tNationai 

TDA1420 SGS LM3046 National 
LM3086 National 160 

Dual Darlington Switch LM3145 t National 
ULN-2061 Sprague LM3145A tNationai 
ULN-2062 Sprague 

30 LM3146 National 
Quad Darlington Switch LM3146A National 

ULN-2064 Sprague SFC2046 tNPC 
ULN-2065 Sprague AN903 Panasonic 
ULN-2066 Sprague AN905 Panasoric 

ULN-2067 Sprague 100 SL3045 tPiessey 
ULN-2068 Sprague SL3046 Plessey 

ULN-2069 Sprague SL3086 Plessey 170 

ULN-2070 Sprague SL3145 tPlessey 

ULN-2071 Sprague SL3146 Plessey 

ULN-2074 Sprague CA3045 tRCA 
40 ULN-2075 Sprague CA3046 tRCA 

ULN-2076 Sprague CA3086 tRCA 

ULN-2077 Sprague CA3146 RCA 

UDN-2841 Sprague CA3146A RCA 

UDN-2842 Sprague 110 U59 SGS 

UDN-2843 Sprague TBA331 SGS 

UDN-2844 Sprague TCA671 Siemens 180 

UDN-2845 Sprague TCA871 Siemens 

UDN-2846 Sprague TCA971 Siemens 

UDN2841 TI TCA991 Siemens 

50 UDN2842 TI SG3045 Silicon G 

UDN2843 TI SG3046 Silicon G 

UDN2844 TI SG3086 t Silicon G 

UDN2845 TI SG3146 Silicon G 

UDN2846 TI 120 SG3821 Silicon G 

ULN2064 TI SG3886 Silicon G 

ULN2065 TI ULS-2045 tSprague 190 
ULN-2046 Sprague 

Four High Current NPN Transistors (Core Driver) ULN-2086 Sprague 
FQ3724 Fairchild 
FQ3725 Fairchild Three NPN and two PNP Transistors 

60 MH04001A Motorola CA3096 tRCA 

MHQ4002A Motorola CA3096A tRCA 

MHQ4013 Motorola CA3096C tRCA 

MHQ4014 Motorola FIVe High Current NPN Transistors 
MPQ3303 Motorola 130 SL3083 tPiessey 
MP03725 Motorola SL3183 tPlessey 
MP03725A Motorola CA3083 tRCA 200 
MPQ4003 Motorola CA3183 tRCA 
MPQ4004 Motorola CA3183A tRCA 
DH3725C National CA3083 tSignetics 

(Continued) (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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LINEAR-Arrays (Cont'd) 

Function Device Source line Function Device Source Line Function Device Source Line 

Transistor Arrays (Cont'd.) Transistor Arrays (Cont'd.) Transistor Arrays (Cont'd.) 

Five High Current NPN Transistors (Cont'd.) Seven High Current NPN Transistors, Common Seven High Current, High Voltage NPN Darlington 
CA3183 t Signetics Collector Amplifiers, Open Collector, to 50v,,500ma (Cont'd.) 
CA3183A t Signetics SL3082 Plessey ULN2002A TI 
TDA3083 Signetics CA3082 tRCA ULN2003A TI 
SG3083 t Silicon G CA3082 Signetics ULN2004A TI 
SG3183 t Silicon G TDA3082 Signetics 70 

Seven High Current, High Voltage NPN Darlington 
SG3183A tSiIicon G SG3082 Silicon G 

Amplifiers, Open Collector, to 50v, 600ma 140 
ULN·2083 Sprague ULN·2082A ' Sprague 

ULN·2011A Sprague 
ULS·2083 tSprague Seven NPN Darlingtons ULN·2012A Sprague 

Five High Frequency NPN TranSistors, (ft>GHz) 10 M54514 Milsubishi ULN·2013A Sprague 
SL3127 Plessey LB1270 Sanyo ULN·2014A Sprague 
CA3127 RCA Seven High Current Darlingtons ULN·2015A Sprague 

Dual Darlington (NPN) and two NPN Transistors M54517 Mitsubishi Seven High Current, High Voltage NPN Darlington 
SG3823 Silicon G 

M54019 Mitsubishi Amplifiers, Open Collector, to 95v, 500ma 
ULN·2031A Sprague NE5501 Signetics 

Dual Differential Amplifiers (NPN) with diode ULN·2032A Sprague 80 
NE5502 Signetics 

M5109 Mitsubishi ULN·2033A Sprague 
NE5503 Signetics 150 

Dual Differential Amplifiers (NPN), to 120 MHz Seven High Current, High Voltage NPN Darlington NE5504 Signetics 
IlA3026 t Fairchild Amplifiers, Open Collector, to 50v, 500ma ULN·2021A Sprague 
1!A3054 Fairchild XR2201 Exar (931) ULN·2022A Sprague 
CA3054 Motorola 20 XR2201M tExar (931) ULN·2023A Sprague 
LM3026 t National XR2202 Exar (931) ULN·2024A Sprague 
LM3054 National XR2202M tExar (931) ULN·2025A Sprague 
AN904 Panasonic XR2203 Exar (931) 

CA3026 tRCA XR2203M tExar (931) Eight High Current, High Voltage NPN Darlington 

CA3054 RCA XR2204 Exar (931) 90 Amplifiers, Open Collector, to 50v, 500ma 

XR2204M tExar (931) ULN·2801A Sprague 
SG3822 Silicon G 

9665 Fairchild ULN·2802A Sprague 160 
ULN·2054A Sprague ULN·2803A Sprague 9666 Fairchild 

Dual Differential Amplifiers (NPN), biasing, to above 9667 Fairchild "ULN·2804A Sprague 
100 MHz 9668 Fairchild ULN·2805A Sprague 

NE510 Signetics 30 M54523 MiIsut»sIj Eight High Current, High Voltage NPN Darlington 
NE511 Signetics M54524 Mitsubishi Amplifiers, Open Collector, to 50v, 600ma 
SE510 t Signetics M54525 Mitsubishi ULN·2811A Sprague 
SE511 t Signetics MC1411 Motorola ULN·2812A Sprague 

Dual Differential Amplifiers (NPN), to 500 MHz MC1412 Motorola 100 ULN·2813A Sprague 
CA3049 tRCA 

MC1413 Motorola ULN·2814A Sprague 
CA31 02 tRCA 

MC1416 Motorola 
ULN·2815A Sprague 170 

ULN2001 Signetics 
Dual Differential Darlington Amplifiers (NPN) with ULN2002 Signetics Eight High Current, High Voltage NPN Darlington 
Diode Bias String ULN2003 Signetics Amplifiers, Open Collector, to 95v, 500ma 

CA3050 tRCA ULN2004 Signetics ULN·2821A Sprague 
CA3051 RCA 40 PBD352301 RIFA ULN·2822A Sprague 

PBD352302 RIFA ULN-2823A Sprague 
Three Differential Amplifiers (NPN) 

PBD352303 RIFA ULN·2824A Sprague 
ULN·2047A Sprague L201 SGS 110 ULN·2825A Sprague. 

One Darlington PNP Pair, and one Current Mirror Pair L202 SGS 
Eight High Current, High Voltage NPN Darlington 

with shared Diode, and two PNP TranSistors L203 SGS 
Amplifiers, Current Source 

MC1416 Motorola L204 SGS 
UDN·2981A Sprague 180 

CA3084 RCA SG2001 Silicon G 
UDN·2982A Sprague SG2oo2 Silicon G 

Five High Voltage, High Current NPN Darlington SG2oo3 Silicon G UDN·2983A Sprague 
Amplifiers SG3851 Silicon G UDN·2984A Sprague 

M54516 Mitsubishi SG3852 Silicon G Super Beta Differential Cascode Amplifier and three 
M54521 Mrtsubishi 50 SG3853 Silicon G NPN Transistors 
LB1287 Sanyo ULN·2001A Sprague 120 CA3095 tRCA 
LB1288 Sanyo ULN·2002A Sprague 

Five High Voltage, High Current NPN Darlington ULN·2003A Sprague Special Arrays 
Amplifiers, Source, for load connected to negative ULN·2004A Sprague 

supply ULN·2005A Sprague Audio Amplifier and three NPN transistors 

UDN·2956A Sprague ULS·2001H tSprague LM389 National 

UDN·2957A Sprague ULS·2002H tSprague CMOS (Three p-channel and three n·channel 
ULS·2003H tSprague enhancement MOS TranSistors tested for linear 190 

Seven NPN Transistors, Common Emitter ULS·2004H tSprague operation) SL3081 Plessey SN75466 TI CA3600 tRCA CA3081 tRCA 60 SN75467 TI 130 
CA3081 Signetics SN75468 TI Thyristor/Transistor Array (SCR, Programmable 
TDA3081 Signetics SN75469 TI Unijunction Transistor, PNPINPN Transistor Pair, NPN 
SG3081 Silicon G ULN2001A TI Transistor and Zener Diode) 
ULN·2081A Sprague (Continued) CA3097 tRCA 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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LINEAR-Arrays (Cont'd) 

Function Device Source Une FtIlction Device Source Une FtIlction Device Source line 

Special Arrays (Cont'd.) 

Transistor/Diode Array (Three NPN Transistors two 
Zener Diodes and one Diode) 

CA3093 RCA 

Eight SCRs 
TCP241 0 TI 
TCP2411 TI 

I I I 
I I 

l 

t Military Temperature Range (-55· to 125"C) , Typical Values 

Bold face indicates additional data is provided on the page noted. 

844 Ie MASTER 1979 



. MASTER SELECTION GUIDE 

LlNEAR-Comparators 

Offset Bias Offset Response Max. 
Voltage Current Current Time Differential Supply 
mv (25'C) (25'C) (25'C) ns Voltage Gain Fan Out Voltage Device Source 

Comparators-Single 

0.8 50nA 3nA 270 11 200K 5 to ±18 CMP-02 tPMI 
CMP-02B PMI 
CMP-02E PMI 

600nA 25nA 1.80 11 200K 5 to ±18 CMP-Ol tPMI 
CMP-01B PMI 
CMP-01E PMI 

1.0 6.0/lA 1.5/lA 55 . 15 - - ±15,5 HA-4950 tHarris Q) 
"0 

15/lA l/lA 60 5 1400 -6,12 RM710A Raytheon ::l 
2.0 10/lA l/lA 6.5 6 -5.2,6 685L AMD (!:) 

685M tAMD 10 c: 
12 6 5 -6,5 686M tAMD 0 

+:::: 
15/lA 3/lA BO 5 12.5K -6,12 TL810M tTl 0 

Q) 
20/lA 3/lA 40 5 40K' 10 -3 to -12,12 LM106 tAMD 

LM206 AMD 
LM106 tNational 
LM206 National 

CD en 
~ 
Q) 

LM106 tTl 
LM206 TI 

..... 
C/) 

'as 
40' 5 1250 1 -6,12 /lA71 OM t Fairchild ~ 

MCmO t Motorola 20 
I LM710 t National 

/lA71 0 t Signetics 
SG710 t Silicon G 
SFC2710 tNPC 
/lA71 OM tTl 

60 5 1250 1 -6,12 RM710 t Raytheon 

2.8 100nA . 15nA 270 11 lOOK 5 to ±18 CMP-02C PMI 

900nA 80nA 180 
. 

11 200K 5 to ±lB CMP-01C PMI 

3.0 50nA lOnA 200 10 35K ±5 to ±18 /lA734M t Fairchild 

100nA 10nA 165* 30 200K' 5 5,Oto±15 LMlll tTl 

200' 30 200K* 5 5,0 to ±15 ADll1 tAD 
AD2ll AD 
/lAl11M t Fairchild 
111 t Intersil 
211 Intersil 

I 

LMlll t Motorola 
LM211 Motorola 
LMlll tNational 
LM211 National 
SFC2111 tNPC 40 
SFC2211 NPC 
CAlll tRCA 
CA211 RCA 
LMlll t Raytheon 
LM211 Raytheon 
LMlll t Signetics 
LM211 . Signetics 
SGlll t Silicon G 
SG211 Silicon G 

250 30 200K* 5 5,OtO±15 LMlll tAMD 50 
LM211 AMD 

20nA 250* 15 15K 5-15, ±5-±15 ICLBOO1M t Intersil 

5/lA 2/lA* 20 5 3K* 2 5,(-6,5-±15) LM161 tNational 
LM261 National 

10/lA l/lA 12 6 -6,5 686C AMD 

25/lA 7/lA 80 5 10K -6,12 TL51 OM tTl 

3.5 20/lA 5/lA 80 5 10K -6,12 TL510C TI 
TL810C TI 

4.0 50pA 25pA 200* 30 2ooK' 5 5,0 to ±15 LFlll tAMD 
LF211 AMD 60 

(Continued) 

t Military Temperature Range (-55' to 125'C) * Typical Values 
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LlNEAR-Comparators (Cont'd) 

Offset Bias Offset Response 
Voltage Current Current TI!l1e 
mv (25'C) (25'C) (25'C) ns 

Comparators-Single 

4.0 50pA 25pA 200' 

21lA 0.51lA 26 

121lA 31lA 22 

5.0 6.01lA 1.51lA 55 

150nA 25nA 200' 

1300" 

I 
50nA 1300' 

250nA 50nA 250' 

IOIlA 21lA 20 

20llA 31lA 14' 

251lA 51lA 40 

40' 

351lA 51lA 48 

751lA lOILA 40* 

6.0 2ILA 0.751lA 26 

20ILA 51lA 22 

601lA 7.51lA 25' 

250nA loonA 250 

7.5 250nA 50nA 165* 

200' 

250 

loollA 151lA 40* 

10.0 150pA 75pA 200' 

30.0 501lA 20ILA 55 

- loonA - 50* 

t Military Temperature Range (-55' to 125'C) 

846 

Max. 
Differenbal 
Voltage Gail Fan Out 

30 2OOK* 5 

5 5K* 

5 5K" 

15 - -
10 25K 2 

36 2ooK' 

36 2ooK' 

15 15K 

5 3K* 2 

5 3K" 4 

5 40K' 10 

5 40K* 10 

1000 1 

5 10 

5 750 

5 5K' 

5 5K" 

5 5K* 2 

10 15K 

30 2ooK* 5 

30 2OOK* 5 

30 2ooK" 5 

5 700 

30 200K' 5 

5 100 6 

Vee - -
* Typical Values 

Bold face indicates additional data is provided on the page noted. 

Supply 
Voltage Device Scuce 

(Cont'd.) 

5,Oto ±15 (Cont'd.) 
p.AFll1 t Fairchild 
lF111 t National (1035) 
LF211 National 

5,(-6, 5-± 10) SE527 t Signetics (1107) 

5,(-6, 5-± 10) SE529 t Signetics (1107) 

±15,5 HA-4955 Harris 

±5 to ±15 p.A734C Fairchild 

2 to 36 TL331M tTl 

2 to 36 TL331C n 10 

5-15, ±5-± 15 ICL8oo1C Intet'Si1 

(-6,5 to ± 15) ILM361 National 

±5 LMl60 t National 
LM260 National 
LM360 National 

-3 to -12,12 LM306 National 
LM306 n 

-3 to -12,12 LM306 AMD 

-6,12 MC1710C Motorola 
LM710C National 20 

IlPC71 NECAmerica 
RC710 Raytheon 
SG710C Silicon G 
ILA710C Signetics 
p.A71OC TI 

±5 NE526. S9Jetics 
SE526 tSignetics 

-6,12 TL710M tn 

5,(-6, 5-± 10) HE527 signetics (1107) 

5,(-6, 5-± 10) NE529 Signetics (1107) 30 

±4.5 to ±6.5 p.A76OC Fairchild 
p.A76OM t Fairchild 

±6to±18 AD351J AD 
AD351K AD 
AD351S tAD 

5,Oto±15 LM311 TI 

5,Oto ±15 AD311 AD 
p.A311C Fairchild 
311 Intersil 
LM311 Motorola 40 
LM311 National 
ILPC271 NEC America 
ILPC311 NEC America 
SFC2311 NPC 
CA3ll RCA 
LM3ll Raytheon 
LM3ll Signetics 
SG3ll Silicon G 
p.AF3ll Fairchild 

5,Oto ±15 LM311 AMD 50 

:e,12 TL710C TI 

5,0 to ±15 LF311 AMD 
IlAF311 Fairchild 
LF311 National 

5 9915 DEI 

1.7 to 6 M51201 MitsUbishi 
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MASTER SELECTiON GUIDE·~ 

LlNEAR-Comparators (Cont'd) 

Offset Bias Offset Response Max. 
Voltage Current Current Tirne Differential Supply 
mv (25'C) (2S'C) (25'C) ns Voltage Gain Fan Out Voltage Device Source 

Comparators-Dual 

1.5 15pA lpA 40 5 1400 1 -6,12 RM711A t Raytheon 

2.0 100nA 25nA 1300' 36 50K 2 to 36 LM193A t National 
LM193A t Signetics 

250nA 50nA 1300' 36 50K 2 to 36 LM293A National 
LM393A National 
LM293A Signetics 
LM393A Signetics <D 

"0-
10p.A lp.A 8 6 -5.2,5 687AM tAMD ::J 

10 6 -5.2,5 687M tAMD ~ 
15p.A 3p.A 80 5 12.5K -6,12 TL514M • ttl 

TL820M ttl 
10 C 

0 
:;:: 

20pA 3p.A 30' 5 1250 1 -6,12 LM1514 t National 0 
Q) 

40 5 40K' 10 -3 to -12,12 SN52506 ttl Q) 

40' 5 1250 -6,12 MC1514 t Motorola en 
RM1514 t Raytheon L-

3.0 100nA 10nA 200' 30 200K* 5 5,0 to ± 15 LH2111 tAMD 
LH2211 AMD 

Q) 

U)' 
«J 

LH2111 t Intersil 
LH2111 t National 

:E,'. 
LH2211 . National 
LH2111 Raytheon 
LH2211 Raytheon 
LH2111 t Signetics 
LH2211 Signetics 

250 30 200K' 5,0 to ± 15 1500M tAMD 
1500L AMD 

10p.A lp.A 8 6 -5.2,5 687AL AMD 

10 6 -5.2,5 687L AMD 

45p.A 7p.A 40 5 40K' 10 -3 to -12,12 TL506M tTl 

3.5 20p.A 3p.A 80 5 12.5K -6,12 TL811M ttl 

5p.A 80 5 10K -6,12 TL514C TI 
TL820C TI 

75p.A 10p.A 40' 5 700 1 -6,12 MC1711 t Motorola 

750 1 -6,12 Jl-A711M t Fairchild 
LM711 t National 
RM711 t Raytheon 
Jl-A711 . t Signetics 

60 5 750 1 -6,12 SG711 Silicon G 

80 5 750 1 -6,12 Jl-A711M ttl 

4.0 500nA 75nA 80' 5 10K 2 5,0 to ± 15 LM119 tAMD 40 . 

LM219 AMD 
LM119 t National 
LM219 National 
LM119 t Signetics 
LM219 Signetics 

5.0 l00nA 25nA 1300' 36 50K 2 to 36 LM193 t National 
LM193 t Signetics 
LM193 ttl 

250nA 50nA 1300' 36 50K 2 to 36 LM293 National 
LM393 National 50 
LM293 Signetics 
LM393 Signetics 
LM293 TI 
LM393 TI 

600nA 150nA 5000 30 4.5 to 20 p.PC379 NEG America 

25J1-A 5J1-A 30' 5 1000 1 -6,12 LM1414 National 

40' 5 1000 -6,12 MC1414 Motorola 
RC1414 Raytheon 

(Continued) . 

t Military Temperature Range (-55' to 125'C) , Typical Values 
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LINEAR-Comparators (Cont'd) 

Offset Bias Offset Response 
Voltage Current Current nne 
mv (25'C) (25'C) (25'C) ns 

Comparators-Dual 

5.0 
30pA 5pA 33' 

l00pA 15J.LA 40' 

6.0 30pA 2OpA' 200' 

1
6
.
5 40p.A 7.5pA 28' 

7.0 250nA 50nA 1500' 

7.5 250nA 50nA 200' 

250 

20pA 5p.A 18 

25 

l00p.A 15pA 40' 

8.0 lp.A 0.2J.1A 80' 

10 40pA 25pA 200' 

20 50pA 30pA 200' 

Comparators-Quad 

0.8 l00nA 25nA 1300 

2.0' 20pA 1pA' 55 

65 

2.0 l00nA 25nA 1300' 

250nA 5anA 1300' 

t Military Temperature Range (-55' to 125'C) 

848 

Max. 
Differential Supply 
Voltage Gain Fan Out Voltage Device Source 

(Cont'd.) 

(Cont'd.) 
5 10K -6,12 TL811C TI 

5 700 1 -6,12 !LA711C Fairchild 
MC1711C Motorola 
SFC2711 NPC 
LM711C National 
RC7l1 Raytheon 

!LA711 C Signetics 
SG711C Silicon G 
J.lA711C TI 10 

36 50K 1 41044 CA3290B RCA 

I 
5 40K' 10 -3 to -12,12 TL506C TI 

36 25K 2 to 36 LM2903 National 
ILM2903 Signetics 
LM2903 TI 

30 200K' 5 5,Oto ±15 LH2311 AMD 
LH2311 Intersil 
MC3411 Motorola 
LH2311 National 
LH2311 Raytheon 20 
LH2311 Signetics 

30 200K 5,Oto±15 1500c AMD 

6 5K' 10 ±5 NE521 Signetics 

6 5K' 10 ±5 NE522 Signetics 

5 700 -6,12 TL720C TI 

5 8K 2 5,Oto ±15 LM319 AMD 
J.lPC319 NEe America 
LM319 National 
LM319 Signelics 
TDA0319 Siglelics 30 

36 50K 2 4 to 36 CA3290A RCA 

36 25K 2 4 to 36 CA3290 RCA 

36 50K 2 2-36/±1-±18 CMP-048 tPMI 
CMP-04F PMI 

5 l.2K· 10 ±5 MC3430 Motorola 
MC3431 Motorola 

5 1.2K· 10 ±5 MC3432 Motorola 
MC3433 Motorola 

36 50K 2 2-36/ ± 1-± 18 LM139A tAMD 
LM139A t Intersil 40 
LM139A t Motorola 
LM139A tNationai 
PM139A tPMI 
CA139A tRCA 
SG139A tSilicon G 

200K' 2 2-36/±1-±18 LM139A Signetics 

36 50K 2 2-36/ ± 1-± 18 LM239A AMD 
LM339A AMD 
LM239A Intersil 
LM339A Intersil 50 
LM239A Motorola 
LM339A Motorola 
LM239A National 
LM339A National 
PM239A PMI 
PM339A PMI 
CA239A RCA 
CA339A RCA 

(Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION G~IDE' 

LINEAR-Comparators (Cont'd) 

Offset Bias Offset Response Max. 
Voltage Current Current TIf!1e Differential Supply 
mv (25'C) (25'C) (25'C) ns Voltage Gain Fan Out Voltage Device Source 

Comparators-Quad (Cont'd.) 

2.0 250nA 50nA 1300" 36 '50K 2 2-36/ ± 1-± 18 (Cont'd.) 
SG239A Silicoo G 
SG339A Silicon G 

2ooK* 2 2-36/±1-±18 LM239A Signetics 
LM339A Signetics 

2.5 5nA 0.5nA 10ms 36 25K 2 to 36 L161 Siliconix 
(J) 

3.0 6/lA 1.5p.A 35" 6 25k* - ±15.5 HA-4920 tHarris (1014) "0' 

75nA 25nA 130" 15 4ooK" 5 to ±15 HA-4900 Harris (1012) 

5.0 loonA 25nA 1300* 36 2ooK" 2 2-36/ ± 1-± 18 LM139 tAMD 
p.A139 t Fairchild 
LM139 tlntersil 

::J 
~ 

10 c 
.Q.," ..... 

LM139 tMotorola 0 
LM139 t National Q) 

PM139 tPMI Q) 

LM139 t Raytheon en 
CA139 tRCA ~ 

LM139 t Signetics Q) ..... 
SG139 tSilicon G 
LM139 tTl 

CJ). 

«1 
~: 

250nA 50nA 1300* 36 200K" 2 2-36/ ± 1-± 18 LM239 AMD 20 
LM339 AMD 
p.A239 Fairchild 
/lA339 Fairchild 
LM239 Intersil 
LM339 Intersil 
LM239 Motorola 
LM339 Motorola 
LM239 National 

.LM339 National 

IlPC177 NEC America 30 

IlPC339 NECAmerica 
PM239 PMI 
PM339 PMI 
LM239 Raytheon 
LM339 Raytheon 
CA239 RCA 
CA339 RCA 
LM239 Signetics 
LM339 Signetics 
SG239 Silicon G 40 
SG339 Silicon G 
LM239 n 
LM339 TI 

15 2ooK" 1 .3-15 MM54C909 t National 
MM74C909 National 

2 Operational Amplifiers. 2 Comparators 
500nA 75nA 1300" 36 2ooK* 3-36 MC3505 tMotorola 

6.0 81lA 2/lA 35* 6 25k" - ±15.5 HA-4925 Harris (1014) 

7.0 250nA 50nA 1300" 36 50K 2 2-36/ ±1-± 18 LM2901 Fairchild 
HA172901 Hitachi 50 
LM2901 Motorola 
LM2901 National 

IlPC2901 NECAmerica 
LM2901 Raytheon 
LM2901 Signetics 
LM2901 TI 

7.5 150nA 50nA 130" 15 4ooK* 5 to ±15 HA-4905 tHarris (1012) 

2 Operational Amplifiers. 2 Comparators 
9.0 10 500nA 1300" 36 3-36 MC3405 Motorola 

20 500nA 3nA* 2000" Vee 2K 1 2 to 28 MC3302 Motorola 60 

~3302C Fairchild 
RV3302 Raytheon 

(Continued) 

t Military Temperature Range (-55" to 125"C) " Typical Values 
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LlNEAR-Comparators (Cont'd) 

Offset Bias Offset Response Max. 
Voltage Current Current TIme Differential Supply 
mv (2S'C) (2S'C) (2S'C) ns Voltage Gain Fan Out Voltage 

Comparators-Quad 

20 500nA 3nA' 2000' Vee 2K 1 2 to 28 

l00nA 1300' Vee 2K 2 5 to ±15 

Comparators-Hex 

5 loonA 25nA 1300 ±36 200K 4 2-36/±1-±18 

250nA 25nA 1300 +36 200K 4 3-36/ + 1-± 18 

Special purpose comparators (Alarm Circuits; Analog-Digital Control Circuits; Comparators, Programmable; Level Detectors; Voltage Sensors, etc.) are 
listed under Linear-Other Devices. 

I 
I 

t Military Temperature Range (-55' to l25'C) , Typical Values 

Bold face indicates additional data is provided on the page noted. 

850 

Device Source 

(Cont'd.) 

(Cont'd.) 
MC3302 Signetics 
SG3302 Silicon G 

LM3302 National 

TL336C TI 

TL336M tTl 

I 
I 
I 
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MASTER SELECTION GUIDE 

LlNEAR-Consumer Circuits 

FlIlCtion Device Source Lila Fu1cIion Device Source Lila FtJ1cIion Device Source lile 

Consumer Circuits Consumer Circuits (Cont'd.) Constll11er Circuits (Cont'd.) 

Alarm Circuits: See Unear-Other Devices, Alarms AM/FM IF Amplifier (Cont'd.) Appliance Tmer (Cont'd.) 
Amplifier, AGC/Squelch LA1201 Sanyo AY3-1250 GI 

LM170 t National TAA991 Siemens AY3-1251 GI 
LM270 National AM/FM IF and AF Amplifier 70 AY5-1260 GI 
LM370 National 

TBA460 Siemens CD22017 RCA 
UCN4105 Sprague Amplifier, with AGC, for recorders 

HA1319 Hitachi 
AM/FM Radio Frequency Display Driver and Clock 

Audio Amplifier, with voice operated gain adjusting T1400 Toshiba 
HA1361 Hitachi device 140 
TDAl002 Signetics AM/FM Receiver System SL1626 Plessey 

Amplifier, Dual with AGC, for stereo recorders 10 
MCC401 Cherry 

Audio Amplifier and Preamplifier, low power MCC402 Cherry 
HAll122 Hitachi 

pA721 Fairchild TCA210 Signetics 
M5130 Mitsubishi 
M51301 Mttsubishi 

HAll120 Hitachi Audio Amplifier, low power 
HAll123 Hitachi TBA915 Signetics 

Amplifier, Dual, Tone, for stereo recorders HA11211 Hitachi 80 Audio Controls (loudness, treble, bass) 
M5138 Mitsubishi HA11251 Hitachi TDA4290 Siemens 

Amplifier, Hearing Aid HA11402 Hitachi 

CS263 Cherry LM273 National Audio Controls, Stereo, de operated 

MP5OO3 Micro Power LM274 National TCA730 Signetics 

MP5014 Micro Power LM373 National TCA740 Signetics 150 

MP5014A Micro Power 20 LM374 National Audio Driver 
JlPC12 NEG America AN217 Panasonic MC3320 Motorola 
OM200 Panasonic AN253 Panasonic MC3321 Motorola 
CA3078 tRCA AN260 Panasonic LM391 National 
OM2OO Signetics AN277 Panasooic 90 NE540 Signetics 
TAA370 Signetics AN366 Panasonic NE541 Signetics 

Amplifier System (for tape recorders) 
SL437 Plessey 

Audio Noise Reduction, Compander. See SL624C Plessey 
TA7223 Toshiba 

TDA1220 SGS Unear-Telecommunications Circuits 
TA7628 Toshiba 

TDA1230 SGS Audio, Noise Reduction, Dolby 
AM IF Amplifier TBA570 Signetics JlA7300 Fairchild 160 

LM172 tNational 30 TBA700 Signetics HA11226 Hitachi 
LM272 National TDA1083 Sprague LM1101 National 
LM372 National TDA1090 Sprague LMll01A ' National 

AM Receiver System ULN-2204A Sprague 100 NE545B S"lQnetics 

JlA720 Fairchild ULN-2242 Sprague NE645B Signetics 

IlA7330 Fairchild TBA570 Telefunken NE646B Signetics 

HAl151 Hitachi TDA1083 Telefunken Audio, Power Amplifier, <5 Watts 
HAl197 Hitachi TA7613 Toshiba p.A7307 Fairchild (936) 
HA1199 Hitachi TA7614 Toshiba TBA641 Fairchild (937) 
LM1820 National AM/FM Tuner, Radio Frequency Display and Clock TBA820 Fairchild (936) 170 
LM1860 National 40 LC7250 Sanyo HA1306 Hitachi 
AN259 Panasonic HA1325 Hitachi 
CA3088 tRCA AM/FM/SSB Detector 

HA1329 Hitachi 
CA3123 tRCA SL624C Plessey 

HAl367 Hitachi 
TCA440 Siemens AM/FM/SW/Tuner, Radio Frequency Display and 110 M5115 MitstJJishi 
TDA1046 Siemens Clock M5115R MitstiJishi 
NE546. Signetics MSL2316 OKI M5118 Mitsubishi 
TCA440 Signetics MSM5523 OKI M5155 Mitstbshi 
TBA651 SGS MSM5524 OKI M51501 Mi!stbsl1 
ULN-2249 Sprague 

AM/SSB Detector M51182 MitsOOisIl 180 
SN76635 TI 50 

SL623C Plessey M51512 Mi!stbsI1 
TA7306 Toshiba 

SL1623 Plessey M51513 MitstiJisIj 
TA7615 Toshiba 

SL1625 Plessey MC1306 Motorola 
AM RF, IF, Detector, AGC MC1384 Motorola 

ZN414 Ferranti AM/FM Tuner Control and Clock MC1454 Motorola 
AY3-8110 Gl 120 MC1554 t Motorola 

AM RF, Mixer, IF AY3-8112 GI MC3360 Motorola 
JlPC30 NEG America AY3-8114 GI LM380 National 
IlPG1021 NEG America AY3-8115 GI LM386 National 

AM Tuner (RF, IF, detector, AGC, meter driver) AY3-8116 GI LM388 National 190 
LA1240 Sanyo AY3-8117 GI LM389 National 

AM/FM IF Amplifier 60 
Stereomega GI LM390 National 

JlA757 t Fairchild Appliance Timer JlPC41 NEG America 

JlPC27 NEG America FCM7040 Fairchild IlPC1025 NEG America 

IlPC577 NEG Ameriea AY5-1230 GI AN214 Panasooic 

AN203 Panasooic AY5-1231 GI 130 AN215 Panasonic 

AN21 0 Panasonic AY5-1232 GI AN252 Panasooic 

AN353 Panasonic AY5-1233 GI AN374 Panasonic 
(Continued) (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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Ie MASTER 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source Une Function Device Source Line Function Device Source Une 

Consumer Circuits (Conf,d.) Consumer Circuits (Cont'd.) Consumer Circuits (Cont'd.) 

Audio, Power Amplifier, <5 Watts (Cont'd.) Audio, Power Amplifier, 5-10 Watts (Cont'd.) 70 Audio Power Amplifier, > 10 Watts (Cont'd.) 
SL414 Plessey TBA81 0 Hitachi SI1030 Sanken 140 
SL424 Plessey M5112 Mitsubishi SI1050 Sanken 
CA3020 tRCA TDA2002 . Motorola STK015 Sanyo 
CA3094 tRCA TDA2002A Motorola STK016 Sanyo 
LA4030 Sanyo LM383 National STK020 Sanyo 
LA4031 Sanyo LM383A National STK022 Sanyo 
LA4032 Sanyo LM384 National STK024 Sanyo 
LA4050 Sanyo TDA2002 National STK025G Sanyo 
LA4051 Sanyo 10 TDA2002A National STK031 Sanyo 
LA4100 Sanyo I-lPG57l NEG America 80 STK032 Sanyo 
LA4l0l Sanyo I-lPC578 NEC America STK035 Sanyo 150 
LA4102 . Sanyo I-lPC1020 NEG America STK036 Sanyo 

I I 
LA4110 Sanyo I-lPCl155 NEG America 

I I 
STK050 Sanyo 

LA4112 Sanyo I-lPCll56 NEG America STK055 Sanyo 

I 
LA4200 Sanyo I AN272 Panasonic I STK057 Sanyo 
LA4201 Sanyo AN315 Panasonic STK058 Sanyo I I LA4220 Sanyo AN7150 Panasonic STK060 Sanyo 
LA4430 Sanyo AN7151 Panasonic STK062 Sanyo 
TAA611 SGS 20 SL415 Plessey STK070 Sanyo 
TBA641 SGS SL425 Plessey 90 STK075 Sanyo 
TBA820 SGS TBA800 Plessey STK077 Sanyo 160 
TCA830 SGS CA810 RCA STK078 Sanyo 
NE540 Signetics CA810M RCA STK080 Sanyo 
SE540 Signetics CA810A RCA STK082 Sanyo 
TCA160 Signetics CA810AM RCA STK084 Sanyo 
TCA760 Signetics CA2002 RCA STK086 Sanyo 
ULN-2280 Sprague CA3131 RCA STK0030 Sanyo 
ULN-2281 Sprague CA3132 RCA STK0035 Sanyo 
ULN-2283 Sprague 30 SI1010 Sanken STK0040 Sanyo 
TBA0800 Telefunken LA4230 Sanyo 100 STK0045 Sanyo 
TCA830 Telefunken LA4250 Sanyo STK0065 Sanyo 170 
SN76000 TI LA4420 Sanyo TDA2010 SGS 
SN76011 TI STKOll Sanyo TDA2020 SGS 
SN76021 TI TDA1037 Siemens TDA2030 SGS 
SN76024 TI TBA800 SGS TA721 0 Toshiba 
TA7066 Toshiba TBA81 0 SGS Audio Power Amplifier, Dual, <5 Watts 
TA7l40 Toshiba TCA940E SGS HA1374 Hitachi 
TA7200 Toshiba TDA2002 SGS LM377 National 
TA7207 Toshiba 40 TDA2002A SGS LM378 National 
TA720S Toshiba TDA2870 Siemens 110 LM1877 National 
TA7209 Toshiba TDA1004A Signetics AN274 Panasonic 180 
TA7211 Toshiba TDA1010 Signetics AN313 Panasonic 
TA7212 Toshiba TDA2611 Signetics ULN-2274 Sprague 
TA7220 Toshiba TDA2002 . Sprague ULN-2278 Sprague 
TA7204 Toshiba ULN-3701 Sprague TA7203 Toshiba 

Audio, Power Amplifier, 5-10 Watts TBA81 0 Telefunken TA7214 Toshiba 
pA7S3 FairchUd (936) TCA940 Telefunken TA7215 Toshiba 
pA70S Fairchild (937) TDA2002 Telefunken 

TDA2002A Telefunken Audio Power Amplifier, Dual, 5-10 Watts 
TBA800 Fairchild (937) 50 DA-l01 Delco SN76005 TI 120 TBA810 FairchUd (936) HA1377 Hitachi 
TDA2002 Fairchild (936) TA7201 Toshiba 

M51515 Mitsubishi 190 
TDA2002A Fairchild (936) TA7202 Toshiba 

TA7205A Toshiba LM379 National 
HA1308 Hitachi STK433 Sanyo TA7213 Toshiba HA1317 Hitachi STK435 Sanyo TA7216 Toshiba HA1322 Hitachi TDA1009 Signetics 
HA1338 Hitachi TA7217 Toshiba 

TA7218 Toshiba TA7227 Toshiba 
HA1339A Hitachi 
HA1342A Hitachi TA7222 Toshiba Audio Power Amplifier, Dual, >10 Watts 

HA1366 Hitachi 60 TA7222A Toshiba STK040A Sanyo 

HA1368 Hitachi TA7228 Toshiba 130 STK041 Sanyo 

HA1371 Hitachi Audio Power Amplifier, > 10 Watts STK043 Sanyo 

HA1372 Hitachi HA1350 Hitachi STK437 Sanyo 200 

HA1379 Hitachi HA1370 Hitachi STK439 Sanyo 

HA1380 Hitachi HM388 Hitachi STK441 Sanyo 

HA1382 Hitachi LM391 National Audio Preamplifier 
HA1383 Hitachi ESM532 NPC ZN459C Ferranti 
HA1390 Hitachi TCA940 SGS ZN459CP Ferranti 
TBA800 Hitachi SI1020 Sanken ZN459T t Ferranti 

(Continued) (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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LlNEAR-Consumer Circuits (Cont'd) 

Function Device Source Line function Device Source 

Consumer Circuits (Cont'd.) Consumer Circuits (Cont'd.) 

Audio Preamplifier (Cont'd.) Audio, Preamplifier, Dual (Cont'd.) 
HA1406 Hitachi PA239 Signetics 
HA1457 Hitachi TCA490 Signetics 
HA12008 Hitachi ULN-2231 Sprague 
ML120 Mitsubishi SN76130 TI 
M5212 Mitsubishi SN76131 TI 
M5213 Mitsubishi SN76149 n 
LM3080 National TA71 08 Toshiba 
LM3080A National TA7312 Toshiba 
/lPC566 NEG America 10 Audio Preamplifier, Quad 
/lPC573 NEG America 

XR4212 Exar 
/lPC592 NEG America 

XR4212M tExar 
IlPC1023 NEG America 
/lPG1024 NEG America Automotive Adaptive Sense Amplifier (one-shot with 

/lPC1032 NEG America peak detector adjusted shut:off threshold) 
AN127 Panasonic LM1815 National 
AN136 Panasonic Automotive, Ignition Circuit 
AN262 Panasonic MC3333 Motorola 
AN270 Panasonic 
SL561 Plessey 20 Automotive, Lamp Monitor 

CA3080 RCA ULN-2401 Sprague 

CA3080A tRCA Automotive, Low Coolant Detector 
.LA3110 Sanyo ULN-2429 Sprague 
LA3120 Sanyo 
LA3130 Sanyo Automotive, Speed Control Processor 

LA3150 Sanyo MC14460 Motorola 

TAA263 Signetics Automotive, Tachometer Circuit. See Tachometer 
TAA310A Signetics Circuit below. 
TAA1002 Signetics 
TA7063 Toshiba 30 

Automotive, Timer 
ULN-2430 Sprague 

TA7120 Toshiba 
TA7122A Toshiba Automotive, Traffic Information Broadcast Decoders 

TA7129 Toshiba S280 Siemens 

TA7136A Toshiba S281 Siemens 

Audio, Preamplifier with ALC 
S551 Siemens 

LA3201 Sanyo 
S552 Siemens 

LA3210 Sanyo Automotive, Voltage Regulator 

TA7307 Toshiba MC3325 Motorola 

Audio, Preamplifier, Dual 
MC3326 Motorola 

XR4739 Exar 40 Calculator 
XR4739M tExar C/CF583 GI 

/lA739 Fairchild C/CF585 GI 

IlA381 Fairchild C/CF589 GI 

/lA749 t Fairchild C/CF593 GI 

HA1451 Hitachi C/CF594 GI 

HA1452 Hitachi C/CF595 GI 

HA1452W Hitachi C/CF596 GI 

HA12012 Hitachi· C/CF598 GI 

M5152 Mitsubishi C/CF599 GI 
M51521 Mitsubishi 50 C683D GI 
LM1303 National C/CF683 GI 
LM381 National C685D GI 
LM382 National C/CF685 GI 
LM387 National CF687 GI 
AN215 Panasonic C687D GI 
AN264 Panasonic CF689 GI 
AN360 Panasonic CF689/HV GI 
AN370 Panasonic C689D GI 
CA3048 RCA Cl683D GI 
CA3052 RCA 60 Cl685D GI 
LA3115 Sanyo Cl687D GI 
LA3122 Sanyo C1689D GI 
LA3133 Sanyo HD37320 Hitachi 
LA3155 Sanyo HD37330 Hitachi 
LA3160 Sanyo HD37350 Hitachi 
NE542 Signetics HD38401 Hitachi 
LM381 Signetics HD38411 Hitachi 
LM382 Signetics HD43300 Hitachi 
LM387 Signetics HD43311 Hitachi 

(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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MASTER SELECTION GUIDE 

Line FlJICIion Device Source Line 

Consumer Circuits (Cont'd.) 

70 . Calculator (Cont'd.) 
HD43330 Hitachi 
HD43335 H~achi 

HD43337 Hitachi 
MPS7529-OO1 MOS 
MPS7529-007 MOS 140 
MPS7529-009 MOS 
MPS7529-012 MOS 
MPS7529~13 MOS 
MPS7529-014 MOS 

80 MPS7529-017 MOS 
MPS7529-022 MOS 
MPS7529-1 03 MOS 
MPS7529-1 04 MOS 
MPS7529-201 MOS 
MPS7529-216 MOS 150 
MPS7529-305 MOS 
MPS7530-001 MOS 
MPS7~10 MOS 
MPS7530-201 MOS 
MPS7530-217 MOS 

90 
MM5725 National 
MM5734 National 
MM5736 National 
MM5737 National 
MM5738 National 160 
MM5739 National 
MM5758 National 
MM5760 National 
MM5762 National 
MM5763 National 
MM5764 National 
MM5765 National 

100 . MM57123 National 
MM5766 National 
MM5767 National 170 
MM5777· National 
MM5780 Nalional 
MM5791 National 
MM5794 National 
MM5795 National 
MM57103 National 
MM571 04 National 
MM57109 National 

110 
/lPD276 NEG America 
/lPD277 NEG America 180 
/lPD278 NEG America 
I1PD284 NEG America 
/lPD286 NEG America 
/lPD299 NEG America 

I1PD94O NEC America 
/lPD941 NEG America 
/lPD943 NEG America 

120 /lPD946 NEG America 
/lPD947 NEC America 
1lPD950 NEC America 190 
/lPD951 NEC America 
/lPD952 NEG America 
/lPD1201 NEG America 
/lPDl801 NEG America 
MN5530 Panasonic 
MN5540 Panasonic 
MN5550 Panasonic 

130 MN5556 Panasonic 
MN5701 Panasonic 
MN571 0 Panasonic 200 
MN5750 Panasonic 
MN5752 Panasonic 
TMS1018 n 
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LINEAR-Consumer Circuits (Cont'd) 

Function DeviCe Source 

Consumer Circuits (Cont'd.) 

Calculator, Display Interface, (use with printer) 
C719 GI 

Calculator, Printing 
EA7251 EA 
EA7261 EA 
C717X GI 
C718 GI 
C1720 GI 
HD38510 Hitachi 
HD38513 Hitachi 
HD38516 Hitachi 
HD38530 Hitachi 
HD38533 Hitachi 
HD38546 Hitachi 
HD38548 Hitachi 
HD38550 Hitachi 

I HD38560 Hitachi 
HD38570 Hitachi 
HD38580 Hitachi 
HD38585 Hitachi 
J!PD299 NEC America 
1022 SMC 

Camera, Exposure Control 
CSloo Cherry 
CS102 Cherry 
CS122 Cherry 
CS127 Cherry 
CS129 Cherry 
GS130 Cherry 
CS131 Cherry 
CS132 Cherry 
CS137 Cherry 
CS460 Cherry 
CS461 Cherry 
CS462 Cherry 
CS463 Cherry 
CS464 Cherry 
CS480 Cherry 
CS481 Cherry 
CS482 Cherry 
CS483 Cherry 
CS484 Cherry 
CS485 Cherry 
CS486 Cherry 
CS487 Cherry 
CS488 Cherry 
CS489 Cherry 
CS580 Cherry 
J!PC558 NEG America 
J!PC589 NEG America 

Camera, Strobe Ught Controller 
CS139 Cherry 

Citizens Band Programmer, for PLL 
HD42851 Hitachi 
HD42853 Hitachi 
MM57190 National 
LC7120 Sanyo 
LC7123 Sanyo 
TC9116 Toshiba 
TC9117 Toshiba 

Citizens Band Remote Controller and Display Driver 
FCBB'OlO Fairchild 
HD42854 Hitachi 
HD42855 Hitachi 
MN6080 Panasonic 
LC7181 Sanyo 
LC7190 Sanyo 
LC7191 Sanyo 

t Military Temperature Range (-55' to 125'C) 

Line Function Device Source 

10 

I I 
I 

20 

30 

40 

50 

60 

Consumer Circuits (Cont'd.) 

CB Transceiver Receiver 
TA7618 
TMS1022 

Toshiba 
TI 

Citizen Band, See Unear·Phase Locked 
Loops/Synthesizers 

Clock (See also Digital·CMOS Oscillators/Dividers) 

See also Clock, Alarm Clock; Clock, Alarm Clock 
Radio 

S2709 AMI 
S1856 AMI 
AY5·1200A GI 
AY5·1202A GI 
AY5·1203A GI 
AY5·1204A GI 
AY5·1224A GI 
HI"'I' An. n H' h' I U"'t"tVIV ilac Ii 

CK3500 Gi 
CK3500F GI 
ICM7028 Intersil 
ICM7038A Intersi! 
ICM70388 Intersil 
ICM7051 Intersil 
M54860 Mitsubishi 
C1200 LSI Comp (494) 
MC14440 Motorola 
MM5218 National 
MM5309 National 
MM~311 National 
MM5312 National 
MM5313 National 
MM5314 National 
MM5315 National 
MM5375 National 
MM5376 National 
MM5377 National 
MM5378 National 
MM5379 National 
MM53110 National 
J!PD811 NEC America 
/lPD815 NEC America 
J!PD816 NEG America 
MSM5509 OKI 
MSM5528 OKI 
MSM5529 OKI 
MSM5929 OKI 
MN6070 Panasonic 
CD22011 RCA 
CD22012 RCA 
CD22014 RCA 
CD22015 RCA 
SAJ341 Siemens 
SAA1028 Signetics 
SAJ250 Signetics 
UCN·4103 Sprague 
UCN·4104 Sprague 
UCN·4112 Sprague 
UCN·4116 Sprague 

Clock, Alarm Clock 
S2622 AMI 
EA2318 EA 
EA5316 EA 
EA7316 EA 
EA7317 EA 
3817 Fairchild 
HD38980 Hitachi 
HD38988 Hitachi 
HD38991A Hitachi 
HD38992A Hitachi 
HD42022 Hitachi 

(Continued) 

• Typical Values 

Une Function Device 

70 

1

80 

I 
I 

90 

100 

110 

120 

Consumer Circuits 

Clock, Alarm Clock 
HD43115 
HD43870 
HD43890 
451 
ICMl115 
ICM1115A 
ICMll15B 
ICM7038 
ICM7049 
ICM7050 
M58412 
M58413 
MK50250 
MK50253 
MK50254 
MM5n.~ "10 

MM5370 
MM5371 
MM5375 
MM5376 
MM5385 
MM5386 
MM5387 
MM5396 
MM5397 
MM53108 
MM5402 
MM5405 
MM58143 
MM58144 
J!PD832 
J!PD833 
J!PD5388 
MN6052 
MN6053 
MN6091 
MN6092 
SAA1114 
UCN-4111 

Clock, Alarm Clock Radio 
S1998A 
S1998C 
S1988E 
S1988F 
3817 
CK3300 
MM5282 
MM5283 
MM5284 
MSM5523 
MSM5524 

Coinbox Circuit 
AYl-8622 
LM8091 
LM8092 

Source 

(Cont'd.) 

(Cont'd.) 
Hitachi 
Hitachi 
Hitachi 
Hughes 
Intersil 
Intersi! 
Intersil 
Intersil 
Intersil 
Intersil 
Mitsubishi 
Mitsubishi 
Mostek 
Mostek 
Mostek 

CI " 

Nationai 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
NEC America 
NEC America 
NEC America 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Signetics 
Sprague 

AMI 
AMI 
AMI 
AMI 
Fairchild 
GI 
National 
National 
National 
OKI 
OKI 

GI 
Sanyo 
Sanyo 

FM Detector. See Unear·Phase Locked Loop Circuits 
and IF Amplifier/Detector below, 

FM IF Amplifier 
J!A753 Fairchild 
!lA3076 Fairchild 

130 HA1201 Hitachi 
HA1211 Hitachi 
MC1350 Motorola 
MC1355 Motorola 
MC3310 Motorola 
AN278 Panasonic 
AN377 Panasonic 

(Continued) 

Une 

140 

I I 

160 

170 

180 

190 

200 

Bold face indicates additional data is provided on the page noted. 
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LINEAR-Consumer Circuits (Cont'd) 

Function Device Source Une F\J1ction Device Source 

Consumer Circuits .. (Cont'd.) Consumer Circuits (Cont'd.) 

FM IF Amplifier (Cont'd.) FM .IF Amplifier lDetector (Cont'd.) 
CA3002 tRCA TBA120U Signetics 
CA3005 tRCA TBA750 Signetics 
CA3006 tRCA TCA420 Signetics 
CA3012 tRCA TCA770 Signetics 
CA3028 tRCA ULN2111 Signetics 
CA3076 tRCA ULN2211 Signetics 
LAllll Sanyo TCA3089 Sprague 
LA1222 Sanyo TDA1200 Sprague 
ULN2209 Signetics 10 ULN-2111 Sprague 
ULN-2209 Sprague ULN-2136 Sprague 
SN76676 TI ULN-2287 Sprague 
SN76678 TI ULN-2289 Sprague 
TA7302 Toshiba TBA120 Telefunken 
TA7303 Toshiba SN76642 TI 

FM IF Amplifier lDetector 
SN76643 TI 

~136 Fairchild SN76669 TI 

I1A3065 Fairchild SN76675 TI 

I1A3075 Fairchild SN76689 TI 

I1A3089 Fairchild 20 TA7321 Toshiba 

~3089M tFairchl1d FM, IF Amplifier, PLL, Squelch, narrow band 
HAl137 Hitachi SL660 Plessey 
HAl1225 Hitachi SL662 Plessey 
HA12401 Hitachi SL664 Plessey 
HA12411 Hitachi SL665 Plessey 
M5143 Milsubishi 
M5144 Mitsubishi 

FM MutinglT uning Point System 
HA1149 Hitachi 

M51172 Mitsubishi 
M51177 Milsubishi FM Noise Canceller 

MC1351 Motorola 30 HAl1219 Hitachi 

MC1356 Motorola HA12410 Hitachi 

LM1351 National M51011 Mitsubishi 

LM1B41 National AN101 Panasonic 

LM2111 National LA2100 Sanyo 

LM2113 National FM Receiver System with squelch and scan control 
LM273 National MC3357 Motorola 
LM274 National 
LM373 National FM, RFIIF Amplifier 

LM374 National AN219 Panasonic 

LM3065 National 40 CA3127 tRCA 

LM3075 National TCA770 Signetics 

LM3089 National FM Stereo Decoder 
TBA120 National XR1310 Exar 
flPC1004 NEC America I1A732 Fairchild 
flPC102B NEG America p.A758 Fairchild 
TAA661 Plessey p.A767 Fairchild 
TBA120 Plessey ~1310 Fairchild 
TBA750 Plessey HA1115 Hitachi 
CA2111A tRCA HAll20 Hitachi 
CA3013 RCA 50 HAl142 Hitachi 
CA3014 tRCA HA1156 Hitachi 
CA3041 RCA HA1173 Hitachi 
CA3042 RCA HAl196 Hitachi 
CA3043 tRCA HAl1223 Hitachi 
CA3065 RCA HAl1227 Hitachi 
CA3075 tRCA M5132 Mitsubishi 
CA30B9 tRCA M5133 Mitsubishi 
CA31B9 RCA M5153 Mitsubishi 
LA1150 Sanyo MC1309 Motorola 
LA1230 Sanyo 60 MC1310 Motorola 
TCA3089 SGS LM1304 National 
TDAI200 SGS LM1305 National 
TDA1230 SGS LM1307 National 
S041 Siemens LM1310 National 
TBA120 Siemens LM1800 National 
TDA1047 Siemens LM1810 National 
CA30B9 Signetics ~C554 NEG America 
CA30B9D2 Signetics flPC5B5 NEG America 
TBA120S Signetics I1PC5B7 NEG America 

(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION ~ GUIDE 

Lile Function Device Source I.:i1e 

Consumer Circuits (Cont'd.) 

70 FM Stereo Decoder (Cont'd.) 
I1PC1026 NEG America 
AN211 Panasonic 
AN271 Panasonic 140 
AN362 Panasonic 
AN363 Panasonic 
SL758 Plessey 
SL1310 Plessey 
CA758 RCA 
CA1310 RCA 

80 CA3090A tRCA 
LA3300 Sanyo 
LA3301 Sanyo 
LA3350 Sanyo 150 
TBA450 Siemens 
p.A758 Signetics 
TCA290 Signetics 
TDA1005 Signetics 
ULN-2110 Sprague 
ULN-2244 Sprague 

90 ULN-2245 Sprague 
SN761 04 n 
SN76105 TI 
SN76110 TI 160 
SN76111 TI 
SN76113 TI 
SN76115 TI 
SN76116 n 
TA7155 Toshiba 
TA7156 Toshiba 
TA7157 Toshiba 

100 TA7323 Toshiba 
TA7604 Toshiba . 
TA7624 Toshiba 170 

FM Tuner 
TDA1062 Telefunken 

Four Channel Sound 
~1312 Fairchild 
HA1327 Hitachi 
HA1328 Hitachi 
HA1333 Hitachi 

110 
HA1334 Hitachi 
MC1312 Motorola 
MC1314 Motorola 180 
MC1315 Motorola 
LM1852 National 
LM1853 National 
OSI5022 Panasonic 
CG392 Signetics 
CG477 Signetics 

Games, T.V. 
120 AY3-8500 GI 

AY3-8500-1 GI 
AY3-8515 GI 190 
AY3-8550 GI 
AY3-8550-1 GI 
AY3-8603 GI 
AY3-8603-1 GI 
AY3-8604 GI 
AY3-8605 GI 
AY3-8605-1 GI 

130 AY3-8606 GI 
AY3-86()6.1 GI 
AY3-8607-1 GI 200 
AY3-861 0 GI 
AY3-861 0-1 GI 
AY3-8615 GI 
AY3-8700-1 GI 

(Continued) . 
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LINEAR-Consumer Circuits (Cont'd) 

Function . Device Source Line Function Device Source Line Function Device Source Line 

Consumer Circuits (Cont'd.) Consumer Circuits (Cont'd.) Consumer Circuits (Cont'd.) 

GaJ11es. lV. (Cont'd.) Games. T.V .• Video Display Generator Organ. Electronic Attenuator (Coot'd.) 
AY3-8710 GI S68047 AMI (1830) CA3OBO RCA 130 
AY3-8760 GI MC6847 Motorola (1979) CA3080A tRCA 

AY3-8765 GI Ground Fault Interrupter Organ. Frequency Divider. 4 Stage 
AY3-89OQ GI 1!A7390 Fairchild 70 AYl-5051 GI 
AY3-8900-1 GI MC3426 Motorola 

Organ. Frequency Divider. 5 Stage 
AY3-8950 GI LM1850 National 

AYl-6721 15 GI 
AY3-8950-1 GI Ught Dimmer. for touch sensor to control SCR 
RA3-9600 GI S556 Siemens 

Organ. Frequency Divider. 6 Stage 

R03-9500 GI 10 S10129 AMI 

R03-9501 GI Microwave Oven Controller S10130 AMI 

R03-9503 GI AY5-1260 GI S10131 AMI 

MPS7600-001 MOS TMSll17 TI EA5823 EA 

1'40
1 

I 
MPS7600-002 MOS Motor Speed Regulator EA5824 EA 

MPS7600-004 MOS CS140 Cherry AY1-6721 16 GI 

I 
MPS7600-005 MOS CS175 Cherry 80 HD3111 Hitachi 

MPS7601-001 MOS 1!A7391 Fairchild I MM5554 National I I 
MPS7601-002 MOS 1!A7392 Fairchild MM5823 National 

MPS7601-004 MOS HA1373 Hitachi MM5824 National 

M51970 Mitsubishi LM3216 Sanyo 
MPS7601-005 MOS 20 
LM1889 National 

LM1815 National Organ. Frenquency Divider. 6 Stage, with gating. five 

MM4789 National 
SL440 Plessey outputs 

MM5789 National 
TCA900 SGS TDA1008 Signetics 150 
TCA91 0 SGS 

MM53104 National TCA955 Siemens Organ. Frequency Divider. 7 Stage 
MM571 00 National TDAl151 SGS 90 S2193 AMI 
MM57105 National F4727 Fairchild 

MM571 06 National Motor Speed Regulator. PLL EA5821 EA 

MM57186 National 
TM4503 Toshiba AY1-l007B GI 

VES Nortec Motor Speed Regulator. PLL. for record players. VTR AYl-5050 GI 

SN76400 n 30 MSM5810 OKI MC1302 Motorola 

SN76401 TI MSM5811 OKI HBF4727 SGS 

SN76402 TI MSM5814 OKI HBF4737 SGS 

SN76423 TI MSM5815 OKI SAJ410 Siemens 160 

SN76424 TI MSM5816 OKI SAJll0 Signetics 

SN76425 n Motor Speed Regulator. with erase oscillator. for tape Organ. Frequency Divider. 8-stage. with staircase 
SN76426 TI recorders 100 generator 
SN76427 TI TDA1003A Signetics SAJ205 Siemens 

SN76428 Ti Motor Speed Regulator. with tape end indicator. for Organ. Frequency Generator. See also Organ. Top 
SN76429 TI tape recorders Octave Generator 
SN76430 n 40 TDA1006 Signetics MOB7 SGS 
SN76431 TI 

Motor. Stepping Motor Drive. Organ. Gate for Key Contact 
SN76442 TI SAA1027 Signetics H629 SGS 
SN76443 TI 
SN76445 TI Music, Electronic Piano Keyboard Interface Organ. Key Divider 170 

SN76450 TI AYl-1320 GI Sl0430 AMI 

SN76460 TI Music, Voltage Controlled Oscillator Organ, Latch Pedal Sustain 
SN76462 TI SSM2030 SSM (564) 110 M147 .SGS 

Games, TV.; Audio Synthesizer. 5-Bit D/A with driver MUSic. Voltage Controlled Transient Generator Organ. Noise Generator 
for small speaker SSM20SO SSM (565) S2688 AMI 

ICM7219 Intersil 50 Music, See Organ Circuits MM5837 National 

Games, lV. Color Converter (converts game chip Organ. Arpeggio. Chord and Bass Accompaniment Organ, Priority Latching Network 

B/W outputs to Color) Generator AYl-1313 GI 

AY3-8515 GI M251 SGS Organ. Rhythm Circuit 
AY3-8615 GI Organ. Chord Generator S2566 AMI 180 

Games, l.V., Color Processor (generates single AY5-1317A GI S2567 AMI 

composite color Signal from game chip input) S163 Siemens S8890 AMI 

AY3-8915 GI S9660 AMI 
Organ, Delay CirCUit. See also Analog Shift Registers 120 AY5-1315 GI 

Games. lV.; Sound Generator under Linear -Other Devices. MCM6550 Motorola 
AY3-8910 GI S10110 AMI MM5871 National 
AY3-8912 GI 60 S10111 AMI LM8271 Sanyo 
SN76477 TI SAD512 Reticoo LM8272 Sanyo 

SAD1024A Reticon LM8371 Sanyo Games, T.V .. Programmable Video lnterface 
2636 Signetics (2301) 

Organ, Electronic Attenuator LM8372 Sanyo 190 
XR13600 Exar (933) LM8471 Sanyo 

Games. lV.; T.V. Game to Cassette Deck Interface MC3340 Motorola LM8972 Sanyo 
AY3-8920 GI (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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L1NEAR-Consumer Circuits (Cont'd) 

FlJlCtion Device Source Line FlIlCtion Device Source 

Consumer Circuits (Cont'd.) Consumer Circuits (Cont'd.) 

Organ, Rhythm Circuit (Cont'd.) Security Systems Detector 
M252 SGS L911 Siliconix (1135) 
M253 SGS Smoke Detector 
M254 SGS MEM4962 GI 
M255 SGS MEM4963 GI 

Organ, Serial to Parallel Converter, 33-Bits MD4301 Mitel 

MM5559 National MD4302 Mitel 
MD4303 Mitel 

Organ, Top Octave Generator 
MD4304 Mitel 

S50240 AMI 
MC14461 Motorola 

S50241 AMI 10 
MC14462 Motorola 

S50242 AMI 
MC14463 Motorola 

S50243 AMI 
S50244 AMI 

MC14464 Motorola 

S50245 AMI 
MC14465 Motorola 
LM1801 National 

EA5240 EA 
EA 

NF5301 National 
EA5241 SFF25309 NPC 
EA5242 EA SM110 Siliconix 
AY1-02l2 GI SM120 Siliconix 
AY1-0212A GI SOl Supertex 
AY3-0214 GI 20 SD2 Supertex 
AY3-0215 GI SD3 Supertex 
AY3-02l6 GI SCL5331 SSS 
MK50240 Mostek SCL5331A SSS 
MK50241 Mostek 
MK50242 Mostek Sonar Transceiver 

MM5555 National LM1812 National 

MM5556 National Sound Generator 
MM5832 National CS158 Cherry 
MM5833 National CS258 Cherry 
MM5891 National 30 AY3-89l0 GI 
NC1183 Nitron AY3-8912 GI 
NC1184 Nitron ICM7219 Intersil 
LM8071 Sanyo SN76477 n 

Organ, Voltage Controlled Filter, Four Stage SSB Detector 
8SM2040 SSM (565) SL623C Plessey 

Peak Power Meter Driver, Dual (for hi-fi stereo) SL624C Plessey 

TA7318 Toshiba Synthesizers. See Unear - Phase Locked 

Plunger Driver Loop/Synthesizer Circuits 

TA7226 ' Toshiba Switches, Capacitance or Touch Sensing 

Protector Circuit (overcurrent detection for OCL and 40 89260 AMI (648) 
89261, AMI (648) 

speaker) 
89262 AMI (652) 

TA7317 Toshiba 
89263 AMI (648) 

Radio Receiver, Noise Inverter for car radios 89264 AMI (648) 
TDA1068 Telefunken 59265 AMI (648) 

Radio, Receiver, Counter/Display and Clock 89266 AMI (652) 

AY5-8l00 GI HA1190 Hitachi 

AY5-8l02 GI HA1194 Hitachi 
SAS560 Hitachi 

Remote Control Transmitters, Receivers. See Citizen SAS570 Hitachi 
Band and TV. Remote Control SAS560 Siemens 
RF Amplifier/Mixer 50 SAS570 Siemens 

CA3OO5 tRCA SAS580 Siemens 

CA3006 tRCA SAS590 Siemens 

CA3049 tRCA SAS6800 Siemens 

CA3127 tRCA SAS681 0 Siemens 

SD6000 Signetics TCA205 Siemens 

RF Detector !Video Amplifier 
SAS660 Teletlrlken 
SAS670 Telefunken 

SL510 Plessey 
SL511 Plessey 

SAS6600 TeIeftl1ken 
SAS661 0 Telefunken 

CA3068 RCA SAS6700 Telefmken 
Servo Driver 60 SAS6710 Tetefmken 

NE543 Signetics U112 Telefunken 
NE544 Signetics U113 Telefunken 
NE644 Signetics U221 Telefunken 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER' SELECTION GUIDE 

lile FlIlCtion Device Source lile 

Consumer Circuits (Cont'd.) 

Switches, Capacitive Touch Input (keyboard encoder 130 
and prioritizer) 

TMS1976 TI 

Tachometer Circuit 
LM2907 . National 
LM2917 National 

70 AN603 Panasonic 
SN7681 0 TI 

Tape Recorder Audio System; electronic switching 
between record and playback 

LM1818 National 140 

Tape Recorder System (motor speed control, 
automatic stop, de manual stop, biasing and erasing 
oscillator) 

TDA7770 SGS 

Tape Recorder Controller (mode change, abscence 
80 recording) 

TC9121 Toshiba 

Tape Recorder System (power amps, preamp with 
ALC, meter driver, mute control) 

TA7224 Toshiba 150 

Tape Recorder System (power amp: preamp with 
ALC, meter driver) 

TA7225 Toshiba 

Tape Recorder System (head, MIC, headphone, buffer, 

90 
and record amps; meter driver) 

TA7617 Toshiba 

Tape Deck Key Controller 
M5441 0 Mitsubishi 

Telephone. See Unear - Telecommunication Circuits 

Thermo Controller (for air conditioners, refrigerators, 160 
etc.) 

TA7165 Toshiba 

Thermometer Circuit, Digital (-40 to O'C) 
AV3-1270 GI 

100 Timers. See Appliance Timers, Clock, Watch circuits in 
this section and Unear -Timers 

Tuning Voltage Stabilizer, for use with variable 
capacitance diodes 

TAA550 Signetics 
TCA530 Signetics 170 
TCA750 Signetics 
TAA550 SGS 

T V. AFT System 
pA3064 t Fairchild 

110 HA1108 Hitachi 
HA1126 Hitachi 
M5134 . MitsIbshi 
M5135 MitsIbshi 
CA3139 Motorola 
MC1364 Motorola 180 
LM3064 National 

I1PC423 NEC America 
AN220 Panasonic 
AN221 Panasonic 
AN222 Panasonic 

120 AN320 PanasoniC 
AN321 Panasonic 
AN325 Panasonic 
AN326 Panasonic 
CA3044 tRCA 190 
CA3OI34 tRCA 
CA3139 RCA 
LA1364 Sanyo 
ULN-2264 Sprague 

(Continued) 
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LlNEAR-Consumer Circuits (Cont'd) 

Function Device Source Una Function Device Source Una Function Device 

Consumer Circuits (Cont'd.) Consumer Circuits (Cont'd.) Consumer Circuits 

TV. AFT System (Cont'd.) TV. Channel Selection (Cont'd.) T.V. Chroma Circuits 
SN76565 TI SAS570 Siemens AN235 
TA7070 Toshiba SAS580 Siemens 70 AN236 

T.V. Camera Sync. Generator 
SAS590 Siemens AN237 

3262A Fairchild 
TDA2620 Signetics AN242 

32628 Fairchild 
TDA2630 Signetics AN281 

ZNA134 Ferranti 
TDA2631 Signetics AN282 

MM5320 National 
ML231 TI AN288 

MM5321 National 
ML232 TI AN289 

MN6060 Panasonic 10 
SN76701 TI AN342 

S178 Siemens 
SN76702 TI AN343 
SN76710 TI AN380 

TV, CATV Amplifers (hybrid) SN76721 TI 80 SL901 
AFT414 Amperex 

I 
SN76727 TI SL917 

AFT415 Amperex TA7171 Toshiba SL918 
AFT417 Amperex TA7172 Toshiba SL1327 

I 
AFT419 Amperex I TA7177 Toshiba I TBA520 
MHW559 Motoroia TA7i78 Toshiba TBA530 
MHW560 Motorola TA7315 Toshiba TBA540 
MHW561 Motorola TV. Character Generator ~ndicates tuning voltage TBA560 
MHW562 Motorola 20 scale and band info on screen) TBA990 
MHW570 Motorola U191 Telefunken TCA800 
MHW572 Motorola CA1398 
MHW580 Motorola T.V. Chroma Circuits 90 CA3066 
MHW594 Motorola IlA746 Fairchild CA3OO7 
MHW595 Motorola IlA780 Fairchild CA3070 
MHWl121 Motorola IlA781 Fairchild CA3071 
MHW1127 Motorola IlA787 Fairchild 

CA3072 
MHWl171 Motorola IlA788 Fairch~d 

CA3121 
MHWl172 Motorola TAA630 Fairchild 

CA3125 
MHWl182 Motorola 30 TBA510 Fairchild 

CA3126 
MHW1221 Motorola TBA520 Fairchild 

CA3128 
MHW1222 Motorola TBA540 Fairchild 

CA3135 
MHW1341 Motorola TBA560 Fairchild 100 

CA3137 
MHW1342 Motorola TBA990 Fairchild 

CA3143 
MHW1343 Motorola TDA251 0 Fairchild 

CA3144 
MHW1391 Motorola TDA2521 Fairchild 

CA3151 
MHW1392 Motorola TDA2522 Fairchild 

CA3170 
CA2100 TRW TDA2530 Fairchild 

CA3172 
CA2300 TRW TDA2560 Fairchild 

CA3221 HA11247 Hitachi 
CA2301 TRW 40 

HAl1412 Hitachi LA1366N 
CA2418 TRW 

HA11580 Hitachi LA1367 
CA2600 TRW 

M5190 Mttsubishi 110 LA1368 
CA2601 TRW 

M5192 Mrtsubishi LA1369 

TV. Channel Display (see also T.V. Tuning below) M5193 Mrtsubishi LA1373 

AY5-8300 GI M5194 Mrtsubishi LA1374 

AY5-8301 GI MC1323 Motorola LA1375 

U143 Telefunken MC1324 Motorola LA1376 

T.V. Channel Display with Time MC1327 Motorola LA1390 

MC1398 Motorola LA1397 
AY5-8310 GI 

MC1399 Motorola TDA2140 
AY5-8311 GI 50 TDA2150 LM746 National AY5-8320 GI TDA2160 LM1828 National 120 AY5-8321 GI TAA6301 LM1848 National AY5-8322 GI 

LM3067 TDA2522 National 
AY5-8324 GI 

LM3070 National TDA2530 
MM5318 National 

LM3071 National TDA2560 
MM5810 National 

LM3126 National MC1327 
MM5841 National 

TBA51 0 National MC1399 . 
MM58106 National 

TBA530 National TAA630 
TV. Channel Selection TBA540 National TBA327 

M51231 Mitsubishi 60 TBA560 National TBA395 
M51232 Mitsubishi TBA990 National 130 TBA396 
M51233 Mitsubishi IlPC562 NEC America TBA500 
IlPC1009 NEC America IlPC580 NEC America TBA51 0 
LB1500 Sanyo IlPC1380 NEC America TBA520 
LB1501 Sanyo AN225 Panasonic TBA530 
LB1515 Sanyo AN227 Panasonic TBA540 
SAS560 Siemens AN234 Panasonic TBA550 

(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Source Una 

(Cont'd.) 

(Cont'd.) 
Panasonic 
Panasonic 
Panasonic 140 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Plessey 

1

15

°1 

Plessey 
Plessey 
Plessey 
Plessey I I 
Plessey 
Plessey 
Plessey 
Plessey 
Plessey 
RCA 
RCA 160 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 170 
RCA 
RCA 
RCA 
RCA 
RCA 
RCA 
Sanyo 
Sanyo 
Sanyo 
Sanyo 180 
Sanyo 
Sanyo 
Sanyo 
Sanyo 
Sanyo 
Sanyo 
SGS 
SGS 
SGS 
Siemens 190 
Siemens 
Siemens 
Siemens 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 200 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 

(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source line Function Device Source l.ine Function Device Sourt:e l.ine 

Consumer Circuits (Cont'd.) Consumer Circuits (Cont'd.) Consumer Circuits (Cont'd.) 

T.V: Chroma Circuits (Cont'd.) T.V. Convergence Circuit T.V. Remote Control (also for other remote control 
TBA560 Signetics HAl146 Hitachi applications) (Coot'd.) 

TBA990 Signetics HAl147 Hitachi 70 52601 AMI (467) 

TCA640 Signetics HAl148 Hitachi 52142 AMI (471) 

TCA650 Signetics T.V. Frequency Synthesis Control (converts tuning 
52143 AMI (471) 

TCA660 Signetics data into frequency information for SDAloo system) J1A9706 Fairchild 140 

TCA800 Signetics SM564 Siemens 
J1A9706A Fairchild 

TDA2500 Signetics 
AY5-841 0 GI 

TDA251 0 Signetics 
T.V. Games, see Games, T.V. AY5-8411 GI 

TDA2520 Signetics 10 T.V. Horizontal Processor AY5-8420 GI 

TDA2522 Signetics J1A1391 Fairchild AY5-8450 GI 

TDA2523 Signetics J1A1394 Fairchild AY5-8460 GI 
AY5-8461 GI 

TDA2530 Signetics TBA920 Fairchild 
TBA120S Fairchild 80 AY3-8470 GI 

TDA2560 Signetics 
TDA2590 Fairchild AY3-8475 GI 

TDA2670 Signetics SAA1024 GI 150 TDA2591 Fairchild TBA395 Sprague SAA1025 GI HAllOO Hitachi 
TBA396 Sprague 

MC1391 Motorola M51240 MiIslbsti 
TDA1327 Sprague 

MC1394 Motorola M51480 ~ 
ULN·2124 Sprague 

LM1391 National M51481 MitslbsIl 
ULN·2127 Sprague 20 LM1394 National MC14422 Motorola 
ULN·2216 Sprague TBA920 National MC6525 Motorola 
ULN·2217 Sprague I1PC570 NEC America MC6526 Motorola 

ULN·2218 Sprague SL451 Plessey 90 
MC6527 Motorola 

ULN·2219 Sprague TBA920 Plessey 
LM1812 National 

ULN·2224 Sprague TBA940 Plessey 
MM53102 National 160 

ULN-2228 Sprague TBA950 Plessey 
MM53103 National 

ULN·2229 Sprague CA1391 RCA 
MM53112 National 

ULN·2261 Sprague CA1394 RCA 
MM53116 National 

ULN·2268 Sprague CA3147 RCA 
ML920 Plessey 

ULN·2293 Sprague 30 CA920A RCA 
SL490 Plessey 
CA3013 RCA 

ULN-2269 Sprague LAl384 Sanyo 
CA3014 RCA 

ULN·2298 Sprague TDA1180 SGS CA3035 tRCA 
TBA520 Telefunken TDA1280 SGS 100 

M054 SGS 
TBA530 Telefunken TDA2590 Siemens MOS5 SGS 170 
TBA540 Telefunken TBA720A Signetics Ml024 SGS 
TBA560 Telefunken TBA920 Signetics M1025 SGS 
TBA990 Telefunken TDA2571 Signetics S175 Siemens 
TDA2140 Telefunken TDA2573 Signetics SAB3209 Siemens 
TDA2150 Telefunken TDA2581 Signetics SAB321 0 Siemens 
TDA2151 Telefunken 40 TDA2590 Signetics SAB3270 Siemens 
TDA2160 . Telefunken ULN·2291 Sprague SAB4209 Siemens 
TDA2161 Telefunken ULN·2294 Sprague SAF1031 Signetics 

SN76242 TI 
SN76525 TI 110 SAF1032 Si!J1etics 

SN76243 TI 
TA7151 Toshiba U318M Telelunken 180 

SN76246 TI T.V. Horizontal & Vertical Prpcessor U321M Telefunken 

SN76267 TI HAl1218 Hitachi U327 TelefU1ken 

SN76298 TI HAl1235 Hitachi U334 Teleftrlken 

TA7141A Toshiba LM1880 National SN76730 TI 

TA7148 Toshiba AN202 Panasonic T.V. Signal Processor (Jungle Circuit) 
TA7149 Toshiba 50 AN232 Panasonic MC1344 Motorola 
TA7150 Toshiba AN332 Panasonic LM1845 National 

TA7161 Toshiba 
AN334 Panasonic AN228 Panasooic 

TA7167 Toshiba 
LA1381 Sanyo 120 AN229 Panasonic 

TA7168 Toshiba 
LA1382 Sanyo AN230 Panasonic 190 

TA7169 Toshiba 
TCA511 SGS AN231 Panasonic 

TA7173 Toshiba 
NE2622 Signetics AN249 Panasonic 

Toshiba 
LMl880 Signetics AN328 Panasonic 

TA7174 
Panasonic 

TA7192 Toshiba T.V. Input Encoder (for sets without remote control) AN331 

TA7193 Toshiba Ul90 Telefunken AN349 Panasonic 
AN350 Panasonic 

T.V. Color Bar Generator 60 T.V. Picture Sharpness TBA550 Plessey 
MM5332 National M51380 MitsI.tlisti CA3120 RCA 

NE549 Signebcs M51381 MitsWishi CA3142 RCA 
TA7126 Toshiba 130 

LAl388 Sanyo 200 
TV Color Control for VIR broadcasts TA7135 Toshiba LA3181 Sanyo 

HA11409 Hitachi TV. Remote Control (also for other remote control LA3182 Sanyo 
MN5330 Panasonic applications) LA3187 Sanyo 

T.V. Contrast Control 52600 AMI (467) TBA311 SGS 

TA7134 Toshiba (Conbnued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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LlNEAR-Consumer Circuits (Cont'd) 

Function Device Source Line Function Device Source Line Function Device 

Consumer Circuits (Cont'd.) Consumer Circuits (Cont'd.) Consumer Circuits 

TV. Signal Processor (Jungle Circuit) (Conl'd.) lV. Sound Circuit (Cont'd.) 70 T.V. Vertical Deflection 
TBA550 Signetics ULN-2211 Sprague TA7152 
TBA890 Signetics ULN-2212 Sprague TV. Video Circuits 
TBAOOO Signetics ULN-2290 Sprague TBA970 
TDA2680 Signetics TBA120 Telefunken HA1152 
TDA2690 Signetics SN7£643 TI HA11220 
ULN-2125 Sprague SN76651 TI HA11221 
SN76524 TI SN76660 TI HA11422 
SN76544 TI SN76665 TI M5169 
SN76545 TI 10 SN76666 TI M5181 

TV. Sound Circuit SN76688 TI 80 M5183 
/LA3065 Fairchild TA7051 Toshiba M5184 
TDA1190 Falrchlid 

I 

TA7072 TQshiba 

I 
M5185 

I 
TDA1190Z Fairchild TA7073A Toshiba M5186 
HA1124 Hitachi TA7130 Toshiba M5187 
HA1125 Hitachi TA7146 Toshiba M5195 

'j I TA7176 Toshiba M51247 HAI364 Hitachi 
M5143 Mitsubishi TA7314 Toshiba M51248 
M5144 Mitslbishi T.V. Timer, Programmable MC1330 
M5147 Mitsubishi 20 MM53100 National MC1330Al 
MC1331 Motorola MM53105 National 90 MC13330A2 
MC1351 Motorola 

T.V. Tone Control MC1331 
MC1357 Motorola MC1349 
MC1358 Motorola 

TA7125 Toshiba 
MC1350 

TDA1190 Motorola lV. Touch Tuner. See also Switches, Capacitance MC1352 
LM1351 National above. MC1372 
LM1808 National ML231 Plessey XC1373 
LM2111 National ML232 Plessey LM1807 
LM2113 National TDA2620 Signetics LM1889 
LM3065 National 30 TDA2630 Signetics TBA440 
TBA120 National TDA2631 Signetics /LPC595 
flPC558 NEG America SAS660 Telefunken 100 flPC596 
flPC575 NEG America SAS670 Telefunken AN239 
flPC576 NEG America TV. Touch Tuner Control Interface AN245 
AN239 Panasonic ML236 Plessey AN246 
AN206 Panasonic ML237 Plessey AN247 
AN240 Panasonic ML238 Plessey AN248 
AN241 Panasonic ML239 Plessey AN279 
AN255 Panasonic AN349 
AN341 Panasonic 40 lV. Tuner Controller AN350 
AN340 Panasonic SH1549 Fairchild SL437 
SL432 Plessey AY3-8203 GI SL456 
SL437 Plessey MEM4956 GI 110 SL457 
TM570 Plessey Tl002 GI TBA440 
TM661 Plessey Tl102 GI TCA270 
TBA120 Plessey T1201 GI TDA440 
TBA750 Plessey U193 Telefunken CA270 
CA1190 RCA TV. Tuning Indicator CA1352 
CA2111 tRCA AY3-8330A GI CA3068 
CA3041 RCA 50 AY3-8331 GI CA3136 
CA3042 RCA AY3-8335 GI LA1352 
CA3043 tRCA 

T.V. Tuning System 
LA1353 

CA3065 RCA TBA1440 
CA3075 tRCA 

Economega GI 120 
TBA1441 

CA3134 RCA Omega GI 
TDA5500 

LA1363 Sanyo SDA100 Siemens 
TBA440 

LA1365 Sanyo TV. Vertical Deflection TBA1440 
TDA1190 SGS TDA1170 Fairchild TBA1440G 
TDA2190 SGS TDA1270 Fairchild TBA1441 
TBA120 Siemens 60 MC1393 Motorola TCA270 
TDA2840 Siemens flPC1031 NEG America TCA540 
TBA120S Signetics AN232 Panasonic TDA2540 
TBA120U Signetics AN332 Panasonic TDA2541 
TBA750 Signetics AN334 Panasonic 130 TDM40 
TDA261 0 Signetics LA1383 Sanyo TDA440 
ULN2111 Signetics TDA1170 SGS TDA4400 
ULN2211 Signetics TDA1270 SGS TDA441 0 
TDA1190 Sprague TDA1370 SGS TDA4420 
ULN-2111 Sprague TDA2600 Signetics TDA4421 

(Continued) (Continued) 

t MIlitary Temperature Range (- 55° to 125'C) * Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Source Une 

(Cont'd.) 

(Cont'd.) 
Toshiba 

Fairchild 
Hitachi 140 
Hitachi 
Hitachi 
Hitachi 
M~subishi 

Mitsubishi 
Mitsubishi 
Mitsubishi 
Mitsubishi 

l,wl Mitsubishi 
Mitsubishi 
Mitsubishi 
Mitsubishi 

I I 
Mitsubishi 

. Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 160 
Motorola 
Motorola 
National 
National 
National 
NEG America 
NEG America 
Panasonic 
Patlasonic 
Panasonic 170 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Panasonic 
Plessey 
Plessey 
Plessey 
Plessey 
Plessey 180 
Plessey 
RCA 
RCA 
RCA 
RCA 
Sanyo 
Sanyo 
Siemens 
Siemens 
Siemens 190 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
SGS 
Telefunken 200 
Telefunken 
Telefunken 
Telefunken 
Telefunken 

(Continued) 
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LlNEAR-Consumer Circuits (Cont'd) 

Function Device Source Line Function Device Source 

Consumer Circuits (Cont'd.)- Consumer Circuits (Cont'd.) 

T.V. Video Circuits (Cont'd.) Watch, Digital (See also Digital-CMOS 
TDA4430 Telefunken Oscillators/Dividers) (Cont'd.) 
SN76600 TI HC42022 Hitachi 
SN76644 TI HC42030 Hitachi 
SN76650 TI HC43032 Hitachi 
TC5003 Toshiba HC43802 Hitachi 
TA7069 Toshiba HC43803 Hitachi 
TA7074 Toshiba 300 Hughes 
TA7075 Toshiba 359 Hughes 
TA7076 Toshiba 10 371 Hughes 
TA7124 Toshiba 398 Hughes 

TA7145 Toshiba 5810 Intel 

TA7147 Toshiba ICM1424 Intersil 

TA7162 Toshiba ICM1424M Intersil 
ICM7200 Intersil 

TV. Video Pulse Generator ICM7202 Intersil 
S178 Siemens ICM7203 Intersil 

Video Tape Recorder ICM7204 Intersil 
HA11701 Hitachi ICM721 0 Intersil 
HAl1702 Hitachi IGM7210C Intersil 
HA11703 Hitachi 20 IGM721OM Intersil 
HA11704 Hitachi ICM7210MC !ntersil 
HAl1705 Hitachi ICM7214 Intersil 
HAl1706 Hitachi ICM7214M Intersil 
HAl1707 Hitachi ICM7220 Intersil 
AN301 Panasonic IGM7220B Intersil 
AN302 Panasonic ICM7220M Intersil 
AN303 Panasonic ICM7220MA Intersil 
AN304 Panasonic ICM7220MC Intersil 
AN305 Panasonic ICM7221 Intersil 
AN306 Panasonic 30 ICM7222 Intersil 
AN307 Pariasonic MP7145 Micro Power 
AN316 Panasonic MP7155 Micro Power 
AN318 Panasonic MP7175 Micro Power 
AN605 Panasooic MC14440 Motorola 
TDA2700 Signetics MC14470 Motorola 

TDA271 0 Signetics MC14478 Motorola 
TDA2720 Signetics MC14479 Motorola 

TDA2730 Signetics MC14480 Motorola 

Video Tape Recorder Timer 
MCC14471 Motorol~ 

MCC14472 Motorola 
VTR3300 GI 40 MCC14479 Motorola 

Watch-Alarm MC14480 Motorola 
ICM7220A Intersil MCC14481 Motorola 
ICM7221 Intersil MM58104 National 
ICM7222 Intersil MM58115 National 
MSM5516 OKI MM58117 National 
CD22007-2 RCA MM58118 National 
SY5009 Synertek MM58119 National 

Watch, Analog (See also Digital-CMOS 
MM58120 National 
MM5829 National Oscillators/Dividers) 
MM5860 National 

HC43850 Hitachi 50 
MM58601 National 

ICM7047 Intersil 
MC14450 Motorola 

MM5880 National 

MC14451 Motorola 
MM58801 National 

p.PD809 NEC America 
MM5882 National 

SY5008 Syriertek 
MM5885 National 
MM5886 National 

Watch, Digital (See also Digital-CMOS MM58127 National 
Oscillators/Dividers) MM58128 National 

S1424A AMI MM58129 National 
S1424C AMI MM58130 National 
S1427A AMI 60 MM58190 National 
S2732 AMI MM58192 National 
S10305 AMI MM58193 National 
HD04821 Harris p.PD810 NEG America 
HD04822 Harris p.PD819 NEG America 
HD04823 Harris p.PD824 NEG America 
HD04830 Harris p.PD826 NEG America 
HD04831 Harris p.PD828 NEG America 

. (Continued) (Continued) 

t Military Temperature Range (- 55' to 125'C) • Typical Values 
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MASTER SELECTION GUIDE 

Line Function Device Source Une 

Consumer Circuits (Cont'd.) 

Watch, Digital (See also Digital-CMOS 
Oscillators/Dividers) (Coord.) 

70 p.PD829 NEG America 140 
p.PD844 NEG America 
5024 Nortec 
5055 Nortec 
MSM5513 OKI 
MSM5514 OKI 
MSM5515 OKI 
MSM5970 OKI 
MN6050 Panasonic 
MN6051 Pana$Onic 

80 MN6052 Panasonic 150 
MN6053 Panasonic 
MN6070 Panasonic 
MM6090 Panasorlc 
MN6091 Pana50fic 
MN6092 Panasonic 
MS680 RTC 
MS681 RTC 
MS682 RTC 
MS683 RTC 

90 CD22001 RCA 160 
CD22003 RCA 
CD22006 RCA 
SCL5450 SSS 
SCL5451 SSS 
SCL54301 SSS 
SCL54302 SSS 
SCL54303 SSS 
SY5OO1 Synertek 
SY5002 Synertek 

100 
SY5007 Synertek 170 

Watch, Digital-Calculator 
MM581 01 National 
MM58102 National 

Watch-Message 
325 Hughes 
328 Hughes 

Stopwatch 
400 Hughes 

110 
ICM7045 Intersil 
ICM7205 Intersil 180 
ICM7215 Intersil 
C1200 LSI Comp (494) 
CD22008-1 RCA 
DF213 Siliconix 
DF214 Siliconix 

watch/stopwatch 
ICM7220C Intersil 

. MM5890 National 

120 SY5009 Synertek 

130 
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LINEAR-Followers 

Bias Offset 
Current Voltage 
na 25'C mv 25'C 

Followers 

c 
o 
+:: o. 
(]) 

0.1 

0.15 

0.2 

0.2' 

0.3 

,05 
1.0 

(]) I 3 

en 

5 

7.0 

7 

10 

15 

20 

30 

10 

50 

20 

25 

50 

50 

1.0 

3.0 

10.0 

40 

10.0 

20.0 

0.1 

0.2 

7.5 

5.0 

10.0 

20.0 

15.0 

Voltage 
Drift 
p.v/'C 

25' 

400 

25' 

300' 

300' 

300' 

10 

2Q 

-
6' 

10' 

12' 

-

100 

3 

5 

10' 

6' 

12' 

15' 

100 

20' 

Unity Gain 
Bandwidth 
MHz min 

100' 

200 

100' 

200' 

200' 

300' 

8.0' 

8.0' 

-

12' 

20' 

20' 

12' 

20' 

-

200 

0.6' 

0.6' 

12' 

20' 

8' 

10' 

20' 

-

20' 

8' 

10' 

-
60 

8' 

10' 

20' 

-

Slew 
Rate Output Supply 
vlp.s v@ma Range Comments 

1000 9@90 ±5 to ±20 Fast Follower 

3000 10@ 200 ±11 to ±18 Very Fast, FET 

1000 9@90 ±5 to ±20 Fast Follower 

2000 10@200 ±5 to ±20 Very Fast Follower 

2000 10@ 200 ±5 to ±20 Very Fast Follower 

2000 10@ 200 ±5 to ±20 Gain 0.094 (50 ohm) 

12 10@10 ±5 to ±18 High Speed Follower 

9 10@10 ±5 to ±18 High ~peed Follower 

4' 12@2 ±5 to ±18 Follower 

0 o ower, r p.ace .. _ 
~ ~ 

30' F II e I s 102 10@1 +5 t +18 

30' 10@1 ±5to±18 Follower, replaces 102 

Dual 210 Follower 

30' 10@1 ±5 to ±18 Follower, replaces 102 

30' 10@1 ±5 to ±18 Follower, replaces 102 

30' 10@1 ±5to±18 Follower, replaces 102 

Dual 110 Follower 

4' 12@2 ±5 to ±18 Follower 

1000 10@ 500 ±11 to ±18 Fast, High Current 

0.17* 10@15 ±3 to ±18 Precision Follower 

0.17* 10@ 15 ±3to±18 Precision Follower 

30' 10@1 ±5ta ±18 Follower, replaces 102 

30' 10@1 ±5 to ±18 Follower, replaces 102 

Dual 310 Follower 

10' 10@1 ±15 Follower 

10' 10@ 1.25 ±12 to ±18 Follower 

20' 10"@ 1.25 ±5 to ±18 Follower 

- 10@ 1.25 ±15 Follower 

20' 10@ 1.25 ±5 to ±18 Follower 

10' 10@1 ±15 Follower 

10' 10@ 1.25 ±12 to ±18 Follower 

- 10@ 1.25 ±15 Follower 

2000 10@ 100 +6 to +18 Very Fast Follower 

10' 10@1 +15 Follower 

10' 10@ 1.25 +12to+18 Follower 

20' 10@ 1.25 +5 to +18 Follower 

- 10@1.25 ±15 Follower 

See also Linear-Amplifiers, Special Purpose - Current Amplifiers 

t Military Temperature Range (-55' to 125'C) , Typical Values 

Bold face indicates additional data is provided on the page noted. 

862' 

Device Source 

LH0033 t National 

9963 tOEI 

LH0033C National 

LH0063 tNational 

LH0063C National 

3553 t 8urr-8rown (920) 

BUF-02A tPMI 
BUF-02E PMI 

BUF-02B tPMI 
BUF-02F PMI 10 

ITCA410A Signetics 
., 

~ 'v '" , .. 
LM210 AMD 
LM210 National 

LH2210 National 

110 t Intersil 
210 Intersil 

SGll0 t Silicon G 

LMll0 tAMD 
IlAl10M t Fairchild 20 
LM110 t National 

LH2110 Intersil 
LH2110 t National 

TCA410B Signetics 
TCA410D Signetics 

9911 tOEI 

BUF-01A tPMI 
BUF-01E PMI 

BUF-01B tPMI 
BUF-01F PMI 30 

SG310 Silicon G 

LM310 AMD 
1!A31OC Fairchild 
310 Intersil 
LM310 Motorola 
LM310 National 

LH231 0 Intersil 
LH2310 t National 

SG102 t Silicon G 

LM102 t National 40 

LM202 AMD 

I!Al02M t Fairchild 
102 t Intersil 

LM102 tAMD 

SG202 Silicon G 

LM202 National 

202 Intersil 

9910 tOEI 

SG302 Silicon G 

LM302 Nationql 50 

LM302 AMD 

IlA302C Fairchild 
302 Intersil 
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MASTER SELECTION 'GUIDE 

LlNEAR-Operational Amplifiers 

FlIlCIion Device Source Line Function Device Source Line ma@v Device Source Line 

General Purpose General Purpose (Cont'd.) High Output Current 

The lOlA series consists of the lOlA (-55'C to FET Input. Bipolar/JFET available in standard (155). 70 27oo@ 24 
125'C), the 201A (-25'C to 85'C) and the 301 wideband (156) and uncompensated (157) versions, ICH8530c Intersil 
(O'C to 70'C). These units require an external premium performance (A and B suffixes), and various 'ICH853OM tlntel"Sll 
compensation capacitor which permits the bandwidth temperature ranges (155, 255, 355, etc are available.) 2OOO@30 
to be optimized for particular applications. Some versions approach tI:Ie low cost of the units 3572A BIIT-Brown (920) 

LM101A AMD below. (Coot'd.) 
AD101A AD PM155 PMI 2ooo@24 

/lAl01A Fairchild LF155 Raytheon ICH8520C Intersil 100 

lOlA Intersil LF155 Signetics ICH8520M tlntersil 

LM101A Motorola 10 LF155 TI llOO@ll 
LM101A Natioilal (1035) FET Input. The "741" of the FET input devices has yet 80 833-21 Beckman 
CA101A RCA to be established. Such a device requires very low LH0021 tNational 
LM101A Raytheon cost, several sources, and many users. Commercial looo@ 30 
LM101A Signetics devices in the 155 series above meet some of these 3571 A Burr-Brown (920) 
SG101A Silicon G criteria, however, devices from the series below are 
LM101A TI generally lower in cost. 1ooo@24 
TA7506 Toshiba ~F77l Fairchild ICH8510C Intersil 

The performance of the 741 series is similar to the CA3140 Intersil ICH851OM t Intersil 

101. These units include intemal compensation to LF351 National 1ooo@ 10 110 
make the device stable and to eliminate the need for 20 (1035,1073) LHOO21C National 
an extemal capaCitor. LF13741 National 90 

741 AMD CA3140 RCA 5OO@ 10 

CA3160 RCA LH0061 t National 
AD741 AD LH0061C National 
/lA741 Fairchild TL081 n 
HAl7741 Hitachi 200 @ 10 

ICL741 Intersil ~759 tFairchild 

MC1741 Motorola ~759C Fairchild 

LM741 National (1035) 130@13 
/lPC741 NEG America LH0041 tNational 
SFC2741 NPC 30 LH0041C National 120 
OP-02 PMI 

loo@lO 
PM741 PMI 
SSS741 PMI 

3554A BIIT-Brown (920) 

CA741 RCA 
3554B Burr-Brown (920) 
3554S Burr-Brown 

RC741 Raytheon 
LH0003 National 

SG741 Silicon G 
/lA741 Signetics lOO@-
TDA0741 Signetics CA3094 RCA 

/lA741 TI 75 @ 145 
TA7504 Toshiba 40 ~583 Burr-Brown (920) 

Dual Amplifiers. The 1458 (O'C to 70'C) and the 6O@30 130 
1558 (-55'C to 125'C) offer approximately the same 3580J Burr-Brown (920) 
performance as the 741. Compensation is built in. 

50@10 1458 AMD 
XR1458 Exar 9914 OEI 

~1458 Fairchild 1430 Teledyne P 

HA171458 Hitachi 50@5 
MC1458 Motorola .LHOOO5 National 
LM1458 National LH0005A t National 
/lPG1458 NEG Amehca 50 47@14 
OP-14 PMI LH0020 t National 
PM1458 PMI LH0020C National 140 
SSS1458 PMI 
CA1458 RCA 40@4 

RC1458 Raytheon LHOOO5C National 

MC1458 Signetics 38@11 
SG1458 Silicon G CA3033A tRCA 
MC1458 TI CA3047A RCA 

FET Input. Bipolar/JFET available in standard (155), 32@8 
wideband (156) and uncompensated (157) versions, 60 TAA851 Telefunken 
premium performance (A and B suffixes), and various TM865 Telefulken 
temperature ranges (155, 255, 355, etc are available.) 

30@70 Some versions approach the low cost of the units 
below. 

3581J Burr-Brown 150 

LF155 AMD 20@12 
I!AF155 Fairchild TM761 Siemens 
LF155 Intersil TM762 tSiemens 
LF155 Motorola TM765 Siemens 
LF155 National (1035) TAA2761 Siemens 

• (Continued) (Contilued) 

t Military Temperature Range (_55' to 125'C) • Typical Values 
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LlNEAR-Operational Amplifiers (Cont'd) 
Unity Gain Slew Rate Unity Gain Slew Rate 

ma@v Device Source Line (v/p.sec min) Device Source Line (v/llS9C min) Device Source Line 

High Output Current (Cont'd.) High Speed High Speed (Cont'd.) 

20@ 12 (Cont'd.) 2500 (g=5) 50 (Cont'd.) 
TAft2762 Siemens 9909 OEI 30 LM318 Raytheon 
TAA2765 Siemens 1000 LMl18 tTl 
TAA4761 Siemens AII-5OOGC Datal (691) LM318 n 
TAA4765 Siemens AM-50011C fOatel (691) 
TCA311 Siemens 

9914 OEI 
TCA312 Siemens 
TCA315 Siemens 800(g=2) 
TCA325 Siemens NE539 Signetics 
TCA331 Siemens 10 600 
TCA332 tSiemens 9912 tOEI 
TCA335 Siemens 9932 OEI 

20@10 50C 

I~ I I ro@, 
9912 tOEI 

I 
1430 Teledyne P 

TAA861 Siemens 
400 

LHOO24 tNational I I TAA862 tSiemens I 
TAA865 Siemens 350 

18@9 
LH0032 tNalional 
LH0032C National 

CA3033 tRCA 20 

15@ 145 
300 

3582J Burr-Brown 
9916 tOEI 

3584 Bwr-Brown (920) 280 

15@30 
HA·2530 fHarris (974) 50 

LH0004C National 250 

15@ 10 
HA·2535 Harris (974) 
LHOO24C National HA·2620 fHarris (980) 
1435 t Teledyne P HA2620 Intersil 

250(g=5) 
9906 tOEI 

200 
9908 tOEI 
9917 OEI 

1 OO(g= 3) 60 
HA·2520 Harris (972) 

100 
AD509K AD 
AD509S tAD 
3550K BurT-8rown (920) 

80 
AD509J AD 
3507J BtIT-Brown (920) 
1322 t Teledyne P 
1322-01 Teledyne P 70 

65 
3550J Bwr-Brown (920) 
3550S t BIII'I'-Brown (920) 

50 
LM11& tAMD 
LM318 AMD 
AD518 AD 
AD518S tAD 
AD528 AD 
AD528S tAD 80 
AD581J AD 
AD581K AD 
J-tA118 t Fairchild 
J-tA318 Fairchild 
HA·2510 fHarris (968) 
LH0062 t National 
LH0062C National 
LM118 t National (1035) 
LM318 National 
SFC2118 tNPC 90 
SFC2318 NPC 
LMl18 t Raytheon 

(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additiOnal data is provided on the page noted. 
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MASTER SELECTION GUIDE 

LlNEAR-Operational Amplifiers (Cont'd) , 
Maximum Current Voltage Drift 
Supply Voltage Device Source Line pa 25'C Device Source Line (p.v/'C Max) Device Source Line 

High Voltage Low Bias Current Low Drift 

±150 Rated values do not usually include thennal rise due 0.1 80 
3582J t Burr-Brown to circuit operation. AM-490-2C Date! (690) 
3583 Burr·Brown (920) 0.01 40 

0.3 3584 BIIT-Brown (920) ICH8500A Intersil 
AM-490-2B Date! (690) 

±75 0.075 HA-2904 Harris (996) 
3581J t Burr-Brown AD515L AD 

3528C Btrr-Brown (920) 0.5 
±40 AD504M AD 

3571 A t Burr-Brown (920) 0.1 AD510L AD (J) 
3572A t Burr·Brown (920) 3523L Burr-Brown (920) AD517L AD "C 
AM-464-2 Datel (687) 10 ICH8500 Intersil 

3510C BIIT-Brown (920) ::J 
AM-464-2M tDatel (687) 0.15 lHOO44A t National (1073) 90 C) 
HA·2640 tHarris (984) AD515K AD lHOO44AC National (1073) HA·2645 Harris (984) ·,Ceo, 

MC1536 t Motorola 0.25 50 LHOO448 National (1073) .0 
:;::: 

LHOO04 t National AD523L AD OP-05A PMI 
0 

LHOO04C National 3523K BIIT-Brown (920) 0.6 O)""'! 
1".-

LM143 tNational 0.3 SSS725A tAMD :~~;l 
LM243 National AD515J AD AM-490-2M tDatel (690) (nit}'" 
LM144 t National IlA714 t Fairchild ~1 

0.5 I....,~~~ 
SG1536 Silicon G 20 HA·2900 tHarris (996) <De; 
1332 Teledyne P AD523K AD .+J' , 

OP.Q5E PMI 1 C/).,;.:.,, 
3523J Burr·Brown (920) : ctt·, ~ 

±35 OP-07A tPMI 
3580J BIIT·Brown (920) 1.0 SSS725A tPMI 

AD523J AD SSS725E PMI ±34 3522L BIIT-Brown (920) 60 
MC1436 Motorola ICL8007AC Intersil 1.0 
LM344 National ICL8007AM t Intersil AD504L AD 
SG1436 Silicon G LHOO52 tNational (1073) AD504S tAD 

±30 1439 Teledyne P AD510K AD 
ICH8510C Intersil 2.0 AD51 OS tAD 
ICH851OM t Intersil 30 35278 Burr-Brown (920) AD517K AD 
ICH8520C Intersil AD517S tAD 
ICH8520M t Intersil 5.0 3500E Burr·Brown (920) 
ICH8530C Intersil ADM501 AD 35108 BIBT-Brown (920) 
ICH8530M t Intersil ADM506 AD 

3510S t Burr·Brown (920) 
MC1436C Motorola AD506L AD 70 

3521L Burr-Brown (920) 
LM343 National 3522K Burr-Brown (920) 

AM-490-2A Datel (690) 3522S Burr-Brown (92O) SG1436C Silicon G p.A725A t Fairchild 3527A Burr-Brown (920) 
3527C Burr-Brown (920) p.A725E . Fairchild 

LHOO52C National (1073) LHOO44 t National (1073) 

CA3080 RCA LHOO44C National (1073) 

CA3080A tRCA LM725A National 

1425-01 Teledyne P SSS725 tPMI 120 

1425-02 Teledyne P SSS725B PMI 
OP-05 tPMI 

1.0 (Dual Unit) 
OP-10 tPMI 
OP-10A tPMI 
OP-10E PMI 

1.3 
IlA174 t Fairchild 
p.A714E Fairchild 
OP.Q7 tPMI 130 
OP-07E PMI 

1.5 
3510A BIIT~ (920) 
OP-05C PMI 
OP-20B PMI 
OP-20F PMI 
SSS725C PMI 

1.5 (Dual Unit) 
OP-10C PMI 

1:6 140 
IlA714C Fairchild 
OP.Q7C PMI 

2.0 
3527C BIBT-Brown (920) 

t Military Temperature Range (-55'to 125'C) • Typical Values 
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LlNEAR-Operatlonal Amplifiers (Cont'd) 
Supply Current Supply 

~@ ±15v De'Iice Source line Functioo Device Source Line voltage Device Source Une 

Low Power Programmable Single Supply 

Programmable Adjustable CurrentlPerformahce Single (1 unit per package) 
The current drain limits of these units are Single (1 unit per package) 5 to 16 

approximately 10-300 /La. p.A776C Fairchild 70 OP-20B tPMI 

/LA776 t Fairchild p.A776M t Fairchild OP-20C tPMI 

p.A776C Fairchild HA·2720 tHarris (990) OP-20F PMI 130 

HA·2720 Harris (990) HA·2725 Harris (990) OP-2OG PMI 

HA·2725 Harris (990) 4250 Intersil OP-20H PMI 

4250 tlntersil 4250C Intersil CA3130 tRCA 

4250C Intersil ICL8021C Intersil CA3130A tRCA 

ICL8021C Intersil 10 ICL8021M tlntersil CA3130B tRCA 

ICL8021M tlntersil MCl776 t Motorola 
to 24 

MCl776 t Motorola MCl776C Motorola 
CA3094 tRCA 

I 
MCl776C Motorola 

I 

MC3476 Motorola 80 

MC3476 Motorola LM4250 tNational to 36 

LM4250 tNational 
LM4250C National ~759 t Fairchild 

I LM4250C National 
CA3078 RCA )lA759C Fairchild 140 

I CA3078 tRC~. I CA3078A tRCA I CA.3140 ' Intarsil 

CA3078A tRCA 
CA3080 RCA CA3140 RCA 

CA3094 tRCA 
CA3080A tRCA CA3094A tRCA 

CA3094A tRCA 20 
CA3094 tRCA 
CA3094A tRCA to 44 

CA3094B tRCA CA3094B tRCA 
CA3140B f Intersil 

CA6078A tRCA SG1250 t Silicon G 90 CA3140B tRCA 

SGf250 t Silicon G SG2250 Silicon G CA3094B tRCA 

SG2250 Silicon G SG3250 Silicon G Dual (2 units per package) 
SG3250 Silicon G SG4250 t Silicon G 
SG4250 t Silicon G SG4250C Silicon G 

10 to 16 

SG4250C Silicon G TL066 TI 
DA-l0l Delco 150 

UC4250 t Solitron 3 to 26 
UC4250C Solitron Dual (2 units per package} 

LM2904 Motorola 
HA·2730 tHarris (993) 

Non-Adjustable 30 HA·2735 Harris (993) LM2904 National 

45 ICL8022C Intersil CA2904 RCA 

OP-20B ICL8022M t Intarsil 100 LM2904 TI 
tPMI 

OP-20C tPMI LH24250 tNational 3 to 30 

OP-20F PMI LH24250C National LM158 t Motorola 

OP-2OG PMI Triple (3 units per package) LM258 Motorola 

OP-20H PMI ICL8023C Intersil LM358 Motorola 

ICL8023M tlntersil LMl58 tNational 160 
125 

CA3060 RCA LM258 National 
LHOOO1 National 

CA3060 tRCA LM358 National 

150 CA3060A RCA LMl58A tNational 

HA·2700 Harris (988) 40 CA3060B RCA LM258A National 

HA·2704 Harris (988) L144A t S~iconix 110 LM358A National 

HA·2705 Harris (988) L144B S~iconix CAl58 tRCA 

200 
L144C Siliconix CA258 RCA 

TL061 TI 
SL144 Siltronics CA358 RCA 

LM158 t Signetics 

See TL061 series 
Quad (4 units per package) LM258 Signetics 170 

XR146 tExar (929) 
600 XR246 Exar (929) 

LM358 Si!1letics 

AD108 tAD XR346 Exar (929) 
NE532 t Signetics (1109) 

LM108 tAMD XR4202 Exar (930) 
SA532 Signetics 

LM112 tAMD XR4202M tExar (930) 
SE532 Signetics (1109) 

LM212 AMD 50 MC3474 Motorola 120 LM158 tTl 

~108 t Fairchild MC3475 Motorola LM258 TI 

108 t Intarsil MC3575 tMotorola LM358 TI 

LM108 t Motorola LM146 tNational (1035) 3 to 36 

LM108 t National (1035) LM246 National ~798 Fairchild 

LM112 tNational LM346 National MC3458 Motorola 180 

LM212 ' National 4 to 36 
LM216A National CA3240 RCA 
LM316A National 
SFC21 08 NPC 8 to 36 

OP-08 tPMI 60 TBA231 SGS 

OP-12 tPMI Quad (4 units per package) 
PM108 tPMI 4 to 18 \ 
LM108 Raytheon 
LM108 t Signetics 

p.A3401C Fairchild 
LM3401 National 

SG108 Silicon G MC3401 Motorola 
See corresponding 10BA, 208A, and 30BA series as CA3401 tRCA 190 

well (Continued) 

t MUitary Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

LINEAR-operational Amplifiers (Cont'd) 
Supply Supply Unity Gain 
Voltage Device Source Line Voltage . Device Source Line Bandwidth MHz Device Source li1e 

Single Supply (Cont'd.) Single Supply (Cont'd.) Wide Band 

4 to 18 (Cont'd.) 3 to 36 (Cont'd.) 500' 
RC3401 Raytheon flA3403C Fairchild 1435 t Teledyne P 

flA3503M t Fairchild 70 
300 3 to 26 

MC3303 Motorola 
HA17902 Hitachi 

Motorola 
9914 OEI MC3403 

LM2902 Motorola 
MC3503 tMotorola 200 

LM2902 National RC3403 Raytheon 9916 tOEI 
4 to 28 RM3503 t Raytheon 100 

flA3301C Fairchild RV3403 Raytheon AM-SOOGC Date! (691) 90 
Q) 
-0 MC3301 Motorola MC3403C TI AII-5OOMC tOate! (691) 

:::::J LM3301 National 10 MC3503 ttl 9906 OEI (!J RC3301 Raytheon 4 to 36 9908 tOEI 
3 to 30 LM1900 National 80 9909 OEI c:: 

LM124 tAMD LM1900 . Raytheon 9912 OEI 0 
LM1900 TI NE5539 Signetics +oJ LM224 AMD (,) 

LM324 AMD 70' (J) 
p.A124 t Fairchild 3554A Burr-Brown (920) (J) 
p.A224 Fairchild 3554B Burr-Brown (920) CJ) 
p.A324 Fairchild 

3554S t Burr-Brown 100 Lo" 
LM124 t Intersil LH0024 t National 

(J) 
+oJ LM224 Intersil 20 

LH0024C National C/) 
LM324 Intersil LH0032 t National 

as. 
LM124 t Motorola LH0032C National 

~: 
LM224 Motorola 
LM324 Motorola 65' 

LM124 t National (1035) p.A715C Fairchild 

LM224 National flA715M t Fairchild 

LM324 National HA17715 Hitachi 

flPC224 NEG America 60' 
flPC324 NEG America 9912 tOEI 
CA124 tRCA 30 1430 Teledyne P 
CA224 RCA 

50' CA324 RCA 
3551J 8urr-Brown (920) LM124 t Raytheon 
35515 t Burr-Brown (920) LM224 Raytheon 
CA3015 tRCA LM324 Raytheon 
CA3015A tRCA LM124 t Signetics 
CA3016 tRCA LM224 Signetics 
CA3016A tRCA LM324 Signetics 
CA3030 RCA SA534 Signetics 
CA3030A RCA 120 SG124 t Silicon G 40 
CA3038 tRCA SG224 Silicon G 
CA3038A tRCA SG324 Silicon G 

LM124 ttl 40 
LM224 TI 9932 OEI 
LM324 TI 38' 
TL321C TI CA31 00 tRCA 
TL321M ttl 

35' 
3 to 32 AD507J AD 

LM2902 Motorola AD507K AD 
LM2902 Raytheon 50 AD507S tAD 130 
RC4137 Raytheon 9917 OEI 
RM4137 t Raytheon 
RV4137 Raytheon 30' 

LM2902 Signetics p.A702C Fairchild 

LM2902 TI flA702M t Fairchld 
MC1712 Motorola 

4 to 32 LHoo03 t National 
LM2900 National LHOOO3C National 
LM3900 Na1ional (1035) LHOO05 tNationai 
LM2900 Raytheon LHOO05A National 
LM3900 Raytheon 60 LHOOO5C tNational 140 
LM2900 TI flPC51 A NEG America 
LM3900 TI }!PC702 NEG America 

3 to 36 SL702C Plessey 
XR3303 Exar RC702 Raytheon 
XR3403 Exar RM702 t Raytheon 
XR3503M tExar TL702M ttl 
}!A3303C Fairchild TL702C TI 

(Continued) flA702M ttl 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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LINEAR-operatlonal Amplifiers-Characteristics 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (2S'C) na. (2S'C) na. (2S'C) /lyrc MHz Y/Jl.5 y/y db Comp. Comments 

Single Units 

In this list the "Comp." column indicates the number of compensation components required at unity gain. Thus a indicates a fully compensated amplifier. 
The bandwidth and slew rate are listed with the amplifier compensated for unity gain. 
0.020' 0.15' 0.05' 0.1 3' 2.5' 1M 120 3 Chopper Stabilized 

0.3 3' 2.5' 1M 120 3 Chopper Stabilized 

0.6 3' 2.5' 1M 120 3 Chopper Stabilized 

1.0 3' 2.5' 1M 120 3 Chopper Stabilized 

0.025 1 0.25 0.5 0.25' 0.1' 1M 110 0 Ultra Low Offset Voltage, Low Drift 

2 2 0.6 1.2' 0.25' 300K 110 a Ultra Low Offset Voltage. Low Drift 

10 2.5 2 0.3' 0.1' 1M 110 0 Trimmed Offset 

15 2.5 0.5 0.4' 0.06' 1M 120 1 PreciSion, Low Noise 

20 20 0.75 - - 5-1000 100 0 Instmmentation (2 a:nps available 
as pair) 

25 30 0.5 - - 5-1000 100 0 Instrumentation(2 amps available 
as pair) 

35 50 3 - - 5-1000 100 0 InstrurneAtation (2 amps available 
as pair) 

0.05 0.050 0.0005' 75' l' 6' 20K 70 0 FET 

1 0.5 0.4 3' 2.5' 10M 130 3 Chopper Stabilized 

2 0.75 1 0.25' 0.1" 1M 100 0 Ultra Low Offset Voltage, low Drift 

13 4.0 1 0.3 0.1' 1M 110 a Trimmed Offset 

30 5 0.5 0.4' 0.06' 500K 114 1 PreciSion, Low Noise 

1 0.4' 0.06' 500K 114 1 Precision, Low Noise 

0.06 1 0.5 06 3' 2.5' 1M 120 3 Chopper Stabilized 

15 10 0.5 0.4' 0.5 1M 110 1 Low Drift 

0.075 3 2.B 1.3 1.2' 0.25' 200K 110 0 Ultra Low Offset Voltage, Low Drift 

4 3.B 1.3 1.2' 0.25' 200K 106 0 Ultra Low Offset Voltage, Low Drift 

O.OB 1 0.5 0.2' 3' 2.5' 1M 120 3 Chopper Stablilized 

15 0.5 1.5 0.1' - 1M 105 0 Precision, Low Power 

0.10 25 5 3 3' 0.1' 250K 94 0 Trimmed Offset 

35 5 1 0.4' 0.06' 500K 114 1 PreciSion, Low Noise 

70 1 0.6 - - 1M 120 4 Iflst~umentation 

O.B - - 1M 120 4 High Performance 725 

0.12 25 15 1 0.4' 0.5 1M 110 1 Low Drift 

0.15 2 0.2 2.5 O.B' 0.12' BOK 104 0 Improved l08A,low bias, 
compensated 

1 Improved lOBA,Iow bias 

2 0.9 1.2' 0.25' 300K 114 a Instrumentation 

5 1 3 0.25' 0.1' 1M 94 0 Ultra Low Offset Voltage, Low Drift 

7 6 1.8 1.2' 0.25' 120K 100 a Ultra Low Offset Voltage, Low Drift 

.. 
t Military Temperature Range (-55' to 125°C) , TYPical Values 

Bold face indicates additional data is provided on the page noted. 
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Deyice Source 

AM-ot9Q.2C Date! (690) 

AM-490-2B Date! (&90) 

AM-490-2M teatel (690) 

AM-49O-2A Date! (690) 

AD517L AD 

p),714A tFairchild 
OP-07A tPMI 

AD510L AD 10 

LHOO44A t National (1073) 
LHOO44AC National (1073) 

3629B t 8IJrr.Brown (920) 

3629S t Burr·Brown 
3629C Burr-Brown (920) 

20 

3629A Burr-Brown (920) 

3540J t Burr·Brown 

HA·2904 Harris (996) 

AD517K AD 
AD517S tAD 

AD510K AD 
AD51 OS tAD 

LHOO44B National (1073) 

LHOO44 t National (1073) 30 

HA·2900 tHarris (996) 

3510C Burr-Brown (920) 

!1A714 t Fairchild 
OP-07 tPMI 

p),714E Fairchild 
OP-07E PMI 

AM-490 Datel (690) 
HA·2905 HarriS (996) 
1340 Teledyne P 

OP-20B tPMI 40 
OP-20F PMI 

AD51 OJ AD 

LHOO44C National (1073) 

SSS725A tPMI 

SSS725A tAMD 

3510B Burr-Brown (920) 
35105 t Burr-Brown (920) 

OP-12A tPMI 50 
OP·12E PMI 

OP-OBA tPMI 
OP·OBE PMI 

OP-05A tPMI 

AD517J AD 

p),714C Fairchild 
(Continued) 
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LlNEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band-
j 

Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (2S'C) na. (2S'C) na (2S'C) /lvrc MHz v//ls v/v db 

Single Units 

0.15 7 6 1.S 1.2- 0.25- 120K 100 

12 6 2.5 1.2- 0.25- 120K 94 

35 20 2 0.4- 0.5 1M 110 

0.20 15 10 2 0.3- 0.1- 1-1000 SO 

1S OS 3.0 0.1- - SooK 100 

25 20 6 0.3- 0.1- 1-1000 75 

0.25 0.00015 0.00004 5 0.5- 0.3 - SO 

0.001 0.0005 3 0.7* 0.3 40K 76 

0.002 0.0003- 5 1- 0.6 100K 76-

0.005 0.0003- 2 1- 0.6 100K 76-

0.010 0.002- 1 1.5- 0.6 100K 90-

0.015 0.002- 2 1.5- 0.6 100K 90-

0.020 0.020- 5 1.5- 0.6 50K 90-

0.30 2. 0.2 3.5 O.S- 0.12- SOK 104 

25 2 5 0.1- - 500K 90 

0.40 25 20 6 0.3- 0.1- 1-1000 75 

0.5 0.000075 0.00002 10 0.5- 0.3 - 70 

0.0001 0.00005 25 1- 0.6 100K SO-

0.00025 0.0001 25 1- 0.6 100K SO-

0.0003 O.OOOOS 10 0.5- 0.3 - 66 

0.001 0.0001 5 1- 1.5 100K SO 

0.0005 5 0.7* 0.3 40K 76 

0.005 0.001- 25 l' 0.6 50K 90-

0.0003- 10 1- 0.6 100K 76-

0.020 0.002- 10 1.5- 0.6 50K 90-

0.025 0.010 5 1.0- 3 200K 80 

0.050 0.01 5 2.5- 3 50K 95 

4 10 50K 95 

14' 10 100K S6 

19- 1S 100K 86 

- 45 100K S6 

5' O.S- 40 60K S6 

1S- 12- 75K S6 

10- O.S- 40 60K S6 

0.2 0.1 10' 3- 13- 50K 70 

0.4 0.05 10- 3' 13- 25K 70 

t Military Temperature Range (-55' to 125'C) - Typical Values 
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MASTER SELECTION GUIDE' 

Comments Device Source 

(Cont'd.) 

Ultra Low Offset Voltage, Low Drift (Cont'd.) 
OP-07C PMI 

Ultra Low' Offset, Low Drift OP-07D PMI 

Low Drift 3510A Burr-Brown (92O) 

Instrumentation AD522B AD 

Precision, Low Power OP-20C tPMI 
OP-20G PMI 

Instrumentation AD522S tAD 

Ultra Low Bias FET 35288 Burr-Brown (920) 

Precision, Low Drift FET AD545M AD 

Low Drift FET 35278 Burr-Brown (92O) 

Ultra Low Drift FET 3527C Burr-Brown (920) 

Ultra Low Drift FET 3521L Burr-Brown (920) 

Ultra Low Drift FET 3521K Burr-Brown (920) 

Ultra Low Drift FET 3521J Burr-Brown (920) 
3521R t Burr-Brown (920) 

Improved 10SA, low power, 
compensated 

OP-12B tPMI 
OP-12F PMI 

Improved 10SA, low power OP-OSB tPMI 
OP-OSF PMI 

PreciSion, Low Power OP-20H PMI 

Instrumentation AD522A AD 

Ultra Low Bias FET 3528C Boo-Brown (920) 

Ultra Low Bias FET 3523L Burr-Brown (920) 

Ultra Low Bias FET 3523K Burr-Brown (920) 

Ultra Low Bias FET 3528A Burr-Brown (920) 

Precision FET LHOO52 t National (1073) 

Precision, Low Drift FET AD545L AD 

Low Offset FET 3522K Burr-Brown (920) 
3522S Burr-Brown (920) 

Low Drift FET 35~7A Burr·Brown (920) 

Ultra Low Drift FET 3521H Burr-Brown (920) 

Precision Bipolar JFET AD542L AD 

Precision Bipolar JFET LFT155 t National 
LFT355 National 

Precision Wideband JFET LFT156 tNational 
LFT356 National 

Bipolar-JFET, bias compo OP-15A tPMI 
OP-15E PMI 

Wideband-JFET. bias compo OP-16A tPMI 
OP-16E PMI 

Wideband, Decompensated, 
Settles to 0.01 % in 1.5 /ls 

OP-17A tPMI 
OP-17E PMI 

Wideband-JFET, Compo for G> 10 HA·511(J.2 tHarris (1008) 

Wideband-JFET HA·51()(J.2 tHarris (1006) 
HA·51()(J.5 Harris (1006) 

Wideband-JFET, Compo for G> 10 HA·511(J.5 Harris (1008) 

Low Offset JFET TL087M tTl 

Low Offset JFET TLOS7C TI 
(Continued) 
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Ie MASTER 

LlNEAR-operatlonal Ampllflers-Characterlstic8 (Cont'd) 

Offset Bias Offset Vohage Band- Slew Vohage 
Vohage Current Current Drift width Rate Gain CURR 
lIlY (25'C) 118. (2SC) 118. (25'C) /lvre MHz vIpS vlv III ~. Coornents Device Source 

Single Units (Cont'd.) 

0.5 (Cont'd.) 
2 0.2 5 ,t 0.3t 80K 96 1 Precision Bipolar, Low Bias LMIOSA tAMD 

LM208A AMD 
ADIOSA tAD 
AD20SA AD 
J.LAl08AM t Fairchild 
J.LA208AM Fairchild 
IOSA tlntersil 
208A Intersil 
LMIOSA tMotorola 10 
LM208A Motorola 

I 
LM108A t National (1035) 
LM20SA National 
SFC2108A tNPC 
SFC2208A NPC I 

I PM10SA tPMI 
PM20SA PMI 
LM108A t Raytheon 
LM208A t Raytheon 
LMIOSA tSignetics 20 
LM20SA Signetics 
SG108A t Silicon G 
SG208A Silicon G 

0.3 t 0.1 SOK 96 0 Compensated IOSA SGlllSA t Silicon G 
SG211SA Silicon G 

3 2.S 2 1.2t 0.25 t 200K 114 0 Instrumentation OP-05 tPMI 

4 3.S 2 1.2" 0.25 t 200K 110 0 Instrumentation OP-05E PMI 

7 1 5 It 0.3" SOK 96 1 Precision Bipolar LM30SA AMD 
AD30SA AD 
J.LA308AC Fairchild 30 
30SA Intarsil 
LM30SA Motorola 

I 
LM30SA National 
PM308A PMI 
LM30SA Raytheon 
LM308A Sig1etics 
SG308A SiIicooG 

0.3t 0.1 SOK 96 0 Compensated 308A SG311SA Silicon G 

30 5 5 1" 0.25" SOK 90 1 High Accuracy 301 AD301AL AD 

35 2 S O.S 0,25 lOOK 90 0 General Purpose OP-02A tPMI 40 
OP-02E PMI 

50 5 5 It 0.5" SDK 90 0 Higher Accuracy 741 AD741L AD 

30 1 1.5t O.S lOOK" 100· 0 Low Drift 3500E SIIr-Browa (920) 

75 5 2 1 0.005" l000K 110 4 High Accuracy Instrumentation J.LA725AM t Fairchild 

SO 5 0.6 - - l000K 120 4 Instrumentation SSS725E PMI 

1 - - l000K 120 4 Instrumentation SSS725 PMI 

10 0.5 0.3 t 0.12t l000K 110 1 Precision Low Noise AD504M AD 

1.0 0.3" 0.12t l000K 110 1 Precision Low Noise AD504L AD 
AD504S tAD 

500 200 15 0.3 - - 72 0 Instrumentation HC3020 HyComp 

0.7 30 2 5 2.5" lS" SDK 90 0 High Speed MP5S01A MICrO Power 
MP5501H t Micro Power 
OP-Ol tPMI 
OP-01H PMI 

0.75 SO 5 1 - - 10001< 110 4 Instrumentation SSS725B PMI 

2.S" - - l000K 110 4 High Performance 725 SSS725B AMD. 

- I" 0.3" 50K SO 0 High Performance J.LA741 AM t Fairchild 

0.44 0.3 SOK SO 0 High Performance J.LA741EC Fairchild 

1.0 0.000075 - 25 0.35 0.3 50K 70 0 FET Electrometer AD515L AD 
(Continued) 

t Military Temperature Range (-55' to 125'C) " Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

LlNEAR-operational Amplifiers-Characteristics (Cont'd) 
Offset Bias Offset Voltage Band- Slew Voltage 
Vottage Current Current Drift width Rate Gain CMRR 
mv (25'C) na (25'C) na. (25'C) p'vrc MHz v/p.s v/v db Compo Comments Device Source 

Single Units (Cont'd.) 

1.0 (Cont'd.) 
0.00015 - 15 0.35 0.3 100K SO 0 FET Electrometer AD515K AD 

0.0005 0.0002 50 l' 0.6 100K SO' 0 Ultra Low Bias FET 3523J Burr-Brown (920) 

0.005 0.0002 10 l' 1 75K '76 0 Precision FET LHOO52C National (1073) 

0.001 0.0005 15 0.7* 0.3 40K 70 0 Precision Low Drift FET AD545K AD 

0.002 0.001 25 0.7' 0.3 20K 66 0 Precision Low Drift FET AD545J AD 

0.005 0.002 25 4' 3 25K SO' 0 General Purpose FET ADM501C AD 

1 3 50K 70 Low Bias Current. FET 1425-01 Teledyne P 

0.002' 10 1 3 50K 70 0 Low Bias Current. FET 1425-02 Teledyne P 

- 10 l' 3 75K SO 0 High Accuracy. FET AD506L AD 

0.010 0.002' 50 l' 0.6 50K 90' 0 Low Offset FET 3522J Burr-Brown (920) 

0.005' 25 1 3 50K 70 Low Drift. FEr 1426-01 Teledyne P 

10' 65 25K 70' 0 Fast Settling. 1 fls to 0.01 % 3550J ' Burr·Brown (920) 
3550S t Burr-Brown (920) 

20' 100 25K 70' 0 Fast Settling. 0.6 fls to 0.01 % 3550K Burr-Brown (920) 

- 25 4' 3 25K SO' 0 General Purpose FET ADM501B AD 

0.015 - 25 10' 50 50K SO 0 Fast Wide band. High Accuracy. 
FET Input 

AD52SK AD 
AD52SS tAD 

0.025 0.01 10 1.0' 3 50K 76 0 Precision Bipolar JFET AD542S tAD 

200K SO 0 Precision Bipolar JFET AD542K AD 

0.01' 5 1 3 50K 70 0 Low Drift. FET 1426-03 Teledyne P 

10 1 3 50K 70 0 Low Drift. FET 1426-02 Teledyne P 

0.050 0.01 15 70 1000 100K 44 1 150ns Settling to 0.05% 35548 Burr-Brown (920) 

25 70 1000 100K 44 1 150ns settling to 0.05% 3554S t Burr-Brown 

0.10 0.01 50 50' 250' WOK 70' 1 Wideband. Fast Settling 3551J BIRT-Brown (920) 
3551S t Burr-Brown (920) 

0.02 10 13' 7.5 75K S6 0 Bipolar-JFET. bias compo OP-15B tPMI 
OP-15F PMI 

1S' 12 75K S6 0 Wideband-JFET. bias compo OP-16B tPMI 
OP-16F PMI 

- 35 75K S6 - Wideband. Decompensated. 
Settles to 0.01 % in 1.5 fls 

OP-17B tPMI 
OP-17F PMI 

0.05 5' is' 12' 60K SO 0 Wideband-JFET HA·5105-5 Harris (1006) 

0.05' 15' 0.6' 35' 50K SO 1 Wideband-JFET. Compo for G> 10 HA·5115-5 Harris (1008) 

5 0.5 10 O.S' 0.12' 40K S4 0 Precision. low input current OP-12C tPMI 
OP-12G PMI 40 

1 Precision. low input current OP-OSC tPMI 
OP-OSG PMI 

15 7* 3 1.5' 1 45K 100' 0 Low Bias. Low Noise 3500C Burr·Brown (920) 

5 1.5' 1 45K 100' 0 Low Bias. Low Noise 3500T t Burr-Brown (920) 

7 - - 1.5' 50K - 0 Low Input Bias. High Slew Rate ULS-2171 tSprague 

100 20 4' l' 0.25' 25K 70 2 General Purpose. Low. Quiescent 
Power 

LH0001 t National 

30K 70 2 High Voltage LHOOO4 t National 

5 l' 0.005' 1oo0K 110 4 High Accuracy Instrumentation f1A725M t Fairchild 50 
LM725 t National 

0.5- 0.01' 1000K 110 4 Instrumentation RM725 t Raytheon 

- - 1000K 110 4 Instrumentation 725 tAMD 
(Continued) 

t Military Temperature Range (-55' to 125'C) - Typical Values 
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LINEAR-opetational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gail . CMRR 
mv (25'C) na (25'C) na. (25'C) Ilv/'C MHz vlp.s y/v db Comp. Comments 

Single Units 

to 100 20 5 - - 10001( 110 4 Instrumentation 

200 50 6 1* 0.4t 25K 80 3 General Purpose 

250 70 20 - - 20K 70 1 General Purpose 

1.3 7 6 4.5 1.2* 0.25t 120K 100 0 Instrumentation 

120 0 Instrumentation 

110 13 4.5 - - 500K 100 4 Instrumentation 

1.5 0.010 - 25 1t 3 SDK 80 0 High Accuracy, FE! 

50 It 3 50K 80 0 High Accuracy, FET 

80 2 loooK 120 4 High Performance 725 

0.5* oOOSt 1000K 120 4 Instrumentation 

2* - - 1000K 120 4 High Performance 725 

100 15 3 0.3* 0.12* 500K 100 1 Low Drift, Low Noise 

120 45 4* 1t 0.25* 30K 70 2 High Voltage 

2.0 0.010 0.0005* 15 1* 3 50K 70 0 Low Offset Voltage, FET 

0.005* 50 1 3 50K 70 - Low Bias Current, FET 

- 75 4* 3 25K 80* 0 General Purpose FET 

0.020 0.010 15 4* 10t 50K 86 1 MaS FET, Single Supply, Strobe 

100K 86 0 MaS FET Single Supply, Strobe 

0.025 O.Ol t 50 1 3 100K 72 Low Drift, FET 

0.025* 0.010t 20 LOt 3 50K 76 0 Precision Bipolar JFET 

0.030 0.01 5' 4.5' g' 50!( 86 0 MaS FET, Single Supply 

0.050 0.01 5 2.5t 3 501< 85 0 Bipolar - JFET 

4 10 50K 85 0 Wideband - JFET 

t Military Temperature Range (-55' to 125'C) , Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device 

JLPC154 
PM725 

RM709A 

TA7502B 

OP-05C 

JLPC254 

SSS725C 

AD506K 

AD506S 

Isss725 
I LM725A 

SSS725E 

AD504K 

LH0004C 

ICL8007M·2 

1425 

ADM501 
ADM506 

CA3130B 

CA31608 

1426 

AD542J 

CA31408 
CA3140B 

LF155A 
LF355A 
IIAF155A 
JLAF355A 
LF155A 
LF355A 
LF155A 
LF355A 
PM155A 
PM355A 
LF155A 
LF355A 
LF155A 
LF355A 
LF155A 
LF355A 
LF155A 
LF355A 

LF156A 
LF356A 
JLAF156A 
JLAF356A 
LF156A 
LF356A 
LF156A 
LF356A 
LF156A 
lF356A 
PM156A 
PM356A 
LF156A 
LF356A 
LF156A 
LF356A 

Source 

(Cont'd.) 

(Cont'd.) 
NEC America 

tPMI 

t Raytheon 

Toshiba 

PMI 

NECAmerica 

PMI 

AD 

tAD 10 

tAMD 

t Nationai 

AMD 

AD 

National 

t Intersil 

Teledyne P 

AD 
AD 

tRCA 20 

tRCA 

Teledyne P 

AD 

t Intersil 
tRCA 

tAMD 
AMD 

t Fairchild 

Fairchild 
t Intersil 30 

Intersil 
t Motorola 

Motorola 
tPMI 

PMI 
t National (1035) 

NatiOnal 
t Raytheon 

Raytheon 
t Signelics 40 

Signetics 
tTl 

TI 

tAMD 
AMD 

t Fairchild 
Fairchild 
Intersil 
Intersil 

t Motorola 50 
Motorola 

t National (1035) 
National (1035) 

tPMI 
PMI 

t Raytheon 
Raytheon 

t Signetics 
Signetics 

(Continued) 
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LINEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift ,width Rate Gain CMRR 
mv (25'C) na. (25'C) na. (25'C) p.v/'C MHz v/p.s v/v db Comp. Corrments Device Source 

Single Units (Cont'd.) 

2.0 0.050 0.01 5 4 10 50K 85 0 Wideband - JFET (Cont'd.) 
LF156A tTl 
LF356A TI 

- 40 50K 85 - Wideband Decompensated LF157A tAMD 
LF357A AMD 
!!AF157A t Fairchild 
!!AF357A Fairchild 
LF157A t Intersil 
LF357A Intersil 
LF157A t Motorola 
LF357A Motorola 
lF157A t National (1035) 
LF357A National 
PM157A tPMI 
PM357A PMI 
LF157A t Raytheon 
LF357A Raytheon 
LF157A tSignetics 
LF357A Signetics 
LF157A tTl 
LF357A TI 

50 70 1000 100K 44 1 150ns Settling to 0.05% 3554A Burr·Brown (920) 

0.10 0.050 10' 3' 13' 50K 80 0 Bipolar FET J!An1A t Fairchild (938) 

0.05 10' 4' 13.' 50K 80 0 Wideband Bipolar JFET lF351 A National (1035) 

0.05' 40 0.5' 3 50K 80 1 High Current, High Power 3571 A Burr-Brown (920) 
3572A Burr-Brown (920) 

0.50 - 75 60' 500 200K - 0 Inverting, Settles to 0.01 % in 200 
ns 

1430 Teledyne P 

2 0.2 15 l' 0.2' 50K 85 0 Micropower, Supply Current 600 ~ LM112 tAMD 
LM212 AMD 
LM112 tNationai 
LM212 National 

0.1' 50K 85 0 Compensated 108/208 SG1118 t Silicon G 
SG2118 Silicon G 

0.3' 50K 85 1 Precision Bipolar LM108 tAMD 
LM208 AMD 
AD108 tAD 
AD208 AD 

IlA108M t Fairchild 40 

IlA208M Fairchild 
108 ' tlntersil 
208 Intersil 
LM108 t Motorola 
LM208 Motorola 
lM108 t National (1035) 
LM208 National 
SFC2108 tNPC 
SFC2208 NPC 
PM108 tPMI 50 
PM208 PMI 
~M108 t Raytheon 
LM208 Raytheon 
LM108 t Signetlcs 
LM208 Signetics 
SG108 t Silicon G 
SG208 Silicon G 

0.3' 0.3' 50K 85 1 Low Noise 108 108LN t Intersil 

3 2 10 0.5' 0.1 45K 100' 0 Low Bias Current 3501C Burr-Brown (920) 

5 0.5 10 - 1.7* 2.5K 80 3 Wideband !!A702M tTl 60 

7 3 10 0.5' 0.1 45K 100' 0 Low Bias Current 35018 Burr-Brown (92O) 

3501S t BIIT-Brown (920) 
(Continued) 

t Military Temperature Range (-55' to 125'C) , Typical Values 

Ie MASTER 1979 873 



Q) 

:2 
::::s 

(!) 

c 
o 
:;:: 
o 
~ 
CD 

C/) 

Ie MASTER 

LlNEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
voltage Current Current Drift width Rate Gain CMRR 
mv (25'C) na (25'C) 118. (25'C) }lVrc MHz v/p.s v/v db Comp. Corm1eots 

Single Units 

2.0 
lS S 3 3 1.S 40K SO 0 High Performance, High Gain 

20 10' S 1.S· 1 4SK 100" 0 Low Bias, Low Noise 

10 1.S· 1 4SK 100" 0 Low Bias, Low Noise 

2S 3 lS O.S O.S· SOK SO 1 Low Offset Current 

SO S S 2.S" lS' SOK SO 0 High Speed 

10 O.S 0.2S SOK 90 0 General Purpose 

I 
lS 1- 0.4 SOK SO 0 High Perfonnance, Low Drift 

- - - lOOK SO 0 High Performance 741 

0.6' SOK - 0 General Purpose 

10 lS 4- 1.5 25K SO 0 High Performance, High Gain 

50 2S l' 0.4 50K SO 0 High Perfonnance, Low Drift 

60 10 15 3- 25 50K 70 0 High Slew Rate 

- 10 50K 70 0 High Slew Rate 

40 50K 70 1 60VIlls Compo for g=5 

75 10 15 1- 0.5- 50K SO Q General Purpose, Compensated 

Higher Accuracy 741 

90 0 Higher Accuracy 741 C 

80 1 General Purpose, Improved 101, 
Uncompensated 

t Military Temperature Range (-55' to 125'C) - Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Source 

(Cont'd.) 

(Cont'd.) 
MC1SS6 tMotorola 
RM1SS6A t Raytheon 

3500B BIrr-Brown (920) 

3500S t Burr-Brown (920) 

p.A777M t Fairchild 
p.A777M tTl 

MPSS01E MICro Power 
MPSS01F t Micro Power 
OP-01E PMI 

I 
OP-01F tPMI 

OP-02 tPMI 

10 

IOP-02C PMI 

1319-01 t Teledyne P 

SSS741 tAMD 
SSS741 tPMI 

UlS-2151 tSprague 

RM4131 t Raytheon 

1319 Teledyne P 

SE530 t Signelics 20 

SE535 t Signelics 

SE53S t Signelics 

LM107 tAMD 
LM207 AMD 
p.Al07M t Fairchild 
p.A207M Fairchild 
107 t Intersil 
207 Intersil 
LMl07 t Motorola 
LM207 Motorola 30 
LMl07 t National 
LM~07 National 
SFC2107 tNPC 
SFC2207 NPC 
LM107 t Raytheon 
LM207 Raytheon 
CA107 tRCA 
CA207 RCA 
LM107 t Signelics 
LM207 Signelics 40 
SG107 t Silicon G 
SG207 Silicon G 
LM107 tTl 
LM207 TI 

AD741S tAD 

AD741K AD 

AD101A tAD 
AD201A AD 50 
LM101A tAMD 
LM201A AMD 
p.Al01AM t Fairchild 

I1A201AM Fairchild 
lOlA t Intersil 
201A Intersil 
LM101A tMotorola 
LM201A Motorola 
LM101A t National (1035) 
LM201A National 60 
LM101A t Raytheon 

(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (25'C) na. (25'C) na. (25'C) p'vrc MHz v/p.s v/v db Comp. . Comments Device Source 

Single Units (Cont'd.) 

2.0 75 10 15 l' 0.5' 50K SO 1 General Purpose; Improved 101, 
Uncompensated 

(Cont'd.) 
LM201A Raytheon 
CA101A tRCA 
CA201A RCA 
LM101A t Signetics (J) 
LM201A Sig:letics "0 
SG101A tSilicon G :::s 
SG201A Silicon G 10 (!J 
LM101A tTl 
LM201A TI 

'C 
0 .. 

O.S' 0.5' 50K SO 1 Low Noise 101A 101ALN t Intersil ..... 
C,,) 

- 15* 4* 120 100K - 0 High Speed Inverting AD505J AD 

200 50 10 5- 0.3- 25K' SO 3 General Purpose llA709AM t Fairclild 

Q) 

:" Q) 

en 
MC1709A t Motorola 

~ 

lM709A t National (1035) Q) 

SFC2709A tNPC 
..... 
CI'J 

llA709A t Signetics 
J!A709AM tTl 

as 
20 ~ 

SOO 200 - 10- 6- 50K SO 1 Wideband, low noise SE5334 t Signetics 
SE5334A t Signetics 

4000 1500 1.2- 15- 3* O.7K 70 1 6 Volt, Wideband CA300SA RCA 
CA3010A tRCA 
CA3029A RCA 
CA3037A tRCA 

5000 500 2.5- 7* 1:5* 2.5K SO 2 Wideband MC1712 t Motorola 

10 30' 3.5' 2.5K SO 3 Wideband llA702M t Fairchild 
RM702 t Raytheon 
J!A702M tTl 

6000 1600 1.2- 50' 7* 2K BO 1 12 Volt, Wideband CA3015A tRCA 
CA3016A tRCA 
CA3030A RCA 
CA303BA tRCA 

2.5 100 20 3' l' 0.25' 25K 70 2 Micropower, High Performance LHOOO1A tNational 

125 35 2* l' 0.005- 250K 94 4 High Accuracy Instrumentation 725C AMD 
llA725C Fairchild 
LM725C National 
llPC725 NEC America 
PM725C PMI 40 
RC725 Raytheon 

3 - - 250K 96 4 725 type llPC154A NEG America 

200 40 5 0.3' 0.12' 250K 94 1 Low Drift, Low Noise AD504J AD 

250 50 10' 1* 0.25' 100K 90' 2 High Gain Instrumentation, 50 rna LH0020 tNational 

3.0 0.0003 - 50 0.35 0.3 40K 66 0 FET Electrometer AD515J AD 

0.020 0.020* 25 5 20* 50K 110' 0 High Voltage FET 35B1J Burr-Brown 

3- 20* 100K 110' 0 High Voltage FET 35S2J Burr-Brown 

5* 20' 400K 110' 0 High Voltage FET 3583 BIrr-Brown (920) 

7* - 1000K 110' 2 High Voltage FET 3584 BIrr-Brown (920) 

0.030 - 50 10' 50 25K 70 0 Fast Wideband, High Accuracy FET AD52SJ AD 50 

0.050 0.015 - l' 0.3* 40K SO 0 High Performance, Low Input 
Current 

LM216A AMD 
LM316A AMD 
LM216A National 
LM316A National 

0.2 0.05 10' 3* 13* 50K SO 0 Low nOise, Bipolar~FET TL071BC TI 
(Continued) 

t Military Temperature Range (-55' to 125'C) * Typical Values 
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LiNEAR-operatlonal Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
voltage Current Current Drift width Rate Gain CURR 
mv (25'C) na. (25'C) na. (25'C) p'vre MHz vIps v/v db Comp. Comments 

Singl& Units 

3.0 0.2 0.05 
15 12" 5 50K 82 0 Bipolar-JFET, bias compo 

17' 9 50K 82 0 Wideband-JFET, bias compo 

- 25 50K 82 - Wideband, Decompensated, 
Settles to 0.01 % in 1.6 p's 

0.1 10" l' 3.5' 4K 80 0 Low power, Bipolar-JFET 

Programmable Bipolar FET 

3' 13' 50K 80 0 Bipolar-JFET 

4 0.5 5 100 1000 1000K 0 Settles to 0.01 % in 200ns 

7 100 1000 1000K 0 - Fast Settling 

10 100 1000 l000K 0 - Fast Settling 

5 3 10' - 0.1' 40K 80 0 Programmable Amplifier 

7.5 3 - 0.25' 0.16' 100K 70 0 Programmable 

to 2 15· 0.3' 0.13' 50K 80 0 Micropower 

12' 4 lOOK 80 0 High Impedance 

12 5 4' - 0.2' 100K 70 0 Programmable 

15 15 15 35' 25 toOK 80 1 Wideband, General Purpose 

20 7.5 5' 0.27* 0.16' 50K 70 0 Low Power Adjustable Current 

10 5 - 20 300K 106 0 High Speed 

5' l' 10 400K 86 0 Wide Response, Low Power 

25 5 10' - - 4K 60 3 MatctJed Transistors 

50 5 - - - 50K 80 0 Higher Performance 

80 30 15 0.4 0.3 50K 80 0 Higher Performance 

1 High Slew Rate Inverting 

- l' 0.6 50K 80 0 to 500 rna, single supply 

100 25 - - - 25K 70 0 High Performance 741 

110 30 15 0.43 0.3 50K 80 0 JAN 741 

200 50 20 l' 0.5' 50K 80 0 Higher Accuracy 741 C 

High Current 

25 l' 0.5' 50K 80 0 High Current 

300 100 - 2- 1 25K 70 1 +1 amp 

3- 1- 1.5- lOOK 70 1 0.2 amp Power 

10 1- 0.4' 25K 70 3 High Gain 

25 1- 1.5 lOOK 70 1 1.0 amp Power 

500 60 5' ,- 34- 50K 80 3 Fast General Purpose 

- - 4.2- 15K 2 High Slew Rate 

75 3- 2- 4.2- 50K 80 2 General Purpose 

2000 200 4' 10' - 20K 70 0 General Purpose Wide Bandwidth 

t Military T ernperature Range ( - 55' to 125'C) - Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Source 

(Cont'd.) 

(Coot'd.) 
OP-15C tPMI 
OP-15G PMI 

OP-16C tPMI 
OP-16G PMI 

OP-17C tPMI 
OP-17G PMI 

TL0618C TI 10 

TL066BC TI 

I TL081BC TI 
,TL088C Ti 

, 

TL088M tTl 

AM-SOOGC Date! (691) 
AM-SOOMC Date! (691) 

AM-SOOMR Datel (691) 

AM-SOOMM t Datel (691) 

HA·2720 tHarris (990) 

4250 t Intersi! 20 
LM4250 tNational 
SG4250 t Silicon G 
UC4250 t Solitron 

RM4132 t Raytheon 

HA·2600 t Harris (976) 
HA2600 t Intarsil 

SG1250 t Silicon G 
SG2250 Silicon G 

AD507K AD 

ICL8021M tlntersil 30 

AM-470-2M tDatel 

HA-800 tHarris (988) 
HA·2704 Harris (988) 

LHOOO5A t National 

SSS741B PMI 

LM741 A t National (1035) 
LM741E National (1035) 

HA·2530 tHarris (974) 

/!A759 t Fairchild 

SSS741 tPMI 40 
SSS741G tPMI 

38510/10101 tlntersil 

AD741J AD 

AD512K AD 

AD512S tAD 

833-21 tBeckman 

LH0041 . tNational 

RM709 t Raytheon 

LHOO21 t National 

1339-02 t Teledyne P 50 

ULS-2139 tSprague 

MC1539 tMotorola 

LH0003 t National 
(Continued) 
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MASTER SELECTION GUIDE 

LlNEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (2S'C) na (25'C) na. (25'C) )lvrC MHz v/)ls v/v db Compo Comments Device Source 

Single Units (Cont'd.) 

3.0 2000 200 4* 10* - 20K 70 0 General Purpose Wide Bandwidth (Cont'd.) 
LHOOO3C National 

3.5 0.015 - 75 1* 3 20K 70 0 High Accuracy, FET AD506J AD 

12 2.5 6* - 0.04' 40K 80 1 Micropower CA3078A tRCA 

Low Noise, Micropower CA6078A tRCA 

4.0 0.010 0.002 10 1* 1.5 100K 80 0 High Performance FET LH0022 tNationai Q) 
"C 

15 2 15 4* 2* 40K 80 0 High Performance, High Gain RM1556 t Raytheon :::s 
- l' 2.5* lOOK 80 0 High Performance MC1556 t Motorola C) 

MC1556 Signetics c 
SG1556 t Silicon G 10 0 

15 10* 35* 25 100K 80 1 Wide Band, High Impedance HA·2620 tHarris (980) 
..... 
(,). 

HA2620 tlntersil Q) 

20 35* 20 100K 80 1 Wideband, General Purpose AD507S tAD Q) 

en 
25 12 15' 4* 5* 100K 80 0 High Voltage HA·2640 tHarris (984) ., "-
200 50 15 12* 10 50K 80 0 High Speed, Fast Settling AD518K AD 

20 12' 10 50K 80 0 High Speed, Fast Settling AD518S tAD 

Q) ...... 
en·' 
CO 

250 50 - 15* 50 50K 80 0 Precision High Speed LM118 tAMD ~ 
LM218 AMD 
pA118 t Fairchild 
p.A218 Fairchild 
LM118 t National (1035) 
LM218 National 
SFC2118 tNPC 
SFC2218 NPC 
LM118 t Raytheon 
LM218 Raytheon 
LM118 tTl 
LM218 TI 

300 100 5* 1* 25 50K 70 1 0.5a, Wideband LH0061 tNational 

700 100 25 - - 18K 70 1 20ma Output TAA762 . tSiemens 
TAA862 tSiemens 

1500 300 - 10* 6* 25K 70 1 Low noise, Compo for G=3 XR5534AC Exar 
XR5534AM Exar 
NE5534 Signetics (1117) 
SE5534 Signetics (1117) 
NE5534A Signetics (1117) 
SE5534A Signetics (1117) 
NE5534 TI 
SE5534 TI 
NE5534A TI 40 
SE5534A TI 

13* 100K* 80 1 Low Noise, Comp. for G=3 AM-435-2C Datel 
AM-435-2M tDatel 

30000 5000 20* 70' 400 4K 60' 3 High Slew Rate LH0024 t National 

4.5 170 32 6* - 0.04' 25K 80 1 Micropower CA3078 RCA 

5.0 0.001 0.0005* 25 1* 0.6 50K 90' 0 Low Offset FET 3522L Burr-Brown (920) 

0.005 0.0006 2' 50' - 80 0 Micropower, Transconductance 
Amplifier 

CA3080 RCA 
CA3080A tRCA 50 

0.025 0.002 25 15* 50 50K 80 0 Precision, High Speed, FET LH0062 t National 

0.030 0.02 6' 4' 10* 50K 80 0 MaS-Bipolar CA3160A tRCA 

10' 4' 10* 50K 80 1 MaS, Single Supply, Strobe CA3130A tRCA 

0.040 0.02 6' 4.5' 9' 20K 70 0 MaS FET, Single Supply CA3140A lntersil 
CA3140A RCA 

0.10 0.01 100 8 50 50K 60 0 FET, settles to 0.01 % in 1 p's 1414-83 t Teledyne P 

0.02 5* 2.5' 5* 50K 85 0 Bipolar - JFET LF155 tAMD 
(Continued) 

t Military Temperature Range (-55' to 125'C) , Typical Values 
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LlNEAR-operatlonal Ampllflers-Characterlstlcs (Cont'd) 

Offset Bias Offset voltage Band- Slew Voltage 
voltage Current Current Drift width Rate Gain CIARR 
mv (25'C) na. (2S'C) na. (2S'C) p.v/'C MHz v/p.s v/v III ~. Coornents 

Single Units 

5.0 0.10 0.02 5' 2.5' 5' 50K 85 0 Bipolar - JFET 

~ 

5' 7.5" 501< 85 0 Wideband - JFET 

- - SOK 85 - Wideband Decompensated 

0.025 25" 70' 350 lK 50 2 Ultra Fast FET 

0.10 10' 3' 13" 50K 80 0 BIpolar FET 

0.20 0.1 10' 4' 13' 50K 80 0 Wideband Bipolar-JFET 

.. t Military Temperature Range (-55' to 125"C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Sautee 

(Cont'd.) 

(Coot'd.) 
LF255 AMD 
!iAF1 55 t Fairchild 
!iAF255 Fairchild 
LF155 tlntersil 
LF255 Intersil 
LF155 t Motorola 
LF255 Motorola 
LF355B Motorola 
LF155 t National (1035) 10 
LF255 National 
LF355B National 

I 
PM155 tPMI 
PM255 PMI 

ILF155 t Raytheon 
I 

LF255 Raytheon 
LF155 t Signelics 
LF255 Signetics 
LF355B Sigletics 
LF155 tn 20 
LF255 TI 

LFl56 tAMD 
LF256 AMD 
!iAFl56 t Fairchild 
!iAF256 Fairchild 
LFl56 t Intersil 
LF256 Intersil 
LF156 tMotoroia 
LF256 Motorola 
LF356B Motorola 30 
LF156 t National (1035) 
LF256 National 
LF356B National 
PM156 tPMI 
PM256 PMI 
LF156 t Raytheon 
LF256 Raytheon 
LF156 t Si\JIeIics 
LF256 Signetics 
LF356B Signetics 40 
LF156 tTl 
LF256 TI 

LF157 tAMD 
LF257 AMD 
!iAF157 t Fairchild 
!iAF257 Fairchild 
LF157 tlntersil 
LF257 Intersil 
LF157 t Motorola 
LF257 Motorola 50 
LF357B Motorola 
LF157 t National (1035) 
LF257 Nationai 
LF357B National 
PM157 tPMI 
PM257 PMI 
LF157 t Raytheon 
LF257 Raytheon 
LF157 t Signetics 
LF257 Signelics 60 
LF357B Signetics 
LF157 tTl 
LF257 TI 

LHOO32 tNalionaJ 

pAn1 t Fairchild (938) 

LF351B National 
(Continued) 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (25'C) na. (25'C) na. (25'C) /lvrc MHz v//ls v/v db Compo 

Single Units 

5.0 
4 1 10 l' 0.5' 20K SO. 0 

0.5' - 15K 65 1 

2 20 0.5' - 15K 65 1 

40 ,0.5' - 15K 65 1 

7 4 20 l' 0.5' 20K SO 0 

10 5 7* l' 0.5' 20K 70 0 

10' - 0.1' 25K 74 0 

20' l' 0.5' 20K SO 0 

6 - 0.25" 0.16' 50K 70 0 

15 5 20 0.5' 0.1 45K 100' 0 

20 3 - l' 2' 100K SO 0 

- 2.5' 100K SO 1 

25 5 20 0.3' 0.13' 50K 70 0 

25 10' 12' 4 SOK 74 0 

15" 35" 20 SOK 74 1 

20" 12" - SOK 74 0 

30" 1 - SOK 74 1 

- 10" 20 SOK 100' 1 

30 15" 20 1.5" 0.6 45K 100" 0 

35 10 20 1.5 3 40K 70 0 

40 2.5 30" 1" 10 200K SO 0 

15 5 - 20 300K 106 0 

10 l' 10 200K SO 0 

20 0.5 0.2 2.5 1-1000 70 1 

50 15 - 0.2 0.35 50K 70 0 

20 - - 1.5" 25K - 0 

100 20 10 2.5' 1S' 25K SO 0 

30 0.5 0.5' 25K 70 1 

l' 0.5' 25K 70 1 

- - - 50K 70 0 

t Military Temperature Range (_55' to 125~C) , Typical Values . 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Comments Device Source 

(Cont'd.) 

(Cont'd.) 
Low Input Current 741 AD502L AD 

Low Input Current 709 ADS01B AD 

Low Input Current 709 ADS01A AD 

Low Input Current 709 ADS01S tAD 

Low Input Current 741 AD502K AD 

Low Input Current ICL8008M t Intersil 

Programmable Amplifier HA·2725 Harris (990) 

Darlington 741 AD502S tAD 

Programmable 4250C Intersjl 
LM4250C National 
SG4250C Silicon G 
UC4250C Solitron 

Low Bias Current 3501 A 811T-Brown (920) 
3501R t Burr-Brown (920) 

High Voltage MC1536 t Motorola 
SG1536 t Silicon G 

High Voltage LM144 tNational 

Micropower RC4132 Raytheon 

High Impedance AM-460-2 Datel (687) 
AM-460-2M tDate! (687) 
HA·2602 tHarris (976) 
HA·2605 Harris (976) 
HA2602 tlntersil 
HA2605 Intersil 

Wide Band, High Impedance AM-462·1 Datel (687) 
AM-462-1M tDatel 
AM-462·2 Date! (687) 
AM-462·2M tDate! (687) 
HA·2622 tHarris (980) 
HA·2625 Harris (98(l) 
HA2622 t Intersil 
HA2625 Intersjl 

Wideband 3506J Burr-Brown 

Wideband 3508J Burr-Brown (920) 

Wideband, High Gain 1321 Teledyne P 
1321-01 t Teledyne P 

Low Bias, Low Noise 3500A Burr·Brown (920) 

3500R t Burr;Brown (920) 

High Performance, High Gain RC1556A Raytheon 

Micropower FET High Current Out 1323 Teledyne P 

High Speed AM-470-2C Datel 
AM-470-2M tDatel 

Wide Response, Low Power HA·2705 Harris (988) 

Full Instrumentation AD520K AD 
AD520S tAD 

Programmable Low Power MC1776 t Motorola 

Low Input Bias, High Slew Rate ULN-2171 Sprague 

High Speed MP5501C Micro Power 
MP5501G t Micro Power 
OP-01C PMI 
OP-01G tPMI 

PreciSion SG777C Silicon G 
jJAmc TI 

PreciSion /lAmC Fairchild 

High Performance 741 C SSS741C AMD 
(Continued) 
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Ie MASTER 

LlNEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (25'C) 118. (25'C) na. (25'C) Ilvl'C MHz vlp.s vlv db Comp. Comments Device Source 

Single Units (Cont'd.) 

5.0 100 (Cont'd.) 
25 - - - 5ot< 70 0 High Performance 741 SSS741G tPMI 

50 3· - - 2O-40K SO 1 Micropower JLPC153A NEG America 
JLPC253A NEG America 

100 - l' 0.4' Sot< 70 0 Programmable XR146 Exar (929) 

120 40 6" 3" 20 50K 70 0 High Slew Rate NE530 Signetics 

150 20 20 4· 2" 25K 70 0 High Performance, High Gain . RC4131 Raytheon 

30 - - - 50K 70 0 Single Supply TL3211 TI 
TL321M tTl 

40 6' 10 50K 70 o High Slew Rate Signetics 10 

60" sot< 70 6OV/JLs, Compo for G=5 INE538 Signetics 

180 25 6.6' - 3' 22K 93 2 High Output Current CA3033A tRCA 

- - 3' 22K 93 2 High Output Current CA3047A RCA 

200 20 5" 250 lOOK SO 1 High Slew Rate, Inverting HA-2535 Harris (974) 

25 20' 12' 25 20K SO 0 High Slew Rate HA-2500 tHarris (966) 
HA2500 t Intersil 

50 20" S' 15" 50K SO 1 Four Addressable Inputs, Single 
Amplifier 

HA-2400 tHarris (964) 
HA-2404 Harris (964) 20 

60 3' l' 0.25' 25K 70 2 Micropower, High Performance LHOOO1AC National 

- 10' 10' 130 25K - 2 High Speed Inverting ICLS017M t Intersil 

250 20 20 l' 0.5' 25K 96 1 General Purpose LM301A Raytheon 

a General Purpose LM307 Raytheon 

25 1" 0.4 50K SO 0 High Performance, Low Drift 1319 Teledyne P 

50 - - 0.6' 25K - a General Purpose ULN-2151 Sprague 

300 150 10' 7* 3.5 25K SO 0 Low Noise HA-909 tHarris (958) 

350 35 6.6' - 2.7* 16K S4 2 High Output Current CA3033 tRCA 

- - 2.7* 16K 84 2 High Output Current CA3047 RCA 

500 150 20 - - 20K 70 1 General Purpose TA7502 Toshiba 30 
TA7502A Toshiba 

200 3' 0.5" 0.3' 25K 70 3 General Purpose JLA709M t Fairchild 
MC1709 tMotorola 
LM709 t National (1035) 
JLA709 t Signetics 
JLA709M tTl 

O.S' 5' 50K 70 0 Wideband 741 SG1217 t Silicon G 

1" 0.5' 50K 70 a General Purpose Compensated AD741 tAD 
741M tAMD 
JLA741M t Fairchild 40 

- ICL741 tlntersil 
M5141 Mitsubishi 
MC1741 Motorola 
MC1741 t Motorola 
LM741 t National (1035) 
PM741 PMI 
RM741 t Raytheon 
CA741 tRCA 
JLA741 t Signetics 
SG741 . t Silicon G 50 
JLA741M tTl 

Low Noise 741 741LN t Intarsil 
CA6741 tRCA 

Compensated 101 LH101 t National 
LH101 t Raytheon 

'1 General Purpose, Uncompensated LM101 tAMD 
(Continued) 

t Military Temperature Range (-55' to 125'C) " Typical Values 

Bold face indicates additional data is provided on the page noted. 
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LlNEAR-operational' Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Vottage Current Current Drift width Rate Gain CMRR 
mv (25'C) na. (25'C) na (25'C) IIvrc MHz v/flS vlv db Comp. 

Single Units 

5.0 500 200 3- 1- 0.5" 50K 70 1 

10 50K 70 0 

4- 30" 0.7* 20K 70 2 

- 0.5* 35 50K 70 1 

1" 0.7 50K 70 0 

30" 50K 70 1 

- - 100K" 70 0 

700 100 25 - 50" 10K 65 0 

750 250 6- 65" 15 15K 74 3 

800 200 20 -. - 2K 70 3 

1000 150 8- - 2" 40K 90 3 

2000 400 - 38- 25" 0.6K 76 1 

7000 2000 5" - - 2K 70 1 

7500 2000 5- 7* 1.5" 2K 70 2 

20 30" 3.5- 2K 70 3 

10000 2000 10" 1.7* 1.4K 70 3 

4.5K 70 3 

12000 5000 1.2- 15" 3" O.7K 70 1 

15000 4000 10- 6.5" 200- 28K- - 1 

20000 - 10 - 800 250 70 1 

25 500' 250 10K 80 1 

24000 5000 3.5" 50" 7* 2K 80 1 

6.0 0.025 0.002 15 1" 1 75K 70 0 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

· MASTER SELECTION GUIDE 

Comments Device Source 

(Cont'd.) 

General Purpose, Uncompensated (Cont'd.) 
LM201 AMD 
~101 t Fairchild 
LM101 t National (1035) 
LM101 t Raytheon 
CA101 tRCA 
LM101 t Signetics 
SG101 t Silicoh G 

Uncompensated 741 748M tAMD 
pA748M t Fairchild 
MC1748 tMotorola 
LM748 tNationai 
LM748C National 
SL748A Plessey 

~ RM748 t Raytheon 
CA748 tRCA 
~748 t Signetics 
SG748 t Silicon G 
pA748M tTl 

High Slew Rate 741 MC1741S t Motorola 
MC1741S Signetics 
SG741S t Silicon G 

Low Noise 741 MC1741NS Motorola 

Programmable CA3094 tRCA 
CA3094A tRCA 
CA30948 tRCA 

High Slew Rate RM4531 t Raytheon 

High Speed 741 ICL741MHS tlntersil 

High Slew Rate SE531 tSignetics 

General Purpose M51802 Mitsutlishi 

20ma output TCA322 tSiemens 

High Speed High Gain pA715M t Fairchild 
715 -tAMD 

709 Type /1PC55A NEG America 

General Purpose MC1533 Motorola 

Large Signal Wideband CA31 00 tRCA 

702 Type /1PC51 A NEG America 

Wideband MC1712C Motorola 

Wideband pA702C Fairchild 
/1PC702 NEG America 
SL702C Plessey 
RC702 Raytheon 

General Purpose TL702M tTl 

General Purpose MC1530 t Motorola 

6 Volt, Wideband CA3008 tRCA 
CA3010 tRCA 
CA3029 RCA 
CA3037 tRCA 

Wideband, Compo for G> 5 HA·5190 tHarris (1010) 
HA-5195 Harris (1010) 

Fast, slews 800 V I /1s NE5539 Signetics 
SE5539 t Signetics 

Settles to 0.01 % in 70 ns 1435 tTeledyne P 

12 Volt, Wideband CA3015 tRCA 
CA3016 tRCA 
CA3030 RCA 
CA3038 tRCA 

High Performance FET LH0022C National 
(Continued) 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (25'C) na. (25'C) na. (25'C) /lv/'C MHz vl/ls v/v db Compo Comments 

Single Units 

6.0 
0.2 0.05 10' 3' 13' SOK SO 0 Low Noise Bipolar-JFET 

0.1 10' l' 3.5' 40K SO 0 Low Power Bipolar JFET 

1 Low Power Bipolar-JFET 

0 Programmable Bipolar JFET 

I 3' 13' SOK SO 0 Bipolar-JFET 

i 
1 Bipolar-JFET 

25 10 6' - 0.2' 7SK 70 0 Programmable 

12 40 l' 0.5' 20K SO 0 Low Input Current 741 

20 15' - 0.5' 20K 70 0 Low Input Current 

25 15' 35' 20 SOK 74 1 Wideband, General Purpose 

30 30 15' 0.6 17 70K 74 0 Wideband 

4' 5' lOOK 74 0 High Voltage 

- 0.05 4 70K 74 0 Wideband 

35 10 5' 0.27* 0.16' SOK 70 0 Low Power Adjustable Current 

50 25 - 0.2 0.35' SOK 70 0 Programmable Low Power 

O.S' SOK 70 0 Programmable Low Power 

100 25 - - - 25K 70 0 High Performance 741C 

30 5' - 0.3' 2SK 70 1 Supply to ± 1 Ov . 
250 50 - l' 0.5 2SK SO 0 to 500 ma, single supply 

500 100 - l' 0.5' 20K 64 0 741 type 

200 3' l' 10 20K 70 0 High Slew Rate 741 

Low Noise 741 

5' O.S' 5' 20K 70 0 Wideband 741 C 

l' 1 lOOK 70 1 0.2 amp Power 

10' l' 0.25 100K 90 2 High Gain, Instrumentation, 50 ma 
Output 

0.5' 2SK 70 0 Low Noise 741 

15' 0.2' 0.2' 20K 70 0 High Power 

30 l' l' lOOK 70 0 1.0 amp Power 

- l' 0.5' 20-50K 70 1 General Purpose 

t Military Temperature Range (_55' to 12S'C) , Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Source 

(Cont'd.) 

(Cont'd.) 
TL071AC TI 
TL071M tTl 
TL070AC TI 
TL070M tTl 

TL061AC TI 
TL061M tTl 

TL060AC TI 
TL060M tTl 

TL066AC TI 

I 

TL066M tTl 

p.PCFOSl NEe America 
TL070C TI 

10 

ITLOSOAC TI 

TLOS1M tTl 

TLOSOAC TI 
TLOSOM tTl 

SG32S0 Silicon G 

ADS02J AD 

ICLSOOSC Intersil 20 

ADS07J AD 

HA·2627 Harris (978) 

AM-464-2 Date! (687) 
AM-464-2M tOate! (687) 
HA·2645 Harris (984) 
1332 Teledyne P 

HA·2607 Harris (978) 

ICLS021C Intersil 

MCl776C Motorola 

MC3476 Motorola 30 

SSS741C PMI 

TCAS20 Signetics 

p.A759C Faiichild 

L141 SGS 

MC1741SC Motorola 
SG741SC Silicon G 

MC1741NC Motorola 

SG3217 Silicon G 

LH0041C National 

40 

LH0020C National 

ICL741CLN Intersil 

p.A791C Fairchild 
TBA0791 NPC 

LH0021C National 

74SC AMD 
p.A748C Fairchild 
MCH4SC Motorola 
SFC74SC NPC 50 
SL74S Plessey 
RC74S Raytheon 
CA74SC RCA 
p.A748C Signelics 
TDA074S Signetics 
SG74SC Silicon G 

(Continued) 
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MASTER SELECTION GUt DE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
my (25'C) na. (25'C) na. (25'C) p.yrC MHz Y/p.s v/v db Comp. Comments Device Source 

Single Units (Cont'd.) 

6.0 500 200 - l' 0.5' 20-50K 70 1 General Purpose (Cont'd.) 
~748C TI 

High Reliability L14S SGS 

0.5 2O-50K 70 0 General Purpose Compensated AD741C AD 
~741C Fairchild 
HA17741 Hitachi 
ICL741C Intersil 
MC1741C Motorola 
LII741C National (1035) 
JlPC151 NEG America. 
JlPC741 NEG America. 
SFC741C NPC 
PM741C PMI 

- RC741 Raytheon 
CA741C RCA 
~741C Signetics 
MC1741SC Signetics 
SA741C Signetics 
TDA0741 Signelics 
SG741C Silicon G 
JlA741C TI 

0.7 25K 70 0 High Speed 741 ICL741CHS Intersil 

- 10 20K 70 1 la output TDB0791 NPC 

300 10' 7* 5' 20K 74 0 Low Noise HA·911 Harris (958) 

12' 50 25K 70 0 High Speed, Fast Settling AD518J AD 

1000 300 6' - lS' 12K 65 1 20ma Output TAA761 Siemens 
TAA765 Siemens 

1200 500 5' 4' 100' 10K 70 2 Gated ZN424 Ferranti 

1500 200 - 0.5' 35' 20K 70 1 High Slew Rate RC4531 Raytheon 

l' 20 20K 70 1 High Slew Rate, High Performance NE531 Signelics 

7.0 200 10' 10' 10' 130' 25K - 2 High Speed Inverting ICLS017C Intersll 

50 - - - 25K 65 0 Single Supply TL321C TI 

400 75 5' - - 3K 63 0 250 mA output, electronic shutdown LMl3080 National (1057) 

7.5 7 1 6' - - 25K SO 1 30S Type JlPC156A NEG America 

30 l' 0.3' 25K SO 0 Micropower, Supply Current SOO}la LM312 AMD 
LM312 National 

0.3' 0.1 25K SO 0 Compensated 30S SG311S Silicon G 

l' 0.3' 25K SO 1 Precision Bipolar AD308 AD 
LM30S AMD 
~308C Fairchild 40 
30S Intersil 
LM30S Motorola 
LM308 National 
SFC2308 NPC 
PM308 . PMI 
LM30a Raytheon 
LM30S Signetics 
SG30S Silicon G 

- 0.3' 0.3' 25K SO 1 Low Noise 30S 30SLN Intersil 

15 2 30 0.1 25K SO 1 Precision 1660 AMD 50 

0.3' 0.1 25K SO 1 Improved 201, 301 A SGl660 Silicon G 

0 Improved 307, 741 SG1760 Silicon G 

250 50 30 l' 0.5' 25K 70 0 General Purpose, Compensated LM307 AMD 
~307C Fairchild 
307 Intersil 
LM307 Motorola 
LM307 National 
SFC2307 NPC 
CA307 RCA 

(Continued) 

t Military Temperature Range (-55' to 125'C) , Typical Values 
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LlNEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset 
Voltage 
mv (25'C) 

Bias 
Current 
na. (25'C) 

Single Units 

7.5 250 

350 

600 

1000 

1500 

2000 

8.0 40 

200 

250 

Offset 
Current 
na. (25'C) 

50 

35 

60 

100 

150 

300 

250 

500 

100 

500 

10 

25 

50 

t Military Temperature Range ( - 55' to 125'C) 

Voltage 
Drift 
p'vrc 

30 

-
-
5* 

12' 

3* 

6* 

6 

6-

6-10-

-
10' 

-
20-

30 

20' 

Band­
width 
MHz 

l' 

0.8' 

-

1* 

l' 

2' 

-

65' 

l' 

1-

-

-
1* 

10' 

20' 

20* 

12* 

Slew 
Rate 
v/p.s 

0.5' 

0.5' 

-

34' 

34-

4.2* 

18' 

10 

0.5' 

0.3' 

4.2' 

2' 

2.5-

50 

100 

100 

20 

Voltage 
Gain 
v/v 

25K 

25K 

16K 

40K 

15K 

15K 

5K 

10K 

20K 

15K 

50K 

30K 

70K 

10K 

10K 

10K 

15K 

CMRR 
db 

70 

70 

84 

80 

80 

80 

60 

74 

65 

65 

-
80 

70 

80 

80 

80 

74 

, Typical Values 

Compo Comments Device 

o 

1 

2 

3 

3 

2 

0 

3 

0 

1 

3 

2 

3 

1 

0 

1 

1 

0 

General Purpose, Compensated 
LM307 
SG307 
LM307 

General Purpose Uncompensated AD301 A 
LM301A 
JlA301A 
HA17301 
301A 
LM301A 
LM301A 
JlPC157 
JlPC301 
SFC2301A 

ICA301A 
LM301A 
TDA0301 
SG301A 
LM301A 

Low Noise 301 A 301ALN 

General Purpose M5133 

Fast General Purpose 1339-01 

Fast General Purpose 1339 

General Purpose MC1439 

20ma Output TCA321 
TCA325 

High Speed 715C 
HAl7715 
JlA715C 

Compensated 201 LH201 
LH201 

General Purpose LM301 
JlA201M 
LM201 
LM201 
CA201 
LM201 
SG201 

General Purpose JlA709C 
M51709 
LM709C 
RC709 
JlA709C 
SA709C 
JlA709C 

High Slew Rate ULN-2139 

General Purpose MC1433 

High Voltage LM344 

High Slew Rate HA·2510 
HA2510 

100vlJls, Gain=3 HA·2520 
HA2520 

High Speed, Fast Settling AD509K 
AD509S 

High Slew Rate AM-450-2 
AM-450-2M 
HA·2502 
HA·2505 
HA2502 
HA2505 

Bold face indicates additional data is provided on the page noted. 
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Source 

(Cont'd.) 

(Cont'd.) 
Signetics 
Silicon G 
TI 

AD 
AMD 
Fairchild 
Hitachi 
Intersil 
Motorola 10 
National 
NEC America 
NEC America 
NPC 
RCA • ...! .• 

Signetics 
Signetics 
Silicon G 
TI 

Intersil 20 

Mitsubishi 

Teledyne P 

Teledyne P 

Motorola 

Siemens 
Siemens 

AMD 
Hitachi 
Fairchild 

National 30 
Raytheon 

AMD 
Fairchild 
National 
Raytheon 
RCA 
Signetics 
Silicon G 

Fairchild 
Mitsubishi 40 
National (1035) 
Raytheon 
Signetics 
Signetics 
TI 

Sprague 

Motorola 

National 

tHarris (968) 
Intersil 50 

t HarriS (972) 
t Intersil 

AD 
tAD 

Datel (687) 
tDatel (687) 
tHarris (966) 

Harris (966) 
t Intersil 

Intersil 60 
(Continued) 
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MASTER SELECTION -GUIDE· 

LINEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
my (25'C) na. (25'C) na. (25'C) p.yrC MHz Y/p.s v/v ell CooIp. Comments Device Source 

Single Units (Cont'd.) 

8.0 250 50 20- (Coot'd.) 
6- 20 16K 74 0 Fast Slewing 3505J Burr-Brown 

40000 15000 25- 70' 250 3K 60* 3 High Slew Rate LHOO24C National 

9.0 250 50 30* 8- 15* 50K 74 1 Four Addressable Inputs Single 
Amplifier 

HA-2405 Harris (9M) 

10.0 0.010 0.0005* 10 1* 3 50K 70 0 FET Input ICL8007C-4 Intersil 

15 1* 3 50K 70 0 FET Input ICL8007C-5 Intersil 
ICL8007M-5 tlntersil 

0.050 0.020* 30 3' 15* 20K 86- 0 High Voltage FET 3580J t BIBT-Brown (920) 

0.15 0.05 - 1* 0.3' 20K 80 0 High Performance, Low Input 
Current 

LM216 AMD 
LM316 AMD 
LM216 National 
LM316 National 
LM216 Raytheon 
LM316 Raytheon 

0.20 0.05 5' 2.5 5' 25K 80 0 Bipolar - JFET LF355 AMD 
~F355 Fairchild 
LF355 Intersil 
LF355 Motorola 
LF355 National 
PM355 PMI 
LF355 Raytheon 
LF355 Sigoetics 
LF355 TI 

5 12* 25K 80 0 Wldeband - JFET LF356 AMD 
~F356 Fairchild 
LF356 Intersil 
LF356 Motorola 
LF356 National 

(1035,1073) 
PM356 PMI 
LF356 Raytheon 
LF356 Signetics 
LF356 TI 

- - 25K 80 - Wideband Decompensated LF357 AMD 
~F357 Fairchild 
LF357 Intersil 40 
LF357 Motorola 
LF357 National 
PM357 PMI 
LF357 Raytheon 
LF357 Signetics 
LF357 TI 

10' 3' 13- 25K 70 0 Low Noise Bipolar-JFET TL071C TI. 

1 Low Noise Bipolar-JFET TL070C TI 

0.1 10' 3' 13- 50K 70 0 Bipolar FET ~mc Fairchild (938) 

4- 13 25K 70 0 Bipolar-Jm LF351 National 50 
(1035,1073) 

10 3 150 - 250 0.7K 50 1 l00MHZ Unity Gain Frequency 9906 OEI 

30 10 20 4' 2- 40K 70 0 High Performance, High Gain RC1556 Raytheon 

- l' 2.5- 70K 70 0 High Performance MC1456 Motorola 
SG1456 Silicon G 

40 10 65 1- 1.5 - 70 0 2a continuous 3573 BIIT-Brown (920) 

- 1- 2' 70K 70 0 High Voltage MC1436 Motorola 
MC1456 SigneticS 
SG1436 Silicon G 

50 20 20- - - 2K 55 3 Matched Input Transistors LH0005 . t National 60 
(Continued) 

t Military Temperature Range (_55' to 125'C) - Typical Values 
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LlNEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
my (2S'C) na. (25'C) na. (25'C) p.yrC MHz Y/p.s y/v db Compo Comments 

Single Units 

10.0 
80 40 1000 0.2 2.5 1-1000 65 1 Full Instrumentation 

100 25 25' - - 2K 50 3 Matched Input i ransistors 

150 25 - .- 0.4' 2.5K 65 3 Darlington Input 

250 50 20' 20' 80 7.5K 74 1 High Speed, Fast Settling 

25' 12' 15 15K 74 0 High Slew Rate 

40 7.5K 74 0 High Slew Rate 

20' 80 7.5K 74 1 80V/j.ts Gain = 3 

30' 12' 40 7.5K 74 0 High Slew Rate 

30 7.5K 74 0 High Slew Rate 

I 40 7.5K 74 0 High Slew Rate 

80 7.5K 74 1 80V/p.s Gain = 3 

20- 60 7.5K 74 0 High Slew Rate 

80 7.5K 89' 1 High Slew Rate 

- 80 7K 74 1 Fast Slewing 

500 200 5' l' 25 25K 60 1 0.5A, wideband 

- 15- 50 25K 70 0 Precision, high speed 

600 200 - 15' 50 25K 70 2 . Precision, High Speed 

750 - - - - 14K - 1 Telephone Channel Amplifier 

1000 300 6' - 1S- 0.56K 60 1 to 90 ma Output 

2000 100 2' '10' 5' 1K 75 2 Differential Output 

15000 4000 - - 1.7 3K 65 3 General Purpose 

5000 5' - 1.7* 1K 65 3 General Purpose 

12.0 0.020 0.02 20- 5- 10' SOK 74 1 Wideband, FET Input 

40- 5- 10' 80K 70 1 Wideband, FET Input 

90 25 - 1- 2- 50K 50 0 High Voltage 

30 - l' 2.5 25K 110- 0 High Performance 

14.0 0.020 0.02 20- S- 40- 7.5K 74 1 120V/.us Gain = 3 

40' S' 40' 7.5K 70 1 120V/.us Gain = 3 

20 - 75- 20' 60 40K- 90 0 High Slew Rate 

200 15 50- - - 10K 65 1 Darlington Input 

15.0 0.010 0.005 25 1 3 lOOK SO 0 General Purpose, Low Drift 

0.015 0.01 50 1 3 lOOK 72 0 General Purpose, Low Drift 

0.020 0.01 10- 0.14- 1- 1-1000 75 2 . Full Instrumentation FET 

0.050 0.025 50 1 3 50l< 72 0 . General Purpose 

0.030 10' 4' 10- 50K 70 1 MOS FET Single Supply, Strobe 

t Military Temperature Range (-55' to 125°C) - Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Source 

(Cont'd.) 

(Cont'd.) 
AD520J AD 

LH0005C t National 

MC1531 t Motorola 

AD509J AD 

HA·2507 Harris (970) 

HA·2512 tHanis (968) 
HA2512 Intersil 

HA·2522 tHanis (972) 
HA2522 t Intersil 10 

HA·2515 Hanis (968) 

IHA-2517 Hanis (970) 

HA2515 Intersil 

AM-452-2 Date! (687) 
AM-452·2M fDatel (687) 
HA·2525 Hanis (972) 
HA2525 Intersil 

HA·2527 Hanis (970) 

1322 Teledyne P 
1322-01 t Teledyne P 20 

3507J 8urr-8rown (920) 

LH0061C National 

LM318 AMD 
p.A318 Fairchild 
LM318 National 
JiPC159A NEG America 
SFC2318 NPC 
LM318 TI 

LM318 Raytheon 

L045 SGS 30 

TAAS61 Siemens 
TAAS65 Siemens 
TAA861 Telefunken 
TAAS65 Telefunken 

MC1520 t Motorola 

MC1430 Motorola 

TL702C TI 

HA·2060A tHanis (962) 

HA·2065A Harris (962) 

MC1436C Motorola 40 
SG1436C Silicon G 

MC1456C Motorola 
SG1456C Silicon G 

HA·20SOA tHanis (960) 

HA·2055A Harris (960) 

1434 Teledyne P 

TCA312 tSiemens 
TCA332 tSiemens 

1421-02 Teledyne P 

1421-01 Teledyne P 50 

AM-435-1M t Date! (689) 
LF152 t National 

1421 Teledyne P 

CA3130 tRCA 
(Continued) 

Ie MASTER 1979 



MASTER SELECTION GUIDE 

LlNEAR-Operational Amplifiers-Characteristics (Cont'd) 
Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gail CMRR 
mv (2S'C) 08. (25'C) na (25"C) /lvrC 104Hz v/flS v/v db Comp. Comments Device 

~ 

Source 

Single Units (Cont'd.) 

15.0 0.050 0.030 (Cont'd.) 
S* 4* 10* 50K 70 0 MaS FET, Single Supply CA3160 tRCA 

4.5* 9· 20K 70 0 MaS FET, Single Supply CA3140 Intersil 
CA3140 tRCA 

0.065 0.005 35 15* 50 25K 70 0 Precision, High Speed, FET LH0062C National 

0.20 0.05 10· 1* 0.5· 25K 70 0 JFET-741 LFA'3741 National 

25· 50- 350 1K 50 2 Ultra Fast FET LH0032C National 

0.10 5- 1* 6* 50K SO 0 FET Input LH740A t National 

10- 3· 13* 50K 70 0 Bipolar FET JlAmL Fairchild (938) 

0.4 0.2 10- 1* 3.5* 3K 70 0 Low Power Bipolar-JFET TL061C TI 

1 Low Power Bipolar-JFET . TL060C TI 

0 Programmable Bipolar-JFET TL066C TI 

3* 13· 25K 70 0 Bipolar-JFET p.PCFOS1 NEG America 
TLOS1C TI 

1 Bipolar-JFET TLOSOC TI 

300 100 - - 1.4* 1.5K 60 3 Darlington Input MC1431 Motorola 

4000 200 2- 10- 5* 0.75K 60 2 Differential Output MC1420 Motorola 

20.0 0.00025 - 60 0.5* 3 40K SO 0 Electrometer, FET AD523L AD 

0.0005 - 30 0.5* 3 40K SO 0 Electrometer, FET AD523K AD 

0.010 0.002- 25 1* 2.5 31K S6* 0 High Performance, Low Bias FET 3503B Burr-Brown 
3503S t Burr-Brown 

- 25 0.75* 0.5· 50K 70 0 Low Noise FET AD514L AD 

0.020 0.0005· 75 1* 6' 50K 70 0 High Performance FET ICL8007M t Intersil 

- 25 0.75' 0.5 50K* 70 0 Low Noise FET AD514K AD 

50 0.75* 0.5* 50K' 70 0 Low Noise FET AD514S tAD 

0.025 0.002* 50 1- 0.5' 25K SO' 0 Low Noise 3542J Burr-Brown (920) 
35425 t Burr-Brown (920) 

0.010 20 1* 1.5 50K 70 0 Low Cost FET Input LH0042 tNational 

- 25 1* 6* 50K 70 0 Low Cost FET Input AD540K AD 

50 l' 6* 50K 70 0 Low Cost FET Input AD540S tAD 30 

0.5- 25K SO 0 FET AD3542J AD 

0.030 0.005- 20* 1- 6- 50K 70 0 FET SU536 Signetics 

0.050 0.005. 25 1* 1 25K 70 0 Low Cost FET LH0042C National 

0.50 0.15 5* 1- 6- 50K SO 0 FET Input LH740AC National 

0.050 - 25 1* 6- 25K 70 0 Low Cost FET ADOO42C AD 

0.10 - 25 1- 3 50K SO 0 Low Cost FET Input AD503K AD 
AD503S tAD 

0.20 0.15 20* 3* 6* 50K 64 0 High Slew Rate FET p.A740M t Fairchild 

50 20 12* - 9* 0.5K 60 1 Darlington Input TBB1331 Siemens 

200 25 12* - - 6K 60 0 Darlington Input TCA311 Siemens 40 
TCA315 Siemens 

1 Darlington Input TCA331 Siemens 

25.0 0.020 0.02 50* 5* 10* SOK 74 1 120V/p.s Gain=3 HA-2060 tHarris (962) 

S* 40* 7.5K 74 1 High Slew Rate, FET HA·20SO tHarris (960) 

40000 10000 1000 100 600 1K 50 2 Wide Gain-Bandwidth 9912 tOEI 

30.0 0.001 0.0002- 50 1- 2.5 20K S6 0 Low Bias FET ICL8007AM tlntersil 
ICL8007AC Intersil 

- 50* 1- 6- 20K S6 0 FET 1439 Teledyne P 

0.040 0.020 10- 0.14' 1* 1-1000 65 2 Full Instrumentation, FET AIi-435-1C Date! (689) 

LF252 National 50 
LF352 National (1073) 

(Continued) 

t Military Temperature Range (-55' to 125'C) * Typical Values 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (2S'C) na. (25'C) na. (25'C) /lVrc MHz v//lS vlv db Compo Comments 

Single Units 

30.0 
30- 2 0.06- 1- 6- loooK SO* 0 High Slew Rate FET 

30000 10000 150 200 300 lK 50 0 Wide band 

50000 20000 100 300 lK 4K 90 1 Wide band 

50.0 0.00001 - \ - - 0.5- 20K 60 0 Ultra Low Bias FET 

0.0001 - - - 0.5- 20K 60 0 Ultra Low Bias FET 

0.001 0.0005- 90 0.5- 3 20K 70 0 Electrometer, FET 

- 50 0.3- - 10K 70 MOS FET 

0.015 - 75 1- 3 20K 70 0 Low Cost FET Input 

0.025 0.005- 75 1- 2.5 20K S6- 0 High Performance, Low Bias FET 

I 0.050 0.0005- 75 1- 6- 20K .,n 
tV 0 High Periormance, FET 

Low Cost FET 

- 75 0.75* 0.5- 20K 70 0 Low Noise FET 

1* 6- 20K 70 0 Low Cost FET 

60.0 0.020 0.02 60- 5- 10" SOK 70 1 Wideband, FET Input 

S- 40- 7.5K 70 1 120V//Ls Gain = 3 

90.0 0.10 0.005- 30- 1* 6- 50K 64 0 FET, High Input Impedance 

50000 20000 1000 100 2500 2K 60 2 High Gain-Bandwidth, Fast Slewing 

110.0 2 0.3 20- 1- 6- 20K 55 0 High Slew Rate FET 

200.0 0.01 - 50- 1- 0.4- 10K 70- MOS FET 

- 0.05 0.01 100 35 200 500 60 0 Wide band FET 

0.3 0.1 500 40 600 300 50 2 Wideband, Fast Slewing 

3000 100 200 0.3K 50 0 Wideband, Fast Slewing 

Dual Units 

0.5 0.06 0.025 5- - 13- 50K SO' 0 Precision BIFET 

0.075 0.03 5* - 13- 50K SO 0 Precision BIFET 

2 0.2 15 1- 0.3' SOK 96 1 Duall08A 

3 2.S 2 1.2- 0.25* 200K 114 0 Dual Matched Instrumentation 

4 3.S 2 1.2- 0.25' 200K 110 0 Dual Matched Instrumentation 

7 1 30 l' 0.3' SOK 96 1 Dual30SA 

20 0.1 10 3 13 50K SO 0 Bipotar.JFET 

0.75 50 2 S O.S 0.5 lOOK 90 0 Dual Matched 

1.0 0.075 0.05 5- - 13* 50K 80 0 Precision BIFET 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Source 

(Cont'd.) 

(Cont'd.) 
!!A74OC Signetics 

9916 tOEI 

9914 OEI 

ICH8500A Intersil 

ICHS500 Intersil 

AD523J AD 

/LPC250A NEC America 

AD503J AD 

3503A Burr-Brown 10 
,3503R t Burr-Brown 
I 
3540J Burr-Brown 
ICL8007C Intersil 

1424 Teledyne P 

AD514J AD 

AD540J AD 

AM-406-2 Oatel (687) 
AM-406-2M tOatel (687) 
HA·2065 Harris (962) 
1433 Teledyne P 20 

AM-405-2 Oatel (687) 
AM-405-2M tOatei (687) 
HA·2055 Harris (960) 

NE536 Signetics 

9909 OEI 

!!A74OC Fairchild 

/LPC152A NEC America 

9917 OEI 

9932 OEI 

990S OEI 30 

MC35003A t Motorola 

MC34003A Motorola 

LH210SA t Intersil 
LH210SA t National 
LH220SA National 
PM210SA tPMI 
PM220SA PMI 
LH210SA t Signetics 
LH220SA Signetics 

OP-l0 tPMI 40 
OP-l0A tPMI 

OP-l0E PMI 

LH230SA Intersil 
LH230SA National 
PM230SA PMI 
LH230SA Signetics 

TL2S7C TI 
TL2S7M tTl 

OP-04A tPMI 
OP-04E PMI 50 
OP-14A tPMI 
OP-14E PMI 

MC35003B t Motorola 
(Continued) 
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MASTER SELECTION GUIDE· 

LlNEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (25'C) na (25'C) na. (25'C) /lvrc MHz v/p.S v/v db Comp. Comments Device Source 

Dual Units (Cont'd.) 

1.0 (Cont'd.) 
0.1 0.025 10 4.5 10 100K 86 0 Precision Bipolar -JFET OP-25B tPMI 

OP-20F PMI 

0.15 0.07 5- - 13- 50K 80 0 Precision BIFET MC34003B Motorola 

1.3 7 6 4.5 1.2- 0.25- 120K 100 0 Dual Matched Instrumentation OP-10C PMI 

2.0 0.05 0.07 5- - 13- 25K 70 0 Precision BIFET MC34oo3 Motorola 

0.10 0.05 10- 3- 13- 50K 80 0 Bipolar FET p.An2A t Fairchild (938) 

4- 13- 50K 80 0 Dual 351A LF353A National (1035) 

2 0.2 15 1- 0.3- 50K 85 1 Dual 108 LH21 08 tNalional 
LH2208 National 
PM21 08 PMI 

.' PM2208 PMI 
LH21 08 t Signetics 
LH2208 Signetics 

50 5 - - - 100K 80 0 Dual High Performance 741 SSS747 tAMD 
SSS747 tPMI 

10 15 1- - 50K 70 0 Low Power, Single Supply LM158A National 
CA158A tRCA 

Single Supply SE532A t Signetics 

25 5 1.5- O.B 1OOK- 100- Matched Amplifier Pairs 3500MP BIn-Brown (920) 

60 10 15 1- 10 50K 70 0 High slew rate SE5535 t Signetics 

3- 35- 50K 70 0 High Slew Rate SE5530 tSignetics (1114) 

- - 50K 70 1 40 V/IlS, G=5 SE5538 t Signetics (1120) 

75 5 10 0.8 0.5 50K 90 0 Dual Matched OP-04 PMI 
OP-04C PMI 
OP-14 tPMI 
OP-14C PMI 

10 15 1- 0.5- 50K 80 1 Dual LM101A High Performance 1501L tAMD 
1501M tAMD 
LH2101A tAMD 
LH2201A AMD 
LH2101A Intersil 
LH2101A t National 
LH2201A National 
LH2101A Raytheon 
LH2201A Raytheon 
LH2101A t Signetics 
LH2201A Signetics 

800 200 - 10- 6- 50K 80 1 Dual 5534 XR5532M tExar (929) 
XR5533M tExar (929) 40 
SE5532 t Signetics (1116) 
SE5532A t Signetics (1116) 
SE5533 t Signetics (1117) 
SE5533A t Signetics (1117) 

3.0 0.2 0.05 10- 3- 13- 50K 80 0 Low Noise Bipolar-JFET TL072BC TI 

15 4.0 8 75K 80 0 Precision Bipolar-JFET OP-25C tPMI 
OP-25G PMI 

0.1 10- 1- 3.5- 4K 80 0 Low Power, Bipolar JFET TL062BC TI 

3- 15- 50K 80 0 Bipolar JFET TL082BC TI 
TL288C TI 50 
TL288M tTl 

5 3 10- 25- 0.1- 40K 80 0 Programmable HA-2730 tHarris (993) 

15 5 - .25- 0.16' 100K 70 0 Programmable Dual LM4250 LH24250 tNational 

20 7.5 5' 0.27* 0.16- 50K 70 0 Low Power Adjustable Current ICL8022M t Intersil 

50 5 - - - 50K 80 0 Higher Performance SSS747B PMI 

80 15 15 1- - 50K 70 0 Low Power, Single Supply LM258A National 
CA258A RCA 

(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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LINEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (25°C) na. (25°C) na. (25OC) p'vrc MHz v/p.s v/v db Compo Comments Device Source 

Dual Units (Cont'd.), 

3.0 80 (Cont'd.) 
30 15 0.44 0.3 50K 80 0 Dual 741 1JA747AM t Fairchild 

p.A747EC Fairchild 
LM747A t National 
LM747E National 

100 30 8' 8' 2 25K 80 0 High Slew Rate HA·2650 tHarris (986) 

20 l' - 25K 65 0 Low Power, Single Supply LM3.58A National 
CA358A RCA 

750 400 3' - 2' 20K 70 3 Audio Preamp p.A749C Fairchild 
i!.A.749M t F~rchild 

I 
3000 300 10' l' 0.01' 4K 70' 3 General Purpose MC1535 t Motorola 

4.0 700 100 25 - - 18K 70 0 20ma output TAA2762 tSiemens 

10 

1500 300 - 10' 6' 25K 70 1 Dual 5534 IXR5532C Exar (929) I 
XR5533C Exar (929) 

150 25 - - - 50K 70 0 2 op amp/comparators LM192 t National (1054) 

1500 300 - 10' 6' 25K 70 1 Dual 5534 XR5533AC Exar 
NE5532 Signetics (1116) 
NE5532A Signetics (1116) 
NE5533 t Signetics (1117) 
NE5533A Signetics (1117) 20 

5.0 0.04 0.02 15' 45' 9' 20K 70 0 Dual 3140A, MOS FET CA3240A RCA 

0.10 0.10 10' 3' 13' 50K 80 0 Bipolar FET }JAn2 t FairchHd (938) 

0.20 0.10 10' 4' 13' 50K 80 0 Dual 351B LF353B National 

7.5 3 3' l' 15' 200K 70 0 Multi-Purpose Programmable p.A776M t Fairchild 

10 5 10' - 0.1' 25K 74 0 Programmable HA·2735 Harris (993) 

25 10' l' 0.6' 50K 70 0 Single Supply, I/O operates to 
ground 

1JA79BM t Fairchild 

100 25 - - - 50K 70 0 Dual High Performance 741 C SSS747C AMD 
SSS747C PMI 30 
SSS747G tPMI 
SSS1458 PMI 
SSS1558 tPMI 

40 - 0.8' 0.5' 4K 60 0 Low Power TL022M tTl 

120 40 6' 3' 35' 50K 70 0 High Slew Rate NE5530 Signetics (1114) 

. 150 30 7* l' - 50K 70 0 Half LM124 LMl58 t Motorola 
LM158 t National 
CA158 tRCA 
CA258 RCA 
LM258 National 40 
LM158 t Signetics 
LM258 Signetics 
SE532 ' t Signetics (1109) 
LM158 tTl 

40 6' l' 10 50K 70 0 High Slew Rate, Dual 535 NE5535 Signetics 

- 60' - 70 1 60 V/p.s, G=5, Dual 538 NE5538 Signetics (1120) 

200 60 8' 8' 2 20K 74 0 High Slew Rate HA·2655 Harris (986) 

80 - 0.8' 0.5' lK 60 0 Low Power TL022C TI 

250 50 - - - 25K 65 0 2 op amp/comparators LM292 National (1054) 
LM392 National (1054) 50 

500 50 10' l' 0.6' 50K 70 0 Single Supply MC3558 tMotorola 

200 1.5' 1 0.3' 25K 70 3 Matched Dual 709 RM1537 t Raytheon 

2-15' l' 0.5' 50K 70 0 Dual 741 747M tAMD 
1558 tAMD 
1JA747M t Fairchild 
1JA1558M tFairchiid 
MC1747 t Motorola 

(Continued) 

t Military Temperature Range (-55' to 125'C) , Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

LINEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (2S'C) na (2S'C) na. (2S'C) IIvrc MHz vIliS vlv ell Comp. Comments Device Source 

Dual Units (Cont'd.) 

5.0 500 200 2-15' I t 0.5* 50K 70 0 Dual 741 (Cont'd.) 
MC1558 t Motorola 
LM747 tNationai 
LM1558 tNational 
PM747 tPMI 
PM1558 tPMI 
CA747 tRCA 
CA1558 tRCA 
RM747 t Raytheon 
RM1558 't Raytheon 
MC1558 tSignetics 
TDA1458 Signetics 
p.A747 t Signetics 
SG747 t Silicon G 
SG1558 t Silicon G 
J.LA747M ttl 
MC1558 tn 
TA75458 Toshiba 
TA75747 Toshiba 

Low Noise MC1558N tMotorola 

0.25 25K 70 3 Dual MC1709 MC1537 t Motorola 

- 2 1.5- 50K 70 0 Dual Wideband 741 RM4558 t Raytheon 
RM4558 ttl 

2.5 1.5 50K 70 0 Dual Wideband 741 MC4558 t Motorola 
MC4558A Motorola 

Low Noise MC4558N t Motorola 

3 1.5 50K 70 0 3M Hz min. Bandwidth RM4559 t Raytheon 

- 10 50K 70 0 High Slew Rate 1558 MC1558S t Motorola 

5000 500 10* 1* 0.01' 3.5K 70 3 General Purpose MC1435 Motorola 

7000 6000 - 2* 50 - 80 0 Transconductance Amplifier LM11600 t National (1050) 30 

8000 '6000 - 2' 50 80 0 Transconductance Amplifier LM13600 National (1050) 
LM13600A National (1050) 

6.0 0.2 0.05 10* 3* 13* 50K 80 0 Low Noise Bipolar-JFET XR072 Exar (926) 
XR072M tExar (926) 
TL072AC TI 
TL072M ttl 

0.1 10' I t 3.5* 4K 80 0 Low Power Bipolar-JFET TL062AC TI 
TL062M ttl 

3* 13t 50K 80 0 Bipolar JFET XR082 Exar (927) 
XR082M tExar (927) 40 
XR083 Exar (927) 
XR083M tExar (927) 
TL082AC n 
TL082M ttl 
TL083AC TI 
TL083M tTl 

10 6 3t 1t 15' 50K 70 0 Multi-Purpose Programmable J.LA776C Fairchild 

30 10 5t 0.27* 0.16' 50K 70 0 Low Power Adjustable Current ICL8022C Intersil 

- 0.25' 0.16' 75K 70 0 Programmable Dual LM4250 LH24250C National 

250 50 7* 1t 0.6t 25K 65 0 Half LM244/324 LM258 Motorola 50 
LM358 Motorola 
NE532 Signelics (1109) 
SA532 Signetics 

75 10t 1t 0.6- 20K 70 0 Single Supply, 1/0 operates to 
ground 

J.LA798C Fairchild 

500 200 - l' 0.5- 20-50K 70 0 Dual 741C 1458 AMD 
747C AMD 
XR1458 Exar 
J.LA747C Fairchild 60 

(Continued) 
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LINEAR-operational Amplifiers-Characteristic~ (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (25'C) na. (25'C) na. (25'C) p'vrc MHz vlp.s v/v db Compo Comments Device Source 

Dual Units (Cont'd.) 

6.0 500 200 l' 0.5' 20-50K 70 Dual 741C (Conl'd.) 
IlA1458C Fairchild 
HA171458 Hitachi 
HA17747 Hitachi 
MC1458 Motorola 
MC1747C Motorola 

Q) LM747C National 

"'C LM1458 National 

:::J IlPC251 NEC America 

(!) IlPC1458 NEG America 10 
PM747C PMI 

c: PM1458 PMI 
0 CA747C RCA ...... 
() CA1458 RCA 

.5!2 'RC747 Raytheon 
Q) RCi458 Raytheon 

C/) IlA747C Signetics 
~ SA747C Signetics 
Q) MC1458 Signetics ...... 
rn Signetics 20 
CU Silicon G 
~ Silicon G 

TI 

0.5' 20K 70 

1.5 20K 70 0 (1104) 

3' 20K 70 0 Wideband 741 Exar 
Fairchild 30 
NEG America 
Raytheon 
TI 

Low Noise 

10' l' 

1000 300 6' 

40 

2000 1000 l' 6.5K 70 Low Noise p.A739 Fairchild 
TBA231 SGS 

7.0 250 50 7* l' 25K 65 Half LM224 LM358 Motorola 
LM358 National 
CA358 RCA 
LM358 Signetics 
NE532 Signetics (1109) 
LM258 TI 
LM358 TI 

100K 50 Low Power, Single Supply LM2904 Motorola 50 
LM2904 National 
CA2904 RCA 
LM2904 TI 

7.5 30 l' 0.3' 25K 80 Dual 308 LH2308 National 
PM2308 PMI 

250 50 30 l' 0.5' 25K 70 Dual High Performance 1501C AMD 
LH2301A AMD 
LH2301A Intersil 60 
LH2301A National 

(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

LlNEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage EIar11} Slew Vol~ 
Voltage Current Current Drift width Rate Gain . CMRR 
mv (25'C) na. (25'C) na. (25'C) )lvrc MHz v/p.s v/v db Comp. Comments Device Source 

Dual Units (Cont'd.) 

7.5 250 50 30 1* 0.5' 25K 70 1 Dual High Performance (Cont'd.) 
LH2301A Raytheon 
LH2301A Signetics 

1500 500 1.5* 1* 0.3' 15K 65 3 Matched Dual 709 RCl437 Raytheon 

0.25* 15K 65 3 Matched Dual MC1709C MC1437 Motorola 

10.0 0.20 0.05 10* 3* 13' 25K 70 0 Low Noise Bipolar-FET XR072C Exar 
TL072C TI 

0.10 10' 3* 13* 50K 70 0 Bipolar FET pAn2C Fairchld (938) 

4* 13* 25K 70 0 Dual 351, wide band LF353 National 
(1035,1073) 

SE571 t Signetics (1112) 

500 50 7* 1 0.6 20K 70 0 Single Supply MC3458 Motorola 

30 15 12' - 1S* 3K SO 0 Darlington Input TBC2332 tSiemens 

700 300 15' 1.1* 0.5* 20K 60 0 General Purpose ~1458CC Fairchild 
MC1458C Motorola 

1500 600 - - - 10K 70 0 Audio Preamp ~749D Fairchild 

15.0 0.20 0.10 10* 3' 13' 50K 70 0 Bipolar FET pAmL Fairchild (938) 

0.4 0.2 10' 1- 3.5' 3K 70 0 Low Power Bipolar-JFET TL062C TI 

3* 13' 25K 70 0 Bipolar-JFET XR082C Exar (927) 

XR083C Exar (927) 20 
TL082C TI 
TL083C TI 

SOO- - - - 32K' - 0 Audio 5 watts/channel DA-l0l Delco 

50 25 12* - 1S- 3K 65 0 Darlington Input TBB2331 Siemens 
TBE2335 Siemens 

20.0 0.02 0.0005* 75 l' 6* 50K 70 0 FET l!1put Dual ICL8043M t Intersil 

50.0 0.05 0.0005* 75 1* 6* 20K 70 0 FET Input Dual ICL8043C Intersil 

Triple Units 

3.0 30 7.5 5' 0.27* 0.16' 50K 70 0 Low Power Programmable ICLS023M t Intersil 

5.0 70 14 - 0.02* 0.1' - 70 0 Micropower, Transconductance 
Amplifier 30 

CA3060 tRCA 

200 50 3.3' 0.6' 0.4' 3K SO 0 Programmable L144A t Siliconix 
L144B Siliconix 

550 100 - 0.045* l' - 70 0 Micropower, Transconductance 
Amplifier 

CA3060 tRCA 

5000 1000 - 0.11' S* - 70 0 Micropower, Transconductance 
Amplifier 

CA3060 tRCA 

6.0 30 10 5' 0.27* 0.16* 50K 70 0 Low Power Programmable ICLS023C Intersil 40 

7.0 150 50 - 2* 0.7* 20K 70 0 Low Power, Programmable . SL144C Siltronics 

10.0 250 70 3.3* 0.6' 0.4* lK 70 0 Programmable L144C Siliconix 

2000 200* - 5 0.46 4K* 90* 2 Supply ±6 v TCA220 Signetics 

Quad Units 

0.5 300 20 10 1.5 0.7 lOOK 100 0 Symmetrical, Matched OP-09A tPMI 
OP-09E PMI 
OP-l1A tPMI 
OP-l1E PMI 

2.0 0.10 0.05 10* 3' 13* 50K SO 0 Bipolar FET pAn4A t Fairchild (938) 

4' 13* 50K SO 0 Wideband, Quad 351 A LF347A National (1035) 

50 10 20 1* - 50K 70 0 Low Power LM124A tAMD 50 
(Continued) . 
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Ie MASTER 

LlNEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (25'C) na. (25'C) na (25'C) p'vrc MHz v/p.s v/v db Comp. Comments 

Quad Units 

2.0 50 10 20 1* - 50K 70 0 Low Power 

2.5 200 75 2* 8* 4* 100K 86 0 Wideband 

500 50 15 1.5 0.7" lOOK 100 0 Symmetrical, Matched 

3.0 0.2 0.05 10* 3* 13* 50K 80 0 Low Noise, 8ipolar-JFET 

0.1 10* 1* 3.5* 4K 80 0 Low Power 8ipolar-JFET 

50K 80 ~ J.ET 

I 80 15 20 I' - 50K 70 0 Low Power 

100 30 30 1* - 25K 65 0 Low Power 

200 30 5* 3 1.2 25K 80 0 Noise 2/l V max 

3.5* 1.6* 50K 80 0 

3.5* 1.6* 50K 80 0 Quad 741 

3.5 300 100 2* 8* 4* 75K 80 0 Wideband 

4.0 400 50 5* 1* 1.2* 50K 70 0 LM124 with improved output 

5.0 0.10 0.10 10" ·3" 13* 50K 80 0 Bipolar FET 

0.20 O.W 10* 4" 13* 50K 80 0 Wideband, Quad 3518 

100 10 - 1* 0.4' 50K 70 0 Programmable, Low power 

25 - 1* 0.5* 50K 70 0 Quad 741 with standard npn input 
stage 

4* 2.0* 50K 70 0 Wideband quad 741 for gains > 5 

40 - 0.8* 0.5* 4K 60 0 Low Power 

150 30 7* 1" - 50K 70 0 Single Supply; 110 Operates to 
ground 

t Military Temperature Range (-55' to 125'C) * Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Source 

(Cont'd.) 

(Cont'd.) 
LM124A t National (1035) 
LM124A Signetics 

HA-4602·2 tHarris 
(998,1000) 

OP·098 tPMI 
OP-09F PMI 
OP·118 tPMI 
OP-llF PMI 

TL0748C TI 10 
TL064AC TI 

TL0648C TI 

T I,L0848C I 

LM224A AMD 
LM224A National 
LM224A Signetics 

LM324A AMD 
LM324A National 
LM324A Signetics 

RM4156 t Raytheon 20 

XR741M tExar 

HA-4741·2 tHarris (1002) 
HA4741-2 t Raytheon 

HA-4605-5 Harris (1000) 

RM3503A t Raytheon 

p.A.n4 t Fairchild (938) 

LF3478 National 

XRl46 Exar (929) 
LMl46 t National (1035) 

30 

LM148 tAMD 
/lA148 t Fairchild 
LM148 tlntersil 
LM148 t Motorola 
LM148 t National (1035) 
LM148 t RaytheOn 
LM148 tTl 

LM149 tAMD 
LM149 t Intersil 40 
LM149 t National 
LM149 t Raytheon 

TL044M tTl 

LM124 tAMD 
LM224 AMD 
/lA124 t Fairchild 
LM124 t Intersil 
LM124 t Motorola 50 
LM224 Motorola 
LM124 t National (1035) 
LM224 National 
LM124 t Raytheon 
CA124 tRCA 
LM124 t Signetics 
LM224 Signetics 
SG124 t Silicon G 
LM124 tTl 
LM224 TI 60 

(Continued) 
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MASTER SELECTION GUIDE 

LlNEAR-Operational Amplifiers-Characteristics (Cont'd) 
Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (2S'C) na (2S'C) na. (2S'C) Ilv/'C MHz vIliS vlv <II ~. Comments Device Source 

Quad Units (Cont'd.) 

5.0 (Cont'd.) 
200 50 - 1.5" 0.6* 25K 80 0 Low Power ULN-4236A Sprague 

ULN-4436A Sprague 

250 80 - 0.8 0.5* 1K 60 0 Low Power TL044C TI 

300 50 5* 3 1.2 25K 80 0 Noise 21lV max RC4156 Raytheon (1110) 
RV4156 Raytheon 

3.5' 1.6" 25K 80 0 Quad 741 X~4741C Exar 
HA-4741-5 Harris (1002) 
HA4741-5 Raytheon 

- 3' 1* 25K 80 0 Quad 741 ULN-4136A Sprague 10 
ULN-4336A Sprague 

500 50 10* 1* 0.6* 50K 70 0 Single Supply; 110 Operates to 
ground 

XR3503 tExar 
IlA3503M t Fairchild 
MC3503 t Motorola 
RM3503 t Raytheon 
MC3503 tTl 

2 op amps, 2 comparators MC3505 Motorola 

- 2 1.5* 5K 70 0 Programmable Quad 741 XR4202 Exar (930) 20 
MC4202 Motorola 

1.6* 20K 70 0 Low Noise, Low Power XR4212M tExar 

200 15* 1 0.5* 50K 70 0 Quad 741 MC4741 t Motorola 

- 3' 1.5* 50K 70 0 Quad 741, High Gain XR4136M tExar 
11A4136M t Fairchild 
PM4136 tPMI 
RM4136 t Raytheon 
RM4136 tTl 

6.0 0.2 0.05 .. - 8 20 50K 80 0 FET, wideband MC3571 t Motorola 

10' 3* 13" 50K 80 0 Low Noise Bipolar-JFET XR074 Exar (926) 30 
XR074M tExar (926) 
TL074AC TI 
TL074M tTl 

0.1 10' l' 3.5' 4K 80 0 Low Power Bipolar-JFET TL064C TI 
TL064AC TI 
TL064M tTl 

3' 13' 50K 80 0 Bipolar JFET XR084 Exar '(927) 
XR084M tExar (927) 
TL084AC TI 
TL084M tn 40 
TL085AC TI 

Programmable, Bipolar - JFET XR094 Exar (928) 
XR094M tExar (928) 
XR095 Exar 
XR095M tExar (928) 

200 50 - l' 0.5* 25K 70 0 Quad 741 with standard npn input 
stage 

LM248 AMD 
LM348 AMD 

!!A248 Fairchild 50 

~348 Fairchild 
LM248 Intersil 
LM348 Intersil 
LM248 Motorola 
LM348 Motorola 
LM248 National 
LM348 National 
LM248 Raytheon 
LM348 Raytheon 
LM248 n 60 
LM348 TI 

(Continued) 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset BiaS Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (2S'C) na. (2S'C) na. (2S'C) p.v/'C MHz vlp.s vlv db Comp. Comments 

Quad Units 

6.0 200 50 -
4- 2- 25K 70 0 Wideband quad for gains> 5 

500 50 - l' 1.2" 25K 70 0 LM324 with improved output 

2 1.6 5K 70 0 Quad 741 

100 - 1- 0.4- 25K 70 0 Programmable, Low powei 

200 - 3- 1- 20K 60-70 0 Quad 741 

1- 0.5- 20K 70 0 Quad 741 

1000 300 6- - - 10K 65 0 20ma output 

7.0 150 30 - - - 20K 60 0 Single Supply 

250 50 7* 1- - 25K 65 0 Single Supply; 110 Operates to 
ground 

lOOK- 50 0 Single Supply 

500 50 - - - lOOK" 85- 0 324 type 

lOOK 50 0 Single Supply 

7.5 500 50 - 1" - lOOK- 85" - 0 Single supply, 324 type 

8.0 500 75 10" 1" 0.6- 20K 70 0 Single Supply: 110 Operates to 
ground 

10.0 0.20 0.05 10- 3- 13" 25K 70 0 Low Noise Bipolar-JFET 

t Military Temperature Range (-55' to 125'C) " Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Source 

(Cont'd.) 

(Cont'd.) 
LM249 AMD 
LM349 AMD 
/LA349 Fairchild 
LM249 Intersil 
LM349 Intersil 
LM249 National 
LM349 National 
LM249 Raytheon 
LM349 Raytheon 10 

RC3403A t Raytheon 

I 
RV3403A Raytheon 

XR4212C Exar 

XR246 Exar (929) 
XR346 Exar (929) 
LM246 National 
LM346 National 

XR4136C Exar 
)1A4136C Fairchild 
IlPC4136 NEG America 20 
PM4136C PMI 
RC4136 Raytheon 
RV4136 Raytheon 
RC4136 tTl 
MC4741C Motorola 

TAA4761 Siemens 
TAA4765 Siemens 

TA75902 Toshiba 

30 
LM324 AMD 

/LA224 Fairchild 
/LA324 Fairchild 
LM224 Intersil 
LM324 Intersil 
LM324 Motorola 
LM324 National 
CA224 RCA 
CA324 ~CA 
LM224 Raytheon 40 
LM324 Raytheon 
LM224 Signetics 
LM324 Signetics 
SA534 Signetics 
SG224 Silicon G 
SG324 Silicon G 
LM224 TI 
LM324 TI 

HA17902 Hitachi 
LM2902 National 50 

IlPC324 NEG America 
IlPC451 NEG America 

IlPC2902 NEG America 

TDA0324 Signetics 

XR3303 Exar 
/LA33OC Fairchild 
MC3303 Motorola 

XR074C Exar (926) 60 
TL074C TI 
TL075C TI 

(Continued) 
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MASTER SELECTION GUIDE 

LlNEAR-operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mv (25'C) na. (25'C) na. (25'C) jJ.v/'C MHz v/jJ.s v/v db Comp. Comments Device Source 

Quad Units (Cont'd.) 

10.0 0.20 0.05 (Cont'd.) 
0.10 5 15- 25K 70 0 Bipolar-JFET, Quad 351 LF347 National 

(1035,1073) 

0.10 10* 3' 13- 50K 70 0 Bipolar FET pAn4C Fairchild (938) 

500 50 10- 1* 0.6* 20K 70 0 Single Supply; 1/0 Operates to 
ground 

XR3403 Exar 
IlA3403 Fairchild 
MC3403 Motorola 
RC3403 Raytheon 
MC3403 TI 

2 op amps, 2 comparators MC3405 Motorola 

- 1- 2- 15K 70 0 LM224 with improved output RlJ3403A Raytheon 

- - 100K 85- 0 Extended Temp LM224 LM2902 Motorola 
LM2902 Raytheon 
LM2902 Signetics 
LM2902 TI 

600 300 - 3- 1* 15K 60 0 Quad 741 RC4136C Raytheon 
RC4136C TI 

15.0 0.20 0.05 - 7* 20 25K 70 0 FET, wideband MC3471 Motorola 

0.10 10- 3- 13- 50K 70 0 Bipolar FET pAn4L Fairchild (938) 

0.40 0.2 10* 1- 3.5- 3K 70 0 Low Power Bipolar-JFET TL064C TI 

3- 13- 25K 70 0 Bipolar FET XR084C Exar 
TL084C TI 
Tl085C TI 

Programmable Bipolar - JFET XR094C Exar (928) 
XR095C Exar (928) 

50 25 12- - - 3K 65 0 Darlington Input TBB4331 Siemens 
TBE4335 Siemens 

- 100 - - 2.5- 0.5/20' 2K - 0 Current Mirror, Single Supply LM1900 t National 
LM1900 tTl 

200 - - 2.5* 0.5/20* 1.2K - 0 Current Mirror, Single Supply LM2900 National 
LM3900 National (1035) 

.. LM2900 Raytheon 
lM3900 Raytheon 
LM2900 TI 
lM3900 TI 

300 - - 4* 0.6- 1K - 0 Current Mirror, Single Supply p.A3301C Fairchild 
MC3301 Motorola 
RC3301 Raytheon 

2.5- 0.5/20- 1.2K - 0 Current Mirror, Single Supply LM3301 National 40 
LM3401 National 

5' 0.6- 1K - 0 Current Mirror, Single Supply p.A3401C Fairchild 
MC3401 Motorola 
CA3401 tRCA 
RC3401 Raytheon 

Hex Units 

5 100 25 - 1.0 0.5 25K 70 0 Hex 741 W/NPN input TL326M tTl 

6 200 50 - 1.0 0.5 15K 70 0 Hex 741 W/NPN input TL326C TI 

t Military Temperature Range (_55' to 125'C) - Typical Values 
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LINEAR-Phase Locked Loops/Synthesizers 

Function Device Source Line Function Device Source Line Function Device Source Line 

Phase Locked Loop Circuits Phase Locked Loop Circuits Phase Locked Loop Circuits 

Note: Stereo Decoders are listed under Consumer 
(Cont'd.) (Cont'd.) 

Circuits Phase Locked Loop (CMOS) (Cont'd.) Synthesizer, Citizens Band (Cont'd.) 
Counter Logic Control SCL44468 tSss MSM5807 OKI 

SP8790 Plessey SCL4468E SSS MN6040 Pa'1asonic 

Counter Control Logic (Use with MC12012 for high Phase Locked Loop for Motor Control; See 70 MN6040A Panasonic 

frequency programming) Linear-Consumer Circuits, Motor Speed Regulator MN6040B Panasonic 

MC12014 Motorola SP8920 Plessey 
Phase Locked Loop Control (Oscillator, programmable SP8921 Plessey 

Crystal Oscillator (0.1 to 2.0 MHz) divider, phase comparator) SP8922 Plessey 
MC12060 Motorola MP7156 Micro Power SP8923 Plessey 
MC12560 t Motorola 10 SP8760 Plessey LC7110 Sanyo 140 

Crystal Oscillator (2 to 20 MHz) PLL Peripheral (VCO, mixer, amp for CB) .NE575 Signetics 
MC12061 Motorola LM186i Nabonal 

100 

TC91 02 Toshiba 

1 

MC12561 t Motorola LM1862 National TC91 06 Toshiba 

Digital Mixer AN103 Panasonic TC9l 07 Toshiba 

MC12000 Motorola TA731 0 Toshiba 
I Synthesizer/Programmer, CB I I 

I Doubie Baianced Mixer Prescaier, for AMlFM DS8900 Naiionai 

MC12oo2 Motorola T06l01 Toshiba TC9l12 Toshiba 

MC12502 t Motorola TOOl 02 Toshiba Synthesizer, AM/FM/CB/SW 

FSK Modulator/Demodulator Prescaler, for FM radio MM55117 National 

XR210 Exar 20 DS8629 National MM55118 National 150 

XR210M tExar SP8627 Plessey MM55119 Nalional 

XR2211 tElar (922) SP8628 Plessey MM55120 National 

XR2211M tElar (922) SP8629 Plessey Synthesizer, CB/Marine Radio, to 82 channels 
XR2211C Elar (922) Programmers and Controllers for Citizens Band See NC6400 Nitron 
XR2212C ElCar (923) Linear-Consumer Circuits 90 NC6405A Nitron 
XR2212M tElar (923) Synthesizer, TV., dual 82 channels 
XR2211C Raytheon Programmer, for CB Synthesizer 

XR2211M t Raytheon MM57190 National NC6410A Nitron 

Offset Control System (for synthesizer tuned Synthesizer SyntheSizer, Extemally Programmable 

transceivers) 30 TC91 00 Toshiba NC6422 Nitron 
NC6423 Nitron 160 

MC12020 Motorola Synthesizer, 200 channel, for AMlFM 
MC12021 Motorola 8X08 Signetics (1124) Synthesizer (Programmable Dividers, Phase 
MC12520 t Motorola 

Synthesizer (Programmable Divider, to 1021 channels, 
Comparator) 

MC12521 Motorola S187 Siemens 
adder, phase comparator) 

Phase Comparator and Programmable Counter HCTR0320 Hughes Tone Decoder 
MCI4568BA t Motorola XR567C Exar 
MC14568BC Motorola 

Synthesizer, AM/FM Tuner (2 device set) 100 XR567M tExar 
TC9123 Toshiba 

Phase-Frequency Detector TC9124 
XR2211C Elar (922) 

Toshiba XR2211M tElar (922) 
l1C44C Fairchild 
MC4044 Motorola 40 Synthesizer, Citizens Band LM567 t National 

MC4344 t Motorola l1C84 Fairchild LM567C National 170 

MC12040 Motorola llC85 Fairchild XR2211C Raytheon 

MC12540 t Motorola HCTR0347 Hughes XR2211M t Raytheon 
MP7139 Micro Power NE567 Signetics 

Phase Locked Loop MP7189 Micro Power SE567 t Signetics 
XR215 Elar (922) MC145104 Motorola 
XR215M tExar (922) MC145106 

Dual Tone Decoder 
Motorola 110 

M5136 Mitsubishi ~C145107 
XR2567C E)(ar 

Motorola 
M51361 Mitsubishi XR2567M tE)(ar 

MC145109 Motorola 
SL652 Plessey MC145112 

XR2567C Raytheon 
Motorola 

NE564 Signetics (1111) 50 DS8900 
XR2567M t Raytheon 

National 
SE564 t Signetics (1111) LM1861 National Dual Tone Decoder/Receiver 180 
SN54LS297 tTl LM1862 National MT8820A tMnel 
SN74LS297 TI MM55104 .National MT8820AE Mitel 

Phase Locked Loop (CMOS) MM551 06 National Tone Generator 
F4046BC Fairchild MM55107 National FX205 CMA 
F4046BM t Fairchild MM55108 National 120 

Two Modulus Prescaler (-; .. 3/4) 
SIL4046B tMitel MM551 09 National 
SIL4046BE Mitel MM55110 National SP8720 Plessey 

MC14046BA tMotorola MM55114 National SP8725 Plessey 

MC14046BC Motorola 60 MM55116 National Two Modulus Prescaler -:-4/8) 
CD4046BC National MM55122 National TOOl 02 Toshiba 190 
CD4046BM t National /iPD861 NEG America llC91C Fairchild 
C04046B tRCA NC6400A Nitron 

... 
l1C91M t FairchWd 

CD4046BE RCA NC6402B Nitron 95H91C Fairchild 
SCL40468 tSSS NC6403 Nitron 95H91M t Fairchild 
SCL4046BE SSS NC6405A Nitron 130 MC12009 Motorola 

(Continued) (Continued) (Continued) 

t Mlntary Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION.GUIDE 

LINEAR-Phase Locked Loops/Synthesizers (Cont'd) 

Function Device Source Une Function Device Source Une Function Device Source Une 

Phase Locked Loop Circuits Phase Locked Loop Circuits 
(Cont'd.) (Cont'd.) 

Two Modulus Prescaler -:-4/8) (Cont'd,) VCO and Phase Comparator (Cont'd,) 
MC12509 t Motorola NE562 Signetics 
SP8740 Plessey SE562 t Signetics 
SP8745 Plessey NE565 Stgnetics 

Two Modulus Prescaler (-:-617) 
SE565 t Signetics 70 

SP8741 Plessey 
TA7133 Toshiba 

SP8746 Plessey VCO-Function Generator, (Includes square and 

Two Modulus Prescaler (-:-8/9) 
triangular waveforms - but not sine,) 

MC12011 'Motorola 
XR2207 Exar (925) 

MC12511 t Motorola 10 
XR2207C Exar (925) 
XR2209C Exar (925) 

SP8743 Plessey XR2209M tExar (925) 
SP8748 Plessey 

LM566 National 
Two Modulus Prescaler (-:-10/11) LM566C t National 

11C90C Fairchild XR2207C Raytheon 80 
llC90M t Fairchild XR2207M t Raytheon 
95H90C Fairchild XR2209C Raytheon 
95H90M t Fairchild XR2209M t Raytheon 
MC12013 Motorola NE566 Signetics 
MC12513 t Motorola SE566 t Signetics 
MSL2318 OKI 20 VCO-Waveform Generator (pulse, sawtooth and 
SP8640 Plessey triangle) I 

SP8641 Plessey SSM2030 SSM (564) , 
SP8642 Plessey 
SP8643 Plessey VCO-Waveform Generator (Includes sinewave output 

SP8646 Plessey among its functions) 90 

SP8647 Plessey XR205 Exar 

SP8685 Plessey XR2206 tExar (924) 

SP8690 Plessey XR2206C Exar (924) 

SP8695 Plessey XR2206M tExar (924) 

TOOl 01 Toshiba 30 XR8038 Exar 
XR8038M tExar 

Two Modulus Prescaler (-:-5/6, 10111, 10/12) ICL8038C Intersil 
MC12012 Motorola ICL8038M t Intersil 

Two Modulus Prescaler(-:-20/22) VCO, Amplifier, Analog Multiplier 
SP8785 Plessey XR-S200 Exar 100 
SP8786 Plessey XR205 Exar 

Two Modulus Prescaler (-7·248/256) VCO, Phase Comparator, Multiplier 
nC83 Fairchild SL651 Plessey 

Count Extender, -:-8 (extends division ratio of a Two VCO, Phase Comparator Multiplier, with Auxiliary 
Modulus Prescaler while retaining the difference, Amplifier 
ie-:-10/11 becomes .;-.80/81) 40 SL650 tPlessey 

SP8794A tPlessey 
Dual VCO SP8794B Plessey 

SP8794M Plessey llC24C Fairchild 
MC4024 Motorola 

Count Extender, .;-.4, .;-.10/11 becomes .;-.40/41 MC4324 t Motorola 110 
SP8790A tPlessey SN54LS124 tTl 
SP8790B Plessey SN54S124 tTl 
SP8790M Plessey SN74LS124 TI 

For other Prescalers see Digital-Special, Dividers, SN74S124 TI 

Digital-ECL SN54LS325 TI 
SN74LS325 TI 

VCO 50 SN54LS326 tTl 
llC58C Fairchild SN74LS326 TI 
MC1648 t Motorola SN54LS327 tTl 
MC1658 Motorola SN74LS327 TI 120 
SP1648 Plessey SN54LS328 tTl 
SP1658 Plessey SN74LS328 TI 
SN54LS324 tTl 
SN74LS324 TI 

VCO and Phase Comparator 
LM565 Motorola 
LM565 National 60 
LM565C t National 
NE560 Signetics 
SE560 t Signetics 
NE561 Signetics 
SE561 t Signetics 

(Continued) 

t Military Temperature Range (-55' to 125'C) * TYPical Values 
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LINEAR-Telecommunication Circuits 

Function Device Source Line Function Device Source Line Function Device Source Line 

Telecommunication Circuits Telecommunication Circuits Telecommunication Circuits 

Address Selector (Gives output if sequential input is 
(Cont'd.) (Cont'd.) 

entered in a fixed order within a maximum time Companding AID and D/ A Converter Tone Decoder (Operates from 0.01 Hz to 500 kHz) 
interval) LF2700 National (Cont'd.) 

7511-01 Telaris MM81 00 National XR2211C Raytheon 

Baseband Modulator/Demodulator (5Odb carrier Delta Modulation System, Continuously Variable Slope 70 XR2211M t Raytheon 

suppression) FX209 CMA NE567 Signetics 

SL1001 Plessey FX309 CMA SE567 t Signetics 
HC55516-2 tHarris Dual Tone Decoder (Operates from 0.01 Hz to 500 Baseband Channel Amplifier (24-27db amplifier) HC55516-8 tHarris kHz) 140 SL10::0 Plessey HC55516-9 Harris 

tHarris 
XR2567 Exar 

Codec, p.255 Law 10 HC55532-2 
XR2567M tExar 

S2900 AMI HC55532-8 tHarris 
XR2567C Raytheon 

I I I 
S2901 AMI HC55532-9 Harris 

XR2567M t Raytheon 
2910 Intel MC3417 Motorola 

MK5150 Mostek MC3418 Motorola 80 Dual Tone Decoder 

LF3700 Nationai I Dialer, Microcomputer (clock, stopwatch, redial, 16/32 AY5-980l Gi I I 
MM581 00 National number) AY5-9802 GI 

TP3001 National (1074) TZ2001 GI AY5-9803 GI 

NC331 Nitron AY5-9804 GI 
Dialer, Push Button Telephone Dialer Circuit (Converts AY5-9805 GI 150 NC332 Nitron push button inputs to pulses) 

snoo Signetics (1106) 20 S2560 AMI (642) 
AY5-9806 GI 

OF331 Siliconix (1133) AY5-9100 GI 
AY5-9807 GI 

OF332 Siliconix (1133) AY5-9106 GI 
AY5-9808 GI 

AY5-9110 GI AY5-9821 GI 
Codec,A Law 

AY5-9118 GI 90 AY5-9822 GI 
2911 Intel 

AY5-9120 GI AY5-9823 GI 
MK5155 Mostek 

AY5-9151 GI AY5-9824 GI 
MC14406 Motorola (1030) 

AY5-9152 GI AY5-9825 GI 
MC14407 Motorola (1030) 

AY5-9153 GI AY5-9826 GI 
LF3700 National AY5-9154 GI AY5-9827 GI 160 
MM58150 National AY9-9600 GI AY5-9828 GI 
TP3002 National (1074) 30 MT4320 Mitel MT8820 Mitel 
NC341 Nitron MT4321 Mitel CRC8030 Rockwell 
NC342 Nitron MT4322 Mitel 7516-01 Telaris 
SM61A Siemens MT4325 Mitel 100 
S291 Siemens MK5098 Mostek 

Dual Tone Receiver Circuit (with filters) 

DF341 Siliconix MK5099 Mostek 
MH88200 Mitel 

DF342 Siliconix MC14408 Motorola MH88205 Mitel 

Codec, p.255/ A Law MC14409 Motorola Dual Tone Receiver Circuit (combine with filters for 

AY3-9900 GI MM5393 National touch tone receiver) 

SM61B Siemens 
NC320 Nitron MT8820 Mitel 170 

S291 Siemens 40 
NC321 Nitron MK51 02-5 Mostek 
NC322 Nitron AF104 National 

Compander (Signal Compressor/Expander) CRC8000 Rockwell AF106 National 
XR2216 Exar CRC8001 Rockwell 110 AF107 National 
LM2704 National S120 Siemens AF108 National 
LM2705 National DF320 Siliconix AF110 National 
LM2706 National DF321 Siliconix SM301 Siemens 
LM2707 National DF322 Siliconix 7640-01 Telaris 
LM3704 National Dialer Memory (16 x 4 for Push Button Dialing) 

~ 

LM3705 National S121 Siemens 
Quad Tone Decoder 

LM3706 National 883-5 Beckman 180 

LM3707 National 50 
Dialer, Repertory 

Tone Ringer (operates from ring signal, drives S2562 AMI (646) 
L150 SGS AY5-9200 GI speaker) 
NE570 Signetics (1112) MK5170 Mostek 120 S2561 AMI (644) 
SE570 t Signetics (1112) SFF19200 NPC ML8204 Mitel 
NE571 Signetics (1112) ML8205 Mitel 

Companding Analog to Digital Converter 
(Dialer) Clock Generator (for AY5-9100/9200) 

Dual Squaring Translator with Squelch (for touchtone AY5-9500 GI 
MN5110 Micro Net 

Tone Decoder (Three tone, 8 combinations sequential 
systems) 

MN5111 Micro Net 
code receiver) 

FM900 BEl 
NC331 Nitron 

FX307 CMA Relay Driver (For 48v telephone relays) 
NC341 Nitron 

AY5-9050 GI 190 
OF331 SiIiconix (1133) 60 Tone Decoder (Operates from 0.01 Hz to 500 kHz) 

DSl686 t National 
DF341 Siliconix XR567 tExar 

DS1687 t National XR567C Exar 
Companding Digital to Analog Converter XR2211C Exar (922) 130 DS3686 National 

NC332 Nitron XR2211M tExar (922) D53687 National 
NC342 Nitron LM~67 tNational UDN-2580 Sprague 
OF332 S~iconix (1133) LM567C National UDN-2956 Sprague 
DF342 Sihcornx (Continued) UD7-2957 Sprague 

t Military Temperature Range (_55° to 125°C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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LINEAR-Telecommunication Circuits (Cont'd) 

Function Device Source 

Telecommunication Circuits 
(Cont'd.) 

Encoder 2 of 8 keyboard to Binary Encoder ( 4 x 4 
Key Input to 4 line output) 

MC14419 Motorola 

Bandpass (touc~tone) Filters 
883-X tBeckman 
FM951 BEl 
FM952 BEl 
FM953 BEl 
FM954 BEl 
CH1295 Cermetek 
CH1296 Cermetek 
ACF7323C GI 
ACF7363C GI 
ACF7383C GI 
ACF7711C GI 
AF101 National 
AF102 National 
AF103 National 
AF111 National 
AF112 National 
AF113 National 
AF114 National 

Bandpass Filters 
ACF7310C GI 
ACF7311C GI 
ACF7320C GI 
AF99 National 

Bandpass Filter and Detector 
ACF7300C GI 

Filter, Dial Tone Suppression 
ACF7401C GI 

Filter, 2600Hz Suppression 
ACF7410C GI 

Filter, PCM 
ACF7270C GI 
ACF7271C GI 
ACF7272C GI 
ACF7273C GI 
AF132 National 
AF133 National 
AF134 National 

Dual Tone Generator (Touchtone Frequencies) 
S2559 AMI (638) 
S2559A AMI (638) 
S2559B AMI (638) 
S2559C AMI (638) 
S25590 AMI (638) 
ICM7206 Intersil 
ICM7206A Intersil 
ICM7206B Intersil 
MK5086-1 Mostek 
MK5086-2 Mostek 
MK5087 Mostek 
MK5089 Mostek 
MK5090 Mostek 
MK5091 Mostek 
MC14401 Motorola 
MC14403 Motorola 
MC14405 Motorola 
MC14410 Motorola 
MM5395 National 
S359 Siemens 
7603-01 Telaris 
7603-02 Telaris 

Dual Tone Generator (Generates 12-16 tone pairs) 
AY3-9400 GI 
AY3-9401 GI 

(Continued) 

t Military Temperature Range ( - 55' to 125'C) 

Ie MASTER 1979 

Une Function Device Source 

Telecommunication Circuits 
(Cont'd.) 

Dual Tone Generator (Generates 12-16 tone pairs) 
(Cont'd.) 

AY3-9410 GI 
AY9-9086 GI 

Gyrator 
TCA580 Signetics 
AF120 National 

Limiter (limits voltage on two-wire speech) 
U225 Telefunken 

Tri-port Memory(T1 carrier) 
R8040 Rockwell 

Serial Reciever(changes T1-D2 or T1-D3 input to 
parallel output) 

R8060 , Rockwell 

Serial Transmitter (Generates 193-Bit data stream in 
T1-D2 or T1-D3 format) 

R8050 Rockwell 

Dual Limiter (Touchtone Amplitude Limiter) 
883-4 Beckman 

Modem, Frequency Division Multiplex Transmitter and 
Receiver 

LM1823 National 
LM1826 National 

Modem (Frequency-Shift Keying 
Modulator /Demodulator) 

XR210 Exar 
XR210M tExar 
MC14412 Motorola 
ESM501 NPC 

Modem, FSK Modulator 
XR2206 Exar (924) 
XR2206M tExar (924) 
XR2207 Exar (925) 
XR2207M tExar (925) 

Modem, FSK Demodulator 
XR2211 Exar (922) 
XR2211M tExar (922) 

Modem (For Serial Communications at up'to 600 bps) 
MC6860 Motorola 

Modem Circuits, for 1031113 and other FSK systems 
CH1213 Cermetek 
CH1214 Cermetek 
CH1223 Cermetek 
CH1224 Cermetek 
CH1252 Cermetek 
CH1257 'Cermetek 
CH1262 Cermetek 
CH1267 Cermetek 
CH1271 Cermetek 
CH1272 Cermetek 
CH1273 Cermetek 
CH1280 Cermetek 

Modem Circuits, for CCID FSK System 
CH1215 Cermetek 
CH1216 Cermetek 
CH1225 Cermetek 
CH1226 Cermetek 
CH1253 Cermetek 
CH1258 Cermetek 
CH1259 Cermetek 
CH1263 Cermetek 
CH1268 Cermetek 
CH1276 Cermetek 

PCM Repeater 
XR-C240 Exar 

• Typical Values 

MASTER SELECTION GUIDE 

Une Function Device Source 

Telecommunication Circuits 
(Cont'd.) 

PCM Repeater (Cont'd.) 
XR-C277 Exar 

Signal ProceSSing Peripheral 
S2811 AMI 

Telephone Restricter 
CRN330 NPC 

Digital Filter Switch (Tone Decoder) 
FX105 CMA 

Frequency Sensitive Switch (Provides two set points 
adjustable with extemal components.) 

FX101 CMA 

Frequency Sensitive Switch (Provides set points with 
widely adjustable hysteresis) . 

FX301 CMA 

Frequency Sensitive Switch (Provides two set points 
and three state outputs) 

FX401 CMA 

Tone Operated Switch (Bistable tone operated switch) 
FX501' CMA 

Tone Operated Monostable Timer (Tone operated for 
remote switching) 

FX601 CMA 

Tone Transmitter (Three tone sequential code 
transmitter) 

FX207 CMA 

Tone Transceiver (Decodes and encodes 5 sequential 
tones) 

FX407 
FX507 
FX607 

CMA 
CMA 
CMA 

Tone Transceiver Code Selector (Programs 3 codes 
for FX407/507) 

FX707 CMA 

Tone Transceiver (Single tone transmitter-receiver 
simplex.) 

FX107 CMA 

Two-wire-to-Four wire converter (replaces hybrid 
transformer) 

ST120 Signetics , 

Crosspoint Array (Double 4 x 4 switch matrix) 
MC3466 Motorola 
RC4444 Raytheon 
RM4444 Raytheon 

Crosspoint Array (4 x 4 switch matrix) 
CD221 00 RCA 

Crosspoint Array (8 x 2 switch matrix) 
SD5301 Signetics 

CrosspOint Array (8x4 switch matrix) 
MT8804B t Mitel 
MT8804BE Mitel 

Une 
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LINEAR-Timers 

Function Device Source 

Timers 

Timer 
NE555 tAMD 
SE555 AMD 
CS555 Cherry 
XR555C Exar 
XR555M tExar 
XRL555 Exar (923) 
/tA555C Fairchild 
HA17555 Hitachi 
NE555 Intersil 
SE555 t Intersil 
M51B43 Mitsubishi 
MC1455 Motorola 
MC1555 t Motorola 

I 
LM555C National 
LM555M t National 
I1PC1555 NEG America 

I I RC555 Raytheon 
RM555 t Raytheon 
CA555 tRCA 
CA555C RCA 
NE555 Signetics 
SE555 t Signelics 
TDA0555 Signetics 
SA555 Signelics 
SG555 t Silicon G 
SG555C Silicon G 
ULN-3303 Sprague 
ULN-3304 Sprague 
355A/C Teledyne S 
355B/M tTeledyne S 
SE555 tTl 
NE555 TI 

Timer, Adjustable Threshold 
MC1422 Motorola 

Timer, delayed switch ON/OFF (for driving relays, 
lamps, etc.) 

PBA3008 RIFA 
PBA3009 RIFA 

Timer, Detectortnmer, LED Driver, audio oscillator 
MD4301 Mitel 
MD4302 Mitel 
MD4303 Mitel 
MD4304 Mitel 

Timer, Precision Decade, Direct 7 Segment and Digit 
Drivers 

ICM7045 Intersil 
ICM7045A tntersil 

Timer, Industrial, with +5, +6, + 10, +4096 counters, 
1 
Hz output 

CD22017 RCA 

Timer, Internal Current Source 
XR320 Exar 
XR320M tExar 

Timer, Low Power (Supply 3v) 
SN76812 TI 

Timer (CMOS 555), Low Power 
ICM7555 Intersil 

Timer/Microwave Oven Controller 
AY5-1260 GI 
TMSll17 TI 

Timer, Precision 
LM122 t National 
LM222 National 
LM322 National 
LM2905 National 

(Continued) 

.. 
t Military Temperature Range (-55' to 125'C) 

902 

Line Function Device Source Li1e F~ Device Source Line 

Timers (Cont'd.) Timers (Cont'd.) 

Timer, Precision (Cont'd.) Counter/Timer(5O ms-48oo hr) (Cont'd.) 

LM3905 National M58482 MiIsWsIl 

TlIllElr with Counter, (time constant 128 RC) Universal TIIllElr (includes two 4-digit COlU1ters, 

XR2242C Exar (924) 70 comparator, clock oscillator and divider) 

XR2242M tExar (924) MM5865 National 

Timer with + 12 Counter (time constant 7200 RC) Dual Monostable Timer 

ZNt034E Ferranti FX109 CMA 

Timer, Programmable (includes a counter for long time Quad Timer, Current Sink Output 
10 

delays) Binary Control NE558 Signetics 
SA558 Signelics 140 

XR2240C Exar 
SE558 tSigneIics XR2240M tExar 

!!A2240 Fairchild Quad Timer, Current Source Output 

I 
ICL8240 Intersil NE559 Signetics 

MC14541BA t Motorola 80 SA559 Signelics 

MC14541BC Motorola SE559 tSigne!ics 
I 

1J.A224OC TI Tone Triggered Timer 
~240M tTl FX601 CMA 

20 Timer, Programmable (includes counter) Decimal Other Timer Circuits: See Unear-Consumer Circuits, 
Control Appliance TlIllElrs; Clocks; Watches; Stopwatches; T.V. 

ICLB250 Intersil Timers and Digital-CMOS Oscillators/Dividers 150 

Timer, Programmable (includes counter) 
Hours/Minutes/Seconds Control 

ICLB260 Intersil 

Timer, for Video Tape Controller 90 
VTR3300 GI 

30 Dual Timer (dual 555) 
NE556 AMD 
SE556 tAMD 
XR556C Exar 
XR556M tExar 
!!A556 Fairchild 
NE556 Intersil 
SE556 t Intersil 
MC3456 Motorola 100 
MC3556 t Motorola 
LM556 t National 

40 LM556C National 
RC556 Raytheon 
RM556 t Raytheon 
TDB0556 Siemens 
NE556 Signetics 
SE556 t Signetics 
SA556 Signelics 
SG556 t Silicon G 110 
SG556C Silicon G 
NE556 TI 
SE556 tTl 

50 Dual Timer (dual 555), pinout variations 
XR2556C Exar 
XR2556M tExar 

Dual TlIllElr(CMOS 556) Low Power 
ICM7556 Intersil 

Dual Sel Point Timer (includes timer, selectable time 
range) 120 

DF215 Siliconix 

4 Digit Up/Down Presettable Counter/Timer, settable 
register with comparison to counter, multiplexed 

60 7-segment and BCD output (Maximum count 5959) 
ICM72178 Intersil 
ICM7217C Intersil 
ICM7227B Intersil 
ICM7227C Intersit 

CounterlTimer(50 ms-4BOO hr) 
M5B479. Mitsubishi 130 

(Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

LINEAR-Voltage Regulators 

Output Output Output Output 
Voltage Current Device Source Line Voltage Current Device Source Line 

Fixed, Positive Fixed, Positive (Cont'd.) 

For low amounts of current, voltage references can be (Cont'd.) 
used as voltage regulators. See Linear-Other Devices, 750 ma 809-V5 tBeckman 
Reference Diodes 
2.6 100 ma IlA78126C Fairchild 70 

MC78L02C Motorola 1 a (934) 
~78L02C Signetics (934) 
~78L02C TI Fairchild (934) 
~78L02AC TI t Motorola Q) 

TA7316 Toshiba Motorola :2 
Motorola· :::s 

100 ma ~78105C Fairchild (935) 10 CJ 
MC78L05C Motorola Motorola 

LM14OlA-5 National (1060) t National (1060) c: 
LM240LA-5 National (1060) National (1060) .2 
LM340LA-5 National (1060) . National (1060) 80 +"" 

0 
LM78L05A National (1060) NPC ~ 
LM78LOSC National (1060) t Raytheon Q) 
IlPC78L05 NEC America Raytheon en' . 
IlA78L05C Signetics Raytheon 

IlA78L05C TI tSGS 

IlA78L05AC TI 20 L7805C SGS 
TA78LOO5 Toshiba LM209DA Signetics 
TA7.8LOO5A Toshiba LM309DA Signetics 

200 ma LM109H Motorola 
SG109K t Silicon G 

LM209H Motorola 
SG209K Silicon G 

LM309H Motorola 
SG309K Silicon G 

LHOO75 National SG7805AR t Silicon G 

LM109H t National (1060) SG7805ACR Silicon G 

LM209H National (1060) SG7805CR t Silicon G 

LM309H National (1060) SG7805R Silicon G 

SFC2109 tNPC 30 TA78005 Toshiba 

SFC2209 NPC 
SFC2309 NPC 

1.5 a IlA780SC Fairchild (935) 
TBA625A Plessey 
LM109H t Raytheon ~7805M t Fairchild (935) 

LM209H Raytheon LAS1505 Lambda 

LM309H Raytheon LAS15A05 Lambda 

LM209DB Signetics LMl40-5 t National (1060) 

LM309DB Signetics LMl40A-5 t National (1060) 

SG109T t Silicon G LM340-5 National (1060) 

SG209T Silicon G 40 LM340A-5 National 

SG309T Silicon G LM7805 National (1060} 

LM109 tTl IlPC7B05 NEC America 

LM209 TI LM109DB t Signetics 

LM309 TI LM209DB Signetics 

National (1060) 
LM309DB Signetics 110 

250 ma LM342-5 IlA7805 t Signetics 
L192-5 SGS 

~7805C Signetics 
500 ma 805-V5 tBeckman IlA78HV05 Signetics 

~78M05C Fairchild (935) LM340-5 Signetics . 
IlA78M05M t Fairchild (935) t Silicon G 
MCn05C Motorola SG7805ACK Silicon G 
MC78M05C Motorola SG7805ACP Silicon G 
LM341-5 National (1060) SG7805CK Silicon G 
LM78M05 National (1060) SG7805CP Silicon G 
IlPC78M05 NEC America SG7805K t Silicon G 120 
L194-5 SGS L~340-5 TI 
LM109DA t Signetics TL7805AC TI 
LM209DA Signetics TI 
LM309DA Signetics 
~78M05 t Signetics 2a LAS1605 Lambda 

IlA78M05C Signetics 60 SI3050G Sanken 

IlA78MHV05 t Signetics SI3552M Sanken 

p.A78MHV05C Signetics L2005 SGS 

SG7805AT t Silicon G 3a !!A233 Fairchild 
SG7805ACT Silicon G SH123 t Fairchild 
IlA78M05C TI' SH223 Fairchild 130 
p.A78M05M tTl SH323 Fairchild 

600 ma L005T1 SGS LM123 Motorola 
(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) * Typical Values 
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LINEAR-Voltage Regulators (Cont'd) 

output Output Output Output 
Voltage Current Device Source Una Voltage Current Device Source liri 

Fixed, Positive (Cont'd.) Fixed, Positive (Cont'd.) 

5 3 a (ConI'd.) 6 1.5 a (Conl'd.) 
LM323 Motorola !!A7806C Signetics 
LAS1405 Lambda IlM34

O-6 
Signetics 

LM123 tNational (1060) LM340-6 TI 
LM223 National (1060) I!A7806C TI 
LM323 National (1060) J1A7806M tTl 71 

SI3554M Sanken 2a LASl606 Lambda 
SG123 tSilicon G CJSE017 Solitron 
SG223 Silicon G CJSE019 Solitron 
SG323 Silicon G 10 CJSE021 Solitron 

5a uA78H05 Fairchild Sa LAS1406 Lambda 

I 
I 

I SH1705 
(934,952) 

I 
Fairchild (954) 5a LAS1906 Lambda 

I LAS1905 Lambda 10 a 42050-610 Micropac I 
I 142050-055 Micropac I 20a '42055-S2C Micropac I 

10 a !!A78P05 Fairchild (934) 
6.2 looma ~78L62C Fairchild 

42050-510 Micropac 
~78L06C Signetics 8( 

20a 42055-520 Micropac ~78L06C TI 

6 100 ma LM140LA-6 National (1060) ~78L06AC TI 

LM240LA-6 National (1060) 20 7 lOOma TA78LOO7 Toshiba 
LM340LA-6 National (1060) TA78LOO7A Toshiba 
LM7BL06A National (1060) 

10 a 42050-710 Micropac 
LM78L06C National (1060) 
TA78LOOG Toshiba 20a 42055-720 Micropac 

TA78LOOGA Toshiba 7.5 lOOma TA78L075 Toshiba 

200 ma LH0075 National TA78L075A Toshiba 

250 rna LM342-6 National (1060) la L7875 tSGS 

500 rna ~78M06C Fairchild (935) 
L7875C SGS 90 

I!A78M06M t Fairchild (935) 2a L2075 SGS 

MC78M06C Motorola 30 8 100 rna DVR-8 Delco 
LM341-6 National (1060) ~78L08C Fairchild (935) 
LM78M06 National (1060) MC78LOBC Motorola 
SG7806AT tSilicon G LII140LA-B t National (1060) 
SG7806ACT Silicon G LM24OLA-B National (1060) 
SG7806T t Silicon G U134OLA-B National (1060) 
SG7806CT Silicon G LII78LOBA tqtionaI (1060) 
~78M06C Signetics Ul78L0BC National (1060) 
I!A78M06M t Signetics I!PC78L08 NEC America 100 
I!A78MHVOS tSignetics !!A78LOB TI 
~78MHV06C Signetics 40 !!A78L08AC TI 
I!A78M06C TI TA78LOOB Toshiba 
~78M06M ttl TA78LOOBA Toshiba 

1 a SG7806ACR Silicon G 200 ma LH0075 National 
SG7806AR t Silicon G 
SG7806CR Silicon G 250 rna LM342-8 National (1060) 

SG7806R t Silicon G 500ma ~7BC08C Fairchild (935) 

1.5 a !!A7806C Fairchild (935) ~78M08C Fairchild (935) 

- !!A7806M t Fairchild (935) • ~78110811 t Fairchild (935) 

LASl506 Lambda MC78M08C Motorola 110 

MC7806C Motorola 50 LM341-8 National (1060) 

LM140-6 t National (1060) LM78M08 National (1060) 

LM140A-6 t National (1060) I!PC78M08 NEC America 

LM340-6 National (1060) ~78M08C Signetics 

LM340A-6 National (1060) /lA78M08M t Signetics 

LM7806 National (1060) ~76MHV08 Signetics 

I TDB7806 Siemens ~78MHV08C t Signetics 

SG7806AK t Silicon G SG7808AT t SUicon G 

SG7806ACK Silicon G SG780BACT Silicon G 

SG7806CK S~icon G SG7808T t S~icon G 120 

SG7806K t Silicon G 60 SG7808CT Silicon G 

SG7806ACP Silicon G /lA78M08C TI 

SG7806CP Silicon G /lA78M08M tn 
~78HV06 Signetics 1 a SG780BAR t Silicon G 
I!A7806 t Signetics SG780BACR Silicon G 

(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page nOted. 
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MASTER SELECTION GUIDE 

LINEAR-Voltage Regulators (Cont'd) 

Output Output Output Output 
Voltage Current Device Source Voltage Current Device Source Une 

Fixed, Positive (Cont'd.) Fixed, Positive (Cont'd.) 

1 a (Cont'd.) 10 1.5 a (Cont'd.) 
SG7808R t Silicon G - t National (1060) 
SG7808CR Silicon G LII140A·10 t National (1060) 

1.5 a I-lA7808C Fairchild (935) L11340-10 National (1060) 

~7808M t Fairchild (935) L11340A·10 National (1060) 

LAS1508 Lambda lM781 0 National (1060) 

MC7808C Motorola LM340-10 TI 
TI Q) 

lM140-8 tNational (1060) '"0 
LM140A-8 tNational (1060) :l 
LM340-8 National (1060) 10 

70 .C) 
L11340A-8 National (1060) 
lM7808 National (1060) C 

I-lPC7808 NECAmerica 0 
:;:; 

I-lA7808 t Signetics (,) 

~7808C Signetics Q) 

I-lA78HV08 Signetics 12 100ma J1A78L12C Fairchild (935) Q) 

LM340-8 Signetics MC78l12C Motorola en 
SG7808AK t Silicon G LM14OLA·12 t National (1060) . '-;~ 
SG7808ACK Silicon G LM24OLA·12 National (1060) (]).; 

.,. +-"c. , 

SG7808CK Silicon G 20 LM34OLA·12 National (1060) {', gj~' 
SG7808K tSilicon G LII78L12A National (1060) -,:~ .. ~~. 
SG7808ACP Silicon G L1178L12C National (1060) 
SG7808CP Silicon G I-lPC78L12 NECArnerica 
LM340-8 TI ~78L12C Signetics 
I-lA7808C TI I-lA78L12C TI 

I-lA78L12AC TI 
TA78L012 Toshiba 
TA78L012A Toshiba 

200 ma LH0075 National 
TBA625B Plessey 

30 250 ma LII342·12 National (1060) 

8.2 100 ma 
L192-12 SGS 

500 ma J1A78C12C Fairchild (935) 
J1A781112C Fairchild (935) 

8.5 
J1A781112M t FairchHd (935) 

1 a MC78M12C M.otorola 
LII341·12 National (1060) 

. LII78M12 National (1060) 
I-lPC78M12 NEC America 
L036T1 SGS 
L194-12 SGS 

100 ma (935) SG7812AT t Silicon G 100 
40 SG7812CT Silicon G 

SG7812ACT Silicon G 
SG7812T t Silicon G 
~78M12C Signetics 
I-lA78M12M t Signetics 
~78MHV12 t Signetics 
I-lA78MHV12C Signetics 

10 100 ma LM140LA·10 t National (1060) ~78M12M tTl 
LM240LA·10 National (1060) TI 
LM340LA·10 National (1060) 
LM78l10A National 
LM78L10C National (1060) 
fLA78L10C TI 

1 a . SI3120E Sanken 
I-lA78L10AC TI 

SI3120T Sanken 
TA78L010 Toshiba 

STK521 Sanyo 
TA78L010A Toshiba 

STK541 Sanyo 
L7812 tSGS 
L7812C SGS 
SG7812AR tSilicon G 

500 ma J1A78C1OC Fairchild (935) SG7812ACR Silicon G 
lM78M10 National (1060) SG7812CR Silicon G 120 
I-lA78M10C TI SG7812R tSilicon G 

1.5 a LAS1510 Lambda 60 TA78012 Toshiba 
(Continued) (Continued) 

t Military Temperature Range (- 55' to 125'C) • Typical Values 
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Ie MASTER 

LINEAR-Voltage Regulators (Cont'd) 

Output Output output output 

VoHage Current Device Source Line Voltage Current 

Fixed, Positive (Cont'd.) Fixed, Positive 

12 (Cont'd.) 15 
1.5 a JLA7812C Fairchild (935) 200 rna 

JLA7812M t Fairchild (935) 
LAS1512 Lambda 250 rna 
tAS15A12 Lambda 
MC7812C Motorola 
LM140-12 t National (1060) 500 rna 

LM140A·12 t National (1060) 
LM340-12 National (1060) 
LM340A·12 National (1060) 10 
LM7812 National (1060) 
IlPC7812 NEC America 
SI3120G Sanken 
SI3120M Sanken 
p.A7812 t Signetics 
p.A7812C Signetics 
p.A78HV12 Signetics 
LM340-12 Signetics 
SG7812K t Silicon G 
SG7812AK t Silicon G 20 
SG7812ACK Silicon G 
SG7812CK Silicon G 
SG7812ACP Silicon G 
SG7812CP Silicon G 
p.A7812C TI 
LM340·12 TI 600 rna 

2a LAS1612 Lambda 750 ma 
STK531 Sanyo 
L2012 SGS 1 a 

3a LAS1412 Lambda 30 

5a JLA78H12 Fairchild 
(934,952) 

LAS1912 Lambda 

8a 42050·128 Micropac 

16 a 42055-1216 Micropac 

13 300 ma TA7221 Toshiba 1.5 a 
13.2 100ma TA78L132 Toshiba 

TA78L132A Toshiba 

13.8 1.5a p.A7814 tSignetics 
JlA7814C Signetics 40 

2a JLA78CB Fairchild (934) 
LAS15CB Lambda 

3a LAS14CB Lambda 

5a LAS19CB Lambda 

14 2a LAS16CB Lambda 

8a 42050-148 Micropac 

16 a . 42055-1416 Micropac 

15 400 Ila L03m SGS 

looma ~78115C Fairchild (935) 
MC78L15C Motorola 50 
LMl40LA·15 t National (1060) 
LM240LA·15 National (1060) 
LM34OLA·15 National (1060) 
LM78L15A National (1060) 
LM78L15C National (1060) 
JlPC78L15 NEC America 
JlA78L15C Signetics 2a 

- JlA78L15C TI 
p.A78L15AC TI 
TA78L015 Toshiba 60 
TA78L015A Toshiba 

(Continued) 
.. t Military Temperature Range (_55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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Device Source Line 

(Cont'd.) 

(Cont'd.) 
LH0075 National 
TBA625C Plessey 

L192·15 SGS 
LM342·15 National (1060) 

801·V15 tBeckman 
~78C15C Fairchild (935) 

~78M15C Fairchild (935) 
~78M15M t Fairchild (935) 70 
MC78M15C Motorola 
LM341·15 National (1060) 
LM78M15 National (1060) 
p.PC78M15 NEC America 
L194·15 SGS 

Ip.A78M15 tSignetics 
p.A78M15C Signetics 
p.A78MHV15 tSignetics 
JlA78MHV15C Signetics 
SG7815AT t Silicon G 80 
SG7815ACT Silicon G 
SG7815CT Silicon G 
SG7815T t Silicon G 
p.A78M15C TI 
JlA78M15M tTl 

L131 SGS 

809·V15 tBeckman 

SI3150E Sanken 
SI3150T Sanken 
L7815 tSGS 90 
L7815C SGS 
SG7815AR t Silicon G 
3G7815ACR Silicon G 
SG7815R t Silicon G 
SG7815CR Silicon G 
TA78015 Toshiba 

JLA7815C Fairchild (935) 

JLA7815M t Fairchild (935) 
LAS1515 Lambda 
LAS15A15 Lambda 100 
MC7815C Motorola 
LM140-15 tNational (1060) 
LM140A·15 tNational (1060) 
LM340-15 National (1060) 
LM340A-15 National (1060) 
LM7815 National (1060) 
SI3150G Sanken 
SI3150M Sanken 
p.A7815 tSignetics 
p.A7815C Signetics 110 
p.A78HV15 Signetics 
LM340·15 Signetics 
SG7815AK t Silicon G 
SG7815ACK Silicon G 
SG7815CK Silicon G 
SG7815K t Silicon G 
SG7815ACP SilicoO G 
SG7815CP SiliconG 
p.A7815C TI 
LM340-15 TI 120 

LAS1615 Lambda 
L2015 SGS 
CJSEOOl Solitron 
CJSE003 Solitron 
CJSEOO5 SoIitron 

(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Voltage Regulators (Cont'd) 

Output Output Output Output 
Voltage Current Device Source Voltage Current Device Source line 

Fixed, Positive (Cont'd.) Fixed, Positive (Cont'd.) 

15 (Cont'd.) 18 (Cont'd.) 
3a LAS1415 Lambda 12 a 42055-1812 Toshiba 

5a ~78H15 Fairchild 20 l00ma Toshiba 
(934,952) Toshiba 

LAS1915 Lambda 500 ma p.A78C2OC Fairchild (935) 
p.A78112OC Fairchild (935) 
p.A78M2OM t Fairchild (935) (l) 
MC78M20C Motorola 70 :Q 

16 ~78M2OC Signetics :J 
~78M20M t Signetics (!) 

17 
~78MHV20 t Signetics c: ~78MAV2OC Signetics 

O·~ 
~78M2OC TI ....., 

18 100 ma ~78L18 Fairchild (935) tTl (.) 
Q) 

MC78L18C Motorola 
Q) 

L11140LA-18 t National (1060) 2a (J)' 
L11240LA-18 National, (1060) 
LM340LA·18 National (1060) 80 
LM78L18A National (1060) 
LM78L18C National (1060) 
TA78L018 Toshiba 
TA78L018A Toshiba 20 

(935) 22 500 ma 

500 ma p.A78C18C Fairchild (935) 
MC78M18C Motorola 
LM341·18 National (1060) 
LM78M18 National (1060) 24 100 ma Fairchild (935) 
SG7818AT t Silicon G Motorola 
SG7818ACT Silicon G t National (1060) 
SG7818CT Silicon G National (1060) 
SG7818T t Silicon G 30 National (1060) 

1 a STK522 ' Sanyo National (1060) 

STK542 Sanyo National (1060) 

L7818 tSGS 
Toshiba 

L7818C SGS 
SG7818AR t Silicon G 
SG7818ACR Silicon G 
SG7818R t Silicon G 
SG7818CR Silicon G 500 ma p.A78C24C 

flA78M24C Fairchild 
1,5 a ~7818C Fairchild (935) p.A78M24M t Fairchild 

flA7818M t Fairchild (935) 40 MC78M24C Motorola 
MC7818C Motorola SG7824AT t Silicon G 
LAS1518 Lambda SG7824ACT Silicon G 
LMl40-18 t National (1060) SG7824T t Silicon (3 
LMl40A·18 tNational (1060) SG7824CT Silicon G 
LM34D-18 National (1060) LM341·24 National (1060) 
LM340A·18 National (1060) LM78M24 National (1060) 
LM7818 National (1060) flA78M24 t Signetics 
flPC7818 NEC America flA78M24C Signetics 110 
LM340-18 Signetics flA78MHV24 t Signetics 
flA7818 t Signetics 50 flA78MHV24C Signetics 
flA7818C Signetics flA78M24C TI 
flA78HV18 Signetics tTl 
SG7818AK t Silicon G 
SG7818ACK Silicon G 1 a Sanken 

SG7818CK Silicon G Sanken 

SG7818K t Silicon G Sanyo 

SG7818ACP Silicon G Sanyo 

SG7818CP Silicon G tSGS 

flA7818C TI SGS 

LM340-18 TI t Silicon G 
SG7824ACR Silicon G 
SG7824R t Silicon G 

8a 42050-188 Micropac SG782CR Silicon G 
(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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Ie MASTER 

LINEAR-Voltage Regulators (Cont'd) 

I 

Output Output Output Output 
Voltage Current Device Source Une Voltage Current Device Source Li1e 

Fixed, Positive (Cont'd.) Fixed, Negative (Cont'd.) 

24 (Cont'd.) 5 looma MC79L05C Motorola 
1:5 a 1!A7824C Fairdlild (935) LM79LOSA National (1060) 

1!A7824M t Fairdlild (935) LM79LOS National (1061) 
LAS1524 Lambda LM320LOS National (1061) 60 

MC7824C Motorola 200 ma LH0076 National 
LM140-24 t National (~060) 

LM140A-24 ,t National (1060) 250 ma LM320MLOS National (1061) 

LM340-24 National (1060) 500 ma !!A79M05C Fairchild (934) 

LM340A-24 National (1060) LM120H5.0 t National (1061) 

LM7824 National (1060) 10 LM22OHS.O National (1061) 

JLPC7824 NEG America LM320H5,0 National 

I 
I~~WG Sanken 

I I 
LM32OMPS.O National (1061) 

I 
I SI3240T Sanken LM79MOS National (1061) 

JLA7824 t Signetics JLA79M05 t Signetics I 
,.A79M05C Signetics 7°1 

I I JLA7824C Signetics I I SGi20-05T t Silicon G JLA78HV24 Signetics 
LM340-24 Signetics SG220-05T Silicon G 

SG7824AK tSilicon G 
SG320-0ST Silicon G 

SG7824ACK Silicon G 
JLA79MOS TI 

SG7824K t Silicon G 20 750 ma 859-V5 tBeckman 
SG7824CK Silicon G 1 a SG120-05R t Silicon G 
SG7824ACP Silicon G SG220-05R Silicon G 
SG7824CP Silicon G . SG320-05R Silicon G 
JLA7824C TI 
LM340-24 TI 

1.5 a 1!A790SC Fairchild (934) 
LAS 18A05 Lambda 80 

2a STK533 Sanyo LM790S National (1061) 
L2024 SGS MC7905C Motorola 

4a 42050-244 Micropac LM12OK5.0 t National (1061) 
LM22OKS.O National (1061) 

10 a 42055-2410 Micropac LM32OKS.O National (1061) 

26 4a 42050-264 Micropac 30 LM320T5.0 National (1061) 
LAS1805 Lambda 

8a 42055-2608 Micropac JLA7905 tSignetics 
28 1.S a LAS1528 Lambda !!A790SC Signetics 

4a 420S0-284 Micropac 
SGl20-0SK t Silicon G 90 
SG220-05K Silicon G 

8a 42055-2808 Micropac SG220-05P Silicon G 

30 4a 42050-304 Micropac 
SG320-05K Silicon G 
SG320-0SP Silicon G 

31 Shunt TAAS50 National SG7905 t Silicon G 
TBA271 A SGS SG7905C Silicon G 
TAA550 Signetics JLA790SC TI 

32 Shunt AN155 Panasonic 2a JLA79E05 t Fairchild 

4a 42050-324 Micropac 40 1!A79E05G Fairchild 

33 Shunt TAA550 National 
3a LII145KS.O t National (1061) 100 

TBA271B SGS 
LII245KS.O National (1061) 

TAAS50 Signetics • 
LM345KS.O National (1061) 

34 4a 420S0-344 Micropac 
5a 420S1-05S Micropac 

3S Shunt 
5.2 lOOma LII320L5.2 National (1061) 

TAA550 National 
TBA271C SGS 250 ma LM320IIL5.2 National (1061) 

TAA5S0 Signetics SOO ma LII120H5.2 t National (1061) 

36 4a 42050-364 Micropac LM220H5.2 National (1061) 
LM320H5.2 National 

190 20 ma 01-900 Oionics LM32011P5.2 National (1061) 

50 ma 01-905 Oionics 50 LM79M05.2 National (1061) 110 
JlA79M05.2 t Signetics 

Fixed, Negative 1!A79M05.2G Signetics 
SG120-5.2T tSilicon G 

2 1 a MC7902C Motorola SG220-5.2T Silicon G 

1.5 a LAS1802 Lambda 
SG320-5.2T Silicon G 

2a JLA79E02 t Fairchild 
1 a SG120-5.2R t Silicon G 

,.A79E02G Fairchild 
SG220-5.2R Silicon G 
SG320-5.2R Silicon G 

3 l00ma MC79L03C Motorola 
1.5 a LAS18052 Lambda 

200 ma LHOO76 National (Continued) 

t Military Temperature Range (-55' to 12S'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

LINEAR-Voltage Regulators (Cont'd.) 

Output Output Output Output 
Voltage Current Device Source Voltage Current Device Source Une 

Fixed, Negative (Cont'd.) Fixed, Negative , (Cont'd.) 

5.2 1.5 a (Cont'd.) 1.5 a (Cont'd.) 
MC7905.2C Motorola Lambda 
LMl20K5.2 tNational' (1061) Motorola 
LM220K5.2 National (1061) National (1061) 
LM320K5.2 National (1061) 120K8.0 t National (1061) 
LM320T5.2 National (1061) LM220K8.0 National (1061) 
LM7905.2 National (1061) LM320K8.0 National (1061) 

(I) 
~7905.2 t Signetics LM320TB.0 National (1061) 70 :2 J.LA7905.2C Signetics p.A7908 tSignetics 

:l 
SG120-5.2K Silicon G 10 p.A7908C Signetics (!) 
SG220-5.2K Silicon G SG7908 t Silicon G 
SG220~5.2P Silicon G SG7908C Silicon G C 
SG320-5.2K Silicon G p.A7908C TI O~ 

+:: SG320-5.2P Silicon G ,'0. 
SG7905.2 t Silicon G <D. , 
SG7905.2C Silicon G 

c __ : 

: <D,; 
p.A7952C TI 200 rna (/)' 

3 a LM145K5.2 tNational (1061) . "-
LM245K5.2 National (1061) 80 Q) 

+0# " 

LM345K5.2 National (1061) 20 en 
a::S" 

6 100 rna LM320L06 National (1061) ~ 
LM79L06A National (1060) 1 a 

500 rna llA79MOSC Fairchild (934) 
LMl20H6.0 t National (1061) 
LM220H6,O National (1061) 10 

LM320H6.0 National 
LM320MP6.0 National (1061) 
LM79M06 National (1061) 30 
/-lA79M06 t Signetics 
llA79M06C Signetics 12 100 rna 
p.A79M06 TI (1061) 

1.5 a J.LA7906C Fairchild (934) National (1060) 

LAS1806 Lambda National (1061) 

MC7906C Motorola 200 rna National 
LM7906 National (1061) t National (1061) 
LM120K6.0 t National (1061) National (1061) 
LM220K6.0 National (1061) 
LM320K6.0 National (1061) 40 100 
LM320T6.0 National (1061) 
/-lA7906 t Signetics 
J.LA7906C Signetics 
/-lA7906C TI 

2a CJSE018 Solitron 500 rna 

CJSE020 Solitron 

100 ma 

1 a LMl20K12 t National (1061) 
LM220K12 National (1061) 
LM320K12 National (1061) 

500 ma /-lA79M08C Fairchild (934) LM320T12 National (1061) 

LMl20H8.0 t National (1061) SG120-12R t Silicon G 
LM220H8.0 National (1061) SG220-12R Silicon G 
LM320H8.0 National SG320-12R Silicon G 
lM320MPB.O National (1061) 1.5 a f1A7912C Fairchild (934) 
LM79M08 National (1061) LAS1812 Lambda 
p.A79M08 t Signetics 18A12 Lambda 120 
~79M08C Signetics 60 2C Motorola 
/-lA79M08 TI LM7912 National (1061) 

1.5 a J.LA7908C Fairchild (934) p.A7912 t Signetics 

(Continued) (Continued) 

t Military Temperature Range (- 55' to 125'C) • Typical Values 
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Ie MASTER 

LINEAR-Voltage Regulators (Cont'd) 

Output Output Output Output 
Voltage Current Device Source Line Voltage Current Device Source Line 

Fixed, Negative (Cont'd.) Fixed, Negative (Cont'd.) 

12 1.5 a (Coot'd.) 18 lOOma (Cont'd.) 
,...A7912C Signelics Lll79L18A National (1060) 
SG120·12K t Silicon G LII79L18 National (1061) 
SG220-12K Silicon G 200 rna LH0076 National 
SG220·12P Silicon G 
SG320·12K Silicon G 

L1I12OH18 t National (1061) 

SG320·12P Silicon G 
LII22OH18 National (1061) 

SG7912 t Silicon G 
LM32OH18 National 

SG7912C Silicon G 250 rna l.II32OIIL 18 National (1061) 

7°1 ,...A7912C TI 10 500 ma LII32011P18 National (1061) 

4a 42051·124 Micropac L11791118 National (1061) 

I" 
4a 42051·144 Micropac 

I 

I,...A79M18 t Signelics 

1 

,...A79M18C Signetics 
15 looma MC79L15C Motorola 

ILll12OK18 L1I32OL15 National (1061) 
1 a t National (1061) 

I Lll79L15A National (1(60) ILII22OK18 National (1061) I 

LM79L15 National (1061) 
L1I32OK18 National (1061) 
L11320T18 National (1061) 

200 ma LH0076 National 
L1I12OH15 t National (1061) 1.5 a ,...A7918C Fairchild (934) 

LII220H15 National (1061) LAS1818 Lambda 80 

LM320H15 National 20 
MC7918C Motorola 

SG120-15T t Silicon G 
LII7918 National (1061) 

SG220-15T Silicon G ,...A7918 t Signetics 

SG320·15T Silicon G ,...A7918C Signetics 
,...A7918C TI 

250 rna L1132011L1 5 National (1061) 
4a 42051·184 Micropac 

500 ma 851·V15 tBeckman 
!lA79M15C Fairchild (934) 20 500 ma ,...A79M2OC Fairchild 

LII320IIP15 National (1061) ,...A79M2O n 
LII791115 National (1061) 1.5 a LAS1820 Lambda 
J.LA79M15 Signetics 

2a CJSE010 Solttron 90 
).LA79Ml5C tSignelics 30 

CJSE012 SoIitron 
J.LA79M15 TI 

CJSE014 SoIitron 
750 rna 859·V15 tBeckrnan 

3a 42051·204 Micropac 
1 a L1112OK15 tNationai (1061) 

U122OK15 National (1(61) 22 3a 42051·223 Micropac 

L1132OK15 National (1061) 24 lOOma MC79L24C Motorola 

L1I320T15 National (1061) L11320L24 National (1061) 
SG120-15R t Silicon G LII79L24A National (1060) 
SG220-15R Silicon G LII79L24 National (1061) 

SG32O·15R Silicon G 200 rna L11120H24 t National (1061) 
1.5 a ,...A791SC Fairchild (934) 40 LII22OH24 National (1061) 100 

LAS1815 Lambda LM320H24 National 
LAS18A15 Lambda 250 ma L1132011L24 National (1061) 
MC7915C Motorola 
LM7915 National (1061) Sooma !lA79M24C Fairchild (934) 

J.LA7915 t Signetics LII32OIIP24 National (1061) 

,...A7915C Signetics L1179M24 National (1061) 

SG120-15K tSilicon G ,...A79M24 t Signetics 

SG220-15K Silicon G DF334 SiIiconix (1133) 

SG220-15P Silicon G ).LA79M24C Signetics 

SG320·15K Silicon G 50 J.LA79M24 TI 

SG320·15P Silicon G 1 a L11120K24 t National (1061) 110 
SG7915 t Silicon G L11220K24 National (1061) 
SG791SC Silicon G LII320K24 National (1061) 
,...A7915C TI L1I320T24 National (1061) 
J.LA7915 tTl 

1.S a ,...A7924C Fairchild (934) 
2a CJSEOO2 Solitron LAS1824 Lambda 

CJSEOO4 Solitron MC7924C Motorola 
CJSEOO6 Solitron LM7924 National (1061) 

4a 42051·154 Micropac J.LA7924 t Signetics 

16 4a 42051·164 Micropac 60 
J.LA7924C Signetics 
,...A7924C TI 120 

18 looma MC79L18C Motorola 
LM32OL18 National (1061) 3a 42051·243 Micropac 

(Continued) 26 3a 42051·263 Micropac 
.. 

t Military Temperature Range (-SS' to 12S'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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LINEAR-Voltage Regulators (Cont'd) 

Output Output 
Voltage Current Device 

Fixed, Negative 

28 1.5 a LAS1828 

3a 42051·283 

30 3a 42051·303 

31 Shunt TAA550 
TBA271A 
TAA550 

32 Shunt AN155 

3a 42051·323 

33 Shunt TAA550 
TBA271B 
TAA550 

34 3a 42051·343 

35 Shunt TAA550 
TBA271C 
TAA550 

36 3a 42051·363 

Fixed, Dual 

±5 200 ma NE5551 
SE5551 

±6 200ma NE5552 
SE5552 

5a 42051 

±12 100 ma LM126 
LM226 
LM326 

200 ma NE5553 
SE5.553 

·12,5 100 ma LM127 
LM227 
LM327 

200 ma NE5555 
SE5555 

±15 100 ma XR1468 
XR1568 
XR4195 
MC1468 
MC1568 
LM125 
LM225 
LM325 
RC4195 
RM4195 
SG1468 
SG1568 
SG4501 
TA7179 

200 ma NE5554 
SE5554 
SG1501A 
SG2501A 
SG3501A 

t Military Temperature Range (-55' to 125'C) 

Ie MASTER 1979 

Source 

(Cont'd.) 

Lambda 

Micropac 

Micropac 

National 
SGS 
Signetics 

Panasonic 

Micropac 

National 
SGS 
Signetics 

Micropac 

National 
SGS 
Signetics' 

Micropac 

Signetics (1122) 
tSignetics (1122) 

Signetics (1122) 
t Signetics (1122) 

Micropac 

t National 
National 
National 

Signetics (1122) 
tSignetics (1122) 

t National 
National 
National 

Signetics .(1122) 
t Signetics (1122) 

Exar 
tExar 

Exar 
Motorola 

t Motorola 
t National 

National 
National 
Raytheon 

t Raytheon 
Silicon G 

t Silicon G 
Silicon G 
Toshiba 

Signetics (1122) 
t Signetics (1122) 
t Silicon G 

Silicon G 
Silicon G 

Output . Output 
Une Voltage Current 

10 

20 

30 

40 

50 

• Typical Values 

MASTER. SELECTION GUIDE 

Device Source Une 
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LINEAR-Voltage Regulators (Cont'd) 

Output Voltage Output Output Voltage Output 
Hi Low Current Device Source UneHi Low Current 

Adjustable, Positive Adjustable, Positive 

Arranged in sequence by Output Voltage-High, Output 32 1.2 3a 
Current, and then Output Voltage-Low. 
9 3 500 ma 806 tBeckman 

15 2.6 300 ma LAS14U Lambda 

5 1.5 a SI3580M Sanken 
5a 

20 • 2 20 ma 300 Intersil 
LM300 National 
SFC2300 NPC 
SG300 Silicon G 36 1.7 100 ma 

5 5a ~78HG Fairchild 10 2.5 looma 

(934,953) 

I 1
37 5 25 ma 

21 9 500 ma 802 tBeckman 

26 1.8 12 ma CA3085 tRCA I 
I LHOO75 I I 

27 0 200ma t National 
50 rna 

LH0075C National 2 150ma 

30 3 Shunt TL430 Signetics 
TL430 TI 

4.5 12 ma L'M305 AMD 
~5C Fairchild (934) 
305 Intersil 20 
LM305 Motorola 
LM305 National 

. J.lPC141 NEG America 
!-lPC325 NEG America 
LM305 Raytheon 
SG305 Silicon G 
LM305 TI 

50 rna TA7186 Toshiba 

2 20 rna 100 tlntersil 
200 Intersil 30 
LM100 tNational 
LM200 National 
SFC21 00 tNPC 
SFC2200 NPC 
SGloo tSilicon G 
SG200 Silicon G 

5 500 ma ~78MG Fairchild (934) 
!lA7BMG . t Signelics 
!-lA7BMGC Signetics 2.5 200 ma 

1 a /lA78G Fairchild (934) 40 
/lA78G t Signetics 1.2 500ma 
/lA7BGC Signetics 

4 1.5 a LAS15U Lambda 

2a LAS16U Lambda 
2.5 500 rna 

5a LAS19U Lambda 

3 1.Ba L200 SGS 1.2 1.5 a 
2.6 3a LAS14U· Lambda 

5 5a ~78HG Fairchild 
! (934,953) 

32 - 200 ma M5199 Mitsubishi 50 

2.5 200 ma MC1469G Motorola 

500 ma MC1469R Motorola 

20 500 rna 804 tBeckman 

- la M5199A Mitsubishi 

200 ma 3.3 200ma TA7089 Toshiba 

32 1.2 3a LM150 t National 
38 2 100 ma 

(1060,1065) 150 ma 
(Continued) 

t Military Temperature Range (_55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 

912 

Device Source Li 

(Cont'd.) 

(Cont'd.) 
LM250 National 

(1060, 1065) 6 
LM350 National 

(1060,1065) 

LM138 tNational (1060) 
LM238 National (1060) 
LM338 National (1060) 

CA3085A tRCA 

TL431 TI (1140) 

~6C Fairchild (934) 

I 
LM376 National 
LM376 TI 7, 

SE550 t Signetics 

723 tAMD 
723C AMD 
~723C Fairchild (934) 

!lA723M t Fairch~d 
HAl7723 Hitachi 
723 tlntersil 
723C Intarsil 
MC1723 tMotorola 
MCl723C Motorola 8( 

LM723 t National 
LM723C National 
SFC2723C tNPC 
SFC2723EC NPC 
CA723 tRCA 
CA723C RCA 
RC723 Raytheon 
RM723 tRaytheon 
/lA723 tSigneIics 
!lA723C Signetics 9{ 

SA723C Signetics 
TDA0723 Signetics 
SG723 t Silicon G 
SG723C Silicon G 
!-lA723C TI 

!lA723M ttl 

MC1561G t Motorola 
MC1569G t Motorola 

SGll7T t Silicon G 
SG217T Silicon G 100 
SG317T Silicon G 
TL117L ttl 

MC1561R t Motorola 
MC1569R t Motorola 

LMl17 t Motorola 
LM217 Motorola 
LM317 Motorola 
LM117H t National (1060) 
LM217H National (1060) 
LM317H National (1060) 110 
SG117K t Silicon G 
SG217K Silicon G 
SG317K Silicon G 
LM117 ttl 
LM217 TI 
LM317 TI 

SG3532 Silicon G 

LAS723 Lambda 
LAS1000 Lambda 

Ie MASTER 1979 



MASTER SELECTION GUIDE 

LINEAR-Voltage Regulators (Cont'd) 

Output Voltage Output Output Voltage Output 
Hi Low Current Device Source L.ineHi Low Current Device Solrce lile 

Adjustable, Positive (Cont'd.) Adjustable, (Cont'd.) 

40 4.5 12 ma LM105 AMD 32 3.8 200 ma MC1463G Motorola 
LM205 AMD MC1463R Motorola 
~105M t Fairchild (934) 500 ma Motorola 
105 t Intersil Toshiba 
205 Intersil 
LM105 t Motorola 37 50 ma 

LM205 Motorola 
CD LM105 t National 3.6 :2 LM205 National 
::J 

SFC2105 tNPC C) 
SFC2205 NPC 1.2 500ma t National 

LM105 t Raytheon (1061,1064) c::,.,;. 
LM205 Raytheon t National 70 0 

(1061,1064) ;:".( 
SG105 tSilicon G Q 
SG205 Silicon G LM237H National CJ> 
LM105 tn (1061,1064) 

~~C, LM205 TI LM237P National 
(1061,1064) . 

45 ma LM305A AMD LM337H National 
~305AC Fairch~d (934) (1061,1064) 
305A Intersil 20 LM337P National 
LM305A National (1061,1064) 
SFC2305 NPC LM137L tTl 
SG305A Silicon G 1.5 a LM137K t National 
LM305A Raytheon (1061,1064) 
LM305A TI LM137T t National 

(1061,1064) 
National 

(1061,1064) 
National 

48 100 ma SG1532 t Silicon G (1061,1064) 

SG2532 Silicon G 30 National 
(1061,1064) 

150 ma LAS723B Lambda National 
LAS1100 Lambda (1061,1064) 

56 1 a CJCA001 Solitron TI 

CJCA007 Solitron TI 

57 1.2 1.5 a LM117HV National (1D60) 40 0.015 20 ma ~104M t Fairchild (934) 

LM217HV National (1060) LM104H tMotorola 

LM317HV National (1060) LM204H Motorola 
LM104 t National 

1000 100 ma MC1466 Motorola LM204 National 
MC1566 tMotorola SFC21 04 tNPC 

SFC2204 NPC 
Adjustable, Negative SG104 t Silicon G 

SG204 Silicon G 
SG304 Silicon G 
LM104 tTl 

24 2.2 5a ~79HGC Fairchild LM204 TI 

(934,953) 56 1 a CJCA002 Solitron 

27 0 200 ma LH0076 t National 
CJCA008 Solitron 

LH0076C National 57 1.2 1.5 a LM137HV t National 

30 0.035 20 ma ~ Fairchild (934) 
(1061,1064) 

LM237HV National (1061) 
LM304H Motorola LM337HV National 
lM304 National (1061,1064) 
p.PC142 NEC America 
LM304 Raytheon 50 Adjustable, Dual 
SG304 Silicon G 
LM304 TI ±20 ±8 100ma MC1468L Motorola 

500 ma ~79MG Fairchild (934) 
MC1568L tMotorola 

2.2 
SG1468J Silicon G 

p.A79MG t Signetics 
SG1568J t Silicon G 

p.A79MGC Signetics 

~79G Fairchild (934) ±14.5 100 ma MC1568R t Motorola 
1 a 

MC1468R Motorola 
p.A79G t Signetics SG1468T Silicon G 
p.A79GC Sighetics SG1568T t Silicon G 

t Military Temperature Range (_55' to 125'C) • Typical Values 
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Ie MASTER 

LINEAR-Voltage Regulators (Cont'd) 

Output Voltage Output Output Voltage Output 
Hi Low Current Device Source Line Hi Low Current Device Source Line 

Adjustable, Dual (Cont'd.) Regulators 

±20 (Cont'd.) Switching Regulator Circuits 20 
±5 200 rna NE5554 Signeties (1122) XR1524 tExar (930) 

±28 ±10 100 rna SG1501 tSilicon G XR2524 Exar (930) 

SG2501 Silicon G XR3524 Exar (930) 

SG3501 Silicon G ZN1066 Ferranti 

SG4501 Silicon G !lA78S40 Fairchild (935) 

(I,) SG3502 Silicon G J!A78S60 Fairchild 

"'0 SG1502 t Silicon G SH1605 Fairchild (954) 

::l SG2502 Silicon G MC3380 Motorola 

(!J MC3420 Motorola 
±32 ±0.05 100 rna RC4194D Raytheon 10 MC3520 tMotorola 30 

C SG4194CJ Silicon G Motorola 
0 200 rna RC4194TK Raytheon tMotorola :;:; 
0 SG4194CR Silicon G Motorola 
(I,) 

±42 ±O.O5 100 rna XR4194M tExar 
t Motorola 

(1,). RM4194D t Raytheon 
tNationai (1063) 

en National (1063) 
SG4194MJ t Silicon G National (1063) 

~ 
200 rna XR4194MK tExar Plessey (I,) .- RM4194TK t Raytheon RCA (/J 

as SG4194MR t Silicon G Signetics (1123) 40 

::?! Signetics 
tSignetics 

Signetics 
Signetics 
Signetics 
Signetics 

t Silicon G (1128) 
Silicon G (1128) 
Silicon G (1128) 

tTl 50 
n 
n (1144) 

tTl 
n (1144) 
n 

tTl 
Unitrode 
Unitrode 
Unitrode 
Unitrode 60 
Unitrode 
Unitrode 
Unitrode 
Unitrode 

t Military Temperature Range (-55" to 125"C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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LlNEAR-other Devices 

FlIlCIion Qevice Source Line 

Other Linear Devices 

AC Amplifier, Quad, Single Supply 
CA3048 RCA 

AC Detector (Detects presence or absence of ac 
signals, includes adjustable threshold and time delay.) 

3050 Intech/FMI 

Active Filters (See also Unear-Telecommunications 
Circuits) 

881 Beckman 
UAFll Burr-Brown (921) 
UAFllH t Burr-Brown 10 
UAF15 Burr-Brown 
UAF15H t Burr-Brown 
AFT76 BIIT-Brown (921) 
UAF21 Burr-Brown (921) 
UAF21H t BIIT-Brown (921) 
UAF25 Burr-Brown 
UAF25H t Burr-Brown 
UAF31 Burr-Brown (921) 
UAF41 Burr-Brown (921) 
CHl290 Cerrnetek 20 
CH1295 Cermetek 
CH1296 Cerrnetek 
FlT-U2 Datel 
ACF7032C GI 
ACF7092C GI 
AF100 t National (1073) 
AFl50 National (1073) 
AF151 National (1073) 

Active Filters, Bandpass, Adjusts 60-270 Hz 
AF99 National .. 30 

Active Filter, Voltage Controlled, 4 stage 
SSM2040 SSM (565) 

Alarm Circuit 
S2561 AMI (644) 
MD4301A Mitel 
MD4301B Mitel 
MD4302A Mitel 
MD4303A Mitel 
MD4304A Mitel 
M5170 Mnsubishi 40 
L911 Siliconix (1135) 
UlN-2232 " Sprague 
UlN-2425 Sprague 
UlN-2601 Sprague 

Alarm Circuits, Triple Alert/Alarm (Each circuit has 
two inputs, when the first one is Iowan open collector 
lED driver is tumed on. When the second one is low 
-independent of the first -the output is flashed at an 
adjustable rate). 

3020 Intech/FMI 50 

Alarm CirCUits, Temperature 
3030 Intech/FMI 

Alarm Circuits, Tone Alarm (Comparator with ac 
output) 

3010 Intech/FMI 

Alarms, Voltage. See Voltage Alarms below. 

Amplifiers: See Unear-Amplifiers, Special Purpose and 
Operational Amplifiers 

Amplifier-Detector (for firing SCR's or operating 
relays) 60 

UlN-2301 Sprague 

Amplifier-SCR firing Circuit 
UlN-2300 Sprague 

t Military Temperature Range (-55' to 125'C) 

Ie MASTER 1979 

FlIlCIion Device Source 

Other Linear Devices (Cont'd.) 

Analog Memory, Triple (Three analog outputs which 
can be stepped up or down) 

S175 Siemens 

Analog Multiplexer, 16-bit, Parallel-In, Serial Out 
CCD16MUX Micro Tech 

Analog Multiplexer, 16-bit, Serial-In, Parallel-Out 
CCD16DMUX Micro Tech 

Analog to Digital Converter and vice versa (See 
Unear-Telecommunication Circuits: Delta Modulation 
and Companding A/D Converters 

Analog Shift Register, 130x2, with· storage (See also 
Serial Analog Delay below) 

CCD311 Fairchild 

Analog Shift Register (455x2) 
CCD321 Fairchild 

Analog Shift Reg.ister, 185 stage, 190x2 stage 
S10110 AMI 
S10111 AMI 

Analog Shift Register, 455 stage, video delay 
R5102 Reticon 

Analog Shift Register, 910 stage, video delay 
R5103 Reticon 

Analog Shift Register, 2000 stage, audio delay 
R5101 Reticon 

Analog Shift Register," Quad 64 stage 
CCD64 Micro Tech 

Analog Shift Register, 256 stage 
CCD256SERP Micro Tech 
CCD256SPS Micro Tech 

Analog Shift Register, (Bucket Brigade Device) (Dual 
64 stage, acts as a variable delay line in the audio 
range) 

MN3003 Panasonic 

Analog Shift Register, (Bucket Brigade Device) (512 
stage) 

MN3002 Panasonic 
MN3004 Panasonic 
NE502 Signetics 
NE503 Sigoetics 

Analog Shift Register, (Bucket Brigade Device) Dual 
512 stage, acts as a variable delay line in the audio 
frequency range) 

MN3OO1 Panasonic 

Analog Shift Register, (Bucket Brigade Device) (1024 
stage) 

BBD3OO7 Panasonic 

Analog Shift Register, (Bucket Brigade Device) (4096 
stage) 

MN3005 Panasonic 

Analog Signal Averager (32 sample) 
R5701 Reticon 

Balanced Modulator 
Sl1025 Plessey 

Balanced Modulator/Demodulator 
~796C Fairchild 
MC1496 Motorola 
MC1596 t Motorola 
MC12002 Motorola 
MC12502 t Motorola 
lM1496 National 
lM1596 t National 
AN610 Panasonic 
Sl640C Plessey 

(Continued) 

* Typical Values 

MASTER SELECTION GUIDE 

Line FI.I1CIion Device Source Line 

Other Linear Devices (Cont'd.) 

Balanced Modulator/Demodulator (Cont'd.) 
Sl641C Plessey 
Sl1oo1A Plessey 
Sl1oo1B Plessey 130 
Sl1496 Plessey 
Sl1596 tPlessey 
Sl1640 Plessey 

70 Sl1641 Plessey 
l025 SGS 
S042 Siemens 
MC1496 Signetics 
MC1596 t Signetics 
N5596 Signetics 
TCA820 Signetics 140 
TCA240 Signetics 
SG1496 Silicon G 
SG1596 Silicon G 
TA7320 Toshiba 

80 
Double-Balanced Modulator/Demodulator 

Sl1696 Plessey 
Sl1796 Plessey 

Ring Modulator, four transistor 
Sl355 Plessey 
TBA673 Plessey 150 
TBA673 Signetics 
U350 Siliconix 

Blowout Resistant Transistor" (simulates 40"v transistor 
with special protection) 

90 lM195 tNational 
LM295 National 
lM395 National 

Bucket 8rigade Devices, See Analog Shift Registers 
this section 

Crystal Oscillators 160 
Sl680 Plessey 
Sl1680 Plessey 

Comparators, Programmable with Memory (High/low 
Comparator) 

100 
CA3098 tRCA 
CA3099 tRCA 

Constant Current Source, 1 J.Ui to 10 ma 
lM134 t National 
lM234 National 
LM334 National (1073) 170 

Constant Current Supply, to 0.6a 
TDA1251 SGS 

Correlator, Analog to Analog 

110 R5403 Reticon 

Correlator, Binary to Analog 
R5401 Reticon 
TDCl004 TRW 

Customized Arrays (linear and Digital circuits, 
customized in final metalization) 

XR-CHIP Exar 180 
XR-J21-CHIP Exar 
ULA Ferranti 
MONOCHIP Interdesign 

120 MOA Interdesig1 
MOB Interdesign 
MOC lnierdesign 
MOD Interdesig1 
MOE Interdesig1 
MOF Interdesig1 
MOG Interdesign 190 

MUA Interdesig1 
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LlNEAR-other Devices (Cont'd) 

Function Device Source 

Other Linear Devices (Cont'd.) 

Data Acquisition System, 6 channel, sample/hold, 
pulse width output 

~9708 Fairchild (944) 

Data Acquisition System, 8 channel (expandable), 
sample/hold, 8-bit conversion 

MN71 00 Micro Net 
MN7100H t Micro Net 
MN7110 Micro Net 
MN7110H t Micro Net 
MN7120 Micro Net 
MN7120H t Micro Net 

I Data Acquistion System, 16 channel 8-bit conversion 
ADC0816 National 

I (1073,1074,1084) 
, ACCOSt? National 

(1 074,1 084j 
MM74C948 National 

Data Acquistion System, 8 channel differential, 
sample/hold, 12-bit conversion 

HDA8-8MC Datel (660) 
HDA8-81111 tDatel (660) 

Data Acquisition System, 8 channel differential, 16 
channel single ended, sample/hold, 12 bit conversion 
(2 device set) 

AD363K AD 
AD563S tAD 

Data Acquistion System, 16 channel, sample/hold, 
12-bit conversion 

HDA5-16MC Date! (660) 
HDA5-16MM tDatel (660) 

DC to DC Converter 
CS138 Cherry 
CS139 Cherry 

DC to DC Converter: See Regulators, Switching, 
under Linear - Voiiage Regulators, 

Deglitcher (suppresses transients at outputs of D/ A) 
4902 Teledyne P 

Demodulator, Phase Sensitive, for synchro or resolver 
systems 

MN2120 Micro Net 
MN2120H tMicro Net 

Divider (See also Multipliers/Dividers below) 
AD535J AD 
AD535K AD 
4291 BIIT-Brown (921) 

Dual Transistors, Monolithic, Matched, See 
Linear-Arrays 

DVM .Circuits-See Interface-Analog to Digital 
Converters, also Digital-Special 

Earth Leakage Detector 
M54121 Mitsubishi 

Flasher (LED) 
MD4302AE Mitel 
MD4304AE Mitel 
LM3909 National 
LM3909 Siliconix 

Fluid Detector (OScillator, balance detector) 
CS166 Cherry 
LM1830 National 
ULN-2429 Sprague 

Frequency Switch, Programmable 
MC3344 Motorola 

t Military Temperature Range-(-55' to 125'C) 

916 

Une Function Device Source line Function Device Source line 

Other Linear Devices (Cont'd.) Other Linear Devices (Cont'd.) 

Frequency/Tone Operated Devices-See Image Sensor, Linear Self Scanning 

Linear-Telecommunication Circutts IPL3010 IPI 
IPL3016 IPI 

Frequency to Voltage Converter (tachometer-speed IPL3032 iPI 
switch) IPL4050 IPI 

LM2907 National IPL4064 IPI 
LM2917 National IPL41 00 - IPI 130 

Frequency to Voltage (Pulse) Converter IPL4128 IPI 
IPL4256 IPI SAK140 Signetics 
IPL7050 IPI 

Frequency to VoltagelVoltage to Frequency Converter IPL7064 IPI 
VFC32 Burr-8rown (658) IPL71 00 IPI 

10 
VFC32111 t Surr-Brown (658) 

1

70 
IPL7128 IPI 

VFC42 BIIT-8rown (658) IPL7256 IPI 
VFC42M t BIIT-8rown (658) M128 IPI 
VFC52 BIIT·Brown (659) M256 !P! 

'140 VFC52M t BIIT·Brown (658) M512 IPI 
VFQ-1C Datel (682) M768 IPI 
XR4151C Exar Ml024 IPI 
XR4151M tExar MEL512 Panasonic 
IlA4151 Fairchild RL16 Reticon 
IlA7151 t Fairchild RL64 Reticon 
A8400 Inteth/FIII (1027) RL128 Reticon 
A8402 Intech/FMI (1028) 80 RL256 Reticon 

20 A8404 Intech/FMI RL512 Reticon 
LM131 t National (1074) RL512SF Reticon 
LM131A t National (IOn) RL936 Reticon 150 
LM231 National RL1024 Reticon 
LM231A National (IOn) RL1024SF Reticon 
LM331 National RL1728 Reticon 
LM331A National (1077) RL1872 Reticon 
RC4151 Raytheon (1094) RL2048 Reticon 
RM4151 t Raytheon Image Area Sensor, Self Scanning 
RV4151 Raytheon 90 201 IPI 
RC4152 Raytheon (1096) RA32X32 Retico~ 30 RM4152 t Raytheon RA50X50 Reticon 
RV4152 Raytheon RAIOOXl00 Reticon 160 
RC4153 Raytheon (1098) 

Image Area Sensor, l00xl00, CCD RM4153 t Raytheon 
CCD202 Fairchild 9400 Teledyne S 

Function Generator (Counter, ROM, D/A), See also Image Area Sensor, 190x224, CCD 
CCD211 Fairchild Linear-Phase Locked Loop Circuits 

MN350 Micro Net Impedance Converter (Gyrator) 
MN351 Micro Net 100 AF120 National 
MN352 Micro Net TCA580 Signebcs 

Hall Effect Devices (Sense magnetic field) See also LED, Constant Current 
40 Digital-Other Digital Devices NSL4944 National 

DN835 Panasonic Level Detector, Precision, (wtth internal reference, 170 
TCA450 Signetics Schmitt trigger action) 
UGN-3501 Sprague CS127 Cherry 
UGN-3600 Sprague CS401 Cherry 
UGN-3601 Sprague CS402 Cherry 

Image Sensor, Circular, Self Scanning CS450 Cherry 
R064 Reticon 110 M54101 Mitsubishi 

R0720A Reticon - M54120 M~subishi 

Image Sensor, 256xl, CCD 
TL560C TI 

CCDll0F Fairchild Level Detector, Precision Dual 
CS122 Cherry 180 50 

Image Sensor, CC Photodiode, 256xl CS129 Cherry 
CCPD256 Reticon CS130 Cherry 

Image Sensor, 1024xl, CCD Level Meter, analog input drives a bar of LED's 
CCD131 Fairchild M51903 Mitsubishi 

Image Sensor, CC Photodiode, 1024xl M51904 Mitsubishi 
CCPD1024 Reticon LM2914 National 

LB1405 - Sanyo 
Image Sensor, 1728xl, CCD 120 

UAA170 Siemens 
CCD121H Fairchild UAA180 Siemens 

Image sensor, CC Photodiode, 1728xl TL489 TI 190 
60 CCPDi728 Reticon (Continued) 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 
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LlNEAR-other Devices (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source 

Other Linear Devices (Cont'd.) Other Linear Devices (Cont'd.) Other Linear Devices (Cont'd.) 

Level Meter, analog input drives a bar of LED's Multipliers (Cont'd.) Oscillator/Buffer 
(Cont'd.) XR2208M tExar LM175 tNational 

TL490 TI XR2228 Elar (933) LM275 National 

Level meter, analog input drives V.F. display XR2228M tElar (933) LM375 National 

TL491 TI A8495 Intech/FMI Oscillator, Quadrature 

Light to Current Converter 
A8595 t Intech/FMI 4423 BIrr-Brown (921) 
ICL8013C Intersil. 

LM1890 National 
ICL8013M t Intersil 

Overvoltage Protector 
LM1891 National L20V5 Lambda (I) 
LM1892 National MC1494 Motorola 

L20V6 Lambda :2 MC1594 tMotorola 
Light to Frequency Converter MC1495 Motorola 

L20V9 Lambda ::J 

IPL13 IPI MC1595 
L20V12 Lambda (!) 

t Motorola L20V15 Lambda 
Light Detector (with buffer amplifier) SL1495 Plessey L20V20 Lambda 

C'-~ 

MCC401 Cherry SL1595 tPlessey L20V24 Lambda .2 .... 
IPL16 IPI CA3091 tRCA L20V28 Lambda 0 
I!PC558 NEC America SG1402 t Silicon G L60V5 Lambda ~, 
CA3062 RCA SG2402 smcon G L60V6 Lambda ,Q)ij. 

Ul03 Telefunken SG3402 Silicon G L60V9 Lambda 
U123 Telefunken SG1495 Silicon G L60Vl0 Lambda 

Light Activated Switch SG1595 t Silicon G L60V12 Lambda 
MCC401 Cherry TA7158 Toshiba L60V15 Lambda 
MCC402 Cherry Multiplier, Dual (Linear-Antilog Voltage Controlled L60V18 Lambda 
MCC450 Cherry Amplifier) L60V20 Lambda 
ZNP100 Ferranti SSM2000 SSM L60V24 Lambda 
IPL15 IPI SSM2020 SSM (564) L60V28 Lambda 
IPL17 IPI MC3423 Motorola 
PS12 IPI Multipliers/Dividers MC3523 tMotorola 
PS24 IPI AD530J AD MC3423 TI 
Ul02 Telefunken AD530K AD MC3523 tTl 
U22l Telefunken AD530L AD Parallel In, Serial Out (32 sample analog memory) 
PF30 Unitrode AD530S tAD R5501 Reticon 
PR30 Unitrode AD532J AD 
PF60 Unitrode AD532K AD Peak Detector (senses and holds peak) 
PR60 Unitrode AD532S tAD 4085 BIIT-Brown (921) 

PF100 Unitrode AD533J AD 4085M t Burr-Brown (921) 
PR100 Unitrode AD533K AD 5902 tOEI 
PF200 Unitrode AD533L AD AC Phase Control 
PR200 Unitrode AD533S tAD Ul11 Telefunken 
PF300 Unitrode AD534J AD 
PR300 Unitrode Phase Control (for incandescent lamps controlled by 

PF400 Unitrode 
AD534K AD touch plates) 

PR400 Unitrode 
AD534L AD U229 Telefunken 
AD534S tAD 

Phase Sensitive Demodulator Low Battery Indicator, triggers on 3v (for use with 3 AD534T tAD 
NiCd cells) 4201 Burr-Brown 

MN2120 Micro Net 

ICM7201 Intersil 4203 Burr-Brown (921) 
MN2120H t Micro Net 

Motor Load Control 4203S t Burr-Brown PIN Diode Driver 

PT-l07 Photo Therm 4204 Burr-Brown (921) DHOO35 t National 

42048 t Burr-Brown (921) DHOO35C National 
Motor, Stepping Motor Driver 

4205 Burr-Brown (921) UDS-5790 tSprague 
SAA1027 Signetics 

4205S t BIIT-Qrown (921) UDS-579l tSprague 
'Motor Speed Regulator (for small dc motors). See 4206 Burr-Brown (921) Power Supply Control (Oscillator with variable 
also Linear-Consumer Circuits. 4213 Burr-Brown (921) mark/space for switching supplies) See Linear-Voltage 

MCC140 Cherry 4213S t Burr-8rown (921) Regulators, Switching 
CS175 Cherry 4214 Burr-Brown (921) SL442 Plessey 
I!A7391 Fairchild 
I!A7392 Fairchild 

4214M t Burr-Brown (921) Power Supply Controller (voltage reference, pulse 

LM18l5 National 
RC4200 Raytheon (1102) generator and timing circuitry, error amp) 

SL440 Plessey RC4200A Raytheon TL496C TI (1148) 

TCA955 Siemens Multifunction Convertors (XY /Z)expM Power Supply Control (voltage reference, over and 
TCA900 SGS AD531J AD under voltage sensing) 
TCA9l0 SGS AD531K AD XR1543 tExar 
TDA1003A Signetics AD531L AD XR2543 Exar 
TDA1006 Signetics AD531S tAD XR3543 Exar 

Multifunction Converter (generates 4301 Burr-Brown (921) SG1543 t Silicon G (1129) 
output=(Vl..,.V2) 4302 Burr-Brown (921) SG2543 Silicon G (1129) 

LH0094 National Noise Generator (psuedo-random sequence generator SG3543 Silicon G (1129) 

Multipliers for audio) Pressure Transducers, Absolute 
XR2208 Exar S2688 AMI LX1400A National 

(Continued) MM5837 National (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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LlNEAR-other Devices (Cont'd) 

Function Device Source 

Other Linear Devices (Cont'd.) 

Pressure Transducers, Absolute (Cont'd.) 
LX1600A National 
LX1600AF National 
LX1700A National 
LX1700AF National 
LX1700AN National 
LX1700AFN National 

~ressure Transducers, Gage 
LX1600G National 
LX1700G National 
LX1700GN National 

I Pm"",, T ransduceffi, OOt,,,"',i 
I LX0603D National 

I Pressure Transducers, Backward Gage I LX0603GB National 
LX1600GB National 
LX1700GB National 
LX1600D National 
LX1700,DD National 
LX1700DDF National 

Pulse Width (and PRF) to Voltage Converter 
3910 OEI 

Read Amplifier/Preamplifier (for magnetic tape 
memories) 

MC3467 Motorola 
MC3468 Motorola 

Reference Diode Voltage (two terminal active circuit) 
1.22Ov ±5% 

MP5010 Micro Power 
MP5010A Micro Power 
LMl13 t National (1062) 
LMll3-1 t National (1062) 
LMll3-2 National (1062) 
LM313 National (1062) 

Reference Voltage, i .23'1 
ICL8069 Intersil 
ICL8069M t Intersil 

Reference Voltage, 1.26'1 (two terminal active circuit) 
ZN423 Ferranti 

Reference Voltage, 2.45 V (two terminal active cirCUit) 
ZN404 Ferranti, 
ZN458 Ferranti 

Reference Voltage, 2.5'1 
AD580J AD 
AD580K AD 
AD580L AD 
AD580S tAD 
AD580T tAD 
AD580U tAD 
MP5530 Micro Power 
MP5540 Micro Power 
MC1403 Motorola 
MC1503' tMotorola 
LMl36 t National (1062) 
LM136A t National (1062) 
LM236 National (1062) 
LM236A National (1062) 
LII336 National 

(1062,1073) 
LM336A National 
SGl503 Silicon G (1128) 
SG2503 Silicon G (1128) 
SG3503 SirlCon G (1128) 

Reference voltage; 2.5, 5, 7.5, and 10v 
AD584J AD 

(Continued) 

t Military Temperature Range (-55' to 125'C) 

918 

Line Function Device Source Line Function Device Source Line 

Other Linear Devices (Cont'd.) Other Linear Devices (Cont'd.) 

Reference voltage; 2.5, 5, 7.5, and 10'1 (Cont'd.) Reference Voltage, 10V(or - 10V) (Cont'd.) 
AD584K AD R675C-4 Hybrid Sys. 
AD584L AD R675B-5 t Hybrid Sys. 
AD584S tAD R675C-5 Hybrid Sys. 
AD584T tAD 70 R675B-7 t Hybrid Sys. 
AD584U tAD R675C-7 Hybrid Sys. 

Reference Voltage, 5'1 R675B-8 t Hybrid Sys. 140 

MP5531 Micro Power R655C-8 Hybrid Sys. 

MP5541 Micro Power MN2000 Micro Net 
10 LM136-5 tNationai (1062) MN2000H tMicro Net 

lM136A·5 t Nationa! (1062) 

I 
MN2001 Micro Net 

I I 
LM236-5 National (1062) MN2001H tMicro Net 
LM236A·5 National (1062) MN2oo2 Micro Net 
LM336-5 National I MN2002H tMicro Net 

I (1062, 1073) I 80 MN2oo3 Micro Net I 
LM336B-5 National (1062) MN2oo3H tMicro Net 
REF-02 tPMI MP5532 Micro Power 150 
REF-02A tPMI MP5542 Micro Power 
REF-02C PMI LHOO70 t National 
REF-02D PMI (1062,1073) 

20 REF-02E PMI REF-Ol tPMI 
REF-02H PMI REF-01A tPMI 

Reference Voltage, 6.9v temperature stabilized REF-01C PMI 
LM129 t National (1062) REF-01D PMI 
L1I329 NationaJ 90 REF-01E PMI 

(1062,1073) REF-01H PMI 
LM199 tNational (1062) 

Reference Voltage, 10.24'1 160 
LM299 National (1062) 
LM399 National LHOO71 National 

(1060,1062, 1073) (1062,1073) 

LMl99A t National (1062) Reference Voltage, ± 10'1 
30 

LM299A NationaJ (1062) AD2702L AD 
LM399A National AD2702U tAD 

(1060,1062) R675B-3 t Hybrid Sys. 
LII3999 National 100 R675C-3 Hybrid Sys. 

(1062, 1073) R675B-6 t Hybrid Sys. 
LMl29 t Raytheon R675C-6 Hybrid Sys. 
LM329 Raytheon MN2004 Micro Net 170 
LM199 t Raytheon MN2004H tMicro Net 
LM299 Raytheon MN2005 Micro Net 
LM399 Raytheon 

MN2005H t Micro Net 
LM199A t Raytheon 

40 LM299A Raytheon Reference Voltage, Adjustable 

LM399A Raytheon TL430 TI 
LM3999 Raytheon 110 Reference Diode (two terminal active cirCUit) 1.8 to 

Reference Voltage, 10V(or - 10V) 5.6'1 
AD2700J AD LM103 t National 
AD2700L AD 
AD2700S tAD 

Regulator Diode with Amplifier (6.8 to 11 v) 180 

AD2700U tAD 
MCA-series Motorola 

AD2701J AD Residual Current Detector 
AD2701L AD M54122 Mitsubishi 

50 AD2701S tAD 
AD2701U tAD 

Resolver Systems: See Phase Sensitive Demodulator 

AD581J AD 120 
above 

AD581K AD 
HRCDX-14 DOC 

AD581L AD 
HRDC-10 DOC 

AD581S tAD HRDC-14 DDC 

AD581T tAD HRCT·14 DOC 

AD581U tAD HSCDX-14 DOC 190 

HA-1600-5 Harris (1016) HSCT-14 DOC· 

HA-161Q-2 tHarris (1018) HSDC-10 DOC 
60 HA·161Q-5 Harris (1018) HSDC-14 DOC 

R675B-l t Hybrid Sys HSDC-360 DOC 

R675C-1 Hybrid Sys 130 HXCDX-14" DOC 

R675B-2 t Hybrid Sys. HXCT-14 DOC 
R675C-2 Hybrid Sys. HXDC-l0 DOC 
R675B-4 t Hybnd Sys, HXDC-14 DOC 

(Continued) MSDC-8700 DOC 

* Typical Values 

Bold face indicates additional data is provided on the page nOted. 
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LINEAR-Other Devices (Cont'd) 

Function Device Source 

Other Linear Devices (Cont'd.) 

Resolver System: Digital to Synchro Converter or 
Resolver 

HDSC-14 
9517 
9518 

RMS to DC Converter 
AD536J 
AD536K 
AD536AJ 
AD536AK 
AD536AS 
4340 
4341 
LH0091 
LH0091C 

Sample and Hold Circuits 
LF198 
LF298 
LF398 
AD582 
AD582S 
AD583K 
AD583S 
SHC23 
SHC23ET 
SHCSO 
SHC85 
SHC85ET 
SHC298AM 
SHM-HUGC 
SHM-HUIlIl 
SHM-IC·l 
SHM-IC-1M 
SHM-I.M-2 
SHM-LM·2M 
SHM-6GC 
SHM-6MM 
SH-8518 
/lAF198 
IlAF398 
HA·2420 
HA·2425 
SH703 
IH5110 
IH5111 
IH5112 
IH5113 
IH5114 
IH5115 

. MN343 
MN343H 
MN344 
MN344H 
MN346 
MN346H 
MN347 
MN347H 
MN7130 
MN7130H 
LHOO23 
LHOO23C 
LHOO43 
LH0043C 
LHOO53 
LHOO53C 
SHM6401 
LF198 
LF298 
LF398 
SMP11E 

DOC 
DOC 
DOC 

AD 
AD 
AD 
AD 

tAD 
Burr-Brown (921) 
Burr-Brown (921) 

t National 
National 

AMD 
AMD 

tAMD 
AD 

tAD 
AD 

tAD 
Burr-Brown 

t Burr-Brown 
Burr-Brown (659) 
Burr-Brown (659) 
Burr-Brown 
Burr·Brown (659) 
Datel (686) 

t Datel (686) 
Datel (685) 

t Datel (685) 
Datel (685) 

t Datel (685) 
Datel (686) 

t Datel (686) 
DOC 

t Fairchild 
Fairchild 
Harris (1020) 

t Harris (1020) 
Hybrid Sys. 

t Intersil 
t Intersil 

Intersil 
Intersil 
Intersil 
intersil 
Micro Net 

t Micro Net 
Micro Net 

t Micro Net 
Micro Net 

t Micro Net· 
Micro Net 

tMicro Net 
Micro Net 

tMicro Net 
t National (1073) 

National (1073) 
t National (1073) 

National (1073) 
t National (1073) 

National (1073) 
National 

t National­
National 
National (1073) 
PMI 

(Continued) 

t Military Temperature Range (~55' to 125'C) 
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Une Function Device Source 

Other Linear Devices (Cont'd.) 

Sample and Hold Circuits 
SMP11F 
SMP81E 
SMP81F 
LF198 
NE5537 
SE5537 
CSH101A 
4856 

PMI 
PMI 
PMI 

(Cont'd.) 

t Signetics 
Signetics (1119) 

t Signetics (1119) 
t Teledyne C 

Teledyne P 

Sample and Hold Circuit, with multiplexer 
MN7130 Micro Net 
MN7130H t Micro Net 

SCR/TRIAC Control (Burst Control) 
L121 

SCR/TRIAC Control (Phase Control) 
SL440 
L120 
UAA145 
UAA146 

SGS 

Plessey 
SGS 
Telefunken 
Telefunken 

Serial Analog Delay (Analog storage units with read 
in/read out shift register) (See also Analog Shift 
Registers above) 

SAD100 
SAD512 
SAD512D 
SAD1024A 

Reticon 
Reticon 
Reticon 
Reticon 

(S!,!rial) Analog Delay, Tapped (Bucket Brigade with 32 
taps) 

T AD32A Reticon 

Serial Analog Memory (Analog storage with 
independent read-in and read-out shift registers) 

SAM64 Reticon 
SAM128LR Reticon 
SAM128V Reticon 

Servo Amplifier, for motor control 
SH3015 
NE543 
NE544 
NE644 

Servo Controller, for VTR or dc servos 

Fairchild (956) 
Signetics 
Signetics 
Signetics 

M51401 Mitsubishi 

Servo Controller, Proportional Control 
XR2264 Exar 
XR2265 Exar 

Sinewave Generator: See also Linear-Phase Locked 
Loop Circuits 

FX205 CMA 

Smoke Detectors: See Linear-Consumer Circuit 

Sonar Transceiver 
LM1812 National 

Square Law Device (two quadra1 
SL645C Plessey 

Switch Driver, for power transistors 
SG1629 t Silicon G 
SG3629 Silicon G 

Switching Regulators. See Linear-Voltage Regulators, 
Switching 

Tachometer: See Frequency to Voltage and 
Frequency Switch above 

Temperature Controlled Differential Pair 
p.A726C Fairchild 
IlA726M t Fairchild 

• Typical Values 

MASTER SELECTION GUIDE 

Une Fooction Device Source 

Other Linear Devices (Cont'd.) 

AD 
AO 
AD 

t National 
National 

Temperature Transducers 
AD590J 
AD590K 
AD590L 
LM134 
LM234 
LM334 
LM135 
LM235 
LM335 
LM3911 
LM1913 
LM2913 
LM3913 
LX5600 
LX5700 
p.PC3911 
REF-02 
REF-02A 
REF-02C 
REF-02D 
REF-02E 
REF-02H 

National (1073) 
tNa~ 

National 
National (1013) 
National (1073) 

tNational 
National 
National 

t National 
t National 

NEC America 
tPMI 
tPMI 

PMI 
PMI 
PMI 
PMI 

Thermal Converter (matched transistors, diffused 
resistors) 

4131 Burr-Brown 

Threshold Switch (2/3 supply voltage) 
CS102 Cherry 
CS560 Cherry 
TCA345 Siemens 

Threshold Switch (Oscillator, switch with hysteresis) 
TCA 105 Siemens 

Tone Ringer (Generates ringing sound to operate a 
speaker) 

S2561 
ML8204 
ML8205 

AMI 
Mitel 
Mitel 

Traffic Decoder (traffic signal control and detector) 
LA2200 Sanyo 

Transversal Riter (Mask Programmed Weighting) 
R5602 Reticon 

(644) 

Transversal Riter, Quad Chirped (for discrete Fourier 
Transform and power spectral density applications) 

R5601-1 Reticon 
R5601-2 Reticon 

Timers: See linear-TImers 

Track and Hold 
ADH-050 DOC 
ADH-051 DOC 

Dual Voltage Level Alarm (activated if either input 
differs by more than +5 to +25% of selected value) 

3041- - Iniech/FMI 

Dual Voltage Level Indicator: See Wtndow 
Discriminator below 

Quad Voltage Level Monitor/Alarm (activated if any of 
4 inputs differs by more than ±5, ± 10 or ±20% of 
selected value) 

3040 
ULN-2401 

Inlech/FMI 
Sprague 

Voltage Detector, Indicator, Regulator, (Programmable 
Zener) 

ICL8211 C Intersil 
ICL8211 M t Intarsil 
ICL8212C Intersil 
ICL8212M t Intersil 

919 
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LINEAR-Qther Devices (Cont'd) 

Function Device Source Line Function Device Source 

Other Linear Devices (Cont'd.) 

Voltage Overvoltage Protector. (Crowbar) See 
Overvoltage Protector above 

Voltage to Frequency Converter 
AD537J AD 
AD537K AD 
AD537S tAD 
3930 OEI 

Voltage to Frequency/Frequency to Voltage Converter 
VFC32 Burr-8rown (658) 
VFC32M t Burr-Brown (658) 
VFC42 Burr-8rown (658) 
VFC42M t BlIIT-Brown (658) 
VFC52 Burr-Brown (659) 
VFC52M t Burr-Brown (658) 
VFQ.tC Datei (682) 
XR4151 Exar 
XR4151M tExar 
~A4l5l Fairchild 
MA7l5l Fairchild 
A8400 Intach/FYI (1027) 
A8402 Intech/FYI (1028) 
A8404 Intech/FMI 
lM131 t National (1074) 
LM131A t National (1 On) 
LM231 National 
lM231 A National (1 On) 
LM331 National 
LM331A National (10n) 
3930 tOEI 
RC4151 Raytheon (1094) 
RM4l5l t Raytheon 
RV4l5l Raytheon 
RC4152 Raytheon (1096) 
RM4l52 t Raytheon 
RV4152 Raytheon 
RC4153 Raytheon (1098) 
RM4153 t Raytheon 
9400 Teledyne S 

Window Discriminator (indicates when input is above or 
below two limits) 

CS180 Cherry 

Window Discriminator (indicates voltage above, below, 

H 
I 

20 

30 

inside, or outside two adjustable limits) 40 
TCA965 Siemens 

Power Control Zero Voltage Switch 
SL445A Plessey (1087) 

Zero Voltage and Zero Crossing Triggers (Triac and 
SCA control) 

!lA742C Fairchild 
M5172 Mitsubishi 
CA3059 Motorola 
CA3079 Motorola 
MC3370 Motorola 
SL443 Plessey 
SL446 Plessey 
SL447 Plessey 
SL448 Plessey 
SL449 tPlessey 
CA3058 tRCA 
CA3059 tRCA 
CA3079 tRCA 
TCA280 Signetics 
TDA1023 Signetics 
TDA1024 Signetics 
SG3058 t Silicon G 
SG3059 Silicon G 
SG3079 Silicon G 

(Continued) 

t Military Temperature Range (-55' to 125'C) 

50 

60 

Other Linear Devices (Cont'd.) 

Zero Voltage and Zero Crossing Triggers (Triac and 
SCR control) (Cont'd.) 

Ul06 Telefunken 
U112 
7601-01 
7603-02 
TL440C 
TA7606 

, 

Telefunken 
Telaris 
Telaris 
TI 
Toshiba 

• Typical Values 

line Function 

70 

I 

Bold face indicates additional data is provided on the page noted. 
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"I need to know if this device exists, and if there are 
any alternate sources. Where do I start?" 

• Memory IC • CMOS 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If you're spending hours to solve a problem similar 
to the one above~ youre .behind the times ... 

It only takes a few seconds with uTHE MASTER~' 

Clear your desk for action with the 
newly revised 1979 Ie Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 

(..:::) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

. . . alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section ... a complete 
part numbering gUide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor -etc. 

i. 
:;~ 



BURR-BROWN OPERATIONAL AMPLIFIERS 
.1 '1 .1 
TUCSON. ARIZONA 85734 

Model 

Chopper- 3291 
Stabilized 3354 5 .03 - .10 .10 - I ±20 to ±50 6 6 Module 

3271 50 - 110 20 .05 ±80 20 Module 

Bipolar 3510 10 10 .06 - .15 0.5 - 2 ±15 to ±35nA 0.4 0.5 TO-99 
3500 10 10 I - 5 3 - 20 ±15 to ±30nA 1.5 0.6 - I TO-99 
3501 10 5 2 - 5 5 - 20 ±3 to ±15nA 0.5 0.1 TO-99 

10 10 .25 - .50 1-10 -10 to -20 0.6 TO-99 
10 10 .25 - .50 2 - 10 -2 to -5 0.6 TO-99 

C 
~ Varactor 3430 10 5 Adj to 0 10 - 30 ±O.OI 2kHz .4V /msec Module 0 
~ 3431 10 5 Adj to 0 10 - 30 ±0.01 2kHz .4V /msec Module m 

FET 3523 10 10 0.5 - I 25 - 50 -0.1 - 0.5 0.6 TO-99 I 
~ 

3522 10 10 0.5 - I 10-50 -I to -10 0.6 TO-99 ~ 

:::J 3527 10 10 .25 - .50 2 - 10 -2 to -5 0.6 TO-99 m 3521 10 10 .25 - .50 I - 10 -lOto-20 0.6 TO-99 
3542 10 10 20 50 -25 I 0.5 TO-99 
3528 10 5 .1 - .2 5 - 10 ±0.075 to -.30 0.7 0.3 TO-99 

FET 3584 65 - 145 15 3 20 150 TO-3 
3583 40 - 140 75 3 5 30 TO-3 
3580 10 - 145 15 - 60 3 - 10 5 15 - 20 TO-3 

FET 3571 30 IA 2 0.5 3 
3572 2A 2 0.5 
3573 I 

Buffer 3553 32 
3329 

Com-

Model Package 

Differential 3554 ext TO-3 
3551 ext TO-99 
3550 400 int TO-99 

ext TO-99 
200 ext TO-99 

DIP 

current price . 
..,II'U",.AL DETAILS REFER TO THE BURR-BROWN GENERAL CATALOG OR CONTACT YOUR NEAREST BURR-BROWN REPRESENTATIVE 
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True 3-wlre 
Inst. Amp. 

Balanced' 3650HG ±IO 
Current 3650JG ±IO 

3650KG ±IO 
Balanced FET 3652HG ±IO 
Input 3652JG ±IO 

ISOLATION AMPLIFIERS BURR-BROWN 

I' I' II 
TUCSON, ARIZONA 85734 

External 
Isolation 

Package 

No Module 

No Module 

15 Yes"l DIP 
±5000 140 15 Yest51 DIP 
±5000 140 15 Yest51 DIP 
±5000 140 15 DIP 
±5000 140 15 51 DIP 

(I) ±15V at ±lOmA isolated power available to power external circuitry. (2) Isolation voltage tested at both ±5000Vp pul5etest and 25OOV, rms, 60Hz; leakage 
current tested for 2JJ.A max. at 240V, rms, 60Hz. (3) 3650 is a current input device; to reduce input errors, very low input impedance is desirable. (4) At 240V /6OHz. 
(5) Models 700 or 710 isolated DC/DC converters may be used to provide isolated power. (6)Protected up to ±6000V. 

ANALOG CIRCUIT FUNCTIONS 
MULTIPLIER/ DIVIDERS 

RA]"I;GE OF SPECIFICATIO~S 

Accuracy at 25"C, max Specification 
Model No Trimming Required Temp. Range ('C) Package 

4203 I - 2S'c -55 to +150 TO-'IOO 
4204 0.25 - 0.50% -55 to +125 DIP 
4205 1- 2q -55 to +125 TO-loo 
4206 0.25% - 0.50Si o to +70 DIP 
4213 0.50 - 1% -55 to +125 TO-I 00 
4214 0.50 - 1% -55 to +125 DJP 

SPECIAL FUNCTIONS 

Model Comments Package 

Logarithmic 4127 0.50 - 1% accuracy; 2 current input signals 'DIP 
Amplifier or 2 voltage input signals 
Divider 4291 ±0.25 to I % untrimmed accuracy DIP 
Multifunction 4301 Hermetically sealed metal DIP 
Converter package: .compatible with 4302 
(Multiply. divide, 4302 E" = V, (VzIVxt;'plastic DIP 

square root, etc.) package. 
Peak Detector 4085 Read-out of DC voltage equal to peak DIP 

value of complex wave form 
RMS-to-DC 4340 Laser-trimmed, no external DIP 
Converter trimming; metal package 

4341 Externally trimmed; low cost DIP 
in plastic package 

Oscillators 4023/25 Fixed-frequency (10Hz to 20kHz) ..•.. Module 
4423 Very-low cost, RC programmable. 0 to 20kHz DIP 

Comparators 4115.04 Provides window or dual limit Module 
for comparison 

4082.03 Drives lamps, relays or logic loads Module 
Fixed-Frequency ATF76 Pre-tuned, multiple pole bandpass. low-pass. and DIP 
Active Filters Series notch filters 
Universal UAF41 Variable type. 4-resistor. programmable. 2-pole DIP 
Active Filters lJAF31 filters; Q and f( can be programmed; 3 outputs 

UAF21 provide low-pass. high-pass and bandpass transfer 
UAFII functions; complex filter response by cascading. 

FOR ADDITIONAL DETAILS REFER TO THE BURR-BROWN GENERAL CATALOG OR CONTACT YOUR NEAREST BURR-BROWN REPRESENTATIVE 
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Phase-Locked Loops 

XR-21S HIGH-FREQUENCY 
PHASE-LOCKED LOOP 

The XR-215 is a highly versatile monolithic phase-locked 
loop (PPL) system designed for a wide variety of applica­
tions in both analog and digital communication systems. 
It is especially well suited for FM demodulation, frequency 
synthesis and tracking filter applications. The XR-215 
operates over a power supply voltage ranging from 5V 
to 26Vand has a wide frequency band of 0.5 Hz to 35 MHz. 
It can interface with conventional DTL, TTL, and ECL 
logic families. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Wide Frequency Range: 0.5 Hz to 35 MHz 
Wide Supply Voltage Range: 5V to 26V 
Digital Programming Capability 
DTL, TTL, and ECL Logic Compa~ibility 
Wide Dynamic Range: 300J-lV to 3V 
ON-OFF Keying and Sweep Capability 
Wide Tracking Range: Adjustable from ±1 % to ±50% 
High-Quality FM Detection: Distortion 0.15% 

Signal/Noise 65 dB 

APPLICATIONS 

FM Demodulation 
Frequency Synthesis 
FSK Coding/Decoding (MODEM) 
Tracking Filters 
Signal Conditioning 
FM, FSK, and Sweep Generation 
Crystal Controlled Detection 
Wideband Frequency Discrimination 
Voltage-to-Frequency Conversion 

ORDER INFORMATION 

Part Number 

XR·215 

Package 

Ceramic 

Operating Temperature 

O°C to +75°C 

XR-2211 FSK DEMODULATORI 
TONE DECODER 

The XR·22J 1 is a monolithic phase-locked loop system 
especially designed for data communications and is partic· 
ularly well-suited for FSK modem applications. It has a 
supply voltage range of 4.5V to 20V and a wide frequency 
range of 0.01 Hz to 300 kHz. The circuit accommodates 
analog signals between 2 mV and 3V and interfaces with' 
conventional DTL, TTL, and ECL logic families. The 
XR-2211 consists of a basic PLL for tracking an input 
signal within the passband, a quadrature phase detector 
for carrier detection, and an FSK voitage comparator for 
FSK demodulation. Independent external components set 
center frequency, bandwidth, and output delay. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 
Wide Frequency Range 
Wide Supply Voltage Range 
DDT/TTL/ECL Logic Compatibility 

0.01 Hz to 300 kHz 
4.5V to 20V 

FSK Demodulation, with Carrier-Detection 
Wide Dynamic Range 2 mV to 3 Vrms 
Adjustable Tracking Range (±1% to ±80%) 
Excellent Temperature Stability 20 ppmtC, Typical 

APPLICATIONS 

FSK Demodulation 
Data Synchronization 
Tone Decoding 
FM Detection 
Carrier Detection 

ORDER INFORMATION 

Part Number Package 

XR·2211M Ceramic 
XR·2211N Ceramic 
XR-2211P Plastic 
XR-2211CN Ceramic 
XR-221ICP Plastic 

Operating Temperature 

-5SoC to + 125°C 
-40°C to +8S

o
C 

-40°C to +8S
o
C 

O°C to +7S
o
C 

O°C to +7S
o
C 
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Phase-Locked 
Loops 
XR-2212 PRECISION 
PHASE-LOCKED LOOP 

The XR-2212 is an ultra-stable monolithic phase-locked 
loop (PLL) system especially designed for data communica­
tion and control system applications. It offers 20 ppmtC 
temperature stability and is ideally suited for frequency 
synthesis, FM detection, and tracking filter applications. 

The XR-2212 precision PLL is directly compatible with 
MOS, Dl'L, and TTL logic families and microprocessor 
peripheral systems. The circuit consists of a PLL system 
made up of an input preamplifier, a phase detector, a 
stable voltage-controlled oscillator (VCO), and a high­
gain differential amplifier.' The center frequency, band­
width, and the tracking range of the PLL are controlled 
independently by the choice of external components. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 
Quadrature VCO Outputs 
Wide Frequency Range 
Wide Supply Voltage Range 
MOS/TTL/ECL Logic Compatibility 
Wide Dynamic Range 

0.01 Hz to 300 kHz 
4.SV to 20V 

Adjustable Tracking Range (±1 % t9 ±80%) 
Excellent Temperature Stability 20 ppmtC, Typical 

APPLICATIONS 

Frequency Synthesis 
Data Synchronization 
FM Detection 
Tracking Filters 

ORDER INFORMATION 

Part Number Package 

XR-2212M Ceramic 
XR-2212N Ceramic 
XR-2212P Plastic 

, XR-2212CN Ceramic 
XR-2212CP Plastic 

FSK Demodulation 
Signal Conditioning 
Clock Extraction 

Operating Temperature 

-55°C to + 125°C 
-40°C to +8S

o
C 

-40°C to +8S
o
C 

O°C to +7SoC 
O°C to +7SoC 

Timing Circuits 

XR-L555 MICROPOWER 
TIMING CIRCUIT 

The XR-LSSS is a stable micro power controller capable of 
producing accurate timing pulses ,with low power dissipa­
tion. Typical power dissipation is 900 microwatts at SV. 
The circuit offers both the monostable or the astable modes 
of operation and can operate with power supplies as low as 
2:7 volts. It may be triggered or reset on falling \Yaveforms. 
The output can source up to 50 rnA or drive TTL circuits. 
The XR-L5S5 features temperature stability and low­
voltage operation, ideal as a micropower clock oscillator,or 
VCO for low-power CMOS systems. It can operate up to 
1500 hours with only two 300 mA-Hr NiCd batteries. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Pin Compatible with Standard 555 Timer 
Less than 1 mW Power Dissipation (V+ = 5V) 
Timing from Microseconds to Minutes 
Over 1000-Hour Operation with 2 NiCd Batteries 
Low Voltage Operation (V+ = 2.7V) 
Operates in Both Monostable and Astable Modes 
CMOS, TTL, and DTL Compatible Outputs 
Adjustable Duty Cycle 
Temperature Stability of .005%;0 C 

APPLICATIONS 

Battery Operated Timing 
Micropower Clock Generator 
Pulse Shaping and Detection 
Micropower PLL Design 
Missing Pulse Detection 
Power-On Reset Controller 

ORDER INFORMATION 

Part Number 

XR-L55SM 
XR-L5S5CN 
XR-LSSSCP 

Package 

Ceramic 
Ceramic 
Plastic 

Micropower Oscillator 
Sequential Timing' 
Pulse-Width Modulation 
Pulse Position Modulation 
Appliance Timing 
Remote-Control Sequencer 

Operating Temperature 

-55°C to + 125°C 
O°C to +75°C 
O°C to +75°C 
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Timing Circuits 

XR-2242 LONG-RANGE TIMER 

The XR-2242 is a monolithic Timer/Controller capable of 
producing ultra-long time delays from microseconds to 
days. Two timing circuits can be cascaded to generate 
time delays or timing intervals of up to one year. The 
circuit is comprised of an internal time-base oscillator, an 
8-bit binary counter and a control flip-flop. For a given 
external RC network connected to the timing terminal, 
the circuit produces an output timing pulse of 128 RC. 
If two circuits are cascaded, a total time delay of (I 28)2 or 
16,384 RC is obtained. 

In monostable timer applications, the output terminal 
(pin 3) is connected back to the reset terminal, the circuit 

~ continues to operate in an astable mode, subsequent to a 
>< trigger input. 

W 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Timing from Microseconds to Days 
Wide Supply Range: 4.SV to ISV 

\ TTL and DTL Compatible Outputs 
High Accuracy: O.S% 
Excellent Supply Rejection: 0.2%/V 
Monostable and Astable Operation 

APPLICATIONS 

Long Delay Generation 
Sequential Timing 
Precision Timing 
Ultra-Low Frequency Oscillator 
Interval Timing 

ORDER INFORMATION 

Part Number 

XR-2242M 
XR-2242CN 
XR-2242CP 

Package 

Ceramic 
Ceramic 
Plastic 

Operating Temperature 

-SSoC to + 12SoC 
O°C to +7SoC 
oOe to +7SoC 

Function 
Generators 
XR-2206 MONOLITHIC 
FUNCTION GENERATOR 

The XR-2206 is a monolithic function generator integrated 
circuit capable of producing high quality sine, square, 
triangle, ramp, and pulse waveforms of high stability and 
accuracy. The output waveforms can be both amplitude 
and frequency modulated by an external voltage. Frequency 
of operation can be selected externally 'over a range of 
0.01 Hz to more than I MHz. 

This circuit is ideally suited for communications, instru· 
mentation, and function generator applications requiring 
sinusoidal tone, A\1, FM, or FSK generation. It has a 
typical drift specification of 20 ppmtC. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 
Low Sinewave Distortion (THD .5%) 

Insensitive to Signal Sweep 
Excellent Stability (20 ppmtC, Typical) 
Wide Sweep Range (2000: 1, Typical) 
Low Supply Sensitivity (0.01 %/V, Typical) 
Linear Amplitude Modulation 
Adjustable Duty-Cycle (I % to 99%) 
TTL Compatible FSK Controls 
Wide Supply Range (IOV to 26V) 

APPLICATIONS 

Waveform Generation 
Sine, Square, Triangle, Ramp 

Sweep Generation 
AM/FM Generation 
FSK and PSK Generation 

ORDER INFORMATION 

Part Number Package 

XR-2206M Ceramic 
XR-2206N Ceramic 
XR-2206P Plastic 
XR-2206CN Ceramic 
XR-2206CP Plastic 

Voltage-to-Frequency 
Conversion 

Tone Generation 
Phase-Locked Loops 

Operating Temperature 

-SSoC to + 12SoC 
O°C to +7SoC 
oOe to +7Soe 
O°C to +7SoC 
O°C to +7SoC 
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Function Generators 

XR-2207 VOLTAGE­
CONTROLLED OSCILLATOR 

The XR-2207 is a monolithic voltage-controlled oscillator 
(VCO) integrated circuit featuring excellent freq~ency 
stability and a wide tuning range. The circuit provides 
simultaneous triangle and squarewave outputs over a fre­
quency range of 0.01 Hz to 1 MHz. It is ideally suited 
for FM, FSK, sweep or tone generation, and phase-locked 
loop applications. 

The XR-2207 has a typical drift specification of 20 ppmtC. 
The oscillator frequency can be linearly swept over a 
1000: 1 range with an external control voltage. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 
Excellent Temperature Stability (20 'ppmtC) 
Linear Frequency Sweep 

, Adjustable Duty Cycle (0.1 %to 99.9%) 
Two or Four Level FSK Capability 
Wide Sweep Range (1000: 1 Minimum) 
Logic Compatible Input and Output~vels 
Wide Supply Voltage Range (±4V to ±13V) 
Low Power Sensitivity (O.1S%/V) 
Wide Frequency-Range (0.01 Hz to 1 MHz) 
Simultaneous Triangle and Square wave Outputs 

APPLICATIONS 

FSK Generation 
Voltage and Current-to-Frequency Conversion 
Stable Phase-Locked Loop 
Waveform Generation 

Triangle; Sawtooth, Pulse, Squarewave 
FM and Sweep Generation 

ORDER INFORMATION 

Part Number Package Operating Temperature 

XR·2207M Ceramic -SSDC to + 12SDC 
XR-2207N Ceramic ODC to +7S DC 
XR-2207P Plastic ODC to +7S DC 
XR-2207CN Ceramic ODC to +7SDC 
XR-2207CP Plastic ODC to +7SDC 

, XR-2209 PRECISION 
OSCILLATOR 

The XR-2209 is a monolithic variable frequency oscillator 
circuit featuring excellent temperature stability and a wide 
linear sweep range. The circuit provides simultaneous 
triangle and squarewave outputs over a frequency range of 
0.01 Hz to 1 MHz. The frequency is set by an external RC 
product. It is ideally suited for frequency modulation, 
voltage-to-frequency or current-to-frequency conversion, 
sweep or tone generation, as well as for phase-locked loop 
applications when used in conjunction with a phase com­
parator such as the XR-2208. 

The circuit is comprised of three functional blocks: a 
variable frequency oscillator, and two buffer amplifiers. 
The XR-2209 has a typical drift specification of 20 pp'mtC. 
Its frequency can be linearly swept over a 1000: 1 range 
with an external control sign~l. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

TRIANGLE 
OUTPUT 

7 SQUAREWAVE 
OUTPUT 

Excellent Temperature Stability (20 ppmtC) 
Linear Frequency Sweep 
Wide Sweep Range (1000: 1 Minimum) 
Wide Supply Voltage Range (± 4V to ± 13V) 
Low Supply Sensitivity (O.1S%N) 
Wide Frequency Range (0.01 Hz to 1 MHz) 
Simultaneous Triangle and Squarewave Outputs 

APPLICATIONS 
Voltage and Current -to-Frequency Conversion 
Stable Phase-Locked Loop Oscillator 
Waveform Generation 
FM and Sweep Generation 

ORDER INFORMATION 

Part Number 

XR-2209M 
XR-2209CN 
XR-2209CP 

Package 

Ceramic 
Ceramic 
Plastic 

Operating Temperature 

_55°C to +12SDC 
ODC to +7S oC 
ODC to +7SoC 
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Operatio"al Amplifiers 

XR·072 DUAL LOW·NOISE 
BIFET OPERATIONAL 
AMPLIFIER 

The XR-072 family of junction-FET input dual op-amps are 
the low-noise version of Exar's XR-082 dual BIFET op-amp 
circuits. The combination of low noise, high slew-rate and 
the low output distortion characteristics of these op-amps 
make them ideal for high gain audio pre amplification or 
analog signal processing systems. 

FUNCTIONAL BLOCK DIAGRAM 

XR·072 

FEATURES 

Direct Replacement for Texas Instruments TL072 
Low Noise (Vn = 18 nV/v'HZTyp.) 
Low Harmonic Distortion (0.01% Typ.) 
Same Pin Configuration as XR-14S8/XR-4SS8 
Low Power Consumption 
Low Input Bias and Offset Currents 
Output Short-Circuit Protection 
High Input Impedance ... FET-Input Stage 
Internal Frequency Compensation 
Latch-Dp-Free Operation 
High Slew-Rate ... 13 Vips, Typ. 

APPLICATIONS 

High-Quality Audio Pre amplification 
Low-Level Signal Detection 
Active Filter Design 
Signal Conditioning 
Analog Amplification 
Audio Signal Processing 

ORDER INFORMATION 

Part Number Package Operating Temperature 

XR-072M Ceramic -55°C to + 125°C 
XR-072N Ceramic -25°C t6 +8S

o
C 

XR-072P Plastic -25°C to +8SoC 
XR-072CN Ceramic O°C to +7SoC 
XR-072CP Plastic O°C to +7SoC 

XR·074 QUAD LOW·NOISE 
BIFET OPERATIONAL 
AMPLIFIER 

The XR-074 junction FET-input quad operational amplifier 
is the low-noise version of Exar's XR-084 quad BIFET op­
amp circuit. The low noise and low harmonic distortion 
characteristics make the XR-074 family of quad op-amps 
ideally suited for high-fidelity and audio preamplifier appli­
cations. Each of the four low-noise op-amps on the chip is 
fabricated using ion-implantation technology which com­
bines well-matched junction FETs and high-performance bi­
polar transistors on the same monolithic integrated circuit. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Direct Replacement for Texas Instruments TL074 
Low Noise (Vn = 18 nV/y1lZ Typ.) 
Same Pin Configuration as XR-3403 
High-Impedance Junction FET-Input Stage 
Internal Frequency Compensation 
Low Power Consumption 
Low Harmonic Distortion (0.01% Typ.) 
Output Short-Circuit Protection 
High Slew-Rate ... 13 VIps, Typ. 

APPLICATIONS 
High-Quality Audio Preamplification 
Low-Level Signal Detection 
Active Filter Design 
Signal Conditioning 
Analog Amplification 
Audio Signal Processing 

ORDER INFORMATION 
Part Number Package Operating Temperature 

XR-074M Ceramic -55°C to +12S
o
C 

XR-074N Ceramic -25°C to +8SoC 
XR-074P Plastic -25°C to +8S

o
C 

XR-074CN Ceramic O°C to +7S
o
C 

XR-074CP Plastic O°C to +7S
o
C 
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XR-oS2/XR-oS3 DUAL 
BIFEY OPERATIONAL 
AMPLIFIERS 

The XR-082/XR-083 family ofjunction-FET input (BIFET) 
dual operational amplifiers are designed to offer high per­
formance and a wider selection than conventional bipolar 
op~amps. Each amplifier features high slew rate, low input 
bias and offset currents, and low offset. voltage drift with 
temperature. 

FUNCTIONAL BLOCK DIAGRAMS 

Note: Pins 9 and 13 are internally connected. 

FEATURES 

Direct Replacement for Texas Instrument TL082 and TL083 
Low Power Consumption 
Wide Common~Mode and Differential Voltage Ranges 
Low Input Bias and Offset Currents 
Output Short-Circuit Protection 
High Input Impedance: FET Input Stage 
Internal Frequency Compensation 
Latch-Up Free Operation 
High Slew Rate: 13V/J1s, Typical 

ORDER INFORMATION 

Part Number Package Operating Temperature 

XR-082M Ceramic -55°C to +12S
o
C 

XR-082N Ceramic -25°C to +8S
o
C 

XR-082P Plastic -25°C to +8S
o
C 

XR-082CN Ceramic O°C to +7SoC 
XR-082CP Plastic O°C to +7SoC 
XR-083M Ceramic -55°C to + 125°C 
XR-083N Ceramic -25°C to +8S

o
C 

XR-083P Plastic - 2S oC to +8SoC 
XR-083CN Ceramic O°C to +7S

o
C 

XR-083CP Plastic O°C to +7S
o
C 

XR-oS4 QUAD BIFET 
-, OPERATIONAL AMPLIFIER 

The XR-084 junction-FET input (BIFET) quad operational 
amplifier is designed to offer higher performance than con­
ventional bipolar quad op-amps. Each of the four op-amps 
on the chip is closely matched in performance characteristics, 
and each amplifie'r features high slew rate, low input bias 
and offset currents, and low offset voltage drift with­
temperature. The XR-084 FET input quad op-amp is­
fabricated using ion-implantation technology which com- .­
bines well-matched junction FETs and high-performance bi-~ 
polar transistors on the same monolithic integrated circuit. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Direct Replacement for Texas Instrument TL084 
Same Pin Configuration as XR-3403, LM324 
High-Impedance J unction-FET Input Stage 
Internal Frequency Compensation 
Low Power Consumption 
Wide Common-Mode and Differential Voltage Ranges 
Low Input Bias and Offset Currents 
Output Short-Circuit Protection 
Latch-Up Free Operation 
High Slew Rate: 13V/ J1S, Typical 

APPLICATIONS 

Active Filter Design 
Sample/Hold and Servo Systems 
Audio Signal Processing 
Analog Control Systems 

ORDER INFORMATION 

-Part Number Package 

XR-084M Ceramic 
XR-084N Ceramic 
XR-084P Plastic 
XR-084CN' Ceramic 
XR-084CP Plastic 

Operating Temperature 

-55°C to + 125°C 
_-25°C to +8S

o
C 

_25°C to +85°C 
O°C to +7S

o
C 

O°C to +7S
o
C 
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Operational Amplifiers 

XR-094 QUAD 
PROGRAMMABLE BIFET 
OPERATIONAL AMPLIFIER 

The XR-094 is a programmable version of the XR-084 family 
of quad FET-input operational amplifiers. The circuit offers 
partitioned programming where the three of the four op­
amps on the chip are programmed by one external bias-setting 
resistor, and the fourth op-amp is programmed by a second 
bias-setting resistor. These two external setting resistors per­
mit the user to program the gain-bandwidth product, slew­
rate and the supply current, especially for low power appli­
cations. The XR-094 programmable BIFET quad op-amp is 
fabricated using ion-implantation technology which com­
bines well-matched junction FETs and high-performance 
bipolar transistors on the same monolithic integrated circuit. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Programmable Version of Texas Instruments TL084 
Same Pin Configuration as LM146/246/346 
Programmable for Micropower Operation 
Partitioned Programming (Single/Triple Combination) 
High-Impedance Junction-FET Input Stage 
Internal Frequency Compensation 
Low Input Bias and Offset Currents 

APPLICATIONS 

Active Filter Design 
Sample/Hold and 

Servo Systems 

ORDER. INFORMATION 
Part Number Package 
XR-094M Ceramic 
XR-094N Ceramic 
XR-094P Plastic 
XR-094CN Ceramic 
XR-094CP Plastic 

Audio Signal Processing 
Analog Control Systems 
Telephone Channel Filters 

Operating Temperature 
-55°C to +12S

o
C 

-25°C to +8S
o
C 

-25°C to +8S
o
C 

O°C to +7So C 
O°C to +7S oC 

XR·095 QUAD 
PROGRAMMABLE BIFET 
OPERATIONAL AMPLIFIER 

The XR-09S is a programmable version of the XR-084 family 
of quad FET-input operational amplifiers. The circuit offers 
partitioned programming of the individual op-amp sections 
on the chip: two of the op-amps are programmed by one 
bias-setting resistor, and the remaining two op-amps are pro­
grammed bya separate bias-setting resistor. These two exter­
nal setting resistors permit the user to program· the gain­
bandwidth product, slew-rate and the supply current, 
especially for low power applications. The XR-09S program­
mable BIFET quad op-amp is fabricated using ion-implanta­
tion technology which combines well-matched junction 
FETs and high-performance bipolar transistors on the same 
monolithic integrated circuit. 

FUNCfIONAL BLOCK DIAGRAM 

FEATURES 

Programmable Version of Texas Instruments TL084 
Same Pin Configuration as LM346-2 
Partitioned Programming (Two Dual Combination) 
Programmable for MicropowerOperation 
High-Impedance J unction-FET Input Stage 
Internal Frequency Compensation 
Low Input Bias and Offset Currents 

APPLICATIONS 

Active Filter Design 
Sample/Hold and 

Servo Systems . 

ORDER INFORMATION 

Part Number Package 
XR~09SM Ceramic 
XR-09SN Ceramic 
XR-09SP Plastic 
XR-09SCN Ceramic 
XR-Q9SCP Plastic 

Audio Signal Processing 
Analog Control Systems 
Telecommunication Systems 

Operating Temperature 
-55°C to +12S o C 
-25°C to +8S oC 
-25°C to +8S oC 

O°C to +7S oC 
abc to +7S oC 
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Operational Amplifiers 

. XR-146/246/346 
PROGRAMMABLE QUAD 
OPERATIONAL AMPLIFIER 

The XR-146· family of quad operational amplifiers contain 
four independent high-gain, low-power, programmable op­
amps on a monolithic chip. The use of external bias setting 
resistors permit the user to program gain-bandwidth product, 
supply current, input bias current, input offset current, 
input noise and the slew rate. 

The· basic XR-146 family of circuits offer partitioned pro­
gramming of the internal op-amps where one setting resistor 
is used to set the bias levels in the three op-amps, and a 
second bias setting is used for the remaining op-amp. Its 
modified version, the XR-346-2 provides a separate bias 
setting resistor for each of the two op-amp pairs. 

FUNCTIONAL BLOCK DIAGRAMS 
XR·1461246i346, XR·346·2 

FEATURES 

Direct Replacement for LMI46/246/346 (XR-146 Fam,ily) 
Direct Replacement for LM346-2 (XR-346-2) 
Programmable Electrical Characteristics 
Low Supply Current (3S0 pA per Amplifier) 
Large DC Voltage Gain (120 cllil 
Low Noise Voltage (2S nV /yHz) 
Wide Power Supply Range (±1.SV to ±22V) 
Class AB Output Stage-No Crossover Distortion 

ORDER INFORMATION 

Part Number 

XR-146M 
XR-246N 
XR-246P 
XR-346CN 
XR-346CP 
XR-346-2CN 
XR-346-2CP 

Package 

Ceramic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 

Operating Temperature 

-SSoC to +12SoC 
- 2SoC to +8SoC 
- 2SoC to +7SoC 

O°C to +7SoC 
O°C to +7SoC 
O°C to +75°C 
O°C to +75°C 

XR-5532/5533/5534 . 
LOW-NOISE 
OPERATIONAL AMPLIFIER 

The XR-5532/5533/5534 ultra-low noise operational' am­
plifiers are especially designed for high quality audio and 
instrumentation &pplications. The XR-5532 and the XR-
5534 both come in 8-pin packages. The XR-5532 is a dual 
op amp, and the XR-5533 is a 14-pin version of the XR- \ ... 
5532. Compared to the standard 741- or 30l-type op amps, 
these operational amplifiers show an order of magnitude 
better noise performance and small-signal bandwidth,and 
higher output drive capability. They are all internally 
compensated, and the dual versions offer independent 
offset adjustments for each of the two op amps. 

FUNCTIONAL BLOCK DIAGRAMS 

BALANCE 1 

FEATURES 

Direct Replacement for NES532 
Ultra-Low Input Noise (4 nV/yHz Typ.) 
Wide Small-Signal Bandwidth (10 MHz Typ.) 

8 BALANCE 
COMP 

5 OUTPUT 
COMP 

High Output Drive Capability (10 V rms into 600[2) 
Wide Supply Range (± 3V to ± 20V) 
Wide Power Bandwidth (200 kHz) 
High Slew-Rate: 6V/psec Dual Version 13 V/psec 
Independent Offset Adjustments (Dual Versions) 

APPLICATIONS 

Professional Audio 
Equipment 

Instrumentation and 
Servo Control 

Telephone Channel Amplifier 
Low-Level Signal Processing 
Audio Preamplification 

ORDER INFORMATION 

Part Number Package Operating Temperature 

XR-SS32M/33M/34M Ceramic -55°C to +12S
o
C 

XR-S532CN/33CN/34CN Ceramic O°C to +7S
o
C 

XR-SS32CP/33CP/34CP Plastic O°G: to +7S
o
C 
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Operational 
Amplifiers 
XR-4202 PROGRAMMABLE 
QUAD OPERAnONAL 
AMPLIFIER 

The XR-4202 is an array of four independent operational 
amplifiers on a single silicon chip_ The operating current of 
the array is ~xternally controlled by a single setting resistor 
or current source, allowing the user to trade-off power 
dissipation for bandwidth for all of the four amplifiers in 
the package. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Programmable 
Micropower Operation 
Wide Input Voltage and Common Mode Range. 
Internal Frequency Compensation 
No Latch-Up 
Matched Parameters 
Short ,Circuit Protection 

APPLICATIONS 

Active Filter Design 
Signal Conditioning 
Analog Amplification 
Audio Signal Processing 

ORDER INFORMATION 

Part Number Package 

XR-4202N Ceramic 
XR-4202P Plastic 

Operating Temperature 

-40°C to +8SoC 
-40°C to +8SoC 

Voltage Regulators 

XR4524/2524/3524 
PULSE WIDTH MODULATING 
REGULATOR 

This monolithic integrated circuit contains all the control 
circuitry for a regulating power supply inverter or switching 
regulator. Included in a 16-pin dual-in-line package is the 
voltage reference, error-amplifiers, oscillator, pulse-width 
modulator, pulse-steering flip-flop, dual alternating output 
switches and current-limiting and shut-down circuitry. This 
device can be used for switching regulators. of either polar­
ity, transfonncr coupled DC to DC converters, transformer­
less voltage doublers and polarity converters, as well as other 
power control applications. The XR-lS24 is specified for 
operation over the full military temperature range of -SSoC 
to + 12SoC, while the XR-2524 and XR-3S24 are designed 
for commercial applications of O°C to +70°C. 

FUNCTIONAL BLOCK DIAGRAM 

INV 
INPUT 

FEATURES 

X R-1524/2524/3524 

Direct Replacement for SGlS24/2S24/3S24 
Complete PWM Power Control Circuitry 
Single-Ended or Push-Pull Outputs 
Lines and Load Regulation of 0.2% 
1 % Maximum Temperature Variation 
Total Supply Current Less than lOrnA 
Operation Beyond 100 kHz 

ORDER INFORMATION 

Part Number Package Operating Temperature 

XR-lS24M Ceramic -55°C to + 125°C 
XR-2S24N Ceramic O°C to +7SoC 
XR-2S24P Plastic oOe to +7SoC 
XR-3S24CN Ceramic O°C to +7SoC 
XR-3S24CP Plastic O°C to +7S

o
C 

EXAR INTEGRATED SYSTEMS, INC., P.O. Box 62229, Sunnyvale, Ca. 94088. Phone (408) 732-7970 
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High Cull'ellt 
Drivers 
XR-2201/2202/2203/2204 
HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR 
ARRAYS 

The XR-2201/2202/2203/2204 Darlington transistor arrays 
are comprised of seven silicon NPN Darlington pairs on a 
single monolithic substrate. All feature open-collector out­
puts and internal protecton diodes for driving inductive 
loads. Peak inrush currents of up to 600 rnA are allowable, 
making them also ideal for driving tungsten filament 
lamps. Although the maximum continuous collector cur­
rent rating is 500 rnA for each driver, the outputs may be 
paralleled to achieve higher load current capability. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

High Peak Current Capability: 600 rnA 
Internal Protection Diodes for Driving Inductive Loads 
Directly Compatible with TTL, CMOS, PMOS, and DTL 

Logic Families 
Exact Replacement for Sprague Types ULN2001A, 

ULN2002A, ULN2003A, and ULN2004A 

APPLICATIONS 

Solenoid and Relay Driver 
HJgh Current LED Driver 
Printing Calculator Hammer Driver 
High Current Switch 
Tungsten Lamp Driver 

ORDER INFORMATION 

Part Number Package 

XR-2201CP Plastic 
XR-2202CP Plastic 
XR-2203CP Plastic 
XR-2204CP Plastic 

Operating Temperature 

O°C to +8S
o
C 

O°C to +8S oC 
O°C to +8S oC 
O°C to +8S oC 

Display Drivers 

XR-6118 FLUORESCENT 
DISPLAY DRIVER 

The XR-6118 is a high-voltage monolithic IC consistiIig of 
eight NPN Darlington Output stages, along with their 
common-emitter type input stages. The circuit is designed 
to interface between low-level digital logic and high-voltage 
vacuum fluorescent displays. The XR-611B is capable of 
driving the digits and/or segments of these displays and are 
designed to permit all eight outputs to be activated simul­
taneously. Pulldown resistors are incorporated into each 
output and no external components are required for most 

. fluorescent display applications. It is directly compatible' 
with standard or Schottky TTL, DTL, and S-volt CMOS 
logic families. . 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUTS 

FEATURES 
Direct Replacement for Sprague UDN-6118A 
Digit or Segment Drivers 
Low Inpu t Curren t 
Integral Output Pull down Resistors 
Low Power 
Reliable Monolithic Construction 
High Output Breakdown Voltage 

APPLICATIONS 

Fluorescent Driver 
Gas-Discharge Display Driver 
High·Voltage Switching 

ORDER INFORMATION 

Part Number 
XR-6118N 

XR-6118P 

Package 

Ceramic 
Plastic 

Operating Temperature 

O°C to +8S
o
C 

O°C to +8S o C 

EXAR INTEGRATED SYSTEMS, INC., P.O. Box 62229, Sunnyvale, Ca. 94088 • Phone (408) 732-7970 
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Semi-custom 
Bipolar Program 
The Exar bipolar semi-custom design program offers a 
variety of "semi-custom" chips to fulfill various applica­
tion' performance requirements and complexities. 

These semi-custom chips offer a unique method of manu­
facturing an almost unlimited variety of custom linear 
and digital integrated circuits with greatly reduced cost and 
development time. Exar makes this possible by stocking 
wafers that are completely fabricated except for the final 
process step of device interconnection which metalizes the 
selected components together in the required circuit 
configurations. 

BIPOLAR SEMI-CUSTOM CHIPS 

Chip Type Chip Size 
in Mils 

AlOO 73 X 83 
BlOO 85 X 85 
CIOO 87 X 78 
0100 80 X 80 

+FlOO 91 X 110 

+ Presently under 
development 

! 
I Breakdown 

Voltage 

22V 
22V 
28V 
36V 
22V 

NPN PNP 

60 18 
69 12 
48 

1
10 

50 
1

16
* 97 32* 

*Oual collector 
PNP transistors 

Exar offers a design kit which contains simple instructions 
and guidelines for designing the metal mask as well as 
actual breadboard components (consisting of NPN and PNP 
arrays and integrated resistors), which are representative of 
the devices available on the semi-custom chips. This pro­
vides the design engineer with the ability to closely evaluate 
his design performance prior to integrating it on a mono­
lithic chip. 

Semi-custom 
12L Program 
With the introduction of the I2L Gate-Array chips, Exar 
has extended its semi-custom design program to the Inte­
grated Injection Logic (I2L) technology. This unique 
method of custom LSI development technique now makes 
it possible to manufacture an almost unlimited variety of 
digital or analog/digital circuits using I2L technology, at 
a greatly reduced development cost and time. 

PL SEMI-CUSTOM CHIPS 

Characteristics 
Chip Type 

XR-300 I XR-400 I, XR-SOO 

I Chip Size (mils) 104X 1401111 X 111!122 X 185 
I J2L Gates 288 272 520 

Max. Operating 
Voltage 
A-Option 6V 6V 6V 
B-Option 15V 15V 15V 

Bipolar 110 Interfaces 28 38 40 
Bondi"ng Pads 34 38 42 

The XR-300 and the XR-500 gate-arrays are intended 
primarily for digital LSI designs. The XR-400 gate-array 
features the advantages of combining analog and digital 
functions on the same Ie chip. These I2L gate-array chips 
are customized using two or more custom mask patterns 
which are simultaneously generated from a pencil layout, 
using Exar's unique computerized mask generation tech­
nique. In this manner, the chip layout is greatly simplified 
and gate-utilization efficiency is increased. 

Exar also offers an I2L design kit which is intended to 
familiarize the designer with the basic features of I2L 
technology and provide helpful design gUidelines in reduc­
ing his design from concept to breadboard and finally 
to the Ie layout stage. 

Full Custom Development 
Exar offers a complete design and production capability for 
full-custom Ie development using Exar's bipolar and I2L 
technologies. This provides an excellent complement to 
Exar's unique semi-custom capability. 

Exar's full-custom Ie development and production capabili­
ties offer complete flexibility to meet changing customer 
needs or design problems. We can develop a complete cus­
tom Ie starting from your "black-box" speCifications or 
reduce your working breadboard prototype to a monolithic 
chip. Alternately, if you have the facilities and resources to 
do the Ie design and the layout, Exar will provide you with 
the device characteristics and IC layout rules for the par­
ticular process suitable to your design and review your Ie 

layout for you. Then, Exar can generate the Ie tooling and 
fabricate your Ie prototypes for you. 

Exar's bipolar process technology is compatible with the 
manufacturing processes available from many oJ the other 
Ie ; manufacturers. Thus, if you have developed a set of IC 
tooling with another manufacturer and would like an 
alternate or substitute supplier for your custom Ie pro-· 
duct, in most cases your existing Ie tooling may be directly 
compatible with Exar's technology. 

ExaI;'s Engineering Department has two custom Ie design 
groups dedicated to the development of linear and digital 
custom LSI. We pride ourselves in our flexibility and quick 
response to your needs. 

EXAR INTEGRATED SYSTEMS, INC., P.O. Box 62229, Sunnyvale, Ca. 94088. Phone (408) 732-7970 

932 ©IC MASTER 1979 



Special Functions 
XR-13600 DUAL 
OPERATIONAL 
TRANSCONDUCTANCE 
AMPLIFIER 
The XR-13600 consists of 2 programmable transconduct­
ance amplifiers with high input impedance and push-pull 
outputs. The 2 amplifiers share common supplies but 
otherwise operate independently. Each amplifier's trans­
conductance is directly proportional to -its applied bias 
current. To improve signal-to-noise performance, predis­
tortio"n diodes are included on the inputs. Independent 
Darlington emitter followers are included to buffer the 
outputs. Other XR-13600 features: direct replacement 
for LM-13600, transconductance adjustable over 4 decades, 
excellent transconductance-control linearity. Other ap- " 
plications: current-controlled amplifiers, impedances, fil­
ters, and oscillators~ multipliers/attenuators; sample-and-hold 
circuits~ and electronic music synthesis. Available in 
commercial grade plastic package. 

FUNCTIONAL 
BLOCK DIAGRAM 

ORDER INFORMATION 

Part Number 

XR-13600CP 

Package 

Plastic 

Operating Temperature 

O°C to +7S
o
C 

XR-2228 MULTIPLIERI 
DETECTOR 
The XR-2228 multiplier/detector circuit is designed as a 
basic building block for analog signal processing and com­
munication systems. Because of its wide common-mode 
range and differential inputs, the XR-2228 can interface 
with any of the existing PLL circuits in designing syn­
chronous AM detection or frequency translation systems. 
It can be used as a phase-detector for frequencies up to 
100 MHz. Other applications: AM generation, triangle-to­
sinewave conversion, and· frequency translation. Avail­
able in military and commercial grade ceramic packages 
or commercial plastic. 

. FUNCTIONAL 
BLOCK DIAGRAM 

ORDER INFORMATION 

Part Number 

XR-2228M 
.XR-2228CN 
XR-2228CP 

Package 

Ceramic 
Ceramic 
Plastic 

OP-AMP 
11 OUTPUT 

Operating Temperature 

-55°C to + 125°C 
-40°C to +8S

o
C 

O°C to +7S
o
C 

Application Notes & 
Technical Literature 
Exar's technical staff and applications engineers have 
prepared a number of application notes and comprehensive 
Data Books which cover most of the key features and 
applications of Exar's IC products. 

APPLICATION NOTES 

AN-Ol: Stable FSK Modems Featuring the XR-2206, 
XR-2207 and XR-2211 

AN-02: XR-C240 Monolithic PCM Repeater 
AN-03: Active Filter Design With IC Op Amps 
AN-04: XR-C277 Low-Voltage PCM Repeater IC 
AN-OS: Tri-State FSK Modem Design Using XR-2206/ 

XR-2211 
AN-06: Precision PLL System Using XR-2207/ 

XR-2208 
AN-07: Single-Chip Frequency Synthesizer Employing 

the XR-2240 
AN-08: Dual~Tone Decoding with XR-S67 and XR~2S67. 
AN-09: Sinusoidal Output From XR-21S Monolithic 

PLL Circuit 
AN-I0: " XR-C262 High-Performance PCM Repeater 
AN-ll: A Universal Sinewave Converter Using the 

the XR-2208 and XR-2211 
. AN-12: A Wide Tracking Range Precision PLL S 

Using the XR-2212 and XR-41S1 
AN-13: Frequency Selective AM Detection Using 

Monolithic Phase-Locked Loops 
AN-14: A Complete Function Generator ,System Using 

the XR-2206 
AN-IS: An Electronic Music Synthesizer Using the 

XR-2207 and the XR-2240 
AN-16: Semi-Custom LSI Design with J2L Gate Arrays 
AN-17: XR-C409 Monolithic ]2L Test Circuit 

TECHNICAL LITERATURE 

Timer Data Book. Provides a collection of technical 
articles and application information on monolithic timer 
IC products. 

Phase-Locked Loop Data Book. Covers the fundamentals 
of design and applications of monolithic phase-locked 
loop (PLL) circuits. 

Function Generator Data Book. Contains a number of 
technical articles and application notes on monolithic 
voltage-controlled oscillator (VeO) and function gener­
ator IC products . 

Operational Amplifier Data Book. Contains a collection 
of technical articles on the fundamentals of monolithic 
IC op amps. 

. Applications Data Book. Contains a complete and up-to­
date set of application notes prepared by Exar's technical 
staff on FSK modems, active filters, telecommunication 
circuits, electronic music synthesis and many more. 

EXAR INTEGRATED SYSTEMS, INC., P.O. Box 62229, Sunnyvale, Ca. 94088. Phone (408) 732-7970 
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LINEAR VOLTAGE REGULATOR 

THERMAL RESISTANCE 
STANDARD OO/W 

DEVICE PACKAGE VOUT STANDARD FUNCTION POLARITY 
TYPE TYPE RANGE lOUT PACKAGE HJC 

p.A78CB TO-220 13.8V 2A TO-220 5.0 fixed positive 
TO-3 TO-3 5.5 

p.A79MOO TO-220 -5V TO-220 5.0 fixed negative 
TO-39 -6V TO-39 25 

-8V' 
-12V 500mA 
-15 V 
-20V 
-24 V 

TO-220 -5V TO-220 5.0 fixed negative 
TO-3 -6V TO-3 5.5 

-8V 
j.l.A7900 -12 V 1A 

"'0 -15 V 
-18 V 

.s:: -24V 
'0 
10.., 

°a 8Z (U1C) 8Z (U1) 11 adjustable positive u.. 
p.A78MG TO-39 (4 LD) 5 - 30V 500mA TO-39 25 

8Z (U1C) 8Z (U1) 11 adjustable positive 
p.A78G TO-3 (4 LD) 5 - 30V 1 A TO-3 5.5 

r t' 
8Z (U1C) 8Z (U1) 11 adjustable negative 

p.A79G TO-3 (4 LD) -2.2, -30 V 1A TO-3 5.5 

.... 
8Z (U1C) 8Z (U1) 11 adjustable negative 

p.A79MG TO-39 (4 LD) -2.2, -30 V 500mA TO-39 25 

p.A10S TO-5 4.5 - 40 V 12mA TO-5 * adjustable positive 
p.A30S 9T 4.5 - 40V 12 mA 9T * 
p.A376 4.5 - 40V 25mA 
p.A30SA 4.5 - 40V 45mA 

p.A104 5N -.015 - 40 V 25mA 5N * adjustable negative 
p.A304 5N -.035 - 30 V 25mA 5N * 

p.A78HG TO-3 5 - 24 V 5A TO-3 2.5 adjustable positive hybrid 

p.A79HG TO-3 -2.25 - 24 V 5A TO-3 3.0 adjustable negative hybrid 

p.A78HOO TO-3 5V, 12V, 15V 5A TO-3 2.5 fixed positive hybrid 

p.A109 TO-3 5V 1A TO-3 5.5 fixed positive 
p.A209 5V 
p.A309 5V 

SH323SC TO-3 5V 3A TO-3 S.S fixed positive hybrid 

p.A78POS TO-3 5V 10A TO-3 i 5.5 fixed positive hybrid 

p.A78S40 98 1.3 to 40 V l.SA 98 * switching regulator 

p.A723 SN 2 - 37 V 1S0mA SN * general purpose regulator 
6A 6A * 

9A 9A * 

*REFER TO VR HANDBOOK FOR FURTHt;R INFORMATION. 
I=AIRCHIL.C 
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LINEAR VOLTAGE REGULATOR 

THERMAL RESISTANCE 
STANDARD OO/W 

DEVICE PACKAGE VOUT STANDARD FUNCTION POLARITY 
TYPE TYPE RANGE lOUT PACKAGE 9JC 

",A78LOO TO-92 2.6V 100mA TO-92 ., fixed positive 
TO-39 5.0V TO-39 25 

6.2V 
B.OV 
B.2V 
9.0V 
12.0V 
15.0V 
1B.OV 
24.0V 

",A78COO BY (U1C) BV 500mA BY (U1) B.O fixed positive 
(TO-202) 10V 

12V 
15V 
17V 
1BV 
20V 
22V 
24V 

",A78MOO TO-220 5V 500mA TO-220 5.0 fixed positive 
BY (U1C) . 6V BY (U1) B.O 
TO-39 BV TO-39 25 

12V 
15V 
20V 
24V 

",A7800 TO-220 5V 1A TO-220 5.0 fixed positive 
TO-3 6V TO-3 5.5 

BV 
B.5V 
12V 
15 V 
1BV 
24V 

©IC MASTER 1979 935 



DEVICE 
TYPE 

TDA2002V 
TDA2002H 

TDA2002AV 
TDA2002AH 

IlA783P3C 
IlA783P4C 

TBA820 
TBA820L 

IlA7307TC 

TBA810DS 
TBA810DAS 

TBA810S 
TBA810AS 

F=AIFICHIL.C 

PIN 
CONFIGURATION 

'B' .. -- OUT 
i-- GJiG 

a-- ... 
1-- NON ..... " 

., ............. 0. OOOTST ..... 

CQMNNUTM)N 2 7 'I 

FffDeACJC.J • OUTPUT 

INPUT,. 5 GROUND 

LINEAR POWER AUDIO 

TYPICAL 
PERFORM­

ANCE 

> w a: w 
..JCJ WO 
a. C ~ Z 
a. .... C C 
:)..J W Q 
00 a. W 

> 0 a. 
! 

V n w 

16 
16 

14.4 

14.4 

16 
16 

14.4 

14.4 

2 

4 

2 

4 

2 
4 
2 

4 

10 

6.5 
8 

5.2 

10 

6.5 
8 

5.2 

24 8 
24 16 

9 
5 
6 

1 

14.4 4 

6 4 

12 

9 
9 
6 

3.5 

9 
9 
6 

3.5 

·3 

16 
14.4 

9 
6 

16 
14.4 

9 
6 

8 2 

4 1.6 
8 1.2 

4 0.75 

4 0.22 

4 1.6 
8 1.2 

4 0'.75 

4 0.22 

4 0.09 

4 7 
4 6 
4 2.5 
4 1 

4 7 
4 6 
4 2.5 
4 

FEATURES 

WZ 
CJo 
C­........ 
..JO 
OW 
> .... 
-0 

a: a: 
Wa. 
> o 

x 

x 

..JZ 
C~ 
:EO a: Q 
W .... 
:1::) 
.... :1: 

o 

x 

x 

x 

x 

x 

.... 
~Z 
a:0 
oi= 
-0 ....W a: .... 
00 
:I: a: 
0a. 
o 
C 

x 

x 

PACKAGE 
INFORM­

ATION 

GO-V 

GO-H 

GO-V 

GO-H 

P3C 

P4C 

9C 

9A 

9T 

P3C 

P4C 

P3C 

P4C 

..JW 
CO 
:Ez 
a:C 
W .... 
:to 
.... en 

W 
a: 

MAX 
°C/W 

4 

4 

4 

4 

12 

10 

80 
80 

95 

12 

10 

12 

10 

TYPICAL 
APPLICATIONS 

• Automotive, Mobile and 

CB radios 

• General purpose audio 

• General purpose audio 

• High voltage (to 30 V) 

line operated radios, 

TV and HI-FI 

• Aircraft audio 
applications 

• Low power radio & TV 

• Battery operated 
general purpose audio 

• Low voltage 
applications 

• Low cost, low 
voltage 

• Low power 
applications 

• Battery operated 
equipment 

• Automotive, Mobile and 

CB radios 

• General purpose audio 

• General purpose audio 

@1978 Fairchild Camera and Instrument Corporation/464 Ellis Street, Mountain View, California 94042/(415) 962-5011/TWX 910-379-6435 
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DEVICE 
TYPE 

TBA800 
TBA800A 

706APC* 

PIN 
CONFIGURATION 

LINEAR POWER AUDIO 

TYPICAL 
PERFORM­

ANCE 

>OW 
...ICJ 
Q.c( 
Q.~ 
::l...l 
00 

> 

V 

24 

16 

16 

14 

9 

6 

~W 
WO 
~Z 
c(c( 
WQ 
Q.W 
0Q. 

2 

n 

16 

8 

4 

4 

4 

4 

W 

5 

3 

7 

5.5 

2.2 

1 

FEATURES 

wz 
CJo 
c(­
~~ 
.... 0 
OW 
>~ 
-0 
~~ 
WQ. 
> o 

PACKAGE 
INFORM­

ATION 

WW 
CJZ 
c(­
~...I 
O~ 
c(::l 
Q.O 

P3C 

P4C 

9H 

MAX 
°C/W 

12 

10 

11 

TYPICAL 
APPLICATIONS 

• TV sound output 

• Line operated radios 
and TV 

• Small screen TV 
vertical deflection 

• Normally used in low 
power applications with­

out additional heatsink 

• General purpose audio 

• Battery operated radios 

t---t---1---~---t---t--~~---+----~-------------------

706BPC* 

TBA641A12* 
OUT~p" . "r?" . GHO [: ::J OOOT,T ... 

NC~ ~NC 
GHO[ p.,,,,,,, •••• 

COMPf.N$ATtOf'I~ ~NC ' 

ONe P"'.OA« 
'----

TBA641B11* 

·NOT RECOMMENDED FOR NEW DESIGNS 

©IC MASTER 1979 

16 

14 

9 
6 

·9 

9 

6 

14 

9 

4 7 

4 5.5 

4 2.2 

4 

8 1.2 

4 2.2 

4 1 

4 4.~ 

4 2.2 

9J 12 

9H 11 
quil 

9J 12 
quil 

• Normally used in higher 

power applications than 
the I-LA706APC 

• General purpose audio 

• Line and battery 
operated radios & HI-FI 

• Low power radio and 

TV 

• Battery operated 

general purpose 

equipment 

• General purpose audio 
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JLAF771 SINGLE • JLAF772 DUAL • 
JLAF774 QUAD BIFET 

FET INPUT OPERATIONAL AMPLIFIER FAMILY 
FAIRCHILD LINEAR INTEGRATED CIRCUITS 

GENERAL DESCRIPTION - These monolithic BIFET input operational amplifiers incorporate well 
matched ion implanted BIFETS on the same chip with standard bipolar transistors. The key features of 
these op amps are low input bias currents in the sub nanoamp range plus high slew rate (13 V/p.,s typically) 
and wide bandwidth (3.0 MHz typically). 

• LOW INPUT BIAS CURRENT - 200 pA FOR ILAF774C 
• LOW INPUT OFFSET CURRENT - 100 pA FOR ILAF774C 
• HIGH SLEW RATE - 13 VIlLa TYPiCALLY 
• WIDE BANDWIDTH - 3.0 MHz TYPICALLY 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Internal Power Dissipation (Note 1) 

DIP Package (9A) (6A) 
Molded Mini DIP Package (9T) 
Hermetic Package (5S) 

Differential Input Voltage 
Input Voltage Range (Note 2) 
Output Short Circuit Duration 
Storage Temperature Range 

(58) (6A) 
(9A) (9T) 

Operating Temperature Range 
p.,AF77 • A, p.,AF77 • 
p.,AF77 • A, p.,AF77 ., p.,AF77'. C, p.,AF77 • L, 

Pin Temperature 
Molded Package (9T, 9A) Soldering 10 s 
Hermetic Package (58, 6A) Soldering 60 s 

SCHEMATIC DIAGRAM (Each Amplifier) 

±18 V 

670mW 
310 mW 
500mW 

±30 
±16 

continuous 

- 65°C to + 150°C 
- 55°C to + 125°C 

- 55°C to + 125°C 
O°C to + 70°C 

vcc+------------~~------------------~~--------~----~-------.----~ 

N()8.IHVE:'~ -------------t--------------, 

INVE~~-~ ......... OUTPUT 

I 
, I 

VCC---T-~~-------~--~~----_r------~-----+--------~-------4----~--~ 

OFFSET NULL OFFSET NULL 

/J-AF771 AND /J-AF772 ONLY 

eJ1978 Fairchild Camera and Instrument Corporation Printed in U.S.A. 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011ITWX 910-379-6435 I=~IRCHIL.C 
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FAIRCHILD • p.AF711 SINGLE • p.AF772 DUAL • #LAF774 QUAD BIFET 

DC ELECTRicAL CHARACTERISTICS 

SYMBOL UNITS 

The Following Specifications Apply for V S = ± 15 V, T A = 25°C 

Vos 
Input Offset 

Rs = 10 kfl 2.0 5.0 10 15 mV 
Voltage 

AVOL 
Large Signal Vo = ±10 V, 

50 100 50 100 50 100 50 100 V/mV Voltage Gain RL = 2 kfl 

The F.ollowing Specifications Apply for Vs = ±15 V, O°C ~ TA ~ 70°C 

Vos 
Input Offset 

Rs'= 10 kfl 4.0 7.0 13 -20 mV 
Voltage 

Average TC 
!l.Vos/!l.T of Input Rs = 10 kfl 10 10 10 10 /LV/oC 

Offset Voltage 

los Input Offset 
Tj = 25°C, 

50 100 100 100 pA 
Current 

(Notes 3, 4) 

Tj < 70°C 2.0 4.0 4.0 4.0 nA 

Input Bias 
Tj = 25°C, 

50 100 50 100 50 200 50 200 pA 
Is (Notes 3,4) 

Current Tj ~ 70°C 4.0 4.0 8.0 8.0 nA 

RIN 
Input 

Tj = 25°C 1012 1012 10 1~ 1012 n 
Resistance 

,. 
Large Signal Vo = ±10V, 

AVOL Voltage Gain RL = 2 kfl 
25 25 25 25 V/mV 

Vo 
Output 

RL = 10 kfl ±12 ±13.S ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 V 
Voltage Swing 

Input 
15 15 15 15 

VCM Common Mode ±11 
-12 

±11 
-12 

±11 
-12 

±11 
-12 

V 
Voltage Range 

CMMR 
Common Mode 

Rs ~ 10 kfl 80 80 70 70 dB 
Rejection Ratio 

PSRR 
Supply Voltage 

(Note 5) 80 80 70 70 dB 
Rejection Ratio 

/LAF771 1.8 2.8 1.8 2.8 1.8 2.8 1.8 2.8 

Is Supply Current /LAF772 3.2 5.0 3.2 5.0 3.2 5.0 3.2 5.0 mA 

/LAF774 6.1 9.5 6.1 9.5 6.1 9.5 6.1 9.5 

The Following Specifications Apply for - 55°C ~ T A ~ + 125°C 

Vos 
Input Offset 

Rs = 10 kfl 5.0 8.0 mV 
Voltage 

Average TC 
tNosl!l.T of Input 25 25 /LV;oC 

Offset Voltage 

Vs = ±15 V, 

AVOL 
Large Signal TA = 25°C 

25 25 V/mV 
Voltage Gain Vo = ±10 V, 

RL = 2 kfl 

Is 
Input Bias Tj == 125°C 

50 50 nA 
Current (Note ~) 
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FAIRCHILD • JLAF771 SINGLE • JLAF772 DUAL • JLAF774 QUAD BIFET 

AC ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL CHARACTERISTICS CONDITIONS 
ILAF771 N2N4A j.LAF771/2/4 ILAF771 C/2C/4C ILAF771 U2U4L 

UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

SR Slew Rate 
Vs == :t15 V, 

13 13 13 13 V/ILS TA == 25°C 

GBW 
Gain Bandwidth Vs == ::':15 V, 

3.0 3.0 3.0 I 3.0 MHz 
Product TA == 25°C 

Equivalent Input 
TA = 25°C I 

en Noise Voltage 
Rs = 100 n, 16 16 16 16 nV/VHZ 
f = 1000 Hz 

in 
Equivalent Input Tj = 25°C, 

0.01 0.01 0.01 0.01 
pN 

Noise Current f = 1000 Hz \1Hz 

NOTES: 
1. Rating applies to ambienttemperatures up to 70°C above T A == 70°C. DerateJinearlv 6.3 mW/oC for the metal can, 5.6 mW/oC forthe mini DIP and 8.3 mW/oC 

tor the DIP. 
2. Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
3. These specifications apply for Vs = ::':15 V and O°C ,.;; TA ,.;; +70°C. Vos, 18 and los are measured at VCM = O. 
4. The input bias currents are junction leakage currents which approximately double tor every 10°C inrease in the junction temperature, Ij. Due to iimited 

production testtime, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the 
ambient temperature as a result of internal power dissipation, Po. Tj = TA = 8jA Po where 8jA is the thermal resistance from junction to ambient. Use of a 
heat sink is recommended If input bias current is to be kept to a minimum. 

5. Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 

940 

CHARACTERISTICS MEASUREMENT INFORMATION 

10 kll 

CL 

l 100PF 

Fig. 1. UNITY GAIN AMPLIFIER. Fig. 2. GAIN-OF-10 INVERTING AMPLIFIER. 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

1.5 kll 

Vcc-· 

Fig. 3. 
(ILAF771 Only) 
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FAIRCHILD • /LAF771 SINGLE • /LAF772 DUAL • fLAF774 QUAD BIFET 

CONNECTION DIAGRAMS AND ORDERING INFORMATION 

8-PIN METAL CAN 
(TOP VIEW) 

PACKAGE OUTLINE 58 

NC 

-IN 

v-
Note: Pin 4 connected to case. 

ORDER INFORMATION 

TYPE 
ILAF771A 
ILAF771 
ILAF771A 
ILAF771 
ILAF771C 
ILAF771L 

PART NO. 
ILAF771AHM 
ILAF771BHM 
ILAF771AHC 
ILAF771BHC 
ILAF771HC 
ILAF771LHC 

ILAF771 

TYPE 
ILAF771 A 
ILAF771 
ILAF771C 

8-PIN MINI DIP 
(TOP VIEW) 

PACKAGE OUTLINES 9T 
PACKAGE CODES T 

OFFSETl ~NC NULL 
2 

-IN ~ v+ 

+IN I L-r"1T~ L...-I lOUT 

V- I I I OFFSET 
NULL 

O-RDER INFORMATION 

PART NO. 
ILAF771ATC 
ILAF771BTC 
ILAF771TC 

TYPE 
ILAF771L 
ILAF771 
ILAF771C 
ILAF771L 

PART NO. 
ILAF771 LTC 
ILAF771BRC 
ILAF771RC 
ILAF771LRC 



! 

@) 

n 

I 

8-PIN METAL CAN· 
(TOP VIEW) 

PACKAGE OUTLINE 58 
PACKAGE CODE H 

V+ 

-IN A 

V-

ORDER INFORMATION 

TYPE 
p.AF772A 
p.AF772 
p.AF772A 
p.AF772 
p.AF772C 
p.AF772L 

PART NO. 
p.AF772AHM 
p.AF772BHM 
p.AF772AHC 
p.AF772BHC 
p.AF772HC 
p.AF772LHC 

LINEAR 

p.AF772 

8-PIN MINI DIP 
(TOP VIEW) 

PACKAGE OUTLINE 9T 
PACKAGE CODE T 

1 8 
OUT A V+ 

Fairchild 

-IN A OUTB 

+IN A -IN B 

V- +IN B 

ORDER INFORMATION 

TYPE 
p.AF772A 
p.AF772 
p.AF772C 
p.AF772L 

PART NO. 
p.AF772ATC 
p.AF772BTC 
p.AF772TC 
p.A F772 LTC 

14-PIN DIP 
(TOP VIEW) 

PACKAGE OUTLINE 6A 9A 
PACKAGE CODE D P 

-IN A 

+IN A 

OFFSET 
NULL A 

V-

OFFSET 
NULL B 

+IN B 

-IN B 

V+A 

QUTA 

Ne 

OUT B 

V+B 

OFFSET 
NULL B 

ORDER INFORMATION 

TYPE PART NO. 
p.AF772A p.AF772ADM 
p.AF772 p.AF772BDM 
p.AF772A p.AF772ADC· 
p.AF772A p.AF772APC 
p.AF772 p.AF772BDC 
Jl-AF772 p.AF772BPC 
Jl-AF772C p.AF772DC 
ILAF772C p.AF772PC 
JLAF772L p.AF772LDC 

~ I ;uAF772L . ILAF772LPC I 
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CONNECTION DIAGRAMS AND ORDERING INFORMATION (Cont'd.) 

p.AF774 

14-PIN DIP 
(TOP VIEW) 

PACKAGE OUTLINE 6A 9A 
PACKAGE CODE D P 

OUT A 

-IN A 

+IN A +IN 0 

V+ V-/GND 

+IN B +IN C 

-IN B -IN C 

OUT B OUTC 

ORDER INFORMATION 

TYPE 
p.,AF774A 
p.,AF774 
J.LAF774A 
p.,AF774A 
J.LAF774 
J.LAF774 
J.LAF774C 
J.LAF774C 
J.LAF774L 
p.,AF774L 

PART NO. 
IJ-AF774ADM 
p.,AF774BDM 
p.,AF774ADC 
p.,AF774APC 
p.,AF774BDC 
p.,AF774BPC 
p.,AF774DC 
p.,AF774PC 
p.,AF774LDC 
p.,AF774LPC 
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MA9708 
6-CHANNEL, a-BIT, MICROPROCESSOR COMPATIBLE 

ANALOG-TO-OIGITAL CONVERTER SUBSYSTEM* 

GENERAL DESCRIPTION...,..... The IlA9708 is a single slope 8-bit, 6-channel ADC sub­
system that provides all of the necessary analog functions for a microprocessor-based 
data control system. The device uses a microprocessor system like the F3870 or F6800 
to provide the necessary addressing, timing and counting functions and includes a 1 of 
8 decoder; 8-channel analog multiplexer, sample and hold, ramp integrator, precision 
ramp reference, and a comparator on a single monolithic chip. 

• MPU COMPATIBLE 
• EXCELLENT LINEARITY OVER FULL TEMP RANGE - ±O.2% MAX 

• TYPICAL 300 j.LS CONVERSION TIME PER CHANNEL 

• WIDE DYNAMIC RANGE INCLUDES GROUND 

• AUTO-ZERO AND FULL-SCALE CORRECTION. CAPABILITY 

• RATIOMETRIC CONVERSION - NO PRECISION REFERENCE REQUIRED 

• SINGLE-SUPPLY OPERATION 

• TTL COMPATIBLE 
• DOES NOT REQUIRE ACCESS TO DATA BUS OR ADDRESS BUS 

BLOCK DIAGRAM 

RAMP START 
(FROM MPU) 

CONNECTION DIAGRAM 
16-PIN DUAL IN-LINE 

(TOP VIEW) 
PACKAGE OUTLINES 78 98 
PACKAGE CODES D P 

A· A 

A;: 

RAMP 
v:: START 

GNrc " 
RREF IJ 

RAMP 
STOP 15 

V>lE< 16 

ORDER INFORMATION 

TYPE 

j.LA9708 
j.LA9708 
j.LA9708 

PART NO. 

j.LA9708DM 
j.LA9708DC 
j.LA9708PC 

------------------l 

ANALOG 
INPUTS 

DIGITAL 
ADDRESS 

(FROM MPU) 

I , 
1-0F-8 

ADDRESS DECODER 

REFERENCE 
CURRENT 

GENERATOR 

L--------

i
@---------'--@-®--® 

RREF 

-= 
Vee VREF ~Vee 

Cl1978 Fairchild Camera and Instrument Corporation Printed in U.S,A. 

I 
1'7' 

\..:...' RAMP STOP 

~ IREF 

CONSTANT 
CURRENT 
SOURCE 

COMPARATOR I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I _____ _ ______ J 

0

1 
c" ,RAMP CAPACITOR, 

(TO MPU) 

,464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011ITWX 910-379-6435 I=~IRCHIL.C 
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FAIRCHILD • J.LA9708 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vee) 
Comparator Output (Ramp Stop) 
Analog Input Range 
Digital Input Range 
Output Sink Current 
Operating Temperature Range 

J..IA9708PC. J..IA9708DC 
J..IA9708DM 

Storage Temperature Range 
Continuous Total Dissipation 

Ceramic DIP Package 
Plastic 01 P Package 

Pin Temperature, Ceramic DIP (Soldering, 60 s) 
Plastic DIP (Soldering, 10 s) 

RECOMMENDED OPERATING CONDITIONS 

CHARACTERISTICS MIN 

Supply Voltage (Vee) 4.75 
Reference Voltage (VREF)* 2.8 
Ramp Capacitor (CH) 300 
Reference Current (IR) 12 
Analog Input Range a 
Ramp Stop Output 

Current 

'2 V ::. VREF :s tVee -2 Vl 

CHANNEL SELECTION 

INPUT ADDRESS LINE 

A2 A1 Ao 

a a a 
a a 1 
a 1 a 
a 1 1 
1 a a 
1 a 1 
1 1 a 
1 1 1 

©IC MASTER 1979 

TYP 

5.0 

SELECTED 
ANALOG INPUT 

Ground 
h 
12 
b 
14 
15 
16 

VREF 

MAX 

15 
5.25 

50 
VREF 
1.6 

18 V 
-0.3 V to '+18 V 

-0.3 V to 30 V 
-0.3 V to 30 V 

10 mA 

'O°C to 70°C 
-55°C to 125°C 

-650 C to +150° C 

900 mW 
1000 mW 

300°C 
260°C 

UNITS 

V 
V 

pF 
J..IA 
V 

mA 

945 
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FAIRCHILD • ~A9708 

ELECTRICAL CHARACTERISTICS: Over recommended operating conditions. -55°C.~ TA ~ +125°C. for J-lA9708DM and 
O°C ~ TA ~ +70°C for J..lA9708DC or J-lA9708PC; unless otherwise specified. 

CHARACTERISTICS SYMBOL CONDITIONS 
LIMITS 

MIN TYP MAX 

Conversion Accuracy EA Over entire temperature range ±0.2 ±0.3 
(Note 1) 

Linearity ER Applies to anyone channel ±0.08 ±0.2 
(Note 2) 

Multiplexer Input Offset Voltage VOSM Channel ON 2.0 4.0 

Conversion Time Per Channel tc Analog Input = Ov to VREF 296 350 
CH = 300 pf. IREF = 50 J-lA 

Acquisition Time tA CH = 1000 pF 20 40 

Acquistion Current IA 150 

Ramp Start Delay Time to 100 

Multiplexer Address Time tM I 1.0 , 
Digitai input HiGH Voltage VIH Ao. A1. A2. ramp start 2.0 

Digital Input LOW Voltage VIL Ao. A1. A2. ramp start 0.8 

Analog Input Current 18 Channel ON or OFF -3.0 -1.0 

Input LOW Current ilL Ao. A,. A2. ramp start = 0.4 V -15 -5 

Input HIGH Current hH Ao. A1. A2. ramp start = 5.5 V 1.0 

Input Offset Current los 1.0 3.0 

Comparator Logic "1" Output Leakage Current 10H VOH = 15 V 10 

Comparator Logic "0" Output Voltage VOL 10L = 1.6 mA 0.4 

Power Supply Rejection Ratio PSRR (Note 3) 40 

Crosstalk Between Any Two Channels (Note 4) 60 

Power Supply Current Icc Vcc = 5 V to 15 V. 10 = 0 7.5 15 

Input Capacitance CIN 3.0 

Comparator Output Capacitance COUT 5.0 

NOTES: 

UNITS 

% 

% 

mV 

/-IS 

/-IS 

/-I A 

ns 

J-lS 

V 

V 

J-lA 

J-lA 

J-lA 

J-lA 

/-I A 

V 

dB 

dB 

mA 

pF 

pF 

,. Conversion accuracy is defined as the deviations from a straight line drawn between the points defined by channel address 000 to scalel and channel 
address 111 (full scale) for all channels. 

2. Linearity is defined as the deviation from a straight line drawn between the 0 and full scale pOints for each channel. 
3. Power supply rejection ratio is defined as the conversion error contributed by power supply voltage variations while resolving mid scale on any channel. 

4. Crosstalk between channels = 20 log j.~~r 

946 

FUNCTIONAL DESCRIPTION 
This Analog to Digital Converter is a single-slope a-bit, 6-channel AID converter that provides a/l of 
the necessary analog functions for a microprocessor-based data/control system. The device uses 
the processor system to provide the necessary addressing, timing and counting functions and 
includes a 1 of a decoder. a-channel analog multiplexer. sample and hold, precision current 
reference, ramp integrator and comparator on a single monolithic chip. 

For applications that require auto-zero or auto-calibration, (See Figures 2-5) line select address 0, 
0,0 and 1, 1, 1 may be used in conjunction with the arithmetic capability of the microprocessor to 
provide ground and scaling factors. Address 0, 0, 0 internally connects the input of the ramp 
generator to ground and may be used for zero offset correction in subsequent conversions. 
Address 1, 1, 1 internally connects the input of the ramp generator, to the voltage reference, VREF, 
and may be used for scale factor correction in subsequent conversions. For the following, refer to 
the Functional Block Diagram. 

Six separate external analog voltage inputs may come into terminals "-16 and the specific analog 
input to be converted is selected via address terminals Ao-A2. The analog input voltage level is 
transferred to the external ramp capacitor connected to pin 4 when the input to th~ ramp start 
terminal (pin 3) is at a logic O(See Figure 1). The time to charge the capacitor is the acquisition time 

@IC MASTER 1979 



FAIRCHILD. pA9708 

which is a function of the output impedance of an amplifier internal to the AID and the value of the 
capacitor. After charging the .external capacitor the ramp start terminal is switched to a logic 1 
which introduces a high impedance between the analpg input voltage and the external capacitor. 

~ 

The capacitor begins to discharge at a controlled rate. The controlled rate of discharge (ramp) is 
established by the external reference voltage, the external reference resistor, the value of the 
external capacitor and the internal leakage of the AID. Connected to the capacitor termihal is a 
comparator internal to the AID with its output going to the ramp stop terminal (pin 7>' The 
comparator output is a logical one when the capacitor is charged and switches to a logic 0 when the 
capacitor is in a discharged state. The ramp time is the time from when ramp start goes high (logic 
"1 ") to when ramp stop goes low (logic "0"). The microprocessor must be programmed to determine 
this conversion time. The ideal (no undesirable internal source impedances, leakage paths, errors 
on levels where comparator switches or delay time) conversion time is calculated as follows. 

Where 

Where 

CH 
Ramp Time = V1 I;-

V1 = Analog Input Voltage being measured 

CH = External Ramp Capacitor 

Vee - VREF 
IR="--;;~-~ 

RREF 

Vee = Power Supply Voltage 

VREF = Refererice Voltage 

RREF = Reference Resistor 

In actual use the errors due to a nonideal AID can be minimiz.ed by using a microprocessor to make 
the calculations. (See Figures 2 through 5) 

+2V----..... 
I- tA4 

22 

I I 
RAMP START 

0.8 V 

-1 ....-
to 

VIN+O.7V ------------...... 

CAPACITOR VOLTAGE 

I 
I , , 

RAMP STOP 

©IC MASTER 1979 

0.7 V -----­

OV ------' 

Vee 

0.4V-----..I 

-------+------~--~ I I 
I ') I 

( 

.. 

11 __ .. --te----.-I 
Fig. 1 Equivalent Timing Waveform for Test Circuits and Applications 
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FAIRCHILD • ~A9708 

APPLICATION HINTS AND FORMULAS 

1. The capacitor node impedance is approximately 30 J.tO and should have no parallel resistance 
for proper operation. 

2. tA when VIN = 0 V will be finite (Le., the comparator will always toggle for VIN 2: 0 VJ 
3. The ramp stop output is open collector,and an external pull up resistor, is required. 
4. All digital inputs and outputs are TTL compatible. . 
5. For proper operation timing commences on the 0 to 1 transition of ramp start and terminates on 

the 1 to 0 transition of ramp stop. 
CH 

6. tA 2: X VAEF 
150 J.tA-IA 

7. tA (ramp time) = ClH X VIN, tAl = CIH x VREF 
A max A 

8. IA = Vee - VAEF 
RAEF 

9. 2 V S VREF S (Vee - 2 V) 

10. Address lines Av, Al, A2 must be stable throughout the sampling interval, tAo 

11. Pin 6 (RAEF) should be bypassed to ground via a 0.02 /-LF capacitor. 

AUTO-ZERO AND FULL-SCALE FEATURES 

COUNT COUNT 

256 ~----------"r 

1281-------6 

VRH VREF 
-2-

• HO ZERO OFFSET 
• HO FULL-SCALE ERROR 

COUHT (H) = -.!!!:L = 256 
VREF 

Fig. 2 Ideal Transfer Function 

COUNT 

N'F s 1--------------:"""'" 
N'I------_____ ~~ 

VREF 

• N' = H -Hz 
• H' HAS FULL-SCALE ERROR 

Fig.4 Zero-Correction Added 

948 

INPUT 

INPUT 

NFS~-------------~~ 

N 1----------,--"..,...-

Ni 

INPUT 

• HF.S ~ 256 
• Hz ~ 0 
• (H) HAS BOTH FULL-SCALE AHD ZERO ERRORS. 

Fig. 3 Transfer Function with Zero and Full-Scale Error 

COUNT 

N"F s I----------------."r 

N" I-----------.,r 

VIN VREF INPUT 

• N" = (H-Hz) X (HF~~NZ) 

Fig. 5 Both ZerO and Full-Scale Correction Added 

@Ie MASTER 1979 



INPUT TIMING: 

tA > 400 "'s 

FAIRCHILD .~A9708 

TEST CIRCUITS 

ANALOG INPUTS 
~ ______ ~A~ ______ ~ 

C 

ALLC OMPONENTS 

~10% 

n +5 V 
Ao I, Vee 12 13 14 15 16 C;> 

I'A9708 

2k 
RAMP RAMP · A, A2 STARTCHGND RREFSTOPVREF 

1.01 
L-

100 

IF kll 

-= ~ () 
-;-5 V 

~--------~yr----------~ 

.CONTROL I/O FROM MPU 
(TIMING COMPATIBLE WITH FIGURE 1) 

· 3.3k 

· 
-= 

tA I 0.01 X 10-6 = full seale ramp time = X 3.1 = 1.6 ms 
max 19 X 10-6 

NOTE: 
For evaluation purposes, the ramp start timing generation can be implemented with a ",A555 timer (astable operation) or MPU 
evaluation kit, and a time internal meter for ramp time measurement. The TIM meter will measure the time between the 0 to 1 
transition of the ramp start and the 1 to 0 transition of the ramp stop. The ramp stop is open collector, and must have an external 
pull up resistor to Vee. 

Fig. 6 Slow Speed Evaluation Circuit for Ratiometric Operation 

4.75 V 

I'A9708 

Fig. 7 Linearity/ Acquisition Time/Conversion 

Time Test Circuit 

©IC MASTER 1979 

-;-5 V IB, los 

Ao I, Vee 12 13 14 15 16 

I'A9708 

12 

~ ~~ -=- 2.75 V 

-= I:: 10H-l 

'-----y-----1 +5 V +5 V +15 V 

VIL, VIH, 
IIL,IIH 

Fig. 8 Static Measurements 

'P, 

949 
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FAIRCHILD • J.,LA9708 

TYPICAL APPLICATIONS 

Re 

h R.S. 

12 COMP 

I{ 
13 A3 

''''I ,.,A9708 14 A2 
-=-

15 A, 
R, 

IR--' 
16 CAP 

VREF IREF 

'''+ I c" GND 1 R~ I ! 1"' ~ ~ -=- 1°.02 

OUTPUT 

6VI = (Applied Force) and can be Linearized (jf necessary) in Fa Software. 

Ratiometric Strain Gage Sensor/Controller 

SENSOR 

Vec+ 

h R.S. 

12 COMP 

13 A3 

14 ,.,A9708 A2 

15 A, 

16 CAP 

VREF 

Rz 

-=-

APPLICATIONS: 

• BEVERAGE BREWERS/DISPENSERS 
• CHEMICAL SOLUTION CONTROL 
• ·AUTOMATIC LIQUID MIXING CONTROL 

IR--" 

t-t-JV\rv---{) Vee + 

CONTROL 
CIRCUITS 

RAMP CURRENT = IR = Vee (_R_I_ ) (.2. ) 
• RI + R2 R3 

VI = ( __ R_X_) Vee+ 
Rx + Rs 

F8 
SYSTEM 

3851 

110 PORT 

F8 
SYSTEM 

3851 
1/0 PORT 

RAMP TIME = VI ~;. = ( RxR; Rs ) ( 1 + :~) ( CHR3 ) 

Opaque Solution Controller 
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SYSTEM HINTS: 

Several alternatives exist from a hardware/software standpoint in microprocessor based systems 
using the /-LA9708. 

1. The- ramp time measurement may be implemented in software using a register increment, 
followed by a branch back depending on the status of the ramp stop. 

2. Alternately, the ramp stop may be tied into the interrupt structure in systems containing a 
programmable binary timer. This scheme has the following advantages: 

A. The CPU is not committed during the ramp time interval. 
B. It requires only 4 bits of an I/O port for control signals. 

3. The auto-zero/auto-full-scale {see Figures 2-5) should use double precision, rounded (as 
opposed to truncated) arithmatics. Several points are worth noting: 

A. The subtractions are single op code instructions. 
B. The full scale correction uses a multiply by 256 and can be accomplished by a shift left 8 bits 

(usually one instruction) or placing (N~Nz) in the MSB register and setting the LSB registerto 
zero, for the double precision divide. 

C. The divisor (NF.S. - Nz) MSB's register will always be zero. 

These schemes have the following advantages: 

A. No access to the data buss or address buss is required, by the A/D system. 
B. 4 I/O bits completely support the AID system. 
C. Since auto full scale/auto zero are implemented in software and long term drift (aging) effects 

are eliminated. 
D. Software overhead is minimal (typically 30 bytes). 
E. Where ratiometric operation is permissible, the 4 external components may be ±5% toler­

ance, including the power supply. 
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LINEAR 

pA78HOO/pA78HG SERIES 
5 AMP VOLTAGE REGULATOR 

FAIRCHILD LINEAR INiEGRATED CIRCUITS 

GENERAL DESCRIPTION 
Fixed Output - The pA78HOO series hybrids are regulators with fixed output voltages 
and 5A output current capability with all the inherent characteristics of the monolIthic 
3-termlnal regulators, i.e., full thermal overload, short-circuit and safe-area protection. 
The pA 78HOO is packaged in a hermetically sealed TO-3 providing 50 W power dissipa­
tion. The regulator consists of a monolithic chip driving a discrete series-pass element 
and two short-circuit detection transistors. A beryllium-oxide substrate is used in con­
junction with an isothermal layout to optimize the thermal characteristics of the device 
and still maintain electrical isolation between the various chips. This unique circuit de­
sign limits the maximum junction temperature of the power output transistor to provIde 
full automatic thermal overload protection. If the safe operating area is ever exceeded, 
the device simply shuts down, rather than failing or damaging other system compo­
nents. This feature eliminates the need to design costly output circuitry and overly con­
servative heat sinking arrangements typical of high-current regulators built from dis­
crete components. 

Adjustable Regulator. - The pA 78HG is an adjustable 4-terminal positive voltage regu­
lator capable of supplying in excess of 5 A over a 5.0 V to 24 V output range. The same 
features and construction details of the pA 78HOO series have been incorporated into the 
pA78HG. Only two (2) eXternal resistors are required to set the output voltage. Input 
and output capacitors should be used to improve input filtering and transient response 

• 5 A OUTPUT CURRENT 
• INTERNAL CURRENT AND THERMAL LIMITING 
• INTERNAL SHORT-CIRCUIT CURRENT LIMIT 
• lOW DROP-OUT VOLTAGE 
• 50 W POWER DISSIPATION 

ABSOLUTE MAXIMUM ~ATINGS 
Input Voltage 

pA78H05, 12, 15 

pA78HG 
Internal Power DissIpation 
Maximum Input-to,Output Voltage Differential 
Operating JunctIon Temperature Range 

pA 78HOOC (f,xed voltage series) 
l'A78HGC (adjustable voltage series) 
Military Temperature Range (consult factory) 

Storage Temperature Range 
Lead Temperature (Soldering, 60 sj 

BLOCK DIAGRAM 

25 V 
40 V 

50 W @ 25°C Case 
25 V 

-O°C to 150°C 
-O°C to 150°C 
55°C to 150°C 
55°C to 150D C 

300D C 

CONNECTION DIAGRAMS 
TO·3 PACKAGE 

(TOPVIEWI 
PACKAGE OUTLINE GJ 

PACKAGE CODe K 

~I
' -OUT~UT(21 COMMON ( 

o( 0 

<---
INPUT (11 

ORDER INFORMATION 

vc:,~~~TE TYPE PART NO. 

5.0 V 18H05C l'A18H05KC 
12 V 18H12C l'A18H12KC 
15 V 18H15C l'A18H15KC 

TO-3 PACKAGE 
(TOP VIEW) 

PACKAGE OUTLINE GK 
PACKAGE CODe K 

COMMON CONTROL 

o 3 0 ~GD·.~6.~ 
1 2 

,~/ 
INPUT OUTPUT 

ORDER INFORMATION 

VOO~~':JE TYPE PART NO. 

5-24 V 18HGC l'A18HGKC 
Adjustable 

r-~--_-----cgl ~~~:J 

SERIES 

'---_____ L .. u 1;::::::t:::::1 ! ' 4 L ~ Q1 :~::ENT 

(21 OUTPUT 
• I --4---0 (Vour) 

I I "':l I (3) COM_ 

L__ ~ 

Fairchild 

ELECTRICAL CHARACTERISTICS: T.) = 25'C, lOUT 0' 2.0 A unless otherwise specified. 

SYMBOL 
I -,----- -~.-------.--- r--_---,-I'-_A_78_H_12-.-_-----j UNITS 

CHARACTERISTICS CONDITIONS 
MIN TYP MAX 

VOU~ Output Voltage iQ;;-=£OA,~',:;;;;_19V-~~~- 11.5 12- 12.5 V 

AVOUT Line Regulation (Nole 1) _VIN= 16~_______ 20 120 mV 

AVOUT load Regulation (Note 1) 10 mA ""~OUT ,.; 5.0 A,V'N = --'-!.II~_~ 20 120 mV 

~ Quiescent Current tOUT = O'~N = 17 V . ____ ~__ 10 mA 

RR Ripple Rejection lOUT = !.~f = 210_~~0_V.!'_-~ ___ ~__ 60 dB 

Vn Output Noise 10 Hz '" I' "" 100 kHz, V(N = 17 V 75 I'VRMS 

Short Circuit Current limit 

10 = 5.0 A =t= I 3.0 I I V Dropout Voltage r.-~-. -~-------~ -~ 
. __ --+-_ _~O = 3.0A ______ ~ ____ ~__ ._ . 2.6. . V 

VIN~ = 19 V 7.0 Apk lOS 

ELECTRICAL CHARACTERISTICS: TJ = 25°C, 'OUT-=-.;2.0 A unless otherwise specified._.,.-_______ ---. __ 

SYMBOL CHARACTERISTICS ~ CONDITIONS ~ I'-A78H15 d UNITS 

VOUT Output-Voltage 10_UT = 2.~~ ___ ~-+~~Hv-
UNITS 

MAX 

V 

AVOUT line Regulation (Note 1) VIN = 19 to 25 V 

AVOUT lO~d ~egulation (Note 1) lomA"" 14;;;s.OA. VIN~",,~<>:Y--=,:-=~r~ -~-----t-~ __ 3.0 ____ t-__ --1 

30 150 mV 

150 mV 

la Quiescent Current lOUT = 0, VIN = 20 V 1~~ 
RR I Ripple Rejection 

Vn Output Noise 

lOUT = 1.0 A, f = 210 Hz, 5.0 Vp_p 

10 Hz "" f" 100 kHz, Y,N = 20 V 

60 dB 

75 "VRMS 

V 

V 
Dropout Voltage r 10 = 5.0 A 3.0 

I '0 = 3.0 A 2.6 

-'o-s--t:s§rt-Circuit current.limi~J Y,N = 20 V --~~==--===' 7.0 Apk 

ELECTRICAL CHARACTERISTICS: TJ = 25'C, lOUT = 2.0 A unless otherwise specified. 
I T--~-----------'----'--'--~-

UNITS 
MIN (Note 2) 

CONDITIONS SYMBOL CHARACTERISTICS 

----,-----.. 

VOUT Output Voltage 

AVOUT line Regulation (Note 1) 

AVOUT load'l'Iegulation (Note 1) 

la Quiescent Current· 

RR Ripple Rejection 

Vn Output Noise 

Dropout Voltage 

._----~ 
los Short Circuit Current limit 

Vc ContrOl Pin Voltage 

--+ lOUT = 2.0 A, Y,N = VOUT + 3.5 V j 5.0 _~_~ote 3 I 24 I . V 

_+ V(N = 8.5 to 25 V ' ~---~=t,. ,_.V_~_~ 
1% VOUT 

10 mA 

dB 

"" 5.0 A, VIN = 10 V ~----t---------r-----

-!~-~~ : I~U~ = Your + 5.0 V ~60 __ 

10U!---=-_~ I f - 210 Hz, 5.0. V P-~-- - .. - -£f'. + '0", - '0 A, -'H', '" -'0", ."" . . .',0 , 

~~'~~~O(O .... =- .. .. :t: A~. 
Y,N = 10 V 

I'-VRMS 50 

ELECTRICAL CHARACTERISTICS: TJ = 25'C, lOUT = 2.0 A unless otherwise specified. 

"A78H05 
I UNITS SYMBOL CHARACTERISTICS CONDITIONS 

MIN TYP MAX 

VOUT Output Voltage lOUT = 2.0 A, V,N = 10 V 4.8 5.0 5.2 

.lVOUT line Regulation V,," ~ 8.5 to 25 V 10 50 mV 

.lVOUT load Regutation 10 rnA S lOUT'; 5.0 A, V,N = 10 V 10 50 mV 

10 Quiescent Current lOUT = 0, V,N = 10 V '10 rnA 

RR Ripple Rejection lOUT = 1.0 A. f 0' 210 Hz, 5.0 Vp_.p 60 dB 

Vn Output Noise 10 Hz S f S 100 kHz, V,N = 10 V 40 "VRMS 

Dropout Voltage 
10 '05.0 A 3.0 V 
10 = 3.0 A 2.6 V 

los I Short Circuit Current limit V,t' = 10 V 7.0 Ap. 
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J.LA79HG 
5 AMP NEGATIVE ADJUSTABLE VOLTAGE REGULATOR 

FAIRCHILD HYBRID PRODUCTS 

GENERAL DESCRIPTION - The "A79HG Is an adluSlable 4-terminal negativevoltall8 
regulator capable of supplying In excesa of -S A over a -24 V to -2.2 V output range. The 
,.A79HG hybrid voltage regulator has been designed with all the inherent character­
istics of the monolithic 4-termlnal regt.:lator; i.e., full thermal overload and short-circuit 
protection. The "A79HG Is paCkaged In a hermetically-sealed 4.pin T0-3 package pra­
viding 50 W power dissipation. The regulator consists of a monolithic chip driving a 
discrete-series Pili element and short-cIrcuit detection translatora. . 

• ... A OUTPUT CUftRINT 
• INTE"NAL CU .... ENT AND ntlRMAL LIMITING 
• INTERNAL .HO .. T-CIRCUIT CU"RENf LIMIT 
• LOW DROP-OUT VOLTAGE 
• 10 W POWER D .. SlPATION 
• IU!CTRICALL Y NEUTIIAI. CAM 

A.SOLUTE MAXIMUM RATINGS 
Input Voltage 
Internal Power Dissipation 
Maximum Input-ta-Output Voltage Differential 
Operating Junction Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering. 80 I) 

-40 V 
50 W @ 2SoC Case 

-20 V 
O·C to 15O"C 

-SsoC to 1SOoC 
3OO"C 

ILICTRICAL CHARACTE .... TlC.: TJ = 2S"C. lOUT - ~2.0 A un .... otherwl .. specified. 

CHARACTERISTIC CONDITION MIN 

Input Voltage Range -40 

Nominal Output Voltage Range VIN = VOUT - SV -24 

Output Voltage Tolerance -40 V S VIN S -7 V 

Line Regulalion -40 S VIN S -7 V 

L08d Regulation VIN s VouT-l0 V. -10 mA StouT S -15.0 A 

Control Pin Current 

Oui.-nt Current VIN = -10 V 

Ripple Rejection -18 V S VIN·S .... S V 
VOUT = -5 V. f = 120 Hz 

Output Noi .. Voltage 10 Hz S f S 100 kHz. VOUT = -15.0 V 

Dropout Voltage louT" -S A 

P .. k Output Current VIN = -10 V 

Control Pin Voltege VIN = -10 V -2.35 (Relerance) 

CONNECTION DIAGRAM 

To-a PACKAGI 
(TOP VIEW) 

PACKAGE CODE K 

OUTPUT 

ORDO INf'Of'IIATION 
OUTPUT TEMP. 
VOLTAGE RANGE PART NO. 

-24 to -2.11 V 0 to "A7IHGKC 
+150°C 

TVP MAX U .... ITS 

-7.0 V 

-2.11 V 

4 .... ....(VOUT) 

0.4 1.0 .... (VOUT) 

0.7 1.0 .... (VOUT) 

3.0 "A 

-6.0 mA 

50 dB 

200 lAV 

-2.0 V 

... A 

-2.1t .V 

LINEAR 

QUIESCENT CUR"INT AS A 
PUHCTION 01' INPUT VOLTAGE 

YOUT -•••• 
TJ :aloe I :~+--. _.+A_ 1---+ 

f---

0' ! ! ! ! ! ! ! 

o ·1 -10 ·1. -20 -8 ·30 .-

• 
100 

110 

120 

. 

INIIUT VOLTAGE-V 

MAXIMUM 
POWE .. DI.SlPATION 

[\ 
'\. 

:\ 
'\ 
i\ 

-H 0 H 10 71 100 ,as 
CAn TI ...... ATUAI - -c: 

LINE TRANSIINT "EIPONR 

!ltfJlll I'm 
• 1 :I I • I 

NLII MOTH T1IIII - ... 

FUNCTIONAL BLOCK DIAGRAM 

ltcbJtd 
.. ~ ~i_;f:,"~-~.~_t"~~.~. ~ 

FAIRCHILD HYBRID • IolA79HG 
TYPICAL PERFORMAM«?E CURVES 

CONTROL CUftRENT AS A 
PUNCTION OF TEIIPDATU .. E 

1 I .. I 0.' 

iii iii 

o~ .!a M! 'f'. .~ .!..! .. ! 
JUNCTIOft TIIIPI."ATUfIII- QC 

OUTPUT SHO .. T CU .... ENT AS 
A PUNCTION 01' INPUT-OUTPUT 

DlFFE .. ENnAL VOLTAGI 
I 

PULII WIDTH " '0,_ 
f'" ~ I 

1"-,1 

.. I ~ 
I 1 
I 

I ~ 
I 

\ 
I 

, 

I~ -,. 
Ii ::.: 

IL 
1-,·, 
~ 

4 ., •. , •.• -II ·iii 

...-uT-ouTPUT DlPNMNTIM. - Y 

DROPOUT VOLTAGE AS A 
FUNCTION 01' JUNCTIOM 

TEMPt!,.ATURE 

·11 ·11 • 21 .. .,. til. 111 

.HJMCTtOM T .... tuTUM _·C 

\ 

, 

DIFFE .. ENTIAL CONT .. OL 
VOLTAGE AS A FUNCTION OF 

INPUT VOLTAGI 

-12' ! I I ! , 

·1.0 -- -- -- -- .... 

INPUT ¥OL TAG! - 'II 

LOAD REGULATION AS A 
PUNCTION 01' OUTPUT CUR .. ENT 

"'louT NOfIIIMALIZID AT ZlfilO 
r--.-- r---' ..... LOAO 

§ : 
i .. "-- r-

r-.. "-r-",- t'.... ~~ -I-

~- - "':"- I'.!,:.' ~r--
-I~ ...... ~ 

! -,. 

L: 
I: 

.... 
·0.1 

I ........ 
OUTOUT CUMINT - A 

LOAD TRANIIINT REIPO .... 

ILl II fill tll'1 ,.. . 
II -'1 1 1 1 1 1 I I I I 1 

~ -2 

I I I I I I I I I I I 

• 1 :I I • t. 
"'LII WIDTH TtIII -,., 

lItO'" CIRCUIT 
RfrdEJIII ... TOfI 

OII"",T 
'"ANltnOft 
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SH160S 
5 AMP, HIGH EFFICIENCY SWITCHING REGULATOR 

FAIRCHILD HYBRID PRODUCTS 

GENERAL DESCRIPTION - The SH1605 is a hybrid switching regulator witn high 
output current capabilities. It incorporates a temperature-compensated voltage refer­
ence. a duty-cycle controllable oscillator. error amplifier. high current-high voltage 
output switch. and a power diode. The SH1605 can supply 5 A of regulated output 
current over a wide range of output voltage. 

CONNECTION DIAGRAM 
8-PIN TO-3 TYPE 

• STEP DOWN SWITCHING REGULATOR 
• OUT~T ADJUSTABLE FROM 3.0 TO 30 V 
• 5 A OUTPUT CURRENT 
• HIGH EFFICIENCY 
• UP TO 150 W OUTPUT POWER 
• STANDARD a-PIN TO-3 PACKAGE 

ABSOLUTE MAXIMUM RATINGS 

VIN - VOUT(Minj 
Input Voltage 
Output Current 
Operating Temperature TJ 
Internal Power Dissipation 
Storage Temperature Range 
Duty Cycle 
V7-8 
17-8 

BLOCK DIAGRAM 

,----------------------, 

I 
I 

I I L ______________________ ~ 

5V 
35 V Max 

6A 
150°C 
20W 

-65°C to +150°C 
20$0$80% 

60 V 
6A 

PIN FUNCTION 

NC 
NC 
ErrOr Amplilier Input 
Timing Capacitor 
Input 
NC 
Steering Diode (Anode) 
VOUT 

Case Ground 

ORDER INFORMATION 

OUTPUT T!MPERATURE PART 
VOLTAGE RANGE NUMBER 

3 V TO 30 V O·C 10 +70·C 8H1105 
Amblenl 

DESIGN EOUATIONS 

EffiCiency (11) :::; POUT X 100 
PiN 

ioN 
TranSistor DC ~osses (PrJ:::; lOUT X Vs ~ 

IoFF 
Olode DC losses {Po' "" lOUT X VF ~ 

Orive Circuit Losses IOL' = ~~ X toN ~ toFF 

~ + b 
Swttchmg Losses Transistor iPS' ~= VIN X lOUT ~ 

CAIE • toP'll VOUT 
TranSistor Duty Cycle '" ~ :::; ViN 

&oFF \l'our 
Diode Duty Cycle := ~ :::; 1 ~-v;;:; 

Power Inductor fPlJ .:;0 lauT2 X RL ,Winding ReSistance! 

VOU1 lour X 100 
Efflcrency I'll;:: VOUT lour + Pr + Po + Dt. + Ps + PI.. 

Fairchild 

FAIRCHILD • SH1605 

ELECTRICAL CHARACTERISTICS: fc' = 25°C. VIN = 15 V unless otherwise specified 
,---

SH1605 

MIN TYP MAX 

VOUT Output Voltage VIN 2: Vo + 5 V. 10 = 2 A 3.0 300 

Vs Switch Saturation lOUT = 5.0 A. 1.5 2.0 
lOUT = 2.0 A 1.0 1.2 

VF Diode On Voltage lOUT = 5.0 A. 2.2 2.8 
lOUT = 2.0 A 1.6 2.0 

Vcc I Supply volta~ 

IRD Diode Reverse Current 

35 

VRD = 25 V 2.0 t- - I I I'A 

10 Quiescent Current lOUT = 0.2 A T 30 mA 

Reference .nd Oaclll.'or Secllon 

V3 I Voltage on Pin 3 r=== 2.5 

.lV3/T I V3 Temperature Coefficient 150 ppm/·C 

I. Charging Current-Pin 4 ~ 25 ,.,A 

V. Voltage Swing-Pin 4 ~ 0.5 

t,4 Discharging Current - Pin ~L- 225 ,.,A 

SWITCHING CHARACTERISTICS 

SYMBOL! CHARACTERISTICS 

Voltage Rise Time 

Voltage Fall Time 

Is I Storage Time 

Id Delay Time 

Thermal Cher.clerlallca 

Po Power Dissipation 

Efficiency 

BJ··C I Thermal Resistance 

NOTES: 

i 
CONDITIONS 

lOUT = 2.0 A 
lOUT = 5.0 A 

lOUT = 2.0 A 
lOUT = 5.0 A 

lOUT = 5.0 A 

lOUT = 5.0 A 

lour = 5.0 A 
VOUT = 10 V 

VOUT = 10 V 
lOUT = 5 A 

1. IJc-A Typical is30°C/W 'or natural convection cooling 
2. For heatsinking requirements see power derating curve. 

RS ~ SET Your 

i 
T 

2 x 103 {VOUT -2 51 Rs = .:.;;...;.:......;.::.::.:...;:.;:;.. 
2.5 

SHl105 

VIN = '2-,8 V 
VOUT == 5V 
lOUT == 5 A {MaxI 
lOUT =- 1 A HVlinl 
~=7~ 

TYPICAL APPLICATION 

3OO~H 

::.··Vr' lOY ±*-

Load Reg. = 50 mV 
Lin. Reg. = 50 mV 
Ripple = .00 mV 

MIN I TYP MAX UNITS 

700 . ns 
1.8 ,.,s 

700 ns 
900 ns 

2.6 ,.,s 

2.5 ,.,s 

'ii2 75 % 

4.5 ·C/W 

POWER DERATING CURVE 
25rl -r~--r--,-r-"-'-"-'-'" 

! 20 
o 
;:: j '5 

I '0 

I 

1-+-

--t-i-+-

~ 5~~+-+-4-~~-+-+~~ 

r--t-
Do 10 '20 ISO 

CASE TEMPERATURE - "C 
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SH1705 
5 VOLT, 5 AMP REGULATOR WITH BRIDGE 

FAIRCHILD HYBRID PRODUCTS 

GENERAL DESCRIPTION - The SH1705 is a 5 V. 5 A regulator with a 5 A diode bridge 
rectifier contained in the same TO-3 package. With the addition of a power transformer. 
a filter capacitor and a small bypass capacitor. the SH1705 forms a complete power 
supply. The regulator section is identical with the "A78H05A and may be used 
separately from the rectifier. 

• BUILT IN RECTIFIER BRIDGE 
• 5 A OUTPUT CURRENT 
• INTERNAL CURRENT AND THERMAL LIMITING 
• LOW DROPOUT YOLTAGE 
• 50 W POWER DISSIPATION 
• HERMETICALLY SEALED 

ABSqLUTE MAXIMUM RATINGS 

Input Voltage 
Internal Power Dissipation (25° C Case) 
Regulator Section Input To Output Differential Voltage 
Input Current Peak-Cycle 
Input Current Repetitive 
Operating Junction Temp. Range 
Storage Temperature Range 
Lead Solder Temperature (10 5) 

BLOCK DIAGRAM 

23 VRMS 
SOW 

25 Voc 
20 A 
14 A 

o to 150·C 
-65 to +150·C 

300°C 

• CONNECTION DIAGRAM 

TO·3 PACKAGE 
(TOP VIEW! 

PACKAGE CODE K 

d
t OUTI'UT 

t>t;1~ _', VOl.~TAGI 
. ~.; 

J;.)' 
- ~,,;J' 

! . .: 

- -.4 
I - -._.> UNREOULATED 

t>t;1IIPUT YOLTAOr 

PIN FUNCTION 

Output Voltage 
AC Input 
AC InpIJt 
Vunregul~ted 

Case Ground 

ORDER INFORMATION 

Output Temp. Order 
Yoitage Re... Code 

5 Y O·C 10 +150"C SH1705 

L-------~------~----------------------------oC~~~ON 

ELECTRICAL CHARACTERISTICS: Fill. Cap. = SOOO "F. Y,N = 12 VRMS. CaUT = 0.2 "F. 2S"C. lOUT = 2 A unless otherwise specified. 

i· 
SYMBOL CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS 

VOUT Output Voltage IOUT=2A 4.8 5.0 5.2 

.lVOUT Line Regulation Y,N 8.S VRMS to 23 VRMS 10 30 mV 

.lVOUT Load Regulation 10 mA S lOUT S 5 A 10 50 mV 

I Input Voltage loUT = 0 to 3 A 8.6 23 VRMS 

lOUT = 3to 5 A 11.4 15 VRMS 

10 Quiescent Current lOUT = 0 10 mA 

RR Ripple Rejection 60 Hz Line 60 db 

los Short Circuit Current A 

Dropout Voltage lOUT = 5.0 A - NO.le 1 2.0 

lOUT = 3 A - Note 1 1.8 V 

, . LINEAR 

FAIRCHILD • SH1705 

TYPICAL PERFORMANCE CHARACTERISTICS 

. 
~ .. 

MAXIMUM 
POWER DISSIPATION 

I Mr--
~ .. -

REGULATOR SECTION 
LINE REGULATION 

j':f~ I I i 

1-- -
i~ -

-----+---t-

~___t---+-+--

~__t_---t-'--t___j 

-IO! !" 1. 

1 

I 
I' 

QUIESCENT CURRENT 

LINE TRANSIENT RESPONSE 
; ,. 
:5 50 

i • ~ -w 

~'" 

L. 1 
i 

P\H."WIDTHTI ___ , 

'XgJlll~ 

OUTPUT YOLTAGE DEYIATION 
AS A FUNCTION OF 

JUNCTION TEMPERATURE 
-, , i [ iii I , 

~ . 
i'" 
I 
i"" 

i"" 

SHORT CIRCUIT CURRENT 

i'·~ 

I 
i 
i'~ I i t-

0' ! 

to" 103 
IHOfIITCIftCUITTElTTtMI I 

OUTPUT IMPEDANCE 

~ ~ 
I ,. 
i to 

§ 

, .• ~I ~~..J-----l. __ L.._L 

LOAD TRA~SlENT RESPON.E 

PUl..MWtOTHT .. -u .... 

, 
~ .10 

~ ... 
I·­
I~ 

LOAD REGULATION 

Vf tOW 

."~!----J'---;-~_-!---! 

A • h., 
i; 
U' 
.1' 

§ 10 

REGULATOR SECTtON 
DROP OUT YOLTAGE 

REGULATOR SECTION 
RIPPLE REJECTION 

~ II IN 1 0 II 
CL 01IA 

-t ---

i to
l 

'OUT •• 

K x:::: :1:: .. ::s:~ 

20 ! 10 IN::: "'(~EJfC!o.. NI ,e!. 

OUTPUT NOISE VOL TAOE 

lOT 
;o"~': 

00" II I I I I I 
10 10 too 100'10 _tOIl 
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SH3015 
SERVO AMPLIFIER AND MOTOR DRIVER 

FAIRCHILD HYBRID PRODUCTS 

GENERAL DESCRIPTION - The SH3015 is a high-power amplifier designed for ap­
plicali"ns requiring high currents and high voltage capability. This product is designed 
to supply up to 6 A continuously to load between ±35 V. The SH3015 incorporates a 
I'A741 Operational Amplifier input with current and voltage gain stages to reach this 
capability. The design allows the userto set the output current limit to the level required. 
The SH3015 is stable when driving resistive and inductive loads and the output is 
protected from voitage transients at the output due to inductive kickback. Output 
current is selectively limited by placing resistors between the supply pins and the 
respective current limit pins. 

• INTERNALLY COMPENSATED 
• PROGRAMMABLE CURRENT LIMITING 
• STABLE WITH INDUCTIVE LOADS 
• CASE IS ELECTRICALLY ISOLATED 

ABSOLUTE MAXIMUM RATINGS 

Internal Power Dissipation DC (25°C case) 
Inlernal Power Dissipation (1 s max x 25°C case) 
Power Supply Voltages 
Input Voltage-Either Input 
Input Voltage-Differential 
Output Current DC 

1 s max 
Operating Case Temperature Range 
Storage Temperature Range 
Lead Solder Temperature (10 sl 

EQUIVALENT CIRCUIT 

70W 
l00W 
NOV 
±15 V 

30V 
10 A 
15 A 

o to 70°C 
-20° C to +85° C 

300°C 

PI" CONNECTIONS 
(TOP VIEW! 

~1"-"~ 
.
. ......• . •• \~ • '-'! . ' ". . \:-' ,,~-

... ~ , \ to -¥ ,~\\,\\\\\\ 
lU 

[)] 

PIN FUNCTION 
1 Output. 
2 lac + 
3 V+ 
4 Ground 
5 OHset Adj. 
6 inverting Input 
7 Non-inverting Input 
8 OHset Adj. 
9 Disable Input 
10 V-
II Isc' 

ORDER INFORMATION 
TEMP PART 

RANGE NO. 
0° to rooc SH3015 

~ } CUIIltEHT LIIIIITINO 

:It---------...... -a IlEIlSTOft 

ELECTRICAL CHARACTERISTICS: V± = 24 V. Case = 25° C 

CHARACTERISTICS 

Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Input Voltage Range 
Output Voltage Swing 
Supply Current 
Voltage Gain 

CONDITIONS 

As = < 10 kll 

lour < 10 A 
lour = O. V ± = 40 V 

"} 
10 

MIN 

±15 
±2O 

14 
40.000 

CURAIEHT LtMITINO 
IIESISTOft 

MAX UNIT 

±6 mV 
roo nA 
500 nA 

V 
V 

20 mA 

Fairchild 

SH30t1 
DUAL 5 AMP DRIVER 

GENERAL DESCRIPTION - The SH3Clll is a dual high-current driver designed 
for a wide range of applications. The device is capable of driving two 5 amp loads 
110 amps combined) at a 50% duty cycle. The inputs lire TTL compatible and outputs 
are completely separate. 

• OUTPUT CURRENT OF 5 AMP EACH 

• , ..... DUTY CYCLE OPERATION 

• TTL COMPATIBLE INPUTS 

• FAST SWITCHING TIMES 
• UNCOMMITTED COLLECTOR AND EMITTER 

• TWO INDEPENDENT DRIVERS IN ONE PACKAGE 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Veel 
Collector to Emitter Voltage IVeE) 
Continuous Collector Current 
Peak Collector Current 
Operating Case Temperature Range 
Storage Temperature Range 
Lead Solder Temperature 110 S) 

EQUIVALENT CIRCUIT v" (PIH 5) 

7V 
BOV 
5A 
8A 

o to 7SoC 
-65 to +150°C 

300°C 

CONNECTING DIAGRAM 

'-PIN TO-3 TYPE 

Pin Function 

1 Output-driver 1 
2 Emitter-driver 1 
3 Ground 

Input-drover 1 
Vee 
Input-drover 2 
EmItter-driver 2 
Output-driver 2 

...---__.-.. ,-00 OUTPUT. 

ELECTRICAL CHARACTERISTICS 

SYMBOL CHARACTERISTICS 

V,H I Input HIGH Voltage 

V,l I Input LOW Voltage 

10H 

VOL 

IIH 

III 

ICCH 

ICCl 

Output HIGH Current 

Output LOW Voltage 

Input Current at 
Maximum Input Voltage 

Input HIGH Current 

Input LOW Current 

Supply Current. Output HtGH 

Supply Current. Output LOW 

~') 

""" ,~ .4-0 EMmEll. 
("'Ha) 

..---_~_OOUTPUT a 
~') 

... • ~EMITTEIU 

Vee (PIN 5) 

CONDITIONS 

Vce ; 5.0 V. VOH ; 40.0 V 
V,H = 2.0 V 

Vec : 5.0 V. V,l : 0.8 V 
10l = 3.0 A 

("'H7) 

15 

1.4 

18 

08 

Vcc = 5.0 V. V,l = 0.8 V 
10l : 5.0 A -L-
Vcc ; 5.5 V. V, ; 5.5 V 1.0 

40.0 

X 
Vee = 5.5 V. V, = 2.4 V 

Vcc = 5.5 V. V, = 0.4 V 

Vcc = 5.0 V. V, ; 5.0 V 170 

Vcc = 5.0 V. V, = 0 V 98 

UNIT 

"A 

rnA 

"A 

mA 

rnA 

rnA 



"I need to know if this device exists, and if there are . 
any alternate sources. Where do I start?" 

• Memory IC • CMOS 
it RAM • 250 Nanoseconds 
• Static • 5 Volts 
• I024xl 

U you're spending hours to solve a problem similar 
to the one above, you're behind the times ... 

, It only takes a few seconds with uTHE MASTER~' 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 

CEIl::) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

. . . alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section ... a complete 
part numbering gUide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor-etc. .... 

Uli» 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

FEATURES 

• LOW BROADBAND NOISE 

• LOW NOISE VOLTAGE 

• LOW 0 FFSET VOLTAGE 

• WiDE BANDWIDTH 

• PO WE R BAN OWl DTH 

• SUPPLY RANGE 

• INTERNALLY COMPENSATED 

APPllCA TIONS 

• HIGH Q, WIDEBAND FILTERS 

• AUDIO AMPLIFIERS 

• SIGNAL GENERATORS 

PINOUT 

TO-8fl 
BANDWIDTH CONTROL 1 

NC 2 

NC 3 

INVERTING INPUT 4 

TOP VIEW 

14 CASE 

1,3 NC 

12 NC 

11 V+ 

l~IV R.M.S. 

7nV/.;H; 

2mV 

7MHz 

20kHz 

±5V TO ±20V 

Package Code 9V 

NON INVERTING INPUT 5 

v' 6 

10 OUTPUT 

J NC 

OFFSET CONTROL) 

TO--99 

INVERTING 2 
INPUT 

TOP VIEW 

BANDWIDTH CONTROL 

V-

8 BIAS CONTROL 

. Package Code 2A 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

HA-909/911. 
Wideband, low Noise, 
Operational Amplifiers' 

DESCRIPTION 

HA-909 and HA-911 are monolithic ampliifers delivering very 
low noise and excellent bandwidth specifications without the 

need for external compensation. Additional features of these 

dielectrically isolated devices. include low ~ffset voltage, offset 
trim capabitlity (14-pin flat llackage onlX), and high 9utput 

current drive capabitlity. 

With 7MHz bandwidth and internal cQmpensation these ampli­

fiers are extremely useful in many active filter' designs. In audio 
circuitry -requiring quiet operation these devices offer 1 11 V 

typical broadband noise (10Hz to 1 kF/z) amI 20kHz power 

bandwidth. 2mV typical offset voltage, offset trim capability, 
and 20mA output current drive capability (±10.0V swing) 

make these amplifiers useful in signal conditioning circuits. 

HA-909 and HA-911 are available in metal can (T0-99) and 
14-pin flat packages. HA-909 is specified over the -550 C to 
+125 0 C range. HA-911 is specified from OOC to +75 0 C. 

SCHEMATIC 

INVE~~~~ci o---f---f---+-..... 
INPUT 0--4----1 

NON·INVERTING 

OUTPUT 

V-

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS .. 

. ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
D iffe1lentiall nput Voltage 
Peak Output Current 
Internal Power Dissipation (Note 10) 

50.0V 
. ±7.0V 

±50mA 
300mW 

Operating Temperature Range - HA-909 
HA-911 

Storage Temperature Range 

-55°C ~ TA ~ +1250C 

OOc ~ TA ~+750C 
-65°C ~ TA ~+150oC 

. ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: VSupply = ± 15.0V unless otherwise specified. 

HA-909 HA-911 
-550C to + 1250C OOC to + 750C 

'. PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 
* Offset Vo!tage., +250C 2.0 5.0 2.0 6.0 mV 

~ 

~ Full 6.0 7.5 rnV 

Equivalent Input Noise (Note 9) +250C 1.0 5.0 1.0 PV 

Input Nois.e Voltage +250C 7 7 nV/VHz 

* Bias Current +250C 87 300 200 500 nA 
Full 750 300 750 nA 

* Offset Current +250C 25 150 100 300 nA 
Full 50 300 150 450 nA 

Offset Current Average Drift Full 1.0 1.0 nA/oC 

Inp.ut Resistance +250C 200 600 100 250 Kn 
Full 100 300 kn 

C,ommon Mode Range Full +12.0 +12.0 V 

TRANSFER CHARACTERISTICS 

* Large Signal Voltage Gain +250C 25K 45K 20K 45K V/V 
(Notes 1,4) Full 25K 45K 15K 45K V/V 

'Full Po~r BW +250C 20 20 KHz 

* Cominon Mode Rejection Ratio Full 80 96 74 90 dB 
(Note 2) 

Unity Gain Bandwidth (Note 3) +250C 7 7 MHz 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) Full +12.0 +11.0 V 

* Output Current (Note 4) +250C· +20 +15 rnA 

Output Resistance +250C 150 500 Ohms 

TRANSIENT RESPONSE 
Rise Time (Notes 1, 5,6 & 8) +250C 40 75 40 75 ns 

Overshoot (Notes 1, 5,6 &S) +250C 15 40 15 40 % 

* Slew Rate (Notes 1, 5 & S) +250 C +3.5 +5.0 +5.0 Vips 
-1.2 -2.0 -2.0 

POWER SUPPLY 
CHARACTERISTICS 
* Supply Current +250C 1.8 2.5 1.8 2.5 rnA 

* Power Supply Rejection Ratio Full SO 92 74 90 dB 
. (Note 7) 

NOTES: 1. RL = 2Kn 4. Vo =±1O.0V 8. See Transient Response test 

2. VCM = ±5.0V 5. CL = 100pF circuits and waveforms - page 3. 

3. VO<90mV 6. Vo = ±200mV 9. 10 - 1000Hz, RS = 10K 
7. VSup = ±9.0V to ±15.0V 10.Derate by 6.6mW/oC 

* 1 00% Tested For DASH 8 above 1050C 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HA-2050/2055/2050A 2055A' 
High Slew Rate F.E. T. Input 

Operational Amplifiers 

FEATURES 

• HIGH SLEW RATE 

• FAST SETTLING 

• WIDE POWER BANDWIDTH 

• HIGH GAIN BANDWIDTH 

• HIGH INPUT IMPEDANCE 

120V/J.!s 

400ns 

2MHz 

20MHz 

10 12 OHMS 

• LOW BIAS CURRENT lpA 

• TRUE OP AMP - CAN BE OPERATED INVERTING 
. OR NON-INVERTING 

APPLICATIONS 

• DATA ACQUISITION 

• SIGNAL CONDITIONING 

• RF. AND VIDEO AMPLIFICATION 

PINOUT 

TO-99 
Top Vie"" 

Case Connected to V+ 

BANDWIDTH 
CONTROL 

v-

Package Code 2A 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

DESCRIPTION 

The HA-2050/2055 is an operational amplifier combining 
the advantages of very high slew rate and wide bandwidth 
with ultra-low input current and high input resistance. 
These devices are ideal for use in sample-and-hold circuits, 
AID, D/A and sampled data systems; and for use in wide 
band R.F. or video systems where wide bandwidth at high 
output levels is required. The device may be operated in­
verting or noninverting; and external compensation is re­
quired only when operated at closed loop gains less than 
three. An internal feedback capacitor is provided to cancel 
phase shift in the feedback loop due to input capacitance. 

The HA-2050 is guaranteed for operation from -550 C 
to + 1250 C and the HA-2055 is guaranteed from OOC to 
+750 C. 

FUNCTIONAL DIAGRAM 

OFFSET 
ADJUST 

~I-I-- --, 

IN + U--~---1 

I 
I 
I 
I 

I 
I 

I I 
L ____ -l 

HA-200012005 

r-----, 
I I 
I I 
I 
I J 

I 
I 
J 
I I 
L ____ .J 

HA-252012525 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM BATINGS 

Voltage Between V+ andV- Terminals 

Differential I nput Voltage 
35.0V Internal Power Dissipation (Note 10) 300mW 

±15.0V Operating Temp. Range -55°C ~ TA ~ +1250C (HA-2050l 
Output Current 50mA OOC ~TA ~ +750 C (HA-2055) 

Storage Temp. Range -65°C ~ TA ~ +150oC 

ELECTRICAL CHARACTERISTICS 

Test Conditions: VSupply = ±15.0V unless otherwise specified. 

HA-2050/H A-2050A HA-2055/HA-2055A 
-55°C to + 125°C OOC to +750C 

LIMITS LIMITS 
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 
* Offset Voltage (Note 1) 

HA·2050 / HA·2055 +250 C 15 25 30 60 mV 
Full 30 65 mV 

HA·2050A I HA·2055A +250 C 7 14 7 14 mV, 
Full 17 17 mV 

Bias Current +250C 1 20 1 20 pA 
* (1250 CI Full 0.5 10 0.02 1 nA 

Offset Current +250C 0.5 20 0.5 20 pA 
* (125°C) Full 0.1 5 .005 0.5 nA 

Input Resistance +250C 1012 1012 Q 

I nput Capacitance +250C 5 5 pF 

Common Mode Range Full ±10.0 ±10.0 V 

TRANSFER CHAaACTERISTICS 
* large Signal Voltage Gain (Note 2,5) +250C 7.5K 15K 7.5K 15K V/V 

Full 5K 5K V/V 

* Common Mode Rejection Ratio (Note 3) Full 74 90 70 90 dB 

Gain Bandwidth Product (Note 4) +250C 20 20 MHz 

OUTPUT CHARACTERISTICS 
* Output Voltage Swing (Note 2) Full ±10 ±12 .±10 ±12 V 

* Output Current +250C ±1O ±20 ±10 ±20 rnA 

Full Power BandwidtA (Note 5) +250C 2,000 2,000 kHz 

TRANSIENT RESPONSE 
(NOTES 2, 8, 9) 

Rise Time (Note 6) +250 C 50 50 ns 

Overshoot (Note 6) +25 0C 25 25 % 

Slew Rate (Note 5) +250C 120 120 VIp s 

Settling Time +250C 0.4 0.4 ps 

POWER SUPPLY CHARACTERISTICS 
* Supply Current +250 C 6.0 8.0 

I 
6.0 8.0 rnA 

* Power Supply Rejection Ratio (Note 7) Full 74 90 70 90 dB 

NOTES: 1. Adjustable to zero with 100K~ pot between pins 6. Va = ±200mV 
1 and 5; wiper to V+. 

2. RL = 2K 
3. VCM = ±5.0V 
4. AV > 10 

5. Va = ±10V 

*100% Tested for DASH 8 

©IC MASTER 1979 

7. l1V=+5.0V 
8. CL = 50pF 
9. AV = +3, See transient response test circuit 

and wave forms, page 4. 
10. Derate by 6.6mW/oC 

above 105°C 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HA-2060/2065/ 
2060A/2065A 

Wide Band F.E. T. Input Operational Amplifier 

FEATURES 

• GAIN BANDWIDTH PRODUCT 

• HIGH INPUT IMPEDANCE 

• LOW BIAS CURRENT 

• HIGH SLEW RATE 

• WIDE POWER BANDWIDTH 

100MHz 

1012 OHMS 

lpA 

35V/p.s 

600kHz 

• TRUE OP AMP - CAN BE OPERATED INVERTING 
OR NON-INVERTING 

APPllCA TIONS 

• SIGNAL CONDITIONING 

• ACTIVE FILTERS 

• SIGNAL GENERATORS 

PINOUT 

TO-99 Top View 

Case Connected to V+ . 

BANDWIDTH 
CONTROL 

Package Code 2A 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

DESCRIPTION 

The HA-2060i2065 is an operational amplifier combining 
the advantages of very wide bandwidth and high slew rate 
with ultra-low input current and high input resistance. These 
devices are ideal for use in sample-and-hold circuits, active 
filters, wide band amplifiers, high gain amplifiers with sup­
erior bandwidth, and wherever very low closed loop gain 
and phase shift errors are required. The device may be oper­
ated inverting or noninverting; and external compensation 
is required only when operating at closed loop gains less than 
five. An internal feedback capacitor is provided to cancel 
phase shift in the feedback loop due to input capacitance. 

The HA-2060 is guaranteed for operation from -550 C to 
+1250 C and the HA-2065 is guaranteed from OOC to +750 C. 

FUNCTIONAL DIAGRAM 

IN-

OFFSET 
ADJUST 

rl-l--- -, 
I 
I 
I 
I 

IN+ U--~---I I 
I 

I I L ____ .J 

HA-2000/2005 

r------, 
I I 
I I 
I 
I I 

I 
I 
I 
I I 
L ____ -I 

HA-262012625 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS· 

Voltage Between V+ and V- Terminals 35.0V 
Differential I nput Voltage ± 12V 
Output Current I Full Short Circuit Protection 

ELECTRICAL CHARACTERISTICS 

PARAMETER 

INPUT CHARACTERISTICS 
* Offset Voltage (Note 1) 

HA·2060 I HA·2065 

HA-2060A I HA-2065A 

Bias Current 
* (125°C) 

Offset Current 
* (125°C) 

I nput Resistance 

Input Capacitance 

Common Mode Range 

. TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain (Note 2 5) 

* Common Mode Rejection Ratio (Note 3) 

Gain Bandwidth Product (Note 4) 

OUTPUT CHARACTERISTICS 
* Output Voltage Swing (Note 2.) 

* Output Current 

Full Power Bandwidth (Note 5) 

TRANSIENT RESPONSE 
(NOTES 2, 8, 9) 

Rise Time (Note 6) 

Overshoot (Note 6) 

Slew Rate (Note 5) 

POWER SUPPLY CHARACTERISTICS 
* Supply Current 

• Power Supply Rejection Ratio (Note 7) 

Internal Power Dissipation (Note 10) 
Operating Temp. Range 

Storage Temp. Range 

300mW 
-55°C ~ T A ~ + 125°C (HA·2060) 
OOC ~ T A ~ +750 C (HA·2065) 

-65°C ~ T A:S; +150oC 

Test Conditions: VSupply = ±15.0V unless otherwise specified. 

HA·2060/HA·2060A HA·2065/HA-2065A 
-55°C to +1250C OOC to +750C 

LIMITS LIMITS 

TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

+250 C 15 25 15 60 mV 
Full 30 65 mV 

+250C 7 12 7 12 mV 
Full 15 15 mV 

+250 C 1 20 1 20 pA 
Full 0.5 10 0.02 1 nA 

+250C 0.5 20 0.5 20 pA 
Full 0.1 5 .005 .5 nA 

+250C 1012 1012 Q 

+250C 5 5 pF 

Full ±10.0 ±10.0 V 

+250 C 80K 150K 80K 150K VIV 
Full 60K 70K VIV 

Full 74 90 70 90 dB 

+250C 100 100 MHz 

Full ±10 ±12 ±10 ±12 V 

+250C ±10 ±18 ±10 ±18 rnA 

+250 C 600 600 kHz 

+250C 50 50 ns 

+250C 25 25 % 

+250 C 35 35 V//1 S 

+250 C 4.0 6.0 4.0 6.0 rnA 

Full 74 90 70 90 dB 

NOTES: 1. Adjustable to zero with lOOK ~ pot between pins 6. Vo = ±200mV 
1 and 5; wiper to V+. 

2. RL = 2K 
3. VCM = ±5.0V 
4. AV>10 
5. Vo = ±10V 

*100% Tested for DASH 8 

©IC MASTER 1979 

7. b- V = ±5.0V 
8. CL =50pF 
9. AV= +5, See transient response test circuits and 

waveforms, page 4. 
10. Derate by 6.6mW laC 

above 1050 C 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

HA-2400/2404/2405 
A DIVISION OF HARHIS CORPORATION 

FEATURES 

• PROG RAMMABILITY 

• HIGH SLEW RATE 30V/ps 

• WIDE GAIN BANDWIDTH 40MHz 

• HIGH GAIN 150,000 

• LOW OFFSET CURRENT 5riA 

• HIGH INPUT iMPEDANCE 30Mn 

• SINGLE CAPACITOR COMPENSATION 

• DTL/TTL COMPATIBLE INPUTS 

APPLICATIONS 

• THOUSANDS OF NEW APPLICATIONS; PROGRAM 

SIGNAL SELECTION/MULTIPLEXING 

OP AMP GAIN 

OSCI LLATOR FR EQUENCY 

FILTER CHARACTERISTICS 

ADD-SUBTRACT FUNCTIONS 

INTEG RATOR CHARACTE RISTICS 

COMPARATOR LEVELS 

PINOUT 

(TOP VIEW) Package Code 48 

TRUTH TABLE 

SelECTED 
CHANNel 

NONE 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

PRAMTiVlFour Channel 
Programmable Amplifier 

DESCRIPTION 

HA-2400/2404/2405 comprise a series of four~channel 
programmable amplifiers providing a level of versatility unsur­
passed by any other monolithic operational amplifier. Versa­
tility is achieved by employing four input amplifier channels, 
anyone (or none) of which may be electronically selected and 
connected to a single output stage through DTL/TTL compatible 
address inputs. The device tormed by the output and the 
selected pair of inputs is an op amp which delivers excellent 
slew rate, gain bandwidth and power bandwidth performance. 
Other advantageous features for these dielectrically isolated 
amplifiers include high voltage gain and input impedance cou­
pled with low input offset voltage and offset current. External 
compensation is not required on this device at closed loop 
gains greater than 10. • 

Each channel of the HA-2400/2404/2405 can be con­
trolled and operated with suita-ble feedback networks in any of 
the standard op amp configurations. This specialization makes 
these amplifiers excellent components for multiplexing, signal 
selection, and mathematical function designs. With 30V / J.1 s 
slew rate, 40MHz gain bandwidth, and 30M ohms input imped­
ance these devices are ideal bu ilding blocks for signal generators, 
active filters, and data acquisition designs. Programmability 
coupled with 2m V typical offset voltage and 5nA offset current 
makes these amplifiers outstanding components for signal 
conditioning circuits. 

HA-2400/2404/2405 are available in a 16 pin dual-in-line 
paCkage. HA-2400 is specified from -550 C to + 1250 C. HA-
2404 is specified over the -250 C to +850 C range, while HA-
2405 0 perates from OOC to + 750 C. 

SCHEMATIC 

Condensed circuit diagram for a programmable amplifier 

(PRAM HA-2400) 

Diagram includes: ONE INPUT STAGE, DECODE CONTROL, 

BIAS NETWORK AND OUTPUT STAGE 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 45.0V Internal Power Dissipation 300mW 

(Note 13) 
'±VSupply Differential Input Voltage 

Digital I nput Voltage 
Output Current 

-0.76V to +10.0V 
Short Circuit Protected 

Operating Temperature Range . -55°C ~ TA ~ +1250C (HA-2400) 
-'250 C ~ T A ~ +850C (HA-2404) 

OOC ~TA~ +750 C (HA-2405) 
Storage Temperature Range -65°C ~ T A ~ +1500 C 

ELECTRICAL CHARACTERISTICS Test Conditions: VSupply = ±15.0V unless otherwise specified. 

Digital inp'uts' VIL = +0 5V VIH =+2 4V 
Limits apply to each of the HA-2400/HA-2404 HA-2405 
four channels, when addressed. LIMITS LIMITS 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 
+250C 2 5 4 9 mV 

Offset Voltage Full 7 11 mV * 

* Bias Current (Note 12) 
+250 C 50 200 50 250 nA 

Full 400 500 nA 

.)(0 Offset Current (Note 12) 
+250C 5 50 5 50 nA 

Full 100 100 .nA 

Input Resistance (N ote 12) +250C 30 30 MQ 

Common Mode Range Full ±10.0 ±10.0 V 

TRANSFE R CHARACTERISTICS 

* Large Signal Voltage Gain (Note 1,5) 
+250 C 50K 150K 50K 150K V/V 

Full 25K 25K V/V 

* Common Mode Rejection Ratio (Note 2) Full 80 100 74 100 dB 

Gain Bandwidth·(Note 3) +250 C 40 40 MHz 
(Nate 4) +250C 8. 8 MHz 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) Full ±10.0 ±12.0 ±10.0 ±12.0 V 

Output Current +250 C 20 20 rnA 

Full Power Bandwic·1) (Notes 3,5) +250C 500 500 kHz 
(Notes 4,5) +250C 200 200 kHz 

TRANSIENT RESPONSE 
Rise Time (Notes 4,6) +25'oC 20 20 ns 

Overshoot (Notes 4,6) +250 C 25 25 % 

Slew Rate (Notes 3,7) +250C 30 30 V /J.1s 
(Notes 4,7) +250C 8 8 V /J.1s 

Settling Time (Notes 4,7,8) +250 C 1.5 1.5 J.1s 

CHANNEL SELECT CHARACTERISTICS 
Digital Input Current (VIN = OV) Full 1 1 rnA 

Digital I nput Current (VIN = +5.0Vl Full 5 '5 nA 

Output Delay (Note 9) +250C 100 100 ns 

Crosstalk (Note 10) +250C -80 -110 -74 -110 dB 

POWER SUPPLY CHARACTERISTICS 
* Supply Current +250 C 4:8 6.0 4.8 6.0 rnA 

* Power Supply Rej'ection Rdtio (Note 11) Full 74 90 74 90 dB 

NOTES: 1. RL = 2K~"? 8. To 0.1 % of final value 

2. VCM = 2.5 V.D.C. 9. To 10~o of final value; output then slews at normal 

3. AV = +10, CCOMP = 0, RL = 2KQ, CL = 50pF rate to final value. 

4. AV = +1, CCOMP = 15pF, RL = 2K0.. CL = 50pF 10. Unselected input to output; VIN = 2.10 V.D.C. 

5. VOUT = 20V peak·to·peak 
6. VOUT = 400 mV peak·to·peak 

7. VOUT = iO.OV peak-to-peak 

*100% Tested For DASH 8 

©IC MASTER 1979 

11. VSUPP = 2.10V.D.C. to 2.20V.D.C. 

12. Unselected channels have approximately the same 
input parameters. 

13. Derate by 4.3mW/oC above 105°C 
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FEATURES 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• HIGH SLEW RATE 

• FAST SETTLING 

• WIDE POWER BANDWIDTH 

• HIGH GAIN BANDWIDTH 

• HIGH INPUT IMPEDANCE 

• LOW OFFSET CURRENT 

• INTERNALLY COMPENSATED 

APPLICATIONS 

• DATA ACQUISTION SYSTEMS 

• R.F. AMPLIFIERS 

• VIDEO AMPLIFIERS 

• SIGNAL GENERATORS 

• PULSE AMPLIFICATION 

PINOUT 

30V/J1S 

330ns 

500kHz 

12MHz 

100Mrl 

10nA 

TO-99 Package Code 2A 

Top View 

BANDWIDTH CONTROL 

V-

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

HA-2500/02/05 
Precision High Slew Rate 

Operational Amplifiers 

DESCRIPTION 

'HA-2500/2502/2505 comprise a series of monolithic opera­
tional amplifiers whose designs are optimized to deliver excellent 
slew rate, bandwidth, and settling time specifications. The 
outstanding dynamic features of this internally compt!nsated 
device are complemented with low offset voltage and offset 
current. 

These dielectrically isolated. amplifiers are ideally suited for 
applications such as data acquisition, R.F., video, and pulse 
conditioning circuits. Slew rate of ±25V / J1 sand 330ns (0.1%) 
settling time make these devices excellent components in fast, 
accurate data acquisition and pulse amplification designs. 12 
MHz bandwidth and 500kHz power bandwidth make these 
devices well suited to R.F. and video applications. With 2mV 
typical offset voltage plus .offset trim capability and lOnA 
offset current, HA-250012502/2505 are particularly useful 
components in signal conditioning designs. 

The gain and offset voltage figures of the HA-2500 series are 
optimized by internal component value changes while the 
similar design of the HA-2510 series is maximized for slew rate. 

HA-2500/2502/2505 are available in metal can (TO-99) pack­
ages. H A-2500 and H A-2502 are specified over the -550 C to 
+125 0 C range. HA-2505 is specified from DoC to +750 C. 

SCHEMATIC 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Ditferentiallnput Voltage 
Peak Output Current 
Internal Power Dissipation 

40.0V 
±15.0V 
50mA 
300mW 

ELECTRICAL CHARACTERISTICS 

V+= + 15V D.C., V- = -15V D.C. 

HA·2500 

Operating Temperature Range - HA-2500/HA-2502 
HA-2505 

Storage Temperature Range 

HA·2502 HA·2505 
-55°C to + 125°C -55°C to + 125°C OOC to + 75°C· 

* 

* 

* 

* 

* 

* 

* 

* 

* 

PARAMETER TEMP. 

INPUT 
CHARACTERISTICS 

Offset Voltage +250C 
Full 

Off·set Voltage Average Drift Full 

Bias Current +250 C 
Full 

Offset Current +250 C 
Full 

I nput Resistance +250 C 

Common Mode Range Full 

TRANSFER 
CHARACTERISTICS 
Large Signal Vo.ltage Gain +250C 
(Note 1,4\ Full 

Common Mode Rejection 
Full Ratio (Note 2) 

Gain Bandwidth Product 
+250 C (Note 3) 

OUTPUT 
CHARACTERISTICS 
Output Voltage SWlllg 

Full (Note 1) 

Output Current (Note 4) +250 C 

Full Power Bandwidth 
+250 C (Note 4) 

TRANSIENT RESPONSE 
Rise Time (Notes 1, 5, 6& 8) +250 C 

Overshoot (Notes 1,5,7 & 8) .,.250 C 

Slew Rate (Notes 1,4,5 & 8) +250 C 

Settling Time to 0.1% 
+250 C (Notes 1.4.5 & 8) 

POWER SUPPLY 
CHARACTERISTICS 
Supply Current +250 C 

Power Supply Rejection 
Full 

Ratio (Note 9) 

NOTES: 1. RL = 2K 
2. VCM = ± 5.0V 
3. AV >10 
4·. Vo = :10.0V 
5. CL = 50pF 
6. Vo=:400mV 

·100% Tested For DASH 8 
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.. LIMITS 

MIN. TYP. 

2 

20 

100 

10 

25. 50 

il0.0 

I 
I 

20K 30K 
15K 

80 90 

12 

±10.0 ±12.0 

il0 ±20 

350 500 

25 

25 

±25 ±30 

0.33 

4 

80 90 

LIMITS 

MAX. MIN. TYP. MAX. MIN. 

5 
8 

200 
400 

25 
50 

50 

40 

6 

4 8 
10 

20 

125 25C 
500 

20 50 
100 

20 50 20 

i10.0 ±10.0 

15K 25K 15K 
10K 10K 

74 90 74 

12 

±10.0 ±12.0 ±10.0 

il0 ±20 ±10 

300 500 300 

25 50 

25 50 

±20 ±30 ±.20 

0.33 

4 6 

74 90 74 

7. Vo = :600mV 
8. See transient response test 

circuits and waveforms Page four. 
9. L1 V = :5.0V 

LIMITS 

TYP. 

4 

20 

125 

20 

sc 

25K 

90 

12 

±12.0 

±20 

500 

25 

25 

±.30 

0.33 

4 

90 

-55°C .5TA .5 +1250 C 
OOC S TA S +750 C 
-65°C S TA S +150oC 

MAX. UNITS 

8 mV 
10 mV 

J.1V/oC 

250 nA 
500 nA 

50 nA 
100 . nA 

MQ 

V 

V/V 
V/V 

dB 

MHz 

V 

rnA 

kHz 

50 ns 

50 % 

V/J.1s 

J.1s 

6 rnA 

dB 

967 
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FEATURES 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• HIGH SLEW RATE 

• FAST SETTLING 

• WIDE POWER BANDWIDTH 

• HIGH GAIN BANDWIDTH 

• HIGH INPUT IMPEDANCE 

• lOW OFFSET CURRENT 

• INTERNALLY COMPENSATED 

APPLICA TIONS 

• DATA ACQUISITION SYSTEMS 

• R.F. AMPLIFIERS 

• VIDEO AMPLIFIERS 

• SIGNAL GENERATORS 

• PULSE AMPLIFICATION 

PINOUT 

TOP VIEW 

60V/J.1s 

250ns 

l,OOOkHz 

12MHz 

100MD 

10nA 

TO-99 
Package Code 2A 

BANDWIDTH cONTROL 

V-

TO-86 
TOP VIEW 

NC r-:::::::;;il.~~=:: NC 
BANDWIDTH = 

CONTROL 

OFFSET ADJ 

IN-

IN-

V+ 

OUT 

OFFSET AOJ 

v-

NC CASE 

Ncc==TE==:J NC 

Package Code 9V 
(HA-2510/2512 

Only) 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow Ie Handling Procedures. 

HA-2510/2512/2515 
High Slew Rate 

Operational Amplifiers 

DESCRIPTION 

The HA-251012512/2515 are a series of high performance 
operational amplifiers which set the standards for maximum 
slew rate, highest accuracy and widest bandwidth for internally 
compensated monolithic devices. In addition to excellent 
dynamic characteristics, these dielectrica"y isolated amplifiers 
also offer low offset current and high input impedance. 

The ±60V I ps slew rate and 250ns (0.1%) settling time of these 
amplifiers is ideally suited for high speed DIA, AID, and pulse 
amplification designs. HA-2510/2512/2515's superior 12MHz 
gain bandwidth and 1000kHz power bandwidth is extremely 
useful in R.F. and video applications. For accurate signal condi­
tioning these amplifiers also provide 10nA offset current, coup­
led with 100MD input impedance, and offset trim capability. 

The HA-2510/2512 are available in metal can nO-99) and 
14-pin flat packages. HA-2510 and HA-2512 are specified from 
-550 C to + 1250 C. HA-2515 is specified over the OOC to + 750 C 
range, and is available in the TO-99 package. 

SCHEMATIC 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 

Differential Input Voltage 

Operating Temperature Range 
HA-2510/HA-2512 
HA-2515 

40.0V 

-±15.0V 

-55°C'S.. TA'S.. +1250 C 
OOC ~ T A <;.. + 75°C 

ELECTRICAL CHARACTERISTICS 

V+ = +15V D.C., V- = 15V D.C. 

HA·2510 
-55°C to +1250C 

LIMITS 

Peak Output Current 

I nternal Power Dissipation 

Storage Temperature Range 

HA·2512 
-.550C to +125 0 C 

LIMITS 

50mA 

300mW 

-65°C ~ T A <;. + 150°C 

HA·2515 
DoC to + 750C 

'lIMITS 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX UNITS 

INPUT CHA.RACTERISTICS 

* Offset Voltage 
+250C 4 8 

Full 11 

Offset Voltage Average Drift Full 20 

* Bias Current 
+250C 100 200 

Full 400 

* Offset Current 
+250C 10 25 

Full 50 

Input Resistance +250C 50 100 

Common Mode Range Full ±10.0 

TRANSFER CHARACTERISTICS 

* Large Signal Voltage Gain (Note 1,4) 
+2SoC 10K 15K 

Full 7.5K 

* Common Mode Rejection Ratio Full 80 90 (Note 2) 

Gain Bandwidth Product (Note 3) +250C 12 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10.0 ±12.0 

* Output Current (Note 4) . +250C ±10 ±20 

Full Power Bandwidth (Note 4) +250C 750 1000 

TRANSIENT RESPONSE 

Rise Time (Notes 1,5,6 & 8) +250C 25 50 

Overshoot (Notes 1, 5, 7 & 8) +250C 25 40 

* Slew Rate (Notes 1,4,5 & 8) +250C ±50 ±65 

Settling Time (Notes 1,4,5 & 8) +250C 0.25 

POWER SUPPL Y CHARACTERISTICS 

* Supply Current +250C 4 6 

* Power Supply Rejection Ratio (Note 9) Full 80 90 

NOTES: 1. RL = 2K 
2. V CM = ~5.0V 
3. AV > 10 
4. Vo = ~ 10.0V 
5. C L = 50pF 
6. Vo = ~400mV 

*100% Tested For DASH 8 
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5 10 
14 

25 

125 250 
500 

20 50 
100 

40 100 40 

±10.0 ±10.0 

7.5K 15K 7.5K 
5K 5K 

74 90 74 

12 

±10.0 ±12.0 ±10.0 

±10 ±20 ±10 

600 1000 600 

25 50 

25 50 

±40 ±60 ±40 

0.25 

4 6 

74 90 74 

7. Vo=~600mV 
8. See transient response test 

circuits and waveforms page four. 
9. L1 V = ~5.0V 

5 10 mV 
14 mV 

30 fJV;oC 

125 250 nA 
500 nA 

20 50 nA 
100 nA 

100 Mr2 

V 

15K V/V 
V/V 

90 dB 

12 MHz 

±12.0 V 

±20 mA 

1000 kHz 

25 50 ns 

25 50 % 

±60 V! jJ.s 

0.25 J.Ls 

4 6 mA 

90 dB 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

Preliminary 

FEATURES 

• High Slew Rate 30 60 

• Fast Settling '\ 330 250 

• Wide Power Bandwidth 0.5 1.0 

• High Gain Bandwidth 12 12 

• High Input Impedance 50 100 

APPLICATIONS 

• Plilse Amplification 

• Video Amplifiers 

• High Speed Test Equipment 

• Medical Instrumentation 

• Data Acquisition Systems 

• Signal Generators 

PINOUT 

120 

200 

1.6 

20 

100 

OFFSET AOJ 8 , Bo\NOWIOTH CONTROL 

I i~~5?:~' I r I .130(3.301 

~~1I I 

~nrrr-:r~1 l 
'" ~ r- '" ,I:;! I "if..- '" "., 

. (46 !.081 11.521 (2.541 ( 25 !.051 

8 LEAD OJ.P. EPOXY 

HA-2507/2517/2527 
Epoxy~Packaged, High Slew Rate 

Operational Amplifier Series 

Vips 

ns 

MHz 

MHz 

Mn 

DESCRIPTION 

HA-2507/2517/2527 operational amplifiers are a series of high­
performance, epoxy-packaged monolithic IC's designed to deliver 
excellent slew rate, bandwidth and settling time specifications. 
Typical slew rate specifications for HA-2507, HA-2517 and HA-
2527 are 30VI J.1 sec, 60V/Il sec and 120V/Ilsec respectively. Cor­
responding settling times (lOV step to 0.1%) are 330ns, 250ns 
and 200ns for HA-2507, HA-2517 and HA-2527 respectively. 
Bandwidths range from 12MHz to. 20MHz. This. level of perfor­
mance is achieved through the use of Harris's unique Dielectric 
Isolation processing techniques. HA-2507/251712527 are in­
ternally compensated; HA-2507 and HA-2517 are stable for closed 
loop gains (AV) greater than or equal to unity. HA-2527.is stable 
for AV > 3. 

This series of op amps affords an economical means of designing 
high performance equipment for industrial and commercial use. 
Their slew rate and settling time performance makes them ideally 
suited for high speed D/A, AID and pulse amplification designs. 
The wide bandwidth offered by these devices also makes them 
valuable components in R F and video applications. HA-25071 
251712527 also deliver offset current, bias current and offset 
voltage specifications compatible with the requirements of accurate 
signal conditioning systems. 

The HA-2507/251712527 are specified from DoC to + 750 C and 
are available in 8-lead epoxy DIP packages that have been exten­
sively tested and qualified to deliver the high level of performance 
and reliability that are expected of Harris Semiconductor'sopera­
tional amplifiers. 

SCHEMATIC 

·VALUES OF Cl AND C2 VARY DEPENDING ON DEVICE TYPE . 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 

. Differential Input Voltage 
40.0V 
±15.0V 
50mA. 
300mW 

Operating Temperature Range - HA-2507/HA-2517 
HA-2527 

Peak Output Current 
I nternal Power Dissipation 

L 
RISTICS 

ELECTRICA 
CHARACTE 

V+ = +15V D.C ., V-'= -15V D.C. 

PARAMETER TEMP. 

INPUT CHARACTERISTICS 

Offset Voltage +250C 
Full 

Offset Voltage Average Full 
Drift 

Bias Current +250C 
Full 

Offset Current +25 0C 
Full 

Input Resistance +250 C 

Common Mode Range Full 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +250 C 
(Note 1,4) Full 

Common Mode Rejection 
Full Ratio (Note 2) 

Gain Bandwidth Product 
(Note 3) +250C 

OUTPUT CHARACTERISTICS 

Storage Temperature Range 

HA-2507 HA-2517 HA-2527 
OOC to +750 C OOC to +750C OOC to +750C 

LIMITS LIMITS LIMITS 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. 

5 10 5 10 5 
14 14 

25 30 30 

125 250 125 250 125 
500 500 

20 50 20 50 20 
100 100 

20 50 40 100 40. 100 

±10.0 ±10.0 ±10.0 

15K 25K 7.5K 15K 7.5K 15K 
10K 5K 5K 

74 90 74 90 74 90 

12 12 20 

Output Voltage Swing 
Full ±10.0 .±12.0 .:!:.10.0 .:!:.12.0 +10.0 ±12.D (Note 1) 

©IC MASTER 1979 

Output Current (Note 4) +25 0C .±10 .!20 .:!:.10 +20 

Full Power Bandwidth +250C 220 
(Note 4) 

500 450 1000 

TRANSIENT RESPONSE 

Rise Times +25 0C 25 50 25 50 (Notes 1,5,6 & 8) 

Overshoot 
+250C 25 50 25 50 (Notes 1,5,7 & 8) 

I 

Slew Rate ! +250 C .:!: 15 :!: 30 :!:30 :!: 60 (Notes 1,4,5 & 8) 

I 
Settling Time to 0.1% 

.1 +250 C 0.33 0.25 (Notes 1,4,5 & 8) 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250 C 

Power Supply Rejection 
Full 74 Ratio INote 9) 

NOTES: 1.RL=2K 

2. VCM = + 5.0V 

3.AV>10 
4. Vo = + 10.0V 

5. CL = 50pF 
6. Vo = + 400mV for HA-

2507 and HA-2517; 
Vo = + 200mV for 

HA-2527 

4 

90 

6 4 6 

74 90 

7. Vo = + 600mV 

8. For HA-2507 and HA-2517. AV . 1 
For HA-2527, AV - 3 

9 . .1 V = + 5.0V 

+10 i 20 

750 1600 

25 

25 

±60 :!: 120 

0.20 I 
I 

I 

4 

I 74 90 

OOC ~ T A ~ +750 C 

-650 <; TA ~ +1500 C 

MAX. UNITS 

10 . mV 
14 mV 

Jl V 10C 

250 nA 
500 nA 

50 nA 
100 nA 

M.o 

V 

V!V 
V!V 

dB 

MHz 

V 

rnA 

kHz 

50 ns 

50 % 

VI Jl s 

JlS 

6 rnA 

dB 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

HA-2520/22/25 m A DIVISION OF HARRIS CORPORATION Uncompensated High Slew Rate 
Operational Amplifiers 

FEATURES 

• HIGHSLEWRATE 

• FAST SETTLING 

e WIDE POWER BANDWIDTH 

• HIGH GAIN BANDWIDTH 

• HIGHINPUTIMPEDANCE 

• LOW OFFSET CURRENT 

APPllCA TIONS 

• DATA ACQUISITION SYSTEMS 

• R.F. AMPLIFIERS 

• VIDEO AMPLIFIERS 

• SIGNAL GENERATORS 

• PULSE AMPLI FICATION 

PINOUT 

TOP VIEW 
TO-99 BANDWIDTH r.ONTROl 

v- -

TO-86 
TOP VIEW 

NC ~3~;2~~=:: NC BANDWIDTH = 
CONTROL V+ 

OUT 

120V Ills 

200ns 

l,OOOkHz 

20MHz 

100Mn 

10nA 

Package Code 2A 

Package Code 9V 
(HA-2520/2522 

Only) 
OffSET ADJ 

IN-

IN-

OFFSET ADJ 

V-

"IC CASE 

"Ie C==~r:::==:::J !\IC 

DESCRIPTION 

HA-2520/2522/2525 comprise a series of monolithic opera­
tional amplifiers delivering an unsurpassed combination of 
specifications for slew rate, bandwidth and settling time. These 
dielectrically isolated amplifiers are controlled at closed loop 
gains greater than 3 without external compensation. In additon, 
these high performance components also provide low offset 
current and high input impedance . 

120VI Il s slew rate and 200ns (0.1%) settling time of these 
amplifiers make them ideal components for pulse amplification 
and data acquisition designs'. These devices are valuable com­
ponents for R.F. and video circuitry requiring up to 20MHz 
gain bandwidth and 2MHz power bandwidth. For accurate 
signal conditioning designs the HA-2520/2522/2525's superior 
dynamic specifications are complimented by 10nA offset cur­
rent, 100 M n input impedance and offset trim capability. 

The HA-2520/2522 are available in metal can (TO-99) and 
14-pin flat packages. HA-2520 and HA-2522 are specified 
over -550 C to +1250 C range. HA-2525 is specified from 
OOC to +750 C, and is available in the TO-99 package. 

SCHEMATIC 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM R.ATINGS 

Voltage Bltween V+and V- Terminals 
Differential Input VGltage 

40.0V 
i15.0V 

Peak Output Current 
I ntemal Power Dissipation 

50mA 
300mW 

Operatln~ Temperature Range 
HA-2520/2522 
HA-2325 

-5.50C~ TA~+]250C 

OOC~TA~+750C 
Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

Vi '+15V D.C., V-:= -15V D.C. 

HA·2520 
-55°C to + 125°C 

LIMITS 

PARAMETER TEMP. MIN. TYP. MAX. 

INPUT CHARACTERISTICS 

;;- Offset Voltage +250 C 4 8 
Full lr 

Offset Voltage Average Drift Full 20 

* Bias Current +250 C 100 200 
Full 400 

* .Offset Current +250 C 10 25 
Full 50 

I npu t Resistance +250C 50 100 

Common Mode Range Full ±10.0 

TRANSFER CHARACTERISTICS 

'* Large Signal Voltage Gain (Note 1,4) +250C 10K 15K 
Full 7.5K 

'* Common Mode Rejection Ratio 
Full 80 90 (Note 2) 

Gain Bandwidth Product (Note 3) +250C 20 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10.0 ±12.0 

'* Output Current (Note 4) +250 C ±10 ±20 

Full Power Bandwidth (Note 4) +250 C 1500 2000 

TRANSIENT RESPONSE (AV =+3) 

Rise Time (Notes 1, 5, 6 & 8) +25 0C .25 50 

Overshoot (Notes 1, 5, 6 & 8) +250 C 25 40 

'* Slew Rate (Notes 1, 4, 5 & 8) +250 C ±100 ±120 

Settling Time (Notes 1,4,5 & 8) +259C 0.20 

POWER SUPPLY CHARACTERISTICS 

'* Supply Current +250C 4 6 

* Power Supply Rejecti~n Ratio (Note 7) Full 80 90 

NOTES: 1. RL = 2K .4. Va = ±10.0V 

2. V CM = ±5.0V 5. CL = 50pF 

3. AV > 10 6. Va = ±200mV 

*100% Tested For DASH 8 

©IC MASTER 1979 

HA-2522 HA-2525 
-55°C to +1250 C OOC to +750 C 

LlMIT~ LlMIT~ 

MIN. TYP. MAX. MIN. TYP. 

5 10 5 
14 

25 30 

125 250 125 
500 

20 50 20 
100 

4(). 100 40 100 

±10.0 ±10.0 

7.5K 15K 7.5K 15K 
5K 5K 

74 90 74 90 

20 2,0 

±1O.0 ±12.0 . ±10.0 ±12.0 

±10 ±20 ±10 ±20 

1200 1600 ·1200 1600 

25 50 25 

25 50 25 

±80 ±120 ±80 ±120 

0.20 0.20 

4 6 4 

74 90 74 90 

7 . .1 V = ±5.0V 

8. See transient response test 
circu!ts and waveforms page four. 

MAX. 

10 
14 

250 
500 

50 
100 

50 

50 

6 

UNITS 

mV 
mV 

fJV/oC 

nA 
nA 

nA 
nA 

Mrt 

V 

V/V 
V/V 

dB 

MHz· 

V 

mA 

kHz 

ns 

% 

VI fJs 

fJs 

mA 

dB 
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m HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HA~~IS CO~PO~ATION 

• PULSE AMPLIFICATION 

• SIGNAL CONDITIONING 

• SIGNAL GENERATORS 

• COAXIAL CABLE DRIVERS 

• INTEGRATORS 

PINOUT 

TO-99 

Top View 

5pF 

Package Code. 2A 

NOTE: Case tied to V-

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow Ie Handling Procedures. 

HA-2530/2535 
High Slew Rate, Wideband 

Inverting Amplifier 

DESCRIPTION 

HA-2530 and HA-2535 are monolithic high speed inverting 
amplifiers which deliver superior slew rate, bandwi'dth, and 
accuracy specifications compared to any other amplifier in its 

class. Designs of these dielectrically isolated amplifiers utilize 
the feed forward amplifier technique to produce excellent 

dynamic and DC specifications coupled with low povyer con­

sumption. These devices require no external compensation at 

closed loop gains greater than 10. 

These amplifiers are excellent components for pulse circuits, 
data acquisition designs, and high speed inte'grators that can take 

advantage of the ±320V / J.l. s slew rate and 550ns (0.1%) senling 

time. 70MHz yain bandwidth product, 5MHz power bandwidth 
coupled with O.8mV offset voltage and ±50mA typical output 

current levels make these amplifiers ideally suited for signal 

conditioning, signal generation, and coaxial driver applications. 

The HA-2530 and HA-2535 are available in metal can (TO-99) 
packages. HA-2530 is specified over the -550 C to +1250 C 

range while H A-2535 is specified from OOC to + 750 C. 

SCHEMATIC 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPEC/FICA T/ONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 40V Internal Power Dissipation (Note 1) 
Op~rating Temperature Range 

Peak Output Current ±100mA 
Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

Test Conditions: VSupply = ±15.0V Unless Otherwise Specified. 

HA-2530 
-55°C to +1250C 

LIMITS 

PARAMETER. TEMP. MIN. TYP. MAX. 

INPUT CHARACTERISTICS 

* Offset Voltage +250C 0.8 
Full 3 

Average Offset Voltage Drift Full 5 

* Bias Current +250C ~5 
Full 10(1 

* Offset Current +250C 5 
-

Full 20 

Input Resistance +250C 2 

I nput Capacitance +250C 10 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 2,5) +25 0C 2Xl06 

* Full 105 

* Common-Mode Rejection 
Ratio (Note 3) Full 86 100 

Gain Bandwidth Product (Note 4) +250C 70 

OUTPUT CHARACTER!STICS 

* Output Voltage Swing (Note 2) Full ±10 ±12~ 

* Output Current (Note 5) +250C ±25 ±SO 
Full Power Bandwidth (Note 5) +250C 4 5 

TRANSIENT RESPONSE (NOTES 6& 7) 

* Rise Time +250C 20 40 

* Overshoot . +250C 30 45 

*Slew Rate +250C ±280 ±320 

Set.tling Time +250C 500 

POWER SUPPLY CHARACTERISTICS 

* Supply Current +250C 3.5 6 

* Power Supply Rejection Ratio (Note 8) Full 86 100 

NOTES: 1. Derate at 5.5mW/oC for Operation at 
Ambient Temperature Above 75°C. 

5. Va = ±10V 
6. CL = 50pF 

MIN. 

105 

80 

±10 

±25 

4 

±250 

80 

550mW 
-55°C :$T A:$ + 125°C 
OOC:$T A:$ +750C 
-650C:$T A:$ + 150°C 

HA-2535 
OOC to +750C 

LIMITS 

TYP. MAX. 

0.8 
5 

5 

15 
200 

5 
20 

2 

10 

2X106 

100 

70 

±12 

±SO 
5 

20 40 

30 50 

±320 

500 

3.5 6 

100 

2. RL = 2K 
3. V CM = ±5.0V 

7. See Transient Response Test Circuit 
and Wave Forms, Page 4. 

4. AV>lO 

*100% Tested For DASH 8 . 
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8. tlv =±5.0V 

(HA-2530) 
(HA-2535) 

UNITS 

mV 
mV 

]J V 1°C 

nA . 
nA 

nA 
nA 

MQ 

pF 

V/V 
V/V 

dB 

MHz 

V 

rnA 

MHz 

ns 

% 

V l!1s. 

ns 

rnA 

dB 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

HA-2600/2602/2605 
A DIVISION OF HARRIS CORPORATION 

FEATURES 

• WIDE BANDWIDTH 12MHz 

• HIGH INPUT IMPEDANCE 500Mn 

• LOW INPUT BIAS CURRENT lnA 

• LOW ir~PUT OFFSET CURRENT lnA 

• LOW INPUT OFFSET VOLTAGE 0.5mV 

• HIGH GAIN 150KVIV 

• HIGH SLEW RATE 7V IJ.1s 

• OUTPUT SHORT CIRCUIT PROTECTION 

APPLICA TIONS 

• VIDEO AMPLI FI ER 

• PULSE AMPLIFIER 

• AUDIO AMPLIFIERS AND FILTERS 

• HIGH-Q ACTIVE FI L TERS 

• HIGH-SPEED COMPARATORS 

• LOW DISTORTION OSCILLATORS 

PINOUT 

TO-99 TOP VIEW 

BANDWIDTH CONTROL 

Case Connected to v-

TO-91 TOP VIEW 

IIJC Ie 10 

Of fSET AIJ.IU<;T 

NC 

8ANDW! DTH 

V' 

OuTPuT 

Package Code 2A 

Package Code 9V 
(HA-2600I/fJ02 

Only) 

II f fSET AOJUS T 

Case Connected to V-

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

976 

Wide Band, High Impedance 
Operational Amplifier 

DESCRIPTION 

HA-2600/2602/2605 are internally compensated bipolar opera­
tional amplifiers that feature very high input impedance (500 
Mn, HA-2600) coupled with wideband AC performance. The 
high resistance of the input stage is complemented by low offset 
voltage (O,5mV, HA-2600) and low bias and offset current 
(lnA, HA-2600) to facilitate accurate signal processing. Input 
offset can be reduced further by means of an external nulling 
potentiometer. 12MHz unity gain-bandwidth prodm:t, 7V/J.1 s 
slew rate and 150,OOOV IV open-loop gain enables HA-26001 
2602/2605 to perform high-gain amplification of fast,'wideband 
signals. These dynamic characterisitics, coupled with fast 
settling times, make these amplifiers ideally suited to pulse 
amplification. designs as well as high frequency (e.g. video) 
applications. The frequency response of the amplifier can be 
tailored to exact design requirements by means of an external 
bandwidth control capacitor. 

In addition to its application in pulse and video amplifier de­
signs, HA-2600/260?12605 is particularly suited to other high 
performance designs such as high-gain low distortion audio 
amplifiers, high-Q and wideband active filters and high-speed 
comparators. 

HA-2600 and HA-2602 are guaranteed over -550 C to +125 0 C. 
HA-2605 is specified from OOC to + 750 C. All devices are 
available in TO-99 cans, andHA-2600/2602 are available in 
10 lead flat packages. 

SCHEMATIC 

IAlfOWtQTH 
CQfIII'''Ol 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential I nput Voltage 
Peak Output Current 
! nternal Power Dissipation 

45.0V 
±12.0V 
Full Short Circuit Protection 
300mW 

Operating Temperature Range - HA-2600/HA-2602 
HA-2605 

-55°C ~ TA~ +1250 C 
0° ~ TA ~ +750 C 
-65°C ~ TA ~ +1500 C Storage Temperature Range 

ELECTRIC.AL CHARACTERISTICS 

PARAMETER 

INPUT CHARACTERISTICS 

* Offset Voltage 

Offset Voltage Average Drift 

"" Bias Current 

* Offset Current 

Input Resistance 

Common Mode Range 

TRANSFER CHARACTERISTICS 

* Large Signal Voltage Gain! Not>!, 1 .; i 

* Common Mode Rejection Ratio 
(Note 2) 

Unity Gain Bandwidth (Note 3) 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) 

* Output Current (Note 4) 

Full Power Bandwidth (Note 4) 

TRANSIENT RESPONSE 
Rise Time (Notes 1, 5, 6 & 8) 

Overshoot (Notes 1, 5,7 & 8) 

* Slew Rate (Notes 1, 4, 5 & 8) 

Settling Time (Notes 1,4,5 & 8) 

POWER SUPPLY CHARACTERISTICS 
* Supply Current 

* PowerSupply Rejection Ratio (Note 9) 

TEST CONDITIONS 

NOTES. 1 RL - 2K 
2VCM~·:'·OV 

3. VO<90mV 
4 Vo ~ '10V. 
:. C L ~ 100pF 

6 Vo ~ 200mV 

*100u~ Tested For DASH 8 
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TEMP. 

+25 0 C 
Full 

Full 

+25 0C 
Full 

+250 C 
Full 

+250 C 

Full 

+250 C 
Full 

Full 

+250 C 

Full 

+250 C 

+250 C 

+250 C 

+250 C 

+25 0C 

+250 C 

+250 C 

Full 

.. V+=+15VDC, V-

HA-2600 HA-2602 
-550e to + 125°C -55°C to + 125°C 

LIMITS LIMITS 

MIN. TYP. MAX. MIN. TYP. 

0.5 4 3 
2 6 

5 

1 10 15 
10 30 

1 10 5 
5 30 

100 500 40 300 

±11.0 ±11.0 

lOOK 150K 80K 150K 
70K 60K 

80 100 74 100 

12 12 

±10.0 ±12.0 ±10.0 ±12.0 

±15 ±22 ±10 ±18 

50 75 50 75 

30 60 30 

25 40 25 

±4 ±7 ±4 ±7 

1.5 1.5 

3.0 3.7 ~.O 

80 90 74 90 

7. V 0 ~. + 400m V 

8. See Transient response test circuits 
and waveforms page three. 

9. Vs = :9.0V to + l5V 

MAX. 

5 
7 

25 
60 

25 
60 

60 

40 

4.0 

-15VDC 

HA-2605 
OOC to +750 C 

LIMITS 

MIN. TYP. 

3 

5 

5 

40 300 

±11.0 

80K 150K 
70K 

74 100 

12 

±10.0 ±12.0 

±10 ±18 

50 75 

30 

25 

±4 ±7 

1.5 

3.0 

74 90 

MAX. 

5 
7 

25 
40 

25 
40 

60 

40 

4.0 

UNITS 

mV 
mV 

J.1V/oC 

nA 
nA 

nA 
nA 

MQ 

V 

V/V 
V/V 

dB 

MHz 

V 

mA 

kHz 

ns 

o· 
'0 

V/J.1s 

J.1s 

mA 

dB 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

Preliminary 

FEATURES 

HA-2607 HA-2627 

• Wide Gain-Bandwidth - 12 100 

• High Slew Rate 7 35 

• Wide Power Bandwidth 75 600 

• High Gain 150KVIV 

• High Inptlt Impedance 500M Q 

• Output Short Circuit Protection 

APPllCA TIONS 

• Pulse Amplification. 

• Video Amplifiers 

• Audio Amplifiers and Filters 

• High Speed Test Equipment 

• High Speed Comparators 

PINOUT 

8 LEAD D.I.P. EPOXY 

MHz 

V/J-l S 

KHz 

I 
II 
I~ 

Y 

HA-2607/2627 
Epoxy-Packaged, Wide Band 
Operational Amplifier Series 

DESCRIPTION 

HA-2607/2627 bipolar operational amplifiers are high performance, 
epoxy-packaged monolithic IC's designed to deliver outstanding 
wideband AC performance. HA-2607 has a specified bandw'idth of 
12MHz while HA-2627 has a typical gain-bandwidth of 100MHz!* 
HA-2607 and HA-2627 also offer correspondingly high slew fates 
of 7V 111 Sec and 35V /11 Sec respectively. These dynamic charac­
teristics, coupled with 150,OOOV IV open-loop gain enables HA-
2607/2627 to perform high-gain amplification of very fast, wide­
band signals. This level of performance is achieved through the use 
of Harris' unique Dielectric Isolation processing techniques. 

The HA-2607 and HA-2627 op amps afford an economical means 
of designing high performance equ.pment for industrial and com­
mercial use. These amplifiers are ideally suited to pulse amplifica­
tion designs as well as high frequency (e.g. R F, video) applications. 
The fr~quency response of both amplif,iers can be tailored to exact 
design requirements by means of an external bandwidth control 
capacitor. 

HA-2607l2627 are specified from OOC to + 750 C and are available 
in a-lead epoxy DIP packages that have been extensively tested 
and qualified to deliver the high leve! of performance and reliabil­
ity that are expected of Harris Semiconductor's operational ampli­
fiers. 

*HA-2607/2627 are internally compensated - HA-2607 is stable for 
AV ~ 1, - HA- 2627 is stable for AV ~ 5. 

SCHEMATIC 
IAIttIOWIOTH 

CONUIlOl 

·VALUES OF C3 AND C4 VARY DEPENDING ON DEVICE TYPE. 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+and V- Terminals 
Differential I nput Voltage 
Peak Output Current 
Internal Power Dissipation (Note 10) 
Operating Temperature Range - HA-2607/HA-2627 
Storage Temperature Range 

45.0V 
±12.0V 
Full Short Circuit Protection 
300mW 
00 ~ TA~+750C 
-650C S. T AS. +1500C 

ELECTRICAL CHARACTERISTICS V+=+15VDC, V-= -15VDC 

PARAMETER TEMP. 

~NPUT CHARACTERISTICS 

Offset Voltage +250 C 
Full 

Offset Voltage Average Drift Full 

+250C Bias Current Full 

Offset Current +250C 
Full 

Input Resistance +250C 

.Common Mode Range Full 

TRANSFER CHARACTERISTICS 

+250C Large Signal Voltage Gain (Note 11 Full 

Common Mode Rejection Ratio 
(Note 2) Full 

Gain Bandwidth Product 
(Note 3,11) +250C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full 

Output Current (Note 4) +250C 

Full Power Bandwidth (Note 4) +250C 

TRANSIENT RESPONSE 

Rise Time (Notes 1,5,6 & 8) +250C' 

Overshoot (Notes 1,5,7 & 8) +250C 

Slew Rate (Notes 1. 4, 5 & 8) +250C 

Settling Time (Notes 1,4,5 & 8) +250C 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250 C 

Power Supply Rejection Ratio 
(Note 9) Full 

TEST'CONDITIONS. 

NOTES: 1. RL = 2K 

2. VCM = + 5.0V 
3. Va <90mV 

4. Va = + 10V 
5. CL = l00pF 

6. "\IL = + 200mV 

©IC MASTER 1979 

HA·2607 HA-2627 
OOC to +750 C OOC to +75OC 

MIN. 

40 

.! 10.0 

70 
60 

74 

.:1: 10.0 

±.10 

50 

+4 

74 

LIMITS 
TYP. MAX. MIN. TYP. MAX. 

4 6 4 6 
8 8 

5 5 30 

5 30 5 30 
50 50 

5 30 5 30 
50 50 

300 40 300 

±.10.0 

150K 70 150K 
60 

100 74 100 

12 100 

+12.0 ±.10.0 ±.12.0 

±18 ±.10 ±18 

75 290 600 

30 60 17 45 

25 40 25 40 

.:1:7 .:1:17 .±35 

1.5 1.5 

3.0 4.0 3.0 4.0 

90 74 90 

7, Va = + 400mV 

8, For HA-2607, AV = 1. 
For HA-262?, AV = 5. 

9. Vs = + 9.0V to +15V 

10. Derate by 6.6mWJoC above 1050C 

11. 40 dB gain setting used to measure 
Gain-Band width for HA-2627 

UNITS 

mV 
mV 

I nA 

nA 

nA 
nA 

MQ 

V 

t V!V 
V!V 

dB 

MHz 

V 

mA 

kHz 

ns 

% 

VII1 s 

I1S 

mA 

dB 

979 

~ 

o 
+J o 
:::l 

"C 
C 
o 
o 
E 
Q) 
en 
C/) 

".: 
~ 

tU 
I. 



"-
0 
+'" 
(.) 
::J 

"'.C 
c 
0 
(.) 

E 
(1) 
en 
tIJ 
.~ 

'-
ctS 
J: 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

HA-2620/2622/2625 
A DIVISION OF HAR~IS CORPORATION Very Wide Band, Uncompensated 

Operational Amplifiers 

FEATURES 

• GAIN BANDWIDTH PRODUCT(AV = 5) 100MHz 

• HIGH INPUT IMPEDANCE 500MS1 

• LOW INPUT BIAS CURRENT lnA 

• LOW INPUT OFFSET CURRENT lnA 

• LOW INPUT OFFSET VOL TAGE O.5mV 

• HIGH GAIN 150K V/V 

• HIGH SLEW RATE 35V/j.1s 

• OUTPUT SHORT CIRCUIT PROTECTION 

APPllCA TIONS 

• VIDEO AND R.F. AMPLIFIERS 

• PULSE AMPLIFIER 

• AUDIO AMPLIFIERS AND FILTERS 

• HIGH-QACTIVE FILTERS 

• HIGH-SPEED COMPARATORS 

• LOW DISTORTION OSCILLATORS 

PINOUT 

TO-99 
TOP VIEW 

BANDWIDTH CONTROL 

Case Connected to V- v-

TO-116 
NC 1 

NC 2 

. OFFSET NULL 3 

TOP VIEW 

INVERTING INPUT 4---11----f ....... 

NON.INVE~J~~* 5 ---11-----(/ 

v- 6 

NC 7 

Case Connected to V-

Package Code 2A 

Package Code 4U 

BANDWIDTH 
14 CONTROL 

13 NC 

12 NC 

11 v+ 

10 OUTPUT 

9 OFFSET NULL 

8 NC 

DESCRIPTION 

HA-2620/2622/2625 are bipolar operational amplifiers that 
feature very high input impedance (500MS1. HA-2620l coupled 
with wideband AC performance. The high resistance of the 
input stage is complemented by low offset voltage (O.5mV, 
HA-2620i and low bias and offset current (1 nA, HA-262Oi to 
facilitate accurate signal processing. I nput offset can be reduced 
further by means of an external nulling potentiometer. 100MHz 
gain-bandwidth product (HA-2620/2622/2625 are stable for 
closed loop gains greater than 5), 35V I j.1 s slew rate and 
150,OOOV IV open-loop gain enables HA-2620/2622/2625 to 
perform high-gain amplification of very fast, wideband signals. 
These dynamic clTaracterisitcs, coupled with fast settling times, 
make these amplifiers ideally suited to pulse amplification 
designs as well as high frequiency (e.g. video) applications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an external bandwidth control 
capacitor. 

In addition to its application in pulse and video amplifier de­
signs H A-2620/2622/2625 is particu larly su ited to other high 
performance designs such as high-gain low distortion audio 
amplifiers, high-Q and wideband active filters and high-speed 
comparators. 

HA-2620 and HA-2622 are guaranteed over -550 C to +1250 C. 
HA-2625 is specified from DoC to + 750 C. All devices are 
available in TO-99 cans, and 141ead D.I.P. packages. 

SCHEMATIC 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICA 110NS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 

Differential I nput Voltage 

45.0V 

±12.0V 

Peak Output Current 

I nternal Power 0 issipation 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 
v+ = +15 VDC, V- = -15 VDC 

PARAMETER TEMPERATURE 

INPUT CHARACTERISTICS 

* Offset Voltage (Note H +250C 
Full 

* Bias Current 
+250 C 

Full 

* Offset Current 
+250C 

Full 

I npu t Resistance +250C 

Common Mode Range Full 

TRANSFE R CHA RACTE RISTI CS 
* Large Signal Voltage Gain +250 C 

(Notes 2 & 3) Full 

* Common Mode Rejection Ratio Full (Note 4) 

Gain Bandwidth Product +250C 
(Notes 2, 5, &6) 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 2) Full 

* Output Current (Note 3) +250C 

Full Power Bandwidth +250C 
(Notes 2, 3 & 7) 

TRANSIENT RESPONSE 
Rise Time (Notes 2,5, 7 & 8) +250 C 

* Slew Rate (Notes 2,7,8 & 10) +250C 

POWER SUPPLY 
CHARACTERISTICS 
* Supply Current +250 C 

* Power Supply Rejection Ratio Full 
(Note 9) 

NOTES: 1. Offset may be externally adjusted to zero. 
2. RL = 2Krt. CL = 50pF 
3. Vo = i.10.0V 
4. VCM = i.5.0V 
5. Vo <90mV 
6. 4Od8 Gain 

*'00% Tested For DASH 8 

Full Short Circuit Protection 

300mW 

-65°C 5 TA ~ +150oC 

HA-2620 HA·2622 HA-2625 
-55°C to + 125°C -550C to + 1250C OOC to + 150C 
MIN. TYP. MAX MIN. TYP. MAX. MIN. TYP. MAX. 

0.5 4 3 5 3 5 
6 7 7 

1 15 5 25 5 25 
10 35 60 40 

1 15 5 25 5 25 
5 35 60 40 

65 500 40 300 40 300 

±11.0 ±11.0 ±11.0 

lOOK 150K 80K 150K 80K 150K 
70K 60K 70K 

80 100 74 100 74 100 

100 100 100 

±10.0 ±12.0 ±10.0 ±12.0 ±10.0 ±12.0 

±15 .i22 ±10 ±18 ±10 ±18 

400 600 320 600 320 600 

17 45 17 45 17 45 

±25 . ±35 ± 20 ±35 ± 20 ±35 

3.0 3.1 3.0 
I 

4.0 3.0 4.0 

80 90 74 90 74 90 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

Mrt 

V 

V/V 
V/V 

dB 

MHz 

V 

rnA 

kHz 

ns 

V/lJs 

rnA 

dB 

7. See transient response test circu its and waveforms page 3. 
8. AV = 5.0V (The HA·2620 family is not stable at unity 

gain without external compensation.) 
9. VSup = i.9.0V to i.15.0V 

10. Vo = 5.0V 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HA-2630/2635 
High Performance Current Booster 

FEATURES 

• OUTPUT CURRENT ±400mA 

• SLEW RATE 500V /J.L s 

• BANDWIDTH 8MHz 

• FULL POWER BANDWIDTH 8MHz 

• INPUT RESISTANCE 2.0 x 106n 

• OUTPUT RESISTANCE 2.0n 

• POWER SUPPLY RANGE ±5V to ±20V 

• PACKAGE IS ELECTRICALL Y ISOLATED 

APPllCA TIONS 

• COAXIAL CABLE DRIVERS 

• AUDIO OUTPUT AMPLIFIERS 

• SERVO MOTOR DRIVERS 

• POWER SUPPLIES (BIPOLAR) 

• PRECISION DATA RECORDING 

PINOUT 

TO-8 

Top View 

Package Code 2G 

* Optional Current 
Limiting Resistor 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

DESCRIPTION 

HA-2630 and HA-2635 are monolithic, unity voltage gain 
current amplifiers delivering extremely high slew rate, wide 
bandwidth, and fulf power bandwidth even under heavy output 
loading conditions. ,This dielectrically isolated current booster 
also offers high input impedance and low output resistance. 
These devices are intended to be used in series with an opera­
tional amplifier and inside the feedback loop whenever addi­
tional output current is required. Output current levels are 
programmable by selecting two optional external resistors. 

These current amplifiers offer an exceptional 500V / J.L s slew 
rate and 8MHz bandwidth which allows them to be used with 
many high performance op amps in precision data recording 
and high speed coaxial cable driver designs. 2.0M ohm input 
resistance and 2 ohm output resistance coupled with ±400mA 
output current make HA-2630 and HA-2635 ideal components 
in high fidelity audio output amplifier designs. 

HA-2630 and HA-2635 are available in an electrically isolated 
TO-8 type can for ease of mounting with or without a heat 
sink. HA-2630 is specified over the -550 C to + 1250 C range. 
HA-2635 is specified from OOC to + 750 C. 

SCHEMATIC 

.y 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPEC/FICA TIONS 

ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 

Input Voltage Range 

Output Current (Note 2) 

Internal Power Dissipation (Note 6) Free Air: 
I n Heat Sink: 

ELECTRICAL CHARACTERISTICS 

VSupply = ±15 Volts RL = 50 Ohms 

40V 

± V Supply 

±700mA 

lW 
4W 

R 1 = R2 = 0 Ohms 

HA-2630 

Operating Temperature Range: 
-55°C S T AS +1250 C 

OOC S T AS + 75°C 

Storage Temperature Range: 
-65°C S TA S +150oC 

Unless otherwise specified. 

HA-2635 

(HA-2630) 
(HA-2635) 

-55°C to+1250C OOC to +750C 

PARAMETER TEMP. MIN. 

INPUT CHARACTERISTICS 

*Bias Current +25 0C 
Full 

Input Resistance +25 0C 

Input Capacitance +25 0 C 

TRANSFER CHARACTERISTICS 

Voltage Gain (Note 1) Full .85 

* Offset Voltage (VOUT - VIN) +25 0 C 
Full 

Bandwidth (-3d B) +250 C 

OUTPUT CHARACTERISTICS 

*' Output Voltage Swing Full ±10 

* Output Current (Note 1) Full ±300 

Output Resistance +25 0C 

Full Power Bandwidth (Note 1) +250C 

TRANSIENT RESPONSE 

Rise Time (Note 3). +25 0 C 

Slew Rate (Note 4) +250C 200 

POWER SUPPLY CHARACTERISTICS 

* Supply Current Full 

Supply Voltage Range Full ±5 

Power Supply Rejection Ratio (Note 5) Full 

NOTES: 1. VO=-±-10V 
2. Heat sink is required for continuous short circuit 

protection, regardless of current limit setting. 
3. Vo';' O.4V p-p. 
4. Vo = 10V p-p. 

*100% Tested For DASH 8 

©IC MASTER 1979 

TYP. 

30 

2.0 

5.0 

.95 

70 

8.0 

±400 

2.0 

8.0 

30 

500 

15 

66 

MAX. MIN. TYP. MAX. UNITS 

150 30 150 l1A 
200 200 l1A 

2.0 Mn 
5.0 pF 

.85 .95 V/V 

±200 70 ±200 mV 
±300 ±300 mV 

8.0 MHz 

±10 V 

±300 ±400 mA 

2.0 n 
8.0 MHz 

30 ns 

200 500 V!l1s 

20 15 23 mA 

±20 ±5 ±20 V 

66 dB 

5. £:'VSUPPL Y = -±-5V. 
6. Without heat sink, derate by 14mW/oe ambient 

temperature above 1 oooe ambient. with heat 
sink, derate by 67mW/oe case temperature above 
1150 e case. 

983 
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FEATURES 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• OUTPUT VOL TAGE SWING 

• SUPPLY VOLTAGE 

• OFFSET CURRENT 

• BANDWIDTH 

• SLEW RATE 

±35V 

±10V TO ±40V 

5nA 

4MHz 

5V/ps 

• COMMON MODE INPUT VOL TAGE SWING ±35V 

• OUTPUT OVERLOAD PROTECTION 

APPllCA TIONS 

• INDUSTRIAL CONTROL SYSTEMS 

• POWER SUPPLIES-

• HIGH VOLTAGE REGULATORS 

• RESOLVER EXCITATION 

• SIGNAL CONDITIONING 

PINOUT 

TO-99 
Top View 

10K!1 

OFFSET 
ADJUST 

V-

Package Code 2A 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

HA-2640/2645 
High Voltage 

Operational Amplifier 

DESCRIPTION 

HA-2640 and HA-2645 are monolithic operational amplifiers 
which are designed to deliver unprecedented dynamic specifica­
tions for a high voltage internally compensated device. These 
dielectri-cally isoiated devices offer very iow values for offset 
voltage and offset current coupled with large output voltage 
swing and common mode input voltage. 

For maximum reliability, these amplifiers offer unconditional 
output overload protection through current limiting and a chip 
temperature sensing circuit. This. sensing device turns the 
amplifier "off", when the chip reaches a certain temperature 
level. 

These amplifers deliver ±35V common mode input voltage 
swing, ±35V output voltage swing, and up to ±40V supply range 
for use in such designs as regulators, power supplies, and indus­
trial control systems. 4MHz gain bandwidth and 5V/ps slew 
rate make these devices excellent components for high perfor­
mance signal conditioning applications. Outstanding input and 
output voltage swings coupled with a low 5nA offset current 
make these amplifiers excellent components for resolver excit­
ation designs. 

HA-2640 and HA-2645 are available in metal can (T0-99) 
packages and can be used as high performance pin-to-pin 
replacements for many general purpose op amps. HA-2640 is 
specified from -550 C to + 1250 C and HA-2645 is specified over 
the OOC to + 750 C range. 

SCHEMATIC 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 100V 

Input Voltage Range ±37V 
Output Current/Full Short Circuit Protection 

Internal Power Dissipation 680mW'" 

"'Derate by 4.6mW/oC above +250 C 

ELECTRICAL CHARACTERISTICS 

Operating Temperature Range 

-55°C ~ T A ~ +1250 C (HA-2640) 
OOC $. T A ~ + 75°C (HA-2645) 

Storage Temperature Range 

-65°C $. TA $. +150oC 

VSupply = ±40V, .. R L = 5K, Unless Otherwise Specified. 

HA·2640 HA-2645 
-55°C to +1250 C OOC to +750 C 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUTCHARACTE RISTI CS 

... Offset Voltage 

Offset Voltage Average Drift 

... Bias Current 

* Offset Current 

I nput Resistance 

Common Mode Range 

TRANSFER CHARACTERISTICS 

* Large Signal Voltage Gain (Note 8) 

... Common Mode Rejection Ratio (Note 1) 

Unity Gain Bandwidth (Note 2) 

OUTPUT CHARACTER~STICS 
... Output Voltage Swing 

* Output c.urrent (Note 9l 

Output Resistance 

Full Power Bandwidth (Note 3) 

TRANSIENT RESPONSE (Note 7) 
Rise Time (Notes 4,6) 

Overshoot (Notes 4, 6) 

Slew Rate (Note 6) 

POWER SUPPLY CHARACTERISTICS 
... Supply Current 

Supply Voltage Range 

... Power Supply Rejection Ratio (Note 5) 

., 00% Tested For DASH 8 

©IC MASTER 1979 

NOTES: 1. VCM = • .:!:.30V 
2. Va = gOmV 

+250 C 2 
Full 

Full 15 

+250 C 10 
Full . 

+250C 5 
Full 

+250 C 50 250 

Full ±35 

+250 C lOOK 200K 
Full 75K 

Full 80 100 

+250 C 4 

Full ±35 

+250 C ±12 ±15 

+25 0 C 500 

+250 C 23 

+250 C 60 

+250 C 15 

+250 C 5 

+250 C 3.2 

Full ±10 

Full· 80 90 

3. Va = .:!:.35V 
4. Va = .:!:.2QOmV 

4 2 6 mV 
6 7 mV 

15 flV/oC 

25 12 30 nA 
50 50 nA 

12 15 30 nA 
35 50 nA 

40 200 M~ 

±35 V 

lOOK 200K V/V 
75K V/V 

74 100 dB 

4 MHz 

±35 V 

±10 ±12 mA 

500 ~ 

23 kHz 

60 ns 

15 % 

5 V/fls 

3.8 3.2 4.5 mA 

±40 ±1O ±40 V 

74 90 dB 

5. Vs = .:!:.1 OV to .:!:.4QV 8 '~No = 

6. AV = 1 ~. RL = 1 KSl 
7. C L = 5QpF 
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. HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CO~PORATION 

• VIDEO AMPLIFIERS 

• HIGH IMPEDANCE, WIDEBAND BUFFERS 

• INTEG RATa RS 

• AUDIO AMPLIFIERS 

• ACTIVE FILTERS 

PINOUT 
TOP VIEW 

TO-99 V+ Package Code 2A 

NOTE: Ca .. Connected to V-

TOP VIEW 

TO-llS NIC 1 

OUT 2 

OFFSET { : 

IN {: 

V- 7 

NOTE: Bottom of package is connected to V-. 

14 V+ 

13 N/C 

12 OUT 

II} OFFSET 
10 

: }IN 

Package Code 4U 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow Ie Handling Procedures. 

986 

HA-2650/2655 
Dual High Performance 

Operational Amplifier 

DESCRIPTION 

HA-2650/2655 contains two Internally compensated opera­
tional amplifiers offering high slew rate and high frequency 
performance combined with exceptional DC characteristics. 
5V I,u sec slew rate and 8M Hz bandwidth make these amplifiers 
suitable fOi processing fast, wideband signals extending inio the 
video frequency spectrum. Signal processing accuracy is. en­
hanced by front-end performance that includes 1.5mV offset 
voltage, 8 J1 V 10C offset voltage drift and low offset and bias 
current (lnA i:lnd 35nA respectively). Offset voltage can be 
trimmed to zero on the devices offered in dual-in-line packages. 
Signal conditioning is further enhanced by 500Mn input imp­
edance. 

Applications for HA-2650/2655 include video circuit designs 
such as high impedance buffers, integrators, tone generators 
and filters. These amplifiers are also ideal components for 
active filtering of audio and voice signals. 

HA-2650/2655 are offered in 14 pin D.I.P. and metal TO-99 
packages and are also available in dice form. HA-2650 is spec­
ified from -550 C to + 1250 C. HA-2655 operates from DoC 
to +750 C. 

SCHEMATIC 

L...-- 81ASNETWOAK _1----- ONE-HALfHA-1SSoOIHA-16SS - ______ --< 
I , 

.-.~-. ~-~____r_-~--~~----r--r--r~--r-__r_<' 

I 
I 
I 

I 

04' _o.!tt OSl ~. i 
Q41 oift 050 

--1- --, ---"----"---~----'~__t'_4---____¥_-+---'>-~-"-............., 
I 
1 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
T A = +250C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Input Voltage (Note 1) 

Output S~ort Circuit Duration 

ELECTRICAL CHARACTERISTICS 
V+ = 15V V-= -15V' 

PARAMETER 

INPUT CHARACTERISTICS 
*Offset Voltage 

Av. Offset Voltage Drift 

*Bias Current 

* Offset Current 

Common Mode Range 

Differential I nput Resistance 

Common Mode Input Resistance 

I nput Capacitance 

TRANSFER CHARACTERISTICS 

* large .Signal Voltage Gain (Note 3ab) 

* Common Mode Rejection Ratio (Note 4) 

OUTPUT CHARACTERISTICS 

*Output Voltage Swing (Note 3c) 

Full Power Bandwidth (Note 5) 

Output Current (Note 3a) 

Output Resistance 

TRANSIENT RESPONSE (Note 6) 

Rise Time (Note 7) 

Overshoot (Note 7) 

Slew Rate 

POWER SUPPLY CHARACTERISTICS 

* Supply Current 

*Power Supply Rejection Ratio (Note 8) 

NOTES: 1. For supply voltages less than ~15V, 

the absolute maximum input voltage 
is equal to the supply voltage. 

2. Derate at 4.7mW/oC at ambient tem­
peratures above +11 OOC. 

3. (a) Vo = ~10V (b) RL = 2K 
(c) RL = 10K 

* 100% Tested For DASH 8 

©IC MASTER 1979 

40.0V 
!30.0V 
±15.0V 

Indefinite 

TEMP. 

+250C 
Full 

Full 

+250C 
Full 

.+250C 
Full 

Full 

+250C 

+250C 

+25 0 C 

+250C 
Full 

+250C 
Full 

+250C 
Full 

+250C 

+250C 

+250C 

+250C 

+25 0C 

+25 0C 

+250 C 

+250C 
Full 

Power Dissipation (Note 2)· TO-99 
TO-116 

Operating Temperature Range: 

300mW 
300mW 

HA-2650 -55°C ::; T A ::; + 125°C 
HA-2655 OoC :S T A :S +75·oC 

Storage Temperature Range -650C:S T A :S +1500C 

HA-2650 HA-2655 
-55°C to + 125°C OoC to +750C 

MIN. TYP. MAX. MIN. TYP. 

1.5 3 2 

5 

8 8 

35 100 50 
200 

1 30 2 
60 

±13 ±13 

5 20 5 20 

500 500 

5 5 

25K 40K 20K 40K 
20K 15K 

80 100 74 100 
80 74 

±13 ±14 ±13 ±14 
±13 ±13 

30 80 30 80 

±20 ±18 

100 100 

40 40 

15 15 

±2 ±5 ±2 ±5 

2.5 3 3 

80 100 74 100 
80 74 

4. VCM = ~5.0V 

5. AV = 1, RL = 2K, Vo = 20Vpp 
6. See transient response/slew rate circuit. 
7. Vin = 200m V 
8. ~ V = ~5.0V 

MAX. UNITS 

5 mV 
7 mV 

J.LV 1°C 
200 nA 
300 nA 

60 nA 
100 nA 

V 

Mrl 

Mrl 

pF 

V/V 
V/V 

dB 
dB 

V 
V 

KHz 

rnA 

n 

ns 

% 

V/lls 

4 rnA 

dB 
dB 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

HA-2700/2704/2705 m 
UIJ A DIVISION OF HARRIS CORPORATION low Power, High Performance 

Operational Amplifiers 

FEATURES 

• LOW POWER DISSIPATION 2.24mW AT ±15.0V 

• HIGH SLEW RATE 20V III s 

• HIGH OPEN LOOP GAIN 300K(RL= 2Knl 

• LOW INPUT BIAS CURRENT 5nA 

• LOW OFFSET VOLTAGE 0.5mV 

• HIGH CM rr 106dB 

• WIDE POWER SUPPLY RANGE ±5.5V TO ±20.0V 

APPLICATIONS 

• HIGH GAIN AMPLIFIER 

• INSTRUMENTATION AMPLIFIERS 

• . ACTIVE FI L TERS 

• TELEMETRY SYSTEMS 

• BATTERY-POWERED EQUIPMENT 

PINOUT 

TO-99 OFFSET AOJ . Package Code 2A 

Case Connected to V-
v CASE 

TOP VIEW 

TO-116 
Package Code 4U 

N.C 1 14 N C 

OffSET AOJ 2 

GUARD 3 12 OFFSET ADJ 

- INPUT • -----'r-I " v+ 
+ INPUT 5-~1--f '-t--- 10 OUTPUT 

GUARD 6 

TOP VIEW 
Case Connected to V-

9 N C 

8 NC 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

DESCRIPTION 

HA-2700/2704/2705 are ihternally compensated operational 
. amplifiers which employ dielectric isolation to achieve excellent 
DC and dynamic performance with very low quiescent power 
consumption. 

DC performance of the amplifier input is characterized by high 
CMRR (106dB), low offset voltage (O.5mV, HA-2700 and 
HA-2704; lmV, HA-2705) along with low bias and offset 
current (5.0nA and 2.5nA respectively). These input specifi­
cations, in conjunction with offset null capability and open­
loop gain of 300,OOOV IV, enable HA-270012704/2}05 to 
provide accurate, high-gain signal amplification. Gain band­
width lMHz and slew rate of 20V/Il s allow for processing of 
fast, wideband signals. Input and output signal amplitudes of 
at least ±11 volts can be accomodated while providing output 
drive capability of lOrnA. For maximum reliability, the output 
is protected in the event of short circuits to ground. 

These amplifiers operate from a wide range of supplies (±5.5V to 
±20V) with a maximum quiescent supply drain of only 150/lA. 
HA-2700/2704/2705 are, therefore, ideally suited to low-power 
instrumentation and filtering applications that require fast, 
accurate response over a wide range of signal frequency. 

These amplifers are available in three performance grades: 
HA-2700 is rated for operation from -550 C to +125 0 C; HA-
2704 is specified over -250 C to +85 0 C; HA-2705 is specified 
from OOC to +750 C. All three devices are available in TO-99 
cans or 14 lead D.I.P. packages. 

SCHEMATIC 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voitage Between V+ andV- Terminals 

Differential Input Vo Itage 
I nternal Power Dissipation (Note 7) 

Storage Temperature 

ELECTRICAL CHARACTERISTICS 

V+ = +15.0 V.D.C. 

44.0V 

±18.0V 
300mW 

-65°C ~ T A $ + 150°C 

V- = -15.0 V.D.C. 

HA-2700 HA-2704 I HA-2705 
-550C to + 125°C -25uC to +850 C I OoC to + E,oC 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 

* Offset Voltage (Note 1) 

* Bias Current 

* Offset Current 

Common Mode Range 

TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain 

(Notes2&3) 

* Common Mode Rejection Ratio 
(Note 4) 

Gain Bandwidth Product (Note 2) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 2) 

Output Current (Note 3) 

TRANSIENT RESPONSE 
CHARACTERISTICS 
* Slew Rate (Notes 2 & 6) 

POWER SUPPLY 
CHARACTE RISTI CS 
* Supply Current 

j(- Power Supply Rejection Ratio 
(Note 5) 

Full 

+250C 
Full 

Full 

Full 

0.5 3.0 
5.0 

5.0 20.0 
50.0 

2.5 10.0 

±11.0 

200K 300K 
lOOK 

86 106 

1.0 

±12.0 r±13.0 
±11.0 

10 

10 20 

30.0 

75 150 

86 100 

! 
0.5 3.0 i 

6.0 i 

1.0 5.0 

I

, 70 

5.0 20.0 
50.0 

2.5 10.0 

±lU.I 

200K 300K 
lOOK 

86 106 

1.0 

±12.0 ±13.0 
±11.0 

10 

10 20 

30.0 

75 150 

86 100 

p.11.0 

5.0 400 

170.0 

I
· 2.5 1 15 .0 

40.0 

J,
: OOK \300K 
lOOK 

I 

80 1106 

1.0 

~12.0 ·±13.0 

(11.0 

10 

10 20 

75 150 

80 100 

NOTES: 1. Can be adjusted to zero with 1 megohm pot between Pins 1 and 8 with the tap to Pin 7. 

2. RL OO.2K, CL = 100pF 

3. Va = ±10.0V 

4. VCM = ±5.0V 

5. Vs = ±.10.0V to ±.20.0V 

6. AV = 5 

7. Derate by 6.6 mW/oC above 1050 e. 

*100% Tested For DASH 8 

©IC MASTER 1979 

mV 
rnV 

nA 
nA 

nA 
nA 

v 

V/V 
ViV 

dB 

MHz 

V 
V 

rnA 

V /].ls 

].lA 

dB 

989 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION_ 

FEATURES 

WIDE PROGRAMMiNG RANGE 

SLEW RATE 
BANDWIDTH 
BIAS CURRENT 
SUPPLY CURRENT 

• WIDE POWER SUPPLY RANGE 

0.06 TO 6V Ip. s 
5kHz TO 10MHz 

0.4 TO SOnA 
lp.A TO 1.5mA 

±1.2 TO ±18V 

• CONSTANT AC PERFDRMANCE OVER SUPPLY 
RANGE 

APPLICATIONS 

• ACTIVE FI L TERS 

• CURRENT CONTROLLED O'SCILLATORS 

• VARIABLE ACTIVE FILTERS 

• MODULATORS 

• BATTERY-POWERED EQUIPMENT 

PINOUT 

TO-99 Package Code 2A 

Top View 

ISET 

NOTE: Case tied to V 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Ha'ndling Procedures. 

990 

HA-2720/25 
Wide Range Programmable 

Operational Amplifier 

DESCRIPTION 

HA-2720/2725 programmable amplifiers are internally compen­
sated monolithic devices offering a wide range of performance, 
that can be controlled by adjusting the circuits' "set" current 
(lSET). By means of adjusting an external resistor Of current 
source, power dissipation, slew rate, bandwidth, output current 
and input noise can be programmed to desired levels. This 
versatile adjustment capability enables HA-2720/2725 to pro­
vide optimum design solutions by delivering the required level 
of performance with minimum possible power dissipation. 
HA-2720 and HA-2725 can, therefore, he utilized as the stand-

_ ard amplifier for a variety of designs simply by adjusting their 
programming current. 

A major advantage of HA-2720/2725 is that operating charac­
teristics remain virtually constant over a wide supply range 
(±1.2V to ±15V), allowing the amplifiers to offer maximum 
performance in almost any system including battery-operated 
equipment. A primary application for HA-2720/2725 is in 
active filters for a wide variety of signals that differ in frequency 
and amplitude. Also, by modulating the "set" current, HA-
2720/2725 can be used for designs such as current controlled 
oscillators modulators, sample and hold circuits and variable 
active filters. 

HA- 2720 is guaranteed over -550 C to + l250 C. HA-2725 is 
specified from OOC to + 75 0 C. Both parts are available in TD-99 
cans or dice form. 

SCHEMATIC 

©IC MASTER 1979 



SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential I nput Voltage 
Input Voltage (Note 1) 

ISET (Current at ISET) 
VSET (Voltage to Gnd. at ISET) 

ELECTRICAL CHARACTERISTICS 
V+ = +3.0V, V- = -3.0V-

PARAMETER TEMP. 

INPUT CHARACTERISTICS 
*Offset Voltage 25°C 

Full 

Offset Current 25°C. 
Full 

Bias Current 25°C 
Full 

Input Resistance 25°C 

I nput Capacitance 25°C 

TRANSFER CHARACTERISTICS 
*Large Signal Voltage Gain (Note 9) 25°C 

Full 

*Common Mode Rejection Ratio (Note 4) Full 

. OUTPUT CHARACTERISTICS 
*Output Voltage Swing (Note 3) 25°C 

Full 

Output Current (Note 5) 25°C 

Output Resistance 25°C 

Output Short-Circuit Current 25°C 

TRANSIENT RESPONSE 
Rise Time (Note 6) 25°C 

Overshoot (Note 6) 25°C 

Slew Rate (Note 7) 25°C 

POWER SUPPLY CHARACTERISTICS 
Supply Current 25°C 

Full 

*Power Supply Rejection Ratio (Note 8) Full 

*100% Tested For DASH 8 

, ©IC MASTER 1979 

Power Dissipation (Note 2) 300mW 
Operating Temperature Range: 

HA-2720 -55°C ~ T A ~ +1250 C 
HA-2725 DoC ~ T A ~ +75 0 C 

45.0V 

±.30.0V 
±.15.0V 
500,uA 

V+ - 2.0V ~ VSET ~ V+ Storage Temperature Range -65°C ~ TA ~ +1500 C 

HA-2720 HA-2725 
-55°C to + 125°C DoC to +75 0 C 

ISET = 1.5,uA ISET = 15,uA ISET = '1.5,uA ISET = 15,uA 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

2.0 3.0 2.0 3.0 2.0 5.0 2.0 5.0 mV 
5.0 5.0 7.0 7.0 mV 

0.5 3.0 1.0 10 0.5 5.0 1.0 10 nA 
7.5 20 7.5 20 nA 

2.0 5.0 8.0 20 2.0 10 8.0 30 nA 
10 40 10 40 nA 

50 5 50 5 MQ 

3.0 3.0 3.0 3.0 pF 

20K 40K 20K 40K 15K 40K 15K 40K V/V 
15K 15K 10K 10K V/V 

80 80 74 74 dB 

±.2.0 ±.2.2 ±.2.0 ±.2.2 ±.2.0 ±.2.2 ±.2.0 ±.2.2 V 
±.2.0 ±.1.9 ±.2.0 ±2.0 V 

±.0.2 .±2.0 ±0.2 ±2.0 mA 

2K 500 2K 500 Q' 

2.8 14 2.8 14 mA 

2.5 0.25 2.5 0.25 ,us 

5 10 5 10 % 

0.07 0.70 0.07 0.10 V/,us 

15 170 15 170 ,uA 
20 200 20 200 ,uA 

100 100 150 150 ,uV/V 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 
V+ = +15.0V, V- = -15.0V 

HA-2720 HA-2725 
-550C to +1250C DoC to +750C 

ISET = 1.5tLA ISET = 15tLA ISET = 1.5tLA ISET = 15tLA 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. 

INPUT CHARACTERISTICS 

* Offset Voltage 25°C 2.0 3.0 2.0 3.0 2.0 5.0 2.0 
Full 5.0 5.0 7.0 

* Offset Current 25°C 0.5 3.0 1.0 10 0.5 5.0 1.0 
Full 7.5 20 7.5 

I 8.0 I I I, 0 1 
1 

*Bias Current I 25°C 
1

2
.
0 

1 
5.0 20 10 8.0 I 

I Full 10 I , 40 10 
I I I I I I I I I 

I nput Resistance 25°C 50 5 50 5 

I nput Capac itance 25°C 3.0 3.0 3.0 3.0 

TRANSFER CHARACTERISTICS 

* Large Signal Voltage Gain (Notes 3 & 9) 25°C 40K lOOK 40K 120K 25K lOOK 25K 120K 
Full 25K 25K 20K 20K 

*Common Mode Rejection Ratio (Note 4) 25°C 90 90 90 90 
Full 80 80 74 74 

OUTPUT CHARACTERISTICS 

*Output Voltage Swing (Note 3) 25°C ± 12 ±13.5 ±12 ±13.5 ± 12 ±13.5 ± 12 ±13.5 
Full ±10 ±10 ±10 ±1O 

Output Current (Note 5) 250 C ±0.5 ±5.0 ±0.5 ±5.0 

Output Resistance 25°C 2K 500 2K 500 

Output Short-Circuit Current 250 C 3.7 19 3.7 19 

TRANSIENT RESPONSE 

Rise Time (Note 6) 25°C 2.0 0.2 2.0 0.2 

Overshoot (Note 6) 250 C 5 415 5 15 

Slew Rate (Note 7) 25 0 C 0.1 0.8 0.1 0.8 

POWER SUPPLY CHARACTERISTICS 

* Supply Current 25°C 20 210 20 210 
Full 25 250 25 

* Power Supply Rejection Ratio (Note 8) Full 100 100 150 150 

NOTES: 1. For supply voltages less than ±15.0V, the absolute maximum input voltage is equal to supply voltage. 
2. Derate at 6.8mW/oC for operation ambient temperatures above 75°C. 

VSUPPL Y = ±3.0V 

3. T = +250 C and Full 

4. V CM = .i 1.5V 

5. Vo = ±2.0V 

VSUPPLY = ±15.0V 

T = +250 C 

T = Full 

V CM = i5.0V 

, Vo = ±10.0V 

ISET = 1.5J..LA 

RL = 75Kn 

RL = 75Kn 

6. -.. -----AV = +1, V IN = 400mV, RL = 5K, C L = 100pF 

7. VO=±2.0V 

8 . .lv = ±1.5V 

9. Vo = ±1.0V 

*100% Tested For DASH 8 

V O =±10.0V RR L =20K 

..lv = :t5.0V 

Vo = ±10.0V 

ISET =15J..LA 

RL = 5Kn 
RL = 75Kn 

I 
I 

MAX. 

5.0 
7.0 

10 
20 

30 
40 

250 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

MQ 

pF 

VIV 
VIV 

dB 
dB 

V 
V 

mA 

Q 

rnA 

I1 s 

% 

V /l1s 

tLA 
I1A 

I1 V/v 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HA-2730/35 
Wide Range Dual Programmable 

Operational Amplifier 

FEATURES DESCRIPTION 
.---------------------------------------~--------------------~-----------------I . ~ o 

• WIDE PROGRAMMING RANGE 

SET CURRENT 
SLEW RATE 
BANDWIDTH 
BIAS CURRENT 
SUPPLY CUR RENT 

• WIDE POWER SUPPLY RANGE 

0.1 TO 100MA 
0.06 TO 6V/Ms 

5kHz TO 10MHz 
0.4 TO 50nA 

lMA TO 1.5mA 

• CONSTANT AC PERFORMANCE OVER SUPPLY 
RANGE 

APPllCA TIONS 

• ACTIVE FI L TERS 

• CURRENT CONTROLLED OSCILLATORS 

• V\ARIABLE ACTIVE FI LTERS 

• MODULATORS 

• BATTERY-POWERED EQUIPMENT 

PINOUT 

Top View 

ISET 

'1-

Package Code 4U 

V+ 

ISET 

OUT 

NOTE: Bottom of package is connected to V-. 

CA UTI 0 N: These devices are sensi tive to electrostatic dischar!1e. 
Users should follow IC Handling Procedures_ 

HA-2730/2735 Dual Programmable Amplifiers are internally 
compensated monolithic devices offering a wide range of perfor­
mance, that can be controlled by adjusting the circuits' "set" 
current (lSET). By means of adjusting an external resistor or 
current source, power dissipation, slew rate, bandwidth, output 
current and input noise can be programmed to desired levels. 
Each amplifier on the chip cal\ be adjusted independently. This 
versatile adjustment capability enables HA-2730/2735 to pro­
vide .optimum design solutions by delivering the required level 
of performance with minimum possible power dissipation. 
HA-2730/2735 can, therefore, be utilized as the standard 
amplifier for a variety of designs simply by adjusting their 
programming current. ' 

A major advantage of HA-2730/2735 is that operating charac­
teristics remain virtually constant over a wide supply range 
(±1.2V to ±15V), allowing the amplifiers to offer maximum 
performance in almost any system including battery-oper3ted 
equipement. A primary' application for HA-2730/2735 is in 
active filters for a wide variety of signals that differ in frequency 
and amplitude. Also, by modulating the "set" current, HA­
'2730/2735 can be used for designs such as current controlled 
oscillators, modulators, sample and hold circuits and variable 
active filters. 

HA-2730 is guaranteed over -550 C to + 1250 C. HA-2735 is 
.specified from OOC to +75 0 C. Both parts are available in 14 
lead D.I.P. package or dice form. 

SCHEMATIC 

(ONE HALF) 
\ ONLY 
HA-2730/35 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Input Voltage (Note 1) 
ISET (Current at ISET) 

45.0V 
±30.0V 
±15.0V 
500J.lA 

VSET (Voltage to Gnd. at ISETi V+ - 2.0V $ VSET $ V+ 

ELECTRICAL CHARACTERISTICS (Each Side) 

V+ = +3.0V, V- = -3.0V 

HA-2730 

Power Dissipation (Note 2) 500mW 
Operating Temperature Range: 

HA-2730 -55°C $ TA $ +1250 C 
HA-2735 OOC $ TA $ +750 C 

Storage Temperature Range -65cC ~ T A ~ + 150°C 

HA-2735 I 
I -55°C to +1250 C OOC to +750 C 

ISET = 1.5/lA ISET = 15/lA ISET = 1.5/lA ISET:;; 15J.lA 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 
·Offset Voltage 25°C 2.0 3.0 2.0 3.0 2.0 5.0 2.0 5.0 mV 

Full 5.0 5.0 7.0 7.0 mV 

Offset Current 25°C 0.5 3.0 1.0 10 0.5 5.0 1.0 10 nA 
Full 7.5 20 7.5 20 nA 

Bias Current 25°C 2.0 5.0 8.0 20 2.0 10 8.0 30 nA 
Full 10 40 10 40 nA 

Input Resistance 25°C 50 5 50 5 MQ 

Input Capacitance 25°C 3.0 3.0 3.0 3.0 pF 

TRANSFER CHARACTERISTICS 
*Large Signal Voltage Gain (Notes 3 & 9) 25°C 20K 40K 20K 40K 15K 40K 15K 40K VIV 

Full 15K 15K 10K 10K VIV 

*Common Mode Rejection Ratio (Note 4) Full 80 80 74 74 dB 

OUTPUT CHARACTERISTICS 
*Output Voltage Swing (Note 3) 25°C ±2.0 ±2.2 ±2.0 ±2.2 ±2.0 ±2.2 ±2.0 ±2.2 V 

Full ±2.0 ±1.9 ±2.0 ±2.0 V 

Output Current (Note 5) 25°C ±0.2 ±2.0 ±0.2 ±2.0 rnA 

Output Resistance 25°C 2K 500 2K 500 Q 

Output Sho rt-C ircu it Current 25°C 2.8 14 2.8 14 rnA 

TRANSIENT RESPONSE 

Rise Time (Note 6) 25°C 2.5 0.25 2.5 0.25 J.ls 

Overshoot (Note 6) 25°C 5 10 5 10 % 

Slew Rate (Note 7) 25°C 0.07 0.70 0.07 0.70 V /J.ls 

POWER SUPPLY CHARACTERISTICS 
*Supply Current (Each Amp) 25°C 15 170 15 170 J.lA 

Full 20 200 20 200 J.1A 

*Power Supply Rejection Ratio (Note 8) Full 100 100 150 150 J.lV/V 

*100% Tested For DASH 8 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS (Each Side) 

V+ = +15.0V, V- = -15.0V 

HA-2730 HA-2735 
-55°C to + 125°C OOC to +750 C 

ISET = 1.51lA ISET = 151lA ISET = 1.51lA ISET = 151lA 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. 

INPUT CHARACTERISTICS 

*Offset Voltage 25°C 2.0 3.0 2.0 
.. 

3.0 2.0 5.0 2.0 
Full 5.0 5.0 7.0 

*Offset Current 25°C 0.5 3.0 1.0 10 0.5 5.0 1.0 
Full 7.5 20 7.5 

oF Bias Current 25°C 2.0 5.0 8.0 20 2.0 10 8.0 
Full 10 40 10 

Input Resistance 25°C 50 5 50 5 

I nput Capacitance 25°C 3.0 3.0 3.0 3.0 

TRANSFER CHARACTERISTICS 

* large Signal Voltage Gain (Notes 3 & 9) 25°C 40K lOOK 40K 120K, 25K lOOK 25K 120K 
Full 25K 25K 20K 20K 

*Common Mode Rejection Ratio (Note 4) 25°C 90 90 90 90 
Full 80 80 14 74 

OUTPUT CHARACTERISTICS 

*Output Voltage Swing (Note 3) 25°C ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 
Full ±10 ±10 ±1O ±10 

Output Current (Note 5) 25°C ±0.5 ±5.0 ±0.5 ±5.0 

Output Resistance 25°C 2K 500 2K 500 

Output Short-Circuit Current 25°C 3.7 19 3.7 19 

TRANSIENT RESPONSE 

Rise Time (Note 6) 25°C 2.0 0.2 2.0 0.2 

Overshoot (Note 6) 25°C 5 15 5 15 

Slew Rate (Note 7) 25°C 0.1 0.8 0.1 0.8 

POWER SUPPLY CHARACTERISTICS 

*Supply Current (Each Amp) 25°C 20. 210 20 210 
Full 25 250 25 

* Power Supply Rejection Ratio (Note 8) Full 100 100 150 150 

NOTES: 1. For supply voltages less than ±1S.0V. the absolute, maximum input voltage is equal to supply voltage. 
2. Derate at 4.7mW/oC at ambient temperatures above 6aoC. 

VSUPPL Y = ±3.0V VSUPPL Y = ±1S.0V !SET = 1.SJ.(A ISET = 15J.(A 

3. T = +2SoC and Full T = +2SoC RL = 7SKU RL = SKU 

T = Full RL = 7SKU RL = 7SKU 

4. V CM = ±1.SV V CM = ±S.OV 

S. Vo =±2.0V, V O =±10.0V 

6. • AV = +1, V 1N = 400mV, RL = SK. C L = 100pF 

7.' Vo = 1:2.0V Vo = ±10.0V RRL = 20K RL = SK 

a. t:1v = ±1.SV t:1v = ±5.0V 

9.' Vo = ±1.0V Vo = ±10.0V 

*100% Tested For DASH a 
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MAX. 

5.0 
7.0 

10 
20 

30 
40 

250 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

MQ 

pF 

V/V 
V/V 

dB 
dB 

V 
V 

rnA 

Q 

rnA 

Ils 

% 

' V/l1s 

I1A 
I1A 

I1 V/V 
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FEATURES 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• OFFSET VOLTAGE DRIFT 

• OFFSET CURRENT DRIFT 

• OPEN LOOP GAIN 

• BAN.DWIDTH 

• SLEW RATE 

• TRUE DIFFERENTIAL INPUTS 

APPllCA TIONS 

• HIGH-GAIN DC INSTRUMENTATION 

O.2p.V/oC 

lpA/QC 

5 x 108 

3MHz 

2.5V/p.s 

• HIGH-ACCURACY WEIGHING EQUIPMENT 

• BIOMEDICAL AMPLIFIERS 

• PRECISION INTEGRATORS AND TIMERS 

PINOUT AND SflGGESTED HOOKUP 

TO-99 Package Code 2E 

v+ 

Top View 

IN- L?--+--t OUT 

IN+ CJ---t----I 

v-

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handfing Procedures. 

HA-2900/04/05 
Chopper Stabilized 

Operational Amplifier 

DESCRIPTION 

HA-290012904/2905 aie monolithic chopper-stabilized opera­
tional amplifiers that employ dielectric isolation achieving super­
ior offset drift, extremely low input currents and excellent AC 
performance. I nput drift is characterized by offset voltage drift 
of 0.2 p. v/oe and offset current drift of lpA/oC. Initial offset 
voltage is only 20 p.V while offset current is 50pA. These input 
specifications make HA-2900/2904/2905 ideally suited to high 
accuracy applications such as high-gain DC instrumentation, and 
precision' integration. The amplifiers can be used to replace 
other op amps in designs where much lower errors are required 
without external adjustments. 3MHz gain-bandwidth product 
makes HA-2900/290412905 valuable for processing wide band 
signals as well as for low frequency 'measurements. 

I n addition to offering high-accuracy performance, these "chop­
pers'" also offer versatility by virtue of their symmetrical, dif­
ferential inputs which permit operation in any op amp config­
uration - inverting, non.,.inverting or balanced. These devices 
require only three external capacitors for proper operation. 

HA-2900 is guaranteed over -550C to + 1250 C; HA-2904 
operates from -250 C to +85 DC; HA-2905 operates from ooC 
to + 750 C. All devices are available in a hermetically sealed 
metal can. 

FUNCTIONAL DIAGRAM 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM ,RATINGS 
Voltage Between V+ and V- Terminals 

Differential Input Voltage (Note 1) 

42.0V 

±15V 

Operating Temperature Range 

Output Current/Full Short Circuit Protection 
Internal Power Dissipation 

Storage Temperature Range 

300mW* 
*Derate by 6.6mW/oC above +105 0 C 

ELECTRICAL CHARACTERISTICS 

Test Conditions: C1 = C2 = O.l,llF, C3 = 1500pF, VSupply = ±15.0V unless otherwise specified. 

HA 2900 -
-55°C to +1250 C 

PARAMETER TEMP. MIN. TYP. MAX. 

INPUT CHARACTERISTICS 
* Offset Voltage +250C 20 

Full 60 

Offset Voltage Average Drift Full 0.3 0.6 

*Bias Current +25 0C 150 
Full 1,000 

* Offset Current +250C 50 
Full 500 

Offset Current Average Drift Full 1 4 

I nput Resistance +250 C 100 

I nput Capacitance +250C 10 

Common rv:ode Range Full ±1O 

TRANSFER CHARACTERISTICS 
*Large Signal Voltage Gain (Note 2) +250 C 5xl08 

Full 106 

Chopper Frequency +25 0C 750 

*Common Mode Rejection Rati~ (Note 3) Full 120 160 

Gain Bandwidth Product (Note 4) +250 C 3 

OUTPUT CHARACTERISTICS 
*Output Voltage Swing (Note 2) Full ±10 ±12 

*Output Current +250 C ±10 

Output Resistance Full 200 

Full Power Bandwidth (Note 5) +250 C 40 

TRANSIENT RESPONSE 
(NOTES 2, 8, and 9) 
Rise Time (Note 6) +250C 200 

Overshoot (Note 6) +250 C 20 

Slew Rate (Note 5) +250 C 2.5 

POWER SUPPL Y CHARACTERISTICS 
*Supply Current +250 C 3.5 5.0 

*Supply Voltage Range Full ±12 ±20 

*Power Supply Rejection Ratio (Note 7) Full 120 160 

NOTES: 1. I nput terminals should be protected against static 
dIscharge during handling and installatIon. Input 
voltage should never exceed supply voltages. 

2. R L = 2K 

HA 2904 
-25°C to +850 C 

MIN. ' TYP, MAX. 

20 
50 

0.2 0.4 

150 
1,000 

50 
500 

1 3 

100 

10 

±10 

5 x 108 

107 

750 

130 160 

:3 

±10 ±12 

±10 

200 

40 

200 

20 

2.5 

3.5 5.0 

±10 ±20 

130 160 

5. Vo = ±10V 
6. Vo = .:t200mV 
7. l:.VS = ±5V 
8. CL = 50pF 

-55°C ~T A ~ +1250C (HA-2900) 

-25°C ~TA ~ +850 C (HA-2904) 
OOC ~TA ~+750C(HA-2905) 

-65°C ~TA ~ +150oC 

HA 2905 
OOC to +750 C 

MIN. TYP. MAX. UNITS 

20 I1V 
80 I1V 

0.2 I1 VloC 

150 pA 
1,000 pA 

50 pA 
500 pA 

1 pA/oC 

100 M.Q 

10 pF 

±10 V 

5 x 108 V/V 
106 V/V 

750 Hz 

120 160 dB 

3 MHz 

±10 ±12 V 

±7 mA 

200 .Q 

40 kHz 

200 ns 

20 % 

2.5 Vll1s 

3.5 5.0 mA 

±12 ±20 V 

120 160 dB 
\ 

3. VCM = .:t50V 
4. AV = 10 

9. AV = +1 See transient response test 
circuits and waveforms, page 4. 

*100% Tested For DASH 8 
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HARRIS 
SEMICONDUCTOR 
PRODUcTs DIVISION 
A DIVISION OF HARRIS CORPORATION 

FEATURES 

• LOW OFFSET VOLTAGE 

• HIGH SLEW RATE 

• WIDE BANDWIDTH 

• LOW DRIFT 

• FAST SETTLING (0.01%, 10V STEP) 

• LOW POWER CONSUMPTION 

• SUPPLY RANGE 

APPllCA TIONS 

• HIGH Q, WIDE BAND FILTERS 

• INSTRUMENTATION AMPLIFIERS 

• AUDIO AMPLIFIERS 

• DATA ACQUISITION SYSTEMS 

• INTEGRATORS 

• ABSOLUTE VALUE CIRCUITS 

• TONE DETECTORS 

PINOUT 

Out 
1 

Inputs 
1 

V+ 

Inputs 
2 

TOP VIEW 

Out -..:.-.J------I 
2 

0.3mV 

±4V/J.ls 

SMHz 

2J.lV/OC 

4.2J.ls 

35mW/AMP 

±5V TO ±20V 

Package Code 4U 

Out 
4 

Inputs 
4 

v-

Inputs 
3 

Out 
3 

HA-4602/4605 
H igb Performance 

Quad Operational Amplifier 

DESCRIPTION 

The HA-4602 and HA-4605 are high performance dielec­
trically isolated monolithic quad operational amplifiers with 
superior specifications not previously available in a quad 
amplifier. These amplifiers offer excellent dynamic perform­
ance coupled with low values for offset voltage and drift, 
input noise voltage and power consumption. 

A wide range of applications can be achieved by using the 
features made available by the HA-4602/4605. With wide 
bandwidth (SMHz), low power (35mW/amp), and internal 
compensation, these devices are ideally suited for precision 
active filter designs. For audio applications these amplifiers 
offer low noise (SnV / JH'i) and excellent full, power band­
width (60kHz), The HA-4602/4605 is particularly useful 
in designs requiring low offset voltage (O.3mV) and drift 
(2 J.l V 10C), such as instrumentation and signal conditioning 
circuits. The high slew rate (4V / J.l s) and fast settling time 
(4.2 J.l s to 0.01%, 10V step) makes these amplifiers useful 
components in fast, accurate data acquisition systems. 

The HA-4602 and 4605's are available iii 14 pin CERDIP 
packages which are interchangeabie with most other quad op 
amps. HA-4602 is specified from -550 C to +1250 C, and 
HA-4605 is specified over OOC to + 750 C range. 

SCHEMATIC 

ONE FOURTH ONLY (HA-4602/4605) 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

T A = +250C Unless Otherwise Stated 
Voltage Between V+ and V- Terminals 
Differentiallnplit Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duration (Note 3) 

ELECTRICAL CHARACTERISTICS 

V+ = ISV, v- = -ISV 

. PARAMETER 

INPUT CHARACTERISTICS 

" Offset Voltage 

Av. Offset Voltage Drift 

" Bias Current 

"Offset Current 

Common Mode Range 

Input Noise Voltage (f = 1KHz) 

Input Resistance 

TRANSFER CHARACTERISTICS 

" Large Signal Voltage Gain (Note 5) 

"Common Mode Rejection Ratio (Note 9) 

Channel Separation (Note 6) 

Small Signal Bandwidth 

OUTPUT CHARACTERISTICS 

"Output Voltage Swing (RL = 10K) 

(RL = 2K) 

Full Power Bandwidth (Note 5) 

Output Current (Note 7) 

Output Resistance 

TRANSIENT RESPONSE (Note 8) 

Rise Time 

Overshoot 

Slew Rate 

Settling Time (Note 101 

POWER SUPPLY CHARACTERISTICS 

"Supply Current (1+ or 1-) 

" Power Supply Rejection Ratio (Note 9) 

"100010 tested for HA 1-4602-8 

©IC MASTER 1979 

40.0V 
±7V 

±15.0V 
Indefinite 

TEMP. MIN . 

+250 C 

Full 

Full 

+2SoC 

Full 

+2SoC 

Full 

Full ±12 

+250C 

Full lOOK 

Full 86 

+250 C 

+250 C 

Full ±12 

Full ±10 

+250 C 

Full ±10 

+250 C 

+250 C 

+250C 

+2SoC 

+250C 

Full 86 

Power Dissipation (Note 4) 
Operating Temperature Range 
HA-4602-2 
HA-4605-5 
Storage Temperature Range 

HA-4602-2 HA-460S-S 
-SsOC to +12SoC DoC to +750 C 

TYP. MAX. MIN. TYP. 

0.3 2.5 0.5 

3.0 

2 2 

130 200 130 

325 

30 75 30 

125 

±12 

8 8 

500 500 

250K 75K 250K 

80 

-108 -108 

8 8 

±13 ±12 ±13 

±12 ±10 ±12 

60 60 

±15 ±8 ±15 

200 200 

50 50 

30 30 

±4 ±4 

4.2 4.2 

4.6 5.5 5.0 

80 

MAX. 

3.5 

4.0 

300 

400 

100 

120 

6.5 

880mW 

-550C ~ T A ~+ 125°C 
OOC~TA~+750C 

-650C~TA~+150oC 

UNITS 

mV 

mV 

Il V/oC 

nA 

nA 

nA 

nA 

V 

nV/jHz 

Kn 

VIV 

dB 

dB 

MHz 

V 

V 

KHz 

rnA 

n 

ns 

% 

V/JJ.s 

JJ.s 

rnA 

dB 

999 

~ 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A D'VISION OF HARRIS CORPORATION 

FEATURES 

• Wide Gain Bandwidth Product 

• High Slew Rate 

• Low Offset Voltage 

• Fast Settling (0.0 i%, i ov Step) 

70MHz 

±20V Ips 

0.3V 

2.5ps 

• Total Harmonic Distortion <.01% to 30kHz 

• LowDrift 2pV/oC 

• Low Power Consumption 35mW/Amp 

• Supply Range ±5V to ±20V 

APPLICATIONS 

• High Q Wide Band Filters 

• Pulse Amplifiers 

• Audio Amplifiers 

• Data Acquisition Systems 

• Absolute Value Circuits 

• Video and R.F. Amplifiers 

PINOUT 

Out Out 
1 4 

Inputs Inputs 
1 4 

v+ v-

Inputs Inputs 
2 3 

Out Out 
2 3 

TOP VIEW 

PRELIMINARY 

HA-4622/4625 
Wide Band, High Performance 

Quad Operational Amplifier 

DESCRIPTION 

The HA-4622 and HA-4625 are wide band quad operational amplifiers 
featuring high slew rate, wide bandwidth and fast settling time speci­
fications ~ornplemented I;y low input offset voltage, low drift and 
input noise voitage. 

These dielectrically isolated devices are optimized to offer excellent 
features suitable for applications where a gain of 10 or greater is to be 
used. The 35mW/amp and a 70MHz gain-bandwidth-product make 
these monolithic amplifiers valuable components for many active filter 
circuits. HA-4622/4625 offer 0.3mV offset voltages and 2 J.1 V 10C 

offset voltage drift for very accurate signal conditioning designs. In 
high performance audio applications, these amplifiers deliver 260kHz 
full power bandwidth and 8nVI {HZ" noise voltage. For fast accurate 
data acquisition systems HA-462214625 offer 20V / J.1 s settling time 
to 0.01% using a 10V output step. 

HA-4622 and HA-4625 are available in 14 pin CEROIP packages and 
are interchangeable with most other quad op amps. HA-4625 is also 
available in chip form. The HA-4622 specifications are given for op­
eration from ":55 0 C to + 1250 C while HA-4625 is specified for oper­
ation over the DoC to +750 C range. 

SCHEMATIC 

.v 

-v 

ONE FOURTHONl Y - HA-4622/4625 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

T A = +250 C Unless Otherwise Stated Power Dissipation (Note 4) 880mW 
Voltage Between V+ and V- Terminals 40.0V Operating Temperature Range 
Differential Input Voltage ±7V HA-4622-2 -550 C TA +1250 C 
Input Voltage (Note 2) ±15.0V HA-4625-5 OOC TA +750C 
Output Short Circuit Duration (Note 3) Indefinite Storage Temperature Range -650C TA +150oC 

ELECTRICAL CHARACTERISTICS 

V+=15V,V-=-15V 
HA-4622-2 HA-4625-5 

-55 0 C to +1250 C OOC to +750 C 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

"Offset Voltage +250 C 
Full 

Av. Offset Voltage Drift Full 

*Bias Current +250 C 
Full 

*Offset Current +250 C 
Full 

Common Mode Range Full ±12 

Input Noise Voltage (f = 1kHz) +250 C 

Input Resistance +250 C 

TRANSFER CHARACTERISTICS 

*Large Signal Voltage Gain (Note 5) Full lOOK 

*Common Mode Rejection Ratio (Note 6) Full 86 

Channel Separation (Note 7) +25 0 C 

Gain Bandwidth Products (Note 8) +250 C 

OUTPUT CHARACTERISTICS 

*Output Voltage Swing (RL = 10K) Full ±12 
(RL=2K) Full ±1O 

Full Power Bandwidth (Note 5 & 9) +250 C 150 

Output Current (Note 10) Full ±10 

Output Resistance +250 C 

TRANSIENT RESPONSE (Note 11) 

Rise Time +250 C 

Overshoot +250 C 

Slew Rate +250 C ±12 

Settling Time (Note 12) +250 C 

POWER SUPPLY CHARACTERISTICS 

*Supply Current (1+ or 1-) +250 C 

*Power Supply Rejection Ratio (NOTE 6) Full 86 

*100% tested for HA 1-4622-8 

NOTES: 

l. Absolute maximum ratings are limiting values, applied individ­
ually, beyond which the serviceability of the circuit may be 
impaired. Functional operability under any of these condi­
tions is not necessarily implied. 

2. For supply voltages<±15V, the absolute maximum input volt-
age is equal to the supply voltage. 

3. Anyone amplifier may be shorted to ground indefinitely. 

4. Derate 5.8mW/oC above T A = +25 0 C. 

5. VOUT = 2:.10V, RL = 2K. 

6. V =.!.5.0V. 

7. Channel separation value is referred to the input of the ampli­
fier. Input test conditions are: f = 10kHz; VIN = 200mV 

©IC MASTER 1979 

TYP MAX MIN TYP MAX UNITS 

0.3 2.5 0.5 3.5 mV 
3.0 4.0 mV 

2 2 pV/OC 

130 200 130 300 nA 
325 400 nA 

30 75 30 100 nA 
125 120 nA 

±12 V 

8 8 nV/jHz 

500 500 Kn 

250K 75K 250K V!V 

80 dB 

-108 -108 dB 

70 70 MHz 

, 

±13 ±12 i13 V 
±12 =10 ±12 V 

260 130 260 kHz 

±15 ±8 i15 mA 

200 200 n 

38 38 ns 

45 45 % 

±20 ill ±20 Vips 

2.5 2.5 ps 

4.6 5.5 5.0 6.5 mA 

80 dB 

peak to peak; RS = 1 K n. (Refer to Channel Separation vs. 
Frequency Curve for test circuits.) 

8. AV = 10; RL = 2K; CL ~ 10pF. 

9. Full power bandwidth is guaranteed by equation: 

Fuil power bandwidth = Slew Rate 
21r VPeak 

10. Output current is measured with VOUT = '::'5V. 

1l. Refer to Test Circuits section of the data sheet. 

12. Settling time is measured to 0.01% of final value for a 1 volt 
input step, and AV = -10. 
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HARRIS 

FEATURES 

• SLEW RATE 

SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• BANDWIDTH 

l.SV/ps (TYPJ 
3.5MHz (TYPJ 

• INPUT VOLTAGE NOISE 9nV{HZ (TYPJ 
e INPUT OFFSET VOLTAGE O.5mV iTYP.) 

• INPUT BIAS CURRENT SOnA (TYP.) 

• SUPPLY RANGE ±2V TO ±20V 

• NO CROSSOVER DISTORTION 
• STANDARD QUAD PIN-OUT 

APPllCA TIONS 

• UNIVERSAL ACTIVE FILTERS 

• 03 COMMUNICATIONS FILTERS 

• AUDIO AMPLI FIERS, 

• BATTERY -POWERED EQUIPMENT 

PINOUT 

Package Code 4U 
Package Code 38 (-5 Only) 

Out 
1 

Inputs 
1 

v+ 

Inputs 

2 

Out 
2 

QUAD OP AMP 

Out 
4 

Inputs 

4 

Inputs 

3 

Out 
3 

HA-4741 
Quad Operational Amplifier 

DESCRIPTION 

The HA-4 741, which contains four amplifiers on a monolithic 
chip, provides a new measure of performance for general purpose 
operational amplifiers. Each amplifier iil the HA-4741 has 
operating specifications that equal or exceed those of the 741-
type amplifier in all categories of performance. 

HA-4741 is well suited to applications requiring accurate signal 
processing by virtue of its low values of input offset voltage 
(O.5mV), input bias current (SOnA) and input voltage noise 
(9nV/ {HZ at 1kHz). 3.5MHz bandwidth, coupled witll high 
open-loop gain, allow the HA-4741 to be used in designs requir­
ing amplification of wide band signals, such as audio amplifiers. 
Audio application is further enhanced by the HA-4741's neg­
ligible output crossover distortion. These excellent dynamic 
characteristics also make the HA-4741 ideal for.a wide range of 
active filter designs. Performance integrity of multi-channel 
designs is assured by a high level of amplifier-to-amplifier 
isolation (108dB at 1kHz). 

A wide range of supply voltages (±2V to ±20V) can be used to 
power the HA-4741, making it compatible with almost any 
system including battery-powered equipment. 

The HA-4741 has guaranteed operation over -550 C to +125 0 C 
and can be furnished to meet MI L-STD-883 (HA-4741-8). 
The HA-4741-5 is guaranteed over OOC to + 75 0 C and is avail­
able in ceramic and plastic dual-in-line packages and in dice 
form. 

SCHEMATIC 

(1f4) HA-4741 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

TA = +250C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals 

Differential Input Voltage 

Input Voltage (Note 1) 

Output Short Circuit Duration (Note 2) 

ELECTRICAL CHARACTERISTICS 

V+ = 15V, V- = -15V 

PARAMETER 

INPUT CHARACTERISTICS 

* Offset Voltage 

Av. Offset Voltage Drift 

* Bias Current 

* Offset Current 

Co~mon Mode Range 

Differential Input Resistance 

Input Noise Voltage (f = 1KHz) 

TRANSFER CHARACTERISTICS 

* large Signal Voltage Gain (Note 4) 

* Common Mode Rejection Ratio (Note S) 

Channel Separation (Note 5) 

. Small Signal Bandwidth 

OUTPUT CHARACTERISTICS 

* Output Voltage Swing (Rl = 10K) 

(Rl = 2K) 

Full Power Bandwidth (Note 4) 

Output Current (Note 6) 

Output Resistance 

TRANSIENT RESPONSE (Note 7) 

Rise Time 

Overshoot 

Slew Rate 

POWER SUPPLY CHARACTERISTICS 

* S~pply Current (1+ or 1-) 

* Power Supply Rejection Ratio (Note S) 

40.0V 

±30.0V 

± 15.0V 

Indefinite 

TEMP. 

+250 C 

Full 

Full 

+250C 

Full 

+250C 

Full 

Full 

+250 C 

+250 C 

+25 0C 

Full 

+250 C 

Full 

+250 C 

+250 C 

Full 

Full 

+250 C 

Full 

+250 C 

+250C 

+250C 

+250 C 

+250 C 

Full 

Power Dissipation (Note 3) 

Operating Temperature Range 

HA-4741-2 

HA-4741-5 

Storage Temperature Range 

HA-4741·2 

- 550C to + 1250C 

MIN. TYP MAX. MIN. 

0.5 3.0 

4.0 5.0 

5 

60 200 

325 

15 30 

75 

t 12 ±12 

5 

9 

50K lOOK 25K 

25K 15K 

SO 80 

74 74 

-lOS 

3.5 

±12 ± 13.7 ± 12 

±10 ± 12.5 ±10 

25 

±5 ±15 ±5 

300 

75 

25 

± 1.6 

5.0 

SO SO 

880mW 

-550C~TA~+1250C 

OOC~T A5. +750C 
- 650C ~T A 5.+150oC 

HA-4741·5 

DoC to + 750C 

TYP. MAX. UNITS 

1.0 5.0 mV 

5.0 6.5 ITlV 

5 pV/oC 

60 300 nA 

400 nA 

30 50 nA 

100 nA 

V 

5 MH 

9 nV/jHz 

50K V/V 

V/V 

dB 

dB 

-lOS dB 

3.5 MHz 

±13) V 

± 12.5 V 

25 KHz 

±15 mA 

300 n 

15 ns 

25 % 

±1.S VI ps 

7.0 mA 

dB 

NOTES: 1. For supply voltages less than ± 15 V, the absolute 

maximum input voltage is equal to. the supply 
4. VOUT = ±'lo, RL =2K 
5. Referred to input; f = 10KHz, RS = 1 K 

voltage. 6. V OUT =±10 

2. One amplifier may be shorted to ground indefinitely. 7. See pulse response characteristics 

3. Derate 5.8mW/oC above T A = +250 C. 8. tlv = ±5.0V 

* 100% Tested for DASH 8. 
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PERFORMANCE CURVES 

V+ = +15V, V- = -15V, TA = +250 C 

Unless Otherwise Stated. 
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PERFORMANCE CURVES (cont'd.j 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

TYPICAL PERFORMANCE PARAMETERS 

• Low Input Offset Voltage 0.5mV 

• Low Offset Drift 5/1V/oe 

• Low Input Bias Current 50pA 

• Large Voltage Gain 150K V/V 

• Wide Bandwidth 18MHz 

• High Slew Rate 8V /,usec 

• Fast Large Signal Settling Time 1.7 ,usec 

APPllCA TIONS 

• Precision, High Speed, Data Acquisition Systems 

• Precise Signal Generation 

• Pulse Amplification 

SCHEMATIC DIAGRAM 

.L 

PRELIMINARY 

HA-5100/5105 
Wideband, JFET Input, 
Operational Amplifier 

GENERAL DESCRIPTION 

The HA-5100/5105 are monolithic wideband operational 
amplifiers manufactured with FET /Bipolar technologies 
and dielectric isolation. Precision laser trimming of the in-­
put stage complements the amplifier high frequency CCl­

pabilities with excellent input characteristics. 

These devices feature superior bandwidth, high slew rate, 
very low input. offset voltage, very low input bias current, 
extremely high input impedance and fast settling time. There­
fore, tht'~p. amplifiers are most suitable for precision, high 
speed data acquisition system designs and for a widp variety 
of signal conditioning applications. * 

*-2 denotes a range of -550 e to 1250 C and -5 denotes a 
OOC to 700 e range. 

PINOUT 

TO-99 BANDWIDTH CONTROL 

CAUTION: 
These devices are sensitive 
to electrostatic discharge. v-

TOP VIEW 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V­

Differential Input Voltage 

Peak Output Current 

Internal Power Dissipation 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

PARAMETER TEMP 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 
Full 

Offset Voltage Average Drift, Full 

Bias Current +250 C 
Full 

Offset Current +250 C 
Full 

Input Resistance +250 C 

Common Mode Range Full 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 1) +250 C 
Full 

Common Mode Rejection Ratio Full 

Gain Bandwidth Product at AV = 10 Full 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 2) +250 C 
Full 

Short Circuit Output Current (Note 3) Full 

Full Power Bandwidth (Note 4) +250 C 

Output Resistance (Note 5) +25 0C 

TRANSIENT RESPONSE 

Rise Time (Note 6) +250 C 

Slew Rate (Note 7) +250 C 

Settling Time (Note 8) +25 0C 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 

P.S.R.R. Full 

HA-5100-2 
-550 C to +1250 C 

MIN TYP MAX 

0.5 1.0 
0.50 2.0 

5 

20 50 
5 10 

2 10 
2 5 

1012 

±1O ±11 

75K 150K 
60K lOOK 

86 94 

18 

±12 ±13 
±12 ±13 

±10 ±15 

100 150 

30 

15 

6 8 

1.7 

5 7 

86 100 

+40V 

±40V 

Full Short Circuit Protection 

300mW 

-650 C to +1500 C 

HA-5100-5 HA-5105-5 
OOC to +700 C OOC to +700 C 

MIN TYP MAX MIN TYP MAX 
'. 

0.5 1.0 0.5 1.5 
0.50 2.0 0.75 3.5 

10 15 

20 50 50 100 
10 10 20 

2 10 5 50 
2 5 5 10 

1012 ' 1012 

±10 ±ll ±1O ±10.5 

75K 150K 50K lOOK 
60K lOOK 40K 80K 

86 94 80 86 

18 18 

±12 ±13 ill i12 
±12 ±13 ill i12 

±10 ±15 ±8 ±15 

100 150 80 125 

30 40 

15 20 

6 8 5 8 

1.7 2.0 

5 7 6 8 

86 
1

100 80 94 

UNITS 

mV 
mV 

IlV/oC 

pA 
nA 

pA 
nA 

n 
V 

VIV 
VIV 

dB 

MHz 

V 
V 

mA 

kHz 

n 

nsec 

V /11 sec 

Il sec 

mA 

dB 

NOTES: 1. RL = 2Kn 

2, RL = 10K 
3. VOUT = OV 6. VIN = 100mV 7. R L = 2Kn 

*4. RL=2K RL=2Kn CL=50pF 

8. To 0.1% 

VOUT = 10V 
5. CL = Open Loop CL = 50pF 

*Full power bandwidth guarranteed based on slew rate measurement using FPBW = S/R/21TVpeak. 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION Of HARRIS CORPORATION 

PRELIMINARY 

FEATURES 

o WIDE GAIN BANDWIDTH ......... 60MHz 

• HIGH SLEW RATE ............. 50V//ls 

• SETTLINGTIME ............... 850ns 

• POWER BANDWIDTH .......... 800KHz 

• 0 FFSET VO L TAGE ............. 0.5mV 

• BIAS CURRENT ......... '.' ..... 50pA 

APPllCA TIONS 

• VIDEO AND RF AMPLIFIERS 

• DATA ACQUISITION 

• PU LSE AMPLI FI E RS 

~ PRECISION SIGNAL GENERATION 

PINOUT 

.1008 

TOP VIEW 

BANDWIDTH 
CONTROL 

TO-99 

DESCRIPTION 

HA-5110/5115 
Wideband, JFET Input, 

Uncompensated, 
Operational Amplifier 

HA-511 0/5115 are wideband, uncompensated, operational ampli­
fiers manufactured with FET/Bipolar technologies and dielectric 
isolation. These monolithic amplifiers feature superior high fre­
quency capabilities further enhanced by precision laser trimming of 
the input stage to provide excellent input characteristics. These 
devices are controlled at closed loop ga;ns greater than 10 without 
com pensatio n. 

With excellent dynamic and input characteristics, HA-5110/5115 
are well suited for many wideband, pulse, and video applications. 
These amplifiers are ideal components for video and R F circuitry 
requiring up to 60MHz gain-bandwidth-product and 800KHz power 
bandwidth. 50V / /l s slew rate and 850ns settling time make these 
devices useful in pulse amplification and data acquisition designs. 
HA-5110/5H5's 0.5mV offset voltage, 10pA offset current, and 
extremely high impedance coupled with excellent AC parameters 
make these amplifiers ideal selections for accurate signal condition­
ing designs. For applications requiring less critical input character­
istics, HA-5115 is available in untrimmed form. 

HA-511O/5115 are available in metal can (TO-99) packages. Suffix 
-2 denotes a range to -550 C to +1250 C and -5 denotes a OOC to 
+75 0 C range. 

SCHEMATIC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V­

Differential Input Voltage 

Peak Output Current 

40V 

+40V 

Full Short Circuit Protection 

E LECTR ICAL CHARACTER ISTICS 

I ntemal Power Dissipation 

Storage Temperature Range 

300mW 

-650 C to +1500 C 

HA-5110-2 HA-5110-5 HA-5115-5 
-550 C to +1250 C OOC to +700 C OOC to +700 C 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 
Full 

Offset Voltage Aver~ge Drift Full 

Bias Current +250 C 
Full 

Offset Current +250 C 
Full 

I nput.Resistance +250 C 

Common Mode Range, Full ±10 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 1) +250 C 75K 
Full 60K 

Common Mode Rejection Ratio Full 86 

Gain Bandwidth Product Full 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 2) +250 C .±.12 
Full .±.12 

Output Current (Note 3) +250 C .±10 

Full Power Bandwidth (Note 4) +250 C 625 

Output Resistance (Note 5) +250 C 

TRANSIENT RESPONSE 

Rise Time (Note 6) . +250 C 

Slew Rate (Note 7) +250 C 40 

S~ttling Time (Note 8) +250 C 

POWER SUPPLY CHARACTERISTICS 

Supply Current P.S.R.R. Full 
+250 C 86 

NOTES: 

1. RL = 2KS1 ; VOUT = 10V 

©IC MASTER 1979 

2. RL = 10KS1 

3. VOUT = OV 

4. RL = 2KS1; Full Bandwidth 
guaranteed based on slew (ate 
measurement using 

FPBW == Slew Rate 
21TVpeak 

LIMITS 

TYP 

0.5 
0.50 

5 

20 
5 

2 
2 

1012 

±11 

150K 
lOOK 

94 

60 

±13 
±13 

±15 

800 

30 

20 

50 

.85 

5 
100 

LIMITS 

MAX MIN TYP MAX MIN 

1.0 0.5 1.0 
2.0 0.50 2.0 

10 

50 20 50 
10 10 

10 2 10 
5 2 5 

1012 

±1O ±11 ±10 

75K 150K 50K 
'60K lOOK 40K 

86 94 80 

60 

...±12 i13 ±11 
in ±13 ±11 

±1O ±15 .18 

625 800 550 

30 

20 

40 50 35 

.85 

7 5 7 
86 100 80 

5. Open Loop 

6. VIN=10 mV; RL=2KS1 
CL=50pF; AV=10 

LIMITS 

TYP 

0.5 
0.75 

15 

50 
10 

5 
5 

1012 

±10.5 

lOOK 
80K 

86 

50 

±12 
±12 

.±15 

625 

40 

20 

40 

1.0 

6 
94 

7. RL = 2KS1; CL = 50pF 
AV = 10 

8. To 0.1%; VOUT = 10V; 
AV = 10 

MAX 

1.5 
3.5 

100 
20 

50 
10 

8 

UNITS 

mV 
mV 

J.N /oC 

pA 
nA 

pA 
nA 

n 
V 

V/V 
V/V 

db 

MHz 

V 
V 

rnA 

KHz 
,n 

nsec 

v /J.1sec 

sec 

rnA 
db 
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FEATURES 

HARRIS 
SEMtCONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• FAST SETTLING 

• UNPARALLED SLEW RATE 

• WIDE GAIN-BANDWIDTH 

• POWE R BAN OWl DTH 

• LOW OFFSET VOLTAGE 

• INPUT VOLTAGE NOISE 

• MONOLITHIC BIPOLAR CONSTRUCTION 

APPLICATIONS 

• FAST, PRECISE D/A CONVERTERS 

• HIGH SPEED SAMPLE-HOLD CIRCUITS 

• PULSE AMPLIFIERS 

• WIDEBAND AMPLIFIERS 

SCHEMATIC 

70ns 

200V Ips 

150MHz 

6.5MHz 

5mV 

15nV/jHz 

PRELIMINARY 

HA-5190 15195 
Wideband, Fast Settling 

Operational Amplifiers 

GENERAL DESCRIPTION 

HA-5190/5195 are monolithic operational amplifiers fea­
turing an ultimate combination of speed, precision, and 
bandwidth. Employing monolithic bipolar construction 
coupled with dielectric isolation, these devices are capable 
of delivering an unparalled 200V / P s slew rate with a settling 
time of 70ns (0.1%, 5V output step .) These truly differential 
amplifiers are designed to operate at gains 2 5 without the 
need for external compensation. Other outstanding HA": 
5190/5195 features are 150MH z gain-bandwidth-product 
and 6.5MHz full power bandwidth. In addition to these 
dynamic characteristics, these amplifiers also have excellent 
input characteristics such as 5mV offset voltage and 15nV 
input voltage noise (at 1 kHz!. 

With 200V Ips slew rate and 70ns settling time, these devices 
make ideal output amplifiers for accurate, high speed 01 A 
converters or the main components in high speed samplel 
hold circuits. 150MHz gain-bandwidth-product, 6.5MHz 
power bandwidth, and 5mV offset voltage make HA-51901 
5195 ideally suited for a variety of pulse and wideband 
video amplifier applications. 

In temperature applications above +750 C, a heat sink is 
required for HA-5190. THERMALLOY model 6011 or 
6012 is recommended. HA-5190 is specified over the 
-550 C to + 1250 C range while' HA-5195 is specified from 
DoC to + 750 C. 

PINOUT 

IN-

IN+ 

V-

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage between V+ and V- Terminals 
Differential Input Voltage 
Output Current 
Internal Power Dissipation 
Operating Temperature Range: (HA-5190) 

(HA-5195) 
Storage Temperature Range 

35V 
6V 

50mA (Peak) 
1.5W (Peak) 

-550 C ~ T A ~ +125 0 C 
DoC ~ TA ~ +750 C 

-650 C ~ TA 5 +150 0 C 

ELECTRICAL CHARACTERISTICS VSUPPL y =:!: 15 Volts; R L = 200 ohms, Unless otherwise specified. 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage 

Average Offset Voltage Drift 

Bias Current 

Offset Current 

Input Resistance 

I nput Capacitance 

Common Mode Range 

Input Voltage Noise (f = 1kHz) 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 1) 

Common-Mode Rejection Ratio (Note 2) 

Gain-Bandwidth-Product (Notes 3 & 4) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) 

Output Current (Note 1) 

Full Power Bandwidth (Notes 1 & 7) 

TRANSIENT RESPONSE 

Rise Time (Notes 5 & 6) 

Overshoot (Notes 5 & 6) 

Slew Rate (Notes 1 & 5) 

Settling Time: (Notes 1 &5) 
5V Step to 0.1% 
5V Step to 0.01% 

2.5V Step to 0.1% 
2.5V Step to O.O~% 

POWER REQUIREMENTS 

Supply Current 

Power Supply Rejection Ratio 

Nal;ES: 1. R L = 200 n 
CL < 10pF 
Va:-± 5V 

©IC MASTER 1979 

2. VCM = ± 5V 
3. Va < 90mV 
4. 20 dB Gain 

HA-5190 HA-5195 
-550 C to + 1250 C OOC to + 750 C 

TEMP MIN TYP 

+250 C 5.0 
FULL 

FULL 20 

+258 C 5 
FULL 

+250 C 2 
FULL 

+25 0C 10 

+250 C 1.0 

FULL ±5 

+250 C • 15 

+250C 15K 20K 
FULL 5K 

FULL 74 

+250C 150 

FULL . ±5 ±6 

+250 C 25 30 

+250 C 6.5 

+250C 11 

+250C 8 

+250 C 200 

+250C 70 
+250 C 100 
+250C 50 
+250 C 80 

+250 C 

FULL 70 

5. AV = 5 
6. Va = 100mV 

MAX MIN TYP MAX UNITS 

6.0 5.0 6.0 mV 
10.0 10.0 mV 

20 /lV/oC 

15 5 15 J.lA 
20 20 /lA 

4 2 4 /lA 
6 6 /lA 

10 Kohms 

1.0 pF 

±5 V 

15 nV/jHi 

10K 20K VIV 
5K VIV 

74 dB 

150 MHz 

±5 ±6 V 

25 30 rnA 

6.5 MHz 

11 ns 

8 % 

200 V Ills 

70 ns 
100 ns 
50 ns 

80 ns 

33 33 rnA 

70 dB 

7. Full power bandwidth guaranteed based on slew 

rate measurement using FPBW = S/R/2 'TT Vpeak. 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• THRESHOLD DETECTOR 

• ZERO-CROSSING DETECTOR 

• WINDOW DETECTOR 

• ANALOG INTERFACES FOR MICROPROCESSORS 

• HIGH STABILITY OSCILLATORS 

• LOGIC SYSTEM INTERFACES 

PIN OUT 

Top View 

2 

Package Code 48 

16 

12 

11 

10 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures 

HA-4900/4905 
Precision Quad Comparator 

DESCRIPTION 

The HA-4900/4905 are monolithic, quad, precision compar­
ators offering fast response time, low offset voltage, low 
offset current, and virtually no channel-to-channel crosstalk 
for applications requiring accurate, high speed, signa! leve! 
detection. These comparators can sense signals at ground 
level while being operated from either a single +5 volt supply 
(digital systems) or from dual supplies (analog networks) up 
to t15 volts. The HA-4900/4905 contains a unique current 
driven output stage which can be connected to logic system 
supplies (V Logic+ and V Logic) to make the output levels 
directly compatible (no external components needed) with 
any standard logic or special system logic levels. In com­
bination analog/digi~al systems, the design employed in the 
HA-4900/4905 input and output stages prevents trouble­
some ground coupling of signals between analog and digital 
portions of the system. 

These comparators' combination of features makes them 
ideal components for signal detection and processing in data 
acquisition systems, test equipment, and microprocessor/ 
analog signal interface networks. 

Both devices are avaiiable in 16 pin dual-in-line ceramic 
packages. The HA-4900 operates from -55 0 C to + 125 0 C 
and the HA-4905 operates over a OOC to + 750 C temper­
ature range. 

SCHEMATIC 

! I 

I I' i. I 

I 
I I 

I " ! 

~~b~ 
One Fourth Only (HA-4900!4905) 

OUT 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) , 

Voltage Between V+ and V-

Voltage Between VLogic(+) and VLogicH 

Differential Input Voltage 

Peak Output Current 

I nternal Power Dissipation (N ote 7, 8) 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

V+ = +15.0V 
v- = -15.0V 
VLogic(+) =5.0V 
VLogic(-) = GND. 

PARAMETER 

INPUT CHARACTERISTICS 

* Offset Voltage (Note 2) 

* Offset Current 

* Bias Current (Note 3) 

Input Sensitivity (Note 4) 

* Common Mode Range 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain 

Response Time(T pdo)(Note 5) 

Response Time (T pd 1 )(Note 5) 

OUTPUT CHARACTERISTICS 

* Output Voltage Level 

Logic "Low State" (VoLl(NoteS) 

Logic "High State" (VOH)(NoteS) 

Output Current 

ISink 

ISource 

POWER SUPPLY CHARACTERISTltS 

* Supply Current, Ips(+) 

* Supply Current, IpsH 

* Supply Current, I psI logic) 

Supply Voltage Range 

V+ 

V-

Vlogic(+) (Note 7) 

VLogic{-) (Note n 

* 1 00% tested for HA 1-4900-8. 
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TEMP. 

250C 
Full 

250C 
Full 

250C 
Full 

250 C 
Full 

Full 

250 C 

250 C 

250C 

Full 

Full 

Full 

Full 

250 C 

250 C 

250 C 

Full 

Full 

Full 

Full 

MIN. 

V-

3.5 

3.5 

3.0 

+5.0 

-15.0 

0 

-15.0 

HA-4900 
-550 C to + 1250 C 

TYP. 

2.0 

10 

50 

400K 

130 

180 

0.2 

4.2 

6.5 

4 

1.7 

MAX. MIN. 

3.0 
4.0 

25 
35 

75 
150 

3.1 
4.1 

V+ -2.4 V-

0.4 

3.5 

3.5 

3.0 

12 

S 

2.0 

+15.0 +5.0 

0 -15.0 

+15.0 o . 

0 -15.'0 

33V 

l8V 

±15V 

±50mA 

580mW 

-650 C ~ TA ~ l500 C 

tiA-4905 
OOC to +750 C 

TYP. MAX. 

4.0 7.5 
10.0 

25 50 
70 

100 150 
300 

7.S 
10.1 

V+ -2.4 

400K 

130 

180 , 

0.2 0.4 

4.2 

7 13 

5 7 

1.7 2.5 

+15.0 

0 

+15.0 

0 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

mV 
mV 

V 

V!V 

ns 

ns 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnA 

V 

V 

V 

V 
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~HARRIS 
~I SEMICONDUCTOR 
• __ -. PRODUCTS DIVISION 
,......, A DIVISION OF HARRIS CORPORATION 

Preliminary 

FEATURES 

• FAST RESPONSE TIME 

• LOW OFFSET VOLTAGE 

• STANDARD POWER SUPPLIES 

• ACT!VE PULL-UP/PULL-DOWN OUTPUT 
CIRCUIT - NO EXTERNAL RESISTORS 

REQUIRED 

• TT LAN DEC Leo M PAT I B L E 

APPllCA TIONS 

• A/D CONVERTERS 

• THRESHOLD DETECTOR 

• ZERO-CROSSING DETECTOR 

• LOGIC SYSTEM INTERFACES 

• HIGH FREQUENCY OSCILLATORS 

PINOUT 

8 
VLOGIC(-) 

TOP VIEW 

HA-4920 /4925 
High Speed Duad Comparator 

DESCRIPTION 

HA-4920l4925 are monolithic, quad, high speed comparators offering 

a combination of speed, precision, and flexibility never before available 

in a quad comparator. 40ns response time and 2.0mV offset voltage 

makes these comparators ideally suited for precise signal level detec­

tion and fast response times to large and small input signal levels. These 

dielectrically isolated devices employ uniqueinputloutput stages which 

prevent troublesome ground coupling inherent in combined analogi 

digital systems. 

The flexibility/speed of HA-4920/4925 assures easy application in fast 

data acquisition systems, analog to logic interface networks, and test 

equipment. 

Both devices are available in 16 pin dual-in-line ceramic packages. 

The HA-4920 operates from -55 0 C to + 1250 C and the HA-4925 oper­

ates over a OOC to + 750 C temperature range. 

SCHEMATIC 

POSITIVE 

LINEAR SUPPL Y 

NEGATIVE 

liNEAR SUPPLY 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltagebetween V+ and V-

Voltage between VLogic(+) and VLogic{-) 
Differential I nput Voltage 

Peak Output Current 

Internal Power Dissipation (Note 1) 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

V-f = +15.0V 
V- = -15 OV 

V Logic(+) = 5.0V 
VLogic(-) =GND 

PARAMETER 

Input Offset Voltage (Note 2) 

, 

Input Offset Current 

I nput Bias Current 

Input Sensitivity (Note 3) 

Common Mode Range (CMR) 

Large Signal Voltage Gain 
Response Tirl)e TpdO (Note 4) 

Response Time Tpdl (Note 4) 

Output Voltage Level (Note 5) 

Output Voltage Level (Note 5) 

Output Current ISink (Note 6) 

Output Current ISource (Note 6) 

Power Supply Current ICC+ 

Power Supply Current ICC-

Power Supply Current I Logic+ 

TEMP 

+250 C 

Full 

+250C 
Full 

+250 C 

Full 

Full 

Full 

+250 C 

+250 C 

+250C 

Full 

Full 

Full 

Full 

+25 0C 
+250C 

+250C 

HA-4920: -550 C/+1250 C 

MIN' TYP MAX 

2.0 3.0 

4.0 

1.0 1.5 

2.0 

5.0 6.0 

8.0 

0.6 

VCC.:!:.ll 

25K 

35 

30 

.2 .4 

3.5 4.2 

3.2 

3.2 

22 

30 
8.0 

40V 

7V 
±.6V 

50mA 

500mW 

-650 C ~ T A ~ 1500 C 

HA-4925: OOC/+750C 

MIN TYP MAX 

4.0 6.0 

8.0 
1.5 2.0 

3.0 
6.0 8.0 

10.0 

0.6 

VCC.:!:.ll VCC .:!:.4.0 

25K 

35 

30 

.2 .4 

3.5 4.2 

3.2 

3.2 

22 

30 

8.0 

UNITS 

mV 

mV 

pa 

pa 
pa 

mV 

V 

VIV 
ns 

ns 

V 

V 

rnA 

mA 

. rnA 

mA 

rnA 

1. Derate by 5.8mW/oC above T A'= +750 C. 4. Tpd (1) conditions; 100mV input step, -5mV overdrive. 

Tpd (0) conditions; -100mV input step, 5mV overdrive. 

2. Minimum differential input voltage requir- Freq.C::::: 1 KHz; Duty cycle~50%; TTL Fan Out = 1; 

ed to ensure a defined output state. Inverting Input Driven. 

3. Input sensivity is the differential voltage requir- 5. For VOH and VOL: 1 sink = 3.2mA, ISouce = 3.2mA. 

ed at the input to make the output change state, 

after the offset has been nu lied. Rs ~ 10 n . 6. Per comparator. 
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FEATURES 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• MONOLITHIC CONSTRUCTION 

• EXCELLENT TEMPERATURE STABILITY .. ±lppm/oC 

• LOW NOISE .: .................. 100pVp_p 

• WIDE INPUT RANGE .............. 12V to 20V 

APPllCA TIONS 

• EXTERNAL VOLTAGE REFERENCE FOR DATA CON­
VERTERS (O/A OR A/D) 

• COMPARATOR REFERENCE 

• VOLTAGE REGULATOR REFERENCE 

PINOUT 

TOP VIEW 

HEATER HEATER 
COMPo COMPo 

HEATER OUTPUT 
RETURN 

N/C N/C 

N/C N/C 

N/C ZENER 
OUTPUT 

VIN GND 

FEEDBACK -INPUT 

PRELIMINARY 

HA-1600-5 
Precision Voltage Reference 

DESCRIPTION 

The Harris HA-1600 is a monolithic, temperature regulated 
+10V precision voltage reference, packaged in a 14 pin DIP. The 
chip temperature is sensed and regulated by a high gain differ­
ential amplifier to achieve a typical temperature coefficient of 
+ 1 ppm/oC over the specified temperature range. 

The I.C. chip is thermally isolated from the package to provide 
fast warm-up with minimum power drain .. The output of the 
HA-1600 is laser trimmed to provide a precision + 1 OV out. 

The HA-1600 accepts an unregulated 12V to 20V, DC input 
voltage and provides a very accurate +10V DC output at a 
maximum of 2mA load current. An external amplifier may 
be connected inside the feedback loop for higher output cur­
rent. The characteristics of this voltage reference make it an 
ideal choice for applications where high precision and high 
stability is a ne'cessity, such as the external voltage reference 
for a 12 bit D/A converter. 

FUNCTIONAL DIAGRAM 

*Current Limiting Resistor - See Note 2. 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPEciFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground - Note 1) 

Input Voltage 

Power Dissipation 

35V 

800mW 

ELECTRICAL CHARACTERISTICS (Note 2) 

VIN = +15V; I L = OmA Unless Otherwise Specified. 

PARAMETER 

POWER INPUT CHARACTERISTICS 

VIN, Input Voltage Range 
IQ, Quiescent Current 

REGULATED OUTPUT CHARACTERISTICS 

VO, Output Voltage 

I L, Output Load Current 

en, Output Noise Voltage (a.1Hz to lMHz) 

Line Regulation VIN = 13.5V to 16.5V 

Load Regulation R L = Open to 5KQ 

TC, Output Voltage Temperature 
Coefficient, R l = 0 pen 

Rl=5KQ 

TURN-ON CHARACTERISTICS 

Turn-on Current (Note 3) 

Warm-up Time 

NOTES 

1. Absolute maximum ratings are limiting values be.yond 
which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not 
necessarily implied. 

2. The specified electrical characteristics apply to suggested 
hookup only. The 50Q heater current limiter is man-
datory. 

©IC MASTER 1979 

TEMP 

250 C 
DoC 

250 C 
750 C 

250 C 

25 0 C 

Full 

250 C 
Full 

250 C 
Full 

Full 
Full 

DoC 
250 C 
750 C . 

DoC 
250 C 

Operating Temperature Range 

Storage Temperature 

HA-1600-5 
DoC to,+750 C 

MIN TYP 

12 15 
30 
25 
12 

9.998 10.000 

100 

0.001 
0.001 

0.001 
0.001 

±1 
.±1 

70 
70 
30 

60 
45 

MAX 

20 
50 
40 
20 

10.002 

2 

200 

0.002 
0.002 

0.002 
0.002 

DoC to 750 C 

-650 C to 1500 C 

UNITS 

Volts 
rnA 
mA 
mA 

Volts 

mA 

J.lV p_p 

%!V 
%!V 

%/mA 
%/mA 

ppm/oC 
ppm/oC 

mA 
mA 
mA 

sec. 
sec. 

3. The maximum current drawn from the input supply that is 
required to heat the chip to its operating temperature at the 
specified conditions. 
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HA-1610 

Preliminary 
+IDV Precision Voltage Reference 

FEATURES 

• MONOLITHIC CONSTRUCTION 

• INITIAL ACCURACY +10V'±'0.01% 

• EXCELLENT TEMPERATURE STABILITY ±.5ppm/O MAX 

• LOW NOISE 

• WIDE INPUT RANGE 

10011 Vp_p 

12V TO 30V 

• OUTPUr SHORT CIRCUIT PROTECTION 

APPLICATIONS 

• EXTERNAL VOLTAGE REFERENCE FOR DATA 
CONVERTERS (D/A OR A/D) 

• COMPARATOR REFERENCE 

• VOLTAGE REGULATOR REFERENCE 

PINOUT 

TOP VIEW 

BUFFER 
INVERTING INPUT 14 N/C 

OUTPUT 2 13 ZENER OUTPUT 

N/C 3 12 
BAND WIDTH 
CONTROL 

N/C 4 11 GROUND 

FEEDBACK 5 10 NOISE 
CONTROL 

N/C 9 N/C 

N/C 7 8 VIN 

DESCRIPTION 

The Harris HA-1610 is a monolithic +10V precision voltage refer­
ence packaged in a Hermetic Dual-in-Line package. The voltage 
output of the HA-1610 is held constant under varying extemal 
conditions by a reference zener and buffer ampiifier. The feedback 
resistors and zener bias resistor' are laser trimmed to provide the 
initial accuracy of 10 ± .01% and optimum TC of ±. 5ppm/OC 
(Max.) over the operating temperature rangE!. 

The HA-1610 accepts an unregulated 12V to 30V DC input and 

provides a accurate + 1 OV DC output at a typical load current 

of 10mA. For higher current output, an external amplifer may be 

connected inside the feedback loop as a current booster. The 

high precision voltage output and low power dissipation(lQ = 
2mA Typ.) characteristics of HA-161O make it an ideal choice for 

applications where high precision and high stability is a necessity, 

such as the voltage reference fo r 12 bit D I A or A/D converter. 

FUNCTIONAL DIAGRAM 

10Kn 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS NOTE 1 

Input Voltage 40V Operating Temperature Range 
HA-1Sl0-2 -550 C to +1250 C 

Output Short Circuit Duration Indefinitely HA-1S10-5 OOC to +750 C 

Power Dissipation 400mW Storage Temperature Range -650 C to +1500 C 

ELECTRICAL CHARACTERISTICS Note 2 

(VIN = +15V, IL = OmA, unless otherwise specified) 

HA-1610-2 HA-1610-5 
-550 C to + 1250 C OOC to +750 C 

PARAMETER TEMP 

POWER INPUT CHARACTERISTICS 

Input Voltage Range, VIN Full 

Quiescent Current, I Q 250 C 
Full 

REGULATED OUTPUT CHARACTERISTICS 

Output Voltage, Vo 250 C 

Output Load Current, I L Full 

Line Regulation (VIN = 12V to 30V) 250 C 
Full 

Load Regulation (I L = Open to lOrnA) 250 C 
Full 

Output Voltage Tempco, IL = OmA Full 
IL = lOrnA Full 

Output Noise Voltage, en 250 C 
(O.lHz to lMHz) Full 

Dynamic Load Settling Time 
To±'O.l% 250 C 
To1.O.Ol% 250 C 

Warm-up Time (To ±.0.01%) 250 C 
Full 

NOTES 

1. Absolute maximum ratings are limiting values beyond which 
the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily 
implied. 

©IC MASTER 1979 

MIN 

12 

TYP MAX MIN TYP MAX UNITS 

15 30 12 15 30 V 

1.9 1.9 
3.0 3.0 

rnA 

10.00 10.00 V 

10 10 rnA 

0.001 0.001 
%/V 

0.004 0.004 

0.0015 0.0015 
%/mA 

0.004 0.004 

1.3 1.3 
ppm/oC 

1.5 1.5 

100 100 PVp_p 150 150 

~OO 100 
400 400 

ns 

1 1 
3 3 

sec 

2. The specified electrical characteristics apply to suggested 
hookup only. 
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HARRIS 
SEMiCONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

FEATURES 

• SAMPLE CURRENT/HOLD RATIO 

• ACQUISITION TIME (0.01%) 

• SLEW RATE 

• BANDWIDTH 

• APERTURE DELAY 

• LOW CHARGE TRANSFER 

106 

5j1.s 

5Vij1.s 

2MHz 

50ns 

10pC 

• DTL/TTL COMPATIBLE CONTROL INPUT 

APPLICA TIONS 

• A TO 0 INPUT (TO 13 BITS) 

• 0 TO A DEGLITCHER 

• AUTO ZERO SYSTEMS 

• PEAK DETECTOR 

• GATED OP ,AMP 

PINOUT 

IN-

IN+ 

OFFSET 
ADJ. 

OFFSET 
ADJ. 

v-

N.C. 

OUT 

Top View' 

Package Code 4U 

SAMPLE/HOLD 
CONTROL 

GND 

N.C. 

HOLD 
CAP. 

N.C. 

v+ 

CASE 

CAUTION: These devices are sensitive to electrostatic discharge. 
Users should follow IC Handling Procedures. 

HA-2420/2425 
Fast Sample and Hold 

Gated Operational Amplifier 

DESCRIPTION 

The HA-2420/2425 is a monolithic circuit consisting of a high 
performance operational amplifier with its output in series with 
an ultra-low leakage analog switch and a MOSFET input unity 
gain amplifier. 

With an external holding capacitor connected to the switch 
output, a versatile, high performance sample-and-hold or 
track-and-hold circuit is formed. When the switch is closed, 
the device behaves as an operational amplifier, and any of the 
standard op amp feedback networks may be connected around 
the device to control gain, frequency response, etc. When the 
switch is opened the output wi" remain at its last level. 

Performance as a sample-and-hold compares very favorably 
with other monolithic, hybrid, modular, and discrete circuits. 
Accuracy to better than 0.01% is achievable over the tempera­
ture range. Fast acquisition is coupled with superior droop 
characteristics, even at high temperatures. High slew rate, 
wide bandwidth, and low acquisition time produce excellent 
dynamic characteristics. The ability to operate at gains greater 
than 1 frequently eliminates the need for external scaling 
amplifiers. 

The device may also be used as a versatile operational amplifier 
with a gated output for applications such as analog switches, 
peak holding circuits, etc. 

FUNCTIONAL DIAGRAM 

OFFSET 
ADJ 

SAMPLE 
HOLD HOLD 
CONTROL CAP. 

-----, 
I 
lOUT 

L-l----J---/~----J 
HIGH LOW C HIGH 
GAIN LEAKAGE IMPEDANCE 
AMP SWITCH MOSFET 

FOllOWER 

SEE PAGES 1022-1025 FOR PACKAGE SELECTION GUIDE 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 40V 
Differential Input. Voltage ±30V 

300mW (Note 7) 

Digital Input Voltage (Pin 14) +8V, -15V 

Internal Power Dissipation 
Operating Temperature Range 

HA-2420 
HA-2425 

-55°C S T AS +125 0 C 
OOC <; T A ~ +75 0 C Output Current Short Circuit Protected 

Storage Temperature Range -65°C'S TA S +150oC 

ELECTRICAL CHARACTERISTICS 
Test Conditions VSupply = ±15.0V 

CH = 1000pF 

PARAMETER 

INPUT CHARACTERISTICS 
*Offset Voltage 

*B ias Current 

* Offset Current 

I 

Input Resistance 

Comm0l] Mode Range 

TRANSFER CHARACTERISTICS 
* Large Signal Voltage Gain (Neue 1, 4\ 

*Common Mode Relection (Note 2) 

Gain Bandwidth Product (Note 3) 

OUTPUT CHARACTERISTICS 
* Output Voltage Swing (Note 1) 

Output Current 

Full Power Bandwidth (Note 3. 4) 

Output Resistance 

TRANSIENT RESPONSE 
Rise Time (Note 3. 5) 

Overshoot (Note 3. 5) 

Slew Rate (Note 3. 6) 

OIGITAL INPUT CHARACTERISTICS 
Oigitallnput Current (VIN = OV) 

Digital Input Current (VIN = +5.0V) 

Digital Input Voltage (Low) 

Digital Input Voltage (High) 

SAMPLE/HOLD CHARACTERISTICS 
Acquisition Time to .1% 10V Step ( 3) 

. . , . I 
AcquisitIOn Time to .01% 10V Step (3) 

I 

Aperture Delay 

Aperture Uncertainty 

* Drift Current 

* Charge Transfer 

POWER SUPPl Y CHARACTERISTICS 
* Supply Current 

* Power Supply Rejection Ratio 

NOTES: 1. RL = 2Kn 

2. VCM = ±1QVDC 
3. AV = +1. RL = 2Kn. CL = 50pF 
4. VOUT = 20V peak-to-peak 

*100% Tested For DASH 8 

©IC MASTER 1979 

, Unless Otherwise Specified 

TEMP. 

+250 C 
Full 

+250 C 
Full 

+250 C 
Full 

+250 C 

Full 

Full 

Full 

+250 C 

Full 

+250 C 

+250 C 

+250 C 

+250C 

+250C 

+250C 

Full 

Full 

Full 

Full 

+250 C 

+250C 

+25OC 

+25OC 

+250C 
Full 

+250C 

+25 0C 

Full 

HA-2420 

MIN. TYP. MAX. 

2 4 
3 6 

50 200 
400 

10 50 
100 

--
5 10 

±10 

25K 50K 

80 90 

2 

±10 

±10 

70 

5 

100 

20 

5 

0.8 

20 

0.8 

2.0 

4 

5 ! 
50 

5 

5 
0.5 10 

10 20 

2.5 5.0 

80 90 

5. VOUT = 400mV peak-to-peak 
6. VOUT = 1 O.OV peak-to-oeak 
7. Derate Power DiSSipation by 

4.3mWfOC above +1 050 e 
Ambient Temperature. 

Digital Input (Pin 14) Vil = +O.8V (Sample) 

VIH = +2.0V (Hold) 

HA-2425 

MIN. TYP. MAX. UNITS 

3 6 mV 
4 8 mV 

50 200 nA 
400 nA 

10 50 nA 
100 nA 

5 10 MQ 

±10 V' 

25K SOK V/V 

74 90 dB 

2 MHz 

±10 V 

±10 rnA 

70 kHz 

5 Q 

100 ns 

20 % 

5 V/~s 

0.8 rnA 

20 ~A 

0.8 V 

2.0 V 

4 ~s 
I 

5 ~s 

50 I ns 

5 ns 

5 pA 
.05 1.0 nA 

10 20 pC 

2.5 5.0 rnA 

74 90 dB 
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• ___ • PRODUCTS DIVISION 
~ A DIVISION OF HARRIS CORPORATION 

Harris Package Selection Guide 

PACKI-'r.;E CODE (See Note) 

PART NUMBER CAN FLATPACK D.I.P. 

HA-909/911 2A 9V 

·HA-2050/2055/2050A/2055A 2A 

H A - 2060/2065/2060A/2065A 2.A. 

I 
HA-2400/2404/2405 4B 

HA-2420/2425 4U 

HA-2500/2502/2505 2A 
HA-2510/2512/2515 2A 9V* 

HA-2520/2522/2525 2A 9V* 

HA-2530/2.535 2A 

HA-2600/2602/2605 2A 9W* 

HA-262012622/2625 2A 4U 
HA-2630/2635 2G 

HA-2640/2645 2A 

HA-2650/2655 2A 4U 

HA-2700/2704/2705 2A 4U 
HA-2720/2725 2A 

HA-2730/2735 4U 

HA-2820/2825 4U 

HA-2900/2904/2905 2E 

HA-4602/4605 4U 
HA-4741 4U,3Bt 

HA-4900/4905 4B 

HC-55516/55532 9R 4Q 

HO-0165 4K 

HO-245/545 9V lS 

HO-246/546/249/549 9V '. lS 
HO-248/548 9V lS 
HI-200 20 

HI-201 4B 

H 1-506/507 /506A/507 A 1M 

H 1-508A/509A 4B 
HI-562 lH 

HI-l080/1085 4K 
HI-1800A 4B 

I 

HI-1818A/1828A 4B 
HI-1840 1M 
HI-5040' thru HI-5051 4B 

NOTE: "Package Code" references drawings on the following pages. Note that these do not cor­
respond with' the general package designations to be used in constructing the part number, 
which is explained in Ordering Information at the front of this book. 

* Flatpack not available for commercial temperature range. 

t 38 (Plastic D.I.P.) not available for military temperature range. 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

Package Dimensions 

1. All dimensions in inches; millimeters are shown in parentheses. 
2. All dimensions ±.01 a (±O.25mm) unless otherwise shown. 
3. Package codes are shown in black squares. 
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.-. -I h r9ffiii]D~ 1:lln ec u~\W function modules 

Intech/Function Modules, Inc. is one of the leading suppliers of 

precision data conversion modules in the world. Since the union of 

Intech, Inc. and Function Modules, Inc. in 1974, we have been in­

novators in the field. 

I ntech/FM I's achieve'ments include: 

the first 16 bit, 8~s AID (A-a56); 

the first 5% digit dual slope AID (109/110); 

the first low cost 16 bit DAC (416); 

the first 0.025% monolithic V IF (A-8400). 

These are but a few of the products at which we at I ntech/FM I have 

become experts. Signal conditioning, analog computation, and data 

conversion are our speciality. 

I ntech/FM I is responsive to our customer's needs. We have 

developed over 500 custom designs to answer specific design 

problems, both industrial and military. We have participated in such 

projects as A6E, B-1, F-16, Lance, Patroit, Poseidon, and Trident to 

name a few. 

Our sales offices are located at 282 Brokaw Rd., Santa Clara, 

Cal if. 95050. I f you have any questions or specific needs call at (408) 

244-0500 or call one of our representatives listed in this 

compendium. We are here to serve you. 

i! inlech ~.functionmodules 
282 Brokaw Road, Santa Clara, California 95050 Telephone (408) 244-0500 TWX 910 338-0254 
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iI' intech ~.function modules 
A-8400 

Voltage-to-Frequency- to-Voltage Converter 

DESCRIPTION 

The A-8400 is a low-cost monolithic voltage-to-frequency 
converter that provides linear conversion of 0 to +10 V 
analog signals to a digital pulse train whose repetition 
rate is proportional to the analog voltage. This converter 
is designed to provide accurate and reliable performance, 
with versatile adjustment-free operation at low cost. A 
wide variety of input voltage scaling and output inter­
facing can be accomplished to satisfy many data acquisi­
tion and signal conditioning applications. 

OPERATION 

V/F Mode 

The analog input forces a current to flow through the 
input resistor into the integrating capacitor causing the 
output of the integrator to move in a negative direction. 
At a given voltage level, the comparator 
circuit triggers the timing reference network to turn the 
controlled current source on so that it discharges the 
integrating capacitor. As the capacitor discharges, the 
output of the integrator moves in a positive direction. 
When the timing reference has finished discharging the 
capacitor, the output of the integrator is positive and 
ready to start the process again for the next cycle. For 
current inputs into the summing junction (Pin 5), it is 
recommended for good temperature stability that an 
external RREF be used between Pin 1 and -VCC. 

FN Mode 

As afrequency-to-voltage converter, the A-8400 accepts 
negative-going TTL pulses into the trigger circuit which 
starts the one-shot cycle (period=T=R ext Cext ). 

The current source forces current out of the summing 
junction for the one-shot period. The amplifier acts as 
a current-to-voltage integrator providing a voltage output 
proportional to the average current (also proportional 
to the input frequency). F/Vlinearity will be the same 
as in the V IF mode. Output ripple is controlled by the 
integrating capacitor (C1NT). 

PIN CONNECT!ON 

TOIl VIEW 

M.6AGNO 3 

y' 

• NIC v· t nUGGER iN 
IN 1 

N'C • v 

14 Pin DIP (Ceramic) 
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SPECIFICATIONS (Typical @ +25°C and ±15V Supplies 
Unless Otherwise Noted) 

I Parameter A-8400 

TRANSFER CHARACTERISTIC fout= VIN100kHz 
10 

ACCURACy6 
Resolution 5 decades 
Linearity, FS 

10kHz bandwidth ±0.025% max 
100kHz bandwidth ±0.05% max 

Monotonic inherent 
Scale Factor l -0, +20% 
Offset I ±10mV max 

STABILlTy6 

Scale Factor 
vs. Temperature typ ±50ppmfC 

@ 10kHz max ±100ppmfC 
vs. Power Supply ±300ppm/% 
vs. Time/day ±100ppm 
vs. Time/month ±200ppm 

Offset 
vs. Temperature typ ±3ppmtC 

max ±10ppm/oC 
vs. Power Supply ±100,uV/% 
vs. Time/day ±15ppm 
vs. Time/month ±30ppm 

RESPONSE - V /F Mode 
Settling Time, to 0.01%, FS Step 2 Cycles max 5 

Overload Recovery 10ms 

RESPONSE - F /V Mode Depends on 

CINTiRIN 
time constant 

ANALOG INPUT (V/F)/OUTPUT (F/V) 
Voltage Range2 o to +10V 
Current Range Oto +1mA 
Overrange Depends on external 

RC time constant 
Configuration Single-ended, 

referred to analog 
ground 

Impedance (voltage input) 10kn nominal 
Overvoltage Protection (VIN) ±Vs 

OUTPUT (V/F)/INPUT (F/V) 
Frequency Range2 o to 100kHz 
Overrange Depends on external 

RC time constant 
Waveform 3 Compatible with 

DTL, TTL & CMOS? 
Fan Out4 (V/F Mode) 1 TTL Load 
Short Circuit Protection Indefinite to GND 

TEMPERATURE 
Rated o to+70°C 

Operating -25 to +85°C 

Storage -55 to +125° C 

POWER SUPPLY 
Voltage - rated ±15V 

- operate ±12 to ± 18V 
Current ±15mA@ ± 15V 

NOTES: 1. Adjustable to zero error. 2. Adjustable to other 
full scale input/output levels. 3. Output level determined by 
external pull·up resistor. 4. One TTL load unit is -1.6mA at LO 
(+O.4V) and +40,uA at HI (+2.4V). 5. Of final frequency. 
6. Applies to V/F & F/V modes. 7. Maximum output (V/F) = 6V. 
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EI intech~.funct'on modules 
A-8402 

Single Supply 
Voltage - to- Frequency- to-Voltage Converter 

--I 

DESCRIPTION 
The A-8402 is a low-cost monolithic voltage-to-frequency 
converter that provides linear conversion of analog signals 
to a digital pulse train whose repetition rate is propor­
tional to the analog signal. 

Key features of the A-8402 V IF IV are its single power 
supply operation and the ability to be scaled over a 0 to 
+18V/O to 100kHz range and virtually achieve 11 bit 
accuracy with a minimum number of components. 

OPERATION 
V/F Mode 
An improved form of the charge-balancing technique is 
used in the A-8402. The analog input forces a current to 
flow through the input resistor into the integrating 
capacitor causing the output of the integrator to move in 
a negative direction. i At a nominal. 7 volt 
level, the comparato~ circuit triggers the timing reference 
network to turn the controlled current source on so that 
it discharges the integrating capacitor. As the capacitor 
discharges, the output of the integrator moves in a 
positive direction. When the timing reference has 
finished discharging the capacitor, the output of the 
integrator is positive and ready to start the process again 
for the next cycle. For current inputs into the summing 
junction (pin 8), it is recommended for good tempera­
ture stability that an externai' RREF be used between 
Pin 11 and ground. It is also recommended that the 
internal Roffset R REF and the input resistor be used 
together for goo'd TC performance. T os influences 
frequency stability; therefore low TC components 

should be used. 

FN Mode 
As a frequency-to-voltage converter, the A-8402 accepts 
negative-going TTL- Level pulses into the trigger circuit 
which starts the one-shot cycle (period=T os=Rext Cext ). 

The current source forces current out of the summing 
junction for the one-shot period. The amplifier acts as a 
current-to-voltage integrator providing a voltage output 
proportional to the average current (also proportional to 
the input frequency). Output ripple is controlled by the 
integrating capacitor (CINT). A low pass filter is 
recommended on Pin 8. Pin 13 may be used for 
external referencing (maximum current drain <350,uA). 

PIN CONNECTION 
,.---------___ ~VCC 

·· .. 1 
NC 

1 
OFFSET 

OFFSfT V, 

V, 
AC 12 Vee 

fOUT 

C, 14 Pin DIP (Ceramic) 

1028. 

SPECIFICATIONS 
(Typical @ +25°C and +12V Supplies Unless Otherwise Noted) 

Parameter 

TRANSFER CHARACTERISTIC 

I 
ACCURACyl 

Resolution 
Linearity, FS 
10kHz bandwidth 
1QOkHz bandwidth 

Monotonic 
Scale Factor1 

Offset 

STABILlTy',1I 
Scale Factor 

vs. Temperature 
@ 10kHz 

vs. Power Supply 
vs. Time/day 
vs. Time/month 

Offset 
vs. Temperature 

vs. Power Supply 
vs. Time/day 
vs. Time/month 

typ 
max 

typ 
max 

Bandgap Reference (Vz=2.5V pom.) 

RESPONSE - V/F Mode 
Settling Time, to 0.01%, FS Step 
Overload Recovery 

RESPONSE - FN Mode 

INPUT (V/F)/OUTPUT (FN) 
Voltage Range4,5 

Current Range 
Configurat ion 
Impedance (voltage input) 
Overvoltage Protection (VIN) 

OUTPUT (V/F)/INPUT (FN) 
Frequency Range4 

Overrange 

Waveform6 

Fan oue - Vsat=0.4V 
- Vsat=lV 

Short Circuit Protection 

TEMPERATURE 
Rated 

Operating 

Storage 

POWER SUPPLY - Vee 
Voltage - rated 

~ operate 
Current 

A-8402 

5 decades 

to.05% max 
:!:0.1% max 
inherent 

±15% 
Note 2 

±50ppmfc 
±l00ppmfC 
±200ppm/% 

±l00ppm 
±200ppm 

±80ppmfc 
±l00ppmfC 

±tOO,.lV/% 
±15ppm 
±30ppm 

±25ppmfC 

2 cycles max 3 

10ms 

Depends on 
CINrRIN 

time constant 

Oto+10V 
o to +lmA 

Single-ended 
17.SkQ nominal 

+Vec 

o to 500kHz 
Depends on external 

RC time constant 
eompatib Ie with 

DTL, TTL & CMOS 
5 TTL Loads 

20m A 
Indefinite to GND 

-25 to +S5°C 

+12V 
+5 to +lSV 

+20mA @ +12V 

NOTES: 1. Applies to V/F & F/V modes. 2. Adjustable to zero 
error. 3. Of final frequency. 4. Adjustable to other full scale 
input/output levels. 5. F/V mode-min. VOUT=O.4V. 6. Output 
level determined by external pull-up resistor. 7. One TT L load 
unit is -1.6mA at LO (+O.4VI and +401JA at HI (+2.4VI. 

8. Warm-up time'" 5 min. 
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Monolithic Voltage· Frequency 
Voltage Applications 

Since the explosion of J.lP applications, many designers 

are looking for inexpensive, reliable multiplexed input 

sections that can be made compatible to their bussing 

system. The A-S402 is of particular in~erest here since it 

may operate from a single +5v supply and can be operated 

in a synchronous mode. Further advantages of the follow­

ing scheme are increased TC performance, typically 

25ppmfC, and.direct compatibility to microprocessor use. 

Figure 1 details the hook-up of 'the A-S402. Note that 

the one shot is no longer a part of the circuit, deleting that 

portion of the TC error. C ext is deleted and R ext = 27 K 

(this value is not critical). The clock cycle is not critical as 

long as it triggers the fl ip-flop. 

Figure 2 shows the basic block diagram of an eight 

channel synchronous, multiplexed V IF system. It should be 

noted that, the external clock frequency is dependent upon 

V+ 

ROFFSET 

r ------

141 
1 
1 1 ____ -

4 

3.1k 

BAND­
GAP 
REFER­
ENCE 

CLOCK IN 

CK 
(\', 74LS74) 

o FLIP FLOP OI--..... -Of
OUT 

TRIGGER/ 

V+ (TTL) 

27k 
R

EXT 

ONE-SHOT ~"';;;""---J 

A-8042 

OUTPUT 
BUFFER 

VLOGIC 

Fig. 1-ln this synchronous operating scheme, the output frequency 
comes from either the A-8402's fOUT pin or the flip flop's Q or a: 
outputs. 

©IC MASTER 1979 

the number of input channels desired and is found from the 

equation: 
Fce = (N) (Ff.s.)' 

where Fce = clock frequency 

N = number of input channels 

Ffs = full scale output of the A-S402. 

Running many V IF converters synchronously from a 

single clock allows you to multiplex the outputs via . 

parallel-to-serial transmission medium. After the falling 

edge of the divide-by-S clock output, each V IF and its 

associated flip flop's' Q output remain in their HIGH or 

LOW state until the next falling edge of the clock. At this 

time the MUX samples each V IF output in succession and 

transmits it to the demultiplexer, where it is decoded for. 

parallel output. The one-shot clears the demultiplexer on 

the next falling edge of the clock, and the process repeats. 

In some cases you may have to strobe the demultiplexer's 

output into a latch. 

MUX 
(74151) 

DATA 

NOTES: 

Tos= 5;33)1SEC 

DEMUX 
(74164) 

--- F.S.·'" 130kHz '-'--­
'-' __ '" PART NUMBERS SHOWN ARE FOR REFERENCE ONLY. 

Fig. 2-8y synchronizing several V/F's from a single clock, you can 
design a multiplexed data-transmission system. 
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Advanced In:forlll.ation 

PULSE CODE MODULATION (PCM) CODEC 

The MC14406 and MC14407 per channel PCM codecs are designed 
for 8000-samples-per-second, 8-bit-per-sample voice coding and de­
coding. These devices are full duplex and provide both Mu and A 

companding laws. 
The transmit and receive data rates are independently selectable 

from 64 kHz to 3.088 MHz allowing direct interface to 24, 30,32, 
and 48 channel digital frames. 

Both codecs are fabricated using CMOS technology for reliable 
low power performance. The MC14406 is the full feature device in 
a 28-pin package. The MC14407 provides a 24-pin package without 

signaling capabilites. 

• Per Channel Full Duplex Capability 

• Low Power Operation - 80 mW Typ 

• Power Down Input (1.0 mW Max in Pow'er Down Mode) 

• Pin Selection of A-law and Mu-Iaw Companding (MC14407) 

• Single Power Supply Operation - 10 to 16 volts 

• Zero Code Suppression 

• Transmit and Receive Signaling Available (MC14406) 

• Independent Transmit and Receive Clocks to 3.088 MHz 

• Externally Selectable Full Scale 

• On-Chip Auto Zero 

BLOCK DIAGRAM 

10 

11 

12 

13 

14 

MC1440'6 
MC14407 

CMOS LSI 
(LOW POWER COMPLEMENTARY MOS) 

FULL DUPLEX 8-BIT 
COMPANDED PCM CODEC 

PIN DESCRIPTION 

24 

23 

22 

21 

20 
10 

19 
11 

18 
12 

17 

16 

15 

V DD VSS PDT DOC CCI MSI SBE SBI SBD SBO 

VAG ........ -~ 

ADIe-,..--f 

VDD/2 
Ref 

Input 

Sample 

and Hold 

CI1 ... -.!:r-r .... 

ADO R2 

Analog Switch Path 

and Two Autozero 

OP Amps 

Parallel Loadable 

SA R Register 

Companded 8-Bit 

Current Mode DAC 

J.LA 

This is advance information and specifications are subject to change without notice. 
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R2 

8 

8 

Output 

Sample 

and Hold 

©MOTOAOlA INC, 1978 

Transmit 

Data Control 
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MC14406 • MC14407 

DIGITAl- ELECTRICAL CHARACTERISTICS 

Voo -40°C +250 C +850 C 

Characteristic Symbol Vdc. Min Max Min Typ Max Min Max Unit 

Operating Current (R2 = 25 k) I 12 - - - 8.0 - - - mA 

Power-Down Current (PDI = VSS) IpD 12 - - - 30 80 - - JJA 

Input Current 
CCI, RDD, RCE, RDC, TDC, PDI lin 12 - - - ±0.00001 ±0.3 - - JJA 
DOC, SBD, MSI, SBI, SBE linS - - - +30 - - -

(Internal Pull-Down Resistors) linD - - - -0.00001 -0.3 - -
TDE, MulA-Law linS - - - +0.00001 +0.3 - -

(Internal PUll-Up Resistors) linD - - - -30 - - -

Input,voltage "0" Level VIL 12 - - - 5.25 3.60 - - V 
15 - - - 6.75 4.0 - -

"1" Level VIH 12 - - 8.4 6.75 - - - V 
15 - - 11 8.25 - - -

Input Capacitance Cin 12 - - - 5.0 7.5 - - pF 

o.utput Drive Current SBO 
VOH = 11 IOH 12 - - -2.0 -4.0 - - - mA 
VOH = 13.5 15 - - -3.0 -8.8 - - -

VOL = 1.0 IOL 12 - - 2.0 4.0 - - - mA 
VOL = 1.5 15 - - 3.0 8.8 - - -

Output Drive Current TDD 

VOH = 11 IOH 12 - - -4.0 -8.0 - - - mA 
VOH = 13.5 15 - - -6.0 -17.6 - - -

VOL = 1.0 IOL 12 - - 4.0 8.0 - - - mA 
VOL = 15 15 - - 6.0 17.6 - - -

ANALOG ELECTRICAL CHARACTERISTICS (VDD = 12 V) 

-40°C +250 C +850 C 

Characteristic Pin Min Max Min Typ Max Min Max Unit 

Analog Ground Voltage VAG - - 6.0 6.05 6.1 - - V 
Source Current - - - 200 - - - JJA 
Sink Current - - - 5.0 - - - mA 
Output Impedance - - - 50 - - - n 

Reference Input Current Iref - - 50 100 200 - - JJA 
Input Offset Voltage - - - ±10 +25 - - mV 
Offset Voltage Drift - - - 30 100 - - JJV/oC 

Input Impedance dc ADI - - 1.0 10 - - - Mn 
AC (n) CI '= 0.002 nF, 1 kHz' - - - 80 - - - kn 
Lower Common Mode Ring - - - 2.0 2.5 - - V 
Upper Common Mode Ring - - 9.5 10 - - - V 

Sample Duty Cycle ADO - - - 3/16 - - - -

Neutral Duty Cycle -- - ~ 13/16 - - - -
Neutral Offset (From VAG) - -. -25 ±25 +25 - - mV 
Neutral Offset Drift - - - 30 100 - - JJV laC 
Source Current - - - 200 - - - mA 
Sink Current - - - 5.0 - - - mA 
Lower Common Mode Ring - - - 2.0 2.5 - - V 
Upper Common Mode Ring - - 9.5 10 - - - V 
Output Impedance - - - 100 - - - n 
Settling Time to 3.0 V Rand F - - - 0.3 - - - JJS 

MAXIMUM RATINGS (Voltages Referenced to VSS) 

Rating Symbol Value Unit 

DC Supply Voltage VDD - VSS -0.5to+18 Vdc 

Voltage, Any Pin to VEE V -0.5 to VDD + 0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

(Excluding VDD) 

Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tstg -65 to +150 °c 

L--______ @ MOTOROLA Sen1icpnductor Products Inc. ---------" 
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MC14406 • MC14407 

RECOMMENDED OPERATING CONDITIONS 

Parameter Pin Min Typ Max Unit 

DC Supply Voltage VDD - VSS 10 12 16 Vdc 

Convert Clock Freqency CCI 128 128 512 kHz 

Transmit Data Clock Frequency TDC 128 2048 3088 kHz 

Receive Data Clock Frequency RDC 128 2048 3088 kHz 

Input Sample Capacitor CI1,CI2 0.001 0.002 0.010 ,uF 

Output Sample Capacitor C01, CO2 0.001 0·902 0.010 ,uF 

Unit Step Size = Full Scale/4096 ADO 0.36 0.85 1.2 mV 

Full Scale Voltage (VDD = 15 V) ADO 1.5 3.5 5.0 Vp 

Load Bias Resistor VAG 2.0 - - kfl 

Bypass Capacitor VAG - 0.1 - ,uF 

Auto Zero Capacitor CZ1, CZ2 - 0.002 - ,uF 

SYSTEM PERFORMANCE A-to-D through D-to-A (R1 = 25 kn, R2 = 227 kn, TA = 250 C) 

Characteristic 

Signal to Noise Ratio +3.0 to -3q dBm 

S+N+D 
-40 dBm 

N+D 

C Message at f = 1020 Hz -45 dBm 

Deviation from Level Linearity +3.0 to -35 dBm 
-35 to -45 dBm 

Idle Channel Noise (ADI = VAG) 
Quiet Code 

VAG - Analog Ground Output (VDD-VSS)/2. VAG is 
the output of the internal (VDD-VSS)/2 voltage reference. 
A pull-up load resistor and bypass capacitor may be 

required if this output is to be used elsewhere in the 
system. This pin serves as the analog ground. 

ADI - Analog Data Input. The band-limiting input 
filter between the channel unit hybrid and the codec 
drive pin 2. Driver source impedance should be 600 n or 

less. This is the voice input to the codec and will be 

sampled at 8.0 kHz. 
C11, CI2 - Input Sample Capacitor. The input sample 

capacitor is connected to these pins. A 2000 pF silver 
mica capacitor is recommended. 

CZ1, CZ2 - Auto Zero Capacitor. The auto zero cir­
cuit requires a 2000 pF capacitor between these pins. 

R1, R2 - Gain Resistor. The V-to-I conversion resistor 
is connected between these pins. Gain is established by 

the ratio of this resistor and the resistor at pin Iref. 
MulA - Mu-Law/A-Law Select (Internal Pull-Up). 

Selection of Mu-Iaw or A-law coding is provided for logic 

control. An internal pull-Up provides Mu-Iaw output. An 

external connection to VSS provides A-law operation. 
SSE - Signal Sit Enable (Internal PUll-Down). SBE 

controls the insertion of transmit signaling bits into the 
transmit data register. When taken high, the next transmit 
word will contain the SBI pin level in the LSB position 
rather than the last bit of the peM word. If kept high, the 

SB I data will be inserted in succeeding conversions until 
one conversion after it is brought low. I t can be used for 

on-hook signaling or A and B signaling in D3 banks. 
SSI - Signal Sit Input {Internal Pull-Down).SBI is the 

data input for transmitting signaling bits. The level of SBI 

Min Typ Max Unit 

33 36 - dB 

27 30 -

22 25 - dB 

-0.5 - +0.5 dB 
-0.10 - +1.0 dB 

- 0 12 dBmC 
- - -

will be latched on the leading edge of SBE, or by the 

internal latch data pulse if SBE is held high. If SBE is 
pulsed, the leading edge of SBE will latch SBI, and load it 

into the next transmit word. 
ADO - Analog Data Output. ADO outputs the 

received PAM sample for three convert clock cycles 
beginning with MSI. It then returns to the output neutral 

voltage which. may be a few millivolts different from 

VAG1. 
C01, C02 - Output Sample Capacitor. The output 

sample capacitor is connected between these pins. A silver 
mica capacitor of 2000 pF is recommended. 

VSS - Most Negative Supply. This is the most negative 
supply pin, and the' digital ground. All digital inputs and 
outputs will swing the full supply voltage. 

Iref - Current Reference Input. A reference current of 
50 to 200 IlA sets the full scale DAC curren~. An 80 IlA 
input current corresponds to 1.28 rnA full scale DAC 

current at pin R.2. 
POI - Power-Down Input. PD I deactivates the codec 

when pulsed to VSS. In the power-down mode the analog 
circuitry bias is turned off and the digital clock inputs are' 
disabled. Power-down dissipation is less than 1.0 mW. 

MSI - Master Sync Input (Internal Pull-Down). The 

MSI leading edge resets the entire chip to the initial cycle 
(0000). The chip continues operation on the next leading 

edge of data and convert clock. MSI also resets the output 

. data multiplexer to the transmit word sign bit. 

sao - Signal Bit Output. SBO outputs the LSB of 
the receive data register. The LSB may be sampled exter­
nally during the first three convert clocks after MSI or 

used as a trigger pulse in off-hook applications. 

"--------® MOTOROLA Semiconductor Products Inc. ---------' 
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MC14406. MC14407 

SBD - Signal Bit Decode (Internal PUll-Up). Signal bit 

decode allows the control of the 1/2 LSB or LSB centering 
required in sample decode cycles. It is loaded by the RCE 
edge in each cycle. If a zero is entered, the next decode 

cycle adds 1/2 LSB to the 8-bit, received word to center 

the quantization error of the 8-bit received sample when 
the output sample capacitor is charged. If a 1 is loaded by 

RCE, the 1/2 LSB is not added, and the LSB is forced to 
a 1 to form a centeTed error 7-bit output, and the LSB 
is ignored and assumed to be signaling information. (For 

codes 1111111 X or 0111111 X, the LSB is disabled for 

SBD high.) 
DOC - Decode Only Control (Internal Pull-Down). 

DOC is normally tied low. When high, it configures the 
device to skip the eight convert clocks used for A-to-D 
conversion. The operating cycle is then two clocks for 
PAM output at ADO and six clocks for charging the l 

next output sample. The device may be used to do as 
many as four decode cycles in a 125 tls/period with an 
external transmission gate selector. 

Received Data is loaded into the transmit data register 

at MSI when in DOC mode, so DOC can be used as 

a digital loop back control. 
TDE - Transmit Data Enable (Internal Pull-Up). The 

Transmit Data Enable is a three-state control for the 
transmit digital output. A number of codec outputs can 

be interleaved into a serial stream by connecting the out­
puts and controlling TOE with a 1-of-N decoder. It will 

provide switching characteristics capable of 3.088 MHz 

operation. 
TDD - Transmit Digital Data. The Transmit Digital 

Data rate is controlled by the data clock input, and is 

frame aligned with the Master Sync Input. If data clock 
is at 1.544 M Hz, and convert clock is at 128 kHz, the new 

sign bit will be output beginning with the leading edge of. 

Signal 

Generator 

HP 6518 

Analyzer 

HP 333A 

Meter 

HP355S 

TEST CIRCUIT 
MC14406 NOISE PERFORMANCE DATA 

1020 Hz 

SSI 

ADO 

COl 

Filter CO2 

VSS 

VSS 

-DOC 

SSO 

SSD 

MSI 

+P01" 
'ret 

VDD - Vss: 
12 \j (Floating) 

~--+-+4 128kHz 

f-+~-+-+- g~gtl;al 

I-++-t--+-+- 8.0 kHz 

R2 
25 k 

convert clock 8, and the 8-bit word repeated throughout 

the convert cycle at the data clock rate. The data word 
is inverted offset binary with zero code suppression. 
See Conversion and Data Timing. 

TDC - Transmit Data Clock. TDC sets the digital data 

rate of the codec. The transmit data stream will provide ~ 
continuous repetition of the current transmit data word at 
the TDC bit rate, beginning with MSB first and syn­
chronized with the last MSI. The new data word is loaded 
and serially output at mid-cycle or on the leading edge of 
convert clock 8. 

RDC - Receive Data Clock. ROC controls the receive 
data register. It clocks the receive-data register on the 
trailing edge under the control RCE. It is often connected 
to TDC. 

RCE - Receive Clock Enable. The rising edge of RCE 
triggers the, receive data register to accept a hew data 

input. After the rising edge of ROE, the data on RDD is 

loaded into the Receive qata Register on the next eight 
trailing edges of ROC. The ninth clock transfers the new 

8-bit word to an internal intermediate register and frees 
the Receive Data Register for a new RCE. 

RDD - Receive Digital Data. ROD is the input to the 
receive data shift register. It is controlled by RCE. The 
register is clocked on the trailing edge of ROC. The data 
format is sign bit first, inverted offset binary code. 

CCI - Convert Clock Input. CCI controls the conver­
sion sequence. A 128 kHz clock will produce 64K-bits/s 
full duplex operation and a 256K-bits/s clock will produce 
64K-bit operation for two channels. Sixteen clocks 
represent one chip cycle from MSI to MSI. 

VDD - Most Positive Supply. VDD is typicallv 12 V 
with an operation range of 10 V to 16 V. All logic outputs 
swing the full supply voltage. 

40 

30 

20 

10 

-60 50 

NOISE PERFORMANCE OF MC14406 

-40 

TYPical Measured Peribrmance 

-30 

1020 Hz 

C Message 

Mu Law 

12 Volt Supply 

100 ~A 'ref 

·20 -10 

II'tTPUT SIGNAL LEVEL IdBm) 
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"I need to know if this device exists, and if there are 
any alternate sources. Where do I start?" 

• Memory IC • CMOS 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If you're spending hours to solve a problem similar 
to the one above, yodre behind the times ... 

It only takes a few seconds with ffTHE MASTER~' 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 

(lIE:) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

. . . alternate·· source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section . . . a complete 
part numbering guide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor - etc. 

uTi' 
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The 
BI-FET 
Process 

What's New about BI-FETs? 

The desire for a monolithic FET, to 
incorporate in linear circuit design, has 
been around for many years. In fact, many 
unsuccessful attempts were made using 
standard bipolar base and emitter 
diffusions. The major problem with this 
approach is the inability to control the all 
important pinch.:.off voltage, which is 
proportional to the concentration of the 
dopant in the channel. 

The key to the BI-FET process, which 
National pioneered six years ago, is the 
use of ion implantation of the channel and 
gate regions. By implanting the channel, 
very precise control of the char-mel 
dopant is achieved, and therefore the 
pinch-off voltage is maintained uniform in 
volume production. This breakthrough in 
semiconductor technology allowed the 
first BI-FET op amp family to be 
introduced in 1975. 

BI-FET II 

In addition to mastering the ion implant 
technology, National Semiconductor uses 
special processing techniques to reduce 
the input offset voltage, reduce the noise, 
and enhance the speed capab'ilities. One I 

such process, which is now in full 
production, is the use of laser trimming of 
resistors at the input stage to reduce the 
input offset voltage down to 2.0 mV or 
less. This is BI-FET II. 
Presently, at National, there are several 
new processing investigations which 
promise that the performance of future 
BI-FETs from National will be even more 
startling than the present devices. And it 
goes without saying, the development of 
these new techniques will be consistent 
with high volume production, resulting in 
another important feature-low cost to 
the useL 

©IC MASTER 1979 

Ultra-matched JFETs and 
BiPolar Transistors 

Conventional 
BiPolar. 
TranSistor 

P (Base) 

NPN 

Ion Implant 
for Channel 

Juncllon 
Field Effect 
TranSistor (JFET) 
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The 
BI-FET 
Process 

Advantages to Designers 

Why use BI-FET and BI-FET II? 

The chart below points out the major 
features of SI-FET op amps and 
advantages offered to designers: 

Performance Features Advantages to Designers 
Low input bias current .............. , , . Minimum current loss into amplifier inputs from 

. feedback network or input signal source. 

Low input offset current. ............... Reduces concern for matching impedances on 
each amplifier input. 

High input impedance .. , .............. Allows use of high impedances for input and 
feedback networks and driving sources. 

Low Vas options ...... , ................ Minimizes dc output errors in high gain con­
figurations and can eliminate need for offset 
adjustments. 

Low input noise voltage and current ..... Allows amplification of very small signals. 

Internal compensation ................. Reduces component count by not requiring an 
external capaCitor for stable, trouble free opera­
tion. 

Wide bandwidth ...................... Permits more gain at higher frequencies and 
reduces square wave rise times. 

High slew rate ........................ Allows large sinusoidal output voltage swings 
(± 10V) at high frequencies (200 kHz) without 
slew distortion. 

Low distortion ........................ Low input stage gm and class AS output stage 
yield negligible distortion. 

Fast settling time ..................... Increases sampling rate in data acquisition 
system. 

Ability to drive C loads ................. The amplifier can drive capacit.ors (filters, sam­
ple and holds) or relatively long lengths of 
cable without stability problems or ringing. 

Short circuit protection ................ Wi" survive an output short indefinitely 

Static discharge blowout proof ......... No special handling considerations necessary. 
JFETs are rugged, unlike CMOS. 

Insensitive to RFI. ..................... Allows normal operation in RF systems and 
eliminates audio rectification problems. 

Pin-for-pin compatibility ............... With a" popular devices. 

Low cost. ............................ One advantage every designer wants. 
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Advantages 
of the BI-FET 
Process 

The BI-FET process which combines 
bipolar transistors and junction FET's 
brings many advantages to design 
engineers. The most obvious advantage 
is the low input currents and . 
corresponding high input impedance. In 
addition it can be shown that for an input 
stage running at the same current, a JFET 
input stage will be 20 times faster than 
the equivalent bipolar stage. Thus larger 
bandwidths and slew rates are obtained 
using JFET's. 
Also, because a JFET does not have a 
"forward biased" junction as does a 
normal transistor, the JFET input stage is 
immune to rectification of spurious RFI 
which hampers some Bipolar small signal 
amplifier designs which must operate in 
an RFI environment. 
In addition to the excellent input stage, 
National's LF355, LF356 and LF357 
series use a JFET output stage. By 
eliminating the PNP transistor at the 
output, excellent settling time, low AC 
output impedance at high frequencies, 
and the ability to drive large capacitive 
loads results. 
BI-FET II. the laser trimmed BI-FET 
op amp. attacks the other enemy of the 
circuit designers-offset voltage. Using 
laser trimming at the JFET input stage, 
offset voltage can be reduced to less than 
2.0 mY. a remarkable achievement for a 
FET input amplifier. 
These features all combine to make 
BI-FET the future for all circuit designers 
uS-inQ operational amplifiers. 

©IC MASTER 1879 

Evolution of the 
Monolithic 
OPAMP 

Innovations by 
National Semiconductor­
The Linear Leader 

The Original-LM709 
o First monolithic IC to be mass 

produced 
o Required external compensation 
o Used standard bipolar processing 

v+ 

VOU1 

+o------+-~...I 

An Improvement-LM101 and LM741 
o Internally compensated (LM7 41 ) 
o Improved circuit design and processing 
o First use of lateral PNP transistors 

v-

~-------~----~----~V+ 

Class AS 
Output 
Stage 

Vout 

+~--4---4--~ 

Super Beta-LM108 and 108A 
o Innovative processing-first super 

beta transistors 
o First to guarantee offset voltage drift 
o Lowered bias current to nanoamps 

+ 

~-~~----+----~---~v-

~---~---~~----~V+ 

L---------~~------+_~v_ 

. L.. 

0 
-+oJ 
0 
::l 
"0 
.C· 
0 
0 

E 
(J) 
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ca 
c 
0 
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Evolution of the 
Monolithic 
OPAMP 

Wide Bandwidth-LM118 
o First use of feedforward capacitors in a 

monolithic IC to improve speed 
o High slew rate 
o Wide bandwidth 

+ 

Linear LSI-LM124, LM3900, LM148, LM146 
o First small die size cell enabling low 

cost dual and quad op amps to be 
manufactured 

I Vowi 

II 
II 

~ , I 
Cc 

oV-

o Excellent general purpose 
perormance 

r-------~-------+--~V+ 

o Performance programming 
capability (LM 146) 

o LM 148 Amplifier cell shown - ~--+----+--....., 

+ 

BI-FET -LF155, LF156, LF157 
o First designs to combine bipolar 

transistors with high voltage junction 
FETs 

o Innovation in processing and circuit 
design resulting in industry's lowest 
bias current, highest sl~w rates, 
highest capacitive load, drive capa­
bility and low cost for monolithic ICs. 

o Very low noise voltage and current. 

1040 

Class AB 

1--+-----<'-'; ~t~~~t -0 V oul 

~---~-----~----~--~V-

+ 

BI-FET II-Laser trimmed BI·FET op amps: 
LF351.LF353.LF347 
o Complete family of singles, duals, and 

quads 
o SmalilC dies resulting in low cost 
o Compatible pin-outs with existing 

duals and quads 
o JFEl inputs for withstanding input 

transients 
o Laser trimming to obtain low offset 

voltage 
o Fast slew rate 
o Wide bandwidth and wide fuii power 

bandwidth 
o Internal compensation 
o Excellent RFI rejection 
o Rugged handling capability 
o Excellent noise voltage and noise 

current 

+ 
VOUI 

D oV-

Vout 
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BI-ffi 
Applications 

Active Filters 
National's high performance BI-FET op 
amps allow engineers to design RC 
active filters with fewer limitations on 
component selection. Some key 
performance features of interest to active 
filter designers are: 
D BI-FET op amps, being very close to 

"ideal," allow the filter designer the 
ease of using less cumbersome filter 

- design equations that rely upon the 
"ideal"op amp. 

D The high input impedance and 
extremely low, input bias current 
attendent with BI-FET permits the use 
of high value resistors, and con­
sequently, low value capacitors. The 
use of low value capacitors is 
attractive due to their smaller size, 
lower cost, ease of availability, and 
precision: 

D The low offset voltage, particularly with 
the BI-FET II series, and negligible 
offset current on all the National BI­
FET devices, make them ideal for. DC 
coupled filters such as lowpass 
sections. 

D Low noise. Always a plus in any 
design, but particularly in bandpass 
and lowpass filter designs to maintain 
a high signal to noise ratio. 

D Wide gain bandwidth product. This not 
only simplifies the filter design by 
allowing the designer to assume the 
"ideal" op amp case, but further 
extends the upper fxQ (frequency-Q 
product) previously obtainable. In any 
filter design, the fxQ product of any 
pole or zero should be less than five 
percent of the gain-bandwidth product 
of the-op amp to assure a predictable 
filter response. The higher the gain­
bandwidth product. the easier the 
design becomes. ' 

D High slew rate. Not only does this 
feature allow for large sinusoidal 
output swings (± 10 V) without slew 
limitations (distortion) up to 200 kHz, 
but it also relieves the problems 
associated with high Q sections and 
interstage connection where the signal 
swings may be large. This is 
particularly helpful when designing 
high Q notch or bandpass filters. 

C Duals and Quad op amps. A real pc 
board space and money saver for 
mUlti-stage networks. 

©IC MASTER 1979 

. General Active Filters 

Single Amplifier Non-Inverting Bandpass 

fa - 20kHz. 0 - 10. Av - +1 

Single Amplifier High Gain-Lowpass 

15K 160K 

Ie - 10Hz. 0 - .707 (maximally flat r~sponse) 

Av-+100 

Universal State Variable Filter 

INPUT 

10K 

lOOK 

10K 

10 - 3kHz lnotch - 9.5kHz 
0-3.4 

Passband gain; 
High Pass-0_0316 
Band Pass-1 
Low Pass-0.9l6 
Notch-10 

20K 

High Pass 
Output 

lOOK 

lOOK 

10K 

20K 

Bandpass 
Output . 

555H 

+15V 

-15V 

5.1K 

+15V 

-15V 

10K 
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BI-FET 
Applications 

Audio 
Audio systems require a frequency 
.response bandwidth from 20Hz to 20kHz. 
All National BI-fET op amps possess the 
dynamic AC characteristics to provide 
both versatility and excellent 
performance over this frequency range. 
·Some of the audio performance 
highlights are listed below: 
o Wide bandwidth allows a closed loop 

gain of up to 200 for flat response over 
a 20kHz bandwidth 

o No slew rate limitation problems. 
o Low harmonic distortion as a result of 

a lowgm input stage and class AB 
output stage. 

o Low voltage and current noise provide 
quality sound reproduction. 

o Ability to drive large capacitive 
loads-the LF356 can drive up to 0.01 
~F without problems, making it an 
ideal amplifier for driving long cables. 

o The input stage, being insensitive to 
RFI, eliminates the audio rectification 
dilemmas so often found when a pre 
amp detects and amplifies local radio 
signals. 

o The high power supply ripple rejection 
and input common mode rejection 
eliminate hum problems. 

o The availability of dual and quad _ 
devices simplifies stereo and four 
channef system designs. 

1044 

Specific Audio Applications 

RIAA Equalization Preamp 

o THD 0.05% from 20 Hz to 20 kHz 
o Output noise voltage 220 J.L V rms (dc 

to 20 kHz) 
o Duplicate for other channel using other 

half of LF353 

Three Band Tone Control 
o Duplicate for right channel using other 

two amplifiers of the LF347 
o Circuit performance curve (Audio 

Handbook, page 2-49) 
o Output noise 250 J.L V rms 

3rd Order Active Crossover Network 
o Crossover frequency 500Hz 
o Passband gain unity 
o Duplicate for right channel using other 

half of the LF347 

Left 
Input 

10K 

11K 

+15V 

005 

11K 

Midrange 

~OO5 

102K 

20K 

00056 

3.6K 

1.8K 

Treble 

Low Frequency Output For 
Left Channel Woofer 
Power Amplifier 
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BI-FET 
Applications 

Specific Data Acquisition Applications 

Fast Sample and Hold' 

o Acquisition time (T A) -

[ 2 Ron V;~~h r 
where Ron is on resistance of SW 1 and 
Sr is slew rate provided that: 

VinCh Vin <2 RonChSrand TA ---
lout max 

'f "T Vin Ch 
I not: ,A - 20 rnA V,n 

+15V 

Improved CMRR Instrumentation Amplifier 
o Very high input impedance 

. 0 Very High CMRR ' 

Av - (2R2 ) R5 
R;+1 R. 

mAnd~ Are Separate 
Isolated Grounds 

Matching of R2s, R.s 
and R5S ContrOl CMRR 

With Av - 1400, ReSistor 
Matching -01% CMRR - 136 dB 

R, 

LF356 as Output Amplifier in 01 A Systems 
o Minimizes system errors due to bias 

current. 
o Fast settling output. 
o High capacitive drive capability (CL 

max - 0.01 p,F), 

-15V 

, : Ch 
' . : : " J 
f ·iFET SWitches 
iLF13331 

Sample 

+5V~HOld 

R5 

R5 

+V's 

1 1 
hh 
1 1-

-v, 
Separate 

V+ 14 101 I------<P---~---I 

Digital 
Ground 

DAC 1020 va 

1321110987654 
System Zero Adj. 
Can be Added for 
Increased Accuracy 

LSB MSB 

Vo -- -VREF (A, A2 A7 A,o) 2 + 4 + 8 + . . 1024 AN - 1 for On Bit. AN - 0 for Off Bit 

Digllallnput 
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Data Acquisition 

Operational amplifiers can perform we" 
in a multitude of functions in data 
converters and complete data acquisition 
systems. Inany of these systems, 
minimum error contribution by the ' 
amplifier is of maximum concern. 
National's line of BI-FETdevices offers 
amplifiers suitable for use in high 
accuracy systems. 

o Low input bias and offset currents 
useful in system output amplifiers or 
current-to-voltage converters for 
current mode DACs. Also ideal for 
sample and hold amplifiers u'sed in 
data acquisition systems. 

o Fast setWng time where minimum 
conversion time is of prime 
importance. 

o High common mode rejection for 
instrumentation amplifiers. 

o High input impedance makes 
impedance translation easy. 

o Low noise for signal conditioning. 
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BI-FET 
Applications 

Instrumentation Circuits 
Instrumentation circuits demand 
operational amplifiers with excellent 
characteristics in all areas of 
performance. Some of the major features 
of National's BI-FET line that apply to 
instrumentation needs are: 

D High open loop gain combined with 
low noise at low frequencies results in 
high gain amplifiers with good signal­
to-noise characteristics essential to all 
sensitive instrumentation applications. 

o Low bias current. The requirement for 
preciSion long time integrators, 
logarithmic converters, and multipliers 
is easily satisfied with National BI­
FETs. 

o Wide bandwidth and fast slew rate op 
amps are needed to accurately 
amplify fast varying input signals. 

D The high input impedance, large 
common mode range and power 
supply rejection inherent in National 
BI-FET op amps are especially useful 
for transducer amplifiers. 

D Most instrumentation systems require 
more than one amplifier. This need is 
satisfied by National's complete line of 
single, dual and quad BI-FET op amps, 
covering all combinations of input 
offset voltage, bandwidth, low power, 
and more. A glance at the BI-FET 
selection guide will quickly find the 
correct device for your design. 

Specific Applications 

Precision attenuator with attenuation digitally selected 
D Accuracy of better than 0.4% with 

standard 1 % value resistors. 
D No offset adjustment. 
D Expandable to any number of stages. 
D Very high input impedance. 

A, A2 A3 Vo Attenuation 

0 0 0 0 
0 0 1 -ldB 
0 1 0 -2dB 
0 1 1 -JdB 
1 0 0 -4dB 
1 0 1 -5dB 
1 1 0 -6dB AJ A2 A, 
1 1 1 -7dB Attenuation Select Inputs I --

Auto Zeroed Instrumentation Amplifier 
(Allow 500 ILs for system to completely zero) 

5V Off 

o~ 

All Resistors 
1% Tolerance 

Vs - ±15V 

Long Time Integrator with Reset, Hold and Starting Threshold Adjustment 
D Vout starts from zero and is 

equal to the integral of 
the input voltage with 
respect to the threshold 
voltage: 

V
out

- ~(t 
RClo (Vin - Vth ) dt 

D Output starts when Vin - Vth 
D Switch Sl permits stopping and 

holding any output value. 
D Switch S2 resets the 

system to zero. 

+15V 

Threshold Adjust 
S~ I Set Threshold 

Voltage 
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BI-FET means 
more than 
OpAmps 

In addition to op amps, here are.other 
IC's built with this unique process: 

LF111 BI·FET input comparator LF11508 and LF11509 8 Channel Single or Differential Multiplexers 
o Low bias current. 
o· High input impedance. 

Bal/Strobe 

v+ 

VUU1 GND 

v-

v-

o Lowcost. 
o Eliminate CMOS latch-up problem. 

51 S2 S3 S4 S5 S6 57 58 

LFl1508 

v+ 

Out GNO 

v-

LF11331, LF·11332, LF11333, LF11201, LF11202, QUAD SPST Analog Switches 
LF11331-4 normally open switches with LF11332-2 normally open and 2 

disable. normally closed switches with 
LF11332-4 normally closed switches disable. 

with disable. LF11201-4 normally closed switches. 

IN1 01 S1 S2 D2 IN2 

v-

IN4 04 S4 S3 D3 IN3 

LF11202-4 normally open switches. 
o Lowcost. 
o Eliminate CMOS latch-up problems. 

D,sable 

LogiC 
Reference 

LF13300 Dual Slope Integration AID Analog Building Block 
o Low cost 12-bit AID and 4% digit DVM. 

©IC MASTER 1979 

Analog 
GNO 
(AG) 

18 

54 

1 
Power Supply 
GNO(PSG) 

Unknown 
Input Reference 
(vx) Input(VRI 

17 16 

Input 

LogiC 

Buller 
Out 

15 

Enable A, 

SIA S2A S3A S4A S4B S3B S2B S1B 

LF11509 

LF198 Sample and Hold Circuit 
o First monolithic sample and hold. 

QpAmp 
Input 

HOld 
Capacitor 

Offset Correction 
Capacitors 

Coc, COeJ 
11 10 

QuIA 

OulS 
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Product 
Selection 
Chart 

Comparison of Electrical Characteristics 
DC Electrical CharacteristiCS AC Electrical Characteristics 

Vos-Max Offset 
Voltage (mV) 

AVos/AT - T.C. OF, 
Vos (p.VfC) 

IB-Max Bias 
Current (pA) 
(TJ - 25°C) , 

AVOL Large 
Signal Voltage 
Gain (V/mV) 
Min (T A - 25°C) 

en-Equiv. 
Part Number 

(TA - 25°C) TYP 
SR-Slew 
Rate (V/ILS) 

Input Noise 
Voltage (nV/.JHz) 
(Note 2) 

Military BI·FET OP AMP (Note 1) 
LF155 ........... ,. 5 .................. 5 ................... 100 ................. 50 ................. 5 .................. 20 
LF 155A ............ 2 .............. ' ... 5 (max), ............. 50 .................. 50 ................. 5 .................. 20 
LF156, ............ 5 .................. 5 ................... 100 ................. 50 ................. 12 ................. 12 
LF156A ............ 2 .................. 5 (max) .............. 50 .................. 50 ................. 12 ................. 12 
LF157 ............. 5 .................. 5 ................... 100 ................. 50 ................. 50 ................. 12 
LF157A ..... , ...... 2 .................. 5 (max) .............. 50 .................. 50 ................. 50 ................. 12 
LFT155 . . 05 . ' . . . , ,5 (max) .... , ......... 50 .................. 50 ................. 5 .................. 20 
LFT156 ............ 0.5 .......... .,,5 (max). , ... 50, ,50 .... , .. , ......... 12 ................. 12 
Industrial BI·FET OP AMP (Note 1) 
LF255 ............. 5 .................. 5 ................... 100 ................. 50 ................. 5 ................. ,20 
LF256 ............. 5. . .............. 5 ................... 100 ................. 50 ................. 12 ................. 12 
LF257 ............. 5 .................. 5 ................... 100 ................. 50 ................. 50 ................. 12 
Commercial BI·FET and BI·FET II OP AMP (Note 3) 
LF351 ............. 10 ................. 10 .................. 200 ................. 25 ................. 13 ................. 16 
LF351 A ............ 2 .................. 10 .................. 100 ............. , ... 25 ................. 13. . . . . . . . .. 16 
LF351B ............ 5 .................. 10 .................. 200 ................. 25 ................. 13 .... , ............ 16 
LF355 ............. 10 ................. 5 ................... 200 ................. 25 ................. 5 .................. 25 
LF355A ............ 2 .................. 5 (max) .............. 50 .................. 25 ................. 5 .................. 25 
LF355B ............ 5 ................. 5 ................... 100 ·················50 ................ 5 ................. 20 
LF356 ............. 10 ................. 5 ................... 200 ................. 25 ................. 12 ................. 15 
LF356A ............ 2 .................. 5 (max) .............. 50 ., , ............... 25 ................. 12 ................. 15 
LF356B ............ 5 ................. 5 ................... 100 ................. 50 ................ 12 ................ 12 
LF357 ............. 10 ...... , .......... 5 ................... 200 ................. 25 ................. 50 ................. 15 
LF357A ............ 2.......... ..5 (max) .............. 50 .................. 25 ................. 50 ................. 15 
LF357B ............ 5 ................. 5 ............. : ..... 100 ................. 50 ................ 15 ...... ' .......... 12 
LFT355 ............ 0.5 ................ 5 (max) .............. 50 ................. , SO ................. 5 .............. , ... 20 
LFT356 ............ 0.5 ................ 5 (max) .......... , ... 50 .................. 50 ................. 12 ................. 12 
LF13741 ........... 15 ................. 10 ..... , ............ 200 ................. 25 ................. 0.5 ................ 37 
BI·FET II Dual OP AMPS (Characteristics for Each Amplifier) (Note 3) 
LF353 .. ' .......... 10 ................. 10 .................. 200 ................. 25 ................. 13 ................. 16 
LF353A ............ 2 .................. 10 .................. 100 ................. 25 ................. 13 ................. 16 
LF353B ............ 5 .................. 10 .................. 200 ................. 25 ................. 13 ................. 16 
BI·FET II Quad OP AMPS (Characteristics for Each Amplifier) (Note 3) 
LF347 ............. 10 ................. 10 .................. 200 ................. 25 ................. 13 ................. 16 
LF347A ............ 2 .................. 10 .................. 100 ................. 25 ................. 13 ................. 16 
LF347B ............ 5..... . .... 10 .................. 200 ........... , ..... 25 ................. 13 ................. 16 
BI·FET IS a trademarked term by National Semiconductor who 'nvented ttie technoiogy In 1!f14, -, , , , " 
Notel: DC electncal charactenstlcs are -S5°C to + 125°C lor Military and - 25° to +8SoC for Industrial unless otherWise noted; AC electncal charactensllcs are T A -tlsoC. tYPical specifications unless noted, 
Note 2: I - 1000Hz 
Note 3: DC electncal charactensllcs are O°C to + ?O°C unless otherwise noted; AC electr.,cal characteristics are T A - 2SoC, typical specifications unless noted 

Selection by Design Parameter 
Max Input Offset O.S mV 2mV 

LF155A/LF355A 
LF156A/LF356A 

SmV 10mV 1SmV 
Voltage LFT155/LFT156 
(T A - 25°C) LFT355/LFT356 

LF351B 
LF347B 

LF355/LF356/LF357 LF 13741 
LF351 

• Max Input Bias 
Current 
(TJ - 25°C) 

Typ Equivalent 

LF357A . LF353B 
LF155/LF156/LF157 

LF353 
LF351A 
LF353A 
LF347A 

SOpA 
LF155A/LF156A/LF157 A 
LFT155/LFT156 
LF355A/LF356A1LF35 7 A 

LF255/LF256/LF257 
LF355B/356B/357B 

LF347 

100pA 200pA 
LF155/LF156/LF157 LF355/LF356/LF357 
LF255/LF256/LF257 LF351/LF351 B 
LF351A LF347~F347B 
LF353A LF353/LF353B 
LF347A LF13741 
LF355B/356B/357B 

2SnVTo37nV 
Input Noise Voltage 
per.JHz, f - 1000 Hz, 
Rs -1000 

12 nVor Less 
LF156/LF156A 
LF157/LF157A 
LFT156/356 
LF256/LF257 
LF356B/357B 

15 nVto 20nV 
LF356 LF351 
LF356A LF351 A 
LF357 LF351B 
LF357A LF347 
LF355B LF347A 

LF353 LF 155 LF355 LF 13741 

Typ Slew Rate 

1048 

O.S V/p..8 S VlILS 
LF13741 LF155/LF155A 

LFT155 
LF255 
LF355/lF355A 

LF353A LF155A LF355A 
LF353B LFT 155 

LF255' 

LF347B 

12 VlILS 
lFT355 lF156 lF356A 
lF355B I LF156A 1 lFT356 

lFT 156 lF256A 
lF256 lF356B 
LF356 

13 VlILS 
LF351 I LF353B 
LF351A lF347 
lF351B lF347A 
lF353 LF347B 
LF353A 

SOV/IJ.$ 
lF157 LF257A 
LF157A LF357B 
lF357 ' 
LF357A 
lF257 
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Ordering 
Information 

National Semiconductor Description 
Part Number 

Package Temperature 
Range 

LF111H .................... BI-FET Comparator ........... TO-5 .......... A 
LF155AH .................. BI-FET Op Amp .............. TO-5 ... -....... A 
LF 155H .................... BI-FET Op Amp .............. TO-5 .......... A 
LF156AH .................. BI-FET Op Amp, Low Power .... TO-5 .......... A 
IF 156H .................... BI-FET Op Amp .............. TO-5 .......... A 
LF157AH .................. BI-FETOp Amp, low Power. '" TO-5 .......... A 
LF157H .................. " BI-FET Qp Amp ........•..... T0-5 .......... A 
LF198H ................... BI-FETSample/Hold ......... ITO-5 .......... A 
LF13741H ................. BI-FET741 OpAmp ........... TO-5 .......... C . 
LF13741N ................. BI-FET 741 Op p ........ ~ ..... 8-pin DiP ...... C 
lFT155H. .................. BI-FET Op Amp, Low Power .... TO-5 .......... A 
LFT156H ................... BI-FET Qp Amp .............. TO-5 .......... A 
LF211 H .................... BI-FET Comparator ........... TO-5 .......... B 
LF255H .................... BI-FET Op Emp ............... TO-5 .......... B 
LF256H .................... BI-FET Op Amp .............. TO-5 .......... B 
LF257H .................... BI-FET Op Amp .............. TO-5 .......... B 
LF298H .................... BI-FET Sample/Hold .......... TO-5 .......... B 
LFT355H ................... BI-FET Op Amp .............. TO-5 .......... C 
LFT356H .... : .............. BI-FET Op Amp .............. TO-5 .......... C 
LF311H ................ -.... BI-FET Comparator ........... TO-5 .......... C 
LF34 7N .. : ................. BI-FET II Quad Op Amp ........ 14-pin DIP ..... C 
LF34 7 AN .................. BI-FET II Quad Op Amp ........ 14-pin DIP ..... C 
LF347BN .................. BI-FET II Quad Op Amp ........ 14-pin DIP ..... C 
LF34 7 J .................... BI-FET 1/ Quad Op Amp ........ 14-pin C-DIP .. C 
LF34 7 AJ ................... BI-FET II Quad .............. ; 14-pin C-DIP .. C 
LF347BJ ............ ; ...... BI-FET" Quad Qp Amp ........ 14-pin C-DIP .. C 

. LF351 N .................... BI-FET " Op Amp . ~ ........... 8-pin DIP ...... C 
LF351 AN .................. BI-FET " Op Amp ............. a-pin DIP ...... C 
LF351 BN .................. BI-FET II Op Amp ............. 8-pin DIP ...... C 
LF351 H ......... , ..... -..... BI-FET II Op Amp ............. TO-5 .......... C 
LF351 AH .................. BI-FET II Op Amp ............. TO-5 .......... C 
LF351 BH .................. BI-FET" Op Amp ............. TO-5 .......... C 
LF353N .................... BI-FET" Dual Op Amp ........ 8-pin DiP ...... C 
LF353AN .................. BI-FET " Dual Op Amp ........ 8-pin DIP ...... C 
LF353BN .................. BI-FET II Dual Op Amp ........ 8-pin DIP ...... C 
LF353H .................... BI-FET'II Dual Op Amp ... , .... TO-5 .......... C 
LF353AH .................. BI-FET II Dual Op Amp ........ TO-5 .......... C 
LF353BH .................. BI~FET II Dual Op Amp ........ TO-5 .......... C 
LF354AN .................. 'BI-FET II Dual Op Amp ....... 14-pin DIP ..... C 
LF354BN .................. BI-FET II Dual Op Amp ....... 14-pin DIP ..... C 
LF354N ................... BI-FET II Dual Op Amp . .' ..... 14-pin DIPI ..... C 
LF355AH .................. BI-FET Op Amp .............. ' TO-5 .......... C 
LF355H .................... BI-FET Op Amp .............. TO-5 .......... C 
LF355N ........•........... BI-FET Op Amp .............. 8-pin DIP _ ..... C 
LF356AH ................. .IBI-FETOpAmp .............. ITO-5 .......... C 
LF356H .................... BI-FET OP Amp .............. TO-5 .......... C 
LF356N .................... BI-FET Op Amp .............. a-pin DIP ...... C 
LF357AH .................. 'BI-FET Op Amp .............. 'TO-5 .......... C 
LF357H .................... BI-FET Op Amp .............. TO-5 .......... C 
LF357N .................... BI-FET Op Amp .............. 8-pin DIP ...... C 

LF398H ................... \BI-FETSampie/Hoidl ......... TO-5 .......... C 

Additional National Semiconclqctor Products using 
BI·FET Technology 
[] LF 111/LF311 Comparator 
[] LF11201/LF12201/LF13201 Quad Analog Switch Family 
[J LF11202/LF12202/LF13202 Quad Analog Switch Family 
o LF11331/LF12331/LF13331 Quad Analog Switch Family 
[] LF11332/LF12332/LF13332 Quad Analog Switch Family 
[] LF11333/LF12333/LF13~33 Quad Analog Switch Family 
[] LF11508/LF12508/LF13508 8 Channel Analog Multiplexer 

LF11509/LF12509/LF13509 9 Channel Differential Analog Multiplexer 
o LF 13300 Integrating AID Building Block 
o LF 198/LF298/LF398 Sample and Hold Circuit 
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Temperature Range: 
A = -55to +125·C 
B = -25to + 85°C 
C = Oto + 70·C 
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June 1978 

~National 
D Semiconductor 

LM 13600/LM 13600AlLM 11600A 
Dual Operational Transconductance 
Amplifiers With Linearizing Diodes and Buffers 

General Description 
• Excellent gm linearity The lM13600 series consists of two current 

controlled transconductance amplifiers each 
with differential inputs and a push,pull output. 
The two amplifiers share common supplies but 
otherwise operate independently. Linearizing 
diodes ate provided at the inputs to reduce 
distortion and allow higher Input levels. The 
results is a 10 dB signal-ta-noise improvement 
referenced to 0.5 percent THO. Controlled im­
pedance buffers are provided which are 
especially designed to complement the 
dynamic range of the amplifiers. 

• Excellent matching between amplifiers 
• Linearizing diodes 
• Controlled impedence buffers 
• High output signal to noise ratio 
• Wide supply range ± 2V to ± 22V. 

Applications 
• Current controlled amplifIers 
• Current controlled impedances 
• Current controlled filters 
• ,Current controlled oscillators 
• Multiplexers 
• Timers Features 

• gm adjustable over 6 decades • Sample and hold circuits 

Schematic and Connection Diagrams 
Dill OPERATlOIiAl TRAIISCOIIOUCTAIICE AMPliFIER 

V' 
11 -------.-----..------.--.-----.---. 

OIOOE liAS _..---+-1---, 
Z.15 

-IIII'UT 
4.13 

'''''BlAS 

OUTPUT 
5,12 

Ill'UT 
1.1.--.....--1 

DUAlllI·LlIIE PACKAGE TOPYIEW 
AMP 
liAS DIODE IIII'UT IIlPUT BUFFER IUFFER 
IIiPUT liAS (+1 H 0U1?UT y+ "'UT OUTPUT 

" " 9 

1 

. AMP DIODE IIiPUT IIiPUT OUTPUT '1- IUfFER BUFFER 
BIAS liAS (+1 H INPUT OUTPUT 
IIiPUT 

IUFFER 
OUTPUT", 

IG·B25M58IPrinted in U.S.A. 
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Absolute Maximum Ratings 
Supply Voltage (Note 1) 

LMl3600 
LMl3600A, LM11600A 

Power Dissipation (Note 2) T A = 25 0 C 
LMl3600N,LMl3600AN 
LMl3600J, LMll600AJ 

Differential Input Voltage 
Diode Bias Current (10) 

Amplifier Bias Current (IABC) 
Output Short Circuit Duration 
Buffer Output Ct,Jrrent (Note 3) 
Operating Temperature Range 

LMl36ooN, LM13600AN, LM13600J 

LM11600AJ 
DC InputVoltage 
Storage Temperature Range 
Lead Temperature (Soldering, 10 Seconds) 

Electrical Characteristics (Note 4) 
Parameters Conditions . 

Input Offset Voltage (VOS) 
Over Specified Temperature Range 
IABC5~ 

VOS Including Diodes Diode Bias Current (0) = 500 ~ 
Input Offset Change 5 p.A S IABC S 500 ~ 
Input Offset Current 
Input Bias Current 

Over Specified Temperature Range 
Forward 
Transconductance(gm) 

Over specified Temp Range 
gm Tracki~g 
Peak Output Current RL= O,IABC = 5p.A 

RL = 0, IABC = 500 p.A 
RL = 0, Over Specified Temp RangE 

Peak Output Voltage 
Positive RL=oo, 5p.A S IABCS 500 p.A 
Negative RL= 00, 5 ~ S IABCs 500 p.A 

Supply Current IABC=500p.A,Both Channels 
VOS Sensitivity 

Positive 1..'.. VOS/t:.. V+ 
Negative t:.. Voslt:.. V...;. 

CMMR 
Common Mode Range 
Crosstalk Referred to Input (Note 5) 

20'Hz < f < 20 KHz 

Diff.lnput Current IABC=O, Input = ±4 V 
Leakage Current IABC = 0 (Refer To Test Circuit) 
Input Resistance 
Open Loop Bandwith 
Slew Rate Unity Gain Compensated 
Buff. Input Current (Note 5) 
Peak Buffer Output Voltage (Note 5) 

M13800 

Min 

6700 
5400 

350 
300 

+ 12 
-12 

80 
±12 

10 

10 

Note 1. For selections to a supply voltage above ± 22V, contact factory. 

Typ 

0.4 

0.3 
0.5 

0.1 
0.1 
0.4 

1 

9600 

0.3 
5 

500 

+ 14.2 
-14.4 

2.6 

20 
20 

110 
± 13.5 

100 
0.02 
0.2 
26 
2 

50 
0.4 

LM13100A 

Max Min Typ 

5 0.4 

5 0.3 
5 0.5 

0.1 
0.6 0.1 

5 0.4 
8 1 

13000 7700 9600 
4000 

0.3 
3 5 

650 350 500 
300 

+12 + 14.2 
-12 -14.4 

2.6 

150 20 
150 20 

80 110 
± 12 ± 13.5 

100 
100 0.02 
100 0.2 

10 26 
2 

50 
5 0.4 

10 

36 VDcor ± 18 V 
44VDCor ±22V 

570mW 
600mW 

±5V 
2mA 
2mA 

Indefinite 
20mA 

O· Cto + 70 0 C 

·55· C to + 1250 C 
+ Vs to·VS 

~5°Cto +l50°C 
3OO°C 

LM11600A 

Max Units 

2 mV 
5 mV 
2 mV 
2 mV 

3 mV 
0.6 ~ 

5 p.A 
7 p.A 

12000 p.mho 
p.mho 

dB 
7 p.A 

650 p.A 
p.A 

V 
V 

mA 

150 p.VlV 
150 p.VIV 

dB 
V 

dB 
10 nA 
5 nA 

KO 
MHz 

Vlp.Sec 
5 p.A 

V 

Note 2. For operating at high temperatures, the device must be derated based on a 150· C maximum junction temperature and a thermal 
resistance of 175° CIW which applies for the device soldered in a printed circuit board, operating in still air. 
Note 3 .• Buffer output current should be limited so as to not exceed package disSipation. 
~ote 4. These specificat.ions,apply for Vs = ± 15 V, TA = 25· C, amplifier bias current (lABC) = 5OOuA, pins 2 and 15 open unless 
othe~wise specified. The inputs to the buffers are grounded and outputs are open. 
Note 5. These speCifications apply for Vs = ± 15V ,'IABC = 500 p.A, ROUT = 5 K {} connected from the buffer output to - Vs and the 
input of the buffer is connected to the transconductance amplifier output. 
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Typical Applications 

0.1pF 

VIN o1 .... 'VX~....-+-o--I 

voo-------~-.-< 

:::::: 1 % ACCURATE 

1052 

10 

True RMS Converter 

+Vs 

5 K 12 K 

10 K 

30K 
GAIN 

\_----ID CONTROL 

-""-0 OUTPUT 

5K 

-vs 

Voltage Controlled Amplifier 
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Typical Applications (Continued) 

JOK 

VIN o-""V'VV .... --o--t 

~GC Amplifier 

-VIN -VREF 

V - (2 Vs - 1.2 V) (R4) (RS) .In VIN R2 
OUT - (R3 + R

4
) (R5) VREF Rl 

Log Amplifier 

10K 

10 K 

30 K 

10 K 
V'No-....... -JVVV-------' 

Phase lock Loop 
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~National 
D Semiconductor 

JULY 1978 

LM192/LM292/LM392, LM2924 Low Power 
Operational AmplifierNoltage Comparator 

General Description 
The LM192 series consists of 2 independent building 
block circuits. One is a high gain, internally frequency 
compensated operational amplifier, and the other is-a 
precision voltage comparator. Both the' operational 
amplifier and the voltage comparator have been specifi­
cally designed to operate from a single power supply 
over a wide range of voltages. Both circuits have input 
stages which will common-mode input down to ground 
when operating from a single power supply. Operation' 
from split power supplies is also possible 'and the low 
power supply current is independent of the magnitude 
of the supply voltage. 

Application areas include transducer amplifier with 
pulse shaper, DC gain block with level detector, VCO, 
as well as all conventional operational amplifier or 
voltage comparator circuits. Both circuits can be operated 
directly from the standard 5 VDC power supply voltage 
used in digital systems, and the output of the compar­
ator will interface directly with either TTL or CMOS 
logic. In addition, the low power drain makes the LM192 
extremely useful in the. design of portable equipment. 

Advantages 
• Eliminates need for dual power supplies 

• An internally compensated op amp and a precision 
comparator in the same package 

• Allows sensing at or near ground 

• Power drain suitable for battery operation 

• Pin-out is the same as both the LM158 dual op amp 
and the LM 193 dual comparator 

Connection Diagrams 

Metal Can Package 

V+ 

Features 
• Wide power supply voltage range 

Single supply 
Dual supply 

3V to 32V 
±1.5V to ±16V 

• Low supply current drain-essentially independent of 
supply voltage 600 J.lA 

• Low input biasing current 50 nA 

• Low input offset voltage 2 mV 

• Low input offset current 5nA 

• Input common-mode voltage range includes,ground 

Ii Differential input voltage range equal to the power 
supply voltage 

ADDITIONAL OP AMP FEATURES 

• Internally frequency compensated for unity gain 

• Large DC voltage gain 100 dB 

• Wide bandwidth (unity gain) 1 MHz 

• Large output voltage swing OV to V+ - 1.5V 

ADDITIONAL COMPARATOR FEATURES 

• Low output saturation voltage 250 mV at 6 mA 

• OutPl.,lt voltage compatible with all types of logic 
systems 

Dual-In-Line Package 

OUTPUT A ...--~8_ V+ 

INVERTING INPUT A 
(COMPARATOR) 

_~~_ OUTPUT B 
1 ________ ----" (OP AMP) 

INVERTING 2 
INPUT A 

GNO 

TOP VIEW 

6 INVERTING 
INPUT B 

NON·INVERTING _+-_ ..... 
INPUT A 

GNO-+---..... 

L..-....... _ INVERTING INPUT B 

L-_ ...... _ NON·INVERTING 
INPUT B 

TOP VIEW 

(Amplifier A '" Comparator) 
(Amplifier B '" Operational Amplifier) 

© 1978 Netionel Semiconductor Corp . IM-B25M78/Printed in U.S.A. 
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Absolute Maximum Ratings 
LM192/LM292/LM392 LM2924 

Supply Voltage. v+ 32V or ±16V 26V or ±13V 
Differential Input Voltage 32V 26V 
Input Voltage -o.3V to +32V -o.3V to +26V 
Power Dissipation (Note 1) 

Molded DIP (LM392N. LM2924N) 570mW 570mW 
Metal Can (LM192H/LM292H/LM392H) 830mW 

Output Short-Circuit to Ground (Note 2) Continuous Continuous 
Input Current (V IN < -0.3 VOC) (Note 3) 50mA 50mA 
Operating Temperature Range 

LM392 O°C to +70°C -4(tCto +85°C 

LM292 -25°C to +85°C 
LM192 -55°C to +125°C 

Storage Temperature Range -;35°C to +l50°C -;)5°C to +l50°C 
Lead Temperature (Soldering. 10 seconds) 300°C 300°C 

Electrical Characteristics (v+ ="5 VOC; specifications apply to both amplifiers unless otherwise stated) (NOte 4) 

PARAMETER CONDITIONS 
LM192 LM2921LM392 LM2924 

UNITS 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Input Offset Voltage T A = 25°C. (Note 5) ±2 ±5 ±2 ±5 ±2 ±7 mV 

Input Bias Current IN(+) or IN(-), T A = 25°C. 50 150 50 250 50 250 nA 

(Note 6) 

Input Offset Current IN(+) - IN(-). T A = 25°C ±3 ±25 ±5 ±50 ±5 ±50 nA 

Input Common-Mode Voltage V+ = 30 VOC. T A = 25°C, 0 V+-l.5 0 V+-l.5 0 V+-l.5 V 

Range (Note 7) 

Supply Current RL = 00, VCC = 30V, 1 2 1 2 1 2 mA 

(LM2924, VCC = 26V) 

Supply Current RL = 00, VCC = 5V 0.5 1 0.5 1 0.5 1 mA 

Amplifier-to-Amplifier Coupling f'" 1 kHz to 20 kHz. -100 -100 -100 dB 

T A = 25°C. Input Referred, 

(Note 8) 

Input Offset Voltage (Note 5) ±7 ±7 ±10 mV 
I 

Input Bias Current IN(+) or IN(-) 300 400 500 nA 

Input Offset Current IN(+) - IN(-) 100 150 200 nA 

Input Common· Mode Voltage V+ = 30 VOC. (Note 7) 0 V+-2 0 V+-2 0 V+-2 V 

Range 

Differential Input Voltage Keep All VIN'S ~ 0 VOC V+ V+ V+ V 

(or V-. if Used), (Note 9) 

OP AMP ONLV 

Large Signal Voltage Gain V+ = 15 VOC (For Large 50 100 25 100 100 V/mV 

Vo Swing), RL = 2 k!1, 

TA = 25°C 

Output Voltage Swing RL = 2 k!1. TA = 25°C, 0 V+-l.5 0 V+-l.5 0 V+-l.5 V 

(LM2924, RL~ 10 k!1) 

Common-Mode Rejection Ratio ~C, TA = 25°C 70 85 65 70 50 70 dB 

Power Supply Rejection Ratio ~C, TA = 25°C 65 100 65 100 50 100 dB 

Output Current Source VIN(+) = 1 VOC. 20 40 20 40 20 40 mA 

VIN(-) = 0 VOC, 

V+ = 15 VOC. 

TA'" 25°C 

Output Current Sink VINI-I = 1 VOC. 10 20 10 20 10 20 mA 

VIN(+) = 0 VOC. 

V+= 15 VOC: 

Vo~ 1 VOC, 

TA = 25°C 

VIN(-) = 1 VOC. 12 50 12 50 12 50 p,A 

VIN(+) = 0 VOC. 

v+ = 15 VOC, Vo = 200 mV. 

TA = 25°C 

@IC MASTER 1979 1055 



'-o 
+-' o 
::J 

" r::::: 
o 
.2 
E 
(J) 

CJ) 

(ij 
r::: 
o 
;: 
co 
Z 

1056 

Typical Applications 

For many application ideas, please refer to the LM124, LM139, LM158 and LM193 data sheets. 

VCo--.. 

R ,. 

--

Voltage Controlled Oscillator Circuit 

Cc 

7 
3.9. 

>-"'-~D OUTPUT 1 

100k 

5011 

100k 

~--------------------------~OUWUT2 

Transducer Amplifier With Driver 

1M 9.1k 

5.1k 

*Photo diode may be replaced with any type of transducer which converts 
some physical property to electrical energy. 
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~National 
D Semiconductor 

JUNE 1978 

LM13080 Programmable. Power Op Amp 
General Description 
The LM 13080 is an internally compensated medium 
power operational amplifier designed for use in those 
applications requiring load currents of several hundred 
milliamperes. This amplifier has the added advantage 

. of having an input stage programmed with an external 
resistor. The user is able to optimize the amplifier 
performance for each individual application with this 
feature. Applications include servo amplifiers and 
drivers, high input impedance audio amplifiers, DC· 
to-DC converters, precision power comparators which 
can either sink or source current and motor speed 
controls. 

The LM 13080 may be powered from either single or 
dual power supplies, and will operate from as little 
as 3V. 

As a power operational amplifier, the LM13080 is 
capable of delivering O.25A to a load. This feature 
allows the system designer to fulfill his medium power 
circuit requirements without having to add external 

Schematic and Connection Diagrams 

current boost transistors to the output of a standard 
operational amplifier. 

By selecting the proper input stage bias resistor It IS 
possible to tailor the performance of the input stage 
to meet the needs of any particular system. Trade-offs 
between input offset voltage, input bias current and 
gain bandwidth are easily made. 

An unusual feature of the LM13080 is an electronic 
shut-down cap~bility. 

Features 
• High output current-250 mA 

• Externally programmable input stage 

• Low power supply operation-3V 

• Electronic shut-down capability 

• Internally compensated for unity gain 

• Low input bias current 

V+~6 ____________ ~ ______ ~ .... ______________ ~ __ ~O.~2~~~~ 

INPUT BIAS 
(RSETI 

H 

(+)0----11-----+-..... 

-INPUT 

OUTPUT BIAS 

GND 

© 1978 National Semiconductor Corp. 
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TOP VIEW 
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INPUT BIAS 
(RSET) 
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VOUT 
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Absolute Maximum Ratings 
Supply Voltage Operation Range 3V to 15V or Input Voltage Range, (Note 3) -o.3V to + 15V 

±1.5V to ±7.5V Input Current (VIN ~ -0.3V), (Note 4) 20mA 
Power Dissipation, (Note 1) Operating Temperature Range O°C to +70°C 

Molded Dual-In-line Package (LM130aON) l000mW Storage Temperature Range -65°C to +15O°C 
Differential Input Voltage, (Note 2) 15V Lead Temperature (Soldering, 10 seconds) '3()(tc 

Electrical Characteristics (VS = 12V, RSET = 6aOk, unless otherwise specified) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage T A = 25°C, (Note 5) ±3 ±7 mV 

Input Bias Current IIN(+) or IIN(-), TA = 25°,c 100 400 nA 

Input Offset Current IIN(+) - IIN(-), T A = 25°C ±30 ±75 nA 

Supply Current RL = 00, T A = 25°C, (Note 6) 3 6 mA 

Output Voltage Swing Vs = ±6V, T A = 25°C, (Note 1) 

VOH RL = 50n 4.5 5 V 

RL = an 2 V 

VOL RL = 50n -5 -4.5 V 

RL = an '-2 V 

Large Signal Voltage Gain Vs = ±6V, RL = 50n, f = 100 Hz, 3 10 V/mV 

TA = 25
c
C 

Input Common-Mode Voltage Vs ~ 15V, TA = 25°C, (Note 3) 1 VS-l.5 V 

Range 

Input Offset Voltage (Note 5) ±10 mV 

Input Offset Voltage Drift 5 j.J.vtc 
Input Bias Current I'N{+) or IIN{-) 600 nA 

Input Offset Current IIN(+) - IIN(-) ±150 nA 

Input Offset Current Drift 50 pAfc 

Supply Current RL = 00, (Note 6) a rnA 

Output Voltage Swing Vs = ±6V, (Note 1) 

VOH RL::: 50n 4 V 

RL = an 1.6 V 

VOL RL = 50n -4 V 

RL = an -1.6 V 

Large Signal Voltage Gain Vs = ±6V, RL = 50n. f = 100 Hz 1 V/mV 

Input Common-Mode Voltage Vs ~ 15V, (Note 3) 1.25 VS-l.75 V 
Range 

Common-Mode Rejection Ratio 63 a5 dB 

Total Harmonic Distortion RL = an, VO::: 2 Vrms, 0.5 5 % 

f = 1 kHz 

Note 1: For operation at high temperatures the LM13080 must be derated based on a maximum junction temperature of ~ 50° e and a thermal 
resistance of 1200 e/W. The thermal resistance value is for a package soldered into a printed circuit board and operating in a still air ambient. 

Note 2: Differential input voltages up to the magnitude of the power supply voltage will not damage the input circuitry. However, input voltages 
outside the input common-mode voltage range will not be able to properly control the output of the amplifier. 

Note 3: The input voltage applied to either input should not be allowed to go more than O.3V below the potential applied to pin 4; however, 
either input can be taken as high as 15V without causing damage to the circuit. Input voltages below the minimum common-mode voltage range 
may cause a phase reversal in the output. 
Note 4~ This input current will exist only when the voltage at either input lead is driven negative. It is due to the base-isolation junction of the 
PNP transistor tub becoming forward biased and thereby acting as an input diode clamp. In addition to this diode action, there is also lateral NPN 
parasitic action on the Ie chip. This transistor action can cause the output to take an undefined state for the time duration that an input is drive'n 
negative. 
Note 5: Vo = 6V, AS = on, and over the full input common-mode voltage range. 

Note 6: Supply current is measured with the amplifier connected in a unity gain follower configuration and the positive input set to one-half 
of the supplv voltage. 
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6V 

OUTPUT (TO 
TWISTED PAIR) 

Line Driver - Unbalanced Input to Balanced Output 

.1 
fSWITCH= 1.4R1Cl 10V 

= 1.9 Hz 
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10k 

10k 

Rl 
75k 

p-----~~v------, 

15k 

9V 

01 VIN 

10V 

2·Tone Siren 

lOOk 

9V 

20k 

ON 

ovl 
9VO FF 

LD~-
Piezoelectric Alarm 

Rl R2 

MOTOR 

Motor Speed Control 

R2 
75k 

15k 

'''¥1 
Basic tone = 190 Hz 
Switched tone = 260 Hz 

XTAL 
FRED 
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Positive Voltage Regulators 

5.0 { 

~~~--~~~--------~~~~~~~-+--~~~-+--~--~-+------~ 

LM123/LM223/LM323K STEEL 
....•..............•................. : ... : ............•.................. : ..... : .....•.. 

·tMl8n;M2$I/tM3IIKmlt +----+-........ 33V 
3.0 { 

1
P--L-M-11~1-/L-MZ~1~1-/L-M-31-1-K-ST-E-E-L~~~~-'~-V-. ---.--~~---~~---~~~~-+--~--::::~::-3-1-V~ 

1.5 ····t.ijNWA:Mi~Ii •• ir_'i· ····ta ................ ~~ ..... 
LM311T 1.2V ...... -+--+----+ 

1.0 

0.5 

lM140AK/LM340AK, LM140K/LM340K 
LM18XXCK (AL) ..... 
UfItX.Cy·.·· .. · 

LM311MP 

t.ttitWtfIUIfl~t_ 
LM111H/LM211 H/LM311H 

1.M341' LM1IMXxcp 

1~V ----+--+--+­

ta~-"+~~~I""" 

1.2V ...... -+---+-----ir-

-+-----+~- 37V 

.-+-.....-+--11..... &TV 

~---!~- 37V 

0.25 { . lM342P 

0.2 { 

0.1 

~--------~~--------~~------~~-+--~~~-+--~~~-+------~ 
LM140LAH/LM240LAH/LM340LAH 
LM18LXXCH 
LM78LXXACH 

~Al 
unallxe! 
UI'IIlXXAtz 

5 6 8 10 12 15 18 24 

Vo - NOMINAL REGULATED OUTPUT VOLTAGE (V) 

PACKAGE 
DESIGNATOR 

0 
K 
KC 
K STEEL 

tJ T 

£!P P 

~ H 

~ Z 

PACKAGE 
TYPE 

TO·j* 
HERMETIC 

TO·220 
PLASTIC 

TO-202 
PLASTIC 

TO·S, TO-39 
HERMETIC 

TO-99 
PLASTIC 

* All devices with TO-3 package desig­
nators (K or K STEEL I are supplied 
in steel TO-3 packages unless otherwise 
designated as (AU aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-3. 
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LM145K/LM246K/LM345K 

! 1.0 l'l,=~ji"'':i!) ;:~Iiillj\ 
a: 
a:: 
:;) 
t.,) .­
:;) 
A.. .... 
:;) 

o 
Q 

~'O.5 .­z 
c:c 
a:: 
< 
:::lI 
~ 

I 

o.zs{ I: '", ~_ •• ;" 

Negative Voltage Regulators 

s-
o -o 
:::S' 
"0 
c: 

~ 0, 
,0 

E 
Q) 

;(/) 

02{ 

D.I{II' ____ a 

PACKAGE 
DESIGNATOR 

0 
K 
KC 
K STEEL 

(J T 

~ P 

~ H 

P Z 
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PACKAGE 
TYPE 

TO·3* 
HERMETIC 

TO·220 
PLASTIC 

TO·202 
PLASTIC 

TO-5, TO·39 
HERMETIC 

TO-99 
PLASTIC 

-24 -:-18 -15 

Vo - NOMINAL REGULATED OUTPUT VOLTAGE (V) 

* All devices with TO-3 package desig­
nators(K or K STEEL) are supplied 
in steel TO-3 packages unless otherwise 
designated as (All aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-3. 

-8 -6 -5.2 -5 
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LiNEAR National Semiconductor 

i VOLTAGE TEMPERATURE 
DRIFT - ppmfCMAX 

REVERSE BREAKDOWN VOLTAGE or mV MAX CHANGE OVER DYNAMIC VO.lTAGE DEVICE TOLERANCE TEMPERATURE RANGE· CURRENT RANGE. IR 
IMPEDANCE VR a1 fR MAX. T A • 25"C 

DRIFT TEMPERATURE 
(MAX) RANGE 

1.22 lMlll :>5% 100 (typ) -55"C to +125"C 500 IlA to 20 mA 0311 
1.22 lMl13 !5% 100 Itvp} O~C to +70"C 500 IlA to 20 mA 0.3U 
1.22 lMll3·l H'lb 50 (typ) -55"C to +12SoC 500 pA to 20 mA 0.311 
1.22 lM113·2 :!:2% 50 (typ) -SSoC to +125°C 500 IlA to 20 mA 0.3U 
2.49 lMl36 ±2% 18mV -5S"C to +12SoC 400 IlA to 10 mA 0.211 
2-.49 lM136A ±1% 18mV -55"C to +12!)C 400 IlA to 10 mA 0.211 
2.49 lM236 12% 9mV -25"C to +85"C 400 IlA to 10 mA 0.211 
249 lM236A i1% 9mV -2S"C to +85°C 400IJA to 10mA 0.211 
2.49 lM336 .1:4% 6mV ODC to +70°C 400 IlA to 10 mA 0.211 
2.49 lM3368 12% 6mV O"C to +70°C 400llA to 10 mA 0.211 
5.0 lMl36·5.0 12C!E. 36mV ·-55"C to +12S"C 400 IlA to 10 mA 0.211 
S.O lM136A·5.0 11% 36mV -55"C to +125°C 400 pA to 10 mA 0.2H 
5.0 lM236·5.0 12% 18mV -25°C to +85"C 400 IlA to 10 mA 0.211 
5.0 LM236A·5.0 tl% 18mV -25°C to +85°C 400pA to 10 mA 0.211 
5.0 lM336-5.0 :t4~ 12mV O"C to +7U'C 400 IlA to 10 mA 0.211 
5.0 lM3368·5.0 12% 12mV ODC to +70"C 400 p.A to 10 mA 0.211 
6.90 lM129A +3%, .• 2% 10 -55"C to +125"C 0.6 mA to 15 mA 0.6n 
6.90 lMl298 +3%. -2% 20 -55°C to +125"C 0.6 mA lO 15 rnA 0.611 
6.90 lMl29C +3%.-2% 50 -55DC to +125"C 0.6 mA to 15 mA o.en 
6.90 lM329B :!:5% 20 ODC to +70°C 0.6 mA to 15 mA o.an 
6.90 lM329C. ±5% 50 O.,C to HODe 0.6 mA to 15 mA o.an 
6.90 lM329D .15% 100 ODC to HODC 0.6mA to 15mA o.en 
6.95 lMl99A +1%. -2% 0.5 -55°C to +85°C 0.5 mA to 10 mA 0.511 
6.95 lM199A +1%. -2% 10 85°C to +125°C 0.5 mA to 10 mA 0.511 
6.95 lMl99 +1%. -2% 1 -55°C to +8S'C 0.5 mA to 10 mA 0.511 
8.95 . lM199 +1%. -2% 15 85°C to +125°C 0.5 mA to 10 mA 0.50 
6.95 lM299A tl%. -2% 0.5 -25°C to +85°C 0.5 mA to 10 mA 0.511 
6.95 lM299 +1%. -2CN> 1 -25°C to +85°C 0.5 mA to 10 mA 0.511 
6.95 lM399A i5% 1 ODC to +70DC 0.5 mA to 10 mA 0.511 
6.95 lM399 i5% 2 O°C to+70°C 0.5 mA to 10 mA 0.511 
6.95 lM3999 ±5% 5 ODC to +70°C 0.6 mA to 10 mA o.en 
10.00 lHOO70-0 0.1" 20mV -~oC to +85DC OmAto20mA o.m 
10.00 lH007()'1 0.1% 10mV -25°C to +85°C OmAto20mA o.m 

~ 

I ... 

10.00 lH007()'2 0.05% 4mV -25"c to +85°C OmAto 20mA o.m 
10.24 lHOO71·0 0.1% 20mV -2rtC to +86"c OmAto20mA 0.20 
10.24 lHOO71·1 0.1% 10mV ;"25°C'to +asoc OmAto20mA 0.20 
10.24 lHOO71·2 0.05% 4mV -26"C 10 +8SoC OmAta 20mA 0.20 

-

Voltage Reference. Guide 
~ 
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~National Voltage Regulators 
~ Semiconductor 
LM1524/LM2524/LM3524 
Regulating Pulse Width Modulator 
General Description 
The LM 1524 series of regulating pulse width modulators 
contains all of the control circuitry necessary to imple­
ment switching regulators of either polarity, transformer 
coupled DC to 'DC converters, transformer less polarity 
converters and voltage doublers, as well as other power 
control applications. This device includes a 5V voltage 
regulator capable of supplying up to 50 mA to external 
circuitry, a control amplifier, im oscillator, a pulse width 
modulator, a phase splitting flip-flop, dual alternating 
output switch transistors, and current limiting and shut- . 
down circuitry. Both the regulator output transistor and 
each output switch are internally current limited and, to 
limit junction temperature, an internal thermal shut­
down circuit is employed. The LM1524 series will be 
available in the 16-pin dual-in-line J package with either 
a military, industrial or commercial temperature range. 

Typical Applications 

RF 

Features 
• Complete PWM power control circuitry 

• Frequency adjustable to greater than 100 kHz 

• 2% frequency stability with temperature 

• Total quiescent current less than 10 mA 

• Dual alternating output switches for both push-pull 
or single-ended applications 

• Current limit amplifier provides external component 
protection 

• On-chip protection against excessive junction temper­
ature and output current-thermal limit 

• 5V, 50 mA linear regulator output available to user 

Vo 

to 

DESIGN EQUA nONS . 

RF = 5K ( Vo - 1 ) 
2.8 

fosc 
(.5) RrCr 

1I = 2.5VIN2 (VO-VIN) 

flo V02 

Co = 10 (VO-VIN) 

f ~ Vo Vo 

lOMAX = hN VIN 
Vo 

~-e __ ~~~~--------------~~~---------4~--~GND 

FIGURE 7: Positive Regulator. Set-Up Basic Configuration (lIN MAX = BDmA) 
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~National 
OCTOBER 1917 

D Semiconductor 

LM137/bM237/LM337 3-Terminal Adjustable 
Negative Regulators 

General Description Features 
• Output voltage adjustable from -1.2V to -37V The LM137/LM237/LM337 are adjustable 3-terminal 

negative voltage regulators capable of supplying in excess 
of -1.5A over an output voltage range of -1.2V to 
-37V. These regulators are exceptionally easy to apply, 
requiring only 2 external resistors to set the output 
voltage and 1 output capacitor for frequency compensa­
tion. The circuit design has been optimized for excellent 
regulation and low thermal transients. Further, the 
LM 137 series features internai current limiting, thermal 
shutdown and safe-area compensation, making them 
virtually blowout-proof against overloads. 

• 1.5A output current guaranteed. -55°C to +l5(tC 

The LM137/LM237!LM337 serve a wide variety of 
applications including local on-card regulation, program­
mable-output voltage regulation or precision current 
regulation. The LM137!LM237/LM337 are ideal comple­
ments to the LM117/LM217/LM317 adjustable positive 
regulators. 

Typical Applications 

• Line regulation typically 0.01%/V 

• Load regulation typically 0_3% 

• Excellent thllrmal regulation. O.OO2%/W 
• 77 dB ripple rejection 

• Excellent rejection of thermal transients 

• 50 ppmfC temperature coefficient 

• Temperature-independent current limit 

• Internal thermal overload protection 

• 100% electrical burn-in 

• Standard 3-lead transistor package 

Adjustable Negative Voltage Regulator 

+ 
C2* 

-VIN--... --..... 

AOJ 

LM137! 
LM337 

-VOUT ; -1.25V (1 + ~) 
120n 

VOUT 
~--~--------~----VOUT 

t C1 ; 1 IJF solid tantalum or 10 IJF aluminum electrolytiC required for stability 
·C2; 1 IJF solid tantalum is required only if regulator is more than 4" from 

power-supply filter capacitor 

Adjustable lab Voltage RegUlator -5_2V Regulator with Electronic: Shutdown· 

TTl 
CONTROL 

t-=-~~ ..... -- 11V TO lOV 

l..f 

-BV TO ·lUV'--+-+-_---I 

t lV TO. 10V 
*Minimum output:- -1.3V when control input is low 

lSV-...... ..--....... 

*The 10 IJF capacitors are OPtional to improve ripple rejection 
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~National 
D Semiconductor 

OCTOBER 1977 

LM150/LM250/LM350 
3 Amp Adjustable Power Regulators 

General Description 
The LM 150/ LM250/LM350 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 3A over a 1.2V to 33V output range. They are 
exceptionally easy to use and require only 2 external 
resistors to set the output voltage. Further, both line 
and load regulation are comparable to discrete designs. 
Also, the LM 150 is packaged in standard transistor 
packages which are easily mounted and handled. 

In addition to higher performance than fixed regulators, 
the LM 150 series offers full overload protection available 
only in IC's. Included on the chip are current limit, 
thermal overload protection and safe area protection. 
All overload protection .circuitry remains fully functional 
even if the adjustment terminal is accidentally discon­
nected. 

Features 
• Adjustable output down to 1.2V , 

• Guaranteed 3A output current 

• Line regulation typically 0.OO5%1V 

• Load regulation typically 0.1% 

• Guaranteed thermal regulation 

• Current limit constant with temperature 

• 100% electrical burn-in in thermal limit 

• Eliminates the need to stock many voltages 

• Standard 3-lead transistor package 

• 86 dB ripple rejecti'on 

Typical Applications 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are 'difficult 
to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators or discrete designs, 
the LM 150 is useful in a wide variety of other applica­
tions. Since the regulator is "floating" and sees only the 
input-to--Qutput differential voltage, supplies of several 
hundred volts can be regulated as long as the maximum 
input to output differential is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 

connecting a fixed resistor between the adjustment and 
output, the LM 150 can be used as a precision cu rrent 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LM150/LM250/LM350 are packaged in standard 
steel TO·3 transistor packages. The LM 150 is rated for 
operation from -55° C to + 150° C, . the LM250 from 
-25°C to +150°C and the LM350 from O°C to +125°C. 

1.2V-25V Adjustable Regulator SA Regulator 
Regulator and Voltage 

Reference 

t Optional-improves transient 
response 

*Needed if device is far from 
filter capacitors 

ttVOUT = 1.25V (1 + :~) 

© 1977 National Semiconductor Corp. 
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~National 
D Semiconductor 
The "NAKED-8"TM 

A to 0, 0 to A 
(REV 2) 

ADC 0801 8 Bit, JlP Interfaced, Differential Input AID 

General Description 

The ADC 0801 is a MP compatible, advanced CMOSI 
SiCr 8 Bit successive approximation AID converter 
which uses a modified potentiometric ladder-similar to 
the 256 R products, It is designed to meet the NSC 
microbusT

• standard to allow operation with the 8080 
control bus. The "TRI-STATE"(!f; output latches directly 
drive the data bus. This AID appears like a memory 
location or an 1/0 port to the MP an'd no interfacing 
logic is needed. 

A new differentia! analog voltage input allows many 
novel applications such as increasing the common­
mode rejection and offsetting the analog "ZERO" input 
voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog 
voltage span to the full 8 bits of resolution. 

TYPICAL APPLICATION 

8080 BUS 

CS AID 

M 
I RD 

2 C 
R 

WR 0 3 
B 
U INTR 
S 5 

DB7 
11 

18 
DATA BUS 080 

lSB 

+Vcc (5V DCI 
{or VREFI 

20 

ADC 0801 

AID 

20 PIN Dll 

10 8 

Features 

• MicrobusT
• (8080) compatible-no interfacing 

. logic needed 

• Easy interface to all MP'S 

• New analog differential voltage inputs-has both' 
VIN (+) & VIN (-) pins 

• MOS logic inputs which meet T2L voltage 
ieve; specifications 

• Works with SV or 2.SV (LM336) voltage reference 

• On-chip clock generator. (with external R. C) 

• 0 to SV anaiog input voltage range with 
single SV supply 

• 0.3" std. width 20 pin OIL pkg. 

Key Specification 

16 Resolution: 8 Bits 

• Linearity: ± 1/2 LSB 

• Converstion time (Vcc = 6V): SO MS 

• Single supply: SV DC 

• Clock range 100 kHz to.1.28. MHz 

• Operates ratiometric or with +SV DC, +2.SV DC. 
or "ANALOG SPAN ADJUSTED" voltage reference 

6 
VIM (+1 

DIFFERENTIAL 

7 
VIN H ANALOG VOLTAGE INPUTS 

9 + Vllul2 
(2.5V DCI 

. 19 
ClK R 

4 

USE RC FOR 
SElF CLOCKING 

D GND A GND OR DRIVE PIN 4 
NOTE: No interface electronics is J; needed tor 8080 type ot bus. -

(CS • WRI--...... ~ "START CONVERSION" (Memory or 1/0 Writel 

rCS • ROI .. "OUTPUT ENABLE" (Memory or liD Read), 
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CONNECTION DIAGRAM 

CS 

iID 

WR 

elK IN 

INTR 

VIN (+) 

VIN (-) 

A GND 

VREF 

D GND 

Oper~tion 

The ADC 0801 contains a circuit equivalent of the 256R 
network. Analog switches are sequenced by successive 
approximation logic to match the analog difference 
input voltage [VIN (+) - VIN (-)] to Rcorresponding tap 
on the R network. The most signHicant bit is tested 
first and after 8 comparisons (64 clock cycles) a digital 
8 bit binary code ("11.11 1111 = full scale) is transferred 
to an output latch and then an interrupt is asserted 
(INTR makes a high to low transition). The device may 
be operated in the free running mode by connecting 
INTR to the WR input with CS = O. To insure start-up 
under all possible conditions, an external WR pulse is 
required during the first power up cycle. A conversion 
in process can be interrupted by issuing a second 
"start" command. 

On the high to low transition of the WR input, the 
internal SAR latches and the shift register stages are 
reset. As long as the CS input and WR input remain 
low, the A/D will remain in a reset state. Conversion 
will not start until from 1 to 8 clock periods after at 
least one of these inputs makes a low to high transition. 

Functional Description 

DIGITAL CONTROL INPUTS 
The digital control inputs (CS. RD. and WR) have been 
designed to meet standard T2L logic voltage levels. 
These signals have been re-named when compared to 
the "standard" AID "START" and "OUTPUT ENABLE" 
labels. In addition. these inputs are active low to allow 
an easy interface to ,uP control busses. For non-,uP 
based applications. the CS Input (pin 1) can be 
grounded and the "standard" AID "START" function 
is obtained by an active low pulse applied at the WR 
input (pin 3) and the "OUTPUT ENABLE" function is 
caused by an active low pulse at the RD input (pin 2). 

©Ie MASTER 1979 

2 

3 

4 

5 

6 

7 

8 

9 

10 

DUAL-IN-lIME PACKAGE 

20 Vee 

19 CLK R 

18 DB7 (MSB) 

17 DB6 

ADC 0801 16 DB5 

15 DB4 

14 DB3 

13 DB2 

12 DB1 

11 DBO (LSB) 

TOP VIEW 

20 PIN 0.3" WIDE 
DlL PACKAGE 

THE ANALOG DIFFERENTIAL VOLTAGE INPUTS 
This AID has additional applications flexibility due to 
the unique analog differential voltage input feature. 
The VIN (-) input (pin 7) can be used for "tare"· 
correction to automatically subtract a fixed voltage 
value from the output reading. This is also useful in 
4-20mA current loop conversion. In addition, "ground 
noise" problems can be reduced by making use of the 
differential input - especially when a dual sample and 
hold circuit is used (see applications section). 

Finally, an analog input voltage with a reduced span 
and a relatively large "zero" offset can be easily 
handled by making use of the differential input (see 
the next section on the' referen'ce voltage). 

The leads to the analog inputs (pins 6 and 7) should 
be kept as short as possible. Both noise and undesired 
digital clock coupling to these inputs can cause system 
errors. The source resistance for these inputs should 
be kept below 5 kit If a low pass filter is required in 
the system, use a low valued series resistor (::; 5 kn) 
for a passive RC section or add an op amp RC active 
low pass filter. For low source resistance applications, 
a 0.1,uF by-pass capacitor at the inputs will prevent 
pickup due to series lead inductance and a 1 kn series 
resistor can be used to isolate this capacitor from the 
output of an op amp (if used). 

INPUT CURRENT 
Due to the successive approximation switching action, 
currents will flow at the analog inputs. This is due to 
on-chip parasitic capacitance to ground. The voltage 
on this capacitor is switched and will result in currents 
entering or leaving the input pins which will depend 
on the analog input voltage levels. This "charge 
pumping" action is worse for continuous conversions 
with the analog input voltages at zero or full scale. 
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By-pass capacitors at the inputs will average these 
charges and cause a dc current to flow through the 
output resistances of the analog signal sources. For 
continuous conversions with a high clock frequency 
(fclk = MHz) with the analog inputs at zero volts, this 
dc current is at a maximum of approximately 11JA. 

OFFSETTING ZERO 
The zero of the AID does not require adjustment. If 
the minimum analog input voltage value, VIN (min.), 
is above ground, a zero offset can be done. The 
converter can be made to output 0000 0000 digital 
code for this minimum input voltage by biasing the 
AID \l,N (-) input at this VIN (min.) value. This is 
making use of the differential mode operation of the AID. 

R 

9 

R 

DECODE 

8 

A GNU 

FULL SCALE ADJUSTMENT 
The full scale adjustment can be made by applying a 
voltage which is 1-1/2 LSB of the desired analog 
voltage range to the VIN (+) input and then adjusting 
the magnitude of the VREF Jnput (pin 9) for a digital 
output code which is just changing from "1111 1110" 
to "1111 1111". 

REFERENCE VOLTAGE FLEXIBILITY 
For maximum applications flexibility, the reference 
voltage has been designed to accommodate a +SVoc, 
+2.5Voc or an '''adjusted'' voltage level. This has been 
achieved in the design of the IC as shown in figure 1. 

·Vct 

20 

ANALOG 
CKTS 

DIGITAL 
CKTS 

10 

o GND 

FIGURE 1: The VREFERENCE design on the Ie 

Notice that the reference voltage to the IC is either 1/2 
of the voltage which is applied to the +Vcc supply 
pin, or is equal to the voltage which is externally 
"forced" to exist at the VREF pin. This allows for a 
ratiometric voltage reference using the +Vcc supply 
(where a capacitor can be connected from VREF to 
ground for noise rejection), a +5Voc reference voltage 
can be used for the +Vcc supply or any voltage can be 
applied to the VREF input for increased application 
flexibility. The internal "gain" to the VREF input is 2 
to allow this factor of 2 reduction in the VREF voltage. 

1068 

An example of the use of an "adjusted" reference 
voltage is to accommodate a reduced span - or dynamic 
voltage range of the analog input voltage. If the analog 
input voltage were to range from O.5Voc to 3.SVoc. 
(instead of OV to SVoc) the span would be 3V. With 
+O.5Voc applied to the VIN (-) pin to absorb the 
"offset". the reference voltage can be made equal to 
1 12 of the 3V span or +1.5Voc. The AID now will encode 
the VIN (+) signal from O.SV to 3.SV with the O.SV input 
corresponding to "zero" and the +3.SVoc input corre"' 
sponding to "full scale". The full 8 bits of resolution 
are therefore applied over this reduced analog input 
voltage range. 

@Ie MASTER 1979 



SElF-ClOCKING OPTION 
The clock for the AID can be derived from the CPU 
clock or an external RC can be added to provide self­
clocking. The "ClK IN" (pin 4) makes use of a 
Schmitt trigger as shown in figure 2 .. 

ClK R 19 

ClK IN 

ADC 0801 

FIGURE 2: Self-clocking the AID 

Typical Applications 

I. Interfacing 8080 J-LP Deviatives (8048, 8085) 
This converter has been designed to directly interface 
with an 8080 A-2 J-LP (MICROBUS™ class 2). The AID 
can be "mapped" into memory space (using standard 
memory'address decoding for CS and the MEMR and 
MEMW strobes) or it can be controlled as an 1/0 device 
by using the liD Rand 1/0 W strobes and. decoding 
the address bits Ao - A7 (or address bits As - A15 as 
they will contain the same 8 bit address information) 
to obtain the CS input. Using the 1/0 space provides 
256 additional addresses and may allow a simpler 8 
bit address decoder but the data can only be input to 
the accumulator. figure 3. To make use of the addi­
tional memory referenced instructions, the AID should 
be "mapped" into memory space. 

The standard control bus Signals of the 8080 (CS, 
RD and WR) can be directly wired to the digital 
control inputs of the AID and the bus timing require­
ments are met to allow both starting the converter 
and the outputting of the data onto the data bus. A bus 
driver should be used for larger J-LP systems where 
the data bus leaves the PC board andlor must drive 
capacitive loads larger than 100pF. 

@IC MASTER 1979 

II. The Z-80 CPU 
The Z-80 control bus is slightly different from that of 
the 8080. General RD and WR strobes are provided and 
separate memory request, MREQ, and 1/0 request, 
10RO, signals are used which have to be combined. 
with the generalized strobes to provide the equivalent 
8080 Signals. An advantage of operating the AID in 1/0 
space with the Z-80 is that the CPU will automatically 
i.nsert qne wait state (the RD and WR strobes are 
extended one clock period) to allow more time for the 
1/0 devices to respond. logic to map the AID in 1/0 
space is shown in figure 4. 

IU. Interfacing 6800 J-LP Derivatives (6502, etc.) 
The control bus for the 6800 J-LP derivatives do not 
use RD and WR strobe signals. Instead they employ a 
single R/W line and additional synchronizing. if 
needed. could be derived from 02 clock. All 1/0 devices 
are memory mapped in the M6800 system and a special 
signal. VMA, indicates that the current address is valid. 
Figure 5 shows an interface schematic where the AID 
is memory-mapped. Note that in many 6800 systems a 
decoded 4/5 line is brought out to the common bus 
at pin (21). This can be tied directly to the CS pin of 
the AID provided that no other d.evices are addressed 
at ADDR : 4XXX or 5XXX. 
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AIALOG 
INPUTS 

0 

-"V 

--0 
-"'" 
"'" 

--

:=C~\--

J,. 

CS 

RD 

WR 

eLK IN 

liT 

V. (+1 

V.H 

AGIO 

VREF 

o GID 

+ 5V 
~ 
~ 

ADC0801 Vee ~ :R ... 
~ 

elK R 

DB7 

086 

DB5 

DB4 

DBa 

DB2 

OBI 

DBO 

fiGURE 3: A0C0801 - 11S808OA CPU Interface 

Hardw .. e Not8l: 
1. *Pin nullbera 'or die 1188238 sySIeIII cuntroller. 

Rd------~, 

10RO--..... 

ADC 0801 

Ii-----------~[~ 

74&32 

FIGURE 4: Mapping the A/D as an I/O device for use with the Z-80 CPU. 

.. ----. --

.. -.. ---
---
... -.. -... 
,-

~ -
--

INT (14)* 

lID W 127)* 

'lID R t25)* 

DB7 (7)* 

0116 (201* 

DB5 (18)* 

OM (5)* 

DBa (9)* 

082 (11)* 

OBI (16)* 

DBO (13)* 

FROM DECODER 
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. - iiiQ 14) (0 J 

0( 1 --- Rlii I2J (34) ( 6 I 

AAU 
•••• 

R 

1 20 - CS -'2 Vee -
L..(j Ro CLK R 

19 

~ 18 

+ 5V (8) (AB CJ 
1 2 3 

-WR .. DBO - DO (33) (311 
4 17 ... 
5 CLK IN OBI -

.I""t. m DB2 
16 --"'" -

01 (321 (291 

D2 (31) (i I 

- 6 ADC 0801 15 ... V'N (+) DB3 - 03 (301 (iiI 
... 7 

V'N (-) DB4 
14 ... - 04 (29) (32) 

= ;:: C 8 
A GND DB5 

13 -- 05 (28) (30) 

II 9 VREF DB6 
12 -II - D6 (27) ( I ) 

10 o GND DB7 
11 -- 07 (261 (J) 

,.,-s:: 
-- FROM DECODER 

HARDWARE NOTES: 
1. Numbers in parenthesis refer to MC6800 CPU unit 2. Numbers or letters in brackets refer to standard 16800 system common bus code. 

FIGURE 5: ADC0801 to MC6800 CPU Interface 

IV. Miscellaneous Applications Vee (or _ VREF) = 5V 

R 
ADC 0801 

e_---....f CLK ('N) 

VANALOG [l------+-----+----~ V'N (+) 

R1 VREF/2 

V'N (min) ----------1-... VIM 1-) 

R2 

• Analog input voltage range: (V'N (max) . VIM (min) < 5V 

• 1!! +1 = VIM (max) : Ri 11 R2 = Ri 11Rf 
Ri 2 VIM (min) 

D GND A GND 

VREFI2 = V'N (max) 

2 

• If VIN (min) is zero. the VIM H pin of the AID should be grounded. the LM358 should be connected 
as unity gain follower. and the center point of the R1. R2 divider should be = VIN (max)l2. 

8 BIT WORD 

FIGURE 6: Offsetting the zero. and. accommodating the Naked 8™ for input voltage ranges less than 0 to 5V. 
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DIFFERENTIAL 
ANALOG INPUT 

5V 
REF 

+ 15V 

lF397 
Vee (5V DC) 

ADC 0801 

">-----+--l...J---------1-~D-.... VIN (+) 

- 15V 

TO SfH 
CONTROL 

I 100PF 

~-""'....-n-I VREFI2 

VIN (-) 

D GND A GNo 

I·1pF 

8 BiT WORD 

FIGURE 7: Interfacing the Naked 8™ with the lF397 data acquisition building block. 

1072 

The unique advantages of the Naked 8™ - DUAL S/H combination are very fast acquisition times. 
negligible hold mode errors and rejection of common mode signals. 

10K 

cs Vee (or VREF) = 5V 

RO 

WR oBO 

ClK (IN) OBI 

INTR DB2 

VIN (+) ADC 0801 oB3 
DIGITAL OUtPUT 

18 BIT WORD) 
VIN I-I oB4 

120pF A GND oB5 

V REF 12 DB6 

o GNo DB7 

FIGURE 8: The Naked 81M in a free running mode. 
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General Data Acquisition System Block Diagram 

PRESSURE 
LX __ _ 

TEMPERATURE 
LM334 
LM33S 
lM3I11 

OTHERS 
THERMOCOU'LE 
RTD 
AUDIO 

OTHER DEVICES: 

LHII44) 
+RA28~ 

LF3SZ 
Lt1D131 
LHII31 
LIMiZ 

AF101 
AFl50 
AF1S1 

LF13sGI 
LF13501 
AMI101 
AMt1CII 
LFl3Z01 
LF13333 
AH50III 

LM331 'RECISION VOLTAGE-TO-FREQUENCY'CONVERTER 
ADS1Z1.'I-CHANIIEL 11-ltT DATA ACQUISITIOI SYSTEM WITH MEMORY 

LF3SI 
LF351 
LF353 

. LF347 

A/D-D/A 

LF3. 

LHt123 
LHIIIM3 
LHIII53 

ADC0801 
ADC0808 
ADCII1I 
ADce. 
ADCt21t 
ADC3511 
ADC3111 

LF1:u. I 
+ADItZll 

DAC1Z01 1 
+OW5CM 
OR14C1a 
DAC_, 
+DMZII2J 
DM2U3 

REF 

OURS 
. (THEIRS! 

LM3III 
LM3ZI 
LM33I 
LM33I-i 
LIII3II 
LHDllIIL_11 

Converter Products Part Numbering System 
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AD C II II , C .. lIT mLU. _uno_ 
C - C_ERCIAL TEMHRATURE RANGE 

TECHNOLOGY 
,: PMOS II: NMOS 
C: CMOS L: LINEAR 
H: HVIRIO I: IlL 
I: IlPOLAR 

.... ------USED FOR MORE THAI OlE II THIS FAilIL Y 

.... -------RESOLUTION 
II: • IITS 25: 2 11Z DillY 
10: " IITS 35: 311Z DIGIT 
12: 12 IITS 31: 3 114 DIIIT 

45: 4 11Z DlltT 

.... -------------~-FORM 
C:COMPlETE 
I: IUILOIIIG ILOCK 
0: DIGITAL 'AIEL METER CHIP 
M:MOOULE 
S: CARO SYSTEMS 

-----------FUICTION , 
AD: ANALOG-TO-DIGITAL' 
DA: DIGITAL-TO-AIIALDG 

DA~ 
DAC_ 
DAC112X 
DACU. 
DAC1Z2X 
DAC11a' 
DAC1285 
LM1. 
AD1520 
AD1521 

1073 



.... 
~ .. 

RESOLUTION 
LINEARITY CONVERSION 

BASIC TYPE @25D
C TIME 

(BITS) 
(MAX) (%) (TYP) 

AID CONVERTER 
8 ADC0800 0.8 100 t-/s 

(MM5357B) 

8 ADC0801 0.2 100 Jl S 

8 ADC0808 0.2 100 t-/s 

8 ADC0809 0.4 100 t-/s 

8 ADC0816 0.2 100t-/s 

8 ADC0817 0.4 JOOt-/s 

st TP3000 

12 ADC1210 0.012 100t-/s 

12 (10) ADC1211 0.049 100 t-/s 

{lF13300 0.01 N/A 
12 

ADB1200 N/A 36 ms 

3 1/2-Digits ADC3511 0_05 200ms 

3 314-Digits ADC3711 0_05 400 ms 

V-F LM131 0.01 N/A 

DIGITAL VOLTMETER 
3 1/2-Digits ADD3501 0.05 200 ms 

@) 

13 3/4-0;.;ts 
n 

ADD3701 0.05 400 ms 

I m 
:D ... 
(0 

~ 

LINEAR 

OUTPUT 
SUPPLIES 

LOGIC 
LEVELS 

(V) 

TTL 
TRI-STATE@ 

+5,-12 

TTL +5 

TRI-STATE 

TTL +5 

T,RI-STATE 

TTL +5 
TRI-STATE 

TTL +5 
TRI-STATE 

TTL +5 
TRI-STATE 

TTL ±12 

CMOS +5 to ±15 

CMOS +5 to ± 15 

N/A -1:15 

TTL +5, -15 

TRI-STATE 

TTL +5 
TF1I-STATE 

TTL +5 
TRI-STATE 

N/A +5 to +40 

7-Segment 
I 

+5 
LED Drive 

7-Segment +5 
LED Drive 

National Semiconductor 

TEMPERATURE RANGES 
AVAILABLE 

(DC) 

o to +70, -55 to +125 

I 0 to + 70. -40 to +85. 
-55 to +125 

-40 to +85, -~5 to + 125 

-40 to +85, -55 to +125 

-40 to +85, -55 to + 125 

--40 to +85, -- 55 to +125 

o to +70 

-25 to +85, -55 to +12~ 

-25 to +85, -55 to + 125 

o to +70 

o to +70 

IOtO+70 

o to +70 

o to +70, -25 to +85, --55 to +125 

IOto+70 

IOta +70 

A/D Converter/ 
DVM 

COMMENTS 

P, DIFF. INPUT (SPAN ADJ), 
.1% LIN AVAil 

Includes 8-Channel MUX 

Includes 8-Channel MUX 

16-Channel MU X, Sand H Port 

16-Channel MUX, Sand H Port 

t Companding Coder-Decoder 

10-Bit Conversion in 30 t-/s 

Dual Slope ADC 

12-Bit Logic for LF 13300 

Integrating t-/P ADC 

Integrating t-/P ADC 

Vol tage- to-F requency 
Converter, 100 kHz Max 

3 112-Digit LE~ DPM 

3 314-Digit LED DPM 
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RESOLUTION NATIONAL ALTERNATE SOURCE 
LINEARITY 

INTERNAL OUTPUT SUPPLIES 
TEMPERATURE RANGES 

@25°C AVAILABLE I COMMENTS 
(BITS) PART NUMBER PART NUMBER 

(MAX)(%) 
REFERENCE OPAMP (V) 

tOC) 

D/A CONVERTER 
8 DAC0802 DAC-08A, OAC-08H 0.1 ±5to±15 o to +70, -55 to +125 High Speed MultiplYing 

8 DAC0800 DAC-08, DAC-08E 0.19 i5 to ±15 o to +70, --55 to +125 High Speed Multiplying 

8 DAC0801 DAC-08C 0.39 ±5toi15 o to +70 High Speed Multiplying 

8 DAC0806 MC1408-6 0.78 ±5 to ±15 o to +70 Multiplying 

8 DAC0807 MC1408-7 0.39 ±5 to ±T5 o to +70 Multiplying 

8 DAC0808 MC1508-8/MC1408-8 0.19 ±5 to ±15 OJo +70, -55 to +125 Multiplying 

10 DAC1020 AD7520L/AD7530L 0.05 \ 5 to 15 O'to +70, -55 to +125 4-0uadrant Multiplying 

10 DAC1021 AD7520K/AD7530K 0,1 5 to 15 o to +70, -55 to +125 4·0uadrant Multiplying 
\ 

10 DAC1022 AD7520J/AD7530J 0.2 5 to 15 ' o to +70, -55 to +125 4·0uadrant Multiplying 

12 DAC1220, AD7521 L/AD7531 L 0.05 S to 15 o to +70, -55 to +125 4·0uadrant Multiplying 

12 DAC1221 AD7S21K/AD7531K 0.1 5 to 15 ,0 to +70, -55 to +125 4-0uadrant Multiplying 

12 DAC1222' AD7521J/AD7531J 0.2 5 to 15 o to +70, -55 to +125 4-0uadrant Multiplying 

12 DAC1200 0.012 • • ±15,S -25 to +85, -55 to +125 Complete DAC 

12 DAC1201 0.049 • • ±15,5 -25 to +85, -55 to +125 Complete DAC 

12 DAC1285 DAC85 (Binary) 0.012 • • i15,5 -25 to +85, -55 to +125, Complete DAC 

12 DAC1280 DAC80 (Binary) * 0.024 • • ±15,5 -25 to +85 Complete DAC 

3·Digits DAC1202 0.01 • • i15,5 -25 to +85, -55 to +125 Complete BCD DAC 

3-Digits DAC1203 0.05 ' • • i15,5 -25 to +85, -55 to +125 Complete BCD DAC 

3-Digits DAC1286 DAC85 (BCD) . 0.05 • • +15,5 -25 to +85, -55 to +125 Complete BCD DAC 

3-Diglts DAC1287 DAC80 (BCD) * 0.1 • • ±15,5 -25 to +85 Complete BCD DAC 

'Note, Minor specification differ~nces 
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Vs Vs RON VAil PART lOGIC tON/tOFF RON VAil PART lOGIC IVI IVI 1m IV) NUMBER INPUT TVP In) IV} NUMBER INPUT TVP TVP 

DueiSPST SPOT 
10 :tl0 AH0141/0G141 TTL -18,12 0.811.1/.1$ 10 ±ro AH0146/0G146 TTL -18.12 
30 ±10 AH0133/0GI33 TTL -18.12 0.5/0.9/.11 30. ±10 AH0144/0G144 TTL -18.12 
80 :tl0 AH0134/0Gl34 TTL -18.12 0.5/0.9/.15 80 ±10 AH0143/0G143 TTL -18.12 
15 ±7.5 AHOt5110GI51 TTL tIS 0.811.1/.15 15 ±7.S AH016110GI61 TTL ±15 
50 :t7.S AH0152/0G152 TTL ±15 0.S/0.9/.1s 50 ±7.5 AH0162/0G162 TTL ±15 

·30 ±7.S AM181/0G181 TTL ±15.S 1801150 ns 100 :t9 AH2114 (Sw. 11 ISV TTL ±15 
·75 ±IO AM 182/0G 182 TTL ±15.5 3001150 nl (Sw.2) 

·30 ±7.5 AM187/0G187 TTL ±IS.S 
·75 ±10 AMI88/0GI88 TTL ±IS.5 

Trip'. SPST ·,00 15mA AH501S 15V TTL 150/300 ns Duel SPOT 
·,50 5mA AH5016 TTL 150/300ns ·30 :t7.5 AMI90/0GI90 TTL ±lS,S 

·75- ±10 AM191/0G191 TTL ilS,5 

Quad SPST Triple SPOT 
200·600 ilO AHoolS TTL -~O. 10.5 l00/4OOn5 280 ±7.S C04053 CMOS ±7.5 

·200 ±IO LFI1201 TTL :t15 90/500 ns 
·200 :t10 LFI1202 TTL :t15 90/500 ns Duel DPS-T 
·200 ±10 LF11331 TTL :t15 90/500 ns 10 il0 AH0140/0G140 TTL -18.12 
·200 :tl0 LF11332 TTL :tt5 90/500 n$ 30 :ttO AHOI29/0GI29 TTL -18.12 
·200 ±10 LF11333 TTL :tIS 90/500 ns 80 ±10 AH0126/0G126 TTL -18.12 
·250 :t10 LFI3201 TTL :t15 90/500 ns 15 n.s AHOI53/0G 153 TTL ±15 
·250 ±10 LF13202 TTL :tIS 90/500 ns 50 :t7.5 AHOI54/OGI54 TTL :t.15 
·250 ±10 LF133~1 TTL ±15 90/500 ns 200·600 HO AHool9 TTL -20.10.'5 
·250 :t10 LFI3332 TTL :tIS 90/500 ns ·30 n.5 AMI84/0GI84 TTL :t15.5 
·250 ilO LF13333 TTL :tIS 90/500 ns ·75 :t10 AMI85/0GI85 TTL ±15.S 
280 ±7.5 CD4066 CMOS n.5 
850 ±7.S C04016 CMOS :t7.5 Duel OPOT 

·,00 ISmA AH5011/AM9711 15V TTL 150/300 ns 10 ±10 AH0145iOGI45 TTL -18.12 
·'00 10mA AM97Cll CMOS 150/300ns 30 ±IO AH0139/0G139 TTL -18.12 
·'50 5mA AH5012/AM9712 TTL 150/300 ns 80 ±10 AH0142/0G142 TTL -18.12 
·,50 3mA AM97C12 CMOS 150/300ns 15 ±7.5 AH0163/0G163 TTl ±15 
·30 i1.5 AM193 TTL :t15.5 180/150 ns 50 ±7.5 AHOI64/0GI64 TTL ±15 
·75 itO AMt94 TTL :tIS. 5 300/150 nl 200·600 ±10 AHOO14 TTl -20.10,5 

Notes: 
RON max@TA = 25°C 
V A/' = maximum VOltage or current to be safely switched 

Part number = basic number/alternate number (i.e., AM181/0G1811. May be ordered by either number. 

*Preferred devices .. 

National Semiconductor 

tON/tOFF RON VAil 
TVP 1m IV) 

MUl TlPlEXERS 
0.811.1j.1S 
0.5/0.9/.1$ 3·Channel 
0.5/0.9/.11 ·,00 15mA 
0.8/1.1/.1$ ·,50 SmA 
0.5/0.9/.1$ 
35/600 ns 
1.2/.1$/50 ns 4·Channe' 
1801150 ns ·,00 15mA 
3001150 ns ·,00 10mA 

·,50 5mA 
·,50 3mA 

1901150 ns 
300/150 ns 

4·Chan.,.1 Diff.renti •• 
280 ±7.5 

1501150 ns ·350 12.-15 
270 ~7.5 

-
0.811.1/.15 
0.5/0.9/.15 6·Channe' 

0.5/0.9/iS 250·1500 50mA 

0.8/1.1/.11 
0.5/0.9/.11 
lOO/4OO'nl 
190/150 ns 8·Ch .. nl1ei 

300/150 ns 250·400 ±S 
·350 12.-15 

270 ±7.5 

0.811.1/.11 .280 ±7.5 

0.5/0:9/.1s 
0.6/0.9/.15 
0.8/1.1/.1s 
0.5/0.9/.1s 
350/400 nl 

-

i 

Vs PART lOGIC tON/tOFF IVI 
NUMBER INPUT TVP 

TVP 

AH5013 15V TTL 150/300 n$ 
AH5014 TTL 150/300 ns 

AHSOO9/ AM9709 ISV TTL 150/300 ns 
AM97C09 CMOS 150/300 ns 
AH5010/AM9710 TTL 150/300 ns 
AM97Cl0 CMOS 150/300ns 

C040S2 CMOS n.5 150it50 ns 
LFllS09 TTL ±15 1/0.2/.1$ 
C04529B CMOS ±7.5 50/50 ns' 

AM2009/MM45041 TTL -15.5 
MMS504 

AM3705 TTL -15.5 300/600 ns 
LFl1508 TTL :t15 1/O.2/.1s 
C04529B CMOS i7.S 50/50ns 
C04051 CMOS ±7.5 150/150 ns 

Analog Switches/ 
Multiplexers 
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LM131A/LM131, LM231A/LM231, LM331A/lM331 
Precision Voltage-to-Frequency Converters 

General Description 
The LM131/LM231/LM331 family of voltage-to­
frequency converters are ideally suited for use in simple 
low-cost circuits for analog-to-digital conversion, 
precision frequency-to-voltage conversion, long-term 
integration, linear frequency modulation or demodu­
lation, and many other functions. The output when used 
as a voltage-ta-frequency converter is a pulse train at a 
frequency precisely proportional to the applied input 
voltage. Thus, it provides all the inherent advantages of 
the voltage-to-frequency conversion techniques, and is 
easy to apply . in all· standard voltage-to-frequency 
converter applications. Further, the LM131A/LM231AI 
LM331A attains a new high level of accuracy versus 
temperature which could only be attained with 
expensive voltage-to-frequency modules. Additionally 
the LM131 is ideally suited for use in digital systems at 
low power supply voltages and can provide low-cost 
analog-to-digital conversion in microprocessor-controlled 
systems. And, the frequency from a battery powered 
voltage-to-frequency converter can be easily channeled 
through a simple photoisolator to provide isolation 
against high common mode levels. 

The LM131/LM231/LM331 utilizes a new temperature­
compensated band-gap reference circuit, to provide 
excellent accuracy over the full operating temperature 
range, at power supplies as Ipw as 4.0V. The precision 
timer circuit has low bias currents without degrading 

Typical Applications 

RIN 
lOOk !10% 

FUL~L~~~~ -""""''"'"4I~-----i 
CIN 

~O"/JF 

the quick response necessary for 100 kHz voltage-to­
frequency conversion. And the output is capable of 
driving 3 TIL loads, or a high voltage output up to 
40V, yet is short-circuit-proof against Vee. 

Features 

• Guaranteed linearity 0.01% max 

• Improved performance in existing voltage-to-frequency 
conversion applications 

• Split or single supply operation 

• Operates on single 5V supply 

• Pulse output compatible with all logic forms 

• Excellent temperature stability, ±50ppmfe max 

• Low power dissipation, 15 mW typical at 5 V 

• Wide dynamic range·, l00dB min at 10kHz full scale 
frequency 

• Wide range of full scale frequency, 1 Hz to 100kHz 

• Low cost 

l5V z Vs 

Rt 
1.lk ±1%* 

LM131 
LM231 
LM331 

10k ,10% 

-"V\j~"" VLOGIC 

fOUT 
..... ---4t---- 10 kHz 

FULL·SCALE 

)~ 
VIN RS 1 

fOUT=-'-'-
2.09V RL RtCt 

·Use stable components with low temperature coefficients. See applications notes. 

FIGURE 1. Simple Stand-Alone vottage-to-Frequency Converter 
with ±O.O3% Typical Linearity (f = 10 Hz to 11 kHz) 

© 1978 National Semiconductor Corp. 
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Absolute Maximum Ratings 

LM131A/LM131 LM231A/LM231 LM331A/LM331 

Supply Voltage 40V 40V 40V 

Output Short Circuit to Ground Continuous Continuous Continuous 

Output Short Circuit to V 8 Continuous Continuous Continuous 

Input Voltage -O.2V to +Vs -O.2V to +Vs -O.2V to +Vs 

TMIN TMAX TMIN TMAX TMIN TMAX 

Operating Ambient Temperature Range -55°C to +125°C _25° C to +85° C O°C to +70°C 

Electrical Characteristics T A = 25°C unless otherwise specified. (Note 1) 

PARAMETER CONDITIONS MIN TYP 

VFC Non-linearity (Note 2) 

r 
4.5V ~ Vs ~ 20V ±0.003 

I TMIN ~TA ~TMAX ±O.OOS 

I I I 
In Circuit of Figure 1 Vs = 15V, f = 10 Hz to 11 kHz ±0.024 

Conversion Accuracy Scale Factor VIN = -10V, RS = 14 kfl 

(Gain) 

LM131, LM131A, LM231, LM231A 0.95 1.00 

LM331, LM331A 0.90 1.00 

Temperature Stability of Gain TMIN ~ TA ~ TMAX, 4.5V ~ Vs ~ 20V 

LM131/LM231/LM331 ±30 

LM131A/LM231A/LM331A ±20 

Change of Gain with Vs 4.5V ~ Vs ~ 10V 0.01 

10V~VS~40V 0.006 

Rated FUll-Scale Frequency VIN = ..,..10V 10.0 

Overrange (Beyond Full·Scale) VIN=-llV 10 

Frequency 

INPUT COMPARATOR 

Offset Voltage ±3 

LM131/LM231/LM331 TMIN ~TA ~TMAX ±4 

LM131A/LM231A/LM331A TMIN~TA ~TMAX ±3 

Bias Current -80 

Offset Current ±8 

Common·Mode Range TMIN ~ TA ~TMAX --0.2 

TIMER 

Timer Threshold Voltage, Pin 5 0.63 0.667 

Input Bias Current, Pin 5 Vs = 15V 

All Devices OV ~ VPIN 5 ~ 9.9V ±10 

LM131/LM231/LM331 VPIN 5 = 10V 200 

LMt31A1LM231A/LM331A VPIN 5 = tOV 200 

VSAT PIN 5 (Reset) 1= 5mA 0.22 

CURRENT SOURC£· (Pin 1) 

Output Current RS = 14 kil, VPIN 1 = 0 

LM131, LM131A, LM231, LM231A 126 135 

LM331, LM331A 116 136 

Change with Voltage OV~VPIN 1 ~ 10V I 0.2 

Current Source OFF Leakage 

LM131, LM131A 0.01 

LM231, LM231A, LM331, LM331A 0.02 

All Devices TA = TMAX 2.0 

Operating Range of Current (Typical) (10 to 500) 

REFERENCE VOLTAGE (Pin 2) 

LM131, LM131A, LM231. LM231A 1.76 1.89 

LM331. LM331A 1.70 1.89 . 

Stability vs Temperature ±60 

Stability vs Time, 1000 Hours ±0.1 

MAX UNITS 

±0.01 % Full-

Scale 

±0.02 % Full-

Scale 

±0.14 % Full-

Scale 

1.05 kHz/V 

1.10 kHz/V 

±150 ppmfC 

±50 ppmfC 

0.1 %/V 

0.06 %/V 

kHz 

% 

±to mV 

±14 mV 

±10 mV 

-300 nA 

±loo nA 

VCC-2.0 V 

0.70 x Vs 

±loo nA 

1000 nA 

500 nA 

0.5 V 

144 jJA 

156 jJA 

1.0 jJA 

1.0 nA 

10.0 nA 

SO.O nA 

jJA 

2.02 VDC 
2.08 VDC 

ppmfC 

% 

©IC MASTER 1979 



Electrical Characteristics (Continued) TA = 2S<>C unless otherwise specified (Note 1) 

PARAMETER CONDITIONS MIN TVP 

LOGIC OUTPUT (Pin 3) 

VSAT I = SmA 

1= 3.2 mA (2 TTL Loads), TMIN ~ T A ~ TMAX 
OFF Leakage 

SUPPL V CURRENT 

LM131, LM131A, LM231, Vs;= SV 2.0 3.0 

LM231A Vs= 40V 2.S 4.0 

LM331 , LM331A Vs= SV 1.S 3.0 

Vs= 40V 2.0 4.0 

Not. 1: All specifications apply in the circuit of Figure 3, with 4.0V ~ Vs ~ 4OV. unless otherwise noted. 

MAX 

4.0 

6.0 

6.0 

B.O 

UNITS 

v 
V 

IJA 

mA 

mA 

mA 

mA 

Note 2: Nonlinearity is defined as the ~iation of tOUT trom VIN x (10 kHz/-10 VOC) when the circuit has been trimmed for zero error at 
10 Hz and at 10 kHz. over the frequency range 1 Hz to 11 kHz. For the timing capacitor, CT. use NPO ceramic. Teflon·. or polystyrene. 

.Vs 

VIN 
-IOV --~""'--______ "_--I 

Typical Applications 

( 1_ 
_""V\,.-~ VlOGIC 

fOUT 
~--"---------10.~ 

FUll'SCAlE 

FULL SCALE 

Vs"-W\r-"'-Vs 
OPTIONAL 

OffSET ADJUST 
2OItT01M 

fOUT = -VIN . .!!! 1 
2.09V RIN RtCt 

·Use stable components with low temperature coefficients. See applications notes. 

··This resistor can be 5kn or 10kn for Vs = av to 22V, but must be 10 kn for Vs = 4.5V to av. 
···Use low offset voltage and low offset current OIl amps for Al: recommended types LM108. LM308A. LF351B 

Standard Test Circuit and Applications Circuit, Precision Voitage-to-Frequency Converter 

Analog-ta-oigitaf Converter with Microprocessor 

+Vs 

Basic Analog-to-Oigitaf Converter Using 
Voitage-to-Frequency Converter 

+V5 

'. } DATA 
OUTPUT 
TO 
COIIIPUTEA 

Simple Frequency-to-Voltage Converter. 

10 kHz Full-Scale, ±0.06% Non-Linearity 

+Vs ~ +15V 

411,f 

liN --f .... ----....::.a 
.......... - .... --VOIIT 

1
1211,1",0 

RS 

!iII0 

VO UT -liN' 2.01V. ii- .IRtCtl 

"Use stable components with low temperature coefficients. 

Remote Voltage-to-Frequency Converter with 2-Wire Transmitter and Receiver 

Temperature to Frequency Converter, 

V5 

22k 

..... -1-...... - .. 10UTa UIIIP 

18IUrK 

@IC MASTER 1979 
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OAC1020 10-Bit Binary Multiplying Of A Converter 
OAC1220 12-Bit Binary Multiplying Of A Converter 
General Description 
The OAC1020 and the OACl220 are, respectively, 
10 and 12-bit binary multiplying digital-to-analog con­
verters. A deposited thin film R-2R resistor ladder divides 
the reference current and provides the. circuit with ex­
cellent temperature tracking characteristics (0.0002%/ 
°c linearity error temperature coefficient maximum). 
The' circuit uses CMOS current switches and drive 
circuitry to achieve 'Iow power consumption (30 mW 
max) and low output leakages (200 nAmax,). The 
digital inputs are compatible with OTL/TTL logic levels 
as well as full CMOS logic level swings. This par~, com­
bined with an external amplifier and voltage reference, 
can be used as a standard O/A converter; however, it 
is also very attractive for multiplying applications (such 
as digitally controlled gain blocks) since its linearity 
error is essentiaiiy independent of the voitage refer­
ence. All inputs are protected from damage due to 
static discharge by diode clamps to V + and ground. 

This part is available with lO-bit (0.05%), 9-bit (0.10%). 
and S-bit (0.20%) non-linearity guarenteed over tem­
perature (note 1 of electrical characteristics). The 

OAC1020, OAC1021, and OAC1022 are direct re­
placements for the lO-bit resolution A07520 and 
A07530 family. The OAC1220, OAC1221, and 
OAC 1222 .are direct replacements for the 12-bit re­
solution A07521 and A07531 family. 

Features 

• Non-linearity guaranteed over temperature 

• Integrated thin film on CMOS structure 

• 1Q-bit Oi 12-bit resolution 

• Low power dissipation 10 mW @ 15V typ 

• Accepts variable or fixed reference -25V ~ VREF 'S 
+25V 

• 4-quadrant multiplying capability 

• Interfaces directly with OTL, TTL and CMOS 

• Fast settling time-500 ns typ 

• Low feedthrough error-1/2 LSB @ 100 kHz typ 

Equivalent -Circuit Note. Switches shown in digital high state 

f" 

I 
I 

I I 

A & A A 
Al A! AJ 

IMSII 

Typical Applications 

.. LSI 
.1 A1 A] •• AS Ai ., AI '" Al' 

& 
AI 

TRUE OFFSET BINARY OPERATION 

DIGITAL INPUT VOUT 

I 
I 

A A. 

1 1 1 1 1 1 1 1 VREF x 102211024 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 -VREF 

I 
I 

& 

I 
I I 

I I I I 

& A A I & A I A, ~; llO LA: _: __ ...1 IlSBI 

MSB LSB 
A1 A2 AJ A4 AS A6 A1 AI A9 A1B 

I. 

'our I 
'our' ,. 

HFElOI.CK 

(
A 1 A2 A3 A 1 0 ) 

VOUT = -VREF 2"" + 4 + T + ... 1024 

·-10V 5 VREF $: 10V 
1023 

05 VOUT 5 - 1024 VREF 

ts = 1.8 /JS 

where AN = 1 if the AN digital input is high 
AN = 0 if the AN digital input is low 

use lM336 for a voltage reference 

Bipolar Configuration with a Single Op Amp 

1080 

Basic Connection: Unipolar or 2·Quadrant Multiplying 
Configuration (Digital Attenuator) 

@IC MASTER 1979 



LFn50S/LF1250S/LF13508 
S-channel analog multiplexer 
LF11509/LF12509/LF13509 

FEBRUARY 1971 

~ ~ 
BI-FET Technology 

4,:,channel differential analog multiplexer 

general description 
The LFll508/LF12508/LF13508 is an 8-channel 
analog multiplexer which connects the output to 1 of 
the 8 analog inputs depending on the state of a 3-bit 
binary address_ An enable control allows disconnecting 
the output, thereby providing a package select function_ 

This device is fabricated with National's BI-FET tech­
nology which provides ion-implanted JFETs for the 
analog switch on the same chip as the bipolar decode 
and switch drive circuitry. This technology makes 
Possible low constant "ON" resistance with analog 
input voltage variations. This device does not suffer 
from latch-up problems or static charge blow-out 
problems associated with similar CMOS parts. The 
digital inputs are designed to operate from both TTL 
and CMOS levels while always providing a definite 
break-before-make action. 

The LF11509/LF12509/LF1.3509 is a 4-channel dif­
ferential analog multiplexer. A 2-bit binary address will 

functional diagrams " 

connect a pair of independent analog inputs to one of 
any 4 pairs of independent analog outputs. The device 
has all the features of the. LF11508 series and shoul$1 be 
used whenever differential analog inputs are required. 

features 
• JFET switches rather than CMOS 
• No static discharge blow-out problem 
• No SCR latch-up problems 
• Analog signal range 11 V, -15V 
• Constant "ON" resista~ce for analog signals between 

-llV and l1V 

• "ON" resistance 380 n typ 
•. Digital inputs compatible with TTL and CMOS 

• Output enable control 
• Break·before-make action: tOFF = 0.2 J.l.S; tON 

2J.1.S typ 

LF1150B/LF1250B/LF13508 

EN A2 Al AI 

15V -15V 

typical application 
,..,..,-1'--_ ............. 

SI 

22M 
52 

S3 

54 

LF11509/LF12509/LF13509 

-vEl: 

GNO 

Vee 

:::r-L 1.-_-+-0 -15V 

©Ie MASTER 1179 

ZERO PULSE 

• Differential multiplexer disabled during auto zeroing 

• Minimum zeroing pulse width will depend upon the integrator Rle 

• This scheme provides input offset adjust especially useful with high gain connections. The device. lF3S2. 
provides pins for output offset adjust. For more details. see lF3S2 data sheet. 

4-Channet·Ditferential Multiplexer with Auto Zeroed Instrumentation Amplifier 

1081 
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typical applications 

15V -lSV 

r------~-----------, 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
r L _______ _ 

A Fast 16-Channel DAU with 

Second Level Multiplexing 

r--~----- ------, 
ClK 

10 

DM2S02 

l5B~---. 

MSB o.:':':'~~4-----. 
5V 

lSV -lSV 

-15V 

15V -15V - 1.81T SA AID L ______________ ~ _____ ~ 

ISV -ISV 

51~.;.&.-r_~_ 

10M 
51 

53 

54 lk 

lF13]]3 

L--"oO-15V 

5V~~------------~ 

• fCLOCK max = 200 kHz 

• The LF352 instrumentation amplifier is auto zeroed during offset correction cycle of the LF13300 AID 

• The system accuracy will mostly depend on the instrumentation amplifier gain linearity 

ClO,!=K 

MSB 

LSD 

4-Channel Differential Multiplexer with Auto Zeroed Instrumentation Amplifier and 12-Bit AID Converter 
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~National 
D Semiconductor 

Analog-to-Digital Converters 

ADC0808, ADC0809 Single Chip Data Acquisition System 

General Description 
The ADC0808,· ADC0809 data acquisition components 
are monolithic CMOS devices with an 8-bit analog-to­
digital converter, 8-channel multiplexer and micro-· 
processor compatible control logic. The 8-bit AID 
converter uses successive approximation as the conver­
sion technique. The converter features a high impedance 
chopper stablilzed comparator, a 256R voltage divider 
with analog switch tree and a successive approximation 
register. The 8-channel multiplexer can directly access 
anyone of 8-single-ended analog signals. 

The device eliminates the need for external zero and 
full-scale adjustments and features an absolute accuracy 
~.1 LSB including quantizing error. Easy interfacing to 
microprocessors is provided by the latched and decoded 
address inputs and latched TTL TR I-ST ATE® outputs. 

The design of the ADC0808, ADC0809 has been opti­
mized by incorporating the most desirable aspects of 
several AID cOhversion techniques. The ADC0808, 
ADC0809 offers high speed, high accuracy, minimal 
temperature dependence, excellent long-term accuracy 
and repeatability, and consumes minimal power. These 

Block Diagram 

features make this device ideally suited to applications 
such as process control, industrial control, and machine 
control. For 16-channel multiplexer with common 
output (sample/hold port) see ADC0816 data sheet. 

Features 
• Total unadjusted error < ± 112 LSB 

• Linearity error < ± 1 12 LSB 

• No missing codes 
• Guaranteed monotonicity 

• No offset adjust required 

• No scale adjust required 

• Conversion time of 100 f.lS 

• Easy microprocessor interface 

• latched TRI-STATE output 

• latched address .input 

• Ratiometric conversion 
• Single 5V supply 
• low power consumption-15 mW 

• Full-55°C to +125°C operation available 

START CLOCK 

r.~;.;---­ --, 
I 

• ANALOG INPUTS 

ADDRESS LATCH ENAIiLE 
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I 
I CONTROL" TIMING 
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• CHANNELS I 
MU~~:t~~'NG ...-__ ..... 1 04 

SWITCHES 

AODR~SS 
DECODER 

: COMPARATOR 

I 
I 
I 
I 

1 1 
Vce GND 

SA.R. 

SWITCH TREE 

TRI· 
STATE 
OUTPUT 
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BUFFER 

TRI· 
STATE 

CONTROL 

END OF CONVERSION 
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C 
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» c 
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~ 
CD 
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~Nalional 
D Semiconductor 

ADC0816/ADC0817 Single Chip Data Acquisition System 

General Description 

The ADC0816, ADC0817 (MM74C948) data acquisition 
components are monolithic CMOS devices with an 8-bit 
analog-to-digital converter, a f6-channel multiplexer and 
microprocessor compatible control logic. The 8-bit AID 
converter uses successive approximation as the conversion 
technique. The converter features a high impedance 
chopper stabilized comparator, a 256R voltage divider 
with analog switch tree and a successive approximation 
register. The 16-channel multiplexer can directly access 
anyone of 16 single-ended analog signals and provides 
the logic for additional channel expansion. Signal condi­
tioning of any analog input signal is eased by direct 
access to the input of the 8-bit AID converter. 

The device eliminates the need for external zero and 
full-scale adjustments and features an absolute accuracy 
:::; 1 LSB including quantitizing error. Easy interfacing to 
microprocessors is provided by the latched and decoded 
address inputs and latched TTL TR I-ST A TE® outputs. 

The design of the ADC0816, ADC0817 has been 
optimized by incorporating the most desirable aspects of 
several AID conversion techniques. The ADC0816, 
ADC0817 offers high speed, high accuracy, minimal 

Block Diagram 

COMPARATOR IN 

COMMON 

temperature depefldence, excellent long-term accuracy 
and repeatability, and consumes minimal power. These 
features make this device ideally suited to applications 
such as process control, industrial control, and machine 
control. 

Features 

• Total unadjusted error < ± 1 12 LSB 

• Linearity error < ± 1i2 LSB 

• No missing codes 

• Guaranteed monotonicity 

• No offset adjust required 

• No scale adjust required 

• 'Conversion time of 100 J.ls 

• Easy microprocessor interface 

• Latched TRI-STATE output 

• Latched address input 

• Ratiometric conversion 

• Single 5V supply 

• Low power consumption-15 mW 

START CLOCK 

r;;; ~ - - -r----..a...--L.--, 
I 
I 
I 
I 
I 
I 1& ANALOG IIilPUTS 

ADDRESS LATCH ENABLE 

EXPANSION CONTROL 

1 1 
Vcc GNO TRI­

STATE 
COIIITRDL 

EIID DF CDllVERSlDII 
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Absolute Maximum Ratings (Notes 1 and 2) 

Voltage at Any Pin Except Control Inputs 
Voltage at Control Inputs 

(Start, TRI-STATE, Clock, ALE, ADD A, 
ADD B, ADD C, ADD 0, Expansion Control) 

OPerating Temperature Range 
Storage Temperature Range 
Package Dissipation (at 25°C) 
Operating VCC Range 
Absolute Maximum VCC 
Lead Temperature (Soldering, 10 seconds) 

DC Electrical Characteristics 

-Q.3V to V CC + 0.3V 
-Q.3V to + 15V 

-40° C to +850 C 
-6SoC to +l50°C 

SOOrnW 
4.SV to 6V 

6.SV 
300°C; 

4. 75V ~ V CC ~ S.2SV, _40° C ~ T A ~ +8So C unle~ otherwise noted, (Note 2) 

PARAMETER CONDI.TIONS 

VIN(l) Logical "1" Input Voltage VCC = SV 

VIN(O) Logical "0" Input Voltage VCC = SV 

VOUl(l) Logical "1" Output Voltage 10 = -360p.A 

VOUT(O) Logical "0" Output Voltage 10= 1;6 rnA 

VOUT(O) Logical "0" Output Voltage EOC 10 = 1.2 rnA 

IIN(H Logical" 1" Input Current VIN = lSV 

(The Control Inputs) 

IIN(O) Logical "0" Input Current VIN =0 

(The Control Inputs} 

ICC Supply Current Clock Frequency = 500 kHz 

10Ul TRI-STATE Output Current VO= SV 

VO=O 

MIN TYP MAX UNITS 

VCe- loS V 

loS V 

VCC-O·4 V 

O.4S V 

0.45 V 

1.0 p.A 

-1.0 p.A 

300 1000 p.A 

3 p.A 

-3 p.A 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: All voltages measured with respect to GND unless otherwise specified. 
Note 3: Non-linearity error is the maximum deviation from a straight line through the end points of the AID transfer characteristic, (Figure 2). 

Note 4: Zero error is the difference between the outPUt of an ideal and the actual AID for zero input voltage, (Figure 2). 

Note 5: Full-scale error is the difference between the output of an ideal and the actual AID for full-scale input voltage, (Figure 2). 
Not.6: Total unadjusted error is the maximum sum of non-linearity, zero and full-scale errors, (Figure 3). 
Note 7: Quantization error is the ±1/2 LSB uncertainty caused by the converter's finite resolution, (Figure 3). 

Note 8: Absolute Accuracy describes the difference between the actual input voltage and the full-scale weighted equivalent of the binary output 
code; included are quantizing and all other errors. Although rarely provided on data sheets, it is the best indication of a converter's true perfor­
manee, (Figure 3). 
Note 9: SUpply rejection relates to the ability of an ADC to maintain accuracy as the supply voltage varies. The supply and VREF(+I are varied 
together and the change in accuracy is measured·with respect to full-scale. 
Note 10: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock 
frequenev and has little temperature dependence, (Figure 5). 
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ePLESSEY 
SEMICONDUCTORS 

SL445A, 
POWER CONTROL CIRCUIT 

SL445A 
POWER CONTROL 
ZERO VOLTAGE SWITCH 

The SL445 is a triac controller providing a complete solution for 
temperature controlled electric panel heaters, cookers, film 
processing baths etc. 

Switching occurs at the zero voltage point in order to minimise 
radio frequency interference. 

The device is suitable for on-line operation and requires minimal 
external components. 

SPECIAL FEATURES 

1. Choice of proportional or on/off temperature control. 
2. Controlled switching rate in order to limit 'lamp flicker'. A pulse 
integration technique eliminates the problems associated with 
electrolytic timing capacitors. 
3. Very accu rate temperatu re control is possible since switching 
jitter has been eliminated without introducing hysteresis to the 
servo amplifier. 
4. Symmetrical burst control i.e. no half-wave firing. 
5. LED drive circuit which responds directly to the temperature 
setting. 
6. Over-temper'3ture protection circuit using a 'fail-safe' PTC 
thermistor and having the option of automatic or manual reset. 
7. LEO/ Buzzer drive circuit controlled by 6 above. 
8. High immunity against spurious triac trigger pulses under noisy 
mains environment. 
9. Spurious triac trigger pulses inhibited at 'switch-on'. 
10. Potentiometer expansion circuit .to improve resolution/reduce 
component count. 

ABSOLUTE MAXIMUM RATINGS 

Pin Max. Units 

1. Applied voltage V4 V 

3. Peak Repetitive Current in (±12M) 80 mA 

3. Non-repetitive peak current 

(tp < 250J.lS) ±12SM 200 rnA 

5. Applied voltage 10 V 

6. Applied Voltage 10 V 

6. Output Cuhent 10 rnA 

7. Applied Voltage' 6 V 

7. Output Current 10 rnA 

8. Applied Voltage 10 V 

9. Applied Voltage V11 V 

10. Applied Voltage V11 V 

11. Output Current 10 rnA 

16 Applied Voltage V4 V 
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SERVO AMP. INPUT (REF) 

COMMON 

AC INPUT 

TRIAC GATE DRIVE 

INHIBIT OUTPUT 

SERVO OUTPUT 

INHIBIT INPUT 

Fig. 1 Pin connections (top ) 

SERVO AMP. INPUT (SENSOR) 

PROPORTIONAL BAND RESISTOR 

riMING CAPACITOR 

TIMING RESISTOR 

. ZERO CROSSING DELAY CAPACITOR 

STABILISED BRIDGE SUPPLY 

POT. EXPANSION INPUT 

POT. EXPANSION OUTPUT 

r-----------------------------l 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I r '°'''''°''''"1 ~)(PAN!>ION C:1RCu'T 

8R~~~:!L~Su~~LV \' cr-'-'-'-----~+---- I I I 
L ____________ ~-~------~ 

Fig. 2 5L445 block diagram 

Fig. 3 Timed on/off control 

pO' E,~::~S!ON 10 9 PC' a~~=~~S'CN 

ON 

OFF 

SAWTOOTH 
GENERATOR 

ASSUMED OUTPUT 
OF SERVO 
AMPLIFIER 

SERVO LED 

AC APPLIED 
TO LOAD 
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_PLESSEY 
SEMICONDUClORS 

SL445A 
POWER CONTROL CIRCUIT 

ELECTRICAL CHARACTERISTICS 

Operating temperature range -10°C to +85°C 
Storage temperature range -55°C to +125°C 
Test conditions (unless otherwise stated): Tamb = 2SOC 
All potentials measured with respect to common (pin 2) 

Shunt regulating voltage Pin 4 
Max. regulating voltage on Pin 4 at 85°C 
Supply sensing amplifier-minimum working voltage Pin 4 

• Quiescent current drain 
Stabilised bridge supply voltage Pin 11 @ 2mA 
Temperature coefficient Pin 11 
Triac gate drive Pin 5 

Open circuit OFF voltage 
Open circuit ON voltage 
Current drive into short circuit 
Current drive into 2V drain 
Current drive into 4V drain 
Internal drain resistance Pin 5 

Servo amp. Pins 1 & 16 
Input bias current 
Input working voltage range 
Servo amp. output voltage drive Pin 7 
Internal drain resistance Pin 7 

Inhibit amp. input Pin 8 
Trip voltage 
Input bias current 
Input working voltage range 
Inhibit amp. output voltage drive Pin 6 
Internal drain resistance Pin 6 
Inhibit voltage Pin 6 

Potentiometer expansion circuit input bias current Pin 10 
Potentiometer expansion circuit output resistance Pin 9 
Proportional control band (R 15 = 220k) 
Ramp generator period T 

* The supply current is 0.45 X (RMS current fed into Pin 3). 

PROPORTIONAL SET PROPORTIONAL 

Min. 

8.0 
-1 

80 
50 

0 
6.0 

10 

0.9 

0 
5.8 
8 

4 
60 
40 

~
I 3AND ~EMPERATURE OFF~ET 

--T-T~--~~~-~~~~==~~~~= ~~ 
_--a._-1.' __ --"'-==--____ ----___________ -TEMPERATURE 

I , , 
I 

T 
t--t 

SAWTOOTH 
GENERATOR 

ON 
TRIAC 

OFF 

i------------------- ON· SERVO 
LED 

OFF 

Fig. 4 timed proportional control normal operation 
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Value 
Typ. Max. Units 

14.7 V 
16 V 

12.2 V 
8.2 mA 

8.5 9.0 V 
+1 mV/oC 

0.1 V 
8.5 V 

200 rnA 
100 mA 
70 mA 

800 il 

1 fJ.A 
10 V 

6.5 7.0 V 
25 60 kil 

0.95 1.0 V 

fJ.A 
10 V 

6.4 6.8 V 
12 16 kil 

3.5 V 
10 fJ.A 

6 8 kil 
100 140 mV 
44 48 

III 

_--:.-.....111111111111111111111111111 

0'/. POWER PROPORTIONAL BAND 

111111111 

Conditions 

14 = 20mA average 
!4 = 20mA average 

Less 111,17,16, 15AV 

See Fig. 6 for pulse timing 

V11 7 9 

See Fig. 7 
See Fig. 1 
R15 = 220kil 
R 13 = lOOk, R 14= 

1.OIlF, 220V AC 

ON 

----- OFF 

100'/, POWER 

OFF 

PIN 15 

PIN 7 

TRIAC 

LED 
CONNECTED 

TO PIN 7 

• THE SHORT DURATION INTERRUPTIONS IN LIGHT OUTPUT ARE 
NOT REGISTERED BY THE EYE 

Fig. 5 Timed proportional control (expanded) 
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4tPLESSEY 
SEMICONDUCTORS 

SL445A 
POWER. CONTROL CIRCUIT· 

~~----~II~------~r-----~~----~r------~~V~~~:M alJ· "I II II 
IIII 
IIII 

:: II II 
I1II II 
II~---II~--

II II 
II II 
II II 

X EXPANDED Y EXPANDED 

I I 

II 
~ 
Ip 

'--v--' 
If = 24CD "SEC MIN 

PULSE WIDTH Ip NOM = 19Co"S 

I 
I 
I 
I 
I 

I : I 
I i 

I 1 i i 
I 't;: 

~ 

I 
If = 24Co "SEC. MIN 

PULSE WIDTH Ip NOM =19Co"S 

CD = EXTERNAL CAPACITOR (CO IN nF) 

Fig. 6 Pulse timing 

02 o. 0 08 

BRIDGE SUPPLY ·VOLT AGE FRACTION 
iINP'JT APPL,.IED 70 EXPANSION CjRCul~) 

Fig. 7 Potentiometer expansion characteristic 

©IC MASTER 1979 

OUTPUT OF 
PERIOD 
PULSE 

GENERATOR 

OUTPUT OF 
ZERO 

CROSSING 
PULSE 

GENERATOR 

EXPANDED 
ZERO 

CROSSING 

PERIOD 
PULSE 

FIRING 
PULSE 

~--:--+---+3-'" o-033~ I 

T 'L 

I} 

• These two components may be omitted if the over­
temperature trip facility is not required. Pin 8 should 
tht;n be taken to common ie. Pin 2. 

t This component may be omitted if proportional control 
is not required. The circuit will then provide times on/off 
control. Pin 15 should be taken to Pin 11. 

C May be required to integrate input noise e.g. 47nF. 

Fig. 8 Electric panel heater control with room thermostat and 
optional security thermostat 

LED INDICATOR 

Provides the fol/owing facilities 
(a) In the case of timed proportional control, the LED will be lit 
continuously if any energy is supplied during the tir:ning cycle, i.e. 
the LED will only be extinguished if the room temperature is being 
maintained without panel assistance. 
(b) In the case of timed on/off control, the LED will be lit for the 
period that energy is being consumed, i.e. the LED will flash on and 
off as the room temperature varies about the set point. 
(c) Room temperature may be ascertained by observing LED action 
whilst adjusting the temperature setting i.e. the LED is a substitute 
for the sound produced by electromechanical thermostats. 
The LED facility may be added as shown in Fig. 9. 

It is desirable to minimise LED drive current since this has a 
significant effect on the power rating of the mains dropping resistor 
RD. If the LED is for facility 'a' or 'b', a high intensity, wide 
viewing angle LED will be required and a current of SmA nominal is 
suggested i.e. RL = 1 kn (VLED = 1.5V). 

If the LED is only intended for facility 'c', a small, narrow 
vi.ewing angle LED may be used and a current of 0.5mA nominal is 
sufficient i.e. RL = 10kn (VLED = 1.5V). . 

A small amount of positive feedback may be applied to the servo 
amplifier by inclusion of resistor Rf (Fig. 9b). This can ensure 
flicker free operation of the LED by increasing the immunity of the 
amplifier to noise etc. on its input connections. However, the level 
of feedback should be minimised since temperature regulation will 
necessarily be impaired. A typical value for Rf would be 4.7 Mil 
and this results in a hysteresis of 13mV (O.13°C) if the bridge 
components are as given below. 

SECURITY (OVERTEMPERATURE TRIP) INDICATION 

Indication may be provided by LED or buzzer as shown in Fig. 10. 

SECURITY (OVERTEMPERATURE TRIP) RESET 

Hysteresis may be externally applied to the Inhibit Amplifier such 
that re-entry of the control circuit takes place automatically i.e. 

1089 



CDPLESSEY 
SEMICONDUCTORS 

SL445A 
POWER CONTROL CIRCUIT 

47n 

I I Rx = 1201< reset occurs 1 'C below the trip paint. 
Rx = 56k reset occur. 2'C below the trip pail'lL 

Fig. 9a Simple indicator 

Fig. 9 LED indicator connections 

Fig. lOa LED (lLED = 5mA, VL 

= 1.511, RL = lkO; 'LED = 0.5mA, 

VL = 1.5\1, RL = 10kO) 

Fig. 10 Security indicator circuits 

Fig. 9b Flicker-free indicator 

Fig. lOb Buzzer (611, 6mA) 

lNhen the panel temperature falls to a certain level below the trip 
point. Alternatively, j.t may be arranged that the trip circuit-lNhen 
activated-can only be reset by manual intervention e.g. momen­
tarily interrupting the mains supply. It is desirable to introduce 
some hysteresis to the system when using a buzzer, in order to 
ensure positive on/off operation. When the manual reset mode of 
operation is adopted, an additional capacitor is required to eliminate 
the possibility of a spurious spike tripping the circuit. 

COMPONENT VALUES 
Room T8rq:aerature Sensing (RR' THl. RV) 
Rv::;; 22k or 251< linear Control potentiometer. 
RR= 18k ±2% 
THI = NTC thermistor, e.g. ITT type KQ223Y, 
A25 = 22k ±1 0%, 8 = 4300 ±5% 

Using these components, substantially linear temperature control 
is obtained over the range 5°C to 35°C. This range is covered by 
69% of the potentiometer track lNhen the I.C's expansion circuit is 
used as shovvn in figure 1. If the LED facility is used, calibration can 
be both accurate and rapid. 

Controlled Switching rate (RT, CT) .. . . 
The period of the ramp generator IS dictated by the requirements 

of Cenelec EN50.006 concerning lamp flicker. The load can only be 
switched into circuit at the start of a ramp cycle i.e. if power is 
interrupted to the load at any po.nt in the cycle, subsequent 
demands for power can only lJ8 met at the start of the next cycle. 

1090 

(Above assumes that the PTC thitrmistUi ha5 a + 159bi "C 
coefficient in the region of the trip temperature e.g. the 
ITT pesine range.) 

Fig. 11 Automatic reset Fig. 12 Manual reset 

The pulse integration technique employed in the ramp generator 
accounts for the mains voltage term in the formula: 

Period of ramp = 0.2 x VAMS x CT s~nds ± 10% 
This assumes AT = 100k~T is in JJF, and VAMS is in volts, e.g. 

a 1.OJJF capacitor will provide a ramp period of 44 sec if the circuit 
is used with a 220V AC supply. 

The capacitor should be of polyester or similar construction. 
Because of leakage and other considerations, electrolytic capacitors 
are not suitable. 
Proportional Control (RplY . 

Resistance Rp'8 controls the proportion of the ramp waveform 
which is applied internally to the offset facility of the servo 
amplifier. RpB therefore, controls the width of the proportional 
control band. 

If RpB = 220k, the peak offset will be 100mV lNhich is 
equivalent to a proportional control band of 1°C if the above bridge 
component values are used. 

If RpB = 100k, PB = 2.2°C 
=: 390k, PB = O.650 C etc. 

Overtemperature Control (Security) (As, TH2) 
Rs = 15k 

TH2 = ITT POSITTE PTC thermistor 
type YCOSOTB 

=ITT POSITTE PTC thermistor 
type YC090TB 

=ITT POSITTE PTC thermistor 
type YC100TB 

Trip 
Temperature 
Min. Max. 

Thermistors of alternative manufacture may be used although 
the value of AS may then differ. Tripping takes place if the 
resistance of TH2 is greater than RS";- S. 

The value of RS should be kept high to minimise power loss in 
HO· 
Triac and Co. 

GeneraUy, the maximum gate firing voltage (VGT) of a triac is 
2.0V and the output stage of the IC has been designed to deliver a 
minimum of SOmA into such a load. The nominal current is 100mA 
and th'l triac is supplied with positive gate current. A wide range of 
suitable, low price triacs are available from several manufacturers. In 
order to minimise AFt, a triac should be chosen which has a low 
latching current I L. The triac cannot latch until the supply voltage 
VL 0 (VT + IL xRL) where 
VT = on-stage voltage of the device 
RL = resistance of the triac load 

Therefore the triac requires a gate current 
VL x 1()6 

l'S 
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_PLESSEY 
SEMICONDUCTORS 

SL445A 
POWER CONTROL CIRCUIT 

after the zero cro~sing point in the supply cycle where f = the 
supply frequency. 
e.g. for a 380V ±J 0%, 50HZ supply, 1 kW load 

MAX. VT of triac = 1.2V (@ I L) 
MAX. I L of triac = 50mA 

3802 
we get RL = ~= 144.4&1 

RL MAX = 144.4 + 5% =152&1 

V L = I L x R L + VT = 0.05 X 152 + 1.2 = 8.8V Max 

The trailing edge of the firing pulse (Tf) must occur not sooner 
than 

VL x 106 ' . . . 
, J.lS after the zero crossmg pomt. 

VRMS x y2 x 2nf 

8.8 x 106 
Tf MIN. ='0.9 x 380 x '\12 x 2 x 'IT x 50 

=57.91 J.lS = 24 x Co 
CD MIN. = 57.9'1 = 2.41nf 
CO= 2.7 nF ±10% 

The same triac could of course be used to control a higher power 
load. The load resistance and hence required V L would fall, but for 
convenience the value of CD need not be altered. Similarily, if the 
above calculations are repeated for a 220V supply, it will be 
established that CD must exceed 1.77 nF and a value of 2.7 nF is 
again suitable. It may be convenient to use the same triac and value 
of CD for 220, 240 and 380V applications. However, CD should be 
keptas low as possible if power dissipation in the dropper resistor is 
to be minimised. 

LINE OROPPING RESISTOR (RO) 
Table I indicates the value of resistor RO as a function of mains 

supply voltage, facilities provided etc. It will be apparent that it is 

facilities used 

Over 
Room Serve temperature Serve Security 

temperature LED trip LED buzzer 
control 0.5mA (security) 5mA (6V.6mA) 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Table 1 Value of Ro (mains dropping resistor) 
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desirable when dealing with a 380V supply to reduce power 
dissipation in the dropper resistor by introducing a series diode. 

lN 4000 
RO SERIES 

'V --c::::Jf---L::J~~~--'---~ PIN 3 

RZ 

Fig. 13 Mains supply input circuit 

220/ 
110V 240V 380V 

RZ ±10% 39k 82k 82k 
Power dissipation in RZ (max) 0.3W O.4W 1W 
Minimum value CI) 2.4 nf 1.9 nF 1.3 nF 

Table 2 Max. value ,of Rz for various supply voltages 

The diode bypass resistor RZ (see Table 2) is necessary to 
provide proper operation of the zero voltage crossing circuit. The 
values for RO given in the table may be reduced for rationalization 
purposes if required (e.g. common value for 220/240V supplies) or 
where additional external circuitry is fed by the 8.3V or 14V 
supplies. This may necessitate an appropriate increase in the value of 
the smoothing capacitor Cs. Furthermore, consideration should be 
given to the possible increase in chip power dissipation particularly 
if the external load is dynamic. 

SMOOTHING CAPACITOR (Cs) 
A 220J..LF 16V Capacitor should be used except when dealing 

with the higher current appications i.e. 5mA LED, 6mA buzzer etc. 
, Cs should then be increased to 330J..LF. The ripple voltage should be 

kept below 1 V peak-to-peak. 

Maximum 
Nomincil Maximum RO power Nominal Nominal 
RO value RO power dissipation power supply CD 

(±S%) dissipation (with diode) voltage ±10% 

3.3K 4.7W 2.3W 110V 4.7nF 
7.5k 8.2W 4.1W 220V} 
8.2k 8.9W 4.4W· 240V 2.7nF 

12k 15.3W 7.6W 380V 
3.0k 5.1W 2.5W 110V 4.7nF 
6.8k 9.1W 4.5W 220V} 
7.5k 9.8W 4.9W 240V 2.7nF 

12k 15.3W 7.6W 380V 
3.0k 5.1W 2.5W 110V 4.7nF 
6.8k 9.1W 4.5W 220:} 7.5k 9.8W 4;9W 240V 2.7nF 

12k 153W 76W 380V. 
3.0k 5.1W 2.5W 110V 4.7nF 
6.8k 9.1W 4.5W 220V} 
7.5k 9.8W 4.9W 240V 2.7nF 

12k 15.3W 7.6W 380V 
2.2k 7.0W 3.5W 110V 4.7nF 
5.1k 12.1W 6.0W 220;} 6.2k 11.8W 5.9W 240V 2.7nF 
9.1k 20.2W 10.1W ' ~80V_ 

2.2k 7.0W 3.5W 110V 4.7nF 
4.7k 13.1W 6.5W 220V} .i 

5.1k 14.4W 7.2W 240V 2.7nF 
8.2k 22.4W 11.2W 380V 
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ABBREVIATIONS OF COMPANY NAMES 

AD Analog Devices Monosll Monosil 
AMD Advanced Micro Devices MOS MOS Technology 
AMI American Microsystems, Inc. Mostek Mostek 
Amperex Amperex Electronics Corp. Motorola Motorola Semiconductor 
Analogic Analogic Corp. National National Semiconductor 

NCR NCR Corp., Microelectronics Division 
Beckman Beckman Instruments, Helipot Division NEC America NEC America 
BEl BEl Electronics NEC Micro NEC Microcomputers 
Burr-Brown Burr-Brown Research Nitron Nitron 

Cermetek Cermetek Nortec Nortec Electronics 
NoYonics Novonics Cherry Cherry Semiconductor NPC Nucleonic Products Co. CMA Consumer Microcircuits of America 

Cybernetic Cybernetic Micro Systems OEI Optical Electronics, Inc. 

Data General Data General 
OKI OKI Semiconductor 

Oatel Datel Systems Panasonic Panasonic, Matsushita Electric Corp. 
DOC Data Devices Corp. Photo Therm Photo Therm 
Delco Delco Ele.ctronics Ple .. y Plessey- Semiconductors 
Dionics Dionics Inc. PMI Precision Monolithics, Inc. 

EA Electronic Arrays Raytheon Raytheon Semiconductor 
EMM/Semi EMM Semi, RCA RCA Solid State Division 

Div. of Electronic Memories & Magnetics Reticon Reticon 
Essex Essex International RIFA RIFA 
Exar Exar Integrated Systems Rockwell Rockwell Microelectronic Devices 

RTC Real Time Corp. 
Fairchild Fairchild 

Sanken Sanken Electric Ferranti Ferranti Electric 
Fujitsu -Fujitsu Sanyo Sanyo Electric 

SGS SGS-Ates Semiconductor 
GI General Instrument Siemens Siemens 

Signetics Signetics (Philips) 
Harris Harris Semiconductor Silicon G Silicon General 
Hitachi Hitachi America Ltd. Siliconix Siliconix 
Holt Holt Inc. Silicon Sys. Silicon Systems, Inc. 
Hughes Hughes Aircraft Solid State Products Silitronics Silitronics 
Hybrid Sys - Hybrid Systems SMC Standard Microsystems 
HyComp HyComp Solitron Solitron Devices 

IMI International Microcircuits, Inc. 
Sprague Sprague Electric Company 
Supertex Supertex, Inc. 

Intech/FMI Intech/Function Modules Inc. SSM Solid State Microtechnology tor Music 
Intel Intel SSS Solid State Scientific 
Interdesign Interdesign Synertek Synertek 
Intersll Intersil 
IPI Integrated Photomatrix, Inc. Telaris Telaris 

TeledyneC Teledyne Crystalonics 
Lambda Lambda Electronics Teledyne P Teledyne Philbrick 
LSI LSI Computer Systems TeledyneS Teledyne Semiconductor 

MaRlman Maruman Integrated Circuits 
Telefunken 
TI 

AEG-Telefunken 
Texas Instruments 

Master Logic Master Logic TMX TMX 
Matrox Matrox Electronics Systems Toshiba Toshiba 
Micro Net Micro Networks Trans-Data Trans-Data 
Micropac Micropac Industries TRW TRW 
Micro Power Micro Power Systems 
Micro Tech Microcircuits Technology Unitrode Unitrode 
Mitel Mitel Semiconductor Westem Western Digital 
Mitsubishl Mitsubishi- Electric Co. 
11111 Monolithic Memories, Inc. Zilog Zilog 
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4151 Voltage-to-Frequency Converter 

DESCRIPTION FEATURES 

• Single supply operation (+8V to +22V) The RC4151 and RM4151 provide a simple low-cost 
method of analog-to-digital conversion. They have all 
the inherent advantages of the voltage-to-frequency con- . 
version technique. The output of the 4151 is a series of 
pulses of constant duration. The frequency of the pulses 
is proportional to the applied input voltage. These con­
verters are designed for use in a wide range of data 
conversion and remote sensing applications. 

• Pulse output compatible with all logic forms 

2 

1094 

+Vcc 

® 

TE (T0-99) METAL CAN 

(Top View) 

Order Part Nos.: RC4151T, RM4151T 

NOTE: PI~ 4 CONNECTED TO CASE 

• Programmable scale factor (K) 
• Linearity ±O.05% typical - precision mode 
• Temperature stability ±~OO% ppm/oC typical 
• High noise rejection 
• Inherent monoton icity 
• Easily transmittable Ol,ltput 
• Simple fu II scale trim 
• Single-ended input, referenced to ground 
• Also provides frequency-to-voltage conversion 

Figure 1. 4151 Schematic Diagram 

NB MINIATURE 
DUAL-IN-L1NE 

(Top View) 

Order Part Nos:: RC4151NB. RV4151NB 

PIN 

1 

2 

3 

4 

5 
6 

7 

8 

FUNCTION 

CURRENT SOURCE 

SCALE FACTOR 

LOGIC OUTPUT 

GROUND 

ON.E-SHOT R, C 

THRESHOLD 

INPUT VOL:TAGE 

vCC 
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Voltage-to-Frequency Converter 

ABSOLUTE MAXIMUM RATINGS 

Supply voltages . . . . 
Output sink current 
I nternal power dissipation 
Input voltage . . . . . 
Output short circuit to ground 
Temperature Range Storage 

RM4151: -65°C to +150
o
C 

RV4151: -55°C to +125°C 
RC4151: -55°C to +125°C 

4151 

. +8.0 to '+22V 

... 20mA 
500mV'! 

-0.2V to +V CC 
Continuous 
Op~rating 

-55°C to +125°C 
-40°C to + 85°C 

OoC to + 70°C 

ELECTRICAL CHARACTERISTICS Vcc +15V, TA +25°C, unless otherwise specified 

PARAMETER CONDITIONS UNITS 

SUPPL Y CURRENT 8V < Vee < 15V mA 

15V' < V < ee 22V mA 

CONVERSION ACCURACY 

Scale Factor Circuit Figure 3, VI = 10V kHz/V 
Rs = 14.0K 

Drift with Temperature Circuit Figure 3,. V I = 10V ppMtC 

Drift with V ee Circuit Figure 3, VI = 1.0V %/V 
8V < V ee < 18V 

INPUT COMPARATOR 

Offset Voltage mV 

Offset Current nA 

Input Bias Current' , nA 

Common Mode Range (Note 1) V 

ONE-SHOT 

Threshold Voltage, Pin 5 xV ee 
Input Bias Current, Pin 5 nA 

Reset VSAT Pin 5,1 = 2.2mA V 

CURRENT SOURCE 

Output Current (Rs = 14.0kS1) Pin 1, Figure 3, V = 0 J1A 

Change with Voltage Pin 1, V = OV to V = 10V J1A 

Off Leakage Pin 1, V = OV nA 

REFERENCE VOLTAGE Pin 2, Figure 3 V 

LOGIC OUTPUT 

VSAT Pin 3, I = 3.0 mA V 

VSAT 1=' 2.0 mA V 

Off Leakage J1A 

Note1: Input Common Mode Range includes ground. 

~AYTHEO~ 
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MIN TYP 

2.0 3.5 

2.0 4.5 

0.90 1.0 

- ± 100 

- 0.2 

- 5.0 

- ± 50.0 

- -100.0 

0 o to V -2 ee 

0.63 0.667 

- -100.0 

- 0.15 

- 138. 7 

- 1.0 

- 1.0 

1.70 1.9 

- 0.15 

- 0.10 

- 0.1 

MAX 

6.0 

7.5 

1.10 

-

1.0 

10.0 

±100.0 

-300 

V ee -3.0 

0.70 

-500' 

0.50 

-

2.5 

50.0 

2.08 

0.50 

0.35 

1.0 

3 
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4152 Voltage-to-Frequency Converter 

DESCRIPTION FEATURES 
• Single supply operation (+7 V to +18 V) The Raytheon 4152 consists of a comparator, a one,-shot, a 

precise gated current-source output, an internal voltage refer­
ence, and an open-collector output ... all on a single mono­
lithic Ie chip. These elements can be combined via external 
pin connections to perform a wide variety of circuit functions. 

• Pulse output compatible with all logic forms 
(DTL/TTLI CMOS) 

• Programmable scale factor (K) 
• High linearity ±O.05% max 
• Temperature stability ±150 ppm/oC max 

The versatility of this unique IC makes it easy to tailor the cir­
cuit operation to your needs. Pulse width, scale factor, and 
output drive are set by external resistors as shown in Figure 1. 
Combine the versatile 4152 with an op amp or two, some 
digital circuits, and the range of cost-effective applications 
becomes even greater. 

• Direct replacement for RM/RC4151 

The Raytheon 4152 provides a versatile, low-cost means of 
accurately converting an analog signal to a pulse train of pro­
portional frequency, and vice versa. It can be imaginatively 
applied to a broad range of signa~ conditioning applications 
once the various functional blocks within the IC are understood . 

The 4152 is directly interchangeable with the 4151, thereby 
allowing an upgrading of system accuracy at minimal cost. 

SCALE 

FACTOR RS 2 

4152 + VCC 

PULSE 
~------104~---' WIDTH 

Co~ 

3 OU;PUT + V L 

Figure 1. Functional Diagram of Raytheon 4152. 

CONNECTION INFORMATION 

• High noise rejection 
• Inherent monotonicity 
• Easily transmittable output 
• Simple full scale trim 
• Single-ended input, referenced to ground 
• V IF or F IV conversion 
• Voltage or current input 
• Wide dynamic range 

APPLICATIONS 
• Precision voltage-to-frequency-converters 
• Pulse-width modulators 
• Programmable pulse generators 
• Frequency-to-voltage converters 
• Integrating analog-to-digital converter 
• Long-term analog integrator 
• Signal conversion -

Current-to-frequency 
Temperature-to-frequency 
'Pressure-to-frequency 
Capacitance-to-frequency 
Frequency-to-current 

• Signal isolation 
VFC ~ opto-isolation ~ FVC 
ADC with opto-isolation 

• Signal encoding 
F SK modulation/demodulation 
Pulse-width modulation 

• Frequency scaling 
• DC motor speed control 

TE (TO·99) Metal Can 
(Top View) 

DE and NB Miniature 
Dual In-line 

Packages 
PIN 

1 

FUNCTION 

CURRENT SOURCE 

Order Part Nos,: RC4152T. RM4152T 

NOTE: PIN 4 CONNECTED TO CASE 

(Top View) 

Order Part Nos.: RC4152NB. RV4152NB 
RM4152DE. RV4152DE.,RC4152DE 

2 

3 

4 

5 

6 

7 

8 

SCALE FACTOR 

LOGIC OUTPUT 

GROUNO 

ONE-SHOT R. C 

THRESHOLD 

INPUT VOLTAGE 

VCC 

tE:AYTHEO~ 4 
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Voltage -to - Frequency Converter 4152 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltages ......................... +22V Storage Temperature Range 
Output Sink Current ............... : .... 20mA RM4152 ................... -650C to +1500C 
Internal Power Dissipation ................ 500mW RV4152 .................... -550C to +1250C 
Input Voltage .................. -0.2V to +VCC RC4152 .................... -550C to +1250C 
Output Short Circuit to Ground . . . . . . . .. Continuous Operating Temperature Range 

RM4152 .................. ,. -550C to +1250C 
RV4152 ............. ~ ....... -400C to.+850C 
RC4152 . . . . . . . . . . . . . . . . . . . . .. ooC to + 700C 

ELECTRICAL SPECIFICATIONS 

Typical performance at V CC = +15' V and T A = +25°C unless otherwise noted. 

CIRCUIT CHARACTERISTICS 

I nput Comparator 

Input Offset Voltage @ 25°C 
VS. Temperature 

I nput Offset Current 
Bias Current (bther Input) 
Input Voltage Range (Either Input) 
Comparator Gain 

One-Shot Pulse Circuit 

Pulse Width (See Fig. 1) 
Threshold Voltage (Pin 5) 
Input Bias Current (Pin 5) 
V sat at Pin 5, I = 2.2 rnA 
Pulse Width Stability (T p = 75 ps) 

VS. Temperature 
vs.Supply 

Gated Current Source 

Output of Gated Current Source 
vs. Temperature(1) 
vs. Supply 

Compliance (Change with Voltage) 
Leakage in ,OFF State 
Rise Time 
Fall Time 

Reference Voltage 

Voltage V R (Pin 2) 
Temperature Coefficient 

Logic Output (Pi n 3) 

Vsat @ 1= 3 mA 
@ 1= 10 mA 

Power Supply 

Voltage, Operating Range 
Quiescent Current Drain 

MIN 

0.65 VCC 

2.0 

+7 

TYP 

±2 
±20 
±30 
-50 

o to VCC -3.0 Volts 
10,000 

1.1 Ro Co ±3% 
0.67 VCC 

-100 
0.10 

±30 
±100 

VR/RS ± 1% 
±50 
0.10 
0.10 

10 
100 
100 

2.25 
±50 

0.1 
0.8 

+15 
2.5 

(1 )Temperature coefficient of output current mirror (pin 1 output) exclusive of reference voltage drift. 
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MAX 

±10 

±100 
-300 

0.69 VCC 
-500 
0.5 

±50 

±100 

0.25 
50 

2.5 
'±100 

0.5 

+18 
6 

UNITS 

mV 
pV 1°C 

nA 
nA 
V 

sec 
V 

nA 
V 

ppmtc 
ppm/V 

ppmtc 
%/V 

pA/V 
nA 

nsec 
nsec 

V 
V 

V 
mA 

5 
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4153 -Voltage-to-Frequency Converter 

Description 
The 4153 is a high speed, precision vOltage-to­
frequency converter utilizing linear lSI 
technology to provide a fully contained 12 
bit accurate data conversion element· 

The 4153 converts an analog input Signal to a 
proportional serial pulse train output with 
scaling selectable over a wide dynamic range 
(>100d8). Comparable performance is 
available in the frequency-to-voltage mode 
making the 4153 an ideal building block for 
accurate, wide bandwidth isolation amplifiers 
and 3-wire ana~og data links. 

§ The s peed, a c c u racy an d t em per at u r e 
~ p~rformance of the 4153 is achieved by 
>. incorporating on a single monolithic chip high 
~ speed ECl logic, a high gain, wide bandwidth 

op amp and an ion-implanted buried zener 
reference. 

Features 
• < .1 Hz to> 250KHz dynamic range 

• .01°/0 F.S. max. nonlinearityerror(.1 Hz to 10KHz) 

• 150ppm/o C max. gain tempco 

• On board 7.3 volt reference 

4153 Functional Block Diagram 

6 
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Applications 
• Precision voltage-to-frequency-converters 

• Pulse-width modulators 

• Programmable pulse generators 

• Frequency-to-voltage converters 

• Integrating analog-to-digital converter 

• long.;.term analog integrator 

• Signal Conversion­
Current-to-frequency 
Temperature-to-frequency 
Pressure-to-frequency 
Capacitance-ta-freq uency 
F req uency-to-c u rrent 

• Signal isolation 
VFC - opto-isolation - FVC 
ADC with opto-isolation 

• Signal encoding 
FSK modul.ation/demodulation 
Pulse-width modulation 

• Frequency scaling 

• DC motor speed control 

Connection Information 

Pin 

DCorDB 
Dual !n-line 

Packages 
(Top View) 

Function Pin Function 
1 -Vee 8 Circuit GND 
2 REF GND 9 Frequency Output 
3 VREF Output (open collector) 
4 VOUT (op amp) 10 +Vee 
5 lIN (REF voltage 11 (-) Op Amp Input 

input) 12 (+) Op Amp Input 
6 Co (Pulse Width) 13 } Op Amp Offset 
7 Trigger Input 14 Adjust 

t[AYTHE03J 

@IC MASTER 1979 



Vol~age-to ... Frequency Converter 

Electrical Specifications (Vee = ±15V and TA = 25°C unless otherwise noted) 
. Parameters Min. Typ. . Max. 

Full Scale Frequency 250 500 
Transfer Characteristics 

Nonlinearity Error: 
O.1Hz~ F ~ 10KHz .006 .01 
1.0Hz~ F~ 100KHz. .025 .05 
5.0Hz-:s F::::250KHz .05 .1 

Scaling Factor Tolerance 
K = 2 VREF RIN Co t3 

Reference Voltage (VREF) . 7.3 
Output Current (steady state) 8.0 
liN Current (pin 5) 1.0 

Temperature Stability (0° C to +70° C) 
Gain ±75 ±150 
Gain (external REF) ±25 ± 50 
Reference Voltage ±50 ±100 

Frequency Output (open collector) 
Saturation Voltage. 

10 = 4mA .2 .4 
10 = 10mA .55 1.0 

Time Base Error 
@ FMAX = 10KHz % 

Voltage Output (op amp) 
Output Resistance 230 
Output Short Circuit Current 25 
Gain-Bandwidth Product 2.5, 3.0 
Slew Rate .5 .7 
Output Voltage Swing (RL:? 2K) o to +10 -.5 to +14.3 

Power Supply Requirements 
Supply Range ±12 ±15 ±18 
Supply Current (10 = 0) 7 

Inputs 
Analog (V-F) 

Current Range 0-1.5 0-1.8 
Input Bias Current 70 400 
Input Offset Voltage (adjustable to 0) .5 3 
Input Offset Current 30 60 
Input Resistance 1.0 

Digital (F-V) 
Logic "0" .5 
Logic "1" 2.0 
Pulse Width 150 
Trigger Current -50 

~AYTHEO~ 
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4153 

Units 

KHz 

%FS 
%FS 
%FS 

% 
V 

mA 
mA 

ppm/oC 
ppm/oC 
ppm/o C 

V 
V 

LSH@ 
10 Bits 

Ohms 
mA 

MHz 
V /uSec 

V 

V 
mA 

mA 
nA 
mV 
nA 

M Ohms 

V 
V 

nSec 
uA 

7 
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4156 

DESCRIPTION 

The RM4156/RC4156 is a monolithic integrated circuit, 
consisting of four independ~nt high performance operational 
amplifiers constructed with the planar epitaxial process. 

These amplifiers feature guaranteed A.C. performance which 
far exceeds that of the 741 type amplifiers. Also featured 
are excellent input characteristics and guaranteed low noise 
making this device the optimum choice for audio, active 
filter and instrumentation applications. 

SCHEMATIC DIAGRAM (1/4 Shown) 

Quad High Performance 
Operational Amplifier 

FEATURES 

• Unity Gain Bandwidth 
• High Slew Rate 
• Low Noise Voltage 

Typical 

3.5 MHz 

1.6V/.uS 
l.4.uV 

• Indefinite Short Circuit Protection 
• No Crossover Distortion 
• Low Input Offset and Bias Parameters 
• Internal Compensation 

Guaranteed 

2.8 MHz 

1.3V/.uS 
2.0.uV 

.....-------.----"1>-------r----'----I----u+VCC 

8 

1100 

Rl 
4!111O 

-VIN 0----+-----, 

R6 
20 

R7 
20 

RI 
150 

....--4-----+----UOUT 

NEXT 
AMP 

R2 
11K!! 

t 

fl 

L-l--4-----J--~ __ ~_~---________ _____O __ --4--oQ-VCC 

CONNECTION INFORMATION 

Order Part Nos.: 
RM4156DC, RV4156DB, 
RV4156DC, RC4156DC, 
RC4156DB 

DB and DC 
Dual In-line Package 

(Top View) 
PIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

FUNCTION 

OUTPUT A 

-VINA 

+V'NA 
V+ 

+V'N B 
-VIN B 
OUTPUT B 
OUTPUTC 

-VINC 

+V'N C 
V-

+V'ND 
-VIN 0 
OUTPUT 0 

[[AYTHEO~ 
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Quad- High' Performance 
Operational Amplifier ' 41.56 

ABSOLUTE MAXIMUM RATINGS' 

Supply Voltage . . . . . . . 

I nternal Power Dissipation (Note 1) 

Differential Input Voltage 

I nput Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 

±20V 

880mW 

±30V 

±15V 

Indefinite 

Storage Temperature Range . 

Operating Temperature Range 

-65 to +150oC 

RM4156 -55 to +125°C 

RV4156 -40 to +85°C 

RC4156 0 to +70oC 

Lead Soldering Temperature (10sec) 300°C 

ELECTRICAL CHARACTERISTICS V cc ± 15V T A +25°C unless otherwise specified 

RM4156 RV4156/RC4156 

PARAMETER CONDIT10NS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage RS ~ 10 KS1 0.5 3.0 1.0 5.0 mV 

I nput Offset Current 15 30 30 50 nA 

I nput Bias Current 60 200 60 300 nA 

Input Resistance 0.5 0.5 MS1 

Large Signal Voltage Gain RL~2 KS1V OUT ±10V 50,000 100,000 25,000 100,000 V/V 

Output Voltage Swing RL ~ 10 KS1 ±12 ±14 ±12 ±14 V 

RL ~ 2 KS1 ±10 ±13 ±10 ±13 V 

I nput Voltage Range ± 12 ±14 ±12 ±14 V 

Output Resistance 230 230 S1 

Output Short Circuit Current 25 25 mA 

Common Mode Rejection Ratio RS~ 10 KS1 8f) 80 dB 

Power Supply Rejection Ratio RS~ 10 Krl 80 80 dB 

Supply Current (all amplifiers) RL = 00 4.5 5.0 5.0 7.0 mA 

Transient Response 

Rise Time 50 75 ns 

Overshoot 25% 25% % 

Slew Rate 1.3 1.6 1.3 1.6 V/J.IS 

Unity Gain Bandwidth 2.8 3.5 2.8 3.5 MHz 

Phase Margin RL= 2KrlR C=50pF 50 50 ' degrees 

Full Power Bandwidth Vo = 20V p-p 20 25 20 25 kHz 

Input Noise Voltage f = 20 Hz to 20 kHz 1.4 2.0 1.4 2.0 J1V RMS 

Input Noise Current f = 20 Hz to 20 kHz 15 15 pA RMS 

Channel Separation -108 -108 dB 

The following specifications apply for -55°C ~ TA ~ +125°C for RM4156, _40°C ~T A ~+85°Cfor RV4156, 

OoC ~ T A ~+70oC for RC4156. 

I nput Offset Voltage RS~10 Krl 5.0 6.5 mV 

I nput Offset Current 75 100 nA 

Input Bias Current 325 400 nA 

Large Signal Voltage Gain RL~2 KS1 VOUT ±10V 25,000 15,000 V/V 

Output Voltage Swing RL ~2 Krl ±10 ±10 V 

Supply Current 10 10 mA 

Average Offset Voltage Drift 5 5 J1vtc 

Notes: 1. Rating applies for case temperature of +25
0
C maximum; aerate linearity at 6.4 mW/C for temperatures above +25°C_ 

2. For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Short circuit to ground on one amplifier only. 

~AYTHEO~ 
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4200 

General Description 
The Raytheon RC4200 'is the industry's first 
integrated circuit multiplier to have complete 
compensation for non-linearity, the primary 
source of error and distortion. This is also the 
first IC multiplier to have three on-board 
operational amplifi~rs designed specifically for 
use in multiplier logging circuits. These 
specially-designed amplifiers are frequency 
compensated for optimum AC response in a 
logging circuit; the heart of a multiplier, and can 
therefore provide superior AC response in 
comparison to other analog multipliers: 

Versatility is unprecedented; this is the first IC 
c multiplier that can be used in a wide variety of 
~ applications without sacrificing accuracy. Four­
.c. quadrant multiplication, two-quadrant division, 
~ square-rooting, squaring and RMS conversion 
a: can all be easily implemented with predictable 

accuracy. The nonlinearity compensation is not 
just trimmed at a single temperature, it is 
designed to provide compensation over the full . 
temperature range. This nonlinearity compen­
sation combined with the low gain and offset 
drift inherent in a well-designed monolithic chip 
provides a very low accuracy tempco. 

Functional Diagram 

12 4200 Multiplier 

10 
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Precision Analog Multiplier 

Design Features 
• High accuracy 

Non-linearity-0.1 % maximum 
Temperature coefficient-0.005% /o C 
maximum" 

• Multiple functions 
Multiply, divide, square, square root, RMS­
to-DC conversion, AGC, and modulate/ 
demodulate 

• Wide bandwidth-4 MHz 

• Feedthru Rejection 60dS @ 100 KHz 

• Signal-to-noise ratio 94dB 

The excellent linearity and versatility were 
achieved through circuit design rather than 
special grading to tweaking, therefore unit cost 
is very low. Analog multipliers can how be used 
in applications where price was previously 
an inhibiting factor. 

The Raytheon RC4200 is ideal for use in low­
distortion audio modulation circuits, voltage­
controlled active filters, and precision 
oscillators. . 

Connection Information 

DE and NB Mlnlature PIN FUNCTION 
Dual In-line 1 12 

Package 2 VOS2 
(Top View) 3 -Vs 

4 Output 13 

C l- IP 5 14 
6 Gnd 

C1 lP 7 VOS1 
Cl ,p 8 h 
C4' ~p 

Order Part Nos.: RC4200NB, RV4200NB, 
RC4200DE, RV4200DE, 
RM4200DE, RC4200ANB, 
RV4200ANB, RV4200ADE, 
RM4200ADE. 

a:;:AYTHEO!1 
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Precision Analog Multiplier 4200 

Absolute Maximum Ratings (above which the useful life may be impaired) 
Supply Voltage -22V 
Internal Power Dissipation 
Input Current 
Storage Temperature Range 

RM4200/4200A 
RV4200/4200A 
RC4200/4200A 

Operating Temperature Range 
RM4200/4200A 
RV4200/4200A 
RC4200/4200A 

500 mW· 
-SmA 

-65°C to +1-50°C 
-55°C to +125°C 
-55° C to +125° C 

-55°C to +125°C 
-40° C to +85° C 

O°Cto +70°C 

Electrical Characteristics (over operating temperature range, Vs + -15V unless otherwise noted) 
RC4200A RC4200 

Parameter Conditions Min. Typ. Max. Min. Typ. Max. Units ·T.: 

Input range (11, 12 and 14) (Note 1) 1.0 1000 1.0 1000 uA 
Total error as multiplier TA = 25°C 

Untrimmed +2.0 +3.0 % 
With external tri m (Note 2) . +2.0 +0.5 % 
Vs temperature +0.005 +0.005 %/oC 
Vs supply (-9 to -18V) +0.1 +0.1 %/V 

Nonlinearity 50uA 1 250uA, TA = 25°C +0.1 +0.3 % 
Input offset voltage 11 = 12 = 14 = 150uA, TA = 25°C +5 +10 mV 
Input bias current 11 = 12 = 14 = 150uA, TA = 25°C 300 500 nA 
Average temperat,ure 
coefficient of input 
offset voltage 11 = 12 = 14 = 150uA +50 +100 uV/oC 

Output current range (13) (Note 3) 1.0 1000 1.0 ·1000 uA 
Frequency response, -3 dB 4 4 MHz 
Supply voltage range -9 -15 -18 -9 -15 -18 V 
Quiescent current 11 = 12 = 14 = 150uA, TA = 25°C 4 4 rnA 

Notes: 1. Refer to sec:E and sec. G for input current limitations. 
2. Refer to Figure 6 for example. 
3. These specifications apply with output (13) connected to an op amp summing junction. If desired, the output (13) at pin (4) can be 

used to drive a resistive load directly. The resistive load should be less than 700 ohms and must be pulled up to a positive supply 
such that the voltage on pin (3) stays within a range of 0 to +5V. . 

tE:AYTHEO~ 
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4559 Dual High Performance Operational Amplifier 

GENERAL DESCRIPTION FEATURES 
The 4559 integrated circuit is a dual high performance opera- Guaranteed 
tional amplifier internally compensated and constructed on. a • Unity Gain Bandwidth 
single silicon chip using the planar epitaxial process. 

Typical. 

4.0 MHz 3.0 MHz 

These amplifiers feature guaranteed AC performance which 
far exceeds that of the 741-type ampl ifiers. The specially de­
signed low-noise input transistors allow the 4559 to be used 
in low-noise signal processing applications such as audio pre 
amplifiers and signal conditioners. 

• Slew Rate 2.0 V /psec 1.5V /psec 

• Low Noise Voltage 1.4 ,uVRMS 2.0 pVRMS 

• Supply Voltage ±22V for RM4569 and ±18V for RC4559 

• No Frequency Compensation Required 

• No Latch Up 
The 4559 also has more output drive than 741-type ampli- • Large Common Mode and Differential Voltage Ranges 
fiers and can be used to drive a 600 ohm load. 

• Low Power Consumption 

• Parametric Tracking Over Temperature Range 

• Gain and Phase Match Between Amplifiers 

c 
o 
<J) . JSCHEMATIC DIAGRAM (1/2 Shown) ..c 
~ 
~ V+O~--------1-------~~-------'----~----~~---, a;: 

...-A./\/\r-+-----+-----o UUTPL;T 

INPUTS 

+ 

CONNECTION INFORMATION 

12 
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TE (TO-99) 
Metal Can Package 

(Top View) 

Order Part Nos.: 
RC4559T, RM4559T 

DE and NB 
Dual In-line Packages 

(Top View) 

Order Part Nos.: 
RC4559NB, RV4559NB 
RC4559DE,RV4559DE 
RM45590E 

PIN FUNCTION 

A OUTPUT 
2 A -INPUT 
3 A +INPUT 
4 V-

5 B +INPUT 
6 B -INPUT 
7 B OIJTPUT 
8 V+ 

~YTHEO~ 
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Dual High Performance Operational Amplifier 4559 

ABSOLUTE MAXIMUM RATINGS 

, Supply Voltage ................... RM4559: ±22V Operating Temperature Range 
RC4559: ±18V RM4559 .................... -550 C to +1250 C 

Internal Power Dissipation (Note 1) .......... 500mW RV4559 ..... ' ................ -400 C to +850 C 
Differential Input Voltage ................... ±30V RC4559 ....................... OOC to +700 C 
Input Voltage (Note 2) ..................... ± 15V Lead Temperature (Soldering, 1 o sec) .......... 3000 C 
Storage Temperature Range ......... -6.50 C to +1500 C Output Short-Circuit Duration (Note 3) ....... Indefinite 

ELECTRICAL CHARACTERISTICS (T A = 25
l

'C, V CC = ±15 V unless otherwise specified.) 

PARAMETER 

Input Offset Voltage 

CONDITIONS 

RS < 10kS2 

VS=±15V,RL== 
TA = +125°C 
TA = -55°C 

MIN TVP 

1.0 

3 
4 

MAX MIN 

5.0 

5 
6.6 

TVP 

2.0 

3 
4 

MATCHING CHARACTERISTICS (VCC = ±15V, TA = 25°C unless otherwise specified) 

RM4559 RC4559 
PARAMETER CONDITIONS TVP TVP 

Voltage Gain RL ~ 2kn ±0.5 ±LO 

Input Bias Current ±15 ±15 

Input Offset Current ±7.5 ±7.5 

Input Offset Voltage RS~lOkS1 ±O.l ±0.2 

NOTES: 
1. Rating applies for case temperatures to 125° C; derate linearly at 6.5mW/o C for ambient temperatures above x75° C for RM4559 
2. For supply voltages less than -15V, the absolute maximum input voltage is equal to the supply voltage. 

MAX 

6.0 

5 
6.6 

t[AYTHEOE) 3. Short circuit may be to ground on one amp only. Rating applies to +125°C case temperature or +75° C ambient te'mperaturefor RC4559 and to+85°C 
ambient temperature for RV4559. 

©lC MASTER 1979 
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mV 

mA 

UNITS 

dB 

nA 

nA 

mV 

13 

1105 



en 
(.) 
..... 
Q) 
c: 
0') 

en 

p> -255 PCM CODEC 

DESCRIPTION 
The ST 1 00 is a monolithic w255 law 
companded PCM Codec. This is a per chan­
nel device fabricated in 12l technology. The 
ST100 has all the circuitry necessary to 
convert an analog signal into an 8 bit PCM 
digital data stream and vice versa. Asyn­
chronous operation of transmit and receive 
is possible. A & B Signaling and zero code 
suppression are also provided. Very few ex­
ternal components are required for its oper­
ation. The digital inputs are TIL compatible 
while the digital outputs are open collector, 
TIl compatible. 

1106 

FEATURES 
• w255 law companding 
• Serial data rates up to 2.048MHz 
• Sampling rates up to 16kHz 
• Asynchronous operation of transmit 

and receive 
• A & B dual channel signaling 
• Zero code suppression 
• Low noise 
• Fabricated with proven, reliable bipolar 

process 

APPLICATIONS 
• PCM channel banks 
• EPABX'S 
• Subscriber loop carrier systems 
• Central-office switches 

ABSOLUTE MAXIMUM RATINGS· 
PARAMETER 

Analog supply voltages 
Positive 
Negative 

Digital supply voltage 
Maximum analog input 

. Operating temperature range 
Storage temperature range 

ST III 

PIN _CONFIGURATION 

ANALOGV+ 1 

ANALOG V- 2 

ANALOGGNO 3 22~~ 
INPUT SAMPLE 21 ANALOG OUTPUT ANOHOLOCAP 

ANALOG INPUT 5 

AUTO ZERO CAP 6 19~ 

RECEIVE CLOCK 7 1~ :~~NA8I.E 
DECODE 17 SIGNAl. A INPUT COMMAND 

DIGITAL INPUT 9 16 SIGNAL B INPUT 

AlB~t~ 10 15~~ 

A~11 14 DIGITAL OUTPUT 

B~12 

RATING UNIT 

13 V 
-13 V 

+5±0.25 V 
6V (Peak to Peak) V 

o to +70 °C 
-65 to +150 °C 

.. 
'H any of these "mlts are exceeded more than momentanly. permanent damage to the 
device may occur. 

©IC MASTER 1979 



DESCRIPTION 
The SElNE527 is a high speed analog vol­
tage comparator which, in the first time 
mates state-of-the-art Schottky diode tech­
nology with the conventional linear proc­
ess. This allows simultaneous fabrication 
of high speed T2L gates with a preCision 
linear amplifier on a single monolithic chip. 
The SElNE527 is similar in design to the 
Signetics SElNE529 voltage comparator 
except that it incorporates a "Emitter Fol­
lower" input stage for extremely low input 
currents. This opens the door to a whole 
new range of applications for analog vol­
tage comparators. 

EQUIVALENT SCHEMATIC 

©IC MASTER 1979 

FEATURES 
• 15ns propagation delay 
• Complementary output gates 
• TTL or ECl compatible outputs 
• Wide common mode and differential vol­

tage range 
• Mil std 883A,a,C available 

APPLICATIONS 
• AID conversion 
• ECl to TTL interface 
• TTL to ECl interface 
• Memory sensing 
• Optical data coupling 

BLOCK DIAGRAM 

OUTPUT A 

INPUT A 

INPUT 8 

OUTPUT 8 

SfgDotiCS 

----==:..::~.=:::=::..:= 

-lEi!!! 
NElSE527-F.K,N 

PIN CONFIGURATIONS 

F,N PACKAGE 

K PACKAGE 

OUTPuT 8 

1107 
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DESCRIPTION 
The SElNE529 is a high speed analog volt­
age comparator which, for the first time 
mates state-of-the-art Schottky diode tech­
nology with the conventional linear proc­
ess. This allows simultaneous fabrication of 
high speed T2L gates with a precision linear 
amplifier on a single monolithic chip. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage (V1+) 
Negative supply voltage (V1-) 
Gate supply voltage (V2+) 
Output voltage 
Differential input voltage 
Input common mode voltage 
Power dissipation 
Operating temperature range 

NE529 
SE529 

Storage temperature range 
Lead temperature 

(soldering, 60 sec) 

EQUIVALENT SCHEMATIC 

1108 

FEATURES 
• 10ns propagation delay 
• Complementary output gates 
• TTL or ECl compatible outputs 
• Wide common mode and differential volt­

age range 

APPLICATIONS 
• AID conversion 
• ECl to TTL interface 
• TTL to ECl interface 
• Memory sensing 
• Optical data coupling 
• Mil std 883A,B,C available 

RATING UNIT 

+15 V 
-15 V 
+7 V 
+1~ V 
±5 V 
±6 V 
600 mW 

o to +70 °C 
-55 to +125 °C 
-65 to +150 °C 

+300 °C 

NEISES!! 
NElSE529-F,K,N 

PIN CONFIGURATION 

F,N PACKAGE 

I( PACKAGE 

v,+ 

OUTPUT B 

BLOCK DIAGRAM 

OUTPUT A 

INl'UT A 

INPUT B 
OUTPUT 8 

~ ____ ...-____ +-ST_R08 ... E_A ___ ...-__ ~..--<)V/ 

R'6 R11 I:;J~ 

STROBE B 

st!JIIllCS 
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DESCRIPTION 
The 532 consists of two independent, high 
gain, internally frequency compensated op­
erational amplifiers designed specifically to 
operate from a single power supply over a 
wide range of voltages. Operation from dual 
power supplies is also possible and the low 
power supply current drain is independent 
of the magnitude of the power supply 
voltage. 

FEATURES 
• Internally frequency compensated for 

unity gain 
• Large dc voltage gain-(iOOdB) 
• Wide bandwidth (unity gain)-1MHz 

(temperature compensated) 
• Wide power supply range 

single supply-(3Vdc to 30Vdc) 
or dual supplies-(±1.5Vdc to 
±15Vdc) 

• Very low supply current drain (400J,.LA)­
essentially independent of supply volt­
age (1mW/op amp at +5Vdc) 

• Low input biasing current-(45nA de 
temperature compensated) 

• Low input offset voltage-(2mVdc) and 
offset current-(5nA dc) 

• Differential input voltage range equal to 
the. power supply voltage 

• Large output voltage-(OVdc to V+--
1.5Vdc swing) 

• SE532 Mil std 883A,B,C available 

UNIQUE FEATURES 
In the linear mode the input common-mode 
voltage range includes ground and the out­
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. The unity gain cross fre­
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 

@IC MASTER 1979 

PIN CONFIGURATIONS 

T PACKAGE 
(Top View) 

OUTPUT A m" ,0 OUTPUT B 

:~~~;:ING 0) _ A + + B _ 0 INVI~~~I;~ 

NON·INVERTiNG t;'\ 'f"S\- NON INVERTING 
INPuT A ''V \.:./ INPUT B 

ORDER PART NO. 
SE532T NE532T 
SE532AT NE532AT 
SA532T 

EQUIVALENT CIRCUIT 

HEISE5321532_32 = 

NElSE5321532A1SA532-N, T 

N PACKAGE 
(Top View) 

OUTPUTA~' v' 

INVI~:~I~~ l A 8 1 OUTPUT B 

NON-INVERTING 1 - +. + - 6 INVERTING 

INPUT A INPuT B 

v· .. !i :~:~N8VERTING 

ORDER PART NO. 
SE532N NE532 N 
SA532N 
SE532AN NE532AN 

v+o--.------------~--~--~------.-~ 

OUTPUT 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage, V+ 32 or ±16 Vdc 
Differential input voltage 32 Vdc 
Input voltage -0.3 to +32 Vdc 
Power dissipation 

T package 680 mW 
N package 625 mW 

Output short-circuit to GND 
V+ < 15 Vdcand TA = 25°C Continuous 
Operating temperature range 

NE532 o to +70 °C 
SA532 -40 to +85 °C 
SE532 -55 to +125 °C 

Storage temperature range -65 to +150 °C 
Lead temperature 300 °C 

(soldering, 10sec) 

lii!lnoticli 
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NE/SE532/532A/SA532-N, T 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = +5V unless otherwise specified (see Notes on following page). 

TEST CONDITIONS 
SE532 NE532 

UNIT PARAMETER· 
Min Typ Max Min Typ Max 

Vas Offset voltage1 Rs:5 10k ±2 ±5 ±2 ±6 mV 
Rs:5 10kO,Dver temp. ±7 ±7.5 mV 

Vas Drift Rs = 00, over temp. 7 7 fJ.VrC 

los Offset current IIN(+) or IINH ±3 ±30 +5 ±50 nA 
los Offset current Over temp. ±100 ±150 . nA 
los Drift Over temp. 10 10 pAre 

ISlAS Input current2 IIN(+) or IINH 45 150 45 250 nA 
Over temp., IIN(+) or IINH 40 300 40 500 nA 

VCM Common mode voltage range3 V+ = 30V 0 , V+-1.5 0 V+-1.5 V 

I Over temp., V+ = 30V 
, 

I V+-2.0
1 I 

V+-2.0
1 

V 
I CMRR Common mode rejection ratio I Rs $ 10kO I 70 I 85 65 70 dB 

VOUT Output voltage swing (VOH) RL :2: 2kO, V+ = 30V 26 26 V 
RL:2: 10kO, V+ = 30V 27 28 27 28 V 

VOUT Output voltage swing (VOL) RL:5 10kO, over temp. 5 20 5 20 mV 

Icc Supply current RL =ooon all amplifiers, over temp 0.5 1.2 0.5 1.2 mA 
AVOL Large signal voltage RL:2:2kO, VouT±10V,Vs=±15V 50 100 25 100 V/mV 

Gain Over temp. 25 15 Vim V 

PSRR Supply voltage Rs:5 10kO 65 100 65 100 dB 
rejection ratio 
Amplifier-to-amplifier f = 1 kHz to 20kHz (jnput referred) -120 -120 dB 
coupling4 

Output cu rrent sou rce VIN+= 1Vdc, VIN-=OVdc, V+= 15Vdc 20 40 20 40 mA 
Output current sink VIN- = 1 Vdc, VIN =OVdc, V+ = 15Vdc 10 20 10 20 mA 

VIN-=1Vdc, VIN=OVdc, VouT=200mVdc 12 50 12 50 fJ.A 
Isc 5 40 60 40 60 mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA=25°C,V+=+5Vunless otherwise specified (see Notes on following page). 

SA532 SE532A 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vas Offset voltage 1 Rs:510k ±2 ±6 1 2 mV 
Rs:5 10kO, over temp. ±7.5 4 mV 

Vas Drift Rs = 00, over temp. 7 7 15 j.lvoC 

los Offset current ItN(+) or IINH ±5 ±50 2 10 nA 
los Offset current Over temp. ±150 30 nA 
los Drift Over temp. 10 10 200 pA/oC 
ISlAS Input current2 IIN(+) or IIN(-) 45 250 20 50 nA 

Over temp., IIN(+) or IIN(-) 40 500 40 100 nA 
VCM Common mode voltage range3 V+ - 30V 0 V+-1.5 0 V+-1.5 V 

Over temp., V+ = 30V V+-2.0 0 V+-1.5 V 
CMRR Common mode rejection ratio Rs:5 10kO 65 70 70 85 dB 
VOUT Output voltage swing (VOH) RL :2: 2kO, V+ = 30V 26 V 

RL:2: 10kO, V+ = 30V 27 28 V 
VOUT Output voltage swing (VOL) RL:5 10kO, overtemp. 5 20 mV 

Icc Supply current RL = co on all amplifiers, over temp. 0.5 1.2 0.5 1.2 mA 

AVOL Large signal voltage RL:2:2kO, VouT±10V, Vs=±15V 25 100 50 100 V/mV 
Gain Over temp. 15 25 V/mV 

PSRR Supply voltage Rs:5 10kO 65 100 65 100 dB 
rejection ratio 
Amplifier-to-amplifier f = 1 kHz to 20kHz (input referred) -120 -120 dB 
coupling4 

Output current source VIN+=1Vdc, VIN-=OVdc, V+=15Vdc 20 40 20 40 mA 
Output current sink VIN-= 1Vdc, VIN=OVdc, V+= 15Vdc 10 20 10 20 rnA 

VIN- = 1Vdc, VIN = OVdc, VOUT= 200mVdc 12 50 12 50 fJ.A 
Isc5 40 60 40 60 mA 

1110 
IijgIDliCS 
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PHASE toCIED LOOP 

DESCRIPTION 
The NE564 is a versatile, high frequency 
Phase Locked Loop designedfor operation 
up to 50MHz. As shown in the block dia­
gram, the NE564 consists of a veo, limiter, 
phase comparator, and post detection pro­
cessor. 

APPLICATIONS 
• High speed modems 
• FSK receivers and transmitters 
• Frequency synthesizers 
• Signal generators 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

LOCK RANGE vs SIGNAL INPUT 

> 
E 

~ 
~ 

1000 

4 

';1 100 
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::I 
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~ 4 

10 

I I I 
I I I PIN2 = 400pA I'\. 
i I 

I Vr I I I 
"" I : ~ IPIN2 = OpA "-

I 
I 

II 
\ I 'I 

" I I 
: \ I I V+=5V' 
! 

1 

\\ If 'fT 
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NORMALIZED LOCK RANGE 

VCO CAPACITOR vs FREQUENCY 
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FEATURES 
• Operation with single 5V supply 
• TTL compatible inputs and outputs 
• Operation to 50MHz 
• External loop gain control 
• Reduced carrier feedthrough 
• No elaborate filtering needed in FSK ap­

plications 
• Can be used as a modulator 
• Variable loop gain (Externally Con­

trolled) 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

V+ Supply voltage 
Pin 1 
Pin 10 

Po Power dissipation 
TA Operating temperature 

tstg Storage temperature 

BLOCK DIAGRAM 

PIN CONFIGURATION 

Input to Phase 
Comparator from veo 

N PACKAGE 

RATING 

14 
6 

400 
o to 70 

-65 to 150 

NE514 
NES64-N 

UNIT 

V 

mW 
°e 
°e 

r-----~- ---------------5 

I ~--~-
I 

PHASE 
COMPARATOR 

POST DETECTION 
PROCESSOR 

16 

15 

I 
I 
I 
I' 
I 

13 _______________________ -.1 

FUNCTIONAL DESCRIPTION 
The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
use of Schottky clamped transistors and 
optimized device geometries extends the 
frequency of operation to 50MHz. In addi­
tion to the classical PLL applications, the 
NE564 can be used as a modulator with a 
controllable frequency deviation. 

The output voltage of the PLL can be written 
as shown in the following equation: 

!i!!JIIIIiC!i 

Equation 1 

(fin - fol 
Vo = 

Kvco 

Kvco = conversion gain of the veo (see figure 7) 
fin = frequency of the input signal 
f 0 = free running frequency of the veo 

The process of recovering FSK signals in­
volves the conversion of the PLL output into 
logic compatible signals. 
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COMPANDOR 
OBJECTIVE SPECIFICATION 

DESCRIPTION 
The 570/571 is a versatile low cost dual gain 
control circuit in which either channel may 
be used as a dynamic range compressor or 
expandor. Each channel has a full wave . 
rectifier to detect the average value of the 
signal; a linerarized, temperature compen­
sated variable gain cell; and an operational 
amplifier. 

The 570/571 is well suited for use in tele­
phone subscriber and trunk carrier systems, 
communications systems and hi-fi audio 
systems. 

FEATURES 
• Complete compressor and expandor in 

1 Ie 
• Temperature compensated 
• Greater than 110dS dynamic range 
• Operates down to 6Vdc 

. • System levels adjustable with external 
components 

• Distortion may be trimmed out 

CIRCUIT DESCRIPTION 
The 570/571 compandor building blocks, as 
shown in the block diagram, are a full wave 
rectifier, a variable gain cell, an operational 
amplifier and a bias system. The arrange­
ment of these blocks in the IC result in a 
circuit which can perform well with few 
external components, yet can be adapted to 
many diverse applications. 

The full wave rectifier rectifies the input 
current which flows from the rectifier input, 
to an internal summing node which is bi­
ased at VREF. The rectified current is aver­
aged on an external filter capacitor tied to 
the C RECT terminal, and the average value 
of the input current controls the gain of the 
variable gain cell. The gain will thus be 
proportional to the average value of the 
input signal for capacitively coupled voltage 
inputs as shown in the following equation. 
Note that for capacitively coupled inputs 
there is no offset voltage capable of pro­
ducing a gain error. The only error will come 
from the bias current of the rectifier (sup­
plied internally) which is less than .1/1A. 

G ex: 

G ex: I vlN I ave 
R, 

or 

The speed with which gain changes to fol­
low changes in input signal levels is deter­
mined by the rectifier filter capacitor. A 
small capacitor will yield rapid response but 
will not fully filter low frequency signals. 
Any ripple on the gain control signal will 
modulate the signal passing through the 
variable gain cell. In an expandor or com-

1112 

APPLICATIONS 
• Telephone trunk compandor-570 
• Telephone subscriber compandor-571 
• High level limiter 
• low level expandor-noise gate 
• Dynamic noise reduction systems 
• Voltage controlled amplifier 
• Dynamic filters 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Positive supply 
570 
571 

TA Operating temperature range 
PD Power dissipation 

BLOCK DIAGRAM 
1012 

R2 20K 

6G IN o---¥t,J'\r---i 

R1 10K 
RECT IN o----'V'tI'v---t 

pressor application, this would lead to third 
harmonic distortion, so there is a tradeoff to 
be made between fast attack and decay 
times, and distortion. For step changes in 
amplitude, the change in gain with time is 
shown by this equation. 

G(t) = (Ginitial - Gfinal) e-ti T 

+ Gfinal; T = 10K X CRECT 

The variable gain cell is a current in, current 
out device with the ratio I OUTII IN con­
trolled by the rectifier. 'iN is the current 
which flows from the AG input to an internal 
summing node biased at V REF' The follow­
ing equatjon applies for capacitively cou-
pled 'nputs. The output current, lOUT, is 
fed to the summing node of the op amp. 

R3 

571 5,1 
570/571-N 

PIN CONFIGURATION 

R3 
20K 

N PACKAGE 

RATING 

24 
18 

-40 to +70 
400 

V REF 
1.BV 

UNIT 

Vdc 

°C 
mW 

output 

A compensation scheme built into the AG 
cell compensates for temperature, and can­
cels out odd harmonic distortion. The only 
distortion which remains is even harmonics, 
and they exist only because of internal 
offset voltages. The THD trim terminal pro­
vides a means for nulling the internal offsets 
for low distortion operation. 

The operational amplifier (which is internal­
ly compensated) has the non-inverting in­
put tied to VREF, and the inverting input 
connected to the AG cell output as well as 
brought out externally. A resistor, R3, is 
brought out from the summing node and 
allows compressor or expandor gain to be 
determined only by internal components. 
The output stage is capable of ±20mA out­
put current. This allows a +13dBm (3.5V 
rms) output into a 300n load which, with a 
series resistor and proper transformer, can 
result in +13dBm with a 600n output imped­
ance. 
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OBJECTIVE SPECIFICATION 

A band gap reference provides the refer­
ence voltage for all summing nodes, a regu­
lated supply voltage for the rectifier and .toG 
cell, and a bias current for the .toG cell. The 
low tempco of this type of reference pro­
vides very stable biasing over a wide tem­
perature range. 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

BASIC INPUT-OUTPUT 
TRANSFER CURVE 

E +20~------""" 
~ 

. The typical performance characteristics il­
lustration shows the basic input-output 
transfer curve for basic compressor or ex­
pandor circuits. 

-' w +10 

~ 
I­
::l 

~ 
5 -10 
a: 
o 
~ -20 
« 
IL 

~ -3 

a: 
o 
~ -70 

a: 
~ -80'"--~---'~"""""---"-~ 
o -40 -30 -20 -10 0 +10 
U COMPRESSOR OUTPUT LEVEL 

OR 
EXPANDOR INPUT LEVEL (dBm) 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, VCC = 15V1 

NE570 
PARAMETER TEST CONDITIONS Min Typ 

VCC Supply voltage 6 
ICC Supply current No signal 3.2 

Output current capability ±20 
Output slew rate ±.5 
Gain cell distortion2 Untrimmed .3 

Trimmed .05 
Resistor tolerance ±5 
Internal reference voltage 1.7 1.8 
Output dc shifP Untrimmed ±20 
Expandor output noise No signal, 20Hz-20kHz 20 

-15 
Unity gain level -1 0 
Gain change2 ,4 -40°C < T < 70°C ±.1 

ooe < T < 70°C ±.1 
Reference drift4 -40°C < T < 70°C +2, -25 

ooe < T < 70°C ±5 
Resistor drift4 -40°C < T < 70°C +8,-0 

ooe < T < 70°C +1,-0 
Tracking errors Rectifier input= 

+6dBm ±.2 
-10dBm +.2 
-20dBm +.2 
-30dBm +.2 
-40dBm +.2,-.4 

NOTES 

1. Except where indicated, the 571 specifications are identical to the 570 
2. Measured at OdBm 
3. Expandor ac input change from no signal to OdBm 
4. Relative to value at T A = 25°C 
5. Relative to OdBm 

©IC MASTER 1979 
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570/571-N 

NE571 
Max Min Typ Max UNIT 

24 6 18 V 
4.0 rnA 

rnA 
V/us 

1.0 .5 2.0 % 
.1 

±15 % 
1.9 1.65 1.8 1.95 V 
±50 ±30 ±100 mV 

JiV 
dBRNC 

+1 -1.5 0 +1.5 dBm 
±.3 ±.1 ±.5 dB 
±.2 ±.1 ±.4 

-10, -40 +2, -25 +20, -50 mV 
±10 ±5 ±20 

% 

dB 

-.2,+.4 +.2 -.2,+.5 
-.3,+.6 +.2 -.4,+.7 
-.5,+1 +.2 -1,+1.5 

+.2,-.4 
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DESCRIPTION 
The 530/5530 are new generation opera­
tional amplifiers featuring high slew rates 
combined with improved input charac­
teristics. Internally compensated. the 
SE530/5530 guarantee slew rates of 25V/p.s 
with 2mV maximum offset voltage. Industry 
standard pinout and internal compensation 
allow the user to upgrade system perform­
ance by directly replacing general purpose 
amplifiers such as the 741,747,1458,4558 
and LF356 types. 

FEATURES 
• Gain bandwidth product-3MHz 
• 35V/p.s slew rate (Gain = -1) 
• Internal frequency compensation 
• Low input offset voltage 2mV max 

• Low input bias current-60nA max 
• Short circuit protection 
• Offset null capability 
• Large common mode and differential 

voltage ranges 

PIN CONFIGURATIONS 
FE,N PACKAGE 

OFFSET 
ADJUST 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

ORDER PART NO. 

SE530FE. SE530N 
NE530FE. NE530N 

OUTPUT 

OFFSET 
ADJUST 

EaUIVALENT SCHEMATIC EACH AMPLIFIER 
r-__________ r-__________ ~------~--r_--~~--~~__oVCC 

VEE 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
SE530/5530 ±22 V 
NE530/5530 ±18 V 

Internal power dissipation1 

N Package 500 mW 
KIT Package 800 mW 
F Package 1000 mW 

Differential input voltage ±30 V 
Input voltage2 ±15 V 
Operating temperature range 

SE530/5530 ) -55 to +125 °c 
NE530/5530 o to +70 °C 

Storage temperature range -65 to +150 °c 
Lead temperature range 300 °c 

(SQlder,60sec) 
Output short circuit3 Indefinite 

1114 

SE/NE530-FE,N,T • SE/NE5530-F,K,N,N-14 

INVERTING 
INPUT 

T PACKAGE 
NC 

NON -INVERTING 
INPUT 

OUTPUT A 1 

INVERTING 
INPUT A 

NON -IN~~~~~; t 3 

V­

ORDER PART NO. 

SE530T NE530T 

N PACKAGE 

ORDER PART NO. 

SE5530N 
NE5530N 

OUTPUT 

7 OUTPUT B 

INVERTING 
INPUT B 
NON -INVERTING 
INPUT B 

F , N-14 PACKAGE 

INVERTING 
INPUT A 

NON -INVERTING 
INPUT A 
OFFSET 
NULL A 

OFFSET 
NULL B 

NON -INVERTING 
INPUT B 

INVERTING 
INPUTB 

ORDER PART NO. 

SE5530F. SE5530N-14 
NE5530F. NE5530N-14' 

K PACKAGE 
Ne 

OFFSET 
NULLA 

OUTPUT 

OUTPUT B 

OFFSET 
NULL B 

INVERTING 
INPUT B 

INPUT A 
NON - INVERTING 
INPUT B 

V-

ORDER PART NO. 

SE5530K 
NE5530K 
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SE/NE530-FE,N,T • SE/NE5530-F,K,N,N-14 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = ±15V unless otherwise specified. 1 

SE530/5530 NE530/5530 
PARAMETER TEST CONDITIONS UNIT 

Typ Typ 

I nput offset voltage Rs $ 10kO 0.7 2.0 2.0 5.0 mV 
Over temperature 3.0 6.0 mV 

Temperature coefficient of 3 15 6 f.LV/oC 
input offset voltage 

Input offset current 5 10 15 40 nA 
Over temperature 20 80 nA 

Input bias current 45 60 65 150 nA 
Over temperature 100 200 nA 

Input 3 10 1 6 mO 
I Iput voltage r~nge ±12 ±13 ±12 ±13 V 

Large signal voltage gain RL 2: 2kO, Vo = ±10V 50 200 50 200 ·V/mV (J) 

Over temperature 25 25 V/mV 0 
-= 

Output voltage swing RL 2: 10kO ±12 ±14 ±12 ±14 V (J) 
s::: 

RL 2: 2kO ±10 ±13 ±10 ±13 V C) - Vee = ±5V, RL 2: 2kO ±3.5 ±3.5 V (f) 
Output short :il lit Irrent 25 25 rnA 

'I Outp_ut I t:::::OI:>LClIIl.t: 100 100 0 

Supply current Each amplifier 2.0 3.0 2.0 3.0 rnA 
Over temperature 2.2 3.6 2.2 rnA 

Common mode rejection ratio Rs $ 10k!! 70 90 90 dB 
Over. temperature ~ 

~ 
Power supply rejection ratio Rs $ 10k!} 30 150 70 30 150 f.LV/V ~ 

a veri temperature 

;1 AC ELECTRICAL CHARACTERISTICS TA ~ 25°C, Vee = ±15V unless otherwise specified. 

SE530/5530 NE530/5530 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min· Typ Max 

Transient response 
Small Signal rise time .06 .06 f.LS 
Small signal overshoot 13 13 % 
Settling time TO 0.1% (10V step) 0.9 .0.9 f.LS 

Slew rate ±15V supply, Vo = ±10V,RL 2: 2kO 
Unity gain inverting 25 35 20 35 V/f.Ls 
Unity gain non-inverting 18 25 12 25 V/f.Ls 

Power bandwidth 5% THO, Vo = ±10V, 360 500 280 500 kHz 
RL 2: 2kO 

Small signal bandwidth Open loop 3 3 MHz 

Channel separation 120 120 dB 

NOTE 

1. Operating temperature range for the SE530/5530 is -55°C to +125°e. 
Operating temperature range for the NE530/5530 is O°C to +70°C. 
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DESCRIPTION 
The NE5532 is a dual high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as the 1458, it shows better noise per­
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 

This makes the device especially suitable 
for application in high quality and profes­
sional audio equipment, instrumentation and 
control circuits, and telephone channel am­
plifiers. The op amp is internally compensat­
ed for gains equal to one. If very low noise is 
of prime importance, it is recommended that 
the NE5532A version be used which has 

~ guaranteed noise specifications. 
+:: 
Q) 
c 
Ol 
en 

EACH AMPLIFIER 

1116 

FEATURES 
• Small-slgn,al bandwidth: 10MHz 
• Output drive capability: 6000, 10V 

(rms) 
• Input noise voltage: 5nV /JHi 
• DC voltage gain: 50000 
• AC voltage gain: 2200 at 10kHz 
• Power bandwidth: 140kHz 
• Slew-rate: 9V / II-S 
• Large supply voltage range: ± 3 to 

±20V 
• Pin out 5532 

MC1458 
TL072 
LF353 

EQUIVALENT SCHEMATIC 

NE5532/ 5532A-FE, T 

PIN CONFIGURATION 

INVERTING 
INPUT A 

FE PACKAGE 

NON·INVERTING INVERTING 
INPUT A INPUT B 

ORDER PART NO. 

NE5532FE 
NE5532AFE 

T PACKAGE 
v+ 

NON-INVERTING 
INPUTB 

INVERTING INVERTING 
INPUT A INPUT B 

NON·INVERTING 
INPUT A 

ORDER PART NO. 

NE5532T 
NE5532AT 
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DESCRIPTION 
The 5533/5534 are single and dual high­
performance low noise operational amplifi­
ers. Compared to other operational amplifi­
ers, such as TL083, they show better noise 
performance, improved output drive capabil­
ity and considerably higher small-signal and 
power bandwidths. 

This makes the devices especially suitable 
for application in high quality and profes­
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amps are internally com­
pensated for gain equal to, or higher than, 
three. The frequency response can be opti­
mized with an external compensation ca­
pacitor for various applications (unity gain 
amplifier, capacitive load, slew-rate, low 
overshoot, etc.) If very low noise is of prime 
importance, it is recommended that the 
5533A /5534A version be used which has 
guaranteed noise specifications. 

EQUIVALENT SCHEMATIC 

©IC MASTER 1979 

FEATURES 
• Smail-signal bandwidth: 10MHz 
• Output drive capability: 6000, 10V (rms) 

at Vs= ±18V 
• Input noise voltage: 4nVl \1Hz 
• DC voltage gain: 100000 
• AC voltage gain: 6000 at 10kHz 
• Power bandwidth: 200kHz 
• Slew-rate: 13V / J,LS 

• Large supply voltage range: ±3 to ±20V 
5534 

• Pin out 741 
• Configuration . Single 

INYERTING 
INPUT 

NONINYERTING 
INPUT 

NPACKAGE 

ORDER PART NO. 

NE/SE5534N 

NE I SE5534AN 

1i!)IIIIiCI 

BALANCEI 
COMPENSATION 

I 

NE / 55331 5533A-N,FeNE I SE5534 1 5534A-N, T 

PIN CONFIGURATION 

INVERTING 
INPUT A 

NONNVERTING 
IHPUT A 

BALANCE 
A 

N PACKAGE 

BALANCE 
COMPENSATION A 
COMPENSATION 
A 

OUTPUT 
A 

Y- 11 y+ 

BALANCE 
B 

NONNYERTING 
B 

INYERTING 
B 

ORDER PART NO. 
NE5533N/F 

NE5533AN/AF 

T PACKAGE 
BALANCE! 

COMPENSATION 

Y-

ORDER PART NO. 

SE5534T 
SE5534AT 
NE5534T 

'NE5534AT 

OUTPUT 
B 
COMPENSATION 
B 
BALANCE/ 
COMPENSATION B 
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SINGLE AND DIIAL LOW NOISE OPERA naNIL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Vs Supply voltage ±22 
VIN Input voltage ±v supply 
VOIFF Differential input voltage 1 ±.5 
TA Operating temperature range 

SE 5534/5534A -55 to +125 
NE5533/5533A/5534/5534A o to 70 

TSTG Storage temperature -65 to +150 
TJ Junction temperature 150 
Po Power dissipation at 25 ° C2 

5533N 5534N 500 
5534T 800 

Output short circuit duration3 indefinite 
Lead temperature 

(soldering 10 sec) 

NOTES 
1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting 

resistors are used, large currents will flow if the differential input voltage exceeds O.6V. 
Maximum current should be limited to ±10mA. 

2. For operation at elevated temperature T package must be derated based on a thermal 
resistance of 150°C/W junction to ambient, 45°CIW junction to case. Thermal 
resistance of the N package is 240°C/W junction to ambient. 

3. Output may be shorted to ground at Vs = ±15V, T A = 25° C. Temperature and/or supply 
voltages must be limited to ensure dissipation rating is not exceeded. 

300 

, 

I 

NE/5533/55331 
NE/SE5534/55341 

NE/5533/5533A-N,FeNE/SE5534/5534A-N,T 

UNIT 

V 
V 
V 

°C 
°C 
°C 
°C 

mW I 
mW I 
°C I 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified.1,2 

SE5534/5534A NE5533/5533A 

PARAMETER TEST CONDITIONS 5534/5534A UNIT 
Min Typ Max Min Typ Max 

Vos Offset voltage 
.5 2 5 4 mV 

Over temperature 3 . 5 mV 

los Offset current 10 200 20 300 nA 
Over temperature 500 400 nA 

18 Input current 400 800 500 1500 nA 
Over temperature 1500 2000 nA 

Icc Supply current 4 6.5 4 8 mA 
P~r op amp Over temperature 9 mA 

VCM Common mode input range ±12 ±13 ±12 ±13 V 
CMRR Common mode rejection ratio 80 100 70 100 dB 
PSRR Power supply rejection ratio 10 50 10 100 "NN 

AVOL Large Signal voltage gain 
RL ~ 600n, Vo = ±10V 50 100 25 100 V/mV 

Over temperature 25 15 V/mV 

VOUT Output swing RL ~ 600n ±12 ±13 ±12 ±13 V 
RL ~ 600n Vs = ±18V ±15 ±16 ±15 ±16 V 

RIN Input resistance 50 100 30 100 kQ 

Isc Output short circuit current ·38 38 mA 

NOTES 

1. For NE5533 I 5533A 15534 1 5534A, TMIN = O·C, TMAX = 70·C 
2. ForSE55~4/5534A, TMIN" -55·C, TMAX = +125°C 

1118 
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DESCRIPTION 
The NE5537 monolithic Sample and Hold 
amplifier combines the best features of ion 
implanted JFET's with bipolar devices to ob­
tain high accuracy, fast acqulsition time, 
and low droop rate. This device is pin com'" 
patible with the LF 198, and features a supe­
rior performance in droop rate and output 
drive capability. The circuit, shown in Figure 
1 contains two operational amplifiers which 
function as a unity gain amplifier in the sam­
ple mode. The first amplifier has bipolar in­
put transistors which gives the system a low 
offset voltage. The second amplifier has 
JFET input transistors to achieve 10w'leak­
age current from the hold capacitor. A 
unique circuit design for leakage current 
cancellation using current mirrors gives the 
NE5537 a low droop rate at higher tempera­
ture. The output stage has the capability to 
drive a 2K load. The logic input is compati­
ble with TTL, PMOS or CMOS logic. The dif­
ferential logic threshold is 1.4V with the 
sample mode occurring where the logic in­
put is high. 

©IC MASTER 1979 

NE/SE 5537-T 

FEATURES PIN CONFIGURATION 

• Operates from ± 5V to ± 18V supplies 
• Hold leakage current 6pA @ Tj25°C 
• Less than 10#,s acquisition time 
• TTL, PMOS, CMOS compatible logic 

input 
• 0_5mV typical hold step at Ch = 0_01#'F 
• Low input offset: 1 MV (typical) 
• 0_002% gain accuracy with RL = 2kO 
• Low output noise In hold mode 
• Input characteristics do not change 

during hold mode 
• High supply rejection ratio In sample or 

hold 
• Wide bandwidth 

Logic inputs on the 5537 are fully differential 
with low input current, allowing direct con­
nection to TTL, PMOS, and CMOS. Differen­
tial threshold is 1.4V. The 5537 will operate 
from ± 5V to ± l8V supplies. It is available 
in an 8-lead TO-5 package. 

BLOCK DIAGRAM 
OFFSET 

/ 
N>UT + / 

n>
1 /1 

LOGIC 81 I 
I. 

I I 
I _.1 
I 

LOGIC 7 1 
REFERENCE I 

T PACKAGE 
Metal Can Package 

LOGIC 

Y-

TOP VfE.W 

ORDER PART NO. 
NEISE 5537·T 

>-........ -0 OUTPUT 

300 

L ____________________ _ 
6----------

Figure 1 

TYPICAL APPLICATIONS 

TYPICAL CONNECTION 

y+ 

OUTPUT 

SAMPLE 

HOLD 

HOLD 
CAPACITOR 

ACQUISITION TIME 

10 

100 

1000 

0.001 0.01 

YIN = OTO ± 10Y 

Tj = 2SoC 

HOLD CAPACITOR (,.F) 

0.1 
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DESCRIPTION PIN CONFIGURATIONS 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

N PACKAGE 

ORDER PART NO. 

·INVERTING 
INPUTS 

NON INVERTING 
INPUTS 

The 538/5538 are new generation opera­
tional amplifiers featuring high slew rates 
combined with improved input characteris­
tics. Internally compensated for gains of 5 
or larger, the SE538/SE5538 offer guaran­
teed minimum slew rates of 40v/ p's or larg­
er. Featuring 2mV max input offset voltage, 
the 538 is a single amplifier while the 5538 is 
a dual version. Industry standard pin out 
and internal compensation allow the user to 
upgrade system performance by directly 
replacing general purpose amplifiers, such 
as 748, 101A, 741,747 and 1458. 

SE5538N. NE5538N 

FEATURES 
• 2mV max Input offset yoltage 
• 60nA ma-x Input offset current 
• Short circuit protected 
• Offset null capability 
• Large common mode and differential 

yoltage ranges 
• 6OV/p.s slew rate (gain of +5, -4 min) 
• 6MHz gain bandwidth product 

(gain +5, -4 minimum) 
• Internal frequency compensation 

(gain of +5, -4 minimum) 
• Pin out: 538 same as 741 (Single) 

5538 same as 747, 1458 (dual) 

ABSOLUTE MAXIMUM RATINGS1,2,3 

PARAMETER 

Vee Supply voltage 
SE military grade 
NE commercial grade 

Po Internal power dissipation 
F package 

Po Internal power dissipation1 

N package 
Po Internal power dissipation1 

K, T package 
Differential input voltage 
Input voltage2 

Operating temperature range 
SE military grade 
NE commercial grade 
Output short circuit3 
Storage temperature range 

N-14, F PACKAGE 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

OFFSET 
NULLA 

OFFSET 
.NULL S 

NONINVERTING 
INPUT S 

INVERTING 
INPUT B 

ORDER PART NO. 

SE5538 N-14, F 
NE5538 N-14, F 

RATING 

±22 
±18 
1000 

500 

800 

±30 
±15 

-55 to +125 
o to 70 

indefinite 
-65 to +150 

Lead temperature (solder, 60se~.) 300 

NOTES 

1. Rating applies for thermal resistances of 2400CIW and 150°CIW junction to ambient 
for Nand K, T packages, respectively. Maximum chip temperature is 150Q C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to 125°C case 
temperature or 75°C ambient temperature. 

1120 
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OFFSET 
NULL A 

V+ 

OUTPUT A 

OUTPUT B 

OFF.5ET 
NULL S 

UNIT 

V 
V 

mW 

mW 

mW 

V 
V 

°c 
°c 

°C 
°c 

NE/SE538-N,T. NE/SE5538-F,K,N,N-14,T 

OFFSET 
NULL 

INVERTING 
INPUT 

NON INVERT­
ING INPUT 

N PACKAGE 

ORDER PART NO. 

OFFSET 
NULL 

SE538N, NE538N 

OFFSET 
NULL 

INVERTING 
INPUT 

NONINVERT­
ING INPUT 

T PACKAGE 

NC 

v-

ORDER PART NO. 

V+ 

OUTPUT 

OFFSET 
NULL 

SE538T, NE538T 

OUTPUT A 

V +/1. 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

K PACKAGE 

NC 

V-

ORDER PART NO. 

OUTPUT B 

V+S 

INVERTING 
INPUTS 

NONINVERTING 
INPUT S 

SE5538K, NE5538K 

OUTPUT A 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

T PACKAGE 

v+ 

V-

ORDER PART NO. 

OUTPUT B 

INVERTING 
INPUT B 

NON INVERTING 
INPUTS 

SE5538T, NE5538T 
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EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER 

Vos Input offset voltage 
Vos Input offset voltage 

los Input offset current 
los I nput offset current 

AVOL Large signal voltage gain 
AVOL Large signal voltage gain 

VOUT Output voltage 
VOUT Output voltage 

Icc S current 
Icc S current 

Po Power dissipation 
Po Power dissipation 

NOTE 

Temperature Range 
SE Types -55D e::; TA::; 125D e 
NE Types DoC::; TA::; 70D e 

©IC MASTER 1979 

Vee 

RL ~ 2kO, VOUT = ±10V 
Over temp., 

RL ~ 2kO, VOUT = ±10V 

Over temp., RL ~ 2kO 
Over temp., RL ~ 10kO 

Per amplifier 
Over temp., per amplifier 

Per amplifier 
Over temp., per amplifier 

!ii!lIDtiC!i 

50 
25 

±10 
±12 

NE/SE538-N,T • NElSE5538-F,K,N,N-14,f 

200 50 200 V/mV 
25 V/mV 

±13 ±10 ±13 V 
±14 ±12 ±14 V 

2 3 2 3 mA 
2.2 3.6 2.2 mA 

60 90 60 90 mW 
66 108 66 mW 
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OBJECTIVE SPECIFICATION 

DESCRIPTION 
The NElSE5551, 2, 3, 4, 5 are dual polarity 
tracking regulators designed to produce 
balanced or unbalanced output voltages 
from 5 to 20 volts with up to 300 rnA output 
current. Similar in specifications to the 
78MXX and 79MXX fixed regulators, the 
5551 series can be continuously adjusted, 
balanced or unbalanced. Standard fixed 
voltages available are ±5, ±6, ±12, ±15, and 
+5, -12 volts. Employing current limiting 
and thermal shutdown protection, these 
dual polarity regulators are ideal for local 
on-card regulation. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VIN input voltage 

T SG storage temperature 
T J operating junction temperature 

NE5551 ,2,3,4,5 
SE5551 ,2,3,4,5 

Lead temperature 10 sec. 

BLOCK DIAGRAM 

FEATURES 
• Output current to 300mA 
• Internally current limited 
• Thermal overload protected 
• Input voltage to ±32V 
• Output balance 1 % typo 
• External balance control 
• Continuously adjustable from 5 to 20 

volts, balanced or unbalanced 
• No external components required 
• Short circuit current 400mA 
• Heat sink available for Increased power 

dissipation 

RATING UNIT 

±32 V 

-65 to +150 °C 

o to +125 °C 
-55 to +150 °C 

300 °C 

>------..._---0 +VOUT 

L...-____________ +-__ -Q BALANCE 

GNDo---~-----_, 

r----If----Q CONTROL 

~----+---~--~-VOUT 

1122 

N ElSE5551 /2/3/ 4/5-N, T 

PIN CONFIGURATIONS 

N PACKAGE 

ORDER PART NUMBERS 

VOLTAGE PART NO. 

±5V SElNE5551N 
±6V SElNE5552N 
±12V SE/NE5553N 
±15V SElNE5554N 
+5. -12V SElNE5555N 

T PACKAGE 

ORDER PART NUMBERS 

VOLTAGE PART NO. 

±5V SElNE5551T 
±6V SElNE5552T 
±12V SElNE5553T 
±15V SElNE5554T 
+5. -12V SElNE5555T 

U PACKAGE 
-VIN 

-VOUT 

N.C. 

GND ______ ~ 

CONTROL ______ ~ 

BALANCE 

N.C. 

VOUT 

V IN '-------1L.....~....»------' 

ORDER PART NUMBERS 

VOLTAGE 
±5V 
±6V 
±12V 
±15V 
+5.-12V 

PART NO. 
SEINE 5551 U 
SE/,,!E 5552 U 
SEINE 5553 U 
SEINE 5554 U 
SEINE 5555 U 

Power dissipation (without heat sink) 
T Package 
N Package 
U Package 

©IC MASTER 1179 



SWITCHED IloDE POWER SUPPLY CONTROL CIRCUIT 

DESCRIPTION 
The NE / SE5560 is a control circuit for use in 
switched mode power supplies. This single 
monolithic chip incorporates all the control 
and housekeeping (protection) functions re- . 
quired in switched mode power supplies, in­
cluding an internal temperature compensat~ 
ed reference source, internal Zener 
reference, sawtooth generator, pulse width 
modulator, output stage and various protec­
tion Circuits. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
(Voltage sourced) 

Supply current 
(Current sourced) 

Output current 
Operating temperature range 
Storage temperature range 

BLOCK DIAGRAM 

FEED 

FEATURES 
• Stabilized power supply 
• Temperature compensated reference 

source 
• Sawtooth generator 
• Pulse width modulator 
• Remote on / off switch(ng 
• Current limiting 
• Low supply voltage protection 
• Loop fault protection 
• Demagnetization / overvoltage protec-

tion 
• Maximum duty cycle adjustment 
• Feed forward control 
• External synchronization 

RATING 

+18 

30 
40 

-55 to +125 
-65 to +150 

UNIT 

v 

rnA 
rnA 
°C 
°C 

FORWARD R C 
SYNC 
INPUT 

FEEDBACK 
VOLTAGE 

GAIN 

MODULATOR 
INPUT 

DUTY ADJUST 
CYCLE 

O.6V 

CURRENT 11 

SENSE INPUT 

O.6V 

©IC MASTER 1979 

PULSE WIDTH 
MODULATOR 

-=- -=-

REMOTE ON OFF 

O.6V 

S!,gIIltiCS 

NE/SES5.iL 

NEI SE5560-F,N 

PIN CONFIGURATION 

F,N PACKAGE 

POSITIVE 
SUPPLY (IN) 

ZENER 
VOLTAGE (Vz) 

ERROR SENSE 
INPUT 

DUTY 
CYCLE CONTROL 

..... _-_ ..... 

DEMAGNETIZATION 
OVER· VOLTAGE PROTECTION 

13 

LATCH 

START 

STOP 

12 

16 FEEDFORWARD 

13 ~:~~;~~~TlON/ 
12 ~~~~V~IN) -

11 ~::I~~~ 
10 REMOTE ON/OFF 

9 ~~~~~:~T 

LJ 
15 

OUTPUTS 

14 

JL 

2 
Vz 

1123 
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AIlfM fREQUENCY StH I HESllfR 

DESCRIPTION 
This LSI integrated circuit performs the 
digital control functions required for gen­
erating AM/FM radio frequency local oscil­
lator signals using digital phase locked loop 
techniques. By the use of low power Schott­
ky and ECL technologies on the same sub­
strate it is possible to operate at 80MHz 
input frequencies with an average system 
power of 1.6mW per gate typical. 

FEATURES 
• 80MHz input frequency 
• Eel prescaler 
• LS process 
• Single 5'1 supply 
• Power dissipation-600mW (max) 
• External components-

• 1 crystal 
• 2 capacitors 

PHASE LOCKED LOOP 
BLOCK DIAGRAM 

~-------------------------------------1 

I 
I 
I 
I 
I 
I 
I 

\._--------------------------~ 

CHANNEL SPACING FOUT MFREF 

BXOB 
-N-

PHASE LOCKED LOOP 
PRINCIPLES 

increase or decrease until F ref = F out. When 
MN 

this occurs, the local oscillator is essentially 
as stable as the crystal reference oscillator. 

The local oscillator frequency (F out) is 
changed by programming a different num­
ber into the programmable counter. The 
distance between discrete frequencies or 
the channel spacing is determined by the 
reference frequency. 

For the AM/FM Circuit, up to 200 channels 
are possible with selectable channel spac­
ing of 10kHz for AM operation and 2000 
channels at 100kHz for FM operation. 

AM/FM Frequency Synthesizer 
Circuit Description 
The frequency synthestzer circuit logic dia­
gram is shown below. Following is a de­
scription of each of the major blocks . 

Programmable Counter 
The programmable counter consists of 3 
stages of decade counter plus a divide by 1 
or 0 counter to divide by numbers up to 
1999. BCD programming data is presented 
to the dividers in parallel form, one digit at a 
time. Parallel data is strobed into internal 
latches via strobe signals; one strobe for 
each digit. A + 5 80MHz ECL prescaler pre­
cedes the programmable counter for FM . 
operation. This prescaler plus an external 
160MHz + 2 flip-flop provide a + 10 160MHz . 
prescaler (+M) function to scale the pro­
grammable counter input frequency down 
to 16MHz maximum. A logic control circuit 
bypasses the +M prescaler and the first 
decade counter for AM operation. By this 
technique, the channel spacing is pro­
grammable to 10kHz for AM operation and 
100kHz for FM operation. 

1101 
8X08-F,XA 

PIN CONFIGURATION 

F, XA PACKAGE 

,:: ~ .... ------"' 
VCO 
An externally provided integrator and volt­
age controlled oscillator must be provided 
to perform the complete frequency synthe­
sizer function. The integrator converts the 
pulses that come from the phase detector 
into a dc signal that controls the output 
frequency of the voltage controlled oscilla­
tor. It is in the integrator part of the circuit 
that the critical loop constants are deter­
mined. The voltage controlled oscillator is 
normally a LC tuned oscillator with varactor 
diode tuning that is controlled by the dc 
signals from the integrator. In this case, two 
are required, one for the AM band and one 
for the FM band. The FM oscillator output 
must be +5V ECL compatible while the AM 
oscillator must be TTL compatible. 

Digital phase locked loops are comprised of RECOMMENDED OPERATING CONDITIONS 
4 basic building blocks: A fixed reference 
frequency generator (crystal oscillator and 
divider), a phase comparator, a voltage con­
trolled oscillator (VCO) and a programable 
counter (+N). 

In cases where very high frequencies must 
be generated, a fixed prescaler (+M) is em­
ployed to divide the local oscillator frequen­
cy down to a frequen.cy compatible with the 
programmable counter. F out from the VCO 
is divided down by the prescaler and pro­
grammable counters and compared to the 
reference frequency by the phase detector. 
If F out is not equal to F ref in phase and 

MN 
frequency, the phase detector generates a 
signal which causes the VCO frequency to 

1124 

TA 
Vce 

PARAMETER 
Min 

Operating free air temperature -40 
Supply voltage 4.75 
Max input voltage 

data, strobe 
Max AM local oscillator input 

operating frequency (Pin 11) 
Max FM local oscillator input 

operating frequency (Pin 10) 
Maximum reference frequency 

oscillator operating frequency 

LIMITS 

Typ Max 
UNIT 

+85 °c 
5.0 5.25 V 

16 V 

20 MHz 

100 80 MHz 

6 MHz 

@IC MASTER 1979 



@ 

n 
sr: 

= !D ... 
~ 

In 
t!I 

I 
In 

.... .... 
tA 

Ps 

P4 

P2 

P
1 

~ 

FM 
<>-

CK = CLOCK 
R = RESET 
CE = COUNT ENABLE 

(lS) 

(17) 

(16) 

(15) 

LO, 

L.O, 

~ 
A~ 

VCC = (1) 
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8X08-F,XA 

Phase Detector Circuit PHASE DETECTOR CIRCUIT 
The phase detector is a digital edge­
detecting device that provides an output 
three-state signal that is in a high imped­
ance s~ate when the 2 input signats are 
equal in phase and/or fr.equency. The out­
put of the phase detector is a series of 
pulses that swing from the high impedance 
state to .3V typical or from the high imped­
ance state to 4.2V typical. If the positive 
edge of the divider input leads the refer­
ence, the pulses will go to 4.2V. If it lags they 
will go to .3V. 

The width of the output pulses is a function 
of the time between the positive edges 
(phase) of the 2 signals. An example of the 
operation of the device is shown where the 
reference sigr.lal is twice the frequency of 
the divider signal and has a phase lead of 
270 0

• The output pulses are converted to a 
dc signal by integrating amplifiers causing 
the output frequency of the voltage con-
trolled oscillator to increase or decrease 
(increase in this case) until the divider out­

, put and the reference output are equal in 
phase and frequency. 

IVIDER REFERENCE 

CASE 1-DIVIDER LAGS REFERENCE 

DIVIDER t t L 
REFERENCE 

----o1LJ U L 
08 

_____ n"---'----'n _____ L 
UP 

ON 

1126 
Sf!IIIIIII:B ' 

10KHZ 

RESET ClK 

PHASE 
DETECTOR 

5 •• 

CASE 2-DIVIDER LEADS REFERENCE 

1_ t t 

_ ... 0 ______ O""'--____'L 
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. "I need to know if this. device exists, and if there are 

any alternate sources. Where do I start?" 
• Memory IC • CMOS 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If youre spending hours to solve a problem similar 
to the one above, youre behind the times ... 

It only takes a few seconds with nT·HE MASTER~' 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 

$65. 
('~, suggested 
\..~J domestic 

resale price 
IC MASTER . 
United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

... alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section. . . a complete 
part numbering guide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor - etc. 
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SiLicon GOnOl'lL IDC. 
LINEAR INTEGRATED CIRCUITS 
11651 Monarch Street, Garden Grove, CA 92641 • (714) 892-5531 • TWX: 910-596-1804 

SG152412524/3524 
REGULATING PULSE 
WIDTH MODULATOR 

ABSOLUTE MAXIMUM RATINGS 

DESCRIPTION 
This monolithic integrated circuit contains all the control 
circuitry for a regulating power supply inverter or switching 

Input Voltage 
Output Current (each output) 
Reference Output Current 
oscillator Charging Current 
Power Dissipation (package limitation) 

Derate above 25° C 
Operating Temperature Range 

SG1524 
SG2524/SG3524 

Storage Temperature Range 

regulator. Included in a 16-pin dual-in-line package is the BLOCK DIAGRAM 
voltage reference, error-ampliffer, oscillator, pulse width 
modulator, pulse steering flip-flop, dual alternating output 
switches and current limiting and shut-down circuitry. This 
device can be used for switching regulators of either 
polarity, transformer coupled DC to DC converters, 
transformerless voltage doublers and polarity converters, 
as well as other, power control applications. The SG1524 is 
specified for operation over the full military temperature 
range of -55°C to +125°C, while the SG2524 and SG3524 
are designed for commercial applications of 0° C to + 700 C. 

FEATURES 
• Complete PWM power control circuitry 
• $Ingle ended or push-pull outputs 
• Line and load regulation of 0.2% 
• 1% maximum temperature variation 
• Total supply current less than 10 mA 
• Operation bey~d 100kHz 

40V 
100mA 
50 mA 
5mA 

1000 mW 
8mW/oC 

-55°Cto+125°C 
O°C to +70°C 

-65° C to +150° C 

+5V TO ALL 
INTERNAL CIRCUITRY 

CONNECTION DIAGRAMS 

COMPENSATION 9 8 GROUND 

EMITTER A 11 

COLLECTOR A 12 5 (-) C.L. SENSE 

COLLECTOR B 13 4 (+, C.L. SENSE 

EMITTER B 14 3 OSC. OUTPUT 

2 NON. INY. INPUT 

1 INVERT INPUT 

SG1627/3627 DUAL HIGH-CURRENT OUTPUT DRIVER 
DESCRIPTION 
The SG1627 and SG3627 devices are monolithiC, high­
speed driver integrated circuits designed to interface digital 
control logic with high current loads. Each device contains 
two independent drivers which will either source or sink up 
to 500 mA of current. The sink transistor is designed as a 
saturating switch while the source transistor can be used 
either as a switch or as a constant current generator with 
external resistor programming. 
Each half of this device contains both inverting and 

noninverting inputs which have two volt thresholds for high 
noise immunity. Either input can be used alone to switch 
the output, or one input can be strobed with the other. 
These units have been designed to directy interface with 
the SG1524 Regulating Pulse Width Modulator Circuit. 
These devices are supplied in ceramic 16-pin D.I.L. 

packages. The SG1627 is specified for operation over a 
-55°C to +125°C temperature range while the SG3627 is 
'intended for industrial applications of 00 C to +100° C. 

FEATURES 
• Two Independent driver circuits 
• Outputs will source or sink currents to 500 mA 
• 100 nSec response time 
• Full compatibility with SG1524 PWM circuit 
• Constant current drive capability 
• Two volt threshold for high noise Immunity 
• Source and sink can be separated for 

complementary outputs 

1128 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, VCC 30V 
Output Collector Voltage 30V 
Source or Sink Current 500 mA 
Input Voltage 5.5V 
Input Current 10mA 
Avg. Total Power Dissipation (Note 1) 1000 mW 

10 mW/oC Derate Above 55° C 
Operating Temperature Range 

SG1627 -55D Cto+125°C 
SG3627 0° C to +1000 C 

Storage Temperature Range -65° Cto+150° C 

Note 1: Total power dissipation is the sum of the control logic 
power plus the power of each source and sink output 
tranSistor, factored for duty cycle. 

SCHEMATIC (one half of total device shown) 
,..-----------_TO SIDE B 

01 
BV 

R2 R4 
SIc SIc 

R5 
2k 

TO SIDE B 

R7 
SIc 

R8 
lk 

GROUND 0-------+-...... ---4----_----4 
SUBSTRATE 

CONNECTION DIAGRAMS 

SINK 
EMITTER 
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SiLicon GUnUPOL IDC. 
LINEAR INTEGRATED CIRCUITS 

11651 Monarch Street, Garden Grove, CA 9264~ • (714) 892-5531 • TWX: 910-596-1804 

SG1543/2543/3543 
POWER SUPPLY OUTPUT 
SUPERVISORY CIRCUIT 
DESCRIPTION 
This monolithic integrated circuit contains all the functions 
necessary to monitor and control the output of a 
sophisticated power supply system. Over-voltage (O.V.) 
sensing with provision to trigger an external 8CR "crowbar" 
shutdown; and under-voltage (U.V.) circuit which can be 

. used to monitor either the output or to sample the input line 
voltage; and a third op amp/comparator usable 'for current 
sensing (C.L.) are all included in this IC, together with an 
independent, accurate reference generator. 

Both over and under voltage sensing' circuits can be 
externally programmed for minimum time duration of fault 
before triggering. All functions contain open collector 
outputs which can be used independently or wire-or'ed 
together, and although the 8eR trigger is directly 
connected only to the over voltage sensing circuit, it may be 
optionally activated by any of the other outputs, or the 
outputs from additional external comparators like the 
8G139/239/339 for multiple-output monitoring. The O.V. 
circuit also includes an optional latch and external reset 
capability. 

The current sense circuit may be used with external 
compensation as a linear amplifier or as a high-gain 
comparator. Although nominally set for zero input offset, a 
fixed threshold may be added with an external resistor. 
Instead of current limiting, this circuit may also be used as 
an additional voltage monitor. 

The reference generator circuit is internally trimmed to 
eliminate the need for external potentiometers and the 
entire circuit may be powered dire,ctly from either the 
output being monitored or from a separatE;! bias voltage. 
The 8G1543 is specified for operation over the full military 

temperature range of -550 C to +1250 C, while the 8G2543 
and 8G3543 are designed for commercial applications of 
0° C to +70° C. 

FEATURES 
• Over-voltage, under-voltage, and current 

sensing clrc'ults all Included 
• Reference voltage trimmed to 1% accuracy 
• SCR "Crowbar" drive of 200 mA 
• Programmable time delays 
• Open-collector outputs and remote 

activation capability 
• Total standby current less than 10 mA 

ABSOLUTE MAXIMUM RATINGS 

Input Supj>ly Voltage 40V 
Sense Inputs VIN -1.5V 
SCR Trigger Current 300mA 
Indicator Output Voltage 40V 
Power Dissipation (Package 
Limitation) 1000 mW 

Derate Above 25° C 8.0 mW/oC 
Operating Temperature Range 

SG1543 -55°Cto+125°C 
SG2.543/3543 O°C to +70°C 

Storage Temperature Range -65°Cto+150°C 

BLOCK DIAGRAM 

OFFSET/COMP 

CONNECTION DIAGRAMS 

U.V. INDICATE 9 

7 U.V.INPUT 

C.L. N.I. INPUT 11 6 O.V.INPUT 

OFFSET/COMP 12 5 O.V. DELAY 

4 O.V. INDICATE 

2 REMOTE ACTIVATE 

1 S.C.R. TRIGGER 

SG1503/2503/3503 PRECISION 2.5 VOLT REFERENCE 
DESCRIPTION 
This monolithic integrated circuit is a fully self-contained 
precision voltage reference generator, interallytrimmed for 
±1% accuracy. Requiring less than 2 mA in quiescent 
current, this device can deliver in excess of 10 mAwith total 
load and line induced tolerances of less than 0.5%. In 
addition to voltage accuracy, internal trimming achieves a 
temperature coefficient of output voltage of typically 10 
ppm/o C. As a result, these references are excellent choices 
for application to critical instrumentation and 0 tn A 
converter systems. The 8G1503 is specified for operation 
over the full military temperature range of -550 C to 
+125° C, while the 8G2503 and 8G3503 are designed for 
commercial applications of 00 C to +70° C. 

FEATURES 
• Output voltage trimmed to ±1% 
• Input voltage range of 4.5 to 40V 
• Temperature coefficient of 10 ppm/DC 
• Quiescent current typically 1.5 mA 
• Output current in excess of 10 mA 
• Interchangeable with MC1503 and AD580 

©IC MASTER 1979 

ABSOLUTE MAXIMUM RATINGS RIPPLE REJECTION 

Input Voltage 4.5 - 40V 
Power Dissipation 600mW 

Derate Over 25° C 4.8 mW/oC 
Operating Temperature Range 

SG1503 -55°C to 125°C 
SG2503/3503 O°C to +70°C 

Storage Temperature Range -65°Cto+150°C 

V,N J15V 
I __ f'oVl.NO= 10V 

L TA=2SOC 

, 
I 

V 
100 1k 1CMc 

FREQUENCY - HERTZ 

CONNECTION DIAGRAMS OUTPUT VOLTAGE vs. TEMPERATURE 

M or Y PACKAGE 
MINIDIP 

N.C. 04 N.C. 

N.C. 6 3 GND 

N.C. 7 2 VOUT 

N.C. 8 1 VIN 

TOP VIEWS T-PACKAGE 
T0-39 

GND 

~
3 

@ VOUT 

o 
VIN 

VIN=15Y 
10=0 

2,520 

2.SIlO 

~/ 
.... 
~ 

2 ..... 

JUNCTION TEMPERATURE _·c 
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Silicanix 

incorporated 

2201 Laurelwood Road 
Santa Clara, CA 95054 

(408) 988-8000 
TVVX: 910-338-0227 

PART NO. 

Product Selector Guide 

FUNCTIONI APPLICA TION 

AID CONVERTERS, INDEX 1 

Send for Complete 
I nformation in the 
New LSI Design Catalog 

BASIC 
DIGITS SCALES RESOLUTION 

ACCURACY 

LD110/LD111 

LD110/LD111A 

LD111/LDl14 

LD120/LD 121 

LD130 

LD131 

L144 

L161 

L911 

LM3909 

SM110 

Tl00/T300 

D139 

D140 

DF411 

1130 

3 112 2 V, 200 mV 100 JiV 

3 1/2 2 V, 200 mV, 20 mV 10 JiV (1 JiV with external 
(2 mV with external preamp) preamp) 

3 112 2 V, 200 mV 100 JiV 

4 1/2 2 V, 200 mV (20 mV with 10 JiV (1 JiV with external 
external preamp) preamp) 

±3 1.0 V 1 mV 

±31/3 1.500 V 1 mV 

LINEAR, INDEX 2 

Triple Op Amp/Low power amplification, voltage comparators, active 
filters, battery powered circuits 

Quad Comparator/Low power voltage comparator, level detectors, 

CMOS line receivers, oscillators, phase comparators, battery powered 
circuits 

Detector Circuit/Battery and I ine operated heat sensors, sound level 
detectors, smoke detectors, gas detectors 

LED Flasher/Micropower indicators, emergency locators, electronic 
jewelry, warning indicators, oscillators, timers, micropower actuators 

Ionization Smoke Detector/Complete system block including direct inter· 
face to ionization chambers, low battery threshold sensing circuitry and 
output drive 

Transducer Preamplifier/Microphone, electret, condenser, ceramic, strain 
gauges, self-contained source follower amplifier 

INTERFACE, INDEX 3 

Universal Logic Interface Circuit/Level shifts TTL or CMOS logic input 
to any logic output at high speed 

Hex Digit Driver/Ideal for low voltage LE;D display systems requiring 
very small switch losses 

Decodes Four Digit Multiplexed BCD to LCD Display Driver/Decodes up 
to 4 digits of mUltiplexed BCD information and derives the AC signals 
needed to drive a 4 digit LCD display 

0.05%±1 count 

0.02% ± 1 count 

0.05% ± 1 count 

0.005% ± 1 count 

0.1% ±1 count 

0.1% ± 1 count 

©IC MASTER 1979 



H 
Bilicanix 

PART NO. 

D F320/321 /322 

DF331/332 

DF341/342 

DF213/214 

DF215 

DF216 

Product Selector Guide 

(Continued) 
FUNCTIONI APPLICA TION 

TELECOMMUNICATIONS, INDEX 4 

Loop Disconnect Dialer (push button to conventional pulse dialer)/ 

Allows conversion of telephone systems without touch~tone® capability 
to use a push button phone 

p255-Law CODEC/Converts present analog voice channels into a PCM 

digital format with companding A to D characteristics and back to 

analog signals (coder-decoder set) 

A-Law CODEC/Same as DF331/332 except this part follows the 

Telecommunications Industry A-Law for companding 

TIMING, INDEX 5 

Stopwatches!Two timing modes available: 59:59:99 minutes and seconds, 

99.999 minutes. Has multiple sp.lit timing available. 

Dual Set Point Timer/Two programmable count points that determine 

time interval lengths. Two outputs to control systems for the interval 

length, includes seven segment LED output drivers. 

Down-Up Counter/Keyboard entry programs time interval, down counts 
to zero, outputting end of interval signal including timing the overtime 

length 

Touch-tone® is a 'registered trademark of Western Electric Co. 

©IC MASTER 1979 1131 

.~ 
C 
o 
o 



.~ 
C 
o 
o 

C/) 

H 
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DF331 DF332 DF334 

CMOS JL-255 law companding 
converter set designed for ••• 

• Telecommunications Channel 
Banks 

• Servo Control Systems 
• Microprocessor Interface 
• Remote Data Acquisition Systems 
• Audio Delay Lines 

DESCRIPTION 

BENEFITS 
• Minimizes System Power Requirements 
• Reduces External Component Requirements 

• Reduces System Costs 
• Easily Interfaced 
• Eliminates Channel Crosstalk Problems 
• Eliminates External Signalling Logic 
• No External Zero Code Suppression Required 

• Reduced System Noise Problems 
• r~o Externai Sampie and Hold or MUX 

Required 

• No Additional Logic Required for Extended 
Bandwidth Applications 
o 3.5 to 9 KHz Bandwidth Possible With 

Clock Frequency From 1.25 to 3.0 MHz 

The DF331 (coder) is an analog-to-~igital converter which has a transfer characteristic conforming to the telecommunication 
industry M-255 law. Its counterpart, the DF332 or DF334 (decoder) is a digital-to-analog converter which also conforms to 
the M-255 law. 

Together the DF331 and DF332 or DF331 and DF334 form a CODeC (coder-decoder set) which is designed to meet the 
needs of the telecommunications industry for per channel voice frequency CODeCs used in PCM Channel Bank and PBX 
systems. Digital output and input of the coder and decoder is in serial format. Actual transmission and reception of 8-bit 
data words containing the analog information is typically done at a 1.544 megabit/sec rate with analog signal sampling 
occurring at an 8 kHz rate. A sync pulse input pin is provided for synchronizing transmission and reception of multi-channel 
information being multiplexed over a single transmission line. The DF332 and DF334 differ in the output device for the 
A/B signal output pins, refer to the Functional Description. 

FUNCTIONAL BLOCK DIAGRAMS PIN CONFIGURATIONS 

Dual In-Line Package 

ORDER NUMBER: DF331CJ 

DF331 

Dual In-Line Package 

DF332, DF334 
ORDER NUMBER: DF332CJ, DF334CJ 

Figure 1 
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ABSOLUTE MAXIMUM RATINGS 

Vin (Digital Inputs) 

Vin (Analog Inputs) 
+V 
-V 

+Vref 
-Vref 

-0.3 V,:::;;;; Vin ~ +V +0.3 V 
. -V --0.3 V, ~ Vin ~ +V +0.3 V, 

O~ +V ~ 11 V 

. -11 V~-V~O 

-V ~ +Vref ~ +V 
-V ~ "":Vref ~ +V 

ELECTRICAL CHARACTERISTICS 

DF331 DF332 DF334 

Vo (Digital Output) DF331, DF334 

V AlB Signal Out DF332 
Operating Temperature 
Storage Temperature 
Power Dissipation 

Derate 6.5 mwtC above 25°C 

.Vo~15V 

Vo~-7.5V 

. 0 to 70°C 
-55 to +1259 C 

450mW 

All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters to assure conformance with specifi­
cations. 

TA = 25°C 
Test Conditions, See Note 2 

Clock = 1.544 MHz, Sample Rate = 8 KHz, 
Characteristic 

I I 
Unit 

+V = 7.5 V, -Vref = -3.0 V, -V= -7.5 V, 
Min Typ Max 

+Vref = 3.0 V, RL = 820 n, CL = 12.5 pF 

DC Characteristics DF331 (Coder) 

'1 lin (Analog) Analog rnput Current 0.5 mA See Note 3 -
2 linl (Clock) Clock Input low Current -0.1 -100 

- I VIN =0 
3 N linl (Sync) Sync Input low Current -0.1 -100 

-p nA 

4 U linH (Clock) Clock Input High Current 0.1 100 
- VIN = 7.5 V 

5 T linH (Sync) Sync Input High Current 0.2 100 
- S 

6 Rin (Analog) Analog Input Series Resistance 1 KS1 
-

7 Cin (Analog) Analog I nput Series Capacitance 200 pF 

8 Voffset Analog I nput Offset Voltage 5 10 mV 

-
9 0 Co (Digital) Digital Output Capacitance 3 pF Vo = 7.5 V 

- U 10 VOL Digital Output low Voltage 0.3 0.5 IOl = 3 mA - T V 
11 VOH (max) Digital Output High Voltage 12 IOH=10/lA 

12 t positive Supply Current 4 6 Clock = 1.544 MHz - S mA 
13 U I 

-
Negative Supply Current -3 -6 Sample Rate = 8 KHz 

- P 
14 Supply Tolerance ±10 % 

P -
15 L I ref 

+ 
POsitive Reference Current 3.5 

- y /lA Average Current See Note 3 -
16 Iref Negative Reference Current -3.5 

AC Characteristics DF331 (Coder) 

17 Itds l Sync to Clock Delay Time 100 

-
18 td(on) 

Digital Output to Sync Delay 
75 130 

Time 
--'-

19 td(off) 
Digital Output to Sync Delay 

Time 
165 220 

-
20 tdbr 

Digital Output to Clock 
65 130 See Figure 2 

Delay Time ns 

-
21 tdbf 

Digital Output to Clock 
70 130 

Delay Time 

-
22 tfo Digital Output Fall Time 65 130 

- Cl = 100 pF 
23 tro Digital Output Rise Time 175 250 

-
24 ~ss (min) AlB Signaling Input Setup Time 200 

- See Figure 4 
25 tscs (min) AlB Select Setup Time 1000 --
26 DCc Clock Duty Cycle 30 70 % 
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DF331 DF332 DF334 

ELECTRICAL CHARACTERISTICS (Cont'd) 
All DC parameters are 100% tested at 2SoC. Lots are sample-tested for AC parameters to assure conformance with specifications. 

TA=25"C 
Characteristic 

Min I Typ I 
DC Characteristics DF332, DF334 (Decoded 

1 I 'inl (logic) Digital Inputs low Current 0.1 -
2 N linH (logic) Digital Inputs High Current 0.1 

3 IOl (Signaling) 
AlB Output 

0.1 
low Current DF332 -
A/B Output Only 

4 IOH (Signaling) 0.2 0.5 
High Current 

-
5 o VOH (max) AlB Output I I I 

U I (Signaling, High VOltage DF334 - T A/B Output Only 
6 VOL (Signaling) 

Hi~h Voltage 
0.3 

-
7 Cl (Analog) 

Analog Output load 
Capaci tance 

8 Ro (Analog) 
Analog Output Series 

0.5 
RC!slstance 

-
9 Voffset 

Analog Output Offset 
50 S Voltage 

- U 
10 P Ii" Positive Supply Current 6 

- P 
11 I Negative Supply Current 5 - l 

12 Y Supply Tolerance '10 - ~ 

13 Iref Positive Reference Current 3.5 -
14 Iref Negative Reference Current 3.5 

AC Characteristics DF332, DF334 (Decoded 

15 t'ds Sync to Clock Delay Time 25 -
16 ('dc Clock to Sync Delay Time 10 

-
17 t'sd Data to Clock Setup Time 100 -
18 

t'scs (min) AlB Select Setup Time 

t'd AlB Output Delay Time 500 
-

19 t'do 
Analog Output to Sync 

Delay Time 

-
20 Slew 

+ 3 V to +3 V Analog 
5 

Output Slew Rate -
21 Slew 

+3 V to ·3 V Analog 
5 , Output Slew Rate -

22 Droop Analog Output Droop Rate 0.01 

System Characteristics, DF331/DF332 Pair or DF331/DF334 Pair 

23 35 37 -
24 SID Signal to Distortion 30 33 -
25 25 28 

-
26 0.3 -
27 GT Gain Tracking 0.5 -
28 2.0 

-
29 Idle Channel Noise 12 

-
30 (DF332,DF334) QUiet Code Output 10 

NOTES: 
1. TYPical values are for DeSign Aid only and not subject to production testing. 
2. V III /' + V 1 V for logiC "1", V Ill' 0.8 V for logiC "0" for logic input levels. 

Unit 
Max 

100 

100 nA 

100 

mA 

12 I I 
V 

0.5 

750 pF 

1.0 K!1 

100 mV 

8 
mA 

7 

'}b 

J.l.A 

450 

ns 

1000 

1000 

15 j.1S 

V/J.l.S 

%1115 

dB 
0.3 

0.3 

1.0 

15 
dBrncO 

12 

Test Conditions, See Note 2 
+V = 7.5 V, V= 7.5 V, Vref = 3.0 V, 

Vref = 3.0V, Clock = 1.544 MHz, 
Sync = 8 KHz Period, 8 Clock Pulses Wide 

VIN = 0 

VIN = 7.5 V 

VOl=O 

VOH=6.5V 

IOH=10J.l.A 

IOl = 1.5 mA 

See Input/Output Schematics, See Note 4 

Average Current 

See Note 3 

See Figure 3 

See Figure 5 

See Figure 3 

Cl = 100 pF 

Pin = 0 to 30 dBmO 

Pin = 40 dBmO 

Pin = 45 dBmO 

Pin +3 to 40 dBmO 

Pill = 40 to 50 dBmO 

Pin = 50 to 55 dBmO 

Vin=0,Zo=900H 

Digital In = All "Ones" 

fin = 1020 Hz 

DF331 tCBl 
DF332 ICBM-A 
DF334 ICBM-8 

3. Peak currents of up to 2 mA occur dUring reconstruction of Analog Output and during encoding of Analog Input. 

4. Use of a load resistance ,. 10K U IS recommended to avoid output attenuation. 
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micropower comparator detedor 
alarm circuit 
designed for ••• 
• Burglar Alarm Systems 

• Moisture Sensor Systems 

• Temperature Deted,ion Systems 

• Emergency Lighting Detection 
Systems 

• Excessive Noise Sound Level 
Detectors 

• Remote Heat Sensor 

DESCRIPTION 

BENEFITS 

• Minimizes System Power Requirements 
o Supply Current Less Than 10 pA 
o Allows Greater Than 1 Year of 9 V 

Alkaline Battery Life 

• Simple Maintenance of System 
o Includes Weak Battery Threshold Voltage 

Detection Circuitry 
o Outputs Trouble Alarm Signal 

• Reduces External Component Requirements 
o No Buffers Required for High Impedance 

Transducers (RIN > 1000M st.) 
o Directly Interfaces to TTL or CMOS 

Logic 
o Directly Drives Power SCR's Transistors 

or VMOS 
o Built-In Reverse Battery Protection 

• Operation Similar to UL Recognized SMll0 
Smoke Detector IC 

The L911 is a monolithic bipolar-PMOS integrated circuit intended to meet the system requirements of a micropower 
detector alarm ·or ON/OFF control system. The circuit will operate from a supply as low as 6 V and is tested for 15 V 

conditions. The alarm output can source sufficient current to activate an NPN or SCR buzzer alarm driver and can also 
interface to TT L or CMOS Logic. The L911 can easily operate with a standby supply current of less than 10 pA from a 
9 V battery, and less than 17 pA at 15 V. The high input impedance MOSFET comparator easily interfaces to high 
impedance sensor devices. 

FUNCTIONAL DIAGRAM 7 

13 

+ INPUT 

- INPUT cr--+--+--t 

+ INPUT C>--+-__ -t 

SUPPRE~~~ 0--+---..... 

SET 

©Ie MASTER 1979 

OUTPUT 
CtJRI'lENT 
ADJUST 

11 >--+..;..0 OUTPUT 

14 ALARM L------+----+--O OVERRIDE 

GROUND 

LOW BATTERY 
TIMING 

PIN CONFIGURATION 

Dual-In-Line Package 

LOW BATTERY/ 
THRESHOLD INPUT 

L--~~_"'" 

9 GROUND 

8 ~~.!:~ESSION 

ORDER NUMBER L911CJ 

1135 



.~ 
c: 
o 
.2 
en 

H 
Silicanix 

ABSOLUTE MAXIMUM RATINGS 
V+ to GNO ......... . 
Inputs (Pins 1, 2,4, 6, 14). 
Output .......... . 
All Other Pins ...... . 
Current, Any Terminal. 

. ...... 16.5 V 
V+ + 0".3 V, -0.3 V 

... 5V 
V+, 0 V 

.30mA 

ELECTRICAL CHARACTERISTICS 

L911 

Operating Temperature. . . 0 to +70°C 
Storage Temperature. . -65 to 125°C 
Power Oissipation** . . . ... 490 mW 
**Oevice mounted with all leads welded or soldered to PC 

board. Der'ate 6.5 mW/oC above 25°C. 

All min/max parameters are tested at 25°C on either a 100% basis or ona sample basis to assure conformance with specifications 

MinIMax Limits Test Conditions Unless Otherwise Specified: 

Characteristic 1 Unit 
T A = 25"C, V+ = 15 V. 

'Min Typ Max 
RSET 8M n (From Pin 7 to V+I 

See Test Circuit 

~ 
\j+ Operating Voltage 6,0 V 

S 4.5 10 

I 
V+ = 9 V 

3 I U 
Power Supply Current, Standby 

P I I I 7.5 I 17 I I 
JlA 

4 P 5 15 V+ = 7 V - L 1+ 
Power Supply Current, Low Battery Condition 

5 y (Excludes Output Pulse) 13 25 ! -
6 6 12 V+ = 9 V 

- Power Supply Current, Alarm ON mA VOUT = a V, Pin 12 Open 
1 15 28 

8 :0.1 i 10 a V.;; VIN .;; 15 V 

-
9 IBIAS Input Bias Current (Pins 1,2,4,6,14) 2.3 VIN = a V 

- nA TA = 70'C 
10 -{)5 VIN=15V 

-
11 IOFFSET Input Offset Current, Pins 4 and 6 ±0,1 

- I 
12 N 

--20 -200 

- P , VOFFSET Input Offset Voltage, Pins 4 to 6 mV 
13 --20 T A = OC C and 70" C 

- U 

14 T CM Input Common Mode Range a v+ -4 

- S 
15 2,1 2,23 2.5 

-
16 I nternal Reference Voltage (Measured 2,0 2.11 2.4 V+ = 7 V 

- VREF at Pin 1) V 
17 1.7 TA = 70°C 

-
18 2.5 TA = O°C 

19 -D.5 -1.2 V+ = 6 V Pin 12 Open - lOUT Output Source Current mA 
20 --8 --15 (Note 2) VOUT = 1 V -
21 0 VCE(sat) Output Saturation Voltage, Pins 12 to 11 0.1 0.5 lOUT = 25 mA 

- U 
22 T VOUT(off) Output OFF Voltage,Pin 11 to GND 0.D1 0.2 V 

- P 
23 

U V 12(off) Collector OF F Voltage, Pin 12 to V+ 0,6 1 
~ 

T 
24 OFF ---Q.1 -1 nA 

- S Low Battery 

25 ILB Timing Current -{) 32 V+ = 7 V 

- (Pin 10) ON JlA 

26 --0.5 --0.73 -1.1 

27 Low Battery HIGH 2,6 Timing Capacitor Charge Voltage 

- VLB Timing Voltage V V+'= 7 V, 
28 0 (Pin 10) LOW 0.7 Timing Capacitor Discharge Voltage 

- y 
CT = 4.7 /JF, 

29 N ton Low Battery Alarm Output ON Time 7.5 ms From Pin 10 

- A to GND 
30 toft Low Battery Alarm Output OFF Time 30 sec 

M - I 1 
31 C d.c. Low Battery Alarm Output Duty Cycle -- V+ = 7 V 

1250 
.,....-

32 Negative Output Transition 32 - tr Response Time JlS 100 mV Overdrive, CL = 10 pF 
33 Positive Output Transition 6 

NOTES: 

1. Typical values are for design aid only, not guaranteed and not subject to production testing. 

2. Use a pullup resistor from pin 12 to V+ to increase the output current capability. Refer to the "pin function description" and the graph of 
Output Current vs Supply Voltage vs Pullup Resistor. 
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TEST CIRCUIT CONDITION CHART 

INPUT VOLTAGESt 

CONDITION VLBI VIN- VINt 
(PIN 1) (PIN 4) (PINS 2, 6) 

Rp = OPTIONAL 
PULLUP RESISTOR 

Standby (OFF) 2.5 V 3.5 V 3.0V 

-ISET 

TYPICAL CHARACTERISTICS 
Output Current vs Supply Voltage 

and Pullup Resistor 

<i 
! 
to-

~ 
a: 
a: 
::J 
U 
to-

~ 
to-
::J 
0 

to-
::J 
.9 

1 
to-

~ 
a: 
a: 
::J 
U 

>-

~ 
::J 
CIl 

I 
~ 

30 

25 

20 

15 

10 

o· 

1 
to-

~ 
a: 
a: 
::J 
U 
CIl 
<t 
iii 
to-

~ 
~ 

CIl « 
~ 

Rp= 500fY A 
I' Rp= lK S:,( 

:/ X 
/ / Rp=2K~~ 

/ V ,/ 

V V ./V Rp=~ 

L Y ./ ./" 
LV V /" 

./ V V ..... 

./ 
." ,,/ V 

TA=25°C 
V" 

- -
,,/ RSEl = SM II 

...... SEE TEST CIRCUIT 

10 12 14 16 

V+ - SUPPL Y VOLTAGE (VOLTS) 

Input Bias Current vs Temperature 
(@ Low Supply Voltage) 

10 
f=V+ = 9 V 

~RSEl SMD. 

A~ 

/1""'" 2 
0.1 /" 

/ L 
/" .J;.--

.... V"'" ~ 
.-t!!""'. 1"",,-..... , ",.., 

V 
0.01 

......... ~ V 
30 40 50 60 70 

T - TEMPERATURE (CC) 

Supply Current vs Temperature 
14 

12 

10 

I 
RSET = SM S! 
SEE TEST CIRCUIT 

I II I 
I I i I) I , , I 

STANDBY CURRENT VLBI = 2.5 Vo v+ = 15 V 

I I I I 
LOW BATTERY SUPPL Y CURRENT 
I I VLBI = 2.0 Vo v+ = 9 V 

i I StANDBY CURRENT 
! V LBI = 2.5 V 0 v+ = 9 V 

o I I I ! 
o 10 20 30 40 50 60 70 

T - TEMPERATURE (OC) 

©IC MASTER 1979 

Alarm ON 2.5 V 2.5 V 3.0V 

Low Battery I 

Threshold Detector 1.9 V 3.5V 3.0 V 

Alarm ON 

tThese input voltages functionally test the system conditions noted. 

Exact electrical conditions are given in the electrical characteristics 

specifications table. 

Output Current vs Pullup Resistor 

and Temperature 
Output VCE(SAT) vs Pullup 
Resistor and Supply Voltage 

<i 
! 
to-

~ 
a: 
a: 
::J 
u 
I-

it 
I-
::J 
0 

i=-
::J 
.9 

30 

20 

10 

100 200 400 600 lK 2K 4K 6K 10K 

Rp - PULLUP RESISTOR (PIN 12 TO v+) (OHMS) 

~ .... 
I-

~> 
o E .... -
a:1 
Ow 
I-(!) 
u« 
wI­
..J..J 
..Jo 

8> 
1-2 
::JQ 
a. .... 
.... <t 
::Ja: 
'O::J 

I .... 
-« 
I-CIl 

~ 
W 
u 

.> 

1000 
SOO 
600 

400 

200 

100 
SO 
60 

40 

20 

10 
o 

TA=25"C : 
RSEl SMD. : 
SEE TEST CIRCUIT -

I ~ 

I .....Y ~ 
I 

~ ~:~ V+=7Y 

/ / 
v+ 15V 

J/ ,/ 
v+ =9V 

12 16 20 24 2S 32 

ilOUTI - OUTPUT CURRENT (rnA) 

Input Bias Current vs Temperature 
(@ High Supply Voltage) 

CONDITIONS 10 

(Suff;x refers to pm number i 
A: lillAS4 AND IBIAS6. 

1 VIN = ov 

~v+ 15V 
f= RSET sM n 

B: IBIAS4, VIN4 = 4.5 V AND .... 
-IBIAS6", VIN6 =,9 V 2 

w 
C: IBIAS6. VIN6 = 4.5 V a: 

a: 
D: -IBIAS4". VIN4 = 9 V ::J 

-IBIAS IS A NEGATIVE U 
CIl 

CURRENT (FLOWS OUT « 
OF TERMINAL) Ql ,,1""'"' 

I-
::J 
a. 0.1 ~ 

~ ./ 

CIl « 
~ 

~ ./ 
: 

,,/ 

,." ..... 
/' /. :;......--

~ ~~ 

L 
J / 

~ 

B~ 

s;.. -D 

E~ 

CONDITIONS 
(Suffix refers to pin number) 
A: IBIAS4 AND IBIAS6. 

VIN = OV 
B: IBIAS4, VIN = 7.5 V 
C: -IBIAS6", VIN6 = 15 V 
D: IBIAS6, VIN6 = 7.5 V 
E: -IBIAS4", VIN4 = 15 V 
"-IBIAS IS A NEGATIVE 

CURRENT (FLOWS OUT 
OF TERMINAL) 

0.01 
"1 ~ ..-, 

120 

100 

I-

~ SO a: 
a: 
::J 
U 

~ 
60 

iE 40 

't.. 

20 

30 40 50 60 70 

T - TEMPERATURE ('C) 

Supply Current vs Set Resistor 

V+ = 15 V _ 

i TA = 25 C 

1 
1 
\ , 
.~ . - r----

- - .t'--.... - r------
0 12 16 

RSET SET RESISTOR 

11000 
.... 
~ 
a: 
~ SOO 
U 
(!) 
2 
G 
a: 600 
« :x: 
U 
>-
~ 400 .... .... 
<t 
CD 

~ 200 
..J 

I 

o 

Low Battery Charge Current 
vs Supply Voltage 

..; 

-~ .... 
..... ; " ! ...... ,,/ 

........ ' V ,"" 
..... /v '/ i 

..... ....... V ,,/' ." 
~ .... V ;",-

/ ~ .. io-
RSET = 8M n 

;,... . 
TA = 25"C 
SE,E TEST CIRCUIT 

'I 1 I I 
6 10 12 14 16 

v+ - SUPPl Y VOLTAGE (VOL TSI 
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TYPICAL CHARACTERISTICS (Continued) 

u.. 
w 
a:. 
> 

1138 

Reference Voltage vs Temperature 
and Supply Voltage 

Low Battery Trip Voltage vs 
Temperature 

Low Battery Charge Time vs 
Charging Current 

R~E~ = ~M III 
I I I 

! I 
~~ ~+= 15V 

9.5 
~ 
w 
~ 9.0 « 
::; 
0 8.5 > 
a.. 
a: 

r-~ 
o v" 

, '4 
8M . t'OK7i f-J 

3.if L'" r-
...... r--. _ '0..:- 4 r-

I'-.... -3~ r-

60 

Ul 50 
0 
2 
0 

~ 40 

V+ = 7V 

\ T A = 25"C 

\ 
RSET= 8M n 
CT = 4.7/JF 

1 
\ tROM PI~ 10 ITO ~No 

\l Y r -1 9V 

I- 8.0 
> 

...... r--....'-- ~ 8P 
1'-.... ...... "-I i I 

~ 
;:: 30 

Ty~@olc-.:t= X TY~ @ 50"C' 
v+ = 6V r--;~ 

; 
~ 
I- 7.5 I-« 
III 

~ 7.0 g 
1 
a.. 65 a: 
I-
> 6.0 

....... I ; 

~ 
I I I I 

RSET = ~M Sl 'II ,- I I , 

w 
~ 
cr 
« 
J: 20 
u 
I. 
J: 
!? 10 

TYP@25'C-' '< I 

I .......... ~ -. 
- '--- .-

10 20 30 40 50 60 70 

T -- TEMPERATlJRE (CCI 

10 20 30 40 50 60 70 

T - TEMPERATURE (OC) 

100 200 300 400 500 

'ICB CHI - lOW !!.II.TTERY CHARG!NG CURRENT ( .. AI 

-200 

I-Ul 
0.75 

::ll-
a....J 
1-0 0.50 ::l> 
0-
I~ 
1-« 0.25 
::ll-
O..J 
>~ 

25 

! 20 

~ 
;:: 15 
w 
~ 
cr 
« 
J: 
u 10 CIl 

0 

j5 

o 

Low Battery Alarm ON Time 
vs External Resistance 

V+: 7.0V
I 

TA = 2S'C 

RSET = 8M n --.L" ~ 

..... V 
~~ 

/' 
/ ; 

-
Ron 

PIN'O~ -

IOO" 10%1_ 

I 1 I '::' I I 
o 200 400 600 BOO lK 1.2K 1.4K 1.6K 

REXT - EXTERNAL RESISTOR (OHMS) 

Response Time vs Input Over 
Drive Voltage 

1 
1 L m)ovELRJE -

I - i.oo m~ OV~RoRI~E 

T A = 25 C I LOW SUPPL Y 
v+ = 9 V VOL T AGE 
VIN+ = 5 V OPERATION 
RSET = 8M II 

1 I ! I 
-200 mV OVERDRIVE 

r r ( 
-200 -110mj -20mV 

mV i 

10 20 30 40 

t, - RESPONSE TIME (/Js) 

Negative Transition Response Time 
vs Set Resistor 

20 

-20 

I- Ul 0.75 

E~ 
::l> 0.50 

~~ 
~~ 0.25 
O..J 
>~ 

2~ mV ~VERloRIV~ 
~OTE:'100~vAJ02oJmv .1'1 

i-OVERDRIVE GIVE SAME RESPONSE-
TIME 

1\ 
A B C \0 I 

"' .... ~ \l 
10 20 30 40 

t, - RESPONSE TIME (I's) 

TA = 25'C I HIGH SUPPLY 
v+ = 15 V VOLTAGE 
VIN+ = 5 V OPERATION 

RSET: 
A - 0.5M!! 
B - lMSl 
C - 4Mll 
0- BMil 

cr 
0 
l-
e(-

j~ 
_2 
UO 
UlU 
Ow 
>~ 
cr w 
~~ 
1-1-

;a~ 
:i:cr 
0« 
..JJ: 
1(,,) 

J: 
:,; 

Low Battery Alarm Period vs 
Temperature and Supply Voltage 

70 

60 

50 

I I 1 I ! 
RSET = 8M n I CT = 4.7 /JF ('10% 

I 
I 

40 

30 

20 

10 

r--...' r--..:.:::::.:z.O
I
V 

r-_ -H= 
V+ = 8.0 V f--f--i-

I i I I I i i I 

o 
o 10 20 30 40 50 60 70 

T - TEMPERATURE (OC) 

Positive Transition Response Time 
vs Set Resistor 

100 

-1~0 mV JVERollVE 

T A = 25'C I HIGH SUPPL Y 
v+ = 15 V VOLTAGE 
VIN+ = 5 V OPERATION 

RSET: 
A - 0.5M Sl 
B - 1MSl 
C - 4MSl 
0- BM!! 
E - 15M S! 

I-Ul 0.75 

A 

::ll-
a....J 
1-0 
::l> 0.50 
0-
I~ 
1-« 0.25 ::ll-
O..J 
>0 

> 

'f'" r r I' 
B C 0 E 

10 12 

t, - RESPONSE TIME (1'51 

Response Time Test Circuit 

RSET 
8.2Mn 

~~--------------~~OV+ 

14 
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APPLICATION HINTS 

Bias Control of Standby Supply Current 

The current entering the "SET" input will program the 
supply standby current at follows: 

V+ - 0.55 V 
ISET = 

RSET 

The supply current is: 

1+ STANDBY ~ 4x ISET 

(includes ISET into pin 7). 

In the "Low Battery Alarm" condition (with V+ :=:::: 7 V) 
the supply current becomes: 

1+ Low Battery Alarm (excluding output pulse) 

V+ LOW BATTERY - 0.55 V 
~ 7 x --------~"----

RSET 

v+o---_-----. .,.-- .-~ 

I STANDBY 

.-._-.... 
ISET 

L911 

Low Battery Alarm Oscillator Timing 

tch - charge time (oscillation OFF period) 

!lVC 
tch =; -- x CT where 

ICH 

!lVc = Vc HIGH - Vc LOW (capacitor charge and 
discharge voltage levels). 

iJ.VC:=:::: 2.6 V - 0.7 V = 1.9 V 

ICH = 0.4 x ISET = 0.4 x (V+ - 0.55)/RSET 

CT = timing capacitor from Low Battery Timing to 
Ground. 

In Figure 1. for V+ = 7 V: 

1.9 V 
tch = "X 4.7 J.1F ~ 28 sec. 

0.32J.1A 

tDIS - Discharge time (oscillation ON pulse). 

[In 
IHOLD R ] 

tDIS = T 
1.91 

where IHOLD = SCR Holding current ~ 100 J.1A 
R = Series Resistance ~ 400 Q (REXT-= 0 Q) 
T = RC Time constant 

L911 

with C = 4.7 J.1F (as in Figure 1). T = 400 Q x 4.7 J.1F = 
1.9 msec. 

tDiS = 7.3 msec 

To increase tDIS. external resistance can be added in series 
with CT (see the graph of typical Discharge Time vs Exter­
nal Resistance). 

0.4 x ISET I" 

LOGIC 1--- 380 U 10 

CONTROL __ "_--J\Nv--f~)-.Jy\"'-":" 

l
CT 

Input-Output Truth"" Table 

Illustrating Alarm Output conditions for input conditions 
at Input, Low Battery Set, Alarm Override. 

-Input voltage (pin 4) with respect to +input (pins 2"and 6) H L H L L 

Low Battery I nput voltage with respect to internal 
H H L L L 

VREF (pin 1) 

Alarm Override (pin 14) - - - H L 

Output State: ON - Alarm condition; OSC = ON/OFF 
OFF ON OSC ON OSC 

oscillation controlled by Low Battery Timing (pin 11) 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL431M, TL4311, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

• Equivalent Full-Range Temperature 
Coefficient ... 50 ppmr C Typ 

• Temperature Compensated for Operation Over 
Full Rated Operating Temperature Range 

• Adjustable Output Voltage 

BULLETIN NO. DL-S 12644, JULY 1978 

• Fast Turn-On Response 

• Sink Current Capability ... 1 mA to 100 mA 

• Low (0.2-!1 Typ) Dynamic Output Impedance 

• Low Output Noise Voltage 

description 

The TL431 is a three-terminal adjustable regulator series with guaranteed thermal stability over applicable temperature 
ranges. The output voltage may be set to any value between Vref (approximately 2.5 volts) and 36 volts with two 
external resistors (see Figure 2). These devices have a typical dynamic output impedance of 0.2!1. Active output 
circuitry provides a very sharp turn-on characteristic, making these devices excellent repiacements for zen~r diodes in 
many applications. 

The TL431 M is characterized for operation over the full military temperature range of -55°C to 125°C. The TL431 I is 
characterized for operation from _40°C to 85°C, and the TL431C from O°C to 70°C. 

terminal assignments 
TL431M, TL431I, TL431C ••• LA 

PLUG-IN PACKAGE 

(TOP VIEW) 

CATHODE 

no- REF 

'''') '-' 

ANODE 

NC-No internal connection 

schematic 

REFERENCE 

CATHODE 

ANOOE 

tTrademark of Texas I nstruments Incorporated 

TENTATIVE DATA SHEET 

TL431I, TL431C .•• LP 
SILECTt PACKAGE 

(TOP VIEW) 

CATHODE 

ANODE 

REF 

, 
RAK 

TL4311, TL431C ••• P 
DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

REF NC A NC 

• 
K NC NC NC 

~ 
functional block diagram 

REFERENCE(R) 

ANODE----.. ~-LI----- CATHODE 
(A) (K) 

Copyright © 1978 by Texas Instruments Incorporated 

This document provides tentative informationT X S INSTRUMENTS 
on a new prOduct. Texas Instruments reserves E A 
the right to change specifications for this INCORPORATED 
product in any manner without notice. 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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TYPES TL431M, TL4311, i1431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Cathode voltage (see Note 1 ) 
Continuous cathode current range 
Reference input current range . . 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 2): LA package 

LP package 

Operating free-air temperature range: TL431 C 
TL431 I 
TL431M 

Storage temperature range . . . . . 
Lead temperature 1/16 inch (1.6 mm) from case for 60 seconds : LA package 
Lead temperature 1/16 inch (1.6 mm) from case for 10 seconds: LP or P package 

NOTES: 1 .. Voltage values are with respect to the anode terminal unless otherwise noted. 

2. F or operation above 25° C free-air temperature, refer to the Dissipation Derating Table. 

recommended operating conditions 

Catt'lode voltage, V KA . . . . . 
Cathode current, I K, (for regulation) 

DISSIPATION DERATING TABLE 

POWER DERATING 
PACKAGE 

ABOVE 

RATING FACTOR TA 

LA 600mW 4.8 mWtC 25°C 

LP 775mW 6.2 mWtC 25°C 

P 1000 mW 8.0mWtC 25°C 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

©IC MASTER 1979 

P package 

MIN 

Vref 
1 

37 V 
-100 mAto 150 rnA 

-50 IlA to 10 rnA 
. 600 mW 

.. 775 mW 
1000 mW 

O°C to 70°C 
_40° C to 85° C 

-55°C to 125°C 
-65°C to·l50°C 

300°C 
.... 260°C 

MAX 
36 

100 

UNIT 
V 

rnA 

1141 



... ... 
t; 

@ 

n 
f 
= m 
21 
.... 
G 

a1 

"V 

~ 0 
(I) 
-1 ("1"1 
0 >< .., .., > n 
m _00 CD 
o z 
x n-
~ 0 z 
g ;a (JJ 
~ "D 
• 0-1 
o ;a ;0 
l> > 
~ ~ c: 
.~ 0 ~ 
-i 
m ("1"1 X 
l> Z (I) 

..... -1 til ...., 
en (JJ til 

LINEAR Texas Instruments 

electrical characteristics at 25° C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST TL431M TL431 I TL431C 

TEST CONDITIONS UNIT 
CIRCUIT MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vref Reference input voltage 1 VKA = Vref, IK = 10 mA 2440 2495 2550 2440 2495 2550 2440 2495 2550 mV 

Deviation of reference input voltage 
VKA = Vref, 'K = 10 mA, T A = full ranget 8 mV Vref(dev) t 1 22 44 15 30 17 

over full temperature range 
J 

~Vref Ratio of change in reference input I ~ V K A = 10 V - V ref -1.4 -2.7 -1.4 -2.7 -1.4 -2.7 mV I 

~VKA 
2 IK = 10 mA --

voltage to the change in cathode voltage I.a.VKA = 36 V - 10 V -1 -2 -1 -2 -1 -2 V 

Iref Reference input current 2 'K = 10 mA, Rl = 10 kn, R2 = QO 2 4 2 4 2 4 J-tA 

Iref/dev) 
Deviation of reference input current 

2 
IK = 10 mA, Rl = 10 kn, R2 = 00 

0.8 2.5 0.4 J-tA 
over full temperature ranget T A = full ranget 1 3 1.2 

'min Minimum cathode current for regulation 1 VKA = Vref 0.4 1 0.4 1 0.4 1 mA 

loff Off-state cathode current 3 V K A = 36 V, V ref = 0 0.1 1 0.1 1 0.1 1 J-tA 

IZkal Dynamic impedance§ 1 
VKA = Vref, 'K = 1 mA to 100 mA 

0.2 0.5 
f,,;;; 1 kHz 

0.2 0.5 0.2 0.5 n 
I 

t Full temperature range is _55° e to 125° e for the TL431 M, _40° e to 85° e for the TL431', and 0° e to 70° e for the TL431 e. 

tThe deviation parameters V ref(dev) and I ref(dev) are defined as the differences between the maximum and minimum values obtained over the rated temperature range. The 

equivalent full-range temperature coefficient of the reference input voltage, OlV ref, is defined as: I 
Max Vref 

(

V ref( dev) ) 

Vref @ 250 e X 10
6 

I OlVrefl ( P:e
m 

) Min Vref 
~TA 

where ~T A is the rated operating free-air temperature range of the device. 
.a.TA 

-r-, 
I V ref (dev) _-' __ *-
I 
I 

J 
OlVref can be positive or negative depending on whether minimum Vref or maximum Vref, respectively, occurs at the lower temperature (see Figure 8) • 

Example: Max Vref = 2500 mV @ 30
o

e, Min Vref = 2492 mV @ oOe, V ref = 2495 mV @ 25°e,.a.T A = 70
0

e for TL431C 

I OlVref 1= 
( 

8 mV ) X 106 

2495 mV 

70
0 e 

Because minimum Vref occurs at the lower temperature, the coefficient is positive. 

§The dynamic impedance is defined as: 

I 
~VKA 

IZka =~ 

= 46 ppm/e 

When the device is operated with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 

I z' I = :~ ~ I zka I (1 + ::). 

:.:. 
Q 
c.. 
c: 
(I) 

;! 
CD ,.. 
m 
." 

~-t 
n-< - ." (I) m 
- (I) Q 
2-t ,.. 
(I)­
:c W 
c:..A 
2~ 
-t-t 
::D'''' m­G')W 

c:.?= 
;:-t 
-t$: 
QW 
::D ..A (l)n 



TYPES TL431M, TL4311, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

PARAMETER MEASUREMENT INFORMATION 

VKA \ 
INPUT ~....J\"""-""r---oQ VKA INPUT o-....JWIr-__ ... ----o VKA 

INPUT o-~>AA_-""'~-~ 

R1 

R2 

VKA = Vref~ + :~ + Iref e R1 

FIGURE 1-TEST CIRCUIT FOR VKA = Vref FIGURE 2-TEST CIRCUIT FOR VKA > Vref FIGURE 3-TEST CIRCUIT FOR loff 

150 

125 

100 
c{ 
E 

~ :: 
u 25 
-g 
~ 0 

y -25 
~ 

-50 

-75 

-100 

CATHODE CURRENT 

CATHODE VOLTAGE 

I 
f- VKA = ~ref 

TA = 25 C 
: 

I 

, 

V-
I 

/ 1 
/ 

.. TYPICAL CHARACTER1STICS 

800 

c{ 600 

r 
~ 400 
u 
'" "0 

.2 
5200 

! 

-~ 

-200 
-2 -1 -1 

VKA-Cathode Voltage-V 

FIGURE4 

OFF-STATE CATHODE CURRENT 

2_5 
FRE~AIRTEMPERATURE 

V~A = 3~ V 

50 

t'.... 
Vref= 0 

40 

I 

1 / 
i II 

~ 
30 ~ 

I 
8, 
!3 
"0 20 > 
5l 
·0 
Z 

10 

i i I l-VI o 
-75 -50 -25 0 25 50 75 100 12!> 

I 

0 
10 

T A-F ree-Air Temperature-" C 

FIGURE 6 

TEXAS INSTRUMENTS 
INCORPORATED 
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CATHODE CURRENT 
vs 

CATHODE VOLTAGE 

V KA = Vref 

1 
TA = 25°C 

T 

i 

i 
I mt ....... 

iJ 
i i~ 
I 

: I , 

i I i 
o 

V KA -Cathode VOltage- V 

FIGURE 5 

NOISE VOLTAGE 
vs 

FREQUENCY 

VKA = Vref 
I-- 'K = lOrnA 

TA=25°C 

i! "Ii i i: 

II :i Ii: 

1111111 III II I ill ! ill 
40 100 400 1 k 4 k 10 k ·40 k 100 k 

f-Frequency-Hz 

FIGURE 7 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL494C, TL495C 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for 200-mA Sink 
or Source 

• Output Control Selects Single-Ended 
or Push-Pul.l Operation 

• Internal Circuitry Prohibits Double 
Pulse at Either Output 

• Variable Dead-Time Provides Control 
Over Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply 

• Circuit Architecture Provides Easy 
Synchron ization 

• On-Chip 39-V Zener (TL495 Only) 

• External Control of Output Steering 
(TL495 Only) 

BULLETIN NO. DL-S 12620, JUNE 1978 

TL494C .•• J OR N 
DUAL-IN-L1NE PACKAGE (TOP VIEW~ 

NON-
INV. INV. REF OUTPUT 

INPUT INPUT OUT CONTROL VCC C2 

NON­
INV. 

INPUT 

FEED· DEAD- CT 
BACK TIME 

CONTROL 

RT GND Cl 

TL495C ••. J OR N 
DUAL-IN-L1NE PACKAGE (TOP VIEW~ 

NON· 

description INV. INV. REF 
INPUT INPUT OUT Vz 

The TL494 incorporates on a single monolithic chip 
all the functions required in the construction of a 
pulse-width-modulation control circuit. Designed pri­
marily for power supply control, the TL494 contains 
an on-chip 5-volt regulator, two error amplifiers, 
adjustable oscillator, dead-ti me control comparator, 
pulse-ste~ring flip-flop, and output-control circuitry. 
The uncommitted output transistors provide either 
common-emitter or emitter-follower output capa­
bility. Push-pull or single-ended output operation 

may be selected through the output-control function. 
The architecture of the TL494 prohibits the 
possibility of either output being pulsed twice during 
push-pull operation. The internal amplifiers exhibit 
a common-mode voltage range from -0.2 volt to 
VCC - 2 volts. The dead-time control comparator 
has a fixed offset that provides approx imately 5% 
dead time unless externally altered. The on-chip oscil­
lator may be bypassed by terminating RT (pin 6) to 
the reference output and providing a sawtooth input 
to CT (pin 5), or it may be used to drive the common 

TL494 circuitry and provide a sawtooth input for 
associated control circuitry in synchronous multiple­
rail power supplies. 

DEAD· CT RT GND Cl E1 
TIME 

CONTROL 

FUNCTION TABLE 

INPUTS 

STEERING 
OUTPUT 

CONTROL 
INPUT OUTPUT FUNCTION 

(TL495 only) 

Grounded· Open Single-ended or parallel output 

At Vref Open Normal push-pun operation 

At Vref. VI < 0.4 V PWM Output at 01 

At Vref VI> 2.4 V PWM Output at 02 

The TL495 provides the identical functions found in the TL494. In addition the TL495 contains an on-chip 39-volt 
zener diode for high-voltage applications where VCC is greater than 40 volts, and an output steering control that 

overrides the internal control of the pulse-steering flip-flop. 

The TL494C and the TL495C are characterized for operation from O°C to 70°C. 

TENTATIVE DATA SHEET 
Copyright © 1978 by Texas Instruments Incorporated 

This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments r·eserves the right to change or 
discontinue this product without notice. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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TYPES TL494C, TL49SC 
PULSE-WIDTH-MODULATION .CONTROL CIRCUITS 

functional block diagram 

RT ----r----, 
CT --"""'--1L ___ J 

DEAD '" O.1V 
TIME ---i 1--+---1 

ITL495 ONL V) r--------, 
I STEERING I OUTPUT 
I CONTROL I CONTROL 
I I (See Function Table) 
I t ________ J 

at--4I~----t 

PULSE-STEERING 
FLIP-FLOP 

CONTROL r---- - - - -1 

NONINVERTING ------t 
INPUT 

INVERTING ------t 
INPUT 

NONINVERTING ------t 
INPUT 

INVERTING ___ ---t 
INPUT Vz 

I 
I ,.----JL....----. 

I 
I 
I""'----,~--

I 

I 
I 
I _________ J 

FEEDBACK _______ -A (TL495 
ONLV) 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage,. V CC (see Note 1) 
Amplifier input voltages 
Collector output voltage 
Collector output current 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range . . . . . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 60'seconds: J package 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25° C free-air temperature, see Dissipation Derating Table. 

DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J 1000 mW 8.2 mWtC 28°C 

N 1000 mW 9.2 mWtC 41°C 

recommended operating conditions 

Cl 

El 
C2 

E2 

Vcc 

REF OUT 

GND 

41 V 
VCC + 0.3 V 

41 V 
.. 250mA 

1000mW 
O°C to 70°C 

-65°C to 150°C 
300°C 

.... 260°C 

MIN 
7 

-0.3 

MAX UNIT 
Supply voltage, VCC . . . 

Amplifier input volta~es, VI 
Collector output voltage, Vo . 
Collector output current (each transistor) 
Current into feedback terminal 

Timing capacitor, CT 
Timing resistor, RT 
-Oscillator frequency 
Operating free-air temperature 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

©IC MASTER 1979 

0.47 
1.8 

1 
o 

40 V 

VCC-2 V 
40 V 

200 rnA 
0.3 rnA 

10,000 nF 
500 kn 
300 kHz 

70 °c 
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TYPES TL494C, TL495C 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

electrical characteristics over recommended operating free-air temperature range, Vee = 15 V, f = 10 kHz 
(unless otherwise noted) 

reference section 

PARAMETER TEST CONDITIONS 

Output voltage (V ref) 10 = 1 mA 

Input regulation V CC = 7 V to 40 V, TA = 25°C 

Output regulation 10 = 1 to 10 mA, TA = 25°C 

Output voltage change with temperature T A = 0° C to 70° C 

Short-circuit output current:j: Vref = 0 

oscillator section 

PARAMETER TEST CONDITIONS 

Frequency CT '" 0.01 ;.;.F, RT'" 12 kn 

Standard deviation of frequency § All values of VCC,CT, RT, TA constant 

Frequency change with voltage V CC = 7 V to 40 V, TA = 25°C 

Frequency change with temperature 
CT = 0.01 J.lF, RT = 12 kn, 

T A = 0° C to 70° C 

dead-time control-section (see figure 1) 

PARAMETER TEST CONDITIONS 

Input bias current (pin 4) V I = 0 to 5.25 V 

Maximum duty cycle, each output VI (pin4)=0 

Zero duty cycle 
Input threshold voltage (pin 4) 

Maximum duty cycle 

error-amplifier sections 

PARAMETER TEST CONDITIONS 

Input offset voltage Vo (pin 3) = 2.5 V 

Input offset current Va (pin 3) = 2.5 V 

Input bias current Va (pin 3) =: 2.5 V 

Common-mode input voltage range V CC = 7 V to 40 V 

Open-loop voltage amplification ~Va=3V, Va = 0.5 V to 3.5 V 

Unity-gain bandwidth 

Common-mode rejection ratio VCC =40 V, TA = 25°C 

Output sink current (pin 3) VID = -15 mV to -5 V, V(pin 3) = 0.7 V 

Output source current (pin 3) VID=15mVt05V, V(pin 3) = 3.5 V 

output section 

PARAMETER TEST CONDITIONS 

Collector off-state current VCE =40 V, VCC =40 V 

Emitter off-state current V CC = V C = 40 V, VE=O 

Collector-emitter I Common-emitter VE -=0, IC = 200 mA 

saturation voltage I Emitter follower VC=15V, IE = -200 mA 

Output control input current VI = Vref 

t All typical values except for temperature coefficients are at T A = 25° c. 
:j:Ouration of the short-circuit should not exceed one second. 

MIN 

4.75 

MIN 

MIN 

45 

0 

MIN 

-0.3 

to 

VCC-2 

70 

65 

0.3 

-2 

MIN 

~ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula a = 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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Typt MAX UNIT 

5 5.25 V 

2 25 mV 

1 15 mV 

0.2 1 % 

35 mA 

Typt MAX UNIT 

10 kHz 

10 % 

0.1 % 

2 % 

Typt MAX UNIT 

-2 -10 J.lA 

% 

3 3.3 
V 

Typt MAX UNIT 

2 10 mV 

25 250 nA 

0.2 1 J.lA 

V 

95 dB 

SOO kHz 

80 dB 

0.7 mA 

mA 

Typt MAX UNIT 

2 100 J.lA 

-100 J.lA 

1.1 1.3 
V 

1.5 2.5 

3.5 mA 

N - 1 

@IC MASTER 1979 



TYPES TL494C, TL495C 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

electrical characteristics over recommended operating free-air temperature range, Vee = 15 V, f = 10 kHz 
(unless otherwise noted) 

pwm comparator section (see figure 1) 

PARAMETER TEST CONDITIONS MIN Typt 

Input threshold voltage (pin 3) Zero duty cycle 4 

Input sink current (pin 3) V(pin 3) = 0.7 V 0.3 0.7 

steering control (TL495 only.) 

PARAMETER TEST CONDITIONS MIN 

VI = 0.4 V 
Input current 

VI =2.4 V 

zener-diode circuit (TL495 only) 

PARAMETER TEST CONDITIONS MIN Typt 

Breakdown voltage Vee =41 V, Ii =2mA 39 

Sink current Vl(pin 15) = 1 V 0.3 

total device 

PARAMETER TEST CONDITIONS MIN Typt 

Standby supply current 
Pin 6 at Vref, 

6 
All other inputs and outputs open 

Average supply current V(pin 4) = 2 V, See Figure 1 7.5 

switching characteristics, TA = 25°e 

PARAMETER TEST CONDITIONS MIN Typt 

Output voltage rise time Common-emitter configuration, 100 

Output voltage fall time See Figure 3 25 

Output voltage rise time Emitter-follower configu ration, 100 

Output voltage fall time See Figure 4 40 

t All typical values except for temperature coefficients are at T A = 25° C. 

PARAMETER MEASUREMENT INFORMATION 

VOLTAGE 
VCC· 15V ATCl 

15012 150n 
2W 2W 

TEST { 
INPUTS . 

VCC 
141 

DEAD·TlME C1 

131 
El 

FEEDBACK 

VOLTAGE 
ATC2 

OUTPUT 1 

RT C2 OUTPUT 2 VOLTAGE 
ATCT 

CT E2 

1+1 } ERROR STEERING 
I-I CONTROL 

l+l}C.L. Vz 
(-I SENSE 

OUTPUT REF 

CONTROL OUT 
SOkU 

(OPENI} TL495 

IOPEN) ONLY DEAD-TIME 
CONTROL 
INPUT 

OV
I 

GND I 
I 

FEEDBACK 
I 
I 
I 

0.7 V 

DUTY I 
CYCLE MAX 

I ~MAX 

0%-+--1 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1-DEAD-TIME AND FEEDBACK CONTROL 

TEXAS INSTRUMENTS 
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MAX UNIT 

4.5 V 

mA 

MAX UNIT 

-200 

200 
IJA 

MAX UNIT 

V 

mA 

MAX UNIT 

10 mA 

mA 

MAX UNIT 

200 ns 

100 ns 

200 ns 

100 ns 

- - ---Vee 

I 
I 
I 
I 
1---0%" 
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LINEAR 
INTEGRATED CIRCUITS 

• Internal Step-Up Switching Regulator 

• Fixed 9-Volt Output 

• Charges Battery Source During 
Transformer-Coupled-Input Operation 

• Minimum External Components Required 
(1 Inductor, 1 Capacitor, 1 Diode) 

• 1- or 2-Cell-lnput Operation 

TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 

BULLETIN NO. DL-S 12657, AUGUST 1978 

JGOR P 
DUAL·IN·LINE PACKAGE 

(TOP VIEW) 

~~;- GND SW GND 

FEED- 2C 1C T BACK , __ ..,.-_, 

INPUTS 
description PINS 5 AND 7 ARE INTERNALLY INTERCONNECTED 

The TL496 power supply control circuit is designed to provide a 9-volt regulated supply from a variety of input 
sources. Operable from a 1- or 2-cell-battery input, the TL496 performs as a switching regulator with the addition of a 
single inductor and filter capacitor. When ac coupled with a step·down transformer, the TL496 operates as a series 
regulator to maintain the -regulated output voltage and, with the addition of a single catch diode, time shares to 
recharge the input batteries. 

functional block diagram 

T 
INPUT (4) 9-V (8) OUTPUT 

SERIES 
REGULATOR 

(1) 
FEEDBACK 

(3-V) (6) SWITCH 

2C INPUT (2) SWITCHING 
VOLTAGE 

(1.S-V) REGULATOR 
1C INPUT (3) CONTROL 

(S)t (7)t 
GND GND 

t Even though connected internally. pins 5 and 7 must both be terminated to ground to ensure proper circuit operation. 

TENTATIVE DATA SHEET 

This document provides tentative information 
on a new prOduct. Texas Instruments reserves 
the right to change specifications for this 
product In any manner without notlce_ 
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TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 

absolute maximum ratings 

Input voltage: 
Pin 2 
Pin 3 
Pin 4 

Output voltage (Pin 6) 

Diode reverse voltage (Pin 8) 

Switch current (Pin 6) . • . 

Diode current (Pin 8) 

Operating free-air temperature range 
Storage temperature range 
Lead temperature ~/16 inch (1.6 mm) from case for 10 seconds 

electrical characteristics at 25° C free-air temperature 

series regulator section (input is pin 4) 

PARAMETER TEST CONDITIONS 

Dropout voltage VI =5V, . 10 = -50mA 

VI =20 V 

Regulated output voltage 
VI =20V, 

Pin 1 shorted to pin 8 

Standby current (pin 4) VI =20V, Pin 8 at 12 V 

Reverse current thru pin 4 VI = -1.5 V, 1 mA into Pin 8 

output switch 

PARAMETER TEST CONDITIONS 

VCE(sat) Collector-emitter saturation voltage 800 mA into Pin 6 Pin 2 at 2.25 V 

diode (pin 6 to pin 8) 

PARAMETER TEST CONDITIONS 

VF Forward voltage IF = 1.5 A 

IR Reverse current thru pin 6 Pin 6 at 0 V 1 mA into Pin 8 

control section 

PARAMETER TEST CONDITIONS 

On-state current (pin 2) Pins 1 and 8 at 0 V, Pin 2at 3 V 

Standby current (pin 1) Pin 1 at 8.65 V, Pins 2 and 6 at 3 V 

Standby current (pin 2 and 6) Pin 1 at 8.65 V, Pins 2 and 6 at 3 V 

Start-up current (current into 
Pins 1, 2, 6 and 8 at 2.25 V 

pin 6 to initiate cycle) 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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10 = -501JA 

10 =-80mA 

10 = -501JA 

10 = -80mA 

3.5 V 
2.5 V 
20V 
12 V 
12 V 

1.2 A 
1.2 A 

O°Cto 7cle 
-65°C to 150°C 
.... 260°C 

MIN TYP MAX UNIT 

1.5 2 V 

9.5 10.1 11.2 

9.0 10.0 11.0 
V 

8.5 9.0 9.7 

6.7 8.6 9.5 

400 IJA 

-25 IJA 

MIN TYP MAX UNIT 

1.6 2.5 V 

-20 IJA 

MIN TYP MAX UNIT 

60 100 mA 

40 IJA 

400 IJA 

16 mA 
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TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 

TYPICAL APPLICATION DATA 

L 

TL496 

CIRCUIT COMPONENT INFORMATION 

01: 1N4001 

CF: 330 to 470 #IF, 10 V, electrolytic 

L: 40 to 50 #lH, Q ~ 3, R < 0.15 n 
T1: Vsec = 6.S V RMS typ., Rsec = 11 n typo 

\--..... ---411~ OUTPUT 

4} __ --------~--~~----------~ ___ GND 

FIGURE 1-0NE-CELL OPERATION 

L 

CIRCUIT COMPONENT INFORMATION 

01: 1N4001 

CF: 330 to 470 #IF, 10 V electrolytic 

L: 40 to 50 pH, Q All 3, R < 0.15 n 
T1: Vsec = 6.S V'RMS typ., Rsec = 11 n typo 

JII,-.. -n+------( 

TL496 

8 ~--..... -- OUTPUT 

~~~-----------------~~------------------GND 

FIGURE 2-TWO-CELL OPERA'nON 

recommended operating conditions 

MIN MAX UNIT 
Input voltage, one-cell operation (pins 2 and 3 to ground) 1.1 1.5 V 

Input voltage, two-cell operation (pin 2 to ground) 2.3 3 V 

Input voltage, one-cell or two-cell operation (pin 4 to ground) VO+2 20 V 

typical electrical characteristics for circuits above 

PARAMETER ONE-CELL OPERATION (FIGURE 1) TWO-CELL OPERATION (FIGURE 2) 

. No load 125 uA 125 uA 
Input current 

RL=1200 525mA 405mA 

Without T1 7.2 V S.6V 
Output voltage 

With T1 S.6 V 10 V 

Output current capability 40mA SOmA 

Efficiency 
/ 

66% 66% 

Battery life (AA NiCad) no load 60 days 166 days 

TEXAS)NSTRUMENTS 
INCORPORATED 
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TYPE TL496C 
9-VOLT POWER-SUPPLY CO"NTROLLER 

functional description 

The TL496 is designed to operate from either a single-cell or two-cell source. To operate the device from a single ce"1I 
(1.1 V to 1.5 V) the source must be connected to both inputs 1 C and 2C as shown in Figure 1. For two-cell operation 
(2.3 V to 3.0 V), the input is applied to the 2C input only and the 1C input is left open (see Figure 2). 

battery operation 

The TL496 operates as a switching regulator from'a battery input. The cycle is initiated when a low voltage condition is 
sensed by the internal feedback (the thresholds at pin 1 and pin 8 are approximately 7.2 and 8.6 volts respectively). An 
internal latch is set and the output transistor is turned "on." This causes the current in the external inductor (L) to 
increase linearly until it reaches a peak value of approximately 1 ampere. When the peak current is sensed the internal 
latch is reset and the output transistor is turned "off." The energy developed in the inductor is then delivered to the 
output storage capacitor through the blocking diode. The latch remains in the off state until the feedback signal 
indicates the output voltage is again deficient. 

transformer-cou pled operation 

The TL496 operates on alternate half cycles of the ac input during transformer-coupled operation to, first, sustain the 
output voltage and, second, recharge the batteries. The TL496 performs like a series regulator to supply cha;ge to the 
output filter/storage capacitor during the first half cycle. The output voltage of the series regulator is slightly higher 
voltage than that created by the switching circuit; this maintains the feedback voltage above the switching regulator 
control circuit threshold. This effectively inhibits the switching control circuitry. During the second half cycle an 
external diode (1 N4001) is used to clamp the negative going end of the transformer secondary to ground thus allowing 
the positive-going end (end connected to V+ side of battery) to pump charge into the stand-by batteries. 

general 

The design of the TL496 allows minimal supply current drain during stand-by operation (125 uA typical). With most 
battery sources this allows a constant bias to be maintained on the power supply. This allows instant power available to 
the system thus eliminating power-up sequencing problems. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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TI cannot assume any responsibility for any circuits shown 
Of fepreleni that they afe free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (HANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRO DUO POSSIBLE" 
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LINEAR 
INTEGRATED 
CIRCUITS 

• low Cost 

• 7 -Bit Resolution 

• Guaranteed Monotonicity 

• Ratiometric Conversion 

• Conversion Speed ... approximately 1 ms 

• Single-Supply Operation ... Either 
Unregulated 8-V to 18-V VCC2 Input, or 
Regulated 3.5-V to 6-V VCC1 Input 

• 12l Technology 

• Power Consumption at 5 V ... 25 mW Typ 

TYPE TL501C 
ANALOG-TO-DIGITAL CONVERTER 

ENABLE 

CLOCK 

GROUND 

OUTPUT 

SEPTEMBER 1978 

P DUAL-IN-LINE PACKAG E 
(TOP VIEW) 

RESET 

VCC2 

VCCl 

ANALOG 
INPUT 

description FUNCTION TABLE 

The TL507C is a single-slope analog-to-digital 
converter designed for use with TMS 1000 type 

microprocessors. It contains a 7-bit synchronous 
counter, a binary weighted resistor 1adder network_ 
an operational amplifier, two comparators, a buffer 
amplifier, an internal regulator, and necessary logic 
circuitry. Integrated-injection logic (I2L) technology 
makes it possible to offer this complex circuit at low 
cost in a small dual-in-line 8-pin package. 

Ih continuous operation, it is possible to obtain 
conversion speeds up to 1000 per second. The TL507 
requires external signals for clock, reset, and enable. 
Versatility and simplicity of operation coupled with 
low cost, makes this converter especially useful for a 
wide variety of applications. 

The TL507C is characterized for operation from O°C 
to 70°C. 

ANALOG 
ENABLE 

INPUT CONDITION 

X It 

VI < 200mV H 

V ramp > VI > 200 mV H 

VI> V ramp H 

t Low level on enable also inhibits the reset function. 

H = high level, L = low level, X = irrelevant 

OUTPUT 

H 

l 

H 

l 

functional block diagram 

COMPARATOR 2 

ANALOG ________________________________ ~ 

INPUT 

RESET 

ENABLE-----... 

CLOCK 

PRELIMINARY DATA SHEET 

1152 

OUTPUT 

R 
MSB 

R 

4R 

COUNTER 
SR 

16R 

RESET 
32R 

64R 
CK LSB 

L...----GND 

Copyright © 1978 by Texas Instruments Incorporated 
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TYPE TL507C 
ANALO G .. TO-OIGITAL-CONVE RTER 

schematics of inputs and outputs 

EQUIVALENT OF ENABLE 
AND RESET INPUTS 

~---
INPUT. 1 

EQUIVALENT OF CLOCK 
INPUT 

75 kn 
NOM 

INPUT -A,N~""-I 

EQUIVALENT OF ANALOG 
INPUT 

yCC1----__ --__ ~-

INPUT -JV\JVo .... 

OUTPUT 

... -----4t--__ VCCl 

OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCel (see Note 1) 6.5 V 
20V 

6.5 V . 

±20 V 

Supply voltage, VeC2 . . . . . 
Input voltage at analog input 
I nput voltage at enable, clock, and reset inputs 
On-state output voltage .... . . . . . 
Off-state output voltage . . . . . . . . . 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 2) 
Operating free-air temperature range ......... . 
Storage temperature range . . . . . . . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 10 secondS 

NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise noted. 

2. For operation above 25°C free-air temperature, derate linearly at 8 mW/C. 

recommended operating conditions· 

Suppl y voltage, V CC1 

Supply voltage, VCC2 

Input voltage at analog input 

Input voltage at chip enable, clock, and reset inputs 

On-state output voltage 

Off-state output voltage 

Clock frequency, f clock 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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MIN 

3.5 

8 

0 

. 6V 
20 V 

1000 mW 
O°C to 70

0 e 
-65°e to 150

0
e 

.... 260°C 

NOM MAX UNIT 

5 6 V 

15 18 V 

5.5 V 

±18 V 

5.5 V 

18 V 

125 150 kHz 
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TYPE TL501C 
ANALOG-TO-DIG ITAL CO NVE RTE R 

electrical characteristics over recommended operating free-air temperature range, VCC1 = VCC2 = 5 V 
(unless otherwise noted) 

regulator section 

PARAMETER TEST CO,NDITIONS MIN TYP+ MAX 

VCCl Supply voltage (output) V CC2 = 8 V to 18 V, ICCl =Oto-l mA 5 . 5.6 6 

ICCl Supply current VCCl = 5 V, VCC2 open 5 8 

ICC2 Supply current VCC2 = 15 V, VCCl open 7 10 

inputs 

PARAMETER TEST CONDITIONS MIN TYP+ MAX 
VIH High-level input voltage Reset and 2 

Vil lOW-level input voltage Enable 0.8 

IIH High-level input current J 
Reset, I VI = ~.4 V I 17 35 

Enable, and VI = 18 V 130 220 320 

III low-level input current Clock VI=O ±10 

II Analog input current VI =4 V 10 300 

VT+ 
Pos itive-goi ng 

threshold voltage 
2.5 3.5 4.5 

Clock 

VT-
Negative-going 

input 
threshold voltage 

0.4 0.9 1.2 

VT+- VT- Hysteresis 2 2.6 4 

output section 

PARAMETER TEST CONDITIONS MIN TYP+ MAX 

VOL low-level output voltage IOl = 1.6 mA 80 400 

IOH High-level output current VOH = 18 V 0.1 100 

IOl low-level output current VOL = 5:5 V, 5 10 15 

UNIT 

V 

mA 

mA 

UNIT 

V 

V 

J.LA 

J.LA 

nA 

V 

V 

V 

UNIT 

mV 

J.LA 

mA 

operating characteristics over recommended operating free-air temperature range, VCC1 = VCC2 = 5 V 

PARAMETER TEST CONDITIONS MIN TYp:j: MAX UNIT 

Resolution 7 Bits 

Overall error ±80 mV 

Differential nonlinearity See Figure 1 ±1 lSB 

Zero error Binary count = 0 ±80 mV 

Scale error Binary count = 127 ±80 mV 

Propagation delay time from reset or enable 2 J.LS 

tAli typical values are at T A = 2SoC. 

TEXAS INSTRUMENTS 
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TYPE Tl507C 
ANAlOG-TO-DIGITAL CONVERTER 

100kHz 
CLOCK 
INPUT 

PARAMETER MEASUREMENT INFORMATION 
5'174191 

CLOCK 

OUTPUTS 
DOWN/UP 

5'174191 

RIPPLE 
CLOCK 

CLOCK 

SN74191 

RIPPLE 
CLOCK 

CLOCK 
OUTPUTS 

DOWN/UP 

ANALOG 
OEVICES 

A0562 
or equivalent 

12·81T 
O/A 

CONVERTER 

TL507 

OUTPUT 

CLOCK 

FIGURE l-MONOTONICITY AND NONLINEARITY TEST CIRCUIT 

PRINCIPLES OF OPERATION 

The TL507 is a single-slope analog-to-digital converter. All single-slope converters are basically voltage-to-time or 
current-to-time converters. A study of the functional block diagram shows the versatility of the TL507. 

An external clock signal is applied through a buffer to a negative-edge-triggered synchronous counter. BiRary-weighted 
resistors from the counter are connected to an operational amplifier used as an adder. The operational amplifier 

generates a signal that ramps from 0.75 • V CC1 down to 0.25 • V CC1. Comparator 1 compares the ramp signal to the 
analog input signal. Comparator. 2 functions as a fault defector. With the analog input voltage in the range 0.25 • VCCl 
to 0.75 • VCC1, the duty cycle of the output signal is determined by the unknown analog input as shown in Figure 2 
and the Function Table. 

For illustration assume VCCl = 5.12 V, 

0.25· VCCl = 1.28 V 

(0.75 - 0.25) VCCl 
1 binary count = 128 = 20 mV 

0.75· VCCl - 1 count = 3.82 V 

The output is an open-collector n-p-n transistor 
capable of withstanding up to 18 volts in the off 
state. The output is current limited to the 8- to 
l2-milliampere range; however, care must be taken to 
ensure that the output does not exceed 5.5 volts in 
the on state. 

The voltage regulator section allows operation from 
either an unregulated 8- to l8-volt VCC2 source or a 
regulated 3.5- to 6-volt V CCl source. Regardless of 
which external power source is used, the internal 
circuitry operates at VCC1. When operating from a 
VCCl source, VCC2 may be connected to VCC1 or 
left open. When operating from a VCC2 source, 
V CCl can be used as a reference voltage output. 

TEXAS INSTRUMENTS 

RAMP INPUT TO 
COMPARATOR 1 

ANALOG INPUT 
LEVEL 1 

OUTPUTFOR JUUl 
INPUT LEVEL 1 
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The Master Selection Guide provides sufficient informa­
tion to make initial product selections. It enables you to 
find the products which are most appropriate to fulfilt 
your major requirements and then provides data for 
many of the more important products. 

All devices that appear in this section, both in the initial 
selection guide and in the data pages, are included in 
all other indexes. These index listings lead to the page 
and the line on that page where each device appears. 

The Memory Section provides initial selection informa­
tion and data on PROMs, RAMs, and ROMs as well as 
other memory devices. In these particular sections, the 
devices are characterized by organization (words and 
bits/word) and by access times. In order to assure that 
the access times are comparable, whenever possible the 
values have been shown- in nanoseconds over the full 
rated temperature range for the devices (i.e., 0° to 70°C 
for commercial units and -55°C to 125°C for military 
units). The full temperature nanosecond value is marked 
"nsF." When this value isn't specified, the guaranteed 
nanosecond value at room temperature is listed followed 
by "nsR." in some cases a guaranteed value has not yet 
been established; then the typical value is shown fol­
lowed by"ns,"· "* "."Typical" values are invariably much 
·faster than the guaranteed ones so that such listings 
place these memories higher on the list than they other­
wise would appear. 

115:6 

Category Page 

Character Generators 1157 

Code Converters 1158 

EAROMs 1159 

FIFOs, UFOs 1159 

PLAs 1160 

PROMs 1161 

RAMSs 
Dynamic 1169 
Bubble 1171 
CCD 1171 
Static 1171 

ROMs 
Dynamic 1183 
Static 1183 

Shift Registers 
Dynamic 1187 
Static 1188 

Detailed Product Information 
provided by: 
American Microsystems Inc. 1194 
EMM Semiconductor 1222 
Fairchild Semiconductor 1234 
Harris Semiconductor 1284 
Intel 1416 
Mitsubishi 1420 
Monolithic Memories, Inc. 1446 
Motorola Semiconductor 1486 
National Semiconductor 1539 
NEC Microcomputers 1547 
Raytheon Semiconductor 1645 
Signetics 1668 
Supertex 1704 
Texas Instruments 1708 

The manufacturers listed above are 
providing detailed information on 
their latest and !l1ost significant 
products. 
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~ 
MASTER SELECTION GUIDE 

MEMORY-Character Generators 

Number of Number of 
Output Input Supply Output Input Supply 

Format Unes Logic levels Voltage Device Source Une Format Unes Logic levels Voltage Device Source Une 

Character Generators (Cont'd.) 

7x9 TTL (Cont'd.) 60 
6290 MMI 
5291 tMMI 
6291 MMI 
MCM66700 Motorola (1495) 

TTL R03-2513 GI 
MCM66710 Motorola 

5055 tMMI MCM66714 Motorola 

6055 MMI MCM66720 Motorola 

5061 tMMI MCM66730 Motorola 

6061 MMI MCM66734 Motorola 

5155 tMMI 10 MCM66740 Motorola 70 

6155 MMI MCM66750 Motorola 

5161 tMMI MCM66751 Motorola 

6161 MMI Motorola 

MCM6670 Motorola (.1490) Motorola 

MCM6674 Motorola Motorola 

-12,5 3258 Fairchild 
Motorola 

32581 Fairchild 
Signetics 

32582 Fairchild -3,5,12' MCM6570 Motorola 

MaS MCM6571A Motorola 
MCM6572 Motorola 80 

20 MCM6573 Motorola 
MCM6573A Motorola (]) 
MCM6574 Motorola :2 

TTL 5056 tMMI 
MCM6575 Motorola J. 

6056 MMI 
MCM6576 Motorola C) 

5062' tMMI MCM6577 Motorola 
C 

6062 MMI MCM6578 Motorola 
.2 5156 tMMI Motorola ..... 

6156 MMI Nitron O~,., 

5162 tMMI Nitron 90 .5!2. 
6162 MMI 30 Nitron Q) 

Nitron (J) 

Nitron '-
Nitron Q) ..... 
Nitron en 
Nitron CU' 
Nitron ~ 

MOS 100 

5 x 8 
TTL tMMI 

MMI 
6x8 tMMI 

MMI 

7x8 tMMI 
MMI 

tMMI 
MMI 

7x9 -3,5,12 Motorola 110 

-12,5 MM4220 t National Motorola 

MM5220 National Motorola 

TTL -12,5 S8564 AMI 
Nitron 

3260 Fairchild 
Nitron 

5071 tMMI 
6071 MMI 
5072 tMMI 
6072 MMI 
5171 tMMI 9x9 TTL 
6171 MMI 
5172 tMMI 5292 tMMI 120 

6172 MMI 6292 MMI 

5290 tMMI 5293 tMMI 
(Continued) 6293 MMI 

t Military Temperature Range (- 55' to 125'C) • Typical Values 
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MEMORY-Code Converters 

Code Conversion Bits Bits 
From To In Out 

Code 

ASCIl-BCDlC 6 6 

ASCII-EBCDIC 

7 8 

8 8 

ASCII-HOLLERITH 

ASCII-RS244A and Vice Versa 
6 

ASCII-SELECTRIC 

BCD-BINARY 6 

BCOIC-ASCII 6 

BCOIC-EBCDIC 6 

Baudot-ASCII 

6 

EBCDIC-HOLLERITH 
9 

EBCDIC-SELECTRIC 
8 

HOLLERITH-ASCII 
8 

8 

6 

6 

10 

Process 

PMOS 

PMOS 

PMOS 

PMOS 

PMOS 

PMOS 

Bipolar 

PMOS 

PMOS 

PMOS 

Bipolar 

PMOS 

PMOS 

PMOS 

t Military Temperature Range (-55' to 125'C) 

1158 

Supply 
Voltage 

±12 

±12 

±12 

-12,5 

-12,5 

±12 

-12,5 

±12 

±12 

±12 

±12 

-12,5 

±12 

±12 

±12 

Device Source 

MM4220lR tNational 
MM5220lR National 

MM4220EK t National 
MM5220EK National 

MM4220AE t National 
MM5220AE National 

MM4221RR t National 
MM5221RR National 

MK2503 ' Mostek 
MK2601 Mostek 

MM4230QY tNatiOllal 
MM5230QY National 

MM4221RQ t National 
MM5221RQ National 

MM4230KP tNational 
MM5230KP National 

SN54184 tTl 
SN74184 TI 

MM4220AP t National 
MM5220AP National 
MM4220LR t National 
MM5220LR National 

MM4220EK tNatiOllal 
MM4230JT t National 
MM5220EK National 
MM5230JT National 

MM42208L t National 
MM5220BL National 

SN54185A tTl 
SN74185A n 

MK2503 Mostek 
MK2601 Mostek 

MM4230FE t National 
MM5230FE National 

MM423OBO t National 
MM5230BO National 
MM4231BUS t National 

Code Conversion Bits Bits Supply 
From To In Out Process Voltage 

Code Converters 

HOLLERITH-ASCII 
8 PMOS ±12 

HOLLERITH-EBCDIC 
8 PMOS ±12 

Multiple SELECTRIC, HOLLERITH-EBCDIC-ASCIl and 
Vice Versa 

NMOS -3,5,12 
10 

Multiple ASCII-SELECTRIC, EBCDIC, HOLLERITH 
NMOS .. 3,5,12 

SELECTRIC-EBCDIC 
8 PMOS ±12 

20 

30 

40 

50 

• Typical Values 

Bold face indicates additional data is provided on the page noted. 

Device Source 

(Cont'd.) 

(Coot'd.) 
MM5231BUS t National 

MM4230QW tNational 
MM5230QW National 

MCM6561 Motorola 
MCM6562 Motorola 
NC6561 Nitron 70 

MCM6591 Motorola 
NC6591 Nitron 

t National 
National 

IC MASTER 1979 



MEMORY-EAROMs, FIFOs, LlFOs 

Bits 
Per 

Words Word 

Access 
TIme 
(Max) Output 

Electrically Alterable ROMs 

8 800 nsF TS 

950 nsF TS 

9 1 p.sF TS 

1024 4 900 nsF TS 

2 p.sF TS 

3 p.sF TS 

8 450 nsF TS 

048 4 1.65 p.sF TS 

2.6 p.sF TS 

t Military Temperature Range (-55' to 125'C) 

OC-Open Collector 

Ie MASTER 1979 

Supply 
Voltage Device Source 

NCR1105 NCR 
NC1105 Nitron 

-40.-5,-2,5 
12,26,36 

IlPD454 NEG Micro 

-15,-12,5, 5 
NC1731 Nitron 

-30,-12 MN1102 Panasonic 

-30,-12,5 ER3400 GI 
NCR2450 NCR 
NC2450 Nitron 

-23,-14,± 
ER2401A GI 
M58561 Mftsubishi 
NCR2401 NCR 
NC2401 Nitron 

5,-14,-19 M5G2401 Mitsubishi 

-40,-5,-2,5 12,26,36 
IlPD458 NEG Micro 

-23,-14.1 
ER2805 GI 
NCR2810 NCR 
NG2805 Nitron 

f NC2810 Nltron 

-23,-14,±t 
. ER2800 GI 

i 

ns' -Nanoseconds Typical 

MASTER SELECTION GUIDE 

Bits! Data Rate 
Words Word MHz(max) 

First-In First-Out 

16 8.0' 

10.0 

12.0 

32 

20 

40 

64 

30 

15' 

40 15' 

Last-In First-Out 

16 10.5 

133 1.0 

50 

nsF-Nanoseconds over Full Temperature Range 

TS-Three-State 

Supply 
Voltage 

3-15 

Device Source Une 

GD40105B tRCA 
GD40105BE RCA 

9403C Fairchild 
(1893,1896) 

9403M t Fairch~d 
(1893,1896) 

SN54LS222 ttl 60 
SN74LS222 TI 
SN54LS224 ttl 
SN74LS224 TI 

70 

57401 A tMMI (1476) 
67401 A MMI (1476) 

57402A tMMI (1476) 
67402A MMI (1476) 

9406C Fairchild (1893) 
9406M Fairchild (1893) 

SR5017 SMC 

nsR-Nanoseconds at Room Temperature 

OE-Open Emitter 

1159 

, 
! 



Q) 
"C 
:J 
(!) 

c: 
0 

:;::: 
0 
(]) 

(]) 
(J) 

t.-
(]) 

+oJ 
CJ) 
as 

::E 

Ie MASTER 

MEMORY-PLAs 

Propa-
galion Supply 

Organization Time Output Voijage 

PLAs 
48 Product Terms, 16 Inputs, Reid Programmable 

50 nsF OC 5 

TS 

80 nsF OC 

TS 

48 Product Terms, 16 Inputs, Factory Programmable 
50 nsF OC 5 

80 nsF 

48 Product Terms, 14 Inputs, Field Programmable 
100 nsF OC 5 

50 Product Terms, 12 Inputs, 6 Outputs, Field 
Programmable 

35 ns' TS 

96 Product Terms, 14 Inputs, Factory Programmable 
150 nsF 5 

Field Programmable Array Logic; AND-OR Gate Array 
25 ns' TS 5 

Reid Programmable Array Logic; AND-OR INVERT Gate 
Array 

25 ns' TS 

t Military Temperature Range (-55' to 125'C) 

OC-Open Collector 

1160 

Device 

93458 
82S101 
MC29101C 
MC82101C 
N82S101 

93459 
82S1OO 
MC29100C 
MC82100c 
N82S100 

MC29101M 
MC82101M 
S82S101 

MC29100M 
MC82100M 
S82S100 

N82S201 

IM5200 

SN54S330 
SN74S330 

SN54S331 
SN74S331 

DM7575 
DM7576 
DM8575 
DM8576 

PAL10HSC 
PAL10HBM 
PAL12H6C 
PAL12H6M 
PAL14H4C 
PAL14H4M 
PAL16C1C 
PAL16C1M 
PAL16H2C 
PAL16H2M 
PAL10H8C 
PAL10HBM 
PAL12H6C 
PAL12H6M 
PAL14H4C 
PAL14H4M 
PAL16C1C 
PAL16C1M 
PAL16H2C 
PAL16H2M 

PAL10L8C 
PAL10LSM 
PAL12L6C 
PAL12L6M 
PAL14L4C 

Source 

Fairchild 
MMI 
Motorola 
Motorola 
Signetics 

FairchUd 
MMI 
Motorola 
Motorola 
Signetics 

t Motorola 
tMotorola 
t Signetics 

t Motoro!a 
t Motorola 
t Signetics 

Signetics 

Intersil 

tTl 
TI 

tTl 
TI 

t National 
t National 

National 
National 

MMI 
tUUI 

MMI 
tMMI 

MMI 
tUMI 

MMI 
tMMI 

MMI 
tMMI 

Raytheon 
t Raytheon 

Raytheon 
t Raytheon 

Raytheon 
t Raytheon 

Raytheon 
t Raytheon 

Raytheon 
t Raytheon 

MMI 
tMMI 

MMI 
tMMI 

MMI 

(1269) 

(1684) 

(1269) 

(1684) 

(1684) 

(1684) 

(1479) 
(1479) 
(1479) 
(1479) 
(1479) 
(1479) 
(1479) 
(1479) 
(1479) 
(1479) 

(1479) 
(1479) 
(1479) 
(1479) 
(1479) 

(Continued) 

ns*-Nanoseconds Typical 

Propa-
galion Supply 

Line Organization Trne Ou1put Voltage 

PLAs 
25 ns' TS 

Field Programmable Logic Array; AND-OR INVERT Gate 
Array with registers 

25 ns' TS 

Field Programmable Array Logic; AND-OR-XOR Gate 
30 Array with registers 

25 ns' TS 

Reid Programmable Array Logic; AND-CARRY-OR-XOR 
Invert Gate Array with registers 

25 ns' TS 

40 

Reid Programmable Gate Array, 16 Inputs, 9 AND/NAND 
Gates, 9 Outputs, Field Programmable 

40 nsF OC 

50 nsF 

nsF-Nanoseconds over Full T ernperature Range 

T8-Three-State 

Bold face indicates additional data is provided on the page noted. 

Source Line 

(Cont'd.) 

(Cont'd.) 
tUMI (1479) 

MMI (1479) 
tMMI (1479) 

MMI (1479) 
tMMI (1479) 70 

Raytheon 
t Raytheon 

Raytheon 
t Raytheon 

Raytheon 
t Raytheon 

Raytheon 
t Raytheon 

Raytheon 
t Raytheon 80 

UMI (1479) 
tMMI (1479) 

MMI (1479) 
tMMI (1479) 

MMI (1479) 
tUMI (1479) 

Raytheon 
t Raytheon 90 

Raytheon 
t Raytheon 

Raytheon 
t Raytheon 

MMI (1479) 
tMMI (1479) 

Raytheon 
t Raytheon 

MUI (1479) 
tUMI (1479) 

Raytheon 
t Raytheon 

110 

120 

nsR-Nanoseconds at Room Temperature 

OE-Open Emitter 

Ie MASTER 1979 



MEMORY-PROMs 

Access 
Organi- Time No. SlWly 
zation (Max) Type Output Pins Voltage Device Source 

PROMs 

32x8 

35 nsF TIL OC 16 535080 tMMI (1453) 
63LS080 MMI (1458) 
DM74S188 National 

TS 16 535081 tMMI (1453) 
63LS081 MMI (1458) 
DM74S288 National 

40 nsF TIL OC 16 AM27S18C AMD 
AM29750AC AMD 
HM7602·S Harris (1284) 
DM54S188 t National 
SN74S188 TI (1708) 

TS 16 AM27S19C AMD 
AM29751AC AMD 
HM7603-S Harris (1284) 
SN74S288 TI (1708) 

45 nsF TIL 

TS 16 53lS081 tMMI (1458) 
DM54S288 t National 

50 nsF TIL OC 16 AM27S18M tAMD 
AM29750AM tAMD 
HM7602·2 tHarris (1284) 
M54730 Mitsubishi 
633Q.1 MMI (1449) 
N82523 Signetics (1680) 
SN54S188 tTl (1708) 

TS 16 AM27S19M tAMD 
AM29751AM tAMD 
HM7603-2 t Harris (1284) 
6331-1 MMI (1449) 
N825123 Signetics (1680) 
SN54S288 tTl (1708) 

50 nsR TIL OC 16 HPROM8256-2 t Harris 
HPROM8256-5 Harris 
IM5600C IntersH 
IM5600M t Intersil 
SN54188A tTl 
SN74188A TI 

TS 16 IM5610C Intersil 
IM5610M t Intersil 

60 nsF TIL 

65 nsF TIL 

70 nsR TIL 

80 nsF TIL 

64x8 75 nsR TIL OC 24 JAN3851 0/201 t Harris 
HPROMOS12·2 t Harris (1346) 

t Military Temperature Range (- 55' to 125'C) ns'-Nanoseconds Typical 

~C-Open Collector 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Access 
Orgari- Ttme No. 

Una zation (Max) Type Output PfIs 

PROMs 

64x8 75 nsR TIL OC 24 

125 nsF TIL OC 24 

24 

10 

40 nsF TIL 

45 nsF TIL 

20 

TS 16 

50 nsF TIL OC 16 

30 TS 16 

55 nsF TIL OC 16 

TS 16 

60 nsF TIL OC 16 
40 

TS 16 

50 

60 nsR TIL OC 16 

TS 16 

65 nsF TIL OC 16 

nsF-Nanoseconds over Full Temperature Range 

TS-Three-State 

Supply 
Voltage Device Source . line 

(Cont'd.) 

HPR0M0512-5 Harris 
SN54186 tTl 
SN74186 TI 

MCM5003A Motorola 
MCM5303A t Motorola 

MCM5004A Motorola 
MCM5304A t Motorola 

Fairchild 
tMMI 

(Cont'd.) 
(1346) 

(1292) 

(1258) 

60 

70 

(J) 

':Q 
MMI (1453) 80 ::J 

(!) 
AM27S21C AMD 
AM29761AC AMD C 

93427C Fairchild (1258) 0 
:;:: 

53PS141 tMMI 0 
635141 MMI (1453) 

Q)~-

DM74S387 National 
Q) 

C/) 
N82S126 Signetics (1680) .... 
DM74S267 National Q) 

N825129 Signetics (1680) -en 
90 ctS 40 tMMI (1453) 
~ 6300-1 MMI (1449) 

63LS14O MMI (1458) 

535141 tMMI (1453) 
6301-1 MMI (1449) 
63LS141 MMI (1458) 

AM27S20M tAMD 
AM29760AM AMD 
93417M t Fairchild (1258) 
HM761()'S Harris (1284) 
HM7610A·2 tHarris (1292) 
M54700 Mitsubishi 
DM54S387 t National 
29662C Raytheon (1665) 

AM27S21M tAMD 
AM29761AM tAMD 
93427M t Fairchild (1258) 
HM7611·S HarriS (1284) 

tHarris (1292) 
t National 

Raytheon (1665) 110 

Intersil 
tlntersil 

NEC Micro 

IM5623C Intersil 
IM5623M t Intersil 

53L514O tMMI (1458) 
SN74S387 TI (1708) 

(Continued) 

nsR-Nanoseconds at Room Temperature 

OE--Open Emitter 
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Ie MASTER 

MEMORY-PROMs (Cont'd) 

Access 
Organi· Time No. 
zation (Max) Type Output Pins 

PROMs 

256x4 65 nsF TIL 
TS 16 

70 nsF TTL OC 16 

TS 16 

70 nsR TIL OC 16 

TS 16 

75 nsF TTL OC 16 

TS 16 

~ 

(J.) 
1;) 256x8 45 nsF TTL OC 20 
a:s 
~ TS 20 

55 nsF m OC 20 

TS 20 

60 nsF TTL TS 24 

65 nsF TIL 

70 nsF TIL 

TS 20 

24 

75 nsF TIL OC 20 

TS 20 

t Military Temperature Range (-55' to 125'C) 

OC-Open Collector 

1162 

Supply 
Voltage Device Source 

5 

5 

53LS141 
SN74S287 

29660C 
S82S126 

29661C 
S82S129 

(Cont'd.) 

(Cont'd.) 
tMMI (1458) 

TI (1708) 

Raytheon (1664) 
t Signetics (1680) 

Raytheon (1664) 
t Signetics (1680) 

HPROM1024A·2t Harris 
HPROM1024A·5 Harris 

HPROM1024·2 t Harris 
HPROM1024·5 Harris 

HM761Q.2 Harris (1284) 
5300-1 t MYI (1449) 
29662M t Raytheon (1665) 
SNS4S387 tTl (1708) 

HM7611·2 t Harris (1284) 
5301-1 t MMI (1449) 
29663M t Raytheon (1665) 
SN54S287 tTl (1708) 

63S280 
63PS280 

63S281 
63PS281 

MMI 
MMI 

MMI 
MMI 

(1453) 

(1453) 

53S280 tMMI (1453) 
53PS280 t MMI 

535281 t MMI (1453) 
53PS281 t MMI 

HM7625R·5 Harris (1300) 
N82S114 Signetics (1680) 

6309-1 
29603C 
SN74S471 

HM7629-5 
6336-1 
63RA281 
63RA283 

53L5280 
29600C 

53LS281 
29601C 

MMI (1449) 
Raytheon (1653) 
TI (1708) 

Harris (1302) 
MMI (1449) 
MMI 
MMI 

tliMI (1458) 
Raytheon (1652) 

tllill (1458) 
Raytheon (1652) 

(Continued) 

ns "-Nanoseconds Typical 

Access 
Organi- Time No. 
zation (Max) Type Output Pins 

PROMs 

256x8 
80 nsF TIL OC 20 

TS 20 

24 

10 

550 nsF Erasable 
20 TS 24 

650 nsF Erasable 
TS 24 

750 nsF Erasable 
TS 24 

800 nsF Electrically Erasable 
TS 24 

30 

850 nsF Erasable 
TS 24 

1 !lsF Erasable 
TS 24 

40 

1.2 !lsF Erasable 
TS 24 

1.3 !lsF Erasable 
TS 24 

1.~ !lsF Erasable 
TS 24 

50 

1.7 !lsF Erasable 
TS 24 

nsF-Nanoseconds over Full Temperature Range 

T5-Three-State 

Bold face indicates additional data is provided on the page noted. 

Supply 
Voltage Device Source Line 

·9,5 

·9,5 

·9,5 

5,12 

-9,5 

-9,5 

(Cont'd.) 

(Cont'd.) 
5308-1 t MMI (1449) 
29602M t Raytheon (1653) 
SN54S470 tTl (1708) 60 

5309-1 t MMI (1449) 
29603M t Raytheon (1653) 
SN54S471 tTl (1708) 

HM7625R·2 t Harris (1300) 
5336-1 t MMI (1449) 
53RA281 t MMI 
53RA283 t MMI 

1702A·l 
1702AL·l 

1702A·2 

AMD 
AMD 

AMD 
1702AL-2 AMD 
1702A-2 Intel 
1702AL-2 Intel 

9702-1 AMD 
MM1702AQ.1 National 

IlPD454 NEC Micro 
HM7611A-2 t Harris (1292) 

M1702A tlntel 

1702A 
1702AL 

AMD 
AMD 

1702A Intel 
1702AL Intel 
M5L 1702A Mrtsubishi 
MM1702AO National 
MSM2750-1A OKI 

70 

80 

-12,5 MM42030 National 

-9,5 

-9,5 

·9,5 

·10,5 

MM5203Q National 

MSM2750-2A OKI 

8702A AMD 
8702A Intel 
MM8702A National 

1702A-6 AMD 
1702A-6 Intel 

Mitsubishi 
National 

4702A AMD 
4702A Intel 
MM4702A . National 

(Continued) 

100 

110 

nsR-Nanoseconds at Room Temperature 

OE-Open Emitter 
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MEMORY-PROMs (Cont'd) 

Access 
Organi- Time No. Supply 
zation (Max) Type Output Pins Voltage Device Source 

PROMs (Cont'd.) 

256x8 (Cont'd.) 
2.3 p.sF Erasable 

TS 24 -9,5 8702A-4 AMD 
MM8702A·4 National 

512x4 35 nsF TIL 

45 nsF TIL OC 16 HM7620A·5 Harris (1298) 
53PS240 tMMI 
635240 MM.I (1453) 

TS 16 HM7621A·5 Harris (1298) 
53PS241 tMMI 
63S241 MMI (1453) 

50 nsF TIL OC 16 AM27S12C AMD 
AM29770C AMD 
93436C Fairchild (1260) 
N82S130 Signetics (1680) 

TS 16 AM27S13C AMD 
AM29771C AMD 
93446C Fairchild (1260) 
N82S131 . Signetics (1680) 

55 nsF TIL OC 16 53S24O tMMI (1453) 
63LS240 MMI (1458) 
DM74S570 National 
29610C Raytheon (1654) 

TS 16 53S241 tMMI (1453) 
63LS241 MMI (1458) 
DM74S571 National 
29611C Raytheon (1654) 

60 nsF TIL OC 16 AM27S12M tAMD 
AM29770M tAMD 
93436M t Fairchild (1260) 
HM7620A·2 tHarris (1298) 
6305-1 MMI (1449) 
29612C RaytheQl1 (1655) 

TS 16 AM27S13M tAMD 
AM29771M tAMD 
93446M t Fairchild (1260) 
HM7621A·2 tHarris (1298) 
6306-1 MMI (1449) 
29613C Raytheon (1655) 

65 nsF TIL OC 16 5 53LS240 tMMI (1458) 
DM54S570 t National 

TS 16 53LS241 tMMI (1458) 
DM54S571 t National 

70 nsF TIL OC 16 MB7058 Fujitsu 
HM7620-5 Harris (1284) 
MCM7620C Motorola 
S82S13O tSignetics (1680) 

TS 16 MB7053 Fujitsu 
HM7621·5 Harris (1284) 
MCM7621C Motorola 
S82S131 t Signetics (1680) 

70 nsR TIL OC 16 IM5604C Intersil 
IM5604M t Intersil 
29610M t Raytheon (1654) 

TS 16 IM5624C Intersil 
IM5624M. t Intersil 
29611M t Raytheon (1654) 

75 nsF TIL OC 16 5305-1 t MMI (1449) 
29612M t Raytheon (1655) 

(Continued) 

t Military Temperature Range (_55' to 125'C) ns*-Nanoseconds Typical 

~C-Open Collector 

Ie MASTI:R 1979 

MASTER SELECTION GUIDE 

Access 
Organi- Tnne No. 
zation . (Max) Type OutPut Pins 

PROMs 

512x4 75 nsF TIL 
TS 16 

85 nsF TIL OC 16 

TS 16 

1 p.sF Erasable 
TS 24 

1 p.sR Erasable 
TS 24 

1.5 p.sF 

512x8 45 nsF TIL 

50 nsF TIL 

24 

20 

50 ns* TIL OC 22 

30 TS 22 

55 nsF TIL OC 20 

24 

TS 20 

24 
40 

60 nsF TIL OC 20 

24 

50 
TS 20 

24 

nsF-Nanoseconds over Full Temperature Range 

TS-Three-State 

Supply 
Voltage 

-9,±5 

-12,5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Device Source 

(Cont'd.) 

(Cont'd.) 60 
5306-1 tMMI (1449) 
29613M t Raytheon (1655) 

tHarris (1284) 
t Motorola 

tHarris (1284) 
tMotorola 

Toshiba 

National 70 
National 

MMI 

Harris (1304) 
MMI (1453) 
MMI 
Raytheon (1658) 

MMI (1453) 
MMI 

Harris (1304) 
MMI (1453) 

63PS483 MMI 
29625C Raytheon (1658) 

AM27S26 AMD 

AM27S27 AMD 

9 AM27S28C AMD 
29620C Raytheon (1656) 

AM27S30C AMD 
93438C Fairchild (1262) 
29626C Raytheon (1659) 

AM27S29C AMD 
29621C Raytheon (1656) 

AM27S31C AMD 
93448C Fairchild (1262) 
29627C Raytheon (1659) 

HM7648-5 Harris (1320) 
53S480 tMMI (1453) 
53PS480 tMMI 
DM74S473 National 

HM764OAR-5 Harris (1306) 
3604A-2 Intel 
53S482 tMMI (1453) 
53PS482 tMMI 
N82S14O Signetics (1680) 

HM7649-5 Harris (1320) 
53S481 tMMI (1453) 110 
53PS481 tMMI 
DM74S472 National 

AM27S15C AMD 
HM7641AR-5 Harris (1306) 
HM7647R·5 Harris (1318) 
3624A·2 Intel 
535483 tMMI (1453) 
53PS483 tMMI 

(Continued) 

nsR-Nanoseconds at Room Temperature 

OE-Open Emitter 
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MEMORY-PROMs (Cont'd) 

Access I Access 
Organ i- Time No. Supply I Organi- TIIOO No. Supply I 
zation (Max) Type Output Pins Voltage , Device Source zalion (Max) Type Output Pins Voltage Source Line 

PROMs (Cont'd.) PROMs (Cont'd.) 

512x8 60 nsF TIL TS 24 (Cont'd.) 512x8 80 nsF TIL TS 20 (Cont'd.) 
N828115 Signetics (1680) tRaytheon (1657) 
N82S141 Signetics (1680) 24 (1306) 

65 nsF TIL OC 20 AM27S28M tAMD (1318) 
63lS48O MMI (1458) 
29622C Raytheon (1657) (1449) 

24 AM27S30M tAMD 
63LS482 MMI (1458) 70 

DM87S295 National 85 nsF TIL OC 

TS 20 AM27S29M tAMP 
63lS481 MMI (1458) 
29623C Raytheon (1657) 

24 AM27S31M tAMD TS 
63lS483 MfA! 04-58) 

24 HII7641·2 tHarris (1284) 
DM87S296 Nationa! 

MCM7641M t Motorola 
70 nsF TI~ OC 20 6348-1 MMI (1449) SN54S474 TI (1708) 

29620M t Raytheon (1656) 
90 nsF TIL OC 24 3604-4 Intel 

24 93438M t Fairchild (1262) 3604L-6 Intel 80 
HM7640-5 Harris (1284) 3604AL Intel 
HM7640A·2 tHarris (1304) M3604 tlntel 
3604 Intal 63137-1 MMI 
3604A Intel 63139-1 MMI 
IM5605C Inlersil 8825140 t Signetics (1680) 
6340-1 MMI (1449) 

tAMD MCM7640C Motorola TS 24 AM27S15M 

29624M t Raytheon (1658) 3624-4 Intel 
M3624 tlnlel 

TS 20 6349-1 MMI (1449) 8828141 t SignetIcs (1680) 
~21M t Raytheon (1656) 8828115 t SignetIcs (1680) 90 

24 93448M t Fairchild (1262) 100 nsF TIL 
HII7641·5 Harris (1284) 
HM7641A·2 tHarris (1304) 

:.... 3624 Intel 450 nsF Erasable Q) 
3624A Inlel TS 24 EA -U> IM5625C Intarsil Intel CU 

~ 6341·1 MMI (1449) SGS 
63RA481 MMI 
63RA483 MMI 500 nsF CMOS Erasable 

MCM7641C Motorola TS 24 4-11 Intersil 

/lPB425 NEe Micro (1621) Erasable 
29625M t Raytheon (1658) 40 TS 24 EA 100 

75 nsF TIL OC 20 53LS480 tMMI (1458) OKI 

DM54S473 t National 550 nsF Erasable 
SN74S473 TI (1708) TS 24 tEA 

24 53LS482 tMMI (1458) 575 nsF Erasable 
DM77S295 t National TS 24 -12,5 AMI (1809) 
29626M t Raytheon (1659) 700 nsF Erasable 
SN74S475 TI (1708) TS 24 -12,5 National 

TS 20 53LS481 tMMI (1458) 
750 nsF Erasable 

DM54S472 t National TS 24 -12,5 Alii (1221) 
SN74S472 TI (1708) 50 

AMI (1809) 
24 53LS483 tMMI (1458) 

1 p.sF Erasable DM77S296 t National 
29627M tRaytheon (1659) TS 24 -12,5 MM5204Q National 

SN74S474 TI (1708) 1,25 p.sF Erasable 

80 nsF TIL OC 20 HM7648-2 Harris (1320) TS 24 -12,5 MM4204Q National 

5348-1 tMMI (1449) 1024x4 35 nsR TIL OC 18 SN54S4n tTl (1713) 
29622M tRaytheon (1657) SN74S4n TI (1713) 

24 HM7640AR·2 tHarris (1306) TS 18 SN54S476 tn (1713) 
IM5605M t Intersil SN74S476 TI (1713) 
5340-1 tMMI (1449) 50 nsF TIL OC 18 HM7642A-5 Harris (1308) 

TS 20 HM7649-2 Harris (1320) HII7642P-5 Harris (1310) 120 
5349-1 tMMI (1449) MMI (1453) 

(Continued) 

t Military Temperature Range (-55° to 125·C) ns·-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperatura 

OC-Open Collector TS-Three-State OE-Open Emitter 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

MEMORY-PROMs (Cont'd) 

Access Access 
Organi- Time No. Supply Organi- Tme No. Supply 
zation (Max) Type Output Pins Voltage Device Source Line zation (Max) Type Output Pins Voltage Device Source line 

PROMs (Cont'd.) PROMs (Cont'd.) 

1024x4 50 nsF TIL OC 18 (Cont'd.) 1024x4 75 nsF TIL TS 18 (Cont'd.) 
63PS440 MMI 53RA441 (1462) 

TS 18 HM7643A·5 Harris (1308) (1462) 

HM7643P·5 Harris (1310) 
63S441 MMI (1453) 
63PS441 MMI 80 nsF TIL 

20 HM7645-5 Harris (1314) 
HM7645P·5 Harris (1316) 85 nsF TIL 

70 

55 nsF TIL OC 18 AM27S32C AMD 
93452C Fairchild (1264) 

TS 18 AM27S33C AMD 
93453C Fairchild (1264) 90 nsF TIL 

60 nsF TIL OC 18 HM7642A-2 tHarris (1308) 
HII7642p-2 tHarris (1310) 
3605A-l Intel 100 nsF TIL 
6350-1 MMI (1449) 
6352-1 MMI (1449) 
535440 tMMI (1453) 500 nsF 

53PS440 tMMI 20 
DM74S572 National 1024x8 50 nsF TIL 80'- -' 

CD N82S136 Signetics (1680) ::2-
TS 18 HM7643A-2 tHarris (1308) 55 nsF TIL ::J. 

HM7643P·2 tHarris (1310) C) 
3625A-1 Intel 
6351·1 MMI (1449) 60 nsF TIL C 
6353-1 MMI (1449) .2 
53S441 tMMI (1453) 
53PS441 tMMI Harris 
DM74S573 National 30 tMMI 
DM74S574 National MMI (1453) 
N82S137 Signetics (1680) Signetics 90 t-

O> 
TI +-' 

TI (1713) en 
as 65 nsF TIL OC 18 AM27S32M tAMD TI ~ 63LS440 MMI (1458) 

TS 24 Harris (1290) 
TS 18 AM27S33M tAMD HarriS (1322) 

63LS441 MMI (1458) Harris (1326) 
63RA441 MMI (1462) Harris (1324) 
63RS441 MMI (1462) Harris (1328) 

70 nsF TIL OC 18 93452M t Fairchild (1264) 40 tMMI 
MB7059 Fujitsu MMI (1453) 
HM7642-5 Harris (1284) SignetiGS 
3605A Intel OC 24 TI 
MCM7642C Motorola TI (1713) 
I1PB406 NEC Micro (1625) 

TS 18 93453M t Fairchild (1264) 
MB7054 Fujitsu 
HM7643-5 Harris (1284) 70 nsF TIL OC 

3625A Intel 
MCM7643C Motorola 50 Motorola 

I1PB426 NEC Micro (1625) Motorola 
National 

20 HM7645-2 tHarris (1314) Signetics (1680) 
HM7645P-2 tHarris (1316) 

~S 24 t Fairchild (1266) 
tMMI (1453) 

75 nsF TIL OC 18 5350-1 tMMI (1449) Motorola. 
5352·1 tMMI (1449) Motorola 
53LS440 tMMI (1458) National 
DM54S572 t National Signetics (1680) 

TS 18 5351.1 tMMI (1449) Signetics (1702) 

5353-1 tMMI (1449) 60 75 nsF TIL OC 24 MMI (1458) 
53LS441 tMMI (1458) SN54S451 tTl 120 

t Military Temperature Range (-55' to 125'C) ns' -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-PROMs (Cont'd) 

Access Access 
Organi- Tnne No. Supply Organ. Tnne No. Supply 
zation (Max) Type Output Pins Voltage Device Source zation (Max) Type Output Pins Voltage Device Source Una 

PROMs (Cont'd.) PROMs (Cont'd.) 

1024x8 75 nsF TIL OC 24 (Cont'd.) 1024x8 (Coot'd.) 60 
SHS4S419 tn (1713) 125 nsF TIL OC 22 5386-1 
SN54S3708 ttl 24 (1449) 

TS 24 63LS881 MMI (1458) (1449) 
63RA881 MMI (1661) 
63RA883 MMI (16&2) 
SN54S450 tTl (1663) 
SHS4S478 tTl (1713) TS 
SN54S2708 ttl 

80 nsF TIL OC 24 5 H1I768(),2 tHarris (1322) 10 
H1I768OP·2 tHarris (1326) 70 
HII7680R-2 tHarris (1324) 
HII768ORP-2 tHarris (1328) 
3608 Intel 

TIL 29630C Raytheon (1660) 175 nsF 

TS 24 HM7608-2 tHarris 
HII7681-2 tHarris (1322) 
H1I7681p·2 tHarris (1326) 
H1I7681R-2 tHarris (1324) 
HIf7681f1P.2 tHarris (1328) 20 
3628 Intel 250 nsF TIL 

Q) 29631C Raytheon (1660) 

:2 300 nsF 80 
:::l 80 ns· m OC 24 SN54lS419 tn (1713) 24 

C!J SN74LS419 n (1713) Motorola 
C TS 24 SHS4LS478 tn (1713) 350 nsF Erasable 0 

+:: SH74LS478 n (1713) TS 24 TI 
0 85 nsF TIL OC 24 53LS880 tllMl (1458) AMD Q) 

Q) MCM7680M t Motorola Fairchild (1282) 

en MCM82707M t Motorola 30 Intel 

TS 24 53LS881 tMMI (1458) 
National .... 
TI Q) MCM7681M t Motorola -en MCM82708M t Motorola 450 nsF Electrically Erasable 90 

as TS 28 5,12 NEC MICrO 

~ 90 nsF TIL OC 
Erasable 

24 6380-1 MMI (1449) 
TS 24 Intel 

~1 MMI (1449) TI 
OM77S229 t National 
29634C Raytheon (1662) AMD 

29636C Raytheon (1663) tAMD 

S82S180 t Signetics (1680) EA 

S82S182 t Signetics Fairchild (1282) 
Fairchild (1887) 

TS MB8518H Fujitsu 
24 6381·1 MMI (1449) HN462708 Hitachi 

6385-1 MMI (1449) 2708 Intel 

53RA881 tMMI 2708L Intel 

53RA883 tMMI M2708 tlntel 

OM77S228 t National M5L2708 lIits11Jishi (1441) 

29635C Raytheon (1662) MCM2708L Motorola 

29637C Raytheon (1663) MCM68708ML t Motorola 

S82S181 t Signetics (1680) 50 MCM68708L Motorola 

S82S183 tSignetics MM2708 National 

S82S2708 t Signetics (1702) M2708 SGS 
2708 Signetics 

95 nsF TTL TMS27L08 TI 
TMS2708 TI 

100 nsF TIL 

500 nsF Erasable 
110 nsF TIL 

TS 24 ±5.12 EA2708L EA 

550 nsF Erasable 
120 nsF TIL TS 24 j.LPB427 NEe Micro TS 24 ±5.12 EA2708M tEA 

(Continued) 

t Mititary Temperature Range (_55° to 125'C) ns* -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector TS-Three-State OE-Open Emitter 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

MEMORY-PROMs (Cont'd) 

Access Access 
Organi- TIIlle No. Supply Organi- Tme No. ~y 
zation (Max) Type Output Pins Voltage Device Source Line zalion (Max) Type Output Pils Voltage Device Source 

PROMs (Cont'd.) PROMs (Cont'd.) 

1024x8 550 nsF Erasable 2048x8 50 ns' TIL OC 24 (Cont'd.) 
TS 24 ±5,12 (Cont'd.) SN74S453 n (1713) 

MSM3758 OKI TS 24 SN54S452 tTl (1713) 
650 nsF Erasable SN74S452 n (1713) 

TS 24 ±5,12 M88518E Fujitsu 60 nsF TIL OC 24. H1I76160-5 Harris (1296) 

2048x4 45 ns' TIL OC 18 SN54S455 tn (1193) 6351680 11111 (1453) 

SN74S455 TI (1713) 63PSl680 MMI 

TS 18 SN54S454 ttl (1713) 
SM82S190 Supertex (1705) 

SN74S454 TI (1713) TS 24 H1I7616-5 Harris (1294) 

115l27O&65 MitsIIbishi (1441) 10 HM76161-5 Harris (1296) 

50 nsF TIL 6351681 MMI (1453) 
63PSl681 MMI 

TS 18 63PS841 MMI SII825191 Supertex (1705) 
M5l2708-65 lIitsubishi (1441) 

70 nsF TIL OC 24 5351680 t 11111 (1453) 70 
60 nsF TIL OC 18 HM7684-5 Harris (1333) 53PSl680 tMMI 

HM7684P·5 HarriS (1335) 
TS 24 5351681 . tM1l1 (1453) 

53PS840 tMMI 
53PS1~1 tMMI 

635840 MMI (1453) 

HM7686-5 (1337) 
80 nsF TIL OC 24 tHarris (1296) 

20 Harris 11111 (1458) 
HM7686p·5 Harris (1341) Signetics (1680) 
HII7686R·5 Harris (1339) t Supertex (1706) 
HM7686RP-5 Hams (1343) 

TS 24 tHarris (1294) 
TS 18 HM7685-5 Harris (1333) tHams (1296) 

HM7685p·5 Harris (1335) MMI (1458) 
53PS841 tMMI Signetics (1680) 
635841 MMI (1453) t5upertex (1705) 

20 HM7687·5 Harris (1337) 85 nsF TIL TS 24 MMI 
HM7687P-5 HarriS (1341) 
HM7687R·5 Harris (1339) 
HM7687Rp·5 Harris (1343) 90 nsF TIL 

70 nsF TIL 
100 nsF TIL 

75 nsF TIL 

20 63RA841 MMI (1462) 
63R5841 MMI (1462) 

80 nsF ill OC 18 HM7684-2 tHarris (1333) 24 Motorola 
HM7684p·2 t Harris (1335) 

350 nsF Erasable 
20 HM768&-2 tHarris (1337) TS 24 Intel 

HM7686p·2 tHarris (1341) Motorola (1493) 
HM7686R·2 tHarris (1339) 40 
HM7686Rp·2 tHarris (1343) 390 nsF Erasable 

TS 2.4 Intel 
TS 18 HM7685-2 tHams (1333) 

HM7685p·2 tHams (1335) . 450 nsF Erasable 
TS 24 AMD 

20 HM7687·2 tHarris (1337) EA2716 EA 
HM7687p·2 tHarris (1341) EA2716M tEA 
HM7687R·2 tHarris (1339) 2.716 Fairchild 
HM7687Rp·2 tHarris (1343) F68716 Fairchild (1887) 

85 nsF TIL HN42716 Hitachi 
MBM2716 Fujitsu 
2716 Intel 

50 MIC2716 Maruman 
MK2716 Mostek 

100 nsF 
MCM2716L Motorola (1493) 110 

TIL 
MM2716 National 

IlPD2716 NEe Micro (1617) 

125 nsF TIL 2716 Signetics 
SY2716 Synertek 
TMS2516 TI 

2048x8 50 ns' TIL TMM323 Toshiba 
(Continued) 

t Military Temperature Range ( - 55' to 125'C) ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-PROMs (Cont'd) 

Access 
Organi- Time No. 
zation (Max) Type Output Pins 

PROMs 

2048x8 450 nsF Erasable 
TS 24 

4096x4 60 nsF TIL OC 20 

1S 20 

70 nsF TIL OC 20 

TS 20 

(J) 
4096x8 "P 

::::I 450 nsF Erasable 

<!J TS 24 

C 
0 8192x8 450 nsF Erasable 
+-' TS 24 
(,) 
(J) 

(J) 

en 
'-
(J) 
+-' en 
CO 
~ 

t Military Temperature Range (-55' to 125'C) 

~C-Open Collector f 

1168 

Supply 
Voltage 

±5,12 

Device Source 

(Cont'd.) 

(Cont'd.) 
TM52716 Motorola (1486) 
TMS2716 TI 

6351640 MMI (1453) 
63PS1640 MMI 

6351641 MMI (1453) 
63PS1641 MMI 

5351640 tMMI (1453) 
53PS1640 tMMI 

5351641 tMMI (1453) 
53PS1641 tMMI 

2732 Intel 
TMS2532 TI 

TMS2564 TI 

ns· --Nanoseconds Typical 

Access 
Organi- TIme No. 
zation (Max) Type Output Pins 

10 

20 

nsF-Nanoseconds over Full Temperature Range 

T8-Three-State 

Bold face indicates additional data is provided on the page noted. 

Supply 
Voltage Device Source Une 

nsR--Nanoseconds at Room Temperature 

OE--Gpen Emitter 
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MASTER SELECTION GUIDE 

MEMORY-RAMs 

Access Access 
Organi- Tnne No. Supply Orgarj- Tme No. Suppty 
zation (Max) Type Ouqxrt Pins Voltage Device Source Line zation (Max) Type Ouqxrt Pins Voltage Device Source I.ile 

Dynamic Dynamic (Cont'd.) 

1024xl 130 nsF PMOS - 18 4096x1 150 nsF NMOS TS 22 ±5,12 (Cont'd.) 
TMS4063 TI M58155-3 MitstiJisIi 60 

22. Motorola 

TMS4062 TI NEe lIicro (1547) 

145 nsF PMOS - 18 19,22.5 Sll03A-l AMI 200 nsF NMOS TS 16 ±5,12 MB8227E Fujitsu 

1103A-l Intel HM4704L-3 Hitachi 

1103A-2 Intel 2104A-2 Intel 
MK4027-3 Intersil 

150 nsF PMOS - 18 19,22.5 1103-1 Intel M5L2107 MitsIbshi 
1103-1 Nortec 10 MK4027-3 Mostek 

22 20,22.5, MK4027-83 Mostek 

IM6002-11 Intersil Motorola (1522) 70 

6002 Nortec NEG Micro 

205 nsF PMOS 18 16,19.5 S1103A AMI 
SGS 

- Signetics (16m 
1103A Intel n 

19,22.5 S146 AMI Toshiba 
1103-146 Nortec 18 -5,1~ AMD 

300 nsF PMOS - 18 16,19.5 S1103 AMI 9OL50E AMD 
1103 Intel MM5270 National 
M58533 Mttsubishi MM5271 National 
1103 Nortec TMS4050-2 TI 
MN1oo3 Panasonic 22 ±5,12 9060E AMD ~~'" 

400 nsF PMOS 16 -12,5 S4006 AMI 90L60E AMD 
MK4006 Mostek MB8107H Fujitsu . ::)"c 

500 nsF PMOS 16 -12,5 S4008 AMI HM4711-3 Hitachi C). 

MK4oo8 Mostek 2107C-2 Intel ·C~·· 
M58755-1 MitsIbshi ·0· 
MCM6605A-2 Motorola .::;::~_,"e. 

2048x1 350 nsF PMOS - 22 35,8,5.-1 .-20 MM5280 National (270) I~ 
0)-

IM6003-11 Intersil 1lPD411A-2 NEe Micro (1554) 

600311 Nortec 30 1lPD411-2 NEe lIicro (1547) 90 0) 

MSM3743A OKI 
CJ) 

460 nsF PMOS - 22 35,8,5.-1 .-20 MN1001-2 Panasonic ~ 

IM6003-10 Intersil M340A SGS 
0) 
+"" 

600314 Nortec SGS 
(h 
CU' : 

2048x8 TI ~.'. 
Toshiba 

250 nsF NMOS TS 16 ±5,12 Fujitsu 
Hitachi 

4096xl Intel 
Intersil 
Mostek 
Mostek 
Mostek 
Mostek 
Mostek 
Motorola (1522) 
Motorola 
Motorola 
NEG Micro 
SGS 
Signetics (16m 

150 nsF NMOS TS 16 ±5,12 MB8227H Fujitsu Toshiba 

HM4704L-2 Hitachi n 
2104A-1 Intel 18 -5,12 AMD 
MK4027-2 Intersil AMD 
MK4027-2 Mostek National 
1IC1I4027 -2 lIotorola (1522) TI 
M4027-2 SGS TI 
4027-2 Signetics. (1&n) 22 ±5,12 9060D AMD 
TMS4027-15 TI 9OL60D AMD 120 

22 ±5,12 MB8107Y Fujitsu EA4122-1 EA 
HM4711-2 Hitachi 2107C Intel 
2107C-1 Intel 1IPD411-1 NEe lIicro (1547) 

(Continued) 

t Military Temperature Range (-55' to 125'C) ns * -Nanoseconds T ypieal nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector T5-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Access 
Organi· Time No. Supply Organi· Time No. Supply 
zation (Max) Type Output Pins Voltage Device Source Line zation (Max) Type Output Pins Voltage Device Source Line 

Dynamic I (Cont'd.) (Cont'd.) 

4096xl 250 nsF NMOS TS 22 ±5,12 
I (Cont'd.) 8192xl (Cont'd.) 
! p.P0411A-1 NEe Micro (1554) 250 nsF NMOS TS 16 ±5,12 MK4115 Mostek 

MN1001-1 Panasonic MM5298-4 National 
TMS4060-1 TI 
I TMM414-1 Toshiba 

! MM4270 
16384xl 

270 nsF NMOS TS 18 -5,12 National 
i MM5270-5 National 

22 ±5,12 M58755-2 Mitsubishi 
: MM4280 National 120 nsF NMOS TS 16 

MM5280-5 National (270) 70 
. M340B SGS 
M2107-4 SGS 

150 nsF NMOS TS 16 

±5,12 F16K·2 Fairchild (1272) 
300 nsF NMOS TS 16 ±5,12 2104A-4 Intel MB8116H Fujitsu 

M5L2104 Mitsubishi HM4716A-2 Hitachi 
M58756 Mitsubishi 2117·2 Intel 
MK4096-16 Mostek M5K4116-2 Mitsubishi (1420) 
MK4096-86 Mostek MCM4116-15 Motorola (1505) 
MK4200-16 Mostek MK4116-2 Mostek 
MCM4096-16 Motorola 20 MM5290-2 National 80 
MCM6604A·4 Motorola (1544,270,278) 

Q) p.PD414 NEC Micro p.PD416-3 NEe Micro (1562) 

"0 18 -5,12 9050C AMD 
MSM3716-2 OKI 

::J 90l50C AMD 
Signetics (1676) 

(!J TMS4050 TI 
TI 

c: TMS4051 TI 

0 22 ±5,12 9060C AMD 
+-' 90l60C AMD C,) 
Q) MB8107N Fujitsu 

Q) HM4503·1 Hitachi Fairchild (1272) 90 

en HM4507 Hitachi Fujitsu 

"- 2107C-4 Intel Hitachi 

Q) MCM6605A Motorola 17·3 Intel ..... 
IlPD411 NEe Micro (1547) ICM7116-3 Intersil U) 

ctS IlPD411A NEe Micro (1554) M5K4116-3 Mitsubishi (1420) 

~ MSM3741A OKI MK4116-3 Mostek 

MN100l Panasonic MK4116-83 tMostek 

HYB4060 Siemens MCM6616-20 Motorola 

TMS4060 TI MM5290-3 National 
( 1544,270,278) 100 

40 p.PD416-2 NEe Micro (1562) 
350 nsF NMOS TS 16 ±5,12 HM4704l·6 Hitachi MSM3716-3 OKI 

2104A Intel HYB4116·3 Siemens 
MK4096·11 Mostek 2690-3 Signetics (1676) 
MK4096·85 Mostek TMS4116-20 TI 
MK4200-11 Mostek TMM416-3 Toshiba 
MCM4096·11 Motorola Z6116-3 Zilog 
MCM6604A Motorola 250 nsF NMOS TS 16 ±5,12 90160 AMD 

NEC Micro F16K-4 Fairchild (1272) 
MB8116N Fujitsu 110 

50 
HM4716A-4 Hitachi 
2117-4 Intel 
IM7116-4 Intersil 
M5K4116-4 Mitsubishi (1420) 
MK4116-4 Mostek 
MK4116-84 tMostek 
MK4215 Mostek 
MCM4116-25 Motorola (1505) 
MM5290-4 National 

8192xl (1544,270,278) 120 

200 nsF NMOS TS 16 ±5,12 2109-2 Intel 
p.PD416-1 NEe Micro (1562) 
MSM3716-4 OKI 

MK4108 Mostek HYB4116-4 Siemens 
MM5298·3 National 60 2690-4 Signetics (1676) 

22 ±5,12 IM7008-11 Intersil TMS4116-25 TI 
(Continued) (Continued) 

t Military Temperature Range (_55' to 125·C) ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector TS-Three-State OE-Open Emitter 

Bold face indicates additional data is provided on the page noted_ 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Access 
Organi- TIme No. Supply .Organi- nne No. Supply 
zation (Max) Type Output Pins Voltage Device Source Line zation (Max) Type Output Pins Voltage Device Source line 

Dynamic . (Cont'd.) Static 

16384xl 250 nsF NMOS TS 16 ±5,12 (Cont'd.) 4x4 40 nsR TIL OC 16 (Cont'd.) 
TMM416-4 Toshiba SN54LS170 t Motorola 
Z6116-4 Zilog SN74LS170 Motorola 

300 nsF NMOS TS 16 ±5,12 9016C AMD 
DM54170 t National. 

F16K·5 Fairchild (1272) 0074170 National 

2117-4 Intel 
DM54LS170 tNational 

UCM411&-30 Motorola (1505) 
DM74LS170 National 
54LS170 tSignelics 

f.lPD416 NEC Micro (1562) 
74LS170 Signelics 

HYB4116-5 Siemens SN54170 tTl 60 
32768x1 10 SN74170 TI 

SN54LS170 tTl 
SN74LS170 TI 

TS 16 54LS670 t Fairchild 
74LS670 Fairchild 

65536xl t Motorola 
Motorola 

t National 
National 

54LS670 t Raytheon 70 
74LS670 Raytheon 
54LS670 t Signetics 
74LS670 Signelics 

A)c •. 
SN54LS670 tTl '"0 

Bubble Memories SN74LS670 TI :::s 
92,304-Bits (641x144x1) 

.(!) 

16 TIB0203 TI c'" 
.2 254,688-Bits (1137x224x1) 4x8 

20 TIB0303 TI 

266500-Bits (1025x260xl) (1) 
18 RBM256 Rockwell en 

8x2 
290560-Bits (1135x256xl) :.... 

(1) 
20 H4701B Hitachi ...... 

0. : 

CCD Memories 
ca 
~. 

910-Bits (455x2) 8x4 

16 CCD321 Fairchild TS 24 N82S112 Signetics (1678) 

16,384-Bits (256x64x1) 30 
F464-2 Fairchild (1276) 

18 SY2416 Synertek F464-3 Fairchild (1276) 
F464-4 Fairchild (1276) 

65,536-Bits(4096x16x1 ) 
16xl 20 nsR TIL OC 14 SN5481A tTl 

16 F464 Fairchild (1276) 
SN7481A TI 

MCM0464 Motorola (1514) 

f.lPD3064 NEC Micro (1643) 16 SN5484A tTl 

TMS3064 TI SN7484A TI 

TMS3064·1 TI 35 nsR TIL OC 14 MC4004 Motorola 
MC4005 Motorola 

Static MC4304 t Motorola 

4x4 20 nsR TIL OC 16 25LS170C Raytheon 
MC4305 t Motorola 

25LS170M t Raytheon 16x4 

TS 16 25LS67OC Raytheon 40 100 

25LS670M t Raytheon 

30 nsR TIL OC 16 5 54lS170 t Raytheon 
74LS170 Raytheon 

25 nsF TIL OC 16 AM27S02AC AMD 
40 nsR TIL OC 16 54170 t Fairchild AM27S06C AMD 

74170 Fairchild AM29700c AMD 
54LS170 t Fairchild AM29702C· AMD 
74LS170 Fairchild 27S02AC MMI 
ZN54170 t Ferranti 29700c MMI 
ZN74170 Ferranti 50 29702C MMI 110 

(Continued) 

t Military Temperature Range ( - 55' to 125'C) ns· -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Access 
Organi- Time No. Supply Organi- TIme No. Supply 
zabon (Max) Type Output Pins Voltage Device Source Line zation (Max) Type Output Pins Voltage Device Source Line 

Static (Cont'd.) Static (Cont'd.) 

16x4 25 nsF TIL (Cont'd.) i6x4 55 nsF TIL OC 16 (Cont'd.) 
TS 16 AM27S03AC AMD 27LS02C MMI 

AM27S07C AMD TS 16 AM27LS03AC AMD 
AM29701C AMD AM27LS07C AMD 
AM29703C AMD MMI 
27S03AC MMI 
29701C MMI 55 ns' TIL OC 16 

29703C MMI 

30 nsF TIL OC 16 AM27S02AM t AMD 70 

AM27S06M tAMD 10 
AM29700M tAMD 

60 nsF TIL OC 16 AM27LS06M tAMD AM29702M tAMD 
3101 AMD 

27S02AM tMM! 
3101 Intel 

29700M tMMI 
DM7489 National 

29702M tMMI 
p.PB20S9 NEC America 

TS 16 AM27S03AM t AMD 582525 t Signetics (1678) 
AM27S07M tAMD SN54LS289 tTl 
AM29701M tAMD SN74LS289 TI 
AM29703M tAMD SN54LS319 tTl 80 
27S03AM tMMI 20 SN74LS319 il 
29701M tMMI TS 16 AM27LS07M tAMD 
29703M tMMI SN54LS189A tTl 

(1) 35 nsF TIL OC 16 AM27S02C AMD SN74LS189A TI 
-C SN74S289 AMD SN54LS219 tTl 
:J 74S289 Fairchild SN74LS219 TI 

C!J HD74S289 Hitachi 60 nsR TIL OC 16 SN7489 AMD 
c: 3101A Intel 7489 Fairchild 
0 DM74S289 National HD7489 Hitachi ..- p.PB2289 NEC America M53289 Milstbshi 90 0 
(1) N3101A Signeties (1678) 30 MC4064 Motorola 
(1) SN74S289 TI SN7489 TI 

CJ) TS 16 AM27S03C AMD 
~ SN74S189 AMD 
(1) 74S189 Fairchild ..-
en HD74S189 Hitachi 
CU DM74S189 National (1678) 
~ 745189 Signeties (1678) 

SN74S189 TI 

40 nsF TIL TS 18 85S68 MMI 
DM85S68 National 

100 
45 nsF TIL 

45 ns* TIL 

TS 16 SN74LS189 Motorola 
SN74LS289 Motorola 
74LS189 Fairchild (485) 

50 nsF TIL OC 16 SN54S289 tAMD 
6560 MMI 
DM54S289 t National 
N82S25 Signetics (1678) 50 
S3101A t Signetics (1678) 
74589 Signetics (1678) 
SN54S289 tTl 

TS 16 SN54S189 tAMD 
6561 MMI 
DM54S189 t National 
DM8599 National 
54S189 t Signeties (1678) 
SN54S189 tTl 

60 

55 nsF TIL OC 16 AM27LS02AC AMD 
AM27LS06C AMD 120 nsR CMOS TS 18 4.5-12.5 F4710BC Fairchild 

(Continued) 

t Military Temperature Range ( - 55' to 125'C) ns*-Nanoseconds Typica! nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

~C-Open Collector TS-Three-State OE-Open Emitter 

Bold face indicates additional data is provided on the page noted. 
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MAST,ER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Access 
Organi- Time No. Supply Organi- Trne No. 
zation (Max) Type Output Pins Voltage Device SourCfl zation (Max) Type Output Pins Source 

Static (Cont'd.) Static (Cont'd.) 

16x4 120 nsR CMOS TS 18 4.5-12.5 (Cont'd.) 128x8 (Cont'd.) 
F4710BM t Fairchild 

280 nsR CMOS TS 16 3-15 MM54C89 t National 
MM74C89 National 360 nsF NMOS TS 24 F68A10 Fairchild (1887) 
CD40114B tRCA HM468Al0 Hitachi 
CD40114BE RCA MCM68A10 Motorola 

450 nsF NMOS TS 24 F6810 Fairchild 
(1887,1888) 

HM4681 0 Hitachi 
McM6810A-l Motorola 

200 ns' CMOS TS 24 5-15 SCM5555 SSS 

700 nsF CMOS TS 16 MM74C910 National 

860 nsF CMOS TS 16 MM54C910 t National 

1.05 )lsR CMOS TS 24 5-15 MCM14552A t Motorola 

2.1 )lsR CMOS TS 24 5-15 MCM14552C Motorola 30 

64x9 45 nsF TIL OC 28 93419C Fairchild (1255) 
MBM93419 Fujitsu 
N82S09 Signetics (1678) 

60 nsF TIL OC 28 93419M t Fairchild (1255) 

80 nsF TIL OC 28 582509 t Signetics (1678) 

64x12 150 nsF CMOS TS 18 3·11 IM6512A Intersil 

180 nsF CMOS TS 18 . • 5 HM6511-2 tHarris 
TS 16 AM27L..SOOC AMD 

AM27LSOOAM tAMD 
HM6511-9 Harris 

AM29721C AMD 
250 nsF CMOS TS 18 I HM6511C-9 Harris 93L42OC Fairchild (1252) 

280 nsF CMOS TS 18 HM6512-2 tHarris 50 nsF TIL OC 16 p.PB2206 NEC America 
HM6512-9 Harris N82517 Signetics (1678) 

460 nsF CMOS. TS 18 3-7 HM6512C-9 Harris (1370) 745301 Signetics (1678) 

i IM6512 Intersil TS 16 Fairchild (1252) 
I National 600 nsF CMOS TS 18 3-7 IIM6512C Intersil 

NEG America 
128xl 12 nsR ECl OE 16 -5.2 ! HD10147 Hitachi Raytheon 

GXB10147 Siemens Signetics (1678) 
Signetics (1678) 
Signetics (1678) 

55 nsF TIL OC 16 tAMD 

50 
tAMD 

Fairchild 
Hitachi 

128x8 MMI 110 

250 ns' NMOS TS 24 F68Bl0 Fairchild (1887) 
Raytheon 

MCM68Bl0 Motorola TS 16 tAMD 

t Military Temperature Range. (-55' to 125'C) nS'-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access 
Organi- Time No. 
zalion (Max) Type Output Pins 

Static 

256x1 55 nsF TTL TS 16 

60 nsF TTL OC 16 

65 nsF TTL OC 16 

TS 16 

70 nsF TTL OC 16 

TS 16 

16 

t Military Temperature Range (-55' to 125'C) 

OC-Open Collector 

1174 

Supply 
Voltage 

-9,5 

Access 
Organi- Tme No. 

Device Source Line zalion (Max) Type . Output Pins 

(Cont'd.) Static 

(Cont'd.) 256x1 1.5/LsF PMOS TS 16 
AM29721M tAMD 
93l42OM tFairchild (1252) 
6531 MMI 

93410C Fairchild 256x4 
DM74S206 National 

93411M t Fairchild 
SN74S301 tTl 

HM2505 Hitachi 
~B2202 NEC America 40 nsR TTL TS 16 
SN74S201 TI 

9341 OM t Fairchild 20 
5530 tMMI 
S82517 t Signetics (1678) 

45 nsF TTL OC 22 
54S301 t59tetics (1678) 

5531 tMMI 
TS 22 

DM54S200 tNational 
RM5340 t Raytheon 
S82516 t Signetics (1678) 20 60 nsF ill OC 22 

545200 t Signetics (1678) 
545201 tSignetics (1678) 

TS 22 

75 nsf TTL 

75 nsR TTL 

175 nsf NMOS 

200 nsF NMOS TS 

220 nsF CMOS TS 16 

18 

22 

250 nsF CMOS TS 

NMOS TS 16 

1101A AMD 
1101AM tAMD 

ns'-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 

TS-Three-State 

Bold face indicateS additional data is provided on the page noted. 

Supply 
Voltage 

-9,5 

Device 

M58531 
MM1101A 

SN54S207 
SN74S207 

SN54S208 
SN74S208 

93412C 
MCM93412C 

93422C 
MCM93422C 

93L412C 
93412M 

HII6562B-2 
HII6562B-9 

HII6561 B-2 
HII6561B-9 

H1I6501B-2 
HM6501B-9 
HII6551 B-2 
HII6551B-9 

Source 

(Cont'd.) 

MitsOOishi 
Nalional 

tTl 
TI 

tTl 
TI 

Fairchild 
Motorola 

Fairchild 
Motorola 

Fairchild 

tHarris 
Harris 

tHarris 
Harris 

t Harris 
Harris 

tHams 
Harris 

AMD 
MilSLtlishi 
National 
National 

(Cont'd.) 

(1249) 

(1249) 
(1249) 

(1397) 
(1397) 

(1389) 
(1389) 

(1356) 
(1356) 
(1389) 
(1389) 

Line 

60 

70 

80 

90 

100 

nsR-Nanoseconds at Room Temperature 

OE-Open Emitter 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Access 
Organi- Time No. Supply Organi- rime No. ~y 
zation (Max) Type Output Pins Voltage Device Source li1e zation (Max) Type Output Pins Voltage Source li1e 

Static (Cor-t'd.) Static (Cont'd.) 

256x4 250 nsF NMOS TS 16 (Cont'd.) 256x4 360 nsF CMOS TS 22 (Cont'd.) 
SY2112A-2 Synertek IM6551M tlntersil 

18 9111D AMD 400 nsF CMOS TS 22 5 HCM1822 tHughes 
M512111A-2 Mitslbshi CDPl822C RCA 
MM2111A-2 National NMOS TS 16 91L128 AMD 
MM2111A-2L National 91L12BM tAMD 
I1PD2111AL·2 NEe Micro (1595) 9112B AMD 
SY21tlA-2 Synertek 9112BM tAMD 

22 9101D AMD 18 91L11B AMD 
M512101A-2 MitsubisR 91L11BM tAMD 70 
MM2101A-2 National 91118 AMD 
I1PD2101AL·2 NEe Micro (1586) 9111BM tAMD 
SY2101A-2 Synertek 

22 91L01B AMD 
275 nsF CMOS TS 91 L018M tAMD 

9101B AMD 

300 nsF CMOS TS 16 HM6562·2 tHarris (1397) 
9101BM tAMD 

HM6562·9 HarriS (1397) 450 nsF CMOS TS 22 AMI (1206) 

18 HM8561·2 tHarris (1389) 
AMI (1206) 

HM6561.g Harris (1389) 
AMI (1206) 
AMI (1206) 80 

22 HM6501·2 tHarris (1356) Hitachi 
HM6501.g Harris (1356) Intel 
HM6551·2 tHarris (1389) Intel 
HM6551·9 Harris (1389) Mrtsubishi 

NMOS TS 16 91L12C AMD Motorola (1536) 

91L12CM tAMD NEe Micro (1562) 

9112C AMD OL8 tRCA 

9112CM tAMD EL8 RCA 
SSS 

18 91L11C AMD Toshiba 
91L11CM tAMD 
9111C AMD 30 NMOS TS 16 Mitsitm 

9111CM tAMD National 
"-

National Q) 
22 91L01C AMD Signelics ..... 

tAMD 
Cf) 

91L01CM Synertek ctS 
9101C AMD ~' 
9101CM tAMD 18 tlnlel 

Mitsubishi 
350 nsF CMOS TS 22 MWS5101DL3 t RCA National 

MWS5101EL3 RCA NEe Micro (1595) 

NMOS TS 16 M5L2112A Mitsubishi Signetics 

MM2112A-L National Synertek 

2112A Signetics 40 22 Fairchild 
SY2112A Synertek Intel 

18 M5L2111A Mitsubishi Mitsubishi 

MM2111 National National 

MM2111A-L National National 

11PD2111AL NEe Micro (1595) NEe Micro (1586) 

2111A Signelics Signetics 

SY2111A Synertek Synertek 

22 3538F Fairchild 500 nsF NMOS TS 16 2112-1 AMD 

M5L2101A Mitsubishi 91L12A AMD 

MM2101A National 91L12AM tAMD 

MM2101A-L National 9112A AMD 

I1PD2101AL NEe Micro (1586) 9112AM tAMD 

2101A Signetics 2606-1 Signetics 

SY2101A Synertek SY2112-1 Synertek 

360 nsF CMOS TS 18 . 2111-1 AMD 
91L11A AMD 
91L11AM tAMD 
l11A AMD 120 

22 HM6501D-5 Harris 
9111AM tAMD 

HM65551D-5 Harris 
SY2111-1 Synertek 

IM6551C Intersil 22 2101-1 AMD 

(Continued) 

t Military Temperature Range (-55' to 125'C) ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector T5-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Access 
Organi· Time No. Supply Organi· Time No. Supply 
zalian (Max) Type Output Pins Voltage Device Source zation (Max) Type Output Pins Voltage Source Una 

Static (Cont'd.) Static (Cont'd.) 

256x4 500 nsF NMOS TS 22 (Cont'd.) 256x8 
91L01A AMD 
91L01AM tAMD 
9101A AMD 
9101AM tAMD 
MM5269-1 National 
SY2101-1 Synertek 

70 

650 nsF CMOS TS 22 S5101 AMI (1206) 
S5101-3 AMI (1206) 
S5101L AMI (1206) 
S5101L-3 AMI (1206) 
HM435101 Hitachi 
HM435101V Hitachi 
5101 intel 
5101L Intel 
5101·3 Intel 

512X4 
5101L-3 Intel 
MCMl45101 Motorola (1536) 
MCMl45101-3 Motorola (1536) 80 
IlP05101L NEC Micro (1562) 
MSM573A OKI 

Q) SCM5101 SSS 

"'0 SCM5101-3 SSS 

:l SY5101 Synertek 

(!J TC5501·1 Toshiba 

C 
NMOS TS 16 2112-2 AMD 30 nsF TIL OC 16 93415AC Faircnld 

0 MM2112A-6 National MBM93415AH Fujitsu 
...... MM2112A-6L National N82S110 Signetics (1678) 
(,) 2112A·6 Signeties 30 N93415A Sigletics Q) 

SY2112·2 Synertek 
Q) TMM312·1 Toshiba TS 16 93425AC Fairchild 90 

en N82S111 Signetics (1678) 

"-
18 2111-2 AMD N93425A Signetics 

Q) MM2111A-6 National ...... MM2111A-6L National 35 nsF ECL OE 16 -5.2 en 
CU 2111A·6 Signetics 

:?! SY2111·2 Synertek 
TMM31H Toshiba 35 nsR 

22 2101·2 AMD 
3538·2 Fairchild 40 
RA3·4256B GI 35 ns' TIL 

MM2101A·6 National 
MM2101A·6L National 40 nsF TIL 100 
2101A·6 Signetics 
SY2101·2 Synertek 

45 nsF NMOS (1416) 
(1416) 

TS 16 Intel (1416) 
\ 800 nsF CMOS TS 22 S5101-8 AMI (1206) Intel (1416) 

M5101·4 Intel 
M5101L·4 Intel 50 TIL OC 16 AMD 

MCMl4510HI Motorola (1536) Fairchild (1240) 

SCM5101-8 SSS Fujitsu 
Hitachi 

1 /lsF NMOS TS 16 2112 AMD Motorola 110 
2112A-1 Signetics Signetics 
SY2112 Synertek Signetics 

18 2111 AMD TS 16 AMD 
2111A-l Signetics Fairchild (1240) 
SY2111 Synertek Hitachi 

22 2101 AMD Motorola 
RA3-4256B EMM/Semi Signetics 
2101A-1 Signetics Signetics 
SY2101 Synertek 50 nsF TIL OC 16 /!PB2205 NEe America 

256x8 40 nsF TIL TS 22 N8X350 Signetics (1678) SN74S314A TI 120 
(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) ns' -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector T5-Three-State OE-Open Emitter 

Bold face indicates additional data is provided on the page noted. 
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MEMORY-RAMs (Cont'd) 

Access 
Organi- Tme No. 
zation (Max) Type Output Pins 

Static 

1024x1 50 nsF TIL 
TS 16 

55 nsF NMOS 

60 nsF NMOS 22 

TIL OC 16 

TS 16 

70 nsF NMOS OC 16 

TS 16 

TIL OC 16 

TS 16 

150 nsR CMOS TS 16 

t Military Temperature Range (-55' to 125'C) 

OC-Open Collector 

Ie MASTER 1979 

Supply 
Voltage 

-3,7,15 

10 

Device Source 

(Cont'd.) 

(Cont'd.) 
SN74S214A TI 

IM7001-12 Intersil 
7001 Nortec 

93L415C AMD 
93415M tAMD 
93L415C Fairchild (124O) 
93415M t Fairchild (1240) 
MCM93415M t Motorola 
N93L415 Signetics 

93L425C AMD 
93425M tAMD 
93L425C Fairchild (1240) 
93425M t Fairchild (124O) 
MCM93425M t Motorola 
N93L425 Signetics 

54015-2 AMI (1203) 
2115A-2 Intel (1416) 
2115AL-2 Intel (1416) 

54025-2 AMI (1203) 
2125A-2 Intel (1416) 
2125AL-2 Intel (1416) 

93L415M tAMD 
93L415M t Fairchild (1240) 
HM251 0 Hitachi 
S82LS10 tSignetics 
582510 t Signetics (1678) 
S93L415 t Signetics 
SN74S3.14 TI 

93L425M tAMD 
93L425M t Fairchild (1240) 
HM2511 Hitachi 
S82LS11 tSignetics 
582511 t Signetics (1678) 
S93L425 tSignetics 
SN74S214 TI 

IM6508A Intersil 
(Continued) 

ns' -Nanoseconds Typical 

MASTER SELECTION GUIDE 

Access 
Trne No. 
(Max) Type Output Pins 

1024x1 150 nsR CMOS TS 
18 

20 

275 nsF CMOS TS 

300 nsF CMOS TS 

18 
40 

NMOS TS 16 

50 

350 nsF 

nsF-Nanoseconds over Full T ernperature Range 

T5-Three-State 

Supply 
Voltage 

10 

Device 

IM6518A 

21 L02H 
2102A-2 
2102AL-2 
MM2102A-2 
MM2102A-2L 

11PD2102AL-2 
2102A-2 
M2102A-2 
M2102AL-2 

Source 

(Cont'd.) 

(Cont'd.) 
Intersil 

(1562) 

(1275) 
t Fairchild (1275) 

Fairchild (1275) 
t Faichild (1275) 

Fairchild 
Intel 
Intel 
National 
Nati9na1 
NeC Micro (1591) 
Signetics 
SGS 
SGS 

Intersil 
Motorola 

tMotoroia 
NEC Micro 

AMI 
AMI 
Intersil 
Motorola 

t Motorola 

Intel 
Intel 
National 

(1534) 
(1534) 
(1562) 

(1208) 
(1208) 

(1534) 
(1534) 

I..i1e 

60 

70 

110 

nsR-Nanoseconds at Room T ernperature 

OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Access 
Organi- Time No. Supply Organi- Time No. Supply 
zation (Max) Type Output Pins Voltage Device Source Line zation (Max) Type Output Pins Voltage Device Source . Une 

Static (Cont'd.) Static (Cont'd.) 

1024x1 350 nsF NMOS TS 16 (Cont'd.) 1024x1 650 nsF NMOS TS 16 (Cont'd.) 
MM2102AL National 91 L02M tAMD 
flPD2102AL NEC Micro (1591) 21022 Fairchild. (1275) 
2102A Signetics 21022M t Fairchild (1275) 
2102AL Signetics . 210212 Fairchild (1275) 
M2102A SGS 2102l2M t Fairchild (1275) 
M2102AL SGS Fairchild 
SY2102A Synertek Intel 
SYMC2102A t Synertek National 70 

National 
OKI 
SGS 
Signetics 

800 nsF CMOS TS 16 Mite! 

425 nsF CMOS TS 

80 
450 nsF 

NMOS TS 16 21021 Fairchild (1275) 20 
21021M t Fairchild (1275) 

Q) 2102L1 FairchDd (1275) 
~ 2102L1M t Fairchild (1275) 1024x4 

::J 21L021 Fairchild 
CJ 2102A-4 Intel 

r::: M2102A-4 tlntel 
0 2102AL-4 Intel 

+:: M5l2102A-4 Mitsubishi 
(,) 

MM2102A-4 National .5E MM2102AL-4 National 30 Q) 
flPD2102AL-4 NEC Micro (1591) 90 

CJ) 
2102A-4 Signetics (1669) 

~ 

Q) 2102AL-4 Signetics 
...... M2102A-4 SGS (J) 

CO M2102AL-4 SGS 

~ TMM313-4 Toshiba 
VMOS TS (1196) 

460 nsF CMOS TS 16 S6508 AMI (1207) 
(1196) 

MCM146508 Motorola (1534) 
AMI (1196) 

18 56518 AMI (1208) 
200 nsF NMOS TS 18 AMD 

S6518A AMI (1208) 40 
AMD 

MCM146518 Motorola (1534) 
AMD 100 

465 nsF CMOS TS AMD 
EMM/Semi (1222) 
EMM/Semi (1222) 

500 nsF NMOS TS 16 2102-1 AMD Fairchild (1281) 
9102A AMD FairchMd (1281) 
9102AM tAMD Fujitsu 
91 L02A AMD Fujitsu 
91 L02AM tAMD Hitachi 
SY21 L02-1 Synertek Intel 
SYMC21 L02-1 t Synertek 50 Intel 110 

Intersil 
Intersil 
Intersil 
Intersil 

650 nsF CMOS TS Maruman 
Maruman 
Mitsubishi (1438) 

MCM2114-20 Motorola (1528) 
MCM21114-20 Motorola 

NMOS TS 16 2102-2 AMD MM2114-2 National 120 

9102 AMD MM2114L-2 National 
9102M tAMD 60 2614-20 Signetics (1669) 
91L02 AMD SY2114-2 Synertek 

(Continued) (Continued) 

t Military Temperature Range (- 55' to 125'C) ns' -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC--Open Collector T8-Three-State OE-Open Emitter 

Bold face indicates additionat data is provided on the page noted. 
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MASTER SELECTION GUIDE· 

MEMORY-RAMs (Cont'd) 

Access Access 
Organf- Time No. Supply Orgari- Tme No. Supply 
zatian (Max) Type Output Pins Voltage Device Source zation (Max) Type Output Pins Voltage Device Source l.ile 

Static , Static (Cont'd.) 

1024x4 200 nsF NMOS TS 18 (Cont'd.) 1024x4 300nsF NMOS TS 18 (Coot'd.) 
SY2114L·2 Synertek MM2114L·3 National 
SY2114LV·2 Synertek I1PD2114l·1 NEe Micro (1604) 
TMS4045-20 TI SY2114·3 Synertek 
TMS4OL45-20 TI SY2114l·3 Synertek 
TMM314A·1 Toshiba SY2114LV·3 Synertek 
TMM314AL·1 Toshiba SYM2114·3 t Synertek 70 

20 5 9142E AMD 20 AMD 
91l42E AMD AMD 
2142·2 Intel Intel 
2142L·2 Intel Intel 
SY2142·2 Synertek Synertek 
SY2142L·2 Synertek Synertek 
TMS4047·20 TI 

22 AMD 
TMS4OL47·20 TI tAMD 

22 AMD 

±5,12 4104A EMM/Semi tAMD 80 

4104US tEMM/Semi VMOS TS 18 5 AMI (1196) 
M4104US tEMM/Semi AMI (1196) 

VMOS TS 18 52114-2 AMI (1196) AMI (1196) 

S2114A-2 AMI (1196) 320 nsF CMOS TS 18 tHarris (1376) 
S2114l-2 AMI (1196) Harris (1376) (J) 

250 nsF 350 nsF SOS/CMOS "C 

NMOS TS 18 MCM2114-25 Motorola (1528) 
MCM21L14·25 Motorola 
I1P02114l-2 NEC Micro (1604) 
2614-25 Signetics (1669) 
TMS4045-25 TI 
TMS4OL45·25 TI NMOS TS ~ 

20 TMS4047-25 TI 30 22 5 91l30BC AMD Q) 

TMS40L47·25 TI 91l30BM tAMD CJ) 

22 9130DC AMD 
9130BC AMD L.. 

9130BM tAMD Q) 
91L30DC AMD +oJ 

UJ 
±5,12 M4104UM tEMM/Semi 

450 nsF CMOS TS 18 as 
4104UM tEMM/Semi 

300nsF CMOS TS 18 MBM6514 Fujitsu 
M58981-30 Mitsubishi (1435) 

NMOS TS 18 9114C AMD NMOS TS AMD 

9114CM tAMD tAMD 

91L14C AMD AMD 

91L14CM tAMD tAMD 

9124C AMD AMD 

9124CM tAMD tAMD 

91l24C AMD AMD 

91l24CM tAMD tAMD 

2114-3 EMM/Semi (1222) EMM/Semi (1222) 

L2114-3 EMM/Semi (1222) EMM/Semi (1222) 

2114-3 Fairchild (1281) EMM/Semi 
2114L-3 Fairchild (1281) Fairchild (1281) 

MB8114N Fujitsu Fairchild (1281) 

MB8114NL Fujitsu Hitachi 
HM472114-3 Hitachi Intel 
2114·3 Intel Intel 

2114L·3 Intel tlntel 

2114·3 Inlersil 2114 Intersil 

2114L·3 Inlersil 14L Intersil 

IM7114L·3 Inlersil IM7114L Intersil 

MIC2114·3 Maruman MIC2114 Maruman 120 

M1C2114L·3 Mamman MtC2114L Maruman 
M5l2114l-3 IIiIsIDshi (1438) 60 M5l2114L IIitsubishi (1438) 

MCM2114-30 Motorola (1528) 1ICI2114-45 Motorola (1528) 

MCM21 L 14·30 Motorola MCM21L14-45 Motorola 
MM2114·3 National MM2114 National 

t Military Temperature Range (-55' to 125'C) ns' -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

Oq-open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access 
Organi- Time No. 
zation (Max) Type Output Pins 

Static 

1024x4 450 nsF NMOS TS 18 

20 

500 nsF NMOS TS 22 

1024x8 

40 ns· TIL OC 18 

t Military Temperature Range (-55' to 125'C) 

OC-Open Collector 

1180 

Supply 
Voltage Device Source 

(Cont'd.) 

(Conl'd.) 
MM2114L National 
/!PD2114L NEe Micro (1604) 
R2114 Rockwell 
2614-45 Signetics (1669) 
SY2114 Synertek 
SY2114L Synertek 
SY2114LV Synertek 
SYM2114 t Synertek 
TMS4045-45 TI 
TMS40L45-45 TI 
TMM314A Toshiba 
TMM314AL Toshiba 

91428 AMD 
91L42B AMD 
2142 Intel 
2142L Intel 
M2142 tlntel 
SY2142 Synertek 
SY2142L Synertek 
TMS4047-25 TI 
TMS4OL47-45 TI 

91L30AC AMD 
91L30AM tAMD 
9130AC AMD 
9130AM tAMD 

93L47OC Fairchild (1234) 
93L470M t Fairchild (1234) 

(Continued) 

ns*-Nanoseconds Typical 

Access 
Organi- Time No. 
zation (Max) Type Output Pins 

Static 

4096x1 40 ns' TIL 
TS 18 

45 nsF 

50 nsF TIL 

10 

55 nsF 

20 VMOS TS 18 

60 nsF TIL 

30 

TIL OC 18 

TS 18 

40 
VMOS TS 18 

50 

120 nsF NMOS TS 

22 

nsF-Nanoseconds over Full Temperature Range 

TS-Three-State 

Bold face indicates additional data is provid~ on the page noted. 

Supply 
Vo~age Device 

93L471C 
93L471M 

2141-2 
2141-2 
/!PD4104-5 
IlPD4104-35 

Source 

(Cont'd.) 

(Conl'd.) 
Fairchild (1234) 

t Fairchild (1234) 

Fujitsu 
Hitachi 
Intel (1419) 
Motorola (1510) 
National 
NEe Micro (1609) 
Synertek 
Toshiba 

Alii 

Intel (1419) 
AMD 
Fujitsu 
Hitachi 
Intel (1419) 
Motorola (1510) 
National 
NEe Micro (1609) 
NEC Micro 
Synertek 
Synertek 
Toshiba 

NEC America 
Signetics (1678) 

NEC America 
Signetics (1678) 

(1200) 
(1204) 

EMM/Semi 
Intel (1418) 
NEe Micro (1610) 
NEe Micro (1610) 

Une 

60 

70 

80 

100 

110 

±5,12 43001\ EMil/Semi (1230) 
(Continued) 

nsR-Nanoseconds at Room Temperature 

OE-Open Emitter 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Access ". 
Organi- TIme No. Supply Orgari- TJme No. Supply 
zation (Max) Type Output Pins Voltage Device Source Una zation (Max) Type Output Pins Voltage Source tile .. 

Static (Cont'd.) Static 

4096xl (Cont'd.) 4096xl 250 nsF NMOS TS 22 (Cont'd.) 
150 nsF NMOS TS 18 4044-15 AMD ±5,12 M4200UM tEMM/Semi 

4244-15 AMD 4200UM tEMM/Semi 
2141-3 EMM/Semi 300 nsF NMOS TS 18 5 4044-30 AMD. 
2141-3 Intel (1418) 4244-30 AMD 
2141l-3 Intel (1418) 

4044-3 EMM/Semi (1228) 70 
IIPD4104-3 NEe Micro (1610) MBM4044N Fujitsu 
lIPD4tQ4.33 NEe Micro (1610) IM7141-3 Intersil 
2613-15 Signetics (1668) IM7141L-3 Intersil 

TI 115T4044-30 IIitsubishi (1432) 
MK41 04-5 Mostek 
MK41 04-35 Mostek 
MK41 04-86 tMostek 
MCM6641-30 Motorola 

±5,12 4200B EMM/Semi Motorola 
1IPD41().1 NEe Micro (1600) National 80 

200 nsF CMOS TS 18. IM6504 Intersil National 
IM6505 Intersil NEe Micro (1610) 

NMOS TS 18 4044-20 AMD 
NEe Micro (1610) 

4244-20 AMD 
Zilog 

2141-4 EMM/Semi 20 22 AMD 
MBM4044E Fujitsu tAMD 
2141-4 Intel (1418) AMD CD 
2141l-4 Intel (1418) tAMD ~ 
IM7141-2 Inters~ 320 nsF CMOS TS 18 Fujitsu ~. 
IM7141L-2 Intersil tHarris (1363) 90(!) 
M5T4044-20 Mitsubishi (1432) Harris (1363) 

,;,.",," 

MK4104-3 Mostek 
MK41 04-33 Mostek 350 nsF NMOS TS 18 

MCM6641·20 Motorola 
MCM66L41-20 Motorola 30 
MM5257-2 National Q) 

MM5257-2L National en 
IIPD4104-2 NEe Micro (1610) ~ 

1IPD4104-32 NEe Micro (1610) NMOS TS Q) ..... 
2613-20 Signetics (1668) 22 91L4OBC AMD 

Cf) 
('(S. 

TMS4044-20 TI 91L40BM tAMD 
TMS4OL44-20 TI 9140BC AMD 
Z6104-3 Zilog 9140BM tAMD 

20 TMS4046-20 TI 450 nsF CMOS TS 18 HM4315 
TMS40L 46-20 TI 40 

22 . 
±5,12 4200A EMM/Semi NMOS TS 

4200US EMM/Semi AMD 
M4200US tEMM/Semi EMil/Semi 
IIPD410 NEe Micro (1600) EMil/Semi 

250 nsF NMOS TS . 18 4044-25 AMD EMM/Semi 
4244-25 AMD Intersil 
2141-5 Intel (1418) Intersil 
2141l-5 Intel (1418) IIiIsubishi (1432) 
MK41 04-4 Mostek 50 Motorola 
MK41 04-34 Mostek Motorola 
MCM6641-25 Motorola National 
MCM66L41-25 Motorola National 
MM5257-25 National Signetics (1668) 
MM5257-25L National n 
~D4104-1 NEe Micro (1610) TI 
1IPD4104-31 NEe Micro (1610) 

20 n 
2613-25 Sigrietics (1668) 

TI 
TMS4044-25 TI 
TMS4OL44-25 TI 60 500 nsF NMOS TS 22 AMD 
Z6104-4 Zilog tAMD 
TMS40L 46-25 TI AMD 

22 9140 DC AMD 
tAMD 

91L40DC AMD 550 nsF CMOS TS 18 
(Continued) 

t Military Temperature Range ( - 55' to 125'C) ns "-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room T ernperature 

OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access 
Organi- Time No. 
zation (Max) Type Output Pins 

Static· 

4096xl 
600 nsF NMOS TS 18 

800 nsF CMOS TS 18 

t Military Temperature Range (-55' to 125'C) 

OC-Open Collector 

1182 

Supply 
Voltage 

5 

5 

Device Source 

(Cont'd.) 

(Cont'd.) 
4801U EMM/Semi 

TC5504·2 Toshiba 

ns· -Nanoseconds Typical 

Access 
Organi- Tme No. 

Una zation (Max) Type Output Pins 

nsF-Nanoseconds over Full Temperature Range 

T5-Three-State 

Bold face indicates additional data is provided on the page noted. 

Supply 
Voltage Device Source Una 

nsR-Nanoseconds at Room Temperature 

OE-Open Emitter 
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MASTER SELECTION. GUIDE 

MEMORY-ROMs 

Access Access 
Organi- TI!lle No. SuwIY Orgari- Tme No. ~y 
zation (Max) Type Output Pins Voltage Device Source l.ile zation (Max) Type Output Pins Voltage Device Source 

Dynamic Static (Cont'd.) 

256x5 

256x8 

60 

80 nsF TIL 

Static 

32x8 45 nsR TIL OC 16 5 SN5488A tTl 
SN7488A TI 

50 nsF TIL OC 16 6230-1 MMI (1466) 100 nsF TIL 
DM7488 National 

175 nsF TIL 

. 180 nsR TIL 70 

128x8 
20 850 nsR PMOS 24 -12,5 tNational 

National 

950 nsR PMOS 24 -12,5 

256x4 45 nsF TIL OC 16 93457C Fairchild 
6200-1 MMI (1466) "-

Q): 

TS 16 93467C Fairchild 256x10 
+oJ.\. 
C/):':~:'; 

6201·1 MMI (1466) 

~:2' 50 nsj=; TIL OC 16 DM74S187 National 
N82S226 Signetics 

TS 16 DM85S97 National 
N82S229 Signetics 

60 nsF TIL OC 16 93457M t Fairchild 
5200-1 tMMI (1466) 
DM54S187 tNational 512x4 

SN54187 tTl 
SN74187 TI 

TS 16 93467M t Fairchild 
5201·1 tMMI (1466) 
DM75S97 t National 

60 nsR TIL OC 16 DM54187 tNational (1466) 
DM74187 National TS 16 t Fairchild 

70 nsF TIL MMI (1466) 

70 nsF TIL OC 16 t Signetics 

650 nsR PMOS 16 ±12 MM4210 t National 
TI 

-
MM521 0 National TS 16 100 

24 ±12 MM4220 t National 
MM5220 National 75 nsF TIL 

950 nsR PMOS - 16 -12,5 MM4211 tNational 
MM5211 National 95 nsF TIL 

24 -12,5 MM4221 tNational 50 
MM5221 National 725 nsR PMOS 

1.8 p.sR CMOS - 16 3-15 MCM14524A t Motorola 
MCM14524C Motorola 

t Military Temperature Range (_55' to 125'C) ns' -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector T5-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-ROMs (Cont'd) 

Access 
Organi- TIIT1e No. 
zalion (Max) Type Output Pins 

512x4 
850 nsR PMOS TS 24 

950 nsR PMOS 24 

l/LsR PMOS TS 24 

512x5 

512x8 55 nsF TTL 

60 nsF TTL 

65 nsF TTL 

CD 
"0 70 nsF TTL 
:J 
(!J 

C 
0 
;:; 
0 
~ 
CD en 
"-
CD 

+""' . 90 nsF TTL 
til 
«S 
~ 

100 nsF TTL 

175 nsF TTL 

500 nsF NMOS TS 

850 ns' CMOS TS 24 

t Military Temperature Range (_55' to 125'C) 

OC-Open Collector 

1184 

Supply 
Voltage 

-12,5 

-12,5 

-12,5 

5 

Device Source 

(Cont'd.) 

MM4213 t National 
MM&213 National 

MM4231 t National 
MM5231 National 

MM4243 National 
MM5243 National 

HCMP1831C t Hughes 
HCMP1832C t Hughes 
CDP1831 C RCA 
CDP1832C t RCA 
SCP1832L t SSS 

(Cont'd.) 

(1466) 

(1466) 

(1466) 

(1466) 

(Continued) 

Organi-
Line zation 

Static 

512x8 

10 

512xl0 

1024x4 

20 

1024x8 

30 

40 

50 

Access 
TIme No. 
(Max) Type Output Pins 

l/LsF PMOS TS 24 

l/LsR PMOS TS 24 

45 nsF TTL 

55 nsF TTL 

60 nsF TTL 

70 nsF TTL 

TS 

75 nsF TTL OC 

90 nsF TTL 

100 nsF TTL 

ns '-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 

- TS-Three-State 

Bold face indicates additional data is provided on the page noted. 

Supply 
Voltage 

-12,5 

-12,5 

Device 

S3514 
S5232 
MM5244 

MM4214 
MM5214 
MM4232 
MM5232 
MM4233 
MM5233 

Source 

(Cont'd.) 

(Cont'd.) 
AMI 
AMI 
National 

t National 
National 

t National 
National 

tNational 
National 

(1466) 
(1466) 

(1466) 
(1466) 

(1466) 
(1466) 

(1466) 
(1466) 

t Signetics 
(ContinuecJ) 

Line 

60 

70 

80 

90 

100 

nsR-Nanoseconds at Room Temperature 

OE-Open Emitter 
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MASTER· SELECTION GUIDE 

MEMORY-ROMs (Cont'd) 

Access Access 
Organi- Tirne No. Supply Organi- TIme No. Supply 
zation (Max) Type Output Pins Voltage Device . Source Une zation (Max) Type Output Pins Voltage Device Source line 

Static (Cont'd.) Static (Cont'd.) 

1024x8 100 nsF TIL (Cont'd.) 1024x8 (Cont'd.) 
TS 22 6287·1 MMI (1469) 850 nsF NMOS TS 24 ±5,12 M58730 60 

24 6281·1 MMI (1466) 850 ns' CMOS TS 24 
6283-1 MMI (1469) 
6285-1 MMI (1469) 
S82S281 t Signetics 

175 nsF TIL OC 
1024x9 100 nsF TIL 

10 150 nsF TIL 

1024xl0 100 nsF TIL 70 
TS 

150 nsF TIL 

1024x12 250 nsR CMOS 

(1348) 
250 nsF NMOS TS (1348) 

20 
CD 
:9 .. 

275 nsF TIL 
80 

C 
O"'c-'~ 

~1;"-

350 nsF NMOS TS 24 F68A308 Fairchild (1887) 0 .... _ 

MK30000 Mostek 
2048x4 a._li!i!!: 

MCM68A3OA Motorola (1530) Q) 
C/}' 

±5,12 MCM68A308 Motorola (1530) 350 nsF 
~ 

MCM68A308P7 Motorola (1530) 30 Q) ...... 
-3,5,12 MCM6560 Motorola 2048x8 80 nsF TIL ~b;;.~ 

NC6560 Nitron ~-~.' 
,',-,'<' 

350 ns' CMOS TS 24 10 HCMP1833 tHughes "~.~""" .. 
110 nsF TIL 

HCMP1834 tHughes 
COP1833 tRCA 
COP1834 tRCA 120 nsF TIL 
SCP1834 tSss 

400 nsF NMOS TS 24 ER2308AC EA 125 nsF VMOS TS 24 542168·1 AMI (1209) 
EA8308AC EA S42160-1 AMI 

5,12 9208BC AMD 40 150 ns' 12L OC/TIL 
9208BM· tAMO 24 ma SBP9818C TI 

450 nsF NMOS TS 24 2607 Signetics SBP9818M tTl 
2608-1 Signetics 200 nsF VMOS TS 24 542168-2 AMI (1209) 

±5,12 8308 AMO S42160-2 AMI 
2308 Intel 300 nsF NMOS TS 24 
2608 Intel 
8308 Intel 
IlP02308 NEC Micro 
TMS4700 TI 350 nsF NMOS TS 24 

500 nsF NMOS TS 24 F6830 Fairchild 50 R03-9316C 

F68308 Fairchild MK34000-3 Mostek 

(1887,1889) MCM68A316A Motorola (1530) 

HN46830 Hitachi MCM68A316E Motorola 
Motorola 

550 nsF NMOS TS 24 EA2308AL EA 2616-1 Signetics (1670) 
EA8308AL EA 2617-1 Signetics 110 
2608 Signetics 

350 ns' 12L OC/TIL 
24 SBP8316C TI 

600 nsF NMOS TS 24 ±5,12 MSM3770A OKI SBP8316M tTl 
(Continued) 

t Military Temperature Range (-55' to 125'C) ns' -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range nsR-Nanoseconds at Room Temperature 

OC-Open Collector TS-Three-State OE-Open Emitter 
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Ie MASTER 

MEMORY-ROMs (Cont'd) 

Access 
Organi· TIme No. 
zatiOn (Max) Type Output Pins 

Static 

2048x8 
400 nsF NMOS TS 24 

450 nsF 

NMOS TS 24 

800 nsF NMOS TS 24 

850 nsF NMOS TS 24 

40 

t Military Temperature Range (_55' 10 125'C) 

OC-Open Collector 

1186 

Supply 
Voltage 

·3,5,12 

Access 
Organi· TII'Tle No. 

Device Source Line zatiOn (Max) Type 0u1put Pins 

(Cont'd.) Static 

(Coot'd.) 2048xl0 500 nsF NMOS TS 40 
92168C 
92168M 4096x4 

92178C AMD 
92178M tAMD 
92188C AMD 
92188M tAMD 
S6831A AMI 

(1215,1806) 10 
S6831B AMI 

(1215,1806) 350 nsF NMOS TS 24 
S6831C AMI 
S8316 AMI 
EA8316EC EA 
3516 Fairchild 
R03-8316B GI 450 nsF NMOS TS 
R03·9316B GI 
2316E Intel 
2616 Intel, 20 
2616-11 Intersil 
MIC2316E Maruman 
MK34000-84 tMostek 
MM2316A NatiOnal 
/lPD2316A NEC Micro 
/lPD2316E NEC Micro (1633) 
R23168 Rockwell 
M2316 SGS 
SAB8316 Siemens 
2616 Signetics (1670) 30 
2617 Signelics 
SY23168 Synertek 
TMM331A Toshiba 
TMM334 Toshiba 

8192x8 

40 

550 nsF CMOS TS 

800 nsF NMOS TS 

MCM6590 Motorola 
NC6590 Nitron 

R03-8316A GI 
ROa·9316A GI 
2316A Inlel 
M58731 Mitsubishi 

60 

R03·9501 GI 
(Continued) 

ns·-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 

TS-Three·State 

Bold face indicates additional data is provided on the page noted. 

Source Line 

(Cont'd.) 

(Cont'd.) 

70 

(1216) 

Maruman 
Mitsubishi 
National 
NEC Micro (1637) 
Rockwell 

(1672) 
90 

nsR-Nanoseconds at Room Temperature 

OE-Open Emitter 
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MEMORY-Shift Registers 

Bits No. 
Per of 
Register . Reg. 

Oper­
ation 

Dynamic 

100 SS 

SS 

32-678 2 SS 

512 SS 

Frequency 
(Hz -

Process Spec) 

PMOS 1.0 M 

2.0 M 

2.5 M 

PMOS 2.5 M 

3.0 M 

5.0 M 

10.0 M 

PMOS 2.5 M 

PMOS 2.0 M 

2.5 M 

3.0 M 

t Mi!itary Temperature Range (-55' to 125'C) 

• Typical Values 

Ie MASTER 197~ 

Supply 
Voltage 

±5 

±5 

-12,5 

±5 

±5 

±5 

±5 

-12,5 

±5 

-12,5 

±5 

Device 

HD3506 
HD3507 

1406 
1407 
1506 
1507 

MM4006 
MM5006 

SY1402B 
SY1402BR 

HDSR1026 
M58502 

1402AC 
1402AM 
HD3502 
1402A 
MM1402A 
1402 
1402A 
SY1402A 
SY1402AR 

AM2802C 
AM2802M 
SY2802 

MM4104 
MM5104 

1405A 
1405A 

MM4016 
MM5016 

AM2805M 
AM2807M 

Bits No. 
Per of Oper-

Source Line Register Reg. ation 

Dynamic 

512 SS 

SS 

10 

Hitachi 
Hitachi 

tAMD 1024 SS 

tAMD 
AMD 
AMD 

. t National 

30 

Synertek 
Synertek 

Hughes 
Mttsubishi 

AMD 
tAMD 

Hitachi 
Intel SS 
National 
Nortec 40 
Nortec 
Synertek 
Synertek 

AMD 
tAMD 

Synertek 

t National 
National 

AMD 50 
Intel 

tNational 
National 

tAMD 
tAMD 

(Continued) 

SS = Serial In, Serial Out 

MASTER SELECTION GUIDE 

Frequency 
(Hz - S\wIy 

Process Spec) Voltage Device Source 

(Cont'd.) 

PMOS 3.0 M (Cont'd.) 
-14 EA1212 EA 

4.0 M ±5 AM2805C AMD 
AM2807C AMD 

5.0M 

Synertek 

NMOS 1.0 M Intel 
Synertek (I). 

"0:, 
PMOS 3.0 M ±5 tAMD :J 

tAMD (!) 
Mrtsubishi 
Nortec c: 

0 
AMD :;::; 4.0 M ±5 
AMD o;~,;: 

Nortec 
~ 
Q) 

5.0 M ±5 1404AC AMD Cf)' 
1404AM tAMD :r-
HD3504 Hitachi Q) 

1404A Intel 
.....,. 
rn. 

MM1404A Nati!)nal at 
MM5024A National ~, 

1404A Nortec 90 

8.0 M ±5 HDSR1024 Hughes 
M130 SGS 

10.0 M ±5 AM2804C AMD 
AM2804M tAMD 
SY2804 .Synertek 

NMOS 1.0 M AM2401 AMD 
2401 Intel 
SY2401 Synertek 

PMOS 2.0 M -12,5 MM4025 tAMD 
MM4026 tAMD 
MM4025 t National 
MM4026 t National 

2.5 M -12,5 MM5025 National 
MM5026 National 

4.0 M -10.5,5 AM2825M tAMD 
AM2826M tAMD 110 

6.0 M -10.5,5 AM2825C AMD 
AM2826C AMD 
SY2825A Synertek 
SY2826A Synertek 

PP = Parallel In, Parallel Out 

1187 



.. 
Ie MASTER 

MEMORY-Shift Registers (Cont'd) 

Bits No. Frequency Bits No. Frequency 
Per of Oper- (Hz - Supply Per of Oper- (Hz - Supply 
Register Reg. ation Process Spec) Voltage Device Source li1e Register Reg. alion Process Spec) Voltage Device Source Lile 

Dynamic (Cont'd.) Static (Cont'd.) 

1024 2 SS PMOS (Cont'd.) PP Bipolar 25 M (Cont'd.) 60 
8.0 M ±5 ' HDSR2048 Hughes tFairchifd 

2048 SS PMOS 2.0 M -12,5 MM4027 tAMD 
Fairchild 

MM4027 t National t Ferranti 
Ferranti 

t Ferranti 
Ferranti 
Hitachi 
Hitachi 

t Motorola 
Motorola 

65536 1 SS CCO 25 M ±5,12 F464 Fairchild (1276) 10 
t NatiOOal 

National 
TMS3064 TI 

tNalional 

Static National 
NEe America 

PP Bipolar 25 M SN54L95 TI Raytheon 

SN54L99 ttl t Raytheon 

3M SN74L99 TI 
tRaytheon 

SN74L95 TI 
74LS395 Raytheon 
5495A tSignetics 80 
7495A Signelics 
74LS95B Sig1etiCs 

(]) 54194 t Signetics 
"0 5M 93LOOC tAMD 74194 Sig1etics 
:::J 93LooM tAMD 74LS194 Sigletics 
(!) 6M DM54L95 t National 20 SN5495A ttl 

c: DM74L95 National SN7495A TI 

0 15 M 9300C AMD 
SN54LS95B ttl 

+-' 9300M tAMD 
SN74LS95B TI 

0 SN54178 tn 90 
(]) 93LOOC Fairchild 

SN74178 n 
(]) 93LOOM t Fairchild 

SN54179 tn en M5395 Mitsubishi SN74179 TI 
"- M53295 Mitstbshi SN54194 n 
(]) MC8300 Motorola ..-

MC9300 t Motorola 
SN74194 n 

en SN54LSl94A tn as RC9300 Raytheon 30 
~ RM9300 tRaytheon 

SN74LSl94A n 

N8270 Signetics 30 M SN54195 tAMD 

S8270 t Signetics SN74195 AMD 

N8271 Signetics SN54LS195A tAMD 100 

SS271 t Signelics SN74LSl95A AMO 

20 M H02534 Hitachi 
Fairchild 

9LS95M t Fairchild 
MC7270 Motorola 54LS95B t Fairchild 
MC7271 Motorola 

74LS95B FairOOld 
MC8270 Motorola 

9LS194C FairOOld 
MC8271 Motorola. 40 

9LS194M tFairchild 
RC8270 Raytheon 

54LS194A Fairchild 
RM8270 t Raytheon 74LS194A Fairchild 
RC8271 Raytheon 9LS195C Fairchild 110 
RM8271 t Raytheon 9LS195M t Fairchild 
74LS295A Signelics 54195 t Fairchild 
9LS95BC Raytheon 74195 Fairchild 
9LS95BM t Raytheon 54LS195A t Fairchild 
54LS95B t Raytheon 74LS195A FairOOld 
74LS95B Raytheon 9LS295C Fairchild 

25 M SN54194 tAMD 50 9LS295M t FairOOld 
SN74194 AMO 54LS295A t Fairchild 
SN54LSl94A tAMD 74LS295A Fairchild 
SN74LSI94A AMD 9LS395C Fairchild 120 
5495 tFairchild t Fairchild 
7495 Fairchild tFairchild 
54178 t Fairchild Fairchild 
74178 Fairchild 9300C Fairchild 
54179 tFairchiid 93001.1 t Fairchild 
74179 Fairchild HD74195 Hitachi 

(Continued) (Continued) 

t Mifttary Temperature Range (-55' to 125'C) SS = Serial In, Serial Out PP = Parallel In, Parallel Out 

• Typicalyalues Bold face indicates addHional data is provided on the page noted. 
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MASTER SELECTION GUIDE; 

MEMORY-Shift Registers (Cont'd) 

Bits No. Frequency Bits No. Frequency 
Per of Oper- (Hz - Supply Per of Oper- (Hz - SLWly 
Register Reg. ation Process Spec) Voltage Device Source Une Regster Reg. ation Process Spec) Voltage Device Source 

Static (Cont'd.) Static (Cont'd.) 

PP BipOlar 30 M (Com'd.) PP BipOlar (Cont'd.) 
HD74LS195A Hitachi 45 M t Fairchild 
SN54LS95B t Motorola tFairchild 
SN74LS95B Motorola Fairchild 70 
SN54LS194A tMotorola t Fairchild 
SN74LS194A Motorola 70M tAMD 
MC54195 tMotorola 94 AMD 
MC74195 Motorola SN54S195 tAMD 
SN54LS195A tMotorola SN74S195 AMD 
SN74LS195A Motorola 10 93S00c Fairchild 
SN54LS295A t Motorola 93S00M t Fairchild 
SN74LS295A Motorola 54S194 t Fairchild 
SN54LS395 tMotorola 74S194 Fairch~d 
SN74LS395 Motorola 74S194 Signetics 80 
DM5495 t National 74S195 Signetics 
DM7495 NatiOnal SN54S194 .tTl 
DM54195 tNational 

SN74S194 TI 
DM74195 . National 

SN54S195 tTl 
DM8300 National 

SN74S195 TI 
DM9300 tNatiOnal 20 
p,PB74195 NEGArnerica 
p,PB74LS195 NEG America 
p,PB74LS295 NEG America 
p,PB74LS395 NEG America 
9LS194AC Raytheon 
9LS194AM t Raytheon 90 ':::J 
SN54LSl94A t Raytheon c:r'~'" .-' "i 

SN74LSl94A Raytheon s::: 
9LSl95AC Raytheon 0, 
9LS195AM tRaytheon PS -,"'P", 
54LS195A t Raytheon O· 
74LS195A Raytheon t Ferranti Q).k~,;,~ 

9LS295AC Raytheon Ferranti Q) 

9LS295AM tRaytheon Hitachi en' 
54LS295A t Raytheon tMotorola 

74LS295A Raytheon Motorola 

54195 t Signetics Signetics 

74195 Signetics Signetics 

54LS195A t Signetics tTl 
74LS195A Signetics TI 

74LS395 Signetics 
S9300 Signetics 
SN54195 tTl 
SN74195 TI 
SN54LS195A tTl 
SN74LS195A TI 
SN54LS295B tTl 
SN74LS295B TI Motorola 
SN54LS395A tTl NatiOnal 
SN74LS395A TI t National 

31 M MC5495A tMotorola NEG America 

MC7495A Motorola MSM4035 OKI 
SCL4035BE tSSS 

35 M AM25LS194AG AMD CD4035BE RCA 
AM25LS194AM t AMD SCL4035B SSS 
MC4012 Motorola CM4035AE Solitron 
MC4312 t Mptorola TC4035 Toshiba 
25LS194AC Raytheon 
25LS194AM t Raytheon 3M 3-15 F4035BC Fairchild 

25LS195AC Raytheon F40194BC Fairchild 

25LS195AM t Raytheon 60 F40195BC Fairchild 
SIL4035B tMitel 

38 M 9300c Fairchild SIL4035BE 'Mitel 
9300M t Fairchild MCl4035BA t Motorola 

40 M N82S70 Signetics CD4035BM t National 
N82S71 t Signetics MM74C195 National 
74S178 Signetics CD4035B tRCA 
74S179 Signetics CM4035A t Solitron 

t Military Temperature Range (-55' to 125'C) SS = Serial In, Serial Out PP = Parallel In, Parallel Out 

.• Typical Values 
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Ie MASTER 

MEMORY-Shift Registers (Cont'd) 

Bits No. Frequency No. Frequency 
Per of Oper· (Hz· Supply aper. (Hz· Supply 
Register Reg. ation Process Spec) Voltage Device Source ation Process Spec) Voltage Source Line 

Static (Cont'd.) (Cont'd.) 

4 PP CMOS 3M 3-15 .. (Coot'd.) 4 SS CMOS 3 M 3-15 (Cont'd.) 
TP4035B TI 

4.5 M 3-15 MC14194BA tMotorola 
p.P04194B NEC America 
MSM40194 OKI 
CD4o.1948 tRCA PP Bipolar 15 M DM7546 tNational 
CD401948E RCA DM8546 National 

6.5M 3-15 MM54C95 t National 25 M SN54LS299 tAMD 
MM74C95 National SN74LS299 AMD 

9 M' 3-15 MSM40104 OKI 
54198 t Fairchild 
74198 Fairchild 

CD401048 tRC!>. 54199 t Fairchild 
CD401048E RCA 74199 FairchHd 

SP Hitachi 
Hitachi 
Mitsubishi 
Mitsm 

2.5 M 3-15 F4015BC Fairchild t National 

HD140158 Hitachi DM74198 National 

MC14015BC Motorola DM54199 t National 
CD4015AC National DM74199 National 

11P040158 NEG America I1P874198 NEG America 

Q) GD40158E RCA 54198 t Signetics 

:Q TC4015 Toshiba 74198 Signetics 

::::J 3M 3-15 F4015BM t Fairchild 
54199 t Signetics 

(!) SIL40158 tMitel 
74199 Signetics 
SN54198 tTl 

C SIL40158E Mitel 
SN74198 TI 

0 SN54199 tTl :;::: 
0 3-15 CD4015AM t National SN74199 tTl 90 

~ CD4015B tRCA 30M AM25LS299G AMD 
Q) SCL40158 tSSS AM25LS299M tAMD en SCL4015BE SSS 
L-

35 M AM25LS23C AMD 
Q) 5 PP Bipolar 10 M 5496 t Fairchild AM25LS23M tAMD 

+oJ 7496 Fairchild SN54LS323 tAMD en 
CU ZN5496 t Ferranti SN74LS323 AMD 

~ ZN7496 Ferranti 54LS299 t FairchHd 
HD7496 Hitachi 74LS299 Fairchild 
M53296 Mitslbshi 54LS323 tFairchild 
M54403 MitsWshi 74LS323 Fairchild 100 
MC5496 tMotorola 54LS299 tMMI 
MC7496 Motorola 74LS299 MMI 
DM5496 t National 40 54LS323 tMMI 
DM7496 National 74LS323 MMI 
5496 tSignetics 25LS299C Raytheon (533) 
7496 Signetics 25lS299M t Raytheon (533) 
54LS96 Signetics 25LS23C Raytheon 
74LS96 Signetics 25LS23M t Raytheon 
SN5496 tTl 9LS299C Raytheon (533) 
SN7496 TI 9LS299M t Raytheon (533) 110 

25 SN54LS96 tTl 9LS323C Raytheon (540) 

SN74LS96 TI 9LS323M tRaytheon (540) 
54LS323 tRaytheon (540) 

4 SS 50 Raytheon (540) 

tTl 

2M 3-15 F4006BC Fairchild TI 

CD4006AC National tTl 

~4006 NEG America TI 

CD4006BE RCA 50M SN54S299 tTl 
CM4006A t SoIitron SN74S299 TI 120 
CM4006AE Solitron PS Bipolar 14 M DM7590 t National 

2.5M 3·15 F4006M t Fairchild DM8590 National 
CD4006A tNational 20 M 54165 t Fairchild 
CD4006B tRCA 60 74165 Fairchild 

3M 3-15 - SCL40068 tSSS 65 t Ferranti 
(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) SS = Serial In, Serial Out PP = Parallel In, Parallel Out 

• Typical Values Bold face indicates additional data is provided on the page noted . 
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MASTER SELECTION GUIDe 

MEMORY-Shift Registers (Cont'd) 

Bits No. Frequency Bits No. Frequenc.;o 
Per of Oper- (Hz- Supply Pill" of Oper- (Hz- Supply 
Register Reg. ation Process Spec) Voltage Device Source l.i1e ~ Reg. ation Process Spec) Voltage Device Source 

Static (Cont'd.) Static (Cont'd.) 

PS Bipolar 20 M (Cont'd.) SP ~Iar 25M (Cont'd.) 
ZN74165 Ferranti SN74164 TI 
M53365 Mitstbshi . SN54lS164 tTl 
MC54165 tMotorola SN74lS164 TI 
MC74165 Motorola Toshiba 
DM54165 tNalional 35M 
DM74165 National 
54165 t Signetics 
74165 Signetics 
SN54165 . tTl 10 SS 
SN74165 TI 

25 M 74lS165 Fairchild 4M t National 
54166 t Fairchild National 
74166 Fairchild 
ZN54166 t Ferranti 10 M t Fairchild 

ZN74166 Ferranti Fairchild 

HD74166 Hitachi t Ferranti 

M53366 MitsUbishi Ferranti 

SN54lS165 tMotoroia Hitachi 

SN74lS165 Motorola 20 Mitsubishi 

DM54166 t National Mitsubishi 

DM74166 National tMotorola 

54166 t Signetics Motorola 

74166 Signetics . t National 

SN54lS165 tTl National 

SN74lS165 TI NEG America 

SN54166 tTl Raytheon <!1-~~< :~~;~ 
t Raytheon 

,~T';'~·1r.l'; 

SN74166 TI &, .. ~ 
SN54lS166 tTl t Raytheon ~"",'\i¥ 

SN74lS166 TI 30 Raytheon :;::;~ . 

t Signetics 0_" 
SP Bipolar 6 M DM54l164A tNational Signetics ~. 

DM74l164A National tTl 
0)1 

12 M SN54l164 tTl TI 
crJ!'-

SN74l164 n tTl 
~: 

Q) 
TI 100 +-" 

25 M SN54164 tAMD ~~~~ SN74164 AMD 
SN54lS164 tAMD ::g;": 
SN74lS164 AMD PP 
54164 t Fairchild 
74164 Fairchild 40 
54lS164 t Fairchild 
74lS164 Fairchild 

3M 
ZN54164 t Ferranti 
ZN74164 Ferranti 
HD74164 Hitachi 3-15 National 
HD74lS164 Hitachi 
M53364 Mitsubishi 
SN54lS164 tMotorola 
SN74lS164 Motorola 
DM7570 t National 50 
DM8570 National 
DM54164 t National 
DM74164 National PS CMOS 1M 
DM54lS164 t National 
DM74lS164 National 
J1PB74164 NEG America 
J1PB74lS164 NEG America 
9lS164C Raytheon 
9lS164M tRaytheon Motorola 120 

54lS164 tRay\heon National 
74lS164 Raytheon National 
54164 t Signetics NEG America 
74164 Signetics NEG America 
54lS164 tSignetics RCA 
74lS164 Signetics RCA 
SN54164 tTl SSS 

t Military Temperature Range (-55' to 125'C) SS = Serial In, Serial Out PP = Parallel In, Parallel Out 

• Typical Values 

Ie MASTER 1979 1191 



Ie MASTER 

MEMORY-Shift Registers (Cont'd) 

Bits No. Frequency Bits No. Frequency 
Per of Oper- (Hz - Supply of Oper- (Hz- Supply 
Register Reg. ation Process Spec) Voltage Device Source Reg. ation Process Spec) Vllltage Source Lile 

(Cont'd.) (Cont'd.) 

8 PS CMOS 2.5 M 3-15 (Coot'd.) 
SCL4021BE SSS 
CM4018AE Solrtron 
CM4021AE Solitron 
TC4014 Toshiba 30 SS CMOS 1M 3-15 Mitel 

TC4021 Toshiba Mitel 

TP4014A TI 32 SS PMOS 1 M -12,5 SS5-1032 GI 

3M 3-15 F4014BM t Fairchild 
SS6-1032 tGI 

F4021BM t Fairchild SS PMOS 1.5 M -28 EAl003 EA 70 

SIL4014B tMitel 10 EA1007 EA 

SIL40148E Mitel SS PMOS 1 M -12,5 Sl5-4032 G! 
SiL4021B tMitel SL6-4032 tGI 
SIL40218E Mitel 

6 SS PMOS 1 M -12,5 3348 Fairchild 
MC14014BA tMotorola 3349 Fairchild 
MC14021BA t Motorola 
CD40~4AM t National 
CD4021AM t National 
CD4014B tRCA 
CD4021B tRCA 
SCL40148 tSss 
SCL40218 tsss 80 

CM4014A t Solitron 
Q) CM4021A t Solitron 
"0 

5M 3-15 MM54C165 t National 
:l 
~ 

MM74C165 National 

C 
SP CMOS 5.5 M 3-15 MM54C164 tNational 

0 MM74Cl64 National 
:;::::; SS CMOS 2.5 M 3-15 MC140948A t Motorola (.) 
Q) MC140948C Motorola 

Q) IlPD4094B NEG America 
C/) CD4094B tRCA 

:10... CD4094BE RCA 90 
Q) SCL40948 tSSs ...... 

SCL4094BE SSS en as 
ss Bipolar 10 M 93l28C AMD ~ 93l28M tAMD 

93l28C Fairchild 
93l28M t Fairchild 
MC8328 Motorola 
MC9328 t Motorola 

15 M RC8277 Raytheon 
RM8277 t Raytheon 
N8277 Signetics 

20M 9328C AMD 
9328M tAMD 
9328C Fairchild 
9328M t Fairchild 

10 PP Bipolar 25 M RC8274 Raytheon 
RM8274 t Raytheon 
N8274 Signetics 
S8274 t Signetics 

SP Bipolar 25 M RC8273 Raytheon 
RM8273 t Raytheon 
N8273 Signetics 
S8273 t Signetics 110 

16 SS CMOS 2M 5-10 HSSR0321 tHughes 
HSSR0351 tHughes 

PMOS 2M -12,5 SS5-8211 GI 
SS5-8212 GI 2.5 M -12,5 AM2847M tAMD 
SS6-8211 tGI 60 TMS3120 TI 
SS6-8212 tGI 

3M -12,5 AM2847C AMD 
(Continued) 

t Military Temperature Range (-55' to 125'C) SS = Serial In, Serial Out PP = Parallel In, Parallel Out 

• Typical Values Bold face indicates additional data is provided on the page noted. 
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MEMORY-Shift Registers (Cont'd) 

Bits No. Frequency 
Per of Oper- (Hz -
Register Reg. ation Process Spec) 

Static 

80. SS PMOS 
4M 

64,72,80. 
2 SS PMOS 1.5 M 

81 SS NMOS 1 M 

2M 

2.5 M 

SS PMOS 1 M 

t Military Temperature Range (_55' to 125'C) 

* Typical Values 

Ie MASTER 1979 

Supply 
Voltage Device Source 

(Cont'd.) 

(Cont'd.) 
-12,5 3357-1 Fairchild 

-12,5 MM5054 National 

SR5o.15-81 SMC 
SR5o.18 SMC 

-12,5 AM28o.9M tAMD 
AM281o.C AMD 
AM281o.M tAMD 
TMS3114 AMD 
SL5-C2128 GI 
TMS3114 TI 

-12,5 AM2809C AMD 
AM2814C AMD 
AM2814M tAMD 
TMS3128 TI 

-12,5 MM4o.56 t National 
(Continued) 

MASTER SELECTION GUIDE 

Bits No. Frequency 
Per of Oper- (Hz - Supply 
Register Reg. ation Process Spec) Voltage Device Source Line 

Static (Cont'd.) 

256 SS PMOS (Cont'd.) 
1.5 M -12,5 MM5o.56 National 

2.5 M -12,5 AM2856 AMD 
AM4056 tAMD 
AM5o.56 AMD 

288 SS CMOS 20. M 1.5-10. MD67o.3A tMitel 
MD67o.3AE Mitel 

480. SS 

512 SS 

SS 

10.24 SS 

(I) 

:2 
::::s 

(!) 

c 
0 

+oJ 
(,) 
Q)q 

~~--,.o.~ 

80. Q) 

SS Bubble 0..1 M TI 
(J). 
~~:.' 

266500 Q) 

1 SS Bubble Rockwell 
+oJ 
Cf) 

30. 290.560. CU ... 

1 SS Bubble H47o.1B Hitachi 
~c. 

50. 

SS = Serial In, Serial Out PP = Parallel In, Parallel Out 

1193 



ABBREVIATIONS OF COMPANY NAMES 

AD Analog Devices Monosil Monosil 
AMD Advanced Micro Devices MaS MOS Technology 
AMI American Microsystems, Inc. Mostek Mostek 
Amperex Amperex Electronics Corp. Motorola Motorola Semiconductor 
Analogic Analogic Corp. National National Semiconductor 

NCR NCR Corp., Microelectronics Division 
Beckman Beckman Instruments, Helipot Division NEC America NEC America 
BEl BEl Electronics NEC Micro NEC Microcomputers 
Burr-Brown Burr-Brown Research Nitron Nitron 

Cermetek Cermetek 
Nortec Nortec Electronics 
Novonics Novonics 

Cherry Cherry Semiconductor NPC Nucleonic Products Co. 
CMA Consumer Microcircuits of America 
Cybernetic Cybernetic Micro Systems OEI Optical Electronics, Inc. 

Data General Data General 
OKI OKI Semiconductor 

Datel Datel Systems Panasonic Panasonic, Matsushita Electric Corp. 
DOC Data Devices Corp. Photo Therm Photo Therm 
Delco Delco Electronics Plessey Plessey Semiconductors 
Dionics Dionics Inc. PMI Precision Monolithics, Inc. 

EA Electronic Arrays Raytheon Raytheon Semiconductor 
EMM/Semi EMM Semi, RCA RCA Sol1d State Division 

Div. of Electronic Memories & Magnetics Reticon Reticon 
Essex Essex International RIFA RIFA 
Exar Exar Integrated Systems RockWell Rockwell Microelectronic Devices 

RTC Real Time Corp. 
Fairchild Fairchild 

Sanken Sanken Electric Ferranti Ferranti Electric 
Fujitsu Fujitsu Sanyo Sanyo Electric 

SGS SG5-Ates Semiconductor 
GI General Instrument Siemens Siemens 

Signetics Signetics (Philips) 
Harris Harris Semiconductor Silicon G Silicon General 
Hitachi Hitachi America Ltd. Siliconix Siliconix' 
Holt Holt Inc. Silicon Sys. Silicon Systems, Inc. 
Hughes Hughes Aircraft Solid State Products Silitronics Silitronics 
Hybrid Sys Hybrid Systems SMC Standard Microsystems 
HyComp HyComp Solitron Solitron Devices 

IMI International Microcircuits, Inc. 
Sprague Sprague Electric Company 
Supertex Supertex, Inc. 

Intech/FMI Intech/Functi<;m Modules Inc. SSM Solid State Microtechnology for Music 
Intel Intel SSS Solid State Scientific 
Interdesign Interdesign Synertek Synertek 
Intersil Intersil 
IPI Integrated Photomatrix, Inc. Tetaris Telaris 

Teledyne C Teledyne Crystalonics 
Lambda Lambda Electronics Teledyne P Teledyne Philbrick 
LSI LSI Computer Systems Teledyne S Teledyne Semiconductor 

Telefunken AEG-Telefunken 
Maruman Maruman Integrated Circuits TI Texas Instruments 
Master Logic Master Logic TMX TMX 
Matrox Matrox Electronics Systems Toshiba Toshiba 
Micro Net Micro Networks Trans-Data Trans-Data 
Micropac Micropac Industries TRW TRW 
Micro Power Micro Power Systems 
Micro Tech Microcircuits Technology Unitrode Unitrode 
Mitel Mitel Semiconductor Western Western Digital 
Mitsubishi Mitsubishi Electric Co. 
MMI Monolithic Memories, Inc. Zilog Zilog 



YESTERDAY'S 
RADIO 

MASTER 
IS lODAY'S 

ELECTRONIC DISTRIBUTORS 
MASTER CATALOG 

First published to serve you in 1935, The Radio 
Electronic Master has continuously changed over 
the years to better meet your needs. Today The 
Radio Master has become The Electronic Dis­
tributors MASTER CATALOG. 
The 1979 edition of The Electronic Distributors 
MASTER CATALOG includes components, sys­
tems and subsystems sold through distributors. 
It encompasses the following product areas: elec­
tronic and electromechanical components, audio 
and communications equipment, sub-assembly and 
panel components, hardware, production equipment 
and tools, test instrumentation, power sources, wire 
and cable, and chemicals. 
The MASTER CATALOG is divided into four basic 
sections: 
The GENERAL' INDEX lists manufacturers and 

products alphabetically, including product cross ref­
erences. Page numbers are displayed for both 
manufacturers and products. Manufacturers names 
are bold-faced. 
The MANUFACTURERS' CATALOG SECTION is 
a collection of their respective product pages, al­
phabetically by manufacturer, again including ad­
dresses and phone numbers. 
The MANUFACTURERS DIRECTORY is an alpha­
betical listing of all manufacturers whose products 
information. is shown. Page numbers are refer­
enced. Sales offices, representatives and dis­
tributors are included for many manufacturers. 
The DEALER/DISTRIBUTOR DIRECTORY geo­
graphically lists distribution outlets by state and city. 
The listings were supplied by manufacturers 
cataloging in this edition. 

United Technical Publications, Inc., Div. of Cox Broadcasting Corp. ·645 Stewart Ave., Garden City, N.Y. 11530 



Selection Guide 

MOS STATIC RANDOM ACCESS MEMORIES 
-- ---- - ._-_._- -. --

MAX. ACCESS MAX. ACTIVE MAX. STANDBY POWER 
PART NO. ORGANIZATION PROCESS 

TIME (n5) POWER (mW) POWER (mW) SUPPLIES 
PACKAGE 

568810 128 x 8 NM05 250 420 N/A +5V 24 PIN 

568Al0 128 x 8 NM05 360 420 N/A +5V - 24 PIN 

54015-2 1024 x 1 VM05 60 660 N/A +5V 16 PIN 

54025-2 1024 x 1 VM05 60 660 N/A +5V 16 PIN 

52114W 1024· x 4 VM05 70 790 N/A +5V 18 PIN 

52114A-1 1024 x 4 VM05 150 265 N/A +5V 18 PIN 

52114L-l 1024 x 4 VM05 150 370 N/A +5V 18 PIN 

52114-1 1024 x 4 VM05 150 525 N/A +5V 18 PIN 

52114A-2 1024 x 4 VM05 200 265 N/A +5V 18 PIN 

52114L-2 1024 x 4 VM05 ·200 370 N/A +5V 18 PIN 

52114-2 1024 x 4 VM05 200 525 N/A +5V 18 PIN 

52114A-3 1024 x 4 VM05 300 265 N/A +5V 18 PIN 

52114L-3 1024 x 4 VMOS 300 370 N/A +5V 18 PIN 

52114-3 1024 x 4 VM05 300 525 N/A +5V 18 PIN 

S4017-3 4096 x 1 VM05 55 660 N/A +5V 18 PIN 

S4017 4096 x 1 VM05 70 660 N/A +5V 18 PIN 

52147-JI 4096 x 1 VMOS 55 945 160 +5V 18 PIN 

S21471 4096 x 1 VM05 70 840 105 +5V 18 PIN 
------

54028 1 2048 x 8 VM05 200 525 N/A +5V 24 PIN 

~ 
<C 

CMOS STATIC RANDOM ACCESS MEMORIES 

MAX. ACCESS MAX. ACTIVE MAX. STANDBY POWER 
PACKAGE PART NO. ORGANIZATION 

TIME (ns) POWER (mW) POWER (mW) SUPPLIES 

52222 1 512 x 1 350 25 .05 +10V 16 PIN 

S2222A 1 512 x 1 700 25 .25 +10V 16 PIN 
---~~---.------------------------------------.-.-

S5101 L-1 256 x 4 450 115 .055 +5V 22 PIN 
-----~.------- -------------- -------.-------------.--~--

S5101L 256 x 4 650 115 .055 +5V 22 PIN ------_._---_ •.. _-._-_._---------_._----
S5101L-3 256 x 4 650 115 '.735 +5V 22 PIN 

-. -----_._-----. ---~-------------

55101L-8 256 x 4 800 115 2.7 +5V 22 PIN 
---_ .. -_._--"--_._--_._-----

S5101-8 256 x 4 800 115 . 2.7 +5V 22 PIN _._---- -_._-_.-._----------------
56508-1 1024 x 1 300 13 .055 +5V 16 PIN ---.------_._-----------------------._-------
56508 1024 x 1 460 13 .55 +5V 16 PIN 

56508A-1 1024 x 1 275/1152 12.5/50l 1.1 +4VIo+11V 16 PIN 

56508A 1024 x 1 460/185 2 125/50l 5.5 +4Vlo+11V 16 PIN 

S6518-1 1024 x 1 300 13 .055 +5V 18 PIN 

S6518 1024 x 1 460 13 .55 +5V 18 PIN 

S6518A-l 1024 x 1 275/1152 12.5/502 1.1 +4Vto +11V 18 PIN 

S6518A 1024 x 1 460/1852 12.5/502 5.5 +4V 10 +11V 18 PIN 
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Selection-Guide 

MOS DYNAMIC RANDOM ACCESS MEMORIES 

MAX. ACCESS MAX. ACTIVE MAX. STANDBY POWER 
PART NO. ORGANIZA TlON PROCESS 

TIME (ns) POWER (mW) POWER (mW) SUPPLIES PACKAGE 

S1103A 1 1024 x 1 PMOS 205 425 2.0 +16/+19 18 PIN 

S4006 1 1024 x 1 PMOS 400 450 50 -121 +5 16 PIN 

S4008-9 1 102-1 x 1 PMOS 800 450 50 -121 +5 16 PIN 

UV ERASABLE ELECTRICALLY PROGRAMMABLE READ ONLY MEMORIES 

MAX. ACCESS MAX. ACTIVE MAX. STANDBY POWER 
PART NO. ORGANIZATION PROCESS 

TIME (ns) POWER (mW) POWER (mW) SUPPLIES 
PACKAGE 

S6834 512 x 8 PMOS 575 750 N/A +5/-12 24 PIN 

S6834-1 512 x 8 PMOS 750 750 N/A +5/-12 24 PIN 

S5204A 512 x 8 PMOS 750 750 N/A +5/ -12 24 PIN 

S47163 2048 x 8 VMOS 250 525 132 +5 24 PIN 

S45323 4096 x 8 VMOS 250 525 132 +5 24 PIN 

MOS READ ONLY MEMORIES 

PART NO. DESCRIPTION ORGANIZA TlON PROCESS 
MAX. ACCESS 

TIME (ns) 
MAX. ACTIVE POWER 
POWER (mW) SUPPLIES 

PACKAGE 

S8773 1 2560 Bit Static ROM 256x10or512x5 PMOS 600 600 - +5/ -12 24/28 PIN . 
S8564 1 64x7x9 Charac. Gen. 64 Words PMOS 450 1100 +5/ -12 28 PIN 

S3514 1 4096 Bit Static ROM 512 x 8 or 1024 x 4 PMOS 1000 500 +5/ -12 24 PIN ~j .. 

S5232 1 4096 Bit Static ROM 512 x 8 or 1024 x 4 PMOS 1000 500 +5/ -12 24 PIN «' 

S8771 1 5120 Bit Static ROM 512 x 10 or 1024 x 5 PMOS 450 1000 +5/ -12 28 PIN 

S6830 1 8192 Bit Static ROM 1024 x 8 NMOS 575 680 +5 24 PIN 

S8865 1 8192 Bit Dynamic ROM 1024 x 8 PMOS 1700 635 +5/ -12 24 PIN 

S4216B 16.384 Bit Static ROM 2048 x 8 VMOS 250 500 +5 24 PIN 

S6831 1 16.384 Bit Static ROM 2048 x 8 NMOS 450 420 +5 24 PIN 

S6831A 16.384 Bit Static ROM 2048 x 8 NMOS 450 420 +5 24 PIN 

S6831B 16.384 Bit Static ROM 2048 x 8 NMOS 450 420 +5 24 PIN 

S6831 CI 16.384 Bit Static ROM 2048 x 8 NMOS 450 420 +5 24 PIN 

S8996 1 16.384 Bit Dynamic ROM 4096 x 4 PMOS 1800 370 +5/ -12 24 PIN 

S8996 1 16.384 Bit Dynamic ROM 2048 x 8 PMOS 1800 370 +5/ -12 ' 24 PIN 

S68332 32,768 Bit Static ROM 4096 x 8 NMOS 450 630 +5 24 PIN 

S4264 65.536 Bit Static ROM 'S192x8 VMOS 350 800 +5 24 PIN 

1 NOT RECOMMENDED FOR NEW DESIGNS , FIRST NUMBER IS AT +5V. SECOND IS AT +10V 
I TO BE ANNOUNCED 
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Features 

o High 8peed Operation: 
Access Time: 150ns Maximum (-1) 

o High Density IS Pin Package 

o Single +5 VaIt Power Supply 

o Completely 8tatic Operation: 
No Clocks Required 

o Completely TTL Compatible 

·0 Common Data I/O: 
Three-State Outputs 

o Fan-Out of 5 TTL: IOL = SmA @ O.4V 

Block Diagram 

:::?! 
< A4 

A5 

A6 64 X 64 

A) ARRAY 
As 

A9 

Ao 1/01 
A1 1/02 
Al 1/03 
A3 1/04 

cs 

WE OUTPUT ENABLE 

871308 

Pin Names 
AO - All Address Inputs WE Write Enable 
CS Chip Select VCC +5V Power 

1/01 - 1/04 Data Input/Output 

1196 

S2114 

4096 BIT (1024x4) 
STATIC VMOS RAM 

General Description 

The AMI 82114 is a 4096 bit fully static RAM organ­
ized as 1024 words by 4 bits. The device is fully TTL 
compatible on all inputs and outputs and has a single 
+5V supply. The common data input/output pins fa­
cilitate interface with systems utilizing a bidirectional 
data bus. The stored data is read out non-destructively 
and is the same polarity as the original input data. 

The 82114 is fully static requiring no clocks or refresh­
ing for operation. This simplifies device operation as no 
address setup times are required. The chip select func­
tion facilitates memory system expansion by allowing 
the input/output pins to be OR-tied to other devices. 

The 82114 is fabricated using AMI's proprietary 
VM08 technology. This process permits the manufac­
ture of high performance memory devices suitable for 
high volume production. 

Logic Symbol Pin Configuration 

AO 

A1 

A2 1'0"1 

A3 

A4 1102 

AS 

A6 
1103 

A7 
1/04 

AS 

Ag 

WE CS 
877309 877310 

Truth Table 
Inputs Outputs 

Mode 
CS WE DIN DOUT 

H X X Hi-Z Not Selected 

L L L Hi-Z Write "0" 

L L H . Hi- Z Write "1" 

L H X DOUT Read 

ADVANCED PRODUCT DESCRIPTION 
©IC MASTER 1979 



AMI® ·S2114 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias .............................................. - 10° C to 80° C 
Storage Temperature ....................................................... - 65°C to 150°C 
Voltage on Any Pin With Respect to Ground ........................................ - 0.5V to 7V 

Power Dissipation .................................................................... 1 \V . 

*eOMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or at any other condition above those indicated in the opera­
tional sections of this specifi£ation is not implied. Exposure to absolute maximum rating conditions for extended periods may 
effect device reliability. . 

D.C. Operating Conditions (VCC = 5V ±5%; TA = O°C to 70°C) 

S2114A·1 S2114L·1 S2114·1 
S2114A·2 S2114L·2 S2114·2 
S2114A·3 S2114L·3 S2114·3 

Symbol Parameter Min. Max. Min. Max. Min. Max. 

ILl Input Leakage Current 10 . 10 10 

IILOI I/O Leakage Current 10 10 10 

45 65 95 

lee Power Supply Current 
50 70 100 

VII, Input LOW Voltage -0.5 O.S -0.5 O.S -0.5 O.S 

VIH Input HIGH Voltage 2.0 Vee 2.0 Vee 2.0 Vee 

VOL Output LOW Voltage 0.4 0.4 0.4 

VOH Output HIGH Voltage 2.4 Vee 2.4 Vee 2.4 Vee 

los Output Short Circuit Current 100 lPO 100 

Capacitance (TA = 25°C; f = 1.0MHz) 

Symbol Parameter Min. Typ. Max. Units Conditions 

CliO Input/Output Capacitance 10 pF VI/a = OV 

CIN Input Capacitance 5 pF VIN = OV 

A.C. Characteristics (VCC= 5V ±5%; TA = O°C to 70°C) 
Read Cycle 

S2114A·1 S2114A·2 S2114A·3 
S2114L·1 S2114L·2 S2114L·3 
S2114·1 S2114·2 S2114·3 

Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

tRe Read Cycle Time 150 200 300 ns 

tA Access Time 150 200 300 ns 

teo Chip Selection to Output Valid 70 70 100 ns 

tex Chip Selection to Output Active 15 15 15 ns 

tOTD Output 3-State from 40 60 SO ns 
Deselection 

tOHA Output Hold from 30 30 30 ns 
Address Change 

@IC MASTER 1979 

Units Conditions 

J.1A VIN = OV to 5.25V 

J.1A CS= 2.4 V; 
VI/O = O.4V to Vee 

rnA VIN = 5.25V; 
TA = 25°C 

rnA VIN = 5.25V; 
TA = O°C 

V 

V 

V IOL = SmA 

V IOq = -lmA 

rnA Our. 'tion not to 
exce(;. i 30 sec. 

Conditions 

See 
Test 

Circuit 
and 

Waveforms 
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AIMII® 
A.C. Characteristics (Continued) 
Wri~e Cycle 

Symbol Parameter 

twc Write Cycle Time 

tw Write Time 

tWR Write Release Time 

tOTW Output 3-State from Write 

tDW Data to Write Time Overlap 

tDH I Data Hold from Write Time 
i 

S2114A-l 
S2114L-l 
S2114-1 

Min. Max. 

150 

90 

0 

40 

90 

0 j 

S2114 

S2114A-2 S2114A-3 
S2114L-2 S2114L-3 
S2114-2 S2114L.3 

Min. Max. Min. Max. Units Conditions 

200 300 ns 

120 150 ns See 

0 0 
Test 

ns 
Circuit 

60 80 ns and 

120 150 ! I ns Waveforms 

0 0 ns 

Read Cycle (note 1) Write Cycle (note 2) 
Propagation Delay From Address Inputs 

811312 

Propagation Delay From Chip Select 

877314 

871313 

NOTES: 
1. A read occurs during the overlap of a LOW CS and a HIGH WE. 
2. A write occurs during the overlap of a LOW CS and a LOW WE. 
3. tWR is referenced to the positive transition of WE. 
4. WE must be HiGH during all address transitions. 
5. If the CS LOW transition occurs simultaneously with the WE LOW transition, then the output buffers remain in the high 

impedance state. 

A.C. Test Conditions A.C. Test Load 
+5V 

Input Pulse Levels ........ O-BV to 2.4V 
S2114 

Input Rise & Fall Times ..... _ . . .. IOns 

Input and Output Timing Level ..... 1.5V t " .. ' 
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Features 

o High Speed Operation: 
Access Time: 70ns Maximum 

o High Density 18 Pin Package 

o Single +5 Volt Power Supply 

o Completely Static Operation: 
No Clocks Required 

o Completely TIL Compatible 

o Common Data I/O: 
Three-State Outputs 

S2114H-

4096 BIT (1024x4) 
HIGH SPEED STATIC VMOS RAM 

General Description 

The AMI S2114H is a 4096 bit fully static RAM organ­
ized as 1024 words by 4 bits. The device is fully TTL 
compatible on all inputs and outputs and has a single 
+5V supply. The common data input/output pins fa­
cilitate interface with systems utilizing a bidirectional 
data bus. The stored data is read out non-destructively 
and is the same polarity as the original input data. 

The S2114H is fully static requiring no clocks or re­
freshing for operation. This simplifies device opera-

_ tion as no address setup times are required. The chip 
select function facilitates memory system expansion 
by allowing the input/output pins to be OR-tied to 
other devices. 

o Fan-Out of 5 TIL: 10L= 8mA @0.45V 

The S2114H is fabricated using AMI's proprietary 
VMOS technology. This process permits the manu­
facture of high performance memory devices suitable 
for high volume production. 

Block ,Diagram 

A~ 

A, 

A6 

AI 

As 

A9 

ADDRESS 

DECODER 

DRIVER 

ADDRESS 

DECODER 

DRIVER 

64 X 64 

ARRAY 

COLUMN 

WE ---+---L--J OUTPUT ENABLE 

817308 

Pin Names 
AO - All 
CS 

1/01 - 1/04 

@Ie MASTER 1979 

Address Inputs 

Chip Select 
Data Input/Output 

WE 

Vec 

10 1 
101 
103 
104 

Write Enable 

+5V Power 

Logic Symbol Pin Configuration 

AO A6 Vee 

A1 AS A) 

A2 
1/01 

A3 
A9 

A4 1/02 

A5 
I 01 

A6 
1/03 A1 10, 

A7 
1/04 

AZ 103 

AS CS 104 

A9 GND 

WE CS 
877309 877310 

Truth Table 
Inputs Outputs 

Mode 
CS WE DIN DOUT 

H X X Hi-Z Not Selected 

L L L Hi-Z Write "0" 

L 

I 
L H Hi-Z ~Trite "1" 

L H X DOUT Read 

ADVANCED PRODUCT DESCRIPTION 
1199 

~ 
<~ 



S2147 

4096 BIT (4096x1) 
HIGH SPEED STATIC VMOS RAM 

Features 

o High Speed Operation: 
Access Time: 55ns Max. (-3) 

o Automatic Power-Down 

o High Density 18 Pin Package 

o Single +5V Power Supply 

o Completely Static Operation 

o Completely TTL Compatible Inputs 

o Three-State TTL Compatible Output 

o Fan-Out of 5 TIL: IOL = 8mA @ 0.45V 

Block Diagram 

AO 

AI 

A2 
AOORlSS 
OECOOER 

A) ORIVER 

A4 

A~ 

A6 

AI 

Ag AOORESS 
OECOOER 

Ag ORIVER 

A'D-

All 

O,N 

CE 

WE 

Pin Names 

64X64 
ARRAY 

WLUMN 
10 CIRCUITS 

OOUT 

Ao- All Address Inputs DIN Data Input 

CE Chip Enable DOUT Data Output 

WE Write Enable V CC +5V Power 

1200 

General Description 

The AMI S2147 is a high speed .4096 bit fully static 
RAM organized as 4096 one -bit words. The device is 
fully TTL compatible and has a single +5V power 
supply. It has separate data input and output pins for 
maximum design flexibility. The three-state output 
facilitates memory expansion by allowing the output 
to be OR-tied to other devices. The stored data is 
read out non -destructively and is the same polarity as 
the input data. 

The automatic power down feature offers significant 
system power savings. This feature causes no perfor­
mance degradation, as chip enable access and address 
access are equal. The 82147 is fully static eliminating 
the need for clocks or address set up and hold times as 
well as maximizing data rates- since access times and 
cycle times are equal. 

The 82147 is fabricated using AMI's proprietary 
VMOS technology. The process permits the manufac­
ture of high performance memory devices suitable for 
high volume production. 

logic Symbol 

AO 

Al 

AZ 

A3 

Aq 

A5 

A6 

A7 

Aa 
Ag 

Al0 

All 

877311 

WE CE 

Truth Table 

Inputs 

CE WE 

H X 

L L 

L L 

L H 

DIN 
X 

L 

H 

X 

Pin Configuration 

°OUT 

877312 

Output I 
Mode Power 

DOUT I 

! 
H-Z ! Deselected Standby 

H-Z I Write "0" Active 

H-Z Write "I" Active 

DOUT Read Active 

ADVANCED PRODUCT DESCRIPTION 
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52147 

, 
Absolute Maximum Ratings* 

Ambient Temperature Under Bias .............................................. -10°C to SO°C 
Storage Temperature ., ... :................................................. -65°C to 150° C 
Voltage on Any Pin With Respect to Ground ........ ,' .............................. -0.5V to 7V 
Power Dissipation ...................................... '. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 W 

*eOMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at these or at any other condition above those indicated in the opera­
tional,sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may 
effect device reliability. 

D.C. Characteristics: Vee == 5V ± 5%, TA == O°C to 70°C 

Symbol Parameter Min. Typ. 

VOL Output LOW Voltage 

VOH Output HIGH Voltage 2.4 

VIL Input LOW Voltage 

\1H Input HIGH Voltage 2.1 
ILl Input Leakage Current 

IILOI Output Leakage Current 

los Output Current Short 
Circuit to Ground 

Icc Operating Current S2147 
S2147-3 

Standby Current S2147 I ISB 
S2147-3 

Capacitance: TA ==25°C, f == 1.0MHz 

Symbol Parameter Min. Typ. 

CIN lnpu t Capacitance 

COUT Output Capacitance 

A.C.Gharacteristics: TA == O°C to 75°C, Vee == +5V ± 5% 

Read Cycle 

Max. Units Conditions 

0.45 V 10L = SmA 

V 10H == -4.0mA 

O.S V 

V 
10 JJ.A Vee == Max., VIN == 0 to Vee 
50 JJ.A CS = 2.1 V, Vee == Max. 

VOUT == 0.4 to 4.5V 
Vee == Max., for not more than 

-100 rnA one second. 
160 rnA Vee == Max., CE == VIL, 
180 rnA TA == O°C, Outputs Open 

20 rnA 
Vee == Max., CE == V IH 

30 rnA 

Max. Units Conditions 

5 pF VIN = OV 
10 pF VOUT = OV 

S2147-3 S2147 

Symbol Parameter Min. Max. i Min. Max. Units Conditions 

tRe Read Cycle Time 55 ! 70 
, 

ns I 

tAA Address Access Time 55 70 ns 
See A.C. Test 

tAe Chip Enable Access Time 55 70 ns Conditions : 

tOH Output Hold from Address Change 10 10 
\ 

ns and 

tLZ I Chip Enable to Output LZ 10 10 ns Waveform 

tHz Chip Enable to Output HZ 30 30 ns 

tpu Chip Enable to Power Up Time 0 0 ns 

tpD Chip Disable to Power Down Time 40 50 ns 

©IC MASTER 1979 1201 



Write Cycle 

Symbol Parameter 

twc Write Cycle Time 

tcw Chip Enable to End of Write 

tAw Address Valid to End of Write 

tAS Address Setup Time 

twp Write Pulse Width 

tWR Write Recovery Time 

tDW Data Valid to End of Write 

tDH Data Hold Time 

twz Write Enable to Output HZ 

tow I Output Active from End of Write 1 

READ CYCLE 
Propogation Delay From Address Inputs 

1-ADDRESS~7- ----- tRC 

.. tAA ~ 

...-tDH--" 

DATA OUT PREVIOUS DATA VALID DATA VALID 

Propagation Delay From Chip Enable 

I_ IRC -~ 

.. lAC 

-Ill-I -, "'-'HZ--'I 

DATA OUT HI Z IXXX-I- OATA VALID I HIZ 

--tpu~ --lpO~ 

VCC CC---------~---l 
SiiPPlY 

CURRENT IS8-----

NOTES: 

82147 

S2147-3 S2147 

Min. Max. Min. Max. Units Conditions 

55 70 ns 

45 55 ns 

45 55 ns See A.C. Test 

5 5 ns Conditions 
35 40 ns and 

10 15 ns Waveforms 

25 30 ns 

10 10 ns 

0 25 0 30 I ns 

0 I 25 0 I 30 I ns I 
WRITE CYCLE 

I.... --- - -------- 'We ---------i_~1 

ADDRESS t- -nO. -JI~ ________________________ -JI~ ________ _ 

~ bt----- ICW -- ----------~ 
u~ 

- 'AW -------- tw fJ\ __ - 'AS ----.. 1 _ 'WP _ ..... R ... \.V 

WE ~\ ~\\\~ CD ,Ir--------
IOH _I: - 'ow --=.. -I 

DATA IN -l- DATA IN VALID * 

DATA OUT ______ ..--:;.OA;.;.;.T;..;..A U:..;,;N.:.,:OE;..;..FIN;..;..E,,-O ____ ..... I ____ H_I z ____ *.II"""O_AT_A_OU_T_O O_A_TA_IN 

1. A read occurs during the overlap of a LOW CE and a HIGH WE. 
2. A write occurs during the overlap of a LOW CE and a LOW WE. 
3. tWR is referenced to the positive transition of WE. 
4. WE must be HIGH during all address transitions. 
5. If the CE LOW transition occurs simultaneously with the WE LOW transition, then output buffers remain in the high 

impedance state. 

A.C. Test Loltd A.C. Test Conditions 
All INPUT PULSES 

Vee 
- - - - 90" .. 

DOUT 

~ 510n 

JOO!1 ~ :~ JOpF 

" 

35 Vp p 

_t ... 1 ____ -,,1,- - J -- -- - - - - - -- - - - - ~ - - -- -- - 10", 

GND .J: - :_10n, 

'---____ -' GND 

all30l 
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Features 

o Pin Compatible with 93415 tS4015} and 
93425 tS4025} 

o Single + 5V Power Supply 

o Completely TTL Compatible 

o Open Collector Output - S4015 

o Three-S~ate Output - S4025 

o Fan-Out of 10 TTL - IOL = 16mA @0.45V 

o Completely Static - no Clocks or Refreshing 

Block Diagram 

Ao 
A1 ADDRESS 32 X 32 
A2 DECODER 

DRIVER 
ARRAY 

~ 
A4 

As 
As ADDRESS COLUMN I/O 
A7 

As 
Ag 

DIN 

877236 

@IC MASTER 1979 

84015/84.025 . 

'1024 BIT (1024x1) 
HIGH SPEED STATIC VMOS RAM 

Dour 

General Description 

The AMI 84015/84025 family of 1024x1bit high speed 
VM08 RAMs offers fully static operation with a single' 
5V supply. The device is completely TTL compatible 
on inputs and output. The family is available in two 
output configurations. The 84015 has.an open collector 
(open drain) output and the 84025 has a three-state out­
put. The stored ,data is read out nondestructively and 
is the same polarity as the original input data. 

The family is completely static requiring no clocks 
or refreshing for operation. Chip 8elect(C8) controls 
the output and simplifies memory system expan-sion. 
The fast chip select time allows decoding the chip 
select from the address without increasing address 
access time. 

Logic Symbol Pin Configuration 
CS DIN WE 

1 15 14 
ES AO 2 Vee 

Al Ao DIN 

A2 
Al WE 

A3 

A4 A2 A9 

AS A3 As 

As 10 
A4 A) 

A) 11 

As 12 DOUT As 

Ag 13 GNO AS 

S77249 D01JT S772S0 

Pin Names 

C8 Chip Select DIN Data Input 

Ao-~ Address Inputs DOUT Data Output 

WE Write Enable 

Truth Table 

Inputs Output (DOUT) 
Mode 

C8 WE DIN 84015 84025 

H X X H H-Z Not selected 

L L L H H-Z Write "0" 

L L H H H-Z Write "1" 

L H X DOUT DOUT Read 

ADVANCED PRODUCT DESCRIPTION 
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S4017 

4096 BIT (4096x1) 
HIGH SPEED STATIC VMOS RAM 

Features 

o High Speed Operation: 

~ddress Access Time: 55ns Maximum 

Chip Select Access Time: 30ns Maximum 

o Fast Chip Select Optimizes Access Time 

o High Density 18 Pin Package 

o Single + 5 V Power Supply 

o Completely Static Operation 

o Completely TIL Compatible Inputs 

o Thr~e-State TIL Compatible Output 

o Fan-Out of 5 TTL: IOL = 8mA @ 0.45V 

Block Diagram 

AU 

AI 

A2 
ADDRESS 
DECODER 

AJ DRIVER 

A4 

A~ 

A6 

AI 

AS- ADDRESS 
DECODER 

Ag DRIVER 

AID 

An 

D,N 

cs 

871281 wr ....... ---&.--' 

Pin-Names 

WRITE 

64 X 64 
ARRAY 

CDLUMN 
110 CIRCUITS 

'---f>--ODUT 

OUTPUT ENABLE 

Ao -All Address Inputs DIN Data Input 

CS Chip Select DOUT Data Output 

WE Write Enable Vee +5V Power 

1204 

General Description 

The AMI S4017 is a high speed 4096 bit fully static 
RAM organized as 4096 one-bit words. The device is 
fully TTL compatible and has a single + 5 V power 
supply. It has separate data input and output pins for 
maximum design flexibility. The three-state output 
facilitates memory expansion by allowing the output 
to be OR-tied to other devices. The stored data is read 
out non-destructively and is the same polarity as the 
original input data. 

The fast chip select access time offers a significant 
performance advantage. As the chip select is normally 
decoded from the address, the time required to decode 
the chip select will not impact the overall access time. 

The S4017 is fabricated using AMI's proprietary 
VMOS technology. The process permits the manufac­
ture of high performance memory devices suitabl,e for 
high volume prod.uction. 

Logic Symbol Pin Configuration 

DIN 

Dour 

WE CS 

877311 877312 

Truth Table 

Inputs Output 
Mode 

CS WE DIN DOUT 
H X X H-Z Not Selected 

L L L H-Z Write "0" 

L L H H-Z Write "1" 

L H X DOUT Read 

PRELIMINARY 
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Features 

o High Speed Operation: 
Access Time: 200n5 Max. 

o Single + 5V Power Supply 

S4028 

16,384 BIT (2048 X 8)' 
STATIC VMOS RAM 

General Description 

o Pin Compatible with 16K EPROM/ROM 

The AMI 84028 is a 16,384 bit fully static VM08 random 
access memory organized as 2048 words by 8 bits. The 
device is fully TTL compatible on all inputs and out­
puts and has a single +5V power supply. The common 
data input/output pins and output enable function 
facilitate interface with systems utilizing a bi-direc­
tion'al data bus. Data is read out non-destructively and 
is the same polarity as the input data. o Fully Static Operation 

o Completely TTL Compatible The 84028 is fully static requiring no clocks or refresh­
ing for operation. This simplifies device operation as 
no address setup or hold times are required. The chip 
select and output enable functions facilitate memory 
expansion by allowing the input/output pins to be OR­
tied to other devices. 

o Common Data Input/Output: 
Three-State Outputs 

C Output Enable Function for Easy Control of 
Data Output The 84028 is fabricated using AMI's proprietary 

VM08 technology. This permits the manufacture of 
high performance memory devices suitable for high 
volume production. 

Block Diagram 

AO 

A, 

A2 ADDRESS 

A] . DECODER 

A. DRIVERS 

As 

As 

A) 
ADDRESS 

As DECODER 

Ag DRIVERS 

A,o 

WE----......-<lI 
CS ---~f__<>L___" 

16,384 BIT 

ARRAY 

-:>--+++++++-+- 1-0, 

~++++-H- 1102 

>+--=----+-4-+++++- 1'0] 

L----4-1 '>-+--+-+-+-+-+-- LO, 

>+-_-+---I>+-+-+-_ LOs 

Logic Symbol 

CS WE DE 

'------~ ,,>+_-4--+--+_ 1;06 Truth Table 

Pin Configuration 

A) Vee 

A6 As 

As Ag 

A, WE 

A3 DE 

A2 A10 

Al CS 

Ao //0 8 

1/01 liD) 

1:0 2 1106 

1/0
3 110 5 

GND 1104 

'--------l '>-I----'-----.:~-~+___ 1;0) 

'--------+--l >+--~-IOs 

OE ------<lI OUTPUT ENABLE 

Pin Names 

Ao - AiO 

itO! - 1/08 

Cs 

Address Inputs 

Data Inputs/Outputs 

Chip Select 

©IC MASTER 1979 

OE 

WE 

Vee 

Output Enable 

Write Enable 

+ 5V Power Supply 

- -
MODE CS OE WE Data ID Data Oul 

'----
Deselected H X X X Hi-Z 

Read L L H Hi-Z Data Out 

Write L H L Data In Hi-Z 

Write L L L Data In Hi-Z 

Selected. Output Hi - Z L H H X. Hi-Z 

ADVANCED PRODUCT DESCRIPTION 
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Features 

o Ultra Low Standby Power 

o Data Retention at 2V (L Version) 

o Single +5 Volt Power Supply 

0' Completely Static Operation 

o Completely TIL Compatible Inputs 

o Three -State TTL Compatible Outputs 

Block Diagram 

Ao-------l 

32,32 

ARRAY 

~ A.--___ ~ 

« 

AS ---+-------1 
A6 ---+-------1 
A7 ---+-------1 

CE2 

(Ej-----<JI 

00---------/ 

77678 

Truth Table 

CE1 CE2 00 R/W DIN 

H X X X X 
X L X X X 

1'0 CONTROL 

Output Mode 

HighZ Not selected 
HighZ Not Selected 

01, 

01 2 

0'3 
01, 

DO, 

00 2 

003 

DO, 

X X H H X High Z Output Disabled 
L H H L X High Z Write 
L H L L X High Z Write 
L H L H X Dout Read 

1206 

S5101 

1024 BIT (256x4) 
STATIC CMOS RAM 

General Description 

The AMI S5101 family of 256 x 4-bit ultra low power 
CMOS RAMs offers fully static operation with a single 
+ 5 volt power supply. All inputs and outputs are 
directly TTL compatible. With data inputs and out­
puts on adjacent pins, either separate or common data 
I/O operations can easily be implemented for max­
imum design flexibility. The three-state outputs will 
drive one full TTL load and are disabled (high imped­
ance state) by output disable (aD), either chip enable 
(CE1 or CE2), or in a write cycle (R/W = LOW). This 
facilitates the control of common data I/O systems. 

Logic Symbol Pin Configuration 

'fl 3 Al 

2 A2 

1 A3 

21 A4 Ao 

A5 

A6 

A) 

011 0°1 10 

11 01 2 0°2 12 

13 01 3 003 14 

15 0°4 16 

18 

40 17 19 

877302 877301 

Pin Names 

AO-A7 Address Inputs CE1 Chip Enable 

011 - 014 Data Inputs CE2 Chip Enable 

001- 004 Data Outputs R/W Read/Write Input 

00 Output Disable VCC +5 Volt Power Supply 
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Features 

0 Intra Low Standby Power 

0 S6508 Completely TTL Compatible 

0 S6508A Completely CMOS Compatible 

0 4V to 11 V Operation (S6508A) 

0 Data Retention at 2V 

0 Three -State Output 

0 Low Operating Power: 10mW @ 1MHz (5V) 

0 Fast Access Time: 115ns @ 10V 

Block Diagram 

AO----I 

A1----I 

A2----t 

A3----t 

A4----t 

A5--~ 

A6--~ 

A7--t-I 

AS--t-I 

AS--+--1 

DIN----~+-I 

©IC MASTER 1979 

DOUT 

S6508/S6508A 

1024 BIT (1024 X 1) 
STATIC CMOS RAM 

General Description 

The AMI S6508 family of 1024x1 bit static CMOS 
~AMs offers ultra low power dissipation with a single 
power supply. The device is available in two versions. 
The basic part (S6508) operates on 5V and is directly 
TTL compatible on all inputs and the three-state out­
put. The S6508 "A" operates from 4V to 11 V and is 
fully CMOS compatible. The data is stored in ultra 
low power CMOS static RAM' cells (six transistor). 
The stored data is read out nondestructively and is 
the same polarity as the original input data. The 
address is buffered by on-chip address registers. These 
internal ~gisters are latched by the HIGH to LOW 
transition of chip enable (CE). The write enable and 
chip enable functions are designed such that either 
separate or common data I/O operations can be easily 
implemented for maximum design flexibility. 

Logic Symbol Pin Configuratior: 

CE DIN WE 

1 15 14 
AO 

A1 

A2 

A3 

A4 

A5 

A6 10 

A7 11 

AS 12 

A9 13 

DOUT 

Pin Names 

AO-A9 Address Inputs CE Chip Enable 

DIN Data'Input WE Write Enable 

DOUT Data Output VCC Power Supply 

1207 



Features 

o Ultra Low Standby Power 

o S6518 Completely TTL Compatible 

o S6518A Completely CMOS Compatible 

o 4V to 11 V Operation (S6518A) 

o Data Retention at 2V 

o Three-State Output 

o Low Operating Power: 10mW @IMHz (5V) 

o Fast Access Time: 115ns @10V 

Block Diagram 

AO 

Ai 

A2 

AJ 

A4 

AS 

A6 

AI ----+--l 
A8 

A9 

D'N ------+--+--1 

Pin Names 

. Ao - Ag 

1208 

Om 
I:\)UT 
CE 

Addrps5 Inputs 

Data Input 

Data Output 

Chip Enable 

CSl,CS2 

WE 

Vee 

Chip Selects 

Write Enable 

Power Supply 

S6518/S6518A 

1024 BIT (1024x1) 
STATIC CMOS RAM 

General Description 

The AMI S6518 family of 1024x1 bit static CMOS 
RAMs offers ultra low power dissipation with a single 
power supply. The device is available in two versions. 
The basic part (S6518) operates on +5V and is directly 
TTL compatible on all inputs and the three-state out­
put. The S6518 "A" operates from +4V to +llV and 
is fully CMOS compatible. The data is stored in ultra 
low power CMOS six transistor static RAM cells. The 
data is read out non-destructively (into a data latch) 
and is the same polarity as the original input data. 
The address is buffered by on-chip address registers. 
These internal registers are latched by the HIGH to 
LOW transition of chip enable (CE). In addition, 
there are two chip selects (CS1 and CS2) which 
facilitate memory expansion. The write enable, chip 
enable and chip select functions are designed such 
that either separate or common data I/O operations 
can be easily implemented. 

Logic Symbol Pin Configuration 
CSI CS1 

rn Vee 

a ill 
AD 

AD D'N 
Al 16 DIN 

A2 Al WI 

AJ A2 A9 

AJ AI 
A4 

AS 10 

A6 11 A4 AI 

AI 12 DOUI DOUI AS 

A8 13 
GND AS 

DOUI A9 14 

Truth Table 

Inputs Output 
Mode 

CE CSI CS2 WE ~N I:\)UT 

L L i L L L Hi·Z WrIte "0" 

L L L L H Hi·Z Write "1" 

L L L H X DoUT I Read 

X H X X X Hi-Z I Deselected 

X X H X X Hi·Z i Deselected 

H X X L X Hi·Z Deselected 

H L L I H X DOUT Output Latched 

I To Last Data 
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Features 

o Fast Access Time: 250ns Maximum 

0 Fully Static Operation 

0 Single +5V ± 10% Power Supply 

0 Directly TTL Compatible Inputs 

0 Three-State TTL Compatible Outputs 

0 Three Programmable Chip Selects 

0 EPROM Pin Compatible 

0 Fan-Out of 5 TTL: IOL = SmA @ O.4V 

Block Diagram 

AS 

A7 

A8 

A9 

AlO 

817273 

ADDRESS 
DECODER 
DRIVER _ 

ADDRESS 
DECODER 
DRIVER 

CHIP 
SELECT 

DECODER' 

IS,384 
ARRAY 

'PROGRAMMABLE CHIP SELECTS 

©Ie MASTER 1979 

842168 

16,384 BIT (2048 X 8) 
STATIC VMOS ROM 

General Description 

The AMI S4216B is a 16,384 bit static mask program­
mable VMOS ROM organized as 2048 words by 8 bits. 
The device is fully TTL compatible on all inputs and 
outputs and has single + 5V power suply. The three­
state outputs facilitate memory expansion by allowing 
the outputs to be OR-tied to other devices. 

The S4216B is fully compat~ble with 16K UV EPROMs 
(+ 5V version) making system development much easier 
and more cost _effective. It is fully static, requiring no 
clocks for operation. The three chip selects are mask 
programmable, the active level for each being specified 
by the user. 

The S4216B is fabricated using AMI's proprietary N­
Channel VMOS technology. This permits the manufac-_ 
ture of very high density, high performance mask pro­
grammable ROMs. 

Logic Symbol Pin Configuration 
CSI CS2 CS3 

AO 

AS 

Al0 

871299 

Pin Names 

Ao -AI0 

01-0 8 

CSI-CSa 

Vee 

08 

871300 

Address Inputs 

Data Outputs 

Chip Select Inputs 

+5V Power Supply 

23 A8 

22 AS 

21 CS3 

20 CSI 

19 Al0 

18 CS2 

17 08 

16 07 

15 06 

PRELIMINARY 
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S42168 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ............................... ; .............. -10°C to SO°C 
Storage Temperature ....................................................... -65°C to 150°C 
Output or Supply Voltage ...................................................... -0.5V to 7V 
Input Voltage ............................................................. -0.5V to 5.5V 
Power Dissipation ................................................................... 1 W 

*Comment: 

Stresses above those listed under" Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and .functional operation of the device at these or at any other condition above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

D.C. Characteristics: TA = O°C to 70°C, Vee = 5V ± 10% 

Symbol Parameter Min. Typ. Max., Units Conditions 

VOL Output LOW Voltage 0.4 V IOL = SmA 

VOH Output HIGH Voltage 2.4 I V IOH = -SOOpA 

VIL Input LOW Voltage - 0.3 O.S V 

Vrn Input HIGH Voltage 2.2 Vee V 

ILl Input Leakage Current 10 J.1A VIN = 0 to 5.5V 

ILO Output Leakage Current 
I 

10 J.1A Vo = 0.4 to 5.5V, Chip 
Deselected 

lee Power Supply Current 90 rnA Vee = Max., TA = O°C, 
Outputs Open 

Capacitance: TA = 25° C, f = 1Mhz 

Symbol Parameter Min. Typ. Max.' Units Conditions 

CIN Input Capacitance 8 pF VIN = OV 

COUT Output Capacitance 10 pF VOUT = OV 

A.C. Characteristics: TA = 0 to 70°C, Vee = 5V ± 10% 

Symbol Parameter Min. Typ. Max. Units Conditions 

tAA Addre'ss Access Time 250 ns See A.C. Test 

tAes Chip Select Access Time 100 ns Conditions 

tOFF Chip Select Tum-off & Waveforms 
Time 100 ns 

Waveforms 

'~:: :~ ___ tA_'S __ -f.~U' "'" !:1~tO_FF __ _ L,,,-~t __ 
. *,--VA_1I_0 _DA_TA--:-. ___ _ 

101T.!20 1077319 

Propagation From Chip Select Propagation From Address 
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AMI® 842168 

A.C. Test Conditions A.C. Test Load 

Input Pulse Levels O.SV to 2.2V 
IOns Input Rise and Fall Times 

Input/Output Timing Levels 1.5V 

gODS! 

1017318 

Custom Programming 

The.preferred method of pattern submission is the AMI Hex format as described below, with its built-in address 
space mapping and error checking. This is the format produced by the AMI Assembler. The fonnat is as follows 
and may be on paper tape, punched cards or other media readable by AMI. 

Position 
1 
2 

3,4 

5,6,7,S 

9, ... , N 

N+l, N+2 

Description 
Start of record (Letter S) 
Type of record 
0- Header record (comments) 
1 - Data record 
9 - End of file record 
Byte Count 
Since each data byte is represented as two hex characters, the byte count must be multiplied 
by two to get the number of characters to the end of the record. (This includes checksum and 
address data.) Records may be of any length defined in each record by the byte count. 
Address Value 
The memory location where the first data byte of this record is to be stored. Addresses should 
be in ascending order. 
Data 
Each data byte is represented by two hex characters. Most significant character first. 
Checksum . 
The one's complement of the additive summation (without carry) of the data bytes, the address, 
and the byte count. . ~. 

Example: 

NOTES: 

Sl13000049E9FI0320F0493139F72000F5EOF00126 
S9030000FC 

--->= 
1rE ::t:_Q) 
00 fll 
C) C) fll 
Q)Q) ~ ~ S 
~~ § "0 rJj 
'0'0 8 ~ ~ 
~Q) ~ t':S C) 

~o.. $ ~ ~ ~ 
~~ £ ~ 0 U 

l'A~, ). \A 
S 1 1 3'0 0 0 0 4 9 E 9 FlO 3 2 0 F 049 3 139 F 7.2 0 0 0 F 5 E 0 F 0 0 1 2 6 

1. Only positive logic formats for EO, El, E2 are accepted. 1 = VHIGH; 0 = VLOW 
2. A "0" indicates the chip is enabled by a logic o. 

A "1" indicates the chip is enabled by a logic l. 
3. Paper tape format is the same as the card format above except: 

a. The record should be a maximum of 80 characters. * 
b. Carriage return and line feed after each record followed by another record. 
c. There should NOT be any extra line feed between records at all. 
d. After the last record, four (4) $$$$ (dollar) signs should be punched with carriage return and line feed indicating end of file. 

©IC MASTER 1979 1211 
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Features 

o Single + 5 V ± 10% Power SUPP'ly 

o High Performance: 
Maximum Access Time: 350ns 

o EPROM Compatible for Cost Effective 
System Development 

o Completely Static Operation 

o Directly TIL Compatible Inputs 

o Three-State TTL Compatible Outputs 

o Fan-out of 5 TTL: IOL = SmA @OAV 

Block Diagram 

Au 

A1 

II? 

A·: ADlJRES$ 
1i~.~3fl HIT DECODER 

II : 
ORIVER 

ARRAY 

A, 

Afi ~ 

A/ 

A8 

A~ 
AUIlR[SS 

A10 IlECOOER 

All IJRIVER 

A12 

877282 

Pin Names 

Ao - A12 Address Inputs C8 Chip Select 

01 - 08 Data Outputs Vee +5V Power 

1212 

54264 

65,536 BIT (8192 X 8) 
STATIC VMOS ROM 

General Description 

The AMI S4264 is a 65,536 bit fully static VM08 mask 
programmable ROM organized as 8192 words by 8 
bits. The device is fully TTL compatible on all inputs 
and outputs and has a single + 5V power supply. The 
three-state outputs facilitate memory expansion by 
allowing the outputs to be OR-tied to other devices. 

The S4264is fully static requiring no clocks for opera­
tion. Data access is simple as no address setup times 
are required. The byte organization of the 84264 
makes it ideal for microprocessor applications. 

The 84264 is fabricated using AMI's proprietary VM08 
technology. This permits the manufacture of very 
high density, high perfol1Dance mask programmable 
ROMs. 

Logic Symbol 

A5 

A6 

A7 

A8 

A9 

Al0 

All 

A12 

871297 

es 

Truth Table 

Input 

CS 
L 

H 

01 

02 

03 

04 

05 

06 

07 

08 

Outputs 

01-0 8 

DOUT 
Hi-Z 

Pin Configuration 

24 Vee 

23 A~ 

22 A9 

21 A12 

20 CS 

19 AlO 

Al 18 All 

17 08 

16 07 

15 06 

03 11 14 05 

13 04 

877298 

Mode 

Read 

Deselected 

PRELIMINARY 
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S4264 

Absolute Maximum Ratings* 

'Ambient Temperature Under Bias ................................... ~ . . . . . . . . .. _10° C to 80° C 
Storage Temperature ....................................................... -65°C to 150°C' 
Output or Supply Voltages ..................................................... -0.5V to 7V 
Input Voltages ................... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5V to 5.5V· 
Power Dissipation .................................................................... 1 W 

*eOMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at these or any other condition above those indicated in the opera­
tional sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. ' 

D.C. Characteristics: TA = 0° C to 70° C, Vee = + 5V ±,10%. 

Symbol Parameter Min. Typ. Max. Units Conditions 

VOL Output LOW Voltage 0.4 V IOL = 8 rnA 

VOH Output HIGH Voltage 2.4 V IOH = -400JLA 

\tIL Input LOW Voltage -0.3 0.8 V 

Vm Input HIGH Voltage 2.2 Vee V 

ILl Input Leakage Current io JLA VIN = 0 to 5.5V 

ILO Output Leakage Current 50 JLA CS ~ 2.4V, Vo = OAV to 5.5V 

lee Power Supply Current 145 rnA Vee = Max., TA = O°C, 'Outputs 
Open 

Capacitance: TA = 25° C, f = 1 MHz. 

Symbol Parameter Mm. Typ. Max. Units Conditions 

CIN Input Capacitance 8 pF VIN = OV 

COUT Output Capacitance 10 pF VOUT = OV 

A.C. Characteristics: TA = O°C to 70°C, Vee = +5V ± 10%. 

Symbol Parameter Min. Typ. Max. Units Conditions 

tAA Address Access Time 350 ns See Test Circuit 

tAes Chip Select Access Time 150 ns & 

tOFF Chip Deselect Time 0 150 ns Waveforms 

Wave Forms 

Propagation Delay From Address Propagation Delay From Chip Select 

cs 1 { 
I 10FF I 

I lACS ~ 
I 

°I'OS r\ 
VALID DATA °I'OS _ 

-_~'----t_AA-j-,-=--= -* VAlIO.OATA 
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54264 

A.C. Test Conditions A.C. Test Load 

Input Pulse Levels O.8V to 2.2V 
IOns Input Rise and Fall Times 

Input/Output Timing Levels 1.5V 

Custom Programming 

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address 
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows 
and may be on paper tape, punched cards or other media readable by AMI. 

Position 
I 
2 

3,4 

5,6,7,8 

9, ... ,N 

N+I, N+2 

Example: 

NOTES: 

Description 
Start of record (Letter S) 
Type of record 
0- Header record (comments) 
I - Data record 
9 - End of file record 
Byte Count 
Since each data byte is represented as two hex characters, the byte count must be multiplied 
by two to get the number of characters to the end of the record. (This includes checksum and 
address data.) Records may be of any length defined in each record by the byte count. 
Address Value' 
The memory location where the first data byte of this record is to be stored. Addresses should 
be in ascending order. 
Data 
Each data byte is represented by two hex characters. Most significant character first. 
Checksum 
The one's complement of the additive summation (without carry) of the data bytes, the address, 
and the byte count. 

Sl13000049E9FI0320F0493139F72000F5EOFOOl26 
S 9 0 3 0 0 0 0 F·e 

~ 

~~ tC~ 00 _ rI.l 
Q Q rI.l 
Q)Q) ~ ~ S 
~~ § "0 ::s 

'0'0 8 ~ ~ 
~Q) ~ ~ Q 

~o..s ~ ~ ~ 
tnt: £ tn 0 0 

llA~1 1 \A 
Sl13000049E9FI0320F0493139F72000F5EOFOOl26 

1. Paper tape format is the same as the card format above except: 
a. The record should be a maximum of 80 characters. 
b. Carriage return and line feed after each record followed by another record. 
c. There should NOT be any extra line feed between records at all. 
d. After the last record, four (4) $$$$ (dollar) signs should be punched with carriage return and line feed indicating end of file. 
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Features 

o Single + 5 V Power Supply 

o Directly TIL Compatible Inputs 

o Three-State TIL Compatible Outputs 

o Three Programmable Enables 

. 0 Access Time: 450ns Maximum 

o S6831A: Intel 2316A Pin Compatible 

o S6831B: 2716 EPROM Pin Compatible 

o Low Power: Supply Current is 80mA Maximum 

S6831A/B 

16,384 BIT (2048x8) 
STATIC NMOS ROM 

General Description 

The AMI 6831 family of 16,384 bit mask program­
mable Read-Only-Memories offers fully static opera­
tion with a single + 5V power supply. The device is 
fully TTL compatible on all inputs and three-state 
outputs. The three enables are mask programmable, , 
the active level is specified by the user. 

The S6831 family is available in two pin configurations . 
One of these, the S6813A, is the pin configuration of 
a popular ROM: the Intel 2316A. The second pin 
configuration, the S6813B, is pin compatible with the 
2708 and 2716 EPROMs. Software developed in 
EPROMs can be put in low cost ROM for high volume 
production. 

The device is organized as 2048 words by 8 bits, a con­
figuration particularly suitable for microprocessors. 
The S6831 family is manufactured with an N-channel 
silicon gate depletion load technology. 

Block Diagram Logic Symbol Pin Configurations 

AO 

Al 

A] 

A) 

A4 

AS 

AS 

ADDRESS 
DECODER 
DRIVER 

ADDRESS 
DECODER 
DRIVER 

CHIP 
S(LECT 

DECODER' 

16.384 
ARRAY 

'PROGRAMMABLE CHIPSELECTS 
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AO 

DO 

01 
A) 

O2 

03 

04 

01 

06 

Ag 
0 1 

Al0 

Pin Names 

AO - A IO Address Inputs 

DO-D7 Data Outputs 

EO-E2 Chip Select Inputs 

Vee +5 V Power Supply 

A8 

'9 

AIO 

AO 

Al 

AJ 

AI 

A6 

G~O 

AJ 

Al 

AO 

DO 

DI 

G~D 

Pin Compatible with: 

AMD AM9217 
EA EA2316A/8316A 
GI RO-3-8316 
INTEL 2316A/8316A 
MOSTEK MK31000 
NATIONAL MM2316A 
NEe IlPD2316A 
SYNERTEK SY2316A 

Pin Compatible with: 

AMD AM9218 
EA EA2316E I8316E 
FSC 68316E 
GI RO·3·9316 
INTEL 2316E:8316E 
MOTOROLA MCM68316E 
MOSTEK MK34000 
NATIONAL MM2316E 
!'IEC "PD2316E 
SIG!'IETICS 2616 
SY:\ERTEK SY2316B 
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Features 

o Fast Access Time: 450ns Maximum 

o Fully Static Operation 

o Single + 5 V ± 10% Power Supply 

o Directly TIL Compatible Inputs 

o Three-State TTL Compatible Outputs 

o Two Programmable Chip Selects 

o EPROM Pin Compatible 

Block Diagram 

~ « AO 

Al 

A2 ADDRESS 

A3 DECODER 32,768 

DRIVER ARRAY 
A4 

A5 

AS 

Al 

AS ADDRESS 
A9 DECODER 

AID DRIVER 

All 

CS, CHIP 
SElECT 

DECODER' BUFFERS 
CSz 

01 02 OJ 04 Os 06 01 08 

'PROGRAMMABLE CHIP SElECTS 

871273 

1216 

S68332 

32,768 BIT (4096x8) 
STATIC NMOS ROM 

General Description 

The AMI S68332 is a 32,768 bit static mask program­
mable NMOS ROM organized as 4096 words by 8 bits. 
The device is fully TTL compatible on all inputs and 
outputs and has a single +5V power supply. The three 
state outputs facilitate memory expansion by allowing 
the outputs to be OR-tied to other devices. 

The S68332 is pin compatible with UV EPROMs 
making system development much easier and more 
cost effective. It is fully static, requiring no clocks for 
operation. The two chip selects are mask program­
mable, the active level for each being specified by the 
user. 

The S68332 is fabricated using AMI's N -Channel 
MOS technology. This permits the manufacture of 
very high density, high performance mask program­
mable ROMs. 

Logic Symbol Pin Configuration 

AO 

AS 

Ag 

AID 

871299 

Pin Names 

Ao - Au 
01 - 08 
CS1 - CS2 

Vee 

01 

.- 08 

Al 

A6 

A5 

A4 

AJ 

A2 

Al 

AO 

01 

OJ 

GNO 

871300 

Address Inputs 
Data Outputs 
Chip Select Inputs 
+5V Power Supply 

23 AB 

22 Ag 

21 CS2 

20 CSI 

19 A'0 

18 All 

11 Os 

16 01 

15 06 

14 Os 

13 04 

PRELIMINARY 
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568332 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias .............................................. -10°C to BO°C 
Storage Temperature ....................................................... -65°C to 150°C 
Output or Supply Voltages .......................................... : .......... -0.5V to 7V 
Input Voltages ... : ............................ ;............................. -0.5V to 5.5V 
·Power Dissipation ............... , ................................ :................... 1 W 

*eOMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at these or any other condition above those indicated in the opera­
tional sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

D.C. Characteristics: TA = 0° C to 70° C, Vee = + 5V ± 10%. 

Symbol Parameter Min .. Typ. Max. Units Conditions 

VOL Output LOW Voltage 0.4 V IOL = 2.1mA 

VOH Output HIGH Voltage 2.4 V IOH = - 200pA 

\ilL Input LOW Voltage - 0.5 O.B V 

Vrn Input HIGH Voltage 2.0 Vee V 

ILl Input Leakage Current 10 pA VIN = 0 to 5.5V 

ILO Output Leakage Current 50 pA Vo = OAVto 5.5V, Cpip Deselected 

Icc Power Supply Current 100 rnA Vee = Max, TA = O°C 

Capacitance: TA = 25° C, f = 1 MHz. 

Symbol Parameter Min. Typ. Max. Units Conditions 

CrN Input Capacitance 7 pF VIN = OV 

COUT Output Capacitance 10 pF VOUT = OV 

A.C. Characteristics: TA = 0° C to 70° C, Vee = + 5V ± 10%. 

Symbol Parameter Min. .Typ. Max. Units Conditions 

tAA Address Access Time 450 ns See Test Circuit 

tAes Chip Select Access Time 150 ns & 

tOFF Chip Deselect Time 0 150 ns Waveforms 

Waveforms 

CS1 - CS2 

==_t-----'::..:.:..:...--AA-~-~,_-_--* VALID DATA 01 - 08 01 - 08 

1077320 1077319 

Propagation From Chip Select Propagation From Address 
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868332 

A.C. Test Conditions 

Input Pulse Levels ........................................................... O.BV to 2.0V 
Input Rise and Fall Times ............................................................ IOns 
Input/Output Timing Levels .......................................................... 1.5V 
Output Load ....................................................... 1 TTL Load and lOOpF 

Custom Programming 

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address 
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows 
and may be on paper tape, punched cards or other media readable by AMI. 

Position 
1 
2 

3,4 

5,6,7,B 

9, ... , N 

N+l, N+2 

Example: 

NOTES: 

Description 
Start of record (Letter S) 
Type of record 
o - Header record (comments) 
1 - Data record 
9 - End of file record 
Byte Count 
Since each data byte is represented as two hex characters, the byte count must be multiplied 
by two to get the number of characters to the end of the record. (This includes checksum and 
address data.) Records may be of any length defined in each record by the byte count. 
Address Value 
The memory location where the first data byte of this record is to be stored. Addresses should 
be. in ascending order. 
Data 
Each data byte is represented by two hex characters. Most significant character first. 
Checksum 
The one's complement of the additive summation (without carry) of the data bytes, the address, 
and the byte count. 

Sl13000049E9FIO~20F0493139F72000F5EOF00126 
S9030000FC 

~ 

'E'E ~ 08 ~ .~ 
u~ ~ ~ 8 
~~ § ~ :3 
~~ 0 ~ 00 

~~ U ~ tI1 ~ 
~o. 2 ~ ~ ~ 
U)~ £ U) 0 U 

"A~, 1 \~ 
Sl13000049E9FI0320F0493139F72000F5EOF00126 

1. Only positive logic formats for CSI and CS2 are accept~d. 1 = VHIGH; 0 = VLOW 
2. A "0" indicates the chip is enabled by a logic O. 

A "1" indicates the chip is enabled by a logic 1. .. 
3. Paper tape format is the same as the card format above except: 

a. The record should be a maximum of 80 characters. 
b. Carriage return and line feed after each record followed by another record. 
c. There should NOT be any extra line feed between records at all. , 
d. After the last record, four (4) $$$$ (dollar) signs should be punched with carriage return and line feed indicating end of file. 
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84532 

32,768 BIT (4096 X 8) 
UV ERASABLE VMOS EPROM 

Features 

o Single. + 5 Volt Power Supply 

o Fast Access Time: 250ns Maximum 

o Automatic Power Down 

o Pin Compatible with AMI's 32K ROM: S68332 

o Fully TTL Compatible During Read and 
Program 

o + 15V Programming Power Supply: 
Easy On-Board Programming 

Block Diagram 

ADDRESS 

AJ DECODER 

DRIVER 

A) 

As ADDRESS 

Ag DECODER 

A,o DRIVER 

A" 

PD/PGM 

Vee -
GND_ 

Vpp_ 

Pin Names 

POWER 
DOWN& 

PROGRAM 
.LOGIC 

Ao - Au Address Inputs Vee 
0) - Os Data Outputs VPP 

PD/PGM Power Down Program 
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32,768 BIT 

ARRAY 

+5V Power Supply 

+ 15V Power Supply 

General Description 

The 84532 is a 32,768 bit ultraviolet light erasable, 
e"iectrically programmable read-only memory (EPROM) 
organized as 4096 words by 8 bits. It is fabricated using 
AMI's _ proprietary N-channel VM08 technology. The 
device is fully static requiring no clocks for operation. 
All the inputs and outputs are fully TTL compatible 
during both the read and program modes. The 84532 
operates from a .single + 5V supply (read mode) and has 
a static power down feature that significantly reduces 
power dissipation. 

The 84532 is pin compatible with AMI's 32K ROM, the 
868332. Thus for volume production, the user can 
switch to lower cost ROM. 

The 84532 requires a + 15V supply for programming 
but all the programming signals are TTL compatible. 
This consideral:>ly eases on-board programming. 

Logic Symbol Pin Configuration 

PDii'GM A) Vee 

A6 As 

Ao A, Ag 

A, 
A4 

A2 0, 

AJ °2 
A) PD/PGM 

A4 OJ A2 A,o 
A, 04 

A, 
A6 0, A" 

A) °6 Ao 0 8 

A8 0) 0, 0) 

Ag °8 
°1 °6 

A,o 

A" 
OJ 0, 

GND °4 

Truth Table 

--
Mode PD/PGM Vee Vpp Outputs 

r----.- '---

Data Out Read VlI. +5V + 5V 

Power Dow!) VIII +5V +5V High Z 

Program Pulst'd VIII to +5V +15V Data In 

VlI. to VIII 

Program VIII +5V +15V High Z 
Inhihit 

ADVANCED PRODUCT DESCRIPTION 
1219 
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84716 

16,384 BIT (2048 X 8) 
UV ERASABLE VM08 EPROM 

Features 

o Single + 5 Volt Power Supply 

o Fast Access Time: 2500s Maximum 

o Pin Compatible with AMI's i6K, 32K and 
64K ROMs 

o Low Power Dissipation 
525mA Maximum Active Power 
132m W Maximum Standby Power 

o Fully TTL Compatible During Read and 
Program 

o + 15V Programming Power Supply: Easy On­
Board Programming 

Block Diagram 

AO 

Al 

A2 ADDRESS 
A3 DECODER 

A4 DRIVER 

AS 

AS 

A) 

AS ADDRESS 

A9 
DECODER 
DRIVER 

AID 

Es 
CHIP SElECT 

POWER DOWN 
AND 

PD'PGM PROGRAM 
lOGIC 

VCC_ 

GND-
Vpp_ 

Pin Names 

Ao - AIo Addresses PDlPGM 

00 - 07 Data Outputs CS 

1220 

16,384 BIT 
ARRAY 

Power Down Program 

Chip Select 

General Description 

The 84716 is a 16,384 bit ultraviolet light erasable, elec­
trically programmable read-only memory (EPROM) 
organized as 2048 words by 8 bits. It is fabricated using 
AMI's proprietary N-Channel VM08 technology. The 
device is fully static requiring no clocks for operation. 
All the inputs and outputs are fully TTL compatible dur­
ing both the read and program modes. The 84716 
operates from a single + 5V power supply and has a 
static power down _ feature that significantly reduces 
power dissipation. 

The 84716 is fully pin compatible with the 84216B and 
86831B 16K ROMs, the 868332 32K ROM and the 84264 
64K ROM. Thus for volume production, the user can 
switch to a lower cost ROM. 

The 84716 requires a + 15V supply for programming 
but all the programming signals are TTL. This consider­
ably eases on-board programming. 

Logic Symbol 

AO 

AIO 

Truth Table 

MODE 

Read I 

Deselect; 

Power 
I Down 

Progra~ 

I Program 
L Verify 

Program 
Inhibit 

Pin Configuration 

24 vce 

23 At! 

22 A9 

21 vpp 

20 cs 

19 AlO 

18 PD/PGM 

13 DJ 

PDIPGM CS [ Vee ! Vpp I OUTPUTS I 
VIL I VII. .SV + SV Data Out 

Don't Care I VIH + 5V + 5V High Z 

VIH I Don't Care I + 5V + 5V " High Z 

Pulsed I 
VIH ... 5V .15\, , Data In 

VH to VIH to VIL I 

Vn. 
I 

VIL + 5V ... 15V Data Out 

VIL I VIH ... 5V + 15V High Z 

ADVANCED PRODUCT DESCRIPTION 
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S5204A 

512 x 8 BIT ERASABLE AND 
ELECTRICALLY REPROGRAMMABLE 

READ ONLY MEMORY 

Features 

o On -Board Programmability 
o Fast Access Time - 750ns Max. 
o High Speed Programming - Less than 1 Minute 

for all 4096 Bits 
o Programmed with R/W, CS and V PROG Pins 
o Completely TTL Compatible - Excluding the 

V PROG Pin during Read or Write 
o Ultraviolet Light Erasable - Less than 

10 Minutes 
o Static Operation - No Clocks Required 
o Three-State Data I/O 
o Standard Power Supplies - +5V and -12V 
o Mature P-Channel Process 

Block Diagram 

AD 

Al 

A2 
A3 

A4 

A5 

A6 
A7 

AS 

GSO 
RWORCSI 

77675 
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Vee GNo 

64x64 BIT 
PROM ARRAY 

Y ·GATING 

SENSE AMPLIFIERS 
3·STATE 

INPUT/OUTPUT 
BUFFERS 

0001020304050607 

General Description 

The -S5204A is a high speed, static, 512x8 bit, eras­
able and electrically programmable read only memory 
designed for use in bus-organized systems. Both input 
and output are TTL compatible during both read and 
write modes. Packaged in a 24 -pin hermetically sealed 
dual in-line package, the bit pattern can be erased by 
exposing the chip to an ultraviolet light source through 
the transparent lid, after which a new pattern can be 
written. 

Pin Configuration 

877254 

Typical Applications 

o ROM Program De bugging 
o Code Translation 
o Microprogramming 
o Look-up Tables 
o Random Logic Replacement 
o Programmable Waveforms 
o Character Generation 
o Electronic Keyboards 
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E 
(J) 

CJ) 
........ 
::E 
~ 
III 

SEMI 2114 200NSEC, STATIC, TTL IN/OUT 1024x4 N-MOS RAM 

FEATURES 
PIN CONFIGURATION AND LOGIC SYMBOL 

• 1024 words x 4 bits 

• 200 or 300 nSec maximum access time 

• Common output bus 

• Three-state output drivers 

• Fully STATIC - no clock or refresh 

• Low power - 240 MW MAX 

• Single +5V power supply 

• TTL compatible interface 

• 18-pin ceramic, plastic or cerdip package 

• N-MOS, SILICON-GATE construction 

TRUTH TABLE 

i ~ W! 01100 I STATUS: MODE i 

. H' g~~~t Hih I Deselect i Standby ! 

jLu

--..- H Data' Selected I Read . 

I L I L ! Selected !. Write 

'. I' 'I I 0 r-:-+ --+---4'----4'----1 

I L: L I H i Selected i Write 
\' ! I 1 

ORDERING INFORMATION 
MAXIMUM 

ACCESS POWER 

A6 

AN Address Inputs A5 

liON Data Input/Output A4 

~ 
WE 
Vss 
Vee 

Chip ~Iect A3 

Write Enabie AO 

Gr.ound Al 

+5 V Power Supply A2 

cs 
vss 

BLOCK DIAGRAM 

A5---r:D 
A4---i¥l 

A3~--u..J 

AO---i¥l 

Al---Qo] 

A2------i~_~ 

cs 

JiO, -t+--rl-1>-I 
,/0, -++--1++1>-1 
'10, -++-1'""t++i>-i 
'10. -++-.+-1f+--I>-I 

Va:. 

A7 

AS 

A9 

1/01 

lIen 

1/03 

lIe. 

WE 

_-Va; 

DEVICE TIME DISSIPATION PACKAGE TEMP. RANGE 
2114-3CA 300ns 475mw l8-pin Ceramic O"C to 70°C 
2114-3CB 300ns 475mw l8-pin Plastic O"C to 7Q°C 
2ll4-3CE 300ns 475mw l8-pin Cerdip 0" C to 7Q°C 
L2ll4-3CA 300ns 240mw l8-pin Ceramic 0° C to 70"C 
L2ll4-3CB 300ns 240mw l8-pin Plastic 0" C to 7Q°C 
L2l14-3CE 300ns 240mw l8-pin Cerdip 0" C to 70° C 
2l14-2CA 200ns 475mw l8-pin Ceramic O°C to 7Q°C 
2114-2CB 200ns 475mw l8-pin Plastic 0° C to 70°C 
2114-2CE 200ns 475mw l8-pin Cerdip 0° C to 70c C 

L2l14-2CA 200ns 240mw l8-pin Ceramic 0" C to 7Q°C 
L2ll4-2CB 200ns 240mw l8-pin Plastic O"C to 70°C 
L2114-2CE 200ns 240mw l8-pin Cerdip 0° C to 7Q°C 

RECOMMENDED OPERATING CONDITIONS (TAMS = O°C to 70°C) 

PARAMETER SYMBOL MIN NOM MAX UNITS 
Supply Voltage Vee 4.75 5.0 5.25 V 
Input High Level V,H 2.0 - 5.25 V 

Input Low Level V'L -0.5 - 0.8 V 

EmmSEMI,INC. 

~ 
Al 1/01 
A2 

A3 lIen 
A4 

1/03 

Ito. 

A9 

WE cs 
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EMM SEMI 2114 200NSEC, STATIC, TTL IN/OUT 1024x4 N-MOS RAM 

DC ELECTRICAL CHARACTERISTICS (Full Operating Voltage, and Temperature Range) 

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT CONDITIONS 
Input Leakage Current 

Input Low IlL -10 +10 /LA VIN = -0.5 to 0.8 V 
Input Hi IIH -10 +10 p.A VIN = 2.0 to 5.25V 

Output Leakage Current IOL -10 +10 I1A VI/O = 0.4 to 5.25 V, CS = 2.4V 
Output Voltage High VOH 2.4 V 10 =-1.0ma 
Output Voltage Low VOL 0.4 V 10 = 2.1 ma 
Power Supply Current 

2114 
Ice 50 70 ma TAMS = 25°C 
Ice 135 ma TAMS = 70°C 

L2114 
Ice 35 65 ma TAMS =- 25°C 
Ice 70 ma TAMS = 70°C 

READ CYCLE - AC ,CHARACTERISTICS 

2114-2, L2114-2 2114-3, L2114-3 

PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 
Read Cycle Ti me TRe 200 - 00 300 - 00 ns 
Access Time TA - - 200 - - 300 ns 
Chip Select-to-Output, Valid Teo - - 70 - - 100 ns 

Chip Select-to-Output, Active Tex 20 - - 20 - - ns 

Output Hold After 
Address Change 

TOHA 50 - - 50 - - ns 

Output Disable After TOTO - - 60 - - 80 ns 
Chip Deselection 

WRITE CYCLE - AC CHARACTERISTICS 
2114-2, L2114-2 2114-3, L2114-3 

PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX UNIT 
Write Cycle Time 
Write Pulse Width 

Write Recovery Time 

Data Setup Time 

Data Hold Time 

Output Disable From Write 
or Chip Enable Time 

READ CYCLE TIMING 

Twe 200 
Tw 120 

TWR 0 
Tow 120 
TOH 0 

TOTw 

1------TRc---~ 
TA 

. 00 300 00 ns 
150 ns 

0 ns 
150 ns 
0 ns 

60 80 ns 

WRITE CYCLE TIMING 

FuJI Operating 
Voltage and 

Temperature Range 

CONDITIONS 

Full Operating 
Voltage and 

Temperature Range 

ADDRESS 

~1--------------~--~--- ADDRESS --Jl\---------------~~---

I/O OUT ---~---=--_1tmmlE~~-
I/O OUT melttB~r~Tc:_1'"To:~-----

I/O IN------~--~===$~m~ 
NOTES: 
1. WE is high for a Read Cycle. 
2. Tw is measured from the latter of CS or WE going low to the earlier of CS or WE going high. 
3. WE or CS mint be high prior to a write cycle to prevent an erroneous write during the 

address transitions. 

EmmSEMl, INC. 
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SEMI 2114 450NSEC, .STATIC, TTL IN/OUT'1024x4 N-MOS RAM 

FEATURES PIN CONFIGURATION AND LOGIC SYMBOL 

• 1024 words x 4 bits 

AN Address Inputs 
I/ON Data Input/Output • 450 nSec maximum access time 
B ~hip ~Iect 
WE Write Enable • Common output bus 
Vss Ground 

• Three-state output drivers Vee +5 V Power Supply 

• Fully STATIC - no clock or refresh 

• Low power -315 MW MAX 

• Single +5V power supply 

• TTL compatible interface 

• 18-pin ceramic, plastic or cerdip 
package 

TRUTH TABLE 

~; WE 01100 STATUS MODE I 
H Don't High Deselect Standby 

: Care Z 

L ! H Data Selected Read 

L L L Selected Write 
0 

L L H Selected Write 
1 

ORDERING INFORMATION 

ACCESS 
DEVICE TIME 

2114-UCA 450ns 
2114-UCB 450ns 
2114-UCE 450ns 

L2114-UCA 450ns 

L2114-UCB 450ns 

L2114-UCE 450ns 

MAXIMUM 
POWER 

DISSIPATION PACKAGE 
500mw 18-pin Ceramic 

500mw 18-pin Plastic 

500mw 18-pin Cerdip 

315mw 18-pin Ceramic 
315mw 18-pin Plastic 

315mw 18-pin Cerdip 

RECOMMENDED OPERATING CONDITIONS (TAMB = O°C to 70°C) 

PARAMETER SYMBOL MIN NOM MAX 
Supply Voltage Vee 4.75 5.0 5.25 
Input High Level VIH 2.4 - 5.25 
Input Low Level V'L -0.5 - 0.8 

EIDIDSEMI, INC. 

A6 Vee 

AS A7 

A4 AS 

A3 A9 

AO 1/0, 

A1 1/03 

A2 1/03 

cs IK>. 

val WE 

cs 

BLOCK OIAGRAM 

TEMP. RANGE 
O°C to 70°C 
O°C to 70°C 
O°C to 70°C 
0° C to 70° C 
0° C to 700 C 
oDe to 700 C 

UNITS 
V 
V 
V 
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EMM SEMI 2114 450NSEC, STATIC, TTL IN/OUT 1024x4 N-MOS RAM 

DC ELECT~ICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range) 

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT CONDITIONS 
Input Leakage Current 

Input Low IlL -10 - +10 #LA VIN = -0.5 to 0.8 V 
input Hi IIH -10 - +10 #LA VIN = 2.4 to 5.25V 

Output Leakage Current IOL -10 - +10 Il A VI/O = 0.4 to 5.25V, CS = 2.4V 

Output Voltage High VOH 2.4 - - V 10 =-1.0ma 

Output Voltage Low VOL - - 0.4 V 10 = 2.1 ma 

Power Supply Current 

Icc - 45 75 rna TAMS = O°C 
2114 Icc - 45 75 ma TAMS = 25°C 

Icc - 65 100 ma TAMS = 70°C 

Icc - 30 40 rna TAMS = O°C 
L2114 Icc - 35 45 ma TAMB =- 25°C 

Icc -' 40 60 rna TAMB = 70°C 

READ CYCLE - AC CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP MAX UNITS CONDITIONS 
Read Cycle Time TRe 450 - 00 ns Full Operating 
Access Time TA - - 450 ns Voltage and 
Chip Select-to-Output, Valid Tco - - 100 ns Temperature Range 

Chip Select-to-Output, Activ€ Tex 0 - - ns 

Output Hold After TOHA 50 - - ns 
Add ress Change 

Output Disable After ToTO 25 - 100 ns 
Chip Deselection 

WRITE CYCLE - AC CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 
Write Cycle Time Twe ~5C - 00 ns Full Operating 
Write Pulse Width Tw 200 - - ns Voltage and 

Write Recovery Time TWR 0 - - ns Temperature Range 

Data Setup Time Tow 200 - - ns 

Data Hold Time TOH '0 - - ns 

, Output Disable From Write - -or Chip Enable Time TOTw 100 ns 

READ CYCLE TIMING WRITE CYCLE TIMING 

TRC 
TA 

ADDRESS ~ ADDRESS 

\\\\\\\\3 ~/I~ flllllill 
Tco I TOTO 

I---Tcx TOHA ~ 
1/0 OUT 

1/0 OUT 

1/0 IN 

NOTES: 
1. WE is high for a Read Cvcle. 
2, Tw is measured from the latter of CS or We going low to the earlier of CS or We going high. 
3. WE or CS must be high prior to a write cycle to prevent an erroneous write during the 

address transitions. 

\\\\ 

EmmSEMI, INC. 

Twc 
I 

J. 
~ 

r\\\\? ~/II 11111//111111 
Tw 

'\\\~ ~~ 

~ 
I Tow TOH 

l I 
~ 

\/\.v\" 
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SEll 3539 "DDNSEC, STATIC, TTL IIIOUT 256x8 I·IOS RAI 

FEATURES 

.256 x 8 with Common liD Bus 
PIN CONFIGURATION 

TOP VIEW 

• Standard 22-Pin Dip A'n Address Inputs Ao VDD 
I/O· A, 

• Single + 5V Power Supply CS n Chip Select Inputs 1/0, A, 
110, A, 

00 Output Disable 1/0. A. • Co.mpletely Static - No Clocks or Refresh 

• Totally TTL Compatible R/W ReadlWrite Control Input I/O, p., 
I/O. A, 

• 400 ns Maximum Access Time 

• Less than 400 mW Power Dissipation 
• Two Separate Chip Select Inputs 
• Separate Output Disable Function 

TRUTH TABLE 
CS 1 CS2 em RIW STATUS 110 BUSR H x X X DESELECTED HI Z , 

X L X X DESELECTED HIZ 

L H L L WRITE MODE OUTPUT DISENABLE 
DATA CAN BE WRITTEN 

L H H L WRITE MODE 
OUTPUT ENABLED DATA 
CAN NOT BE WRITTEN 

L H L H READ MODE OUTPUT DISABLED 

DATA CAN NOT B;~ 

L H H H READ MODE OUTPUT ENABLED 
DATA CAN BE READ 

x = IRRELEVENT STATE 

liOn Data Bus Pins 
Voo +5 V Power Supply 
Vss o V Power Supply 

BLOCK DIAGRAM 

Riw O-------<~)._----1 

cs 
CS, 

0i5 O----..J 

I/O, 
I/O. 
C§. 
Vss 

32x8x8 
MEMORY ARRAY 

COLUMN SELECT 

A, 
14 CS, 
13 00 
12 R/W 

Vee V" 110, 110, 110, 110. 1/0, 110, 1/0, 110. 

ORDERING INFORMATION 
Part Number Access Time Package Temperature Range 

3539UCD 650ns Cerdip O'C to +70°C 
3539UCP 650ns Plastic O°C to +70'C 
35392CD 500ns Cerdip O'C to +70'C 
35392CP 500ns Plastic O'C to +70'C 
35391 CD 400ns Cerdip O'C to +70'C 
35391CP 400ns Plastic O°C to +70'C 

RECOMMENDED OPERATING CONDITIONS AMB "~CO O°C to +70°C 

PARAMETER SYMBOL MIN NOM MAX UNIT 

Supply Voltage VDD 4.75 5.0 5.25 Vdc 

Input High Level VIH 2.4 Vcc Vdc 

Input Low Level VIL -0.5 0.8 Vdc 

emmSEMI, INC. 
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EMM SEMI 3539 400NSEC, STATIC, TTL IN/OUT 256x8 N-MOS RAM 

DC CHARACTERISTICS (Full Operating Voltage & Temperature'Range Unless Otherwise Noted) 

35391 35392 3539 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 
UNITS CONDITIONS 

V IH Input HIGH Voltage 2.2 2.2 2.2 V 

V IL Input LOW Voltage 0.65 0.65 0.65 V 

VOH Output HIGH Voltage 2.2 2.2 2.2 V 10H = -100 p.A 

VOL Output LOW Voltage 0.4 0.4 0.4 V IOL=1.6 mA 

IBH Bus HIGH Current 10 10 10 p.A VIN =Voo , Chip Deselected 

I BL Bus LOW Current -10 -10 -10 p.A Voo=O V, Chip Deselected 

liN Input Leakage Current 10 10 10 p.A Vss <V1N <Voo 

100 Power Supply Current 75 75 75 mA Voo=5.25 V 

PD Power Dissipation 394 394 394 mW Voo=5.25 V 

AC CHARACTERISTICS (Full Operating Voltage & Temperature Range Unless Otherwise Noted) 

35391 35392 3539 
SYMBOL PARAMETER 

'MAX 
UNITS CONDITIONS 

MIN MAX MIN MAX MIN 

T CYC' Read Cycle Time 400 500 650 ns 

TA Read Access Time 400 500 650 ns 

TAW Address to Write Delay 25 25 25 ns 

T os Data Set-Up Time 200 250 275 ns 

TOH Data Hold Ti'me 0 1 0 0 ns 

TWR Write Recovery Time 0 0 0 ns 

Tww Write Pulse Width 150 175 225 ns 

Tcs Chip select to write set-up time, 125 150 200 ! ns 

TCD Chip Select Delay Time I 100 100 t 100 ns 

TCH i Chip select to write hold time 0 0 0 1 ns 

Too Output Disable Time l 150 150 150 ns 

TOE Output Enable Time I 200 225 250 ns 

*TwC = (TAW + T ww+ TWR ) or (Too + TDS ), whichever is relevant. 

3539 TIMING DIAGRAM 
WRITE CYCLE (T WC ) 

1+------- T CYC ------t-------­
READ CYCLE 

TcYc-----..... 
VIH--~ 

ADDRESSES V
IL

- ___ 

V
1H 
__ _ 

OUTPUT DISABLE 

V 1L 
V 1H ___ -+-""\ 

CHIP SELECT 1 
V 1L 
V 1H 

CHIP SELECT 2 

V IL ----+-..1 ~---­
V IH-__ -+_--.; __ 

READ/WRITE 

DATA BUS 

V 1L / VOL -----' 

INVALID OUTPUT 

EmmSEMI, INC. 
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SEMI 4044 450NSEC, STATIC, nL IN/OUT, 4096xl N-MOS RAM 

BLOCK DIAGRAM 
FEATURES 

• 4096 words X 1 bit RAM 
• High speed 450 ns ACCESS and CYCLE time 
• Fully STATIC memory-no clock or refresh required 

• Single +5V ±5% power supply 
• 18-pin CERDIP or plastic package 
• Low power dissipation-265 mw max @ 70°C 
• Three-State, high impedance output 

• TTL compatible interface 
• Replaces 4 1024 x 1 static RAMs 

PIN CONFIGURATION 

AO Vee 

Al A6 AN Address Inputs 

D Data Input 
A2 A7 

Q Data Output 
A3 AS S Chip Select TRUTH TABLE 
A4 A9 W Write Enable 

A5 A10 Vss Ground 

Vee +5 V Power Supply 
Q All 

S Vi D 
H Don't Don't 

Care Care 

W D 
L H Don't 

Care 

Vss S L L L 

L L H 

ORDERING INFORMATION 

Part Number Access Time 

4044-UCE 450 ns 
L4044-UCE 450 ns 

4044-UCB 450 ns 
L4044-UCB 450 ns 

Maximum Power 
Dissipation 

475 mw 
265 mw 
475 mw 
265 mw 

Package 

l8·Pin Cerdip 
l8·Pin Cerdip 
l8·Pin Plastic 
l8-Pin Plastic 

RECOMMENDED OPERATING CONDITIONS (TAMB = 0° C to 70° C) 

PARAMETER SYMBOL MIN NOM 
Supply Voltage Vcc 4.75 5.0 

Input High Level VIH 2.0 

Input Low Level VIL -0.5 

EIDIDsEMI, INC. 

a 
High 

Z 
Data 

High 
Z 

High 
Z 

MAX 
5.25 

5.25 
0.8 

STATUS MODe 
Deselect Standby 

Selected READ 

Selected Write 
0 

Selected Write 
1 

Temperature 
Range 

ooe to 70°C 
ooe to 70°C 
ooe to 70°C 
ooe to 70°C 

UNIT 
Vdc 
Vdc 
Vdc 
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SEMI 4044 450NSEC, STATIC, TTL IN/OUT, 4096x1 N-MOS RAM 

DC ELECTRICAL CHARACTERISTICS (FuN Operating Voltage and Temperature Range) 

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT CONDITIONS 
Input Leakage Current III -10 - +10 I1A VIN = 0.0 to +5.25V 
Output Leakage Current ILO -10 - +10 I1A VOUT = 0.0 to +5.25V 

S = 2.0Vdc, or W =- 0.8Vdc 
Output Voltage High VOH 2.4 ' - - Vdc 10H = -1.0 rna, Vcc = +4.75V 
Output Voltage Low VOL - - 0.4 Vdc 10L = 3.2 rna 
Power Supply Current 

4044 Icc - 50 70 rna TAMS = 25° C 
Vee = +5.25Vdc Icc - - 90 rna TAMS = 70° C (Worst Case) 
L4044 Icc - 35 40 rna TAMS = 25° C 
Vee= +5.25Vdc Icc - - 50 rna TAMS = 70° C (Worst Case) 

READ CYCLE-AC CHARACTERISTICS 

CHARACTERISTIC SYMBOL MIN TYP MAX UNIT CONDITIONS 
Read Cycle Ti me TRc 450 - CX) ns 
Access Time TA - - 450 ns 

Full Operating Voltage and 
Chip'"Enable Delay Time TCD - - 300 ns 
Data Valid After Address TOHA 10 - ns 

Temperature Range -
Output Disable From Deselection. TOTO - - 100 ns 
Chip Select to, Output Active Tex 20 - - ns 

WRITE CYCLE - AC CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 
Write Cycle Time Twc 450 - CX) ns 
Address To Write Time TAW 0 - - ns 
Write Pulse Width Tw 200 - - ns 

Write Recovery Ti me TWR 0 - - ns 

Data Set Up Time Tow 200 - - ns 

Data Hold Time TOH 0 - - ns. Full Operating Voltage and 

Output Disable From Write or Temperature Range 
Chip Enable TOTw - - 100 ns 

Output Enabled After Write - -Disabled TOE 150 ns 
Read, Modify-Write Cycle TRWC 650 - - ns 

WRITE CYCLE TIMING 

READ CYCLE TIMING 

ADDRESS---,,'l'-~ ________ 'f' __ 

ADDRESS ~'l'---------+---'fT-- CHIP ~ 

SELECT ~~'""f-------f''''''''''I'-'-'-.lJ.J..~ 

CHIP S 
SELECT ~~U+-------1fLL¥'-~ WRITE W 

ENABLE 

OUTPUT Q mZEtffi~tl---:-:--t--::---

READ/MODIFY-WRITE CYCLE TIMING 

VIH_........,J====~TR~W~C===::1.. __ 

ADDRESS A VIL 

WRITE W 
ENABLE 

Vll 

CHIP S VIH--~ 
SELECT VIL ~-+-----+r--' 

INPUT VIH~~~$~~t~~lt~~~ DATA D vIL.L 

VOH --1TCD~! TOTW TOE 
OUTPUT Q ---tHI - Z HI - Z 

VOL f--T A VALID . VALID 

EmmSEMl, INC. 

-
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SEMI 4300 120NSEC, STATIC, TTL IN/OUT, 4096xl N-MOS RAM 

PIN CONFIGURATION 
TOP VIEW 

FEATURES 
AN Address Inputs v •• Vss 01 Data Input A. A. 
DO Data Output A,o A, 
CS ~hiP Select Input A" A. 
R1W ead/Write Input VDD 

• Completely Static N/C No Internal Connection cs 

• Access Time as low as 120 nsec max 

• Cycle Time as low as 250 nsec max 

• Typical Operating Power Under 450 mw. 

• Typical Standby Power Under 30 mw. 

• Data Retention with Low Voo 

• Pin and Voltage Compatible with Standard 

22 Pin 4K Dynamic Rams 

E • TTL Compatible Three-State Outputs 
CD 
~ • Fully Decoded 

~ • Active Low Chip Select 

W 

Vss Ground 
Vee Supply Voltage (-SV) 
Vee Supply Voltage (+SV) 
Voo Supply Voltage (+12V) 

BLOCK DIAGRAM 

ORDERING INFORMATION 

Part Number 
4300ACC 
4300ACP 
4300ACD 

Access 
120 
120 
120 

Cycle 
250 
250 
250 

Package 
Ceramic 
Plastic 
Cerdip 

RECOMMENDED OPERATING COHOlnONS TA".= O·C to 70·C 
PARAMETER SYMBOL MIN NOM 

Supply Voltage Voo 11.4 12.0 

Output Reference Voltage Vcc 4.75 5.0 

Substrate Voltage Vee -4.5 -5 

Input High Level VIH 2.4 -
Input low level VIL -0.1 -
Chip Select High level VCH 8 -
Chip Select low level . Vel -1 -

emmSEMI.INC. 

N/C 
Ao A, 
A, A. 
A, A, 
Vee 1Vw 

Temperature Range 
0° C . to +70° C 
O°C to +70°C 
O°C to +70°C 

MAX UNIT 

12.6 Vdc 

5.25 Vdc 

-5.5 Vdc 

5.25 Vdc 

0.8 Vdc 

15 Vdc 

0.5 Vdc 

DO 
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SEMI 4300 120NSEC, STATIC, TTL IN/OUT, 4096xl N-MOS RAM 
DC ELECTRICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range Unless Otherwise. Noted) 

CHARACTERISTICS SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Current lIN -20 - +20 pA VIN = O.5Vor5V 

Chip Select Input Current Ics -20 - +20 pA Vcs = 0.5Vor 12V 

Output "Low" Voltage VOL - 0.3 0.5 Vdc 10l =2.0mA Fig. 5 

Output "High" Voltage VOH 2.4 3.5 Vcc Vdc 10H =-500I'A Fig.5 

Output Current (Unselected) 100 -20 - +20 pA VOUT = 2.7V, Vcs =12V 

Supply Current (Selected and 
Averaged Over One Cycle) 100 - - 45 mA TAMB =25°C 

4300 Voo=12V 

Tcsw 140 Vcc=5V 
Tc 250 VBB = -5V 
For Other Conditions 

Vcs= 0.5V 

Supply Current TAMB=25°C 100 - - 4 mA Voo-12V 
(Unselected) TAMB-70'C 100 - - 8 mA Vcc= 5V 

VBB= -5V 
Reference Supply Current Icc - 50 100 I'A Vcs= 12V 

V DD=12V 

Substrate Current I BB - -2 mA 
VCC= 5V -
V BB=-5V 

V cs= OV Qr 12V 

Standby TAMB=25·C loos - 0.8 2 mA Vcs= 4V to 15V 
Current At Voo= 4V 
Reduced 

TAMB=70°C loos - 1.8 6 mA 
VBB= -4V 

Voltages Vcc= OV 

READ CYCLE - AC CHARACTERISTICS 

CHARACTERISTICS SYMBOL MIN TYP MAX UNIT CONDITIONS 
Chip Select Read Pulse Width TcsR 120 - 00 ns 

Chip Select Rise and Fall Time" TCR ,TcF - 10 100 ns FULL 
Set Up Time Tp 0 - - ns OPERATING 
Access Time TA - - 120 ns VOLTAGE 

Cycle Time, TCR=TcF = 10ns Tc 250 - - ns AND 

Data Hold Time TH 75 - - ns TEMPERATURE 

Output Recovery Time TOR 15 
RANGE 

10 - ns 

Read Recovery Time TCRR 90 - - ns 

WRITE CYCLE - AC CHARACTERISTICS 

CHARACTERISTICS SYMBOL MIN TYP MAX UNIT CONDITIONS 

Chip Select Write Pulse Width Tcsw 140 - 00 ns 

Chip Select Rise and Fall Time" TCR ,TCI - 10 100 ns FULL 
OPERATING 

Set UpTime Tp 0 - - ns VOLTAGE 
Cycle Time, TCR=TcF = 10ns Tc . 250 - - ns AND 

Data Hold Time TH 75 - - ns TEMPERATURE 
RANGE 

Write Recovery Time TCWR 90 - - ns 

"Typical Chip Select Rise and Fall Time (Tc~ andTcF) is 10 ns For Read and Write Cycle 

FIgUre 1 - READ CYCLE Figure 2 - WRITE CYCLE 

DONT CARE 

Emm SEMI, INC. 
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SEMI 8108 300NSEC, STATIC, TTL IN/OUT 1024 x 8 N-MOS RAM 
SEMI 8108 500NSEC, STATIC, TTL IN/OUT 1024 x 8 N-MOS RAM 

FEATURES 

• 1024 words X 8 bits 
• EPROM, PROM, ROM pinout compatible 

• Common I/O bus 
• Single +5V power supply 
• No maximum limit on -C-h-ip------E-n-a-b-Ie (GE) 

pulse width 

• 300 or 500 nSEC maximum access time 

• Less than 60 mW power (disabled) 

• Less than 270 mW power (enabled) 

CE WE I/On STATUS MODE 

H Don't High Disabled Standby 
eare Z 

L H Data Enabled Read 

L L L Enabled Write 
0 

L L H Enabled Write 
1 

PIN CONFIGURATION 

PIN NAMES 
An Address Inputs 

CE Chip Enable Input 

WE Write Enable Control Input 

I/On Data Bus Input/Output Pins 

VCC +5V Power Supply 

VSS OV Power Supply 

BLOCK DIAGRAM 

8108 

A6 
AS 
A4 
A3 
A2 
A1 
AO 

1/01 
1/°2 

1/°3 
Vss 

1024 X 8 
MEMORY ARRAY 

COLUMN SELECT 

I/O CIRCUITRY AND BUFFERS 

ORDERING INFORMATION 

ACCESS CYCLE TEMP. 

DEVICE TIME TIME PACKAGE RANGE 

8108·3eD 300 450 Cerdip oDe to 700 e 

8108·5eD 500 700 Cerdip oDe to 700 e 

RECOMMENDED OPERATING CONDITIONS: (T AMB = OoC to 70°C) 

PARAMETER SYMBOL MIN NOM MAX UNIT 

Supply Voltage VCC 4.75 5.0 5.25 V 

Input High Level VIH 2.4 - 5.25 V 

Input Low Level VIL -0.5 - 0.8 V 

EmmSEMI, INC. 

vee 
A7 
AS 
Ag 
CE 
WE 

I/OS 
1/07 
1/°6 
1/°5 
1/04 

A Subsidiary of Electronic Memories & Magnetics Corporation. 3883 North 28th Avenue. Phoenix. Arizona 85017 • (602) 263-0202 

1232 ©IC MASTER 1979 



SEMI 8108 300NSEC, STATIC, TTL IN/OUT 1024x8 N-MOS RAM 
SEMI 8108 500NSEC, STATIC, TTL IN/OUT 1024x8 N-MOS RAM· 

DC CHARACTERISTICS: TA = OoC to +70oC. VCC = +5V ± +5%, unless otherwise noted. 

8108 
PARAMETER SYMBOL UNITS CONDITIONS 

MIN MAX 

Output HIGH Voltage VOH 2.4 5.25 V IOH = -200J,LA 

Output LOW Voltage VOL - 0.4 V IOL = 2.1 mA 

Output Leakage Current ILO -10 +10 J.lA VI/O = 0.4 V to VCC. CE = 2.4 V 

Input Leskage Current III -10 +10 J.lA VIN=Ot05.25V 

Power Supply Current ICCl - 50 mA CE ~ 0.8 V. VCC = 5V 
IDevice Enabled) 

Power Supply Current ICC2 - 10 mA CE ~ 2.4 V. VCC = 5 V 
IDevice Disabled) 

READ CYCLE - AC CHARACTERISTICS 

8108-3 8108-5 
CHARACTERISTICS SYMBOL UNIT CONDITIONS 

MIN MAX MIN MAX 

Chip Enable Read Pulse Width TCER 300 00 500 00 nS 

Chip Enable Rise 'lnd Fall Time* TCR.TCF - 100 - 100 nS 

Set Up Time Tp 0 - 0 - nS 

Access Time TA - 300 - 500 nS Full Operating Voltage 

Cycle Time. TCR = TCF = 10 nS TC 450 - 700 - nS and Temperature Range 

Data Hold Time TH 100 - 100 - nS 

Output Recovery Time TDR - 75 - 75 ·nS 

Read Recovery Time TCRR 130 - 180 - nS 

WRITE CYCLE - AC CHARACTERISTICS 

CH-ARACTERISTICS 
8108-3 8108-5 

CONDITIONS SYMBOL UNIT 
MIN MAX MIN MAX 

Chip Enable Write Pulse Width TCEW 300 00 500 00 nS 

Chip Enable Rise and Fall Time* TCR.TCF - 100 - 100 nS 

Set Up Time Tp 0 - 0 - nS Full Operating Voltage 

Cycle Time. TCR = TCF = 10 nS TC 450 - 700 - nS and Temperature Range 

Data Hold Time TH 100 - 100 - nS 

Write Recovery Time TCWR 130 - 180 - nS 

*Typical Chip Select Rise and Fall Time ITCR and TCF) is 10 nS For Read and Write Cycle 

READ CYCLE - AC CHARACTERISTICS 

CE 

Output Voltage is HIGH 

WRITE CYCLE - AC CHARACTERISTICS 

INPUT 
DATA 

CE 

OUTPUT _ .................. ____ .. 

DATA 
+-_~~ ____ for data originally 

input as HIGH 

ED1D1SEMI, INC. 
·A Subsidiary of Electronic Memories & Magnetics Corporation. 3883 North 28th Avenue, Phoenix, Arizona 85017 • (602) 263-0202 
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93470 • 93471 • 93L470 • 93L471 
TTL ISOPLANAR MEMORY 

4096 x 1-BIT FULLY DECODED RANDOM ACCESS MEMORY 

DESCRIPTION - These devices are 4096-bit TTL Read/Write Random Access Mem­
ories organized 4096 words by one bit. The devices are identical except for the output 
stage. The 93470 and 93L470 have an uncommitted collector output, while the 93471 
and 93L471 have a 3-state output. The devices have full decoding on chip, separate 
Data Input and Data Output lines and active LOW Chip Select lines. They are designed 
for high performance main memory application and can be used to replace four 1024-
bit RAMs The 93L470 and 93L471 are appropriate for systems requiring low power. 

• FULL MIL AND COMMERCIAL TEMPERATURE RANGES 
• ORGANIZATION-4096 WORDS x 1 BIT 
• READ ACCESS TIME -40 ns TYP FOR 93L470171, 30 ns TYP FOR 93470171 
• CHIP SELECT ACCESS TIME-20 ns TYP FOR 93L470171, 15 ns TYP FOR 73470171 
• UNCOMMITTED COLLECTOR OUTPUT - 93L470, 93470 
• 3-ST ATE OUTPUT - 93L471, 93471 
• NON-INVERTING DAA OUTPUT 
• POWER DISSIPATION-0.09 mW/BIT TYP-93L470171 
• POWER DISSIPATION-0.15 mW/BIT TYP-93470171 
• REPLACES FOUR 1024 BY ONE RAMs 

PIN NAMES 

CS 
Ao-A11 
WE 
DIN 
DOUT 

Chip Select Input 
Address Inputs 
Write Enable 
Data Input 
Data Output 

WORD 
DRIVER 

ADDRESS 
DECODER 

'" -I ~------'~~-------' 
ADDRESS INPUTS 

Cl1978 Fairchild Camera and Instrument Corporation Printed in U.S.A. 

r---------------, 
93470/93L470 I 

:P-DOUT 

L _________ -: _____ .J 

r---------------, 
93471/93L471 I 

DOUT 

DIN 

Vee = Pin 18 

GND = Pin 9 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011ITWX 910-379-6435 

1234 

LOGIC SYMBOL 

16 17 lS 

2-J Ao 
CS WE 

10 

11 

12 

13 

14 

Al 

A2 

A3 

A4 

As 

A6 

A7 

AS 

Ag 

Al0 

All 
Dour 

Vee = Pin 18 
GND = Pin 9 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

DOUT VCC 

AO 2 17 DIN 

Al 3 16 CS 

A2 4 15 WE 

A3 5 14 All 

A4 6 13 Al0 

A5 7 12 A9 

A6 S 11 AS 

GND 9 10 A7 

I=~IRCHIL.C 
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FAIRCHILD -93470 - 93471 - 93L470 - 93L471 

93470/71 ONLY AC CHARACTERISTICS: Over Guaranteed Operating Ranges (Notes 1-6) 

93470/71 XC 93470/71XM 

SYMBOL CHARACTERISTIC MIN TYP MAX MIN "FYP MAX UNITS CONDITIONS 
. (Note 3) (Note 3) 

READ MODE DELAY TIMES 

tACS Chip Select Access Time 15 30 15 35 

tRCS Chip Select Recovery Time (93470) 25 35 25 45 

tZRCS Chip Select to HIGH Z (93471) 25 35 25 45 ns See Test Circuit 

tAA Address Access Time 30 45 30 60 and Waveforms 

WRITE MODE DELAY TIMES 

tws Write Disable Time (93470) 25 35 25 45 

tzws Write Disable to HIGH Z (93471) . 25 35 25 45 ns 

tWR Write Recovery Time 25 35 25 45 

INPUT TIMING REQUIREMENTS See Test Circuit 

tw Write Pulse Width (to guarantee write) 30 20 45 20 
and Waveforms 

tWSD Data Set-Up Time Prior to Write 10 5 15 5 

tWHD Data Hold Time After Write 5 0 10 0 

tWSA Address Set-Up Time 10 5 15 5 ns 

tWHA Address Hold Time 5 0 10 0 

tWSCS Chip Select Set-Up Time 5 0 10 0 

tWHCS Chip Select Hold Time 5 0 10 0 

C, Input Pin Capacitance 4 5 4 5 pF 
Measure with 

Co Output Pin Capacitance 7 8 7 8 Pulse Technique 

NOTES' 
1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
2. The specified LIMITS represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and supply 
. voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3. Typical values are at VCC = 5.0 V, TA = 25°C, and MAX loading. 
4. The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute warm-up. Temperature range of 

operation refers to case temperature for Flatpaks and ambient temperature for all other packages. Typical thermal resistance values of the package at 
maximum temperature are: 

(JJA (Junction to Ambient) (at 400 fpm air flow) = 50°C/Watt, Ceramic DIP; 65°C/Watt, Plastic DIP, NA, Flatpak. 
(JJA (Junction to Ambient) (still air) = 90°C, Watt, Ceramic DIP; 110°C/Watt, Plastic DIP, NA, Flatpak. 
(JJC (Junction to Case) = 25°C/Watt, Ceramic DIP; 25°C/Watt, Plastic DIP; 15°C/Watt, Flatpak. . 

5. The MAX address access time is guaranteed to be the "worst case" bit in the memory using a pseudo random testing pattern. 
6. twmeasured at tWSA = MIN, twSA measured at tw = MIN. 
7. Duration of short circuit should not exceed one second. 
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FAIRCHILD. 93470 • 93471 • 93L470 • 93L471 

FUNCTIONAL DESCRIPTION - These devices are fully decoded 4096-bit Random Access Memories organized 4096 
words by one bit. Word selection is achieved by means of a 12-bit address, Ao through A11. 

The Chip Select input is provided for logic flexibility. For larger memories, the fast Chip Select access time permits the decod­
ing of Chip Select, CS, from the address without increasing address access time. 

The read and write operations are controlled by the state of the active lOW Write Enable, WE (pin 15). With WE held lOW and 
the chip selected, the data at DIN is written into the addressed location. To read, WE is held HIGH and the chip selected. Data 
in the specifiediocation is presented at the Data Output. 

The 93471 and 93L471 have 3-state outputs which provide drive capability for higher speeds with high capacitive load 
systems. The third state (high impedance) allows bus organized systems where multiple outputs are connected to a 
common bus. 

The 93470 and 93L470 have uncommitted collector outputs to allow maximum flexibility in output connection. In many ap­
plications, such as memory expansion, the outputs of several 93470s or 93L470s can be tied together. In other applica­
tions the wired-OR is not used. In either case an external pull-up resistor of value RL must be used to provide a HIGH 
at the output when it is off. Any value of RL within the range specified below may be used. 

RL is in kfl 
N = number of wired-OR outputs tied together 

VCC(max) VCC(min) - VOH 
IOl - F.O. (1.6) ~ RL ~ N (lCEX) + F.O. (0.04) 

F.O. = number of TTL Unit loads (U.L.) driven 
ICEX = Memory Output leakage Current in rnA 

\ VOH = Required Output HIGH level at Output Node 
IOl = Output low Current 

The minimum value of Rl is limited by output current sinking ability. The maximum value of Rl is determined by the output 
and input leakage current which must be supplied to hold the output at VOH. 

TRUTH TABLE 

INPUTS OUTPUTS 

- -
CS WE DIN O.C. 3-STATE 

H X X H HIGH Z 

L L L H ·HIGH Z 

L L H H HIGHZ 

L H X DOUT DOUT 

H == HIGH Voltage, L == LOW Voltage; X == Don't Care (HIGH or LOW) 
HIGH Z = High Impedance, OC .= Open Collector 

ABSOLUTE MAXIMUM R~TINGS (above. which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
Input Voltage (dc)* 
Input Current (dc)* 
Voltage Applied to Outputs (output HIGH)** 
Output Current (dc) 

• Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
··Output Current limit Required. 

GUARANTEED OPERATING RANGES 

PART NUMBER SUPPLy'VOLTAGE IVCC) 

MIN TYP 

93470XC/93471 XC 4.75 V 5.0 V 
93L470XC/93L471 XC 

93L470XM/93L471 XM 4.50 V 5.0 V 
93470XM/93471 XM 
----"_ .. _+-._-_ .. _-_._----_ .. --_.----

MODE 

Not Selected 

Write "0" 

Write "r 

Read 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-12 rnA to +5.0 rnA 
-0.5 V to +5.50 V 

-20 rnA 

AMBIENT TEMPERATURE 
MAX Note 4 

5.25 V O°Cto+75°C 

5.50 V -55°C to +125°C 

x == package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packi\ging Information Section for packages available on this product. 
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FAIRCHILD. 93470 • 93471 .93L470 .93L471 

DC CHARACTERISTICS: Over Operating Temperature Ranges (Notes 1-4) 

LIMITS 
SYMBOL CHARACTERISTIC UNITS CONDITIONS 

MIN TYP MAX 

VOL Output LOW Voltage 0.3 0.50 V VCC = MIN; 10L = 16mA 

VIH Input HIGH Voltage 2.1 1.6 V 
Guaranteed Input HIGH Voltage 
for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V 
Guaranteed Input LOW Voltage 
for all Inputs 

IlL Input LOW Current -250 -400 J-tA VCC = MAX, VIN == 0.4 V 

IIH Input HIGH Current 
1.0 40 J-tA VCC = MAX, VIN = 4.5 V 

1.0 mA VCC = MAX, VIN = 5.25 V 

VCD Input Diode Clamp Voltage -1.0 -1.5 V VCC = MAX, liN = -10 mA 

ICEX 
Output Leakage 

93471/93L471 1.0 100 J-tA VCC = MAX, VOUT = 4.5 V Current 

10FF 
Output Current 

93471/93L471 
50 

J-tA 
VCC = MAX, VOUT = 2.4 V 

(HIGH Z) -50 VCC = MAX, VOUT = 0.5 V 

VOH 
Output HIGH 

93470/93L470 2.4 V VCC = MIN, 10H = -5.2 mA 
Voltage 

Output Current 

lOS Short Circuit 93470/93L470 -100 mA V CC = MAX, Note 7 
to Ground 

93L470/71XC 67 TA = +75°C VCC = MAX, 

Power Supply 93L470/71XC 80 TA = O°C All Inputs and 
ICC 

Current 93L470./71XM 63 TA = t-125°C Outputs Open 

93L470/71XM 86 mA TA = -55°C 

93470/71Xe 110 TA = 75°e 

93470/71Xe 130 170 TA = ooe 
mA 

93470j71XM 100 TA ==125°e 

93470/71 XM 140 180 TA =-55°e 

93L470/71 ONLY AC CHARACTERISTICS: Over Guaranteed Operating Ranges (Notes 1-6) 

93L470/71XC 93L470/71XM 

SYMBOL CHARACTERISTIC MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 
(Note 3) (Note 3) 

READ MODE DELAY TIMES 

tACS Chip Select Access Time 20 20 

tRCS Chip Select Recovery Time (93L470) 30 30 See Test Circuit 
ns 

tZRCS Chip Select to HIGH Z (93L471) 30 30 and Waveforms 

tAA Address Access Time 40 40 

'WRITE MODE DELAY TIMES , 

tws Write Disable Time (93L470) 30 30 
tzws Write Disable to HIGH Z (93L471) 30 30 ns 

tWR Write. Recovery Time 30 30 

INPUT TIMING REQUIREMENTS 

tw Write Pulse Width (to guarantee write) 25 25 See Test' Circuit 

tWSD Data Set-Up Time Prior to Write 5 5 and Waveforms 

tWHD Data Hold Time After Write 0 0 

tWSA Address Set-Up Time 5 5 ns 

tWHA Address Hold Time 0 0 

tWSCS Chip Select Set-Up Time 0 0 

tWHCS Chip Select Hold Time 0 0 

CI Input Pin Capacitance 4 5 4 5 
pF 

Measure with 

Co Output Pin Capacitance 7 8 7 8 Pulse Technique 
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F10470. F100470 
Eel ISOPlANAR MEMORY 

4096 x 1-BIT FULLY DECODED RANDOM ACCESS MEMORY 

DESCRIPTION - These devices are 4096-bit Read/Write Random Access Memories 
organized 4096 words by one bit. They are designed for high-speed scratchpad, control 
and buffer storage applications. 

The F10470 is compatible with the F10K and uncompensated 10K ECl logic series and 
includes on-chip voltage compensation for improved noise margin. The F10470 is 
specified to operate over the 0° C to 75° C temperature range. 

The F100470 has on-chip voltage and temperature compensation and is compatible 
with the F100K and 95K series of ECl logic. The device is specified to operate over the 
0° C to 85° C temperature range. 

Features common to. both devices are full address decoding on chip, separate Data 
!n and non-inverting Data Out lines and an active LOW Chip Seiect iine. The devices 
are packaged in a hermetic ceramic 18-pin dual in-line package. 

• ORGANIZED 4096 WORDS BY ONE BIT 
• OPEN EMITTER OUTPUT FOR EASE OF MEMORY EXPANSION 
• READ ACCESS TIME - 25 ns TYP 
• POWER DISSIPATION-O.2 mW/BIT 
• Fl0470 - COMPATIBLE WITH Fl0K AND UNCOMPENSATED 10K ECl LOGIC 
• Fl00470 - COMPATIBLE WITH FlOOK AND 95K ECl LOGIC 

PIN NAMES 

CS Chip Select Input 
AO-A11 Address Inputs 
WE Write Enable 

DIN Data Input 

DOUT Data Output 

lOGIC DIAGRAM 

64 X 64 
WORD ARRAY 

DRIVER 

SENSE AMPS 
AND 

WRITE 
DRIVERS 

ADDRESS 
DECODER ADDRESS 

DECODER 

A6 

@@@@@® ®<OOXOOXV 

\{ 1978 FaIrchild Camera and Instrument CorporatIon Printed In U.S.A. 

CD 

cs @ 

WE @ 

D,N @ 

Vee = Pin 18 
VEE = Pin 9 

o = Pm Numbers 

293-11-0003-088 15M 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA 94042 (415) 962·5011 ITWX 910·379-6435 

1238 

4 

I 
6 

I S 

I 10 

11 

12 

13 

14 

lOGIC SYMBOL 

16 17 15 

CS 
AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

Al0 

A11 
DOUl 

vee = PIn 18 
vEE = Pm 9 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

DOUT vce 

AO 2 17 D,N 

A1 3 16 cs 
A2 4 15 WE 

A3 5 14 All 

A4 6 13 AlO 

A5 7 12 A9 

A6 S 11 AS 

VEE 9 10 A7 

NOTE: 
The F latpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 

F=~IRCHILC 
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FAIRCHILD ISOPlANAR Eel MEMORY • F10470 • F100470 

FUNCTIONAL DESCRIPTION - These devices are fully decoded 4096-bit Random Access Memories organized 4096 
words by one bit. Word selection is achieved by means of a 12-bit address, Ao thru A11. 

One chip Select input is provided for memory array expansion up to 8192 words without the need for external decoding. 
For larger memories, the fast Chip Select access time permits the decoding of Chip Select, CS, from the address with­
outincreasing address access time. 

The read and write operations are controlled by the state of the active LOW Write Enable, WE (Pin 15). With WE held LOW 
and the chip selected, the data at DIN is written into the addressed location. To read, WE is held HIGH and the chip se­
lected. Data in the specified location is presented at DOUT and is non-inverted. 

An unterminated emitter-follower output is provided to allow maximum flexibility i output connection. In many appli­
cations such as memory expansion, the outputs of many F10470s or F100470s can be tied together. In other applica­
tions the wired-OR is not used. In either case an external 50 n pull down resistor to -2 V or an equivalent network 
must be used to provide a LOW at the output when it is 011. 

ABSOLUTE MAXIMUM RATINGS (above-which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VEE Pin Potential to Ground Pin 
Input Voltage (dc) 
Output Current (dc Output HIGH) 

TABLE 1 -
TRUTH TABLE 

GUARANTEED OPERATING RANGES 

PART NUMBER 
MIN 

F10470 -5.46 V 

Fl00470 -5,7 V 

CS 

H 
L 
L 
L 

INPUTS OUTPUT 
MODE 

WE DIN OPEN EMITIER 

X X L Not Selected 
L L L Write "0" 
L H L Write "1" 
H X DOUT Read 

SUPPLY VOLTAGE (VEE) 

TYP MAX 

-5.2 V -4,94 V 

-4.5 V -4.2 V 

-65°C to +150oC 
-55°C to +125°C 
-7.0 V to +0.5 V 

VEE to +0.5 V 
-30 rnA to +0.1 rnA 

L LOW Voltage Levels 1.7' V 
H HIGH Voltage Levels 0.9 V 
(Nominal values) 
X Don't Care 

AMBIENT TEMPERATURE (TA) 

(Note 4) 

O°C to+ 75°C 

ooe to +85° e 

F10470 ONLY DC CHARACTERISTICS: VEE = -5,2 V, Vce = GND, Output Load = 50 nand 30 pF to -2.0 V, TA = O°C to 75°e (Note 4) 

B TYP A 
SYMBOL CHARACTERISTIC 

(Note 3) 
UNITS TA CONDITIONS 

LIMIT LIMIT 

VOH Output Voltage HIGH -1000 -840 mV O°C 

-960 -810 25°C 

-900 -720 75°C 

VOL Output Voltage LOW -1870 -1665 mV O°C 
VIN = VIHA or VILB 

-1850 -1650 25°C 

-1830 -16?5 75°C Loading is 

VOHC Output Voltage HIGH -1020 mV O°C 50 n to -2.0 V 

-980 25°C 

-920 75°C 

VOLC Output Voltage LOW -1645 mV O°C 
VIN = VIHB or VILA 

-1630 25°C 

-1605 75°C 

VIH Input Voltage HIGH -1145 -840 mV O°C Guaranteed Input Voltage HIGH 

-1105 -810 25°C for All Inputs 

-1045 -720 75°C 

VIL Input Voltage LOW -1870 -1490 mV O°C Guaranteed Input Voltage LOW 

-1850 -1475 25°C for All Inputs 

-1830 -1450 75°C 

IIH Input Current HIGH 220 p.A o to 75°C VIN = VIHA 

IlL Input Current LOW, CS 0.5 170 p.A 25°C VIN = VILB 

All others -50 

lEE Power Supply Current -145 rnA 75°C All Inputs and Output Open 

(Pin 9) -'200 -160 O°C 
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FAIRCHilD ISOPlANAR ECl MEMORY. F10470 • F100470 

F100470 ONLY DC CHARACTERISTICS:VEE=-4.5 V, Vee = GND,Output Load =50 nand 30 pF to -2.0 V, TA=Ooe to +85°e (Note 4) 

CHARACTERISTIC 
LIMITS (Note 6) 

SYMBOL UNITS CONDITIONS 
B TYP A 

(Note 3) 

VOH Output Voltage HIGH 1025 955 -880 mV VIN " VIHA or VILB 

VOL Output Voltage LOW 1810 -1715 -1620 mV Loading is 

VOHC Output Voltage HIGH 1035 mV VIN = VIHB or VILA 500 to . 2.0 V 

VOLC Output Voltage LOW -1610 mV 

VIH Input Voltage HIGH 1165 ·880 mV Guaranteed HIGH Signal for All Inputs 

VIL Input Voltage LOW 1810 '-1475 mV Guaranteed LOW Signal for All Inputs 

IIH Input Current HIGH 220 f-J.A VIN = VIHA 

IlL Input Current LOW, CS 0.5 170 f-J.A VIN = VILB 
All others 50 

lEE Power Supply Current -195 -160 mA All Inputs and Output open 

NOTES 
1 Conditions for testmg, not shown In the tahles are chosen to guarantee· operation unrler "worst case" conrlltions. 
2. The specified Limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 

extremes, additional nOise Immunity and guard banding can he achieved by decreaSing the allowable system operating ranges. 

3. Typical values are VEE = -4.5 V for F100470, VEE = -5.2 V for F100470, TA = 25°C and maximum loading unless otherwise specified. 
4. Guaranteed with transverse air tlow exceeding 400 Imear FP M. and 2 minute warm·up period. Typical resistance values of the package are. 

8 JA (Junction to Ambient) = 90vC/Watt (still air) 
8JA (Junction to Ambient) = 50°C/Watt (at 400 r.P.M. air flow) 
8 J C ( Junction to Case) = 25°C/Watt 

5. The maximum address access time IS guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 

6. DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET: 

The symbols and terms used in this data sheet have been chosen to agree with the latest standards of the Electronics Industries Association 

and the International Electrotechnical Commission. The relative values of the specified conditions and limits will be referenced to an al 

gebraic scale. The extremities of the scale are: "A" the value closest to positive infinity, "B" the value closest to negative infinity. 

AC CHARACTERISTICS: F10470: VEE = -5.2'V ±5%, T A = 0° eta 75° C, Output Load = 50 n, 30 pF to -2.0 V 
F100470: VEE = -4.5 V ±5%. TA = 0° C to 85° C, Output Load = 50 n, 30 pF to -2.0 V 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 
(Note 3) 

measured at 

tACS Chip Select Access Time 10 15 ns 50% of input to valid 

tRCS Chip Select Recovery Time 10 15 ns output (V,LA for VOL 

tAA Address Access Time 25 35 ns or V,HB or VOH) 

tw Write Pulse Width 
(to Guarantee writing) 25 18 ns 

tWSD Data Set-up Time 
Prior to Write 5 1 ns 

tWHD Data Hold Time 
After Write 5 1 ns 

tWSA Address Set-up Time 
Prior to Write 10 5 ns 

tWHA Address Hold Time 
After Write 5 1 ns 

tWSCS Chip Select Set-up Time 
Prior to Write 5 1 ns 

measured 

tWHCS Chip Select Hold Time ns at 50% of input 
After Write 5 1 ns to valid output 

tws Write Disable Time 7 15 ns (V,LA for VOL or 

tWR Write Recovery Time 10 20 ns V,HB for VOH) 

tr Output Rise Time 5 ns Measured between 20% 

tf Output Fall Time 5 ns and 80% pqints. 

C'N Input Pin Capacitance 4 pF Measure with a Pulse 

COUT Output Pin Capacitance 7 pF Technique 
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'93415 • 93L415 • 93425 • 93L425 
TTL ISOPLANAR MEMORY 

1024 x 1-BIT FULLY DECODED RANDOM ACCESS MEMORIES 

DESCRIPTION - These devices are 1024-Bit Read/Write Random Access Memories 
organized 1024 words by one bit and are designed for buffer control storage and high 
performance main memory applications. The typical access time ranges from 25 ns to 
40 ns depending upon the device type. The 93L415 and 93L425 are appropriate for 
systems requiring low power. 

Each 1024-bit memory has full decoding on chip, separate Data Input and Data Output 
lines and an active LOW Chip Select line. The 93425 and 93L425 have a 3-state output to 
drive bus organized systems and/or highly capacitive loads and the 93415 and 93L415 
have an uncommitted collector output for ease of memory expansio'n. All of the devices 
are fully compatible with standard DTL and TTL logic families. 

• FULL MIL AND COMMERCIAL RANGES 
• 3-ST ATE OUTPUT - 93425 AND 93L425 
• UJIICOMMITTED COLLECTOR OUTPUT -93415 AND 93L415 
• NON-INVERTING DATA OUTPUT 
• ORGANIZED 1024 WORDS x 1 BIT 
• POWER DISSIPATION 250 mW TYP-93L415 AND 93L425 
• POWER DISSIPATION 0.5 mW TYP-93415 AND 93425 
• TTL INPUTS AND OUTPUT 
• POWER DISSIPATION DECREASES WITH INCREASING TEMPERATURE 

PIN NAMES 

CS 
AO- Ag 
WE 

DIN 
DOUT 

Chip Select Input 
Address Inputs 
Write Enable Input 
Data Input 
Data Output 

93415/93L415 LOGIC DIAGRAM 

ADDRESS 

DECODER 
WORD 

DRIVERS 
32 x 32 ARRAY 

< 1978 Fairchild Camera and Instrument Corporation Printed In U,S,k 

Vce = Pin 16 

GND = Pin 8 

0= Pin Numbers 

464 ElLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011/TWX 910-379-6435 
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5 

6 

9 

10 

11 

12 

13 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

Ag 

LOGICAL SYMBOL 

CS 

15 14 

DOUT 

Vee = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

Note: 
The Flatpak version has the same 
pinouts (Connection Diagram) as 
the Dual In-Line Package. 
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FAIRCHILD ISOPLANAR TTL MEMORY. 93415 • 934L 15 • 93425 .934L25 

9342S/93L425 LOGIC DI~GRAM 

32 X 32 
WORD ARRAY 

DRIVER. 

ADDRESS 
DECODER 

AO A, A2 A3 A4 A5 As A7 AS A9 

G)Q)0~~ 

Vee = Pin 16 

GND = Pin 8 

0= Pin Numbers 

FUNCTIONAL DESCRIPTION - These devices are fully decoded 1024-8it Random Access Memories organized 1024 
words by one bit. Word selection is achieved by means ofa 10-bit address, AD-Ag. The Chip Select input allows memory 
array expansion. For large memories, the fast chip select access time permits decoding of the Chip Select (CS) from the 
address without affecting system performance, The read and write operations are controlled by the state of the active LOW 
Write Enable (WE). With WE held LOW and the chip selected, the data at DIN is written into the addressed location. To read, 
WE is held HIGH and the chip selected. Data in the specified location is presented at DOUT and is non-inverted. 

93425 and 93L425 Only 
The 93425 and 93L425 3-state outputs provide drive capability for higher speeds with high capacitive load systems. The 
third state (high impedance) allows bus organized systems where multiple outputs are connected to a common bus. 
During writing, the output is held in the high impedance state. 

93415 and 93L415 Only 
The 93415 and 93L415 uncommitted collector outputs are provided to allow maximum flexibility in output connection. In 
many applications such as memory expansion, the outputs of many 93415s or 93L415s can be tied together. I n other 
applications, the wired-OR is not used. In either case, an external pull-up resistor of Rl value must be used to provide a 
HIGH at the output when it is off. Any Rl value within the range specified below may be used. The minimum Rl value is 
limited by output current sinking ability. The maximum Rl value is determined by the output and input leakage current 
which must be supplied to hold the output at VOH. One Unit Load = 40 J.LA HIGH/1.6 rnA LOW. 

1242 

CS 

H 
L 

L 
L 

H 

L 

X 

Vcc (min) < Rl ~ Vcc (min) -VOH 
IOl - FO (1.6) n (ICEX) + FO (0.04) 

93415/93L415 - TRUTH TABLE 

INPUTS OUTPUT 

Open 
WE DIN Collector 

X X H 

L L H 
L H H 
H X DOUT 

HIGH Voltage Level 

LOW Voltage Lev.el 

Don't Care (HIGH or LOW) 

MODE 

NOT SELECTED 
WRITE "0" 
WRITE "1" 

READ 

Rl is in kO 
n = number of wired-OR outputs tied together 
FO = number of TTL Unit Loads (uU driven 
ICEX = Memory Output Leakage Current 
VOH = Required Output HIGH Level at Output Node 
IOl = Output LOW Current 

93425/93L425 - TRUTH TABLE 

INPUTS 

CS WE DIN 

H X X 

L L. L 

L L H 

L H X 

H = HIGH Voltage Level 

L = LOW Voltage Level 

OUTPUT 

DOUT 

HIGHZ 

HIGH Z 

HIGHZ 

DOUT 

X = Don't Care (HIGH or LOW) 

MODE 

Not Selected 

Write "0" 

Write "'" 
Read 
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FAIRCHILD·ISOPLANAR TTL MEMORY • 93415 • 934L15 .93425 • 934L25 

ABSOLUTE MAXIMUM RATINGS (above whieh the useful life may be impaired) 

Storage Temperature -65°C to +150oC 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (de) 
*Input Current (de) 

**Voltage Applied to Outputs (output HIGH) 
Output Current (de) (output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
**Output Current Limit Required. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN TYP 

93415XC, 934L15XC 
4.75 V 5.0V 93425XC, 934L25XC 

93415XM,93415XM 4.50 V 5.0V 
93425XM, 934L25XM 

MAX 

5.25 V 

5.50 V 

-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-12 mA to +5.0 mA 
0.5 V to +5.50 V 

+20mA 

AMBIENT TEMPERATURE (T A) 

(Note 4) 

O°C to +75°C 

-55°C to +125°C 

x = package type; F for Flatpak, D for Ceramic DIP, P for Plastic DIP. See Packaging Information Section for packages available on this product. 

93415 DC CHARACTERISTICS: Over Operating Temperature Ranges (Notes 1,2,4) 

LIMITS 
SYMBOL CHARACTERI,STlC 

MIN TYP (Note 3) 
UNITS 

MAX 
CONDITIONS 

VOL Output LOW Voltage 0.3 0.45 V VCC = MIN, IOL = 16 mA 

VIH Input HIGH Voltage 2.1 1.6 V Guaranteed Input HIGH Voltage for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V Guaranteed Input LOW Voltage for all Inputs 

IlL Input LOW Current I -250 -400 p.A VCC = MAX, VIN = 0.4 V 

1.0 40 p.A VCC = MAX,VIN = 4.5 V 
IIH Input HIGH Current 

1.0 mA VCC = MAX, VIN = 5.25 V 

ICEX Output Leakage Current 1.0 100 p.A VCC = MAX, VOUT = 4.5 V 

VCD I nput Diode Clamp Voltage -1.0 -1.5 V VCC = MAX, liN = -10 mA 

95 130 mA TA ~ 75°C 
VCC = MAX, 

ICC Power Supply Current 155 mA TA = O°C 

170 mA TA = -55°C 
All Inputs Grounded 

93L415 DC CHARACTERISTICS: Over Operating Temperature Ranges (Notes 1, 2,4) 

LIMITS 

SYMBOL CHARACTERISTIC TYP MAX 
UNITS CONDITIONS 

MIN (Note 3) 

VOL Output LOW Voltage 0.35 0.50 V VCC = MIN, IOL = 16 rnA 

VIH Input HIGH Voltage 2.1 1.6 V 
Guaranteed Input HIGH Voltage 

for all Inputs 
\. Guaranteed Input LOW Voltage 

VIL Input LOW Voltage 1.5 0.8 V , for all Inputs 

IlL Input LOW Current -150 -300 p.A VCC = MAX, VIN = 0.4 V 

1.0 40 p.A VCC = MAX, VIN = 4.5 V 
IIH Input HIGH Current 

1.0 mA VCC = MAX, VIN = 5.25 V 

ICEX Output Leakage Current 1.0 .100 p.A VCC = MAX, VOUT = 4.5 V 

VCD Input Diode Clamp Voltage -1.0 -1.5 V VCC = MAX, liN = -10 mA 

55 mA T A ~ 75°C VCC = MAX, 

ICC Power Supply Current 45 65 mA T A = O°C All Inputs 

75 mA TA = -550 C Grounded 
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FAIRCHILD ISOPLANAR TTL MEMORY. 93415 • 934L 15 • 93425 • 934L25 

93425 DC CHARACTERISTICS: Over Operating Temperature Ranges (Notes 1, 2,4) 

SYMBOL 
LIMITS 

CONDITIONS CHARACTER ISTIC UNITS 
MIN TYP (Note 3) MAX 

VOL Output lOW Voltage 0.3 0.45 V VCC = MIN, IOl = 16 mA 

VIH Input HIGH Voltage 2.1 1.6 V Guaranteed Input HIGH Voltage for all Inputs 

Vll Input lOW Voltage 1.5 0.8 V Guaranteed Input lOW Voltage for all Inputs 

III Input lOW Current -250 -400 IJ.A VCC = MAX, VIN = 0.4 V 

1.0 40 IJ.A VCC = MAX, VIN = 4.5 V 
IIH Input HIGH Current 

1.0 mA VCC = MAX, VIN = 5.25 V 

50 VCC = MAX, VOUT = 2.4 V 
IOFF Output Current (HIGH Z) 

-50 
IJ.A 

VCC = MAX, VOUT = 0.5 V 

lOS 
Output Current Short Circuit 

-100 rnA VCC = MAX, Note 7 
to Ground 

!93425XC 2.4 V IOH = -10.3 mA, VCC = 5.0 V ±5% 
VOH Output HIGH Voltage I 

2.4 V IOH = -5.2 rnA 93425XM 

VCD Input Diode Clamp Voltage -1.0 -1.5 V Vce = MAX, liN = -10 rnA 
I 130 rnA T A~ 75°C 

I 

ICC I Powe, SuPP'y Cunen' 95 155 mA TA = O°C 
VCC = MAX, 

170 rt;lA TA = -55°C 
All Inputs Grounded 

93L425 DC CHARACTERISTICS: Over Operating Temperature Ranges. Notes 1. 2 and 4 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS CONDITIONS 

(Note 3) 

VOL Output lOW Voltage 0.35 0.50 V VCC == MIN. IOl == 16 rnA 

VIH Input HIGH Voltage 2.1 1.6 V 
Guaranteed Input HIGH Voltage 

for all Inputs 

Vll Input lOW Voltage 1.5 0.8 V 
Guranteed Input lOW Voltage 

for all Inputs 

III Input lOW Current -150 -300 pA VCC == MAX, VIN == 0.4 V 

IIH Input HIGH Current 
1.0 40 pA VCC = MAX, VIN == 4.5V 

i 1.0 mA VCC - MAX, VIN - 5.25 V 

10FF Output Current (HIGH Z) 
50 VCC == MAX, VOUT == 2.4 V 

-50 
pA 

VCC == MAX. VOUT == 0.5 V 

lOS 
Output Current 

-100 rnA V CC == MAX. Note 7 
Short Circuit to Ground 

VOH 
Output HIGH \93l425XC 2.4 V 'OH = -5.2 rnA VCC = 5.0 V ±5% 
Voltage I 93l425XM 2.4 V IOH == -5.2 mA VCC == 5.0 V ±10% 

VCD Input Clamp Diode Voltage -1.0 -1.5 V VCC = MAX. liN == -10 rnA 

55 mA TA ;::: 75°C VCC == MAX. 

ICC Power Supply Current 45 65 mA TA == O°C All Inputs 

75 mA TA = -55°C Grounded 

NOTES: 
1 Conditions for testing, not shown In the Table, are chosen to guarantee operation under "worst case" conditions 
2 The specified LIMITS represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and sup­

ply voltage extremes, additional nOise Immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3 Typical limits are at V CC -= 5.0 V, T A .~ -+ 25°C, and MAX loading. 
4 The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. For military range an additional require-

ment of a two minute warm-up. Typical thermal resistance values of the package at maximum temperature are: 

o JA (Junction to Ambient) (at 400 fpm air flow) ~. 50L C / Watt. Ceramic DIP; 65"CC / Watt, Plastic DIP; NA, Flatpak. 
0JA (Junction to Ambient) (still air) ~ 90°C/Watt. Ceramic DIP; l1QoC/Watt, PlastiC DIP; NA, Flatpak 
o JC (Junction to Case) .= 25°C / Watt, Ceramic DIP; 25"C / Watt, Plastic DIP; 1QoC / Watt, Flatpak 

5 The MAX address access time is guaranteed to be the "worst case" bit in the memory using a pseudo random testing pattern 
6 tw measured at tWSA MIN, tWSA measured at tw MIN. 
7 Duration of short cirCUit should not exceed one second 
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FAIRCHILDISOPLANAR TTL MEMORY -93415 - 934L 15 - 93425 - 934L25 

AC CHARACTERISTICS: Over Guaranteed Operating Ranges (Notes 1,2,4,5,6) 

93415/25AXC 93415/25XC 93415/25XM 

SYMBOL CHARACTERISTIC MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

(Note 3) (Note 3) (Note 3) 

READ MODE DELAY TIMES 

tACS Chip Select Time 15 20 15 35 15 45 See Test Circuit 

tRCS Chip Select Recovery Time 15 20 20 35 20 50 
ns 

and Waveforms 

tAA Address Access Time 25 30 30 45 40 60 

WRITE MODE DELAY TIMES 

tws Write Disable Time 15 20 20 35 20 45 

tWR Write Recovery Time 20 25 25 
ns 

40 45 50 

INPUT TIMING 

REQUIREMENTS 

tw Write Pulse Width 20 15 30 25 40 25 

(to guarantee write) 
'See Test Circuit 

and Waveforms 
tWSD Data Set-Up Time Prior to Write 5 0 5 0 5 0 

tWHD Data Hold Time After Write 5 0 5 0 5 0 

tWSA Address Set-Up Time 5 0 10 0 15 
ns 

0 

tWHA Address Hold Time 5 0 5 0 5 0 

tWSCS Chip Select Set-Up Time 5 0 5 0 5 0 

tWHCS Chip Sel~ct Hold Time 5 0 5 0 5 0 

CI Input Pin Capacitance 4 5 4 5 4 5 Measure with 

Co Output Pin Capacitance 7 8 7 8 7 8 
pF 

Pulse Technique 

AC CHARACTERISTICS: Over Guaranteed Operating Ranges. Notes 1, 2, 4, 5, 6 

93L415125XC 93L415/25XM 

SYMBOL CHARACTERISTIC MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 
(Note 3) (Note 3) 

READ MODE DELAY TIMES 

tACS Chip Select Access Time 20 40 20 45 See Test Circuit 

tZRCS Chip Select to HIGH Z 20 40 20 50 ns and Waveforms 

tAA Address Access Time 35 60 35 70 

WRITE MODE DELAY TIMES 

tzws Write Disable to HIGH Z 20 45 20 45 

tWR Write Recovery Time 20 45 20 55 

INPUT TIMING REQUIREMENTS 

tw Write Pulse Width 45 25 50 25 See Test Circuit 
(to guarantee write) ns and Waveforms 

tWSD Data Set-Up Time Prior to Write 5 0 10 0 

tWHD Data Hold Time After Write 5 0 10 0 

tWSA Address Set-Up Time 10 0 10 0 

tWHA Address Hold Time 5 0 10 0 

tWSCS Chip Select Set-Up Time 5 0 10 0 

tWHCS Chip Select Hold Time 5 0 10 0 

CI Input Pin Capacitance 4 5 4 5 
pF 

Co Output Pin Capacitance 7 8 7 8 
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Eel ISOPlANAR MEMORY 
F10415 I F10415A I F100415 

1024 x 1-BIT FULLY DECODED RANDOM ACCESS MEMORIES 

GENERAL DESCRIPTION - These devices are 1024-bit Read/Write Random Access Memories 
organized 1024 words by one bit. They are designed for high speed scratch pad, control and buffer 
storage applications. Both include full address decoding on the chip, have separate Data tn and non-
inverted Data Out tines, and active LOW Chip Select lines. ' 

• TYPICAL READ ACCESS TIME 
F10415 - 25 ns 
F10415A and F100415 - 12 ns 

• TYPICAL CHIP SELECT ACCESS TIME' 
F10415 - 7 ns 
F10415A and 100415 ~ 5 ns 

• ORGANIZED 1024 WORDS X 1 BIT 

• OPEN EMITTER OUTPUT FOR EASE OF MEMORY EXPANSION 

• POWER DISSIPATION: O.5m WIBIT 
• F10415/10415 COMPATIBLE WITH F10K AND UNCOMPENSATED 10K ECllOGIC 
• F100415 COMPATIBLE WITH F100K AND F95K ECllOGIC 

PIN NAMES 

CS Chip Select Input 
AO to Ag Address I n puts 
DIN Data Input 
DOUT Data Output 
WE Write Enable Input 

LOGIC DIAGRAM 

AO 
CJ; 

A, 
G) 

A, 0 ADDRESS 

® DECODER 

A3 

A4 ® 

Vee = Pin 16 
Vee = Pin 8 

0= Pin Numbers 

WORD 
DRiveR 

CS 

H 

L 
L 
L 

INPUTS 

WE 

X 

L 
L 
H 

DIN 

X 

L 
H 

X 

TABLE 1 -
TRUTH TABLE 

'OUTPUT 

OPEN EMITTER 

L 
L 
L 

DOUT 

L = LOW Voltage Levels = -1.7 V 

H = HIGH Voltage Levels = -0.9 V 
(Nominal values) 
X = Don't eare 

32" 32 ARRAY 

SE~SE AMPS 
& 

WRITE DRIvERS 

ADDRESS 
DECODER 

C1978 Fairchild Camera and Instrument Corporation Printed in U.S.A. 

MODE 

NOT SELECTED 
WRITE "0" 
WRITE "1" 

READ 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011ITWX 910-379-6435 

1246 

10 

11 

12 

Ao 
Al 

A2 

A3 

A4 

A5 

A6 

A7 

As 

Ag 

LOGIC SYMBOL 

14 15 

Dour 

Vee = Pin 16 
Vee = Pin 8 

13 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

Dour Vee 

AO DIN 

Al ~ 

A2 wt 

A3 Ag 

A4 As 

A5 A7 

VEE A6 

NOTE: 
The 1= latpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-line Package. 

I=J:'.I R c;: HI L.C 
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FAIRCHilD ECl ISOPlANAR MEMORY. F10415/F10415A1F100415 

fUNCTIONAL DESCRIPTION - The F10415, F10415A and Fl00415 are fully decoded 1024-bit ReadlWrite Random Access Memories 
organized 1024 words by one bit. Bit selection is acheived by means of a 10-bit address, AO to A9. One Chip Select input is provided for mem~ 
ory array expansion up to 2048 words without the need for external decoding. For larger memories, the fast chip select access time permits 
the decoding of Chip Select (CS) from the address without increasing address access time. The read and write operations are controlled by the 
state of the active LOW Write Enable (WE). With WE and CS held LOW, the data at Din is written into the addressed location. To read, WE is 
held HIGH and CS held LOW. Data in the specified location is presented at DOUT and is non-inverted. 

An unterminated emitter-follower output is provided to allow maximum flexibility in output connection. In many applications such as memory 
expansion, the outputs of many F10415s, F10415As or 100415s can be tied together. In other applications the wired-OR is not used. In either 
case an external 5051 Pllil down resistor to -2 V or an equivalent network must be used to provide a LOW at the output when it is off. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 

VEE Pin Potential to Ground Pin 
Input Voltage (dc) 
Output Current (dc Output HIGH) 

GUARANTEED OPERATING RANGES 

PART NUMBER 
MIN 

Fl0415DC, F10415ADC -5.46 V 

Fl00415DC -5.7 V 

10415 and 10415A Only 

SUPPLY VOLTAGE (VEE) 

TYP 

-5.2 V 

-4.5 V 

MAX 

-4.94 V 

-4.2 V 

-65°C to +150°C 
-55°C to +125°C 

-7.0 V to +0.5 V 

VEE to +0.5 V 
-30 mA to +0.1 mA 

AMBIENT TEMPERATURE 

See Note 4 

O°C to 75°C 

O°C to 85°C 

DC CHARACTERISTICS: VEE = -5.2 V, Output Load = 50 51 and 30 pF to -2.0 V, T A = O°C to 75°C (Note 4) 

B TYP A 
SYMBOL CHARACTERISTIC 

(Note 3) 
UNITS TA CONDITIONS 

LIMIT LIMIT 

VOH Output Voltage HIGH -1000 -840 mV -O°C 

-960 -810 +25°C 

-900 -720 +75°C 

VOL Output Voltage LOW -1870 -1665 mV O°C 
VIN = VIHA or VILB 

-1850 -1650 +25°C 

-1830 -1625 +75°C Loading is 

VOHC Output Voltage HIGH -1020 mV O°C 50 n to -2.0 V 

-980 +25°C 

-920 +75°C 

VOLC Output Voltage LOW -1645 mV o°c 
VIN = VIHB or VILA 

-1630 +25°C 

-1605 +75°C 

VIH Input Voltage HIGH -1145 -840 mV O°C Guaranteed Input Voltage HIGH 

-1105 -810 +25°C for All Inputs 

-1045 -720 +75°C 

VIL Input Voltage ~OW -1870 -1490 mV O°C -Guaranteed Input Voltage LOW 

-1850 -1475 +25°C for All Inputs 

-1830 -1450 +75°C 

IIH Input Current HIGH 220 }.LA o to +75°C VIN = VIHA 

IlL Input Current LOW, CS 0.5 170 }.LA +25°C VIN = VILB 

All others -50 

lEE Power Supply Current -90 mA +75°C All Inputs and Outputs Open 

(Pin 8) -150 -105 O°C 

NOTES: 
1_ Conditions for testing, not shown in the tables are chosen to guarantee operation under "worst case" conditions. 
2. The specified Limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 

extremes. additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3. Typical values are at VEE = -5.2V for F 1 04151 1 0415A. VEE = -4. 5V for F 100415, T A = 25°C and maximum loading. 
4. Guaranteed with transverse air flow exceeding 400 linear F .P. M_ and 2-minute warrn-up period. Typical resistancl:! values of the package are: 

8JA (Junction to Ambient) = 90
0

C/Watt (still air) 
8JA (Junction to Ambient) = 50

0
C/Watt (at 400 f.P.M. air flow) 

8 JC ( Junction to Case) = 25°C/Watt 

5_ The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 

6. DEFINITION OF SYM80LS AND TERMS USED IN THIS DATA SHEET: 

The symbols and terms used in this data sheet have been chosen to agree with the latest standards of the Electronics I ndustries Association 

and the International Electrotachnical Commission_ The relative values of the specified conditions and limits will be referenced to an al­

gebraic scale_ The extremities of the scale are: "A" the value closest to positive infinity, "8" the value closest to negative infinity. 
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FAIRCHilD Eel ISOPlANAR MEMORY. F10415/F10415A/F100415 

100415 Only 

DC CHARACTERISTICS: VEE == -4.5V. VCC = GND. T A == Ooc to +85°C (Note A) 

SYMBOL CHARACTERISTIC 
LIMITS (Note 6) 

UNITS CONDITIONS 
B TYP A 

(Note 3) 

VOH Output Voltage HIGH -1025 -955 -880 mV VIN = VIHA or VILB 

VOL Output Voltage LOW -1810 -1705 -1620 mV 
Loading is 

VOHC Output Voltage HIGH -1035 mV VIN == VIHB or VILA 500 to -2,0 V 

VOLC Output Voltage' LOW -1610 mV 

VIH Input Voltage HIGH -1165 -880 mV Guaranteed HIGH Signal for All Inputs 

VIL Input Voltage LOW -1810 -1475 mV Guaranteed LOW Signal for All Inputs 

IIH Input Current HIGH 220 /1A VIN == VIHA 

IlL Input Current LOW. CS 0.5 170 /1A VIN == VILB 
All others -50 

lEE Power Supply Current -150 -105 mA All Inputs and Output open 

AC CHARACTERISTICS: VEE = -5.2 V ± 5%, Output Load = 50 n, 30 pF to -2.0 V, T A = O°C to 75°C 

Fl 0415ADC/l 00415 Fl0415DC 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 
(Note 3) (Note 3) 

READ MODE Fig 1 a & b measured at 

tACS Chip Select Access Time 5 7 10 ns 50 % of inpur to valid 

tRCS Chip Select Recovery Time 5 7 10 ns output (VILA for VOL 

tAA Address Access Time 12 20 25 35 ns or VIHB for VOH) 

WRITE MODE 

tw Write Pulse Width Fl0415A Fl0415 
(to Guarantee writing) 12 9 25 20 ns tWSA = 8 ns tWSA = 20 ns 

twSD Data Set-up Time 
Prior to Write 0 5 0 ns 

tWHD Data Hold Time 
After Write 0 5 0 

tWSA Address Set-up Time Fl0415A F10415 
Prior to Write 5 8 5 ns tw = 12 ns tw = 25 ns 

tWHA Address Hold Time 
After Write 0 - 4 1 ns 

tWSCS Chip Select Set-up Time 
Prior to Write 0 5 0 ns Fig. 2 measured 

tWHCS Chip Select Hold Time at 50 % of input 
After Write 0 5 0 ns to valid output 

tws Write Disable Time 5 7 10 ns (VILA for VOL or 

tWR Write Recovery Time 7 7 10 ns VIHB for VOH) 

RISE TIME AND FALL TIME - 10415/10415A ONLY 
tr Output Rise Time 

I 
5 5 ns 

tf Output Fall Time 5 5 ns 
Measured between 20 % 

RISE TIME AND FALL TIME - 100415 Only and 80 % points. 

tr Output Rise Time 4,5 ns (Fig. 1a) 

tf Output Fall Time 5.5 ns 

CAPACITANCE 

CIN Input Pin Capacitance 4 5 4 5 pF Measure with a Pulse 

COUT Output Pin Capacitance 7 8 7 8 pF Technique 

"Note: The Fl0415A Ac limits are preliminary 
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93422 • 93L422 
TTL ISOPLANAR MEMORY 

256 x 4-BIT FULLY DECODED RANDOM ACCESS MEMORY 

DESCRIPTION - The 93422 and 93L422 are 1024-bit Read/Write Access Memories 
organized 256 words by four bits per words by four bits per word. The devices 3-
state outputs, and is designed 'primarily for buffer control storage and high perform­
ance main memory applications. 
• ISO PLANAR TECHNOLOGY 
• ORGANIZED - 256 WORDS X 4 SITS 
• 3-ST A TE OUTPUTS 
• STANDARD 22-PIN DUAL & IN-LINE PACKAGE 
• TWO CHIP SELECT INPUTS PROVIDE EASY MEMORY.EXPANSION 
• POWER DISSIPATION: 93L422 .027m W/SIT 93422 .045m W/SIT 
TYPICAL READ ACCESS TIME: 93L422 - 45n5 93422 - 30n5 

PIN NAMES 
AQ- A7 
01 - 04 
CS1, CS2 
WE 
01 - 04 
OE 

Address Inputs 
Data Inputs 
Chip Select Inputs 
Write Enable Input 
Data Outputs 
Output Enable 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

+Input Voltage (dc) 
+Input Current (dc) 

+ +Voltage Applied to Outputs (output HIGH) 
Output Current (dc) 

· Either Input Voltage limit or Input Current limit IS suffiCient to protect the Inputs 
.. Output Current Limit ReqUired 

LOGIC DIAGRAM 

0 AO 

® A1 

® A2 ROW 
SElECT 

CD A3 

@ A4 

INPUT DATA 
CONTROL 

32 x 32 
MEMORY 
ARRAY 

COLUMN 
SElECT 

000 

c 1978 Fairchild Camera and Instrument Corporation Printed in U.S.A. 

OUTPUT 
DATA 

CONTROL 

-65°C to +150°C 
-55°C to .... 125°C 
-0.5 V to -r7.0 V 
-0.5 V to +5.5 V 

-12 mA to +5.0 mA 
-0.5 V to +5.50 V 

@ 
@ 

03 @ 
°4 @ 

Vee = Pin 22 
GND = Pin 8 

+20 mA 

WE @ 

CS2 @ 
CS1 @ 

@ 

o = Pin Number 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011/TWX 910-379-6435 
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LOGIC SYMBOL 

AO 

A1 

A2 

AJ 

A4 

AS 

A6 

A7 

181012 14 16 

Vee ~ Pin 22 
GND -' Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

A3 Vcc 

A2 A4 

A, wr 
(;51 

AS OE 

A6 CS2 

A7 04 

04 

0, 03 

0, 03 

02 °2 

FLA TPAK (TOP VIEW) 

Ill: 
3 2 1 24 23 22 

4 21 

5 20 

8 19 

7 18 

8 17 

9 1, 

10 1112131418 

IIl1lL 

F=~IRCHIL.C 
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FAIRCHILD ISOPLANAR TTL MEMORY. 93422 • 93L422 

FUNCTIONAL DESCRIPTION - The 93422 is a fully decoded 1024-bit Random Access Memory organized 256 words 
by four bits. Word selection is achieved by means of an 8-bit address, AO thru A7. Two Chip Select inputs are .provided for 
logic flexibility. For larger memories, the fast chip select access time permits the decoding of Chip Select, CS, from the 
address without increasing address access time. The read and write operations are controlled by the state of the active LOW 
Write Enable, WE (pin 20). With WE held LOW and the chip selected, the data at DIN is written into the addressed location. 
To read, WE is held HIGH and the chip selected. Data in the specified location is presented at DOUT. 

TRUTH TABLE 

INPUTS OUTPUTS 

OE eS1 eS2 WE 01 - 04 93422 MODE 
PIN 18 PIN 19 PIN 17 PIN 20 PINS 9, 11,13, 15 3-STATE 

X H X X X HIGH Z Not Selected 
X X L X X HIGH Z Not Selected 
L L H H X 01 - 04 Read Stored Data 
X L H L L HIGH Z Write "0" 
X L H L H HiGH Z Write"'" 

H L H H X HIGH Z Output Disabled 
H L H L L I HIGHZ I Write "0" (Output Disabled) 
H L H L H HIGH Z Write "1" (Output Disabled) 

! ! I I I 

H = HIGH Voilaye. L - LOW Voitage. X = Don't Care (HIGH or LOW!; HIGH Z = High Impedance 

GUARANTEED OPERATING RANGES 

PART NUM8ER 
SUPPLY VOLTAGE (Vee) AMBIENT TEMPERATURE 

MIN TYP MAX Note 4 

93422Xe.93L422Xe 4.75 V 5.0 V 5.25 V O°C to • 75°C 

93422XM,93L422XM 45 V 50V 5.5 V 55°C to t 125°C 

X =package type; F for Flatpak. D for CeramIc Dip. P for PlastIC Dip. See Packagmg InformatIOn Section for packages available on thiS product 

DC CHARACTERISTICS: Over Operating Temperature Ranges (Notes 1, 2, 4) 

LIMITS 
UNITS CONDITIONS SYMBOL CHARACTERISTIC 

TYP 
MIN 

(Note 3) 
MAX 

VOL Output LOW Voltage 0.3 0.45 V VCC == MIN, 10L == 8 mA 

V,H Input HIGH Voltage 2.1 1.6 V 
Guaranteed Input HIGH Voltage 
for all Inputs 

V,L Input LOW Voltage 1.5 0.8 V 
Guaranteed Input LOW Voltage 
for all Inputs 

I,L Input LOW Current -150 -300 pA VCC == MAX, V,N == 0.4 V 

1.0 40 pA VCC == MAX, V,N == 4.5 V 
I'H Input HIGH Current 

1.0 mA VCC == MAX, V,N == 5.25 V 

VCD Input Diode Clamp Voltage -10 -1.5 V VCC == MAX, IN == -10 mA 

Output Current 50 VCC == MAX, VOUT == 2.4 V 
'OFF (HIGHZ) -50 

/1A 
VCC == MAX, VOUT == 0.5 V 

VOH 
Output HIGH 

2.4 V VCC == MIN, 10H == -5.2 mA Voltage 

Output Current 

lOS Short Circuit -70 mA V CC == MAX, Note 7 
to Ground 

93422XC 95 130 T A = +75°C 

ICC Power Supply 93422XC 155 rnA TA = O°C 
Current 93422XM 120 T A = +125°C 

93422XM 170 T A = -55°C VCC = MAX, 
All Inputs and 

93L422XC 55 75 TA=+75°C Outputs Open 

Power Supply 93L422XC 60 80 
rnA 

TA = O°C 
ICC Current 93L422XM 50 70 T A = +125°C 

93L422XM 65 90 T A = -55°C 
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FAIRCHILD ISOPLANAR TTL MEMORY. 93422 • 93L422 

93422 .AC CHARACTERISTICS: Over Guaranteed Operatmg Ranges (Notes 1, 2, 4, 5, 6) 

93422XC 93422XM 

SYMBOL CHARACTERISTIC MIN TYP MAX MIN TYP MAX UNITS CONDITioNS 

(Note 3) (Note 3) 

READ MODE DELAY TIMES 

tACS Chip Select Time 20 30 20 45 

tZRCS Chip Select to HIGH Z 20 30 20 45 ns See Test Circull 

tAOS Output Enable Time 20 30 20 45 and Waveforms 

tZROS Output Enable to HIGH Z 20 30 20 45 

tAA Address Access Time 30 45 40 60 

WRITE MODE DELAY TIMES 

tzws Wnte Disable to HIGH Z 20 35 20 45 ns 

tWR Wnte Recovery Time 25 40 25 50 

INPUT TIMING REQUIREMENTS See Test CirCUit 

tw Write Pulse Width (to guarantee write) 30 20 40 30 
and Waveforms 

tWSD . Data Set-Up Time Prior to Write 5 0 5 0 

tWHD Data Hold Time After Wnte 5 0 5 0 

tWSA Address Set-Up Time 10 0 10 0 ns 

tWHA Address Hold Time 5 0 10 0 

tWSCS Chip Select Set-Up Time 5 0 5 0 

tWHCS Chip Select Hold Time 5 0 10 0 

CI Input Pm Capacitance 3 5 3 5 Mea~ure with 

Co Output Pm Capacitance 5 8 5 8 pF 
Pulse Technique 

93L422 AC CHARACTERISTICS: Over Guaranteed Operating Ranges (Notes 1, 2, 4, 5, 6) 

93L422XC* 93L422XM 

SYMBOL CHARACTERISTIC MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

(Note 3) (Note 3) 

READ MODE DELAY TIMES 

tACS Chip Select Time 20 35 20 45 

tZRCS Chip Select to HIGH Z 20 35 20 45 ns See Test Circuit 

tAOS Output Enable Time 20 35 20 45 and Waveforms 

tZROS Output Enable to HIGH Z 20 35 20 45 

tAA Address Access Time 45 60 45 75 

WRITE MODE DELAY TIMES 

tzws Write Disable to HIGH Z 20 40 20 45 ns 

tWR Write Recovery Time 25 45 25 50 

INPUT TIMING REQUIREMENTS See Test Circuit 

tw Write Pulse Width (to guarantee write) 45 30 55 35 
and Waveforms 

tWSD Data Set-Up Time Prior to Write 5 0 5 0 

tWHD Data Hold Time After Write 5 0 5 0 

tWSA Address Set-Up Time 10 0 10 0 ns 

tWHA Address Hold Time 5 0 10 0 

tWSCS Chip Select Set-Up Time 5 0 5 0 

tWHCS Chip Select Hold Time 5 0 10 0 

CI Input Pin Capacitance 3 5 3 5 
pF 

Measure with 

Co Output Pin Capacitance 5 8 5 8 Pulse Technique 

NOTES 
1 Conditions for testing, not shown In the Table, are chosen to guarantee operation under "worst case" conditions. 
2 The specified LIMITS represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and sup­

ply voltage extremes. additional nOise Immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

3 TYPical values are at VCC " 5.0 V, T A " +25°C, and MAX loading. 

4 The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. For military range an additional requirement of a 
two mrnute warm-up. Temperature range of operation refers to case temperature for Flatpaksand ambient temperature for all other packages. Typi­
cal thermal resistance values of the package at maximum temperature are: 

8 JA' (Junction to Ambr.ent) (at 400 fpm air flow) = 50"C / Watt, CeramiC DIP; 65°C / Watt, Plastic DIP; NA. Flatpak. 
8 JA (Junction to Ambient) (stili air! - 90°C / Watt, Ceramic DIP; 110°C / Watt, PlastiC DIP; NA. Flatpak. 
8JC (Junction to Case) ~ 25°C/Watt, Ceramic DIP; 25°C/Watt, Plastic DIP; 1Q°C/Watt, Flatpak 

5 The MAX address access time IS guaranteed to be the "worst case" bit rn the memory. using a pseudo random teeting pattern 

6 IW measured at tWSA - MIN. tWSA measured at tw = MIN 
Duratron of short circuli should not exceed one second 
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93421/93421A • 93L420 • 93L421 
TTL ISOPLANAR MEMORY 

256 x 1-BIT FULLY DECODED RANDOM ACCESS MEMORY 

DESCRIPTION - These devices are high speed 256-bit TTL Random Access Memories 
with full decoding on chip. They are organized 256 words by one bit and are designed 
for scratchpad. buffer and distributed main memory applications. The devices have 
three Chip Select lines to simplify their use in larger memory systems. Address input 
pin locations are specifically chosen to permit maximum packaging density and for 
ease of PC board layout. A 3-state output is provided to drive bus organized systems 
and/or highly capacitive loads. The 93L420 and 93L421 are appropriate for systems 
requiring low power. 

• 3-ST A TE OUTPUT 
• REPLACEMENT FOR 54/74S200 AND EQUIVALENT DEVICES 
• ORGANIZATION -256 WORDS x 1 BIT 
• THREE HIGH SPEED CHIP SELECT INPUTS 
• TYPICAL READ ACCESS TIME 

93421 A Com'mercial 30 ns 93L420 40 ns 
93421 Commercial 35 ns 93L421 45 ns 
93421 Military 35 ns 

• ON CHIP DECODING 
• POWER DISSIPATION -1.8 mWIBIT - 93421 AND 93421A 
• POWER DISSIPATION-250 mW TYP-93L420, 93L421 
• POWER DISSJPATION DECREASES WITH TEMPERATURE 
• INVERTED DATA OUTPUT 

PIN NAMES 

CS1. CS2. CS3 

Ao- A7 

DIN 

Dour 
WE 

NOTES: 

Chip Select Inputs 

Address Inputs 

Data Input 

Data Output 

Write Enable 

1 Unit Load (U.L) = 40IJA HIGH/ 1.6 mA LOW 

LOADING 
(Notes a. b) 

0.5 U.L. 

0'.5 U.L. 

0.5 U.L. 

10 U.L. 

0.5 U.L. 

10 U.L is the output LOW drive factor. This output will sink a maximum of 16 mA at VOUT = 0.45 V. and 
will source a minimum of 10 mA at 2.4 V 

X ADDRESS 
DECODER 

WORD 
DRIVER 

E{}-[} 
® A] 

Vee = Pin 16 

GND = Pin 8 

o = Pin Numbers 

lOGIC DIAGRAM 

16 x 16 
ARRAY 

MEMORY CELL 

~--..,.... .... 

©1977 Fairchild Camera and Instrument Corporation Printed in U.S.A 

>0---- DOUT ® 

CS1 @ 

1O----CS2 8) 

CS3 ® 

"WE@ 
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lOGIC SYMBOL 

345 

Ai 

A2 

A3 

A4 

A5 

AS 

A7 
Dour 

Vee Pin 16 

GND Pm 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

AO Vee 

Al A3 

CSl A2 

CS2 DIN 

CS3 WE 

I:iQifl A] 

A4 A6 

GND A5 

NOTE: 
The Ftatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 

I=.P.I R CHI L.C 
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FAIRCHILD. 93421/9.3421A. 93L420 • 93L421 

FUNCTIONAL DESCRIPTION - These devices are fully decoded 256-bit Random Access Memory organized 256 words 
by one bit. Word selection is achieved by means of an 8-bit address, Ao thru A7. 

Three Chip Select inputs are provided for logic flexibility. For larger memories, the fast chip select access time permits the 
decoding of Chip Select, CS, from the address without increasing address access time. 

t 

The read and write operations are controlled by the state of the active LOW Write Enable (WE, pin 12). With WE held LOW 
and the chip selected, the data at DIN is written into the addressed location. To read, WE is held HIGH and the chip selected. 
Data in the specified location is presented at DOUr- . . 

The 3-state output provides drive capability for higher speeds with high capacitive load systems. The third state (high im­
pedance) allows bus organized systems where multiple outputs are connected to a common bus. 

During writing, the output is held in the high impedance state. 

CS, CS2 

H X 

X H 

X X 

L L 

L L 

L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = !Jon't Care (HIGH or LOW) 
HIGH Z = HIGH Impedance 

INPUTS 

CS3 

.X 

X 

H 

L 

L 

L 

FUNCTION 

Write 

TABLE 1- TRUTH TABLE 

OUTPUT 

WE DIN DOUT 

X X HIGH Z 

X X HIGH Z 

X X HIGH Z 

L L HIGH Z 

L H HIGH Z 

H X DOUT 

TABLE 2 -FUNCTION TABLE 

INPUTS 

CHIP SELECT WRITE ENABLE 

L L 

MODE 

Not Selected 

Not Selected 

Not Selected 

Write "0" 

Write "1" 

Read inverted data from 
addressed location 

OUTPUT 

HIGH Z 

Read L H Stored Data 

Not Selected H 'X HIGH Z 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 
*Input Current (dc) 

**Voltage Applied to Outputs (output HIGH) 
Output Current (de) (output LOW) 

·Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
_·Output Current Limit Required. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPL Y VOLTAGE I Vee' 

MIN TYP 

93420XC/93421 AXC 
4.75 V 5.0 V 

93L420XC/93L421XC 

93L420XM/93L421 XM 
4.50 V 5.0 V 

93421XM 

MAX 

5.25 V 

5.50 V 

-65°C to +150°C 
-55°C to +125 DC 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-12 mA to +5.0 rnA 
-:-0.5 V to +5.50 V 

+20 mA 

AMBIENT TEMPERATURE 
Note 4 

0° C to -+-75° C 

-55°C to +125°C 

x = package type; F 'for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD. 93421/93421A .93L420 • 93L421 

DC CHARACTERISTICS' Over Operating Temperature Ranges Notes 1 2 and 4 - --"- ----

PARAMETER 
LIMITS 

UNITS CONDITIONS SYMBOL 
MIN TYP MAX 

(Note 3) 

VOL Output LOW Voltage 0.3 0.45 V VCC = MIN, 10L '-' 16 mA 
---

V1H Input HIGH Voltage 2.0 1.6 V 
Guaranteed Input Logical HIGH 
Voltage for all Inputs 

V,L Input LOW Voltage 1.5 0.85 V 
Guaranteed Input Logical LOW 
Voltage for all Inputs 

',L Input LOW Current -530 - 800 IJA VCC = MAX, Y,N = 0 V 

"H Input HIGH Current 1.0 20 IJA VCC T MAX, Y,N = 4.5 V 

50 
IJA 

Vee = MAX, VOUT = 2.4 V 
'OFF 

I 
Output Current (HiGH Z) 

-50 VCC = MAX, VOUT = 0.5 V 

VCD Input Clamp Diode Voltage -1.0 -1.5 V VCC ~ MAX, "N == -10 mA I ---~ ------.--
I I 93421 XC;: I I 90 I 124 I TA == +75°C V CC - MAX, WE 

ICC 
Power Supply 93421AXC 100 135 mA TA = OoC Grounded, all other inputs 

Current 90 117 TA =+125°C cal 4.5 V, see Power Supply 
93421XM 

100 143 TA - -55°C vs Temp. Curve 

Output HIGH 93421 XC,AXC 2.4 V 10H = -10.3 mA 
VOH Voltage 93421XM 2.4 V 10H = -5.2mA 

lOS 
Output Current -100 mA V CC = MAX, Note 7 Short Circuit to Ground 

AC CHARACTERISTICS: Over Guaranteed Operating Ranges Notes 1, 2 4, 5. 6 93421/93421A ONLY 

93421AXC 93421XC 93421XM 
SyMBOL CHARACTERISTIC MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

(Note (Note. (Note -
3) 3) 3) 

READ MODE DELAY TIMES 

tACS Chip Select Access Time 20 30 20 30 25 40 See Test Circuit 
tZRCS Chip Select to HIGH Z 20 30 20 30 20 40 ns and Waveforms 
tAA Address Access Time 30 40 35 50 35 60 Note 5 

WRITE MODE DELAY TIMES 

tzws Write Disable to HIGH Z 10 20 35 10 20 35 10 20 45 
ns 

tWR Write Recovery Time 25 40 25 40 25 50 
INPUT TIMING 
REQUIREMENTS 

tw Minimum Write Pulse Width 30 10 30 10 40 10 See Test Circuit 
tWSD Data Set-Up Time Prior to Write 0 0 0 0 0 0 and Waveforms 
tWHD Data Hold Time After Write 5 0 5 0 5 0 Note 6 
tWSA Address Set-Up Time 0 0 0 0 0 0, ns 
tWHA Address Hold Time 5 0 5 0 5 0 
tWSCS Chip Select Set-Up Time, 0 0 0 0 0 0 

tWHCS Chip Select Hold Time 5 0 5 0 5 0 

CI Input Capacitance 2.5 3.5 2.5 3.5 2.5 3.5 
pF 

Measured with 
Co Output Capacitance 5 7 5 .7 5 7 pulse technique 

NOTES: 

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
2 The specified LIMITS represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and sup. 

ply voltage extremes, additional noise immunity and guard banding can be achieved by decreaSing the allowable system ope-Iatlng ranges 
3. TYPIcal values are at Vc:c: 5.0 V. TA . 2!>'C, and MAX loadrng . 

4. The Temperature Ranges are guardnteed wIth transverse illr flow exceedrng 400 linear fpet ppr flll!lU/t' For IIHlllary r<llly!' ;tn .. ddlllo!l.rl '''!lII;f''"h'l1f .,1 

a IWo minute warm·up TemlJerature range of operation refers to case (emperatuw for Flatpaks iI!ld ilmblt'nt tt'IllIJl'riIlIlJP 10: .. II olill" p,It'I"ItJt,~ rlll',.,tI 

ttlermal resistance values of the package al maximum terni>erawrt) are 

8 JA (Junction to Ambient) (at 400 fpm air flow) = 50"'C I Watt, Ceramic DIP; 65°C I Watt. Plastic DIP; NA, Flatpak 
8 JA (Junction to Ambient) (still air) = 90°C I Watt. Ceramic DIP; 110°C I Watt. Plastic DIP; NA. Flatpak 
(J JC (Junction to Case) =0 25°C I Watt, Ceramic DIP; 25°C I Watt. Plastic DIP; lO°C I Waft. Flatpak. 

5. The MAX address access time is guaranteed to be the "worst case" bit In the memory using a pseudo random testing pattern 
6. tw measured at tWSA -= MIN, twsA measured at tw '" MIN. 
7. DuratIon of short circuit should not exceed one second. 

1254 qc MASTER 1.7. 



TTL ISOPLANAR MEMORY '93419 
64x9-BIT FULLY DECODED RANDOM ACCESS MEMORY 

DESCRIPTION - The 93419 is a 576-bit Read/Write Random A'Ccess Memory or­
ganized 64 words by nine bits per word with uncommitted collector outputs. It is ideally 
suited for scratchpad, small buffer and other applications where the number of required 
words is small and where the number of required bits per word is relatively large. The 
ninth bit can provide parity for S-bit word systems. 

• UNCOMMITTED COLLECTOR OUTPUTS 
• TTL INPUTS AND OUTPUTS 
• ISOPLANAR TECHNOLOGY 
• ORGANIZATION 64 WORDS X 9 BITS 
• STANDARD 28-PIN DUALIN-lIN'E PACKAGE 
,. DATA OUTPUT IS THE COMPLEMENT OF DATA INPUT 
• POWER DISSIPATION - 1.3 mWjBIT 

PlN NAMES 

Ao- A5 

DO - Os 
OO~ Os 
WE 

Address Inputs 

Data Inputs 

Outputs 

CS 

Write Enable Input 

Chip Select Input 

LOGIC DIAGRAM 

0 As 

0 A4 

CD A3 

@A2 

@A1 

ADDRESS 
DECODER 

WORD 
DRIVERS 

32 X 18 
CElL ARRAY 

PINS 0 THRU SENSE AMPS AND 

vee = Pin 28 

GND ~ Pin 14 

0= Pin Numbers 

@ cs 

@ WE 

C1978 FaIrchild Camera and Instrument Corporation Printed in U,S,A, 

WRITE DRIVERS 

--I 
1 
1 

'I 
1 
1 
1 
1 

1 0 --8 I L _____ J 

PINS @ THRU @ 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011/TWX 910-379-6435 
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LOGIC SYMBOL 

15 13 " 5 6 7 8 9 10 11 12 

AO 

Al 

A2 
93419 

A3 

A4 

A5 

I I 
24 23 22 21 20 19 18 17 16 

Vee = Pin 28 

GND ~ Pin 14 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

A3 Vee 

A4 A2 

A5 A, 

DO AO 

0, 00 

02 0, 

03 02 

04 03 

05 04 

06 05 

,07 06 

08 07 

WE Os 

GNo cs 
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FAIRCHILD ISOPLANAR TTL MEMORY. 93419 

FUNCTIONAL DESCRIPTION - The 93419 is a fully decoded 576-bit Random Access Memory organized 64 words by 
nine bits. Word selection is achieved by means of a 6-bit address, Ao to A5. 

The Chip Select input provides for memory array expansion. For large memories, the fast chip select access time permits 
the decoding of chip select (CS) from the address without affecting system performance. 

The read and write operations are controlled by the state of the active LOW Write Enable (WE, pin 13). With WE held LOW 
and the chip selected, the data at D,N is written into the addressed location. To read, WE is held HIGH and the chip select­
ed. Data in the specified location is presented at DOUT and is inverted from Data In to Data Out. 

Uncommitted collector outputs are provided to allow maximum flexibility in output connection. In many applications such 
as memory expansion, the outputs of many 93419s can be tied together. In other applications the wired-OR is not used. In 
either case an external pull-up resistor of RL value must be used to provide a HIGH at the output when it is off. Any RL 
value within the range specified below may be used. 

VCC(MAX) 

JOL - FO (1.6) 

VCC (MIN) - VOH 

n (lCEX) + FO (0.04) 

RL is in kQ (limited to 8 mA) 

n = number of wired-OR outputs tied together 

FO = number of TTL Unit Loads (UL) driven 

'CEX = Memory Output L~akage Current 

VOH = Required Output HIGH Level at Output Node 

IOL = Output LOW Current 

The minimum RL value is limited by output current sinking ability. The maximum RL value is determined by the output and 
input leakage current which must be supplied to hold the output at VOH. One Unit Load = 40l1A H/GH/l.6 mA LOW. 
FOMAX = 5 UL. 

TABLE I - TRUTH TABLE 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

OUTPUT CURRENT 

CS 

H 

L 

L 

L 

INPUTS OUTPUT 

WE DIN 
Open 

Collector 

X X H 

L L H 

L H H 

H X DOUT* 

H = HIGH Voltage Level 
L ~ LOW Voltage Level 
X = Don't Care (HIGH or LOW) 

MODE 

NOT SELECTED 

WRITE "0"* 

WRITE "1"* 

READ 

4 Memory inverts from Data In to Data Output 

INPUT CURRENT 
VERSUS INPUT VOLTAGE 

1 Of---+--:; ..... -~--~~ 
I 

~ -0.51---1~---+--+--+---"-----j 
~ I 
a: 8 -1.0 

... 
::l 
~-1.5 
I 

~-2.8 Hff--+---+---+--+----I 

-2.5 UAL---'-_-'-_"'----'-_-'-----' 
-1.0 1.0 3.0 5.0 7.0 9.0 11 

VIN - INPUT VOLTAGE V 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature " 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either input voltage or input current limit is sufficient to protect the input. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN TYP 

93419XC 4.75 V 5.0V 

93419XM 4.50 V 5.0V 

MAX 

5.25 V 

5.50V 

VERSUS OUTPUT VOLTAGE 
(LOW STATE) 

1 20 

... 
~ 
a: 
~ 10 
(.) ... 
::l 
a.. ... 
6 5 

O~~~-~---~~~ 

0' 0.2 0.3 0.4 0.5 0.6 0.7 

VOUT OUTPUT VOLTAGE V 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-12 rnA to +5.0 rnA 
-0.5 V to +5.5 V 

+10mA 

AMBIENT TEMPERATURE 
(Note 4) 

O°C to +75°C 

-55°C to +125°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section tor packages available on this product. 
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FAIRCHILD ISOPLANAR TTL MEMORY. 93419 

DC CHARACTERISTICS- Over Operating Temperature Ranges (Notes 1 2 and 4) 

SYMBOL PARAMETER 
LIMITS 

MIN TYP MAX 
UNITS CONDITIONS 

(Note 3) 

VOL Output LOW Voltage 0.3 0.50 V VCC = MIN, IOL = 8 mA 

V1H Input HIGH Voltage 2.1 1.6 V Guaranteed Input HIGH Voltage for all Inppts 

V,L Input LOW Voltage 1.5 0.8 V Guaranteed Input LOW Voltage for all Inputs 

'lL Input LOW Current -250 -400 pA VCC = MAX, VIN = 0.4 V 

1.0 40 pA ~CC = MAX, VIN = 4.5 V 
I'H Input HIGH Current 

1.0 mA V CC = MAX, V,N = 5.25 V 

'
CEX Output Leakage Current 1.0 100 pA VCC = MAX, VOUT = 4.5 V 

VCD Input Clamp Diode Voltage -1.0 -1.5 V VCC = MAX, "N = -10 mA 

165 mA TA = 125°C VCC:= MAX, 

ICC Power Supply Current 145 200 mA TA = 25°C All Inputs Grounded 

210 mA TA = ~55°C Outputs LOW 

AC CHARACTERISTICS' Over Guaranteed Operating Ranges (Notes 1 2 4 5 6) 

93419XC 93419XM 

SYMBOL CHARACTERISTIC MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 
(Note 3) (Note 3) 

READ MODE DELAY TIMES 

tACS Chip Select Access Time 15 40 15 40 See Test Circuit 

tRCS I Chip Select Recovery Time 20 40 20 40 ns and Waveforms 

tAA Address Access Time 35 45 40 60 

WRITE MODE DELAY TIMES 

tws Write Disable Time 20 40 20 45 
ns 

tWR Write Recovery Time 25 45 45 55 

INPUT TIMING REQUIREMENTS 

tw Write Pulse Width 35 20 45 25 See Test Circuit 
(to guarantee write) and Waveforms 

tWSD Data Set-Up Time Prior to Write 5 0 5 0 

tWHD Data Hold Time After Write. 5 0 5 0 

tWSA Address Set-Up Time 5 0 10 0 ns 

tWHA Address Hold Time 5 0 5 0 

tWSCS Chip Select Set-Up Time 5 0 5 0 

tWHCS Chip Select Hold Time 5 0 5 0 

CIN Input Pin Capacitance 4 5 4 5 
pF 

COUT Output Pin Capacitance 7 8 7 8 

NOTES 
1 Conditions for testing, not shown In the Table, are chosen to guarantee operation under "worst case" conditions. 
2. The specified LIMITS represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and sup· 

ply voltage extremes, additional nOise Immunity and guard banding can b.e achieved by decreasing the allowable system operating ranges 
3. Typical limits are at V CC co 5.0 V, T A = .,. 25°C, and MAX loading. 
4 The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. For military range an additional require­

ment of a two minute warm-up. Temperature range of operation refers to case temperature for Flatpaks and ambient temperature for all other pack­
ages. Typical thermal resistance values of the package at maximum temperature are' 

B jA (Junction to Ambient) (at 400 fpm air flow) = 50°C/Watt, Ceramic DIP; 65°CC /Watt, Plastic DIP; NA. Flatpak. 
B JA (Junction to Ambient) (still air) == 90°C / Watt, Ceramic DIP; 110°C / Watt, Plastic DIP; NA. Flatpak. 
BJC (Junction to Case) == 25°C/Watt, Ceramic DIP; 25°C/Watt, Plastic DIP; 10°C/Watt, Flatpak 

5. The MAX address access time is guaranteed to be the "worst case" bit in the memory using a pseudo random testing pattern. 
6. tw measured at tWSA = MIN, tWSA measured at tw = MIN. 
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93417-93427 
ISOPLANAR SCHOTTKY TTL MEMORY 
256x4-BIT PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION - The 93417 and 93427 are fully decoded high speed -1 024-bit field 
Programmable ROMs organized 256 words by four bits per word. The devices are iden­
tical except for the output stage. The 93417 has uncommitted collector outputs, while 
the 93427 has 3-state outputs. In either case, the outputs are disabled when either CS1 
or CS2 are in the HIGH state. The 93417 and 93427 are supplied with all bits stored as 
logic "1"s and can be programmed to logic "O"s by following the field programming 
procedure. 

• FULL MIL AND COMMERCIAL RANGES 

• FIELD PROGRAMMABLE 

• ORGANIZED 266 x 4 BITS PER WORD 

• UNCOMMITTED COLLECTORS - 93417 

• 3-STATE OUTPUTS - 93427 

• FULLY DECODED - ON-CHIP ADDRESS DECODER AND BUFFER 

• CHIP SELECT INPUTS PROVIDE EASY MEMORY EXPANSION 

• WIRED-OR CAPABILITY 

• STANDARD 16-PIN DUAL IN-LINE PACKAGE 

• NICHROME FUSE LINKS - FOR HIGH RELIABILITY 

PIN NAMES 

Ao- A7 
CS1,CS2 

0 1 - 04 

lOGIC DIAGRAM 

Address Inputs 

Chip Select Inputs (Active LOW) 

Data Outputs 

1-0F-32 
DECODER 

1024 BIT CELL 
32 X 32 

MEMORY MATRIX 

(j) A 2-------I 
(0 Al-------fD~C~D~R 
@AO------t 

'----,--' 

I-OF-8 
DECODER 

'-OF-8 
DECODER 

@ VCC--, 

® GND--:L 

o = Pin Numbers -=-

.,m Feildtild Camera and Instrument Corporation Printed in U.S.A_ 

I-OF8 
DECODER 

414 ElLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011ITWX 910-379-6435 
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5 
6 

4 
3 
2 
1 

15 

lOGIC SYMBOL 

cs 
AO 

A1 
A2 
A3 

93417/93427 
A4 
A5 
A6 
A7 

°1 °2 °3 °4 

12 11 10 9 

Vee = Pin 16 

GND = Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

A6 vcc 

A5 A7 

A4 ~2 

A3 <:5, 

Ao 0, 

A, O2 

A2 03 

GND °4 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-line Package. 

I=.A.I RCH I L..D 
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FAIRCHILD ISOPLANAR SCHOTTKY TTL MEMORY 93417 • 93427 

GUARANTEED OPERATING RANGES 

PART NUMBER 
. SUPPLY VOLTAGE (VCC) 

AMBIENT TEMPERATURE 
MIN TYP MAX 

93417XC, 93427XC 4.75 V 5.0V 5.25 V O°C to +75°C 

93417XM. 93427XM 4.50 V 5.0 V 5.50 V -55°C to +125°C 

x = package tYpe; F for Flatpak, D for Ceramic DIP, P for Plastic DIP. See Package Information on this data sheet. 

DC CHARACTERISTICS: Over guaranteed operating ranges unless otherwise noted. 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX l,INITS CONDITIONS 

(Note 1) 

ICEX Output Leakage Current (93417 only) 50 JJ.A 
VCC = 5.25 V, VCEX = 4.95 V, O°C to +75°C 

Address any HIGH Output 

ICEX Output Lea~age Current (93417 only) I 

I 

100 }.LA VCC = 5.5 V, VCEX = 5.2 V, -55°C to +125°C 
Address any HIGH Output 

VOL Output LOW Voltage 0.30 I 0.45 V 
VCC = MIN, IOL = 16 mAo AO = +10.8 V 
A1 through A7 = HIGH 

VOH Output HIGH Voltage (93427 only) 2.4 
T V VCC = MIN, IOH = -2.0 mA 
I 

Output Leakage Current for 50 JJ.A VOH = 2.4 V 
0°Cto+75°C loff I HIGH Impedance State (934270nly) -50 IJ.A VOL = 0.4 V 

I Output Leakage Current for 100 IJ.A VOH = 2.4 V 
-55°C to +125°C I off I I HIGH Impedance State (93427 only) -50 IJ.A VOL = 0.4 V 

VIH Input HIGH Voltage 2.0 ! 
V Guaranteed Input HIGH Voltage for All Inputs 

VIL I Input LOW Voltage i 0.8 ! V ! Guaranteed Input LOW Voltage for All Inputs 

I I nput LOW Current I I 
I 

IF I I FA (Address Inputs) -160 -250 

I 
IJ.A I VCC = MAX. VF = 0.45 V 

I 
i 

- -160 250 IJ.A IFCS (ChIp Select Inputs) 

Input HIGH Current I 

I IR IRA (Address Inputs) i 40 IJ.A VCC = MAX, VR = 2.4 V 

IRCS (Chip Select Input) I I 
40 IJ.A 

ICC Power Supply Current I 85 I 110 mA 
VCC = MAX. Outputs open 

I Inputs Grounded and Chip Selected 
i 

Co Output Capacitance 7 
I 

pF VCC = 5.0 V. Vo = 4.0 V, f = 1.0 MHz 

CIN Input Capacitance 4 1 pF Vcc = 5.0 V. Vo = 4.0 V, f = 1.0 MHz 

Vc Input Clamp Diode Voltage I -1.2 V VCC = MIN, IA = -18 mA 

AC CHARACTERISTICS· T A = O°C to +75°C VCC = 5·0 V .±: 5%. 

LIMITS 
SYMBOL CHARACTER ISTIC UNITS CONDITIONS 

MIN TYP (Note 1) MAX 

tAA- 25 45 ns 
Address to Output Access Time 

tAA+ 25 45 ns 
See Figure 1A and 1B 

tACS- 12 20 ns 
Chip Select Access Time 

tACS+ 12 20 ns 

AC CHARACTERISTICS: TA = -55°C to +125°C. VCC = 5.0 V.±: 10%. 

LIMITS 
CONDITIONS SYMBOL CHARACTERISTIC UNITS 

MIN TYP (Note 1) MAX 

tAA- 25 60 ns 

tAA+ 
Address to Output Access Time 25 60 ns 

See Figure 1 A and 1 B 

tp;-cs- 12 30 ns 

tACS+ 
Chip Select Access Time 12 30 ns 

Note 1. Typical limits are at V CC = 5.0 V. +25° C and max loading. 
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93436/93446 
ISOPLANAR SCHOTTKY TTL MEMORY 
512x4-BIT PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION - The 93436 and 93446 are fully decoded high speed 2048-bit field 
Programmable ROMs organized 512 words by four bits per word. The devices are identical 
except for.the output stage. The 93436 has uncommitted collector outputs, while the 
93446 has 3-state outputs. In' either case, the outputs are off when the CS input is in the 
HIGH state. The 93436 and 93446 are supplied with all bits stored as logic "l"s and can 
be programmed to logic "O"s by following the field programming procedure. 

• FAST CYCLE TIME - 30 ns TYP 
• FULl. MIL AND COMMERCIAL RANGES 
• FIELD PROGRAMMABLE 
• ORGANIZATION - 512 WORDS x 4 BITS 
• UNCOMMITTED COLLECTORS - 93436 
• 3-ST ATE OUTPUTS - 93446 
• FULLY DECODED - ON-CHIP ADDRESS DECODER AND BUFFER 
• CHIP SELECT INPUT PROVIDES EASY MEMORY EXPANSION 
• WIRED-OR CAPABILITY 
• STANDARD 16-PIN DUAL IN-LINE PACKAGE 
• NICHROME FUSE LINKS FOR HIGH RELIABILITY 
• REPLACES TWO 256 x 4 PROMS - DOUBLE DENSITY WITH SAME SPACE AND POWER 

PIN NAMES 

LOGIC D:AGRAM 

@Aa 
@A7 

CD As 

0 A5 

o A4 
@A3 

10F64 
DECODER 

Address Inputs 
Chip Select Input 
Data Outputs 

CDA2----------~ 
® Al------------I D~~D~R 
@Ao-----------I 

@ VCC-, 

® GND-:J.... 

o = Pin Numbers 

...... --.--' 

2048-BIT CEll 
64X32 

MEMORY MATRIX 

'-OF-8 
DECODER 

1-0F-8 
DECODER 

C>1978 Fairchild Camera and Instrument Corporation Printed in U.S.A. 

'-OF-8 
DECODER 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011ITWX 910-379-6435 
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5 

6 

7 

4 

3 

2 

15 

14 

LOG IC SYMBO L 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

13 

CS 

93436 93446 

01 02 

12 11 10 

VCC = Pin 16 
GND = Pin 8 

9 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

As VCC 

AS A7 

A4 As 

A3 CS 

AO 01 

A, 02 

A2 03 

GND 04 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 

I=P.IRCHILD 
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FAIRCHILD ISOPLANAR SCHOTTKY TTL MEMORY. 93436/93446 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOL rAGE (VCC) 

AMBIENT TEMPERATURE 
MIN TYP MAX 

93436XC, 93446XC 4.75 V 5.0V 5.25 V O"C to +75 C 

93436XM, 93446XM 4.50 V 5.0 V 5.50 V -55C to +125 C 

X = package type; F for Flatpak, D for Ceramic DIP, P for Plastic DIP. See Package Information on this data sheet. 

DC CHARACTERISTICS: Over guaranteed operating ranges unless otherwise noted. 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

(Note 1) 

ICEX Output Leakage Current (93436 only) 50 J.LA 
VCC = MAX .. VCEX = 4.0 V, O°C to +75°C 

Address any HIGH Output 

ICEX Output Leakage Current (93436 only) I 100 J.LA 
' VCC = MAX, VCEX = 4.0 V, -55°C to +125°C 

Address any HIGH Output 

VOL Output LOW Voltage 0.30 0.45 V 
VCC = MIN, lOL = 16 mA, AO = +10.8 V 
Al through A8 = HIGH 

VOH Output HIGH Voltage (93446 only) 2.4 V VCC = MIN, lOH = -2.0 mA 

Output Leakage Current for 

I 
50 J.LA VOH = 2.4 V 

O°C to +75°C loff 
HIGH Impedance State (93446 only) -50 J.LA VOL = O.4'V 

Output Leakage Current for 100 J.LA VOH = 2.4 V 
-55°C to +125°C I off 

HIGH Impedance State (93446 only) 
I 

-50 r J.LA VOL = 0.4 V 

VIH Input HIGH Voltage 2.0 
, 

V Guaranteed Input HIGH Voltage for All Inputs 
j 

VIL Input LOW Voltage 0.8 V 
I 

Guaranteed Input LOW Voltage for All Inputs 

I nput LOW Current 
I I 

IF IFA (Address Inputs) 

I 

-160 

I 

-250 J.LA VCC = MAX, VF = 0.45 V 

IFCS (Chip Select Inputs) -160 -250 J.LA 

I Input HIGH Cu,,,nt I 

I IRA (Address Inputs) 
I 

40 J.LA VCC = MAX, VR = 2.4 V IR 

IRCS (Chip Select Input) 40 - J.LA 

ICC Power Supply Current 95 130 mA 
VCC = IIIIAX, Outputs open 

Inputs Grounded and Chip Selected 

Co Output Capacitance 7 pF VCC = 5.0 V, Vo = 4.0 V, f = 1.0 MHz 

CIN Input Capacitance 4 pF VCC = 5.0 V, Vo = 4.0 V, f = 1.0 MHz 

Vc Input Clamp Diode Voltage -1.2 V VCC = MIN, IA = -18 mA 

AC CHARACTERISTICS' TA = oOe to +75°e Vee = 5.0 V ± 5%. 
LIMITS 

CONDITIONS SYMBOL CHARACTER ISTIC UNITS 
MIN TYP (Note 1) MAX 

tAA- 30 50 ns 
Address to Output Access Time 

30 50 ns ~ See Waveforms tAA+ ~ 

tACS- 15 25 ns and Test Circuits 
Chip Select Access Time 

tACS+ 15 25 ns 

AC CHARACTERISTICS: TA = -55°e to +125°e, Vee = 5.0 V ± 10% 

LIMITS 
UNITS CONDITIONS SYMBOL CHARACTERISTIC 

MIN TYP (Note 1) MAX 

tAA- 30 60 ns 

tAA+ 
Address to Output Access Time 

30 60 ns c See Waveforms 3 

tACS- 15 30 ns ' and Test Circuits 

tACS+ I 
Chip Select Access Time 15 30 ns 

Note 1: Typical values are at VCC = 5.0 V, +25°C and max loading. 

3 
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93438/93448 
ISOPLANAR SCHOTTKY TTL MEMORY 
512x8-BIT PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION - The 93438 and 93448 are fully decoded 4096-bit field Programmable 
ROMs organized 512 words by eight bits per word. The devices are identical except for 
the output stage. The 93438 has uncommitted collector outputs, while the 93448 has 
3-state outputs. Either device is enabled when CS, and CS2 are LOW and CS3 and CS4 
are HIGH. The 93438/48 is supplied with all bits stored as logic "1 's" and may be 
programmed to logic "O's" by following the field programming procedure. 

• FAST CYCLE TIME - 35ns TYP 
• FULL MIL AND COMMERCIAL RANGES 
• FIELD PROGRAMMABLE 
• ORGANIZATION - 512 WORDS X 8 BITS 
• UNCOMMITTED COLLECTORS - 93438 
• 3-STA TE OUTPUTS - 93448 
• FULLY DECODED - ON·CHIP ADDRESS DECODER AND BUFFER 
• CHIP SELECT INPUTS PROVIDE EASY MEMORY EXPANSION 
• WIRED-OR CAPABILITY 
• STANDARD 24-PIN DUAL IN-LINE PACKAGE 
• NICHROME FUSE LINKS FOR HIGH RELIABILITY 

PIN NAMES 

AO-A8 
CS"CS2,CS3,CS4 
0,- 08 

LOGIC DIAGRAM 

® A2 --'------I 

0 A1 -----I 

®AO-----I 

@ ($1 

@ CS2 

@ CS3 

@ CS4 

@ VCC--, 

@GND~ 

o := Pin Numbers 

Address Inputs 
Chip Select Inputs 
Data Outputs 

4096-BIT CELL 
64 X 64 

MEMORY MATRIX 

06 

@ 

• ,878 Fairchild Camera and Inatrument Corporation Pnnted in U.S.A. 

01 

® 

5 

4 

23 

LOGIC SYMBOL 

CS1 CS2 CS3 eS4 
21 20 19 lS 

AO es 

A1 

A2 

A'l 

I A: 93438/93448 

A5 

A6 

A7 

9 10 11 13 14 15 16 17 

Vcc = Pin 24 

GND = Pin 12 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

A7 Vce 

A6 23 As 

A5 22 NC 

A4 21 CS1 

A3 20 CS2 

A2 19 CS3 

A1 18 CS4 

AO 17 Os 

01 16 07 

02 10 15 06 

03 11 14 05 

GND 12 13 04 

NOTE: The Flatpak version has the 
same pinouts (Connection Diagram) 
as the Dual In-line Package . 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011/TWX 910-379-6435 1=..0.1 R CHI L.C 
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FAIRCHILD ISOPLANAR SCHOTTKY TTL MEMORY. 93438/93448 

GUARANTEED OPERATING RANGES 

SUPPLY VOLTAGE (VCC) AMBIENT 
PART NUMBERS 

MIN TYP MAX TEMPERATURE 

93438XC. 93448XC 4.75 V 5.0 V 5.25 V O°C to +75°C 

93438XM. 93448XM 4.50 V 5.0V 5.50 V -55°C to +125°C 

x = package type; F for Flatpak. D for Ceramic Dip, P .for Plastic Dip. See Packaging Information Section for packages available on this product. 

DC CHARACTERISTICS' Over guaranteed operating ranges unless otherwise note 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 
(Note 1) 

ICEX 
Output Leakage Current 

50 JlA VCC = MAX. VCEX = 4.0 V. O°C to +75°C 
(93438 only) Address any HIGH Output 

ICEX 
Output Leakage Current 

100 JlA 
VCC = MAX. VCEX = 4.0 V. -55°C to +125° 

(93438 only) Address any HIGH Output 
C 

VOL Output LOW Voltage 0.30 0.45 V VCC = MIN, IOL = 16 rnA 
AO = +10.8 V. Al - A8 = HIGH 

VOH Output HIGH Voltage (93448 only) 2.4 V VCC = MIN, IOH = -2.0 rnA 

loff 
Output Leakage Current for HIGH 50 JlA VOH = 2.4 V 

O°C to +75°C Impedance State (93448 only) - -50, J.lA VOL = 0.4 V 

loff 
Output Leakage Current for HIGH 100 JlA VOH = 2.4 V -55°C to +125°C Impedance State (93448 only) -50 J.lA VOL = 0.4 V 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for All Inputs 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for All Inputs 

Input LOW Current 
IF IFA (Address Inputs) -160 -250 J.lA VCC = MAX. VF = 0.45 V· 

IFCS (Chip Select Inputs) -160 -250 J.lA 

Input HIGH Current 
.~ 

IR IRA (Address Inputs) 40 J.lA VCC = MAX, VR = 2.4 V 
IRCS (Chip Select Input) 40 J.lA 

ICC Power Supply Current 130 175 rnA V CC = MAX. Outputs Open 
Inputs Grounded and Chip Selected 

Co Output Capacitance 7 pF VCC = 5.0 V, Vo = 4.0 V, f = 1.0 MHz 

CIN Input Capacitance 4 pF VCC = 5.0 V. Vo = 4.0 V, f = 1.0 MHz 

Vc Input Clamp Diode Voltage -1.2 V VCC = MIN. IA = -18 rnA 

AC CHARACTERISTICS: TA = O°C to +75°C. VCC = 5.0 V ±5% 

LIMITS 

SYMBOL CHARACTERISTIC MIN rYP MAX UNITS CONDITIONS 
(Note 1) 

tAA- Address to Output Access Time 
35 55 ns 

tAA+ 35 55 ns 
See Figure 3A and 3B 

tACS- Chip Select Access Time 
15 25 ns 

tACS+ 15 25 ns 

AC CHARACTERISTICS: TA = -55°C to +125°C, VCC = 5.0 V ±10% 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 
(Note 1) 

tAA- Address to Output Access Time 
35 70 ns 

tAA+ 35 70 ns 
See Figure 3A and 3B 

tACS- Chip Select Access Time 
15 30 ns 

tACS+ 15 30 ns 

Note (1): Typical values are at VCC = 5.0 V. +25°C and max loading. 
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93452-93453 
ISOPLANAR SCHOTTKY TTL MEMORY 
l024X 4-81T PROGRAMMABLE READ ONLY MEMORY 

LOGIC SYMBOL < DESCRIPTION - The 93452 and 93453 are fully decoded high speed 4096-bit field 
Programmable Read Only Memories organized 1024 W9rdS by four bits per word. The 
devices are identical except for the output stages. The 93452 has uncommitted collector 
outputs, while the 93453 has 3-state outputs. In either case, the outputs are enabled 
when CS1 and CS2 are LOW. 

CSl 

• FULL MIL AND COMMERCIAL RANGES 
• FAST CYCLE TIME - 35 ns TYP 
• ORGANIZATION - 1024 WORDS X 4 BITS 
• UNCOMMITTED COLLECTOR OUTPUTS - 93452 
• 3-ST ATE OUTPUTS - 93453 
• FULLY DECODED - ON-CHIP ADDRESS DECODER AND BUFFER 
• CHIP SELECT INPUTS PROVIDE EASY MEMORY EXPANSION 
• WIRED-OR CAPABILITY 
• 1a-PIN DUAL IN-LINE PACKAGE 
• REPLACES FOUR 256 X 4 PROMs 

PIN NAMES 

Ao to A9 

CS1,CS2 

01 to 04 

Address Inputs 

Chip Select Inputs 

Data Outputs 

5 

6 

7 

~ 
3 

2 

17 

16 

15 

A4 

A5 

A6 

A7 

14 

93452/93453 

13 12 

Vee = Pin 18 

GND = Pin 9 

I 

11 

LOGIC DIAGRAM 

(VA5 

®A4 

@A3 

(VA2 

(VAl 

@AO 

4096-BIT CEll 
64 X 64 

MEMORY MATRIX 

CONNECTION DIAGRAM 
DIP (TOP VIEW( 

1-0F-64 
DECODER 

~A9------------r-~--' 
@ AS---------1 

~A7---------~ 
1-0F-16 

OECODER 

CD A6--------1~~-J 

Vee = Pin 18 

GND = Pin 9 

o = Pin Numbers 

1-0F-16 
DECODER 

.1878 Fairchild Camera and Instrument Corporation Printed in U.S.A 

1-0F-16 
DECODER 

A6 Vee 

A5 A7 

1-0F-16 A4 AS 
DECODER 

AJ A9 

AO 01 

Al 02 

A2 OJ 

CS, 04 

GND CS2 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011/TWX 910-379-6435 I=P..I R CHI L..C 
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FAIRCHILD ISO PLANAR SCHOTTKY TTL MEMORY 9~452 • 93453 

GUARANTEED OPERATING RANGES 

PART NUMBERS 
SUPPI,-Y VOLTAGE (Vcd 

TEMPERATURE 
MIN TYP MAX 

93452XC, 93453XC 4.75 V 5.0V 5.25 V O°C to +75°C 

93452XM, 93453XM V 4.50 V 5.0V 5.50 V -55°C to +125°C 

x = package type; F for Flatpak. D for Ceramic DIP, P for Plastic DIP. See Package Information on thiS data sheet. 

DC CHARACTERISTICS: Over guaranteed operating ranges unless otherwise noted. 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 
(Note 1) 

ICEX 
Output Leakage Current 

50 pA VCC = 5.25 V, VCEX = 4.95 V, ooC to +75°C 
(93452 only) Address any HIGH Output 

ICEX 
Output Leakage Current 

100 pA VCC = 5.5 V, VCEX = 5.2 V, -55°C to +125° 
(93452 only) Address any HIGH Output 

C 

VOL Output LOW Voltage 0.30 0.45 V VCC = MIN, IOL = 16 mA 
A9 = +1O.8V,·A2 = 10.8 V 

VOH Output HIGH Voltage (93453 only) 2.4 V Vec = MIN, IOH = -2.0 mA 

loff 
Output Leakage Current for HIGH 50 pA VOH = 2.4 V 

O°C to +75°C Impedance State (93453 only) -50 pA VOL = 0.4 V 

loff 
Output Leakage Current for HIGH 100 pA VOH = 2.4 V 

-55°C to +125°C 
Impedance State (93453 only) -50 p.A VOL = 0.4 V 

VIH Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for All Inputs 

VI\.~ Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for All Inputs 

Input LOW Current 

IF IFA (Address Inputs) -160 -250 pA VCC = MAX, VF = 0.45 V-
IFCS (Chip Select Inputs) -160 -250 pA 

Input HIGH Current 

IR IRA (Address Inputs) 40 pA VCC = MAX, VR = 2.4 V 
IRCS (Chip Select Input) 40 J1.A 

ICC Power Supply Current 120 170 mA 
V CC = MAX, Outputs Open 
Inputs Grounded and Chip Selected 

Co Output Capacitance 7 pF VCC = 5.0 V, Vo = 4.0 V, f = 1.0 MHz 

CIN Input Capacitance 4 pF VCC = 5.0 V, Vo = 4.0 V, f = 1.0 MHz 

Vc Input Clamp Diode Voltage -1.2 V VCC = MIN, IA = -18 mA 

AC CHARACTERISTICS: T A = O°C to +75°C, VCC = 5.0 V ±5% 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 
(Note 1) 

tAA- Address to Output Access Time 
30 55 ns 

tAA+ 30 55 ns S See Waveforms B 

tACS- 15 25 ns and Test Circuits 

tACS+ 
Chip Select Access Time 

15 25 ns 

ACCHARACTERISTICS: TA·= -55°C to +125°C, VCC = 5.0 V ±10% 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 
(Note 1) 

tAA- Address to Output Access Time 
30 70 ns 

tAA+ 30 70 ns S See Waveforms B 

tACS- 15 30 
and Test Circuits 

Chip Select Access Time 
ns 

tACS+ 15 30 ns 

Note 1: Typical limits are at VCC = 5.0 V, +25°C and max loading. 
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93450/93451 
ISOPLANAR SCHOTTKY TTL MEMORY 

1024x8-BIT PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION - The 93450 and 93451 are fully decoded 8192-bit field Programmable 
ROMs organized 1024 words by eight bits per word. The devices are identical except for 
the output stage. The 93450 has uncommitted collector outputs, while the 93451 has 
3-state outputs. Either device is enabled when CS, and CS2 are LOW and CS3 and CS4 
are HIGH. The 93450/51 is supplied with all bits stored as logic "1's" and may be pro­
grammed to logic "O's" by following the field programming procedure. 

• FAST CYCLE TIME - 35 ns TYP 
• FULL MIL AND COMMERCIAL RANGES 
• FIELD PROGRAMMABLE 
• ORGANIZATION - 1024 WORDS X 8 BITS 
• UNCOMMITTED COLLECTORS - 93450 
• 3-STATE OUTPUTS -93451 
• FULLY DECODED - ON-CHIP ADDRESS DECODER AND BUFFER 
• CHIP SELECT INPUTS PROVIDE EASY MEMORY EXPANSION 
• WIRED-OR CAPABILITY 
• STANDARD 24-PIN DUAL IN-LINE PACKAGE 
• NICHROME FUSE LINKS FOR HIGH RELIABILITY 

PIN NAMES 

Ao - Ag 
CS1. CS2. CS3. CS4 
01 ~ Os 

Address Inputs 
Chip Select Inputs 
Data Outputs 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Temperature: Ambient) Under Bias 
Vee 
Input Voltage 
Current into Output Terminal 
Output Voltages 

LOGIC DIAGRAM 

A, 

Ai------f 

cs) 

Vcr -----, 

GND -----, 

J. 
0, 0, 

1192-8IT CELL 
121 X 64 

MEMORY MATRIX 

0, 

©1978 Fairchild Camera and Instrument Corporation Pr;~'ed in U.S.A. 292-12-0001-048 7.5M 

-65°C to +150° C 
-55°C to +125°C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

100 mA 
-0.5 V to +5.5. V . 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011/TWX 910-379-6435 
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23 

22 

LOGIC SYMBOL 

CS, CS2 CS3 CS4 

21 20 19 18 

CS 

Ao 

A", 

A2 

A3 

A. 

As 

As 

A7 

As 

Ag 

93450/93451 

9 10 11 13 14 15 16 17 

Vee = Pin 24 
GND = Pin 12 

CONNECTION DIAGRAM 
DIP ITOP VIEW, 

A7 Vee 

As As 

As Ag 

A4 CS, 

A3 (;S2 

A2 CS3 

A, CS. 

Ao Os 

0, 07 

02 06 

03 05 

GND 04 

NOTE: The Flatpak version has the 
same pinouts iConnection Diagraml 
as the Dual In-line Package. 

I=~IRCHIL.C 
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FAIRCHILD ISOPLANAR SCHOTTKY TTL MEMORY. 93450/93451 .. 

DC CHARACTERISTICS: Over guaranteed operating ranges unless otherwise noted. 

S YMBOL 

eEX 

eEX 

V Ol 

V OH 

off 

off 

V 

V 

IH 

IL 

F 

R 

Icc 

0 

IN 

C 

C 

V e 

CHARACTERISTIC 

Output Leakage Current 
(93450 on Iy) 

Output Leakage Current 
(93450 only) 

Output LOW Voltage 

Output HIGH Voltage 193451 only) 

Output Leakage Current for HIGH 
Impedance State (93541 only) 

Output Leakage Current for HIGH 
Impedance State (93451 only) 

Input HIGH Voltage 

Input LOW Voltage. 

Input LOW Current 
IFA (Address Inputs) 
IFes (Chip Select Inputs) 

Input HIGH Current 
IRA (Address Inputs) 
IRes (Chip Select Input) 

. 
Power Supply Current 

Output Capacitance 

Input Capacitance 

Input Clamp Diode Voltage 

LIMITS 

MIN TYP MAX 
(Note 1) 

50 

100 

0.30 0.45 

2.4 

50 
-50 

100 
-50 

2.0 

0.8 

-160 -250 
-160 -250 

40 
40 

130 175 

7 

4 

-1.2 

AC CHARACTERISTICS: TA = O°C to +75°C. Vee = 5.0 V ±5% 

LIMITS 

S YMBOL CHARACTERISTIC MIN TYP 
(Note 11 

AA- Address to Output Access Time 
35 

AA+ 35 

Aes- Chip Select Access Time 
15 

Aes+ 15 

AC CHARACTERISTICS: TA = -55°C to +125°C. Vee = 5.0 V ±10% 

LIMITS 

S YMBOL CHARACTERISTIC MIN TYP 
{Note 11 

AA- Address to Output Access Time 
35 

AA+ 35 

Aes- Chip Select Access Time 
15 

Aes+ 15 

Note (11: Typical values are at Vee = 5.0 V. +25°C and max loading. 
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UNITS 

IJA 

IJA 

V 

V 

iJ.A 
IJA 

IJA 
IJA 

V 

V 

IJA 
IJA 

IJA 
IJA 

rnA 

pF 

pF 

V 

MAX 

55 
55 

25 
25 

MAX 

70 
70 

30 
30 

CONDITIONS 

Vee = 5.25, VeEx = 4.95 V, O°C to +75°C 
Address any HIGH Output 

Vee = 5.5, VeEx = 5.2 V, -55°C to +125°C 
Address any HIGH Output 

Vee = MIN, IOl = 16 rnA; Ao = +10.8 V, 
Ag = +10.8 V, A1 - As = Don't Care 

Vee = MIN, IOH = -2.0 rnA 

VOH = 2.4 V 
O°C to +75°C 

VOL = 0.4 V 

VOH = 2.4 V 
-55°C to +125°C 

VOL = 0.4 V 

Guaranteed Input HIGH Voltage for all Inputs 

Guaranteed Input LOW Voltage for All Inputs 

Vee = MAX, VF = 0.45 V 

Vee = MAX, VR = 2.4 V 

Vee == MAX. Outputs Open 
Inputs Grounded and Chip Selected 

Vee = 5.0 V, Vo = 4.0 V, f = 1.0 MHz 

Vee = 5.0 V, 'Vo = 4.0 V, f = 1.0 MHz 

Vee = MIN, IA = -18 rnA 

UNITS CONDITIONS 

ns 
ns See Figure 2A and 2B 

ns 
ns 

UNITS CONDITIONS 

ns 
ns See Figure 2A and 2B 

ns 
ns 
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, FAIRCHILD ISOPLANAR SCHOTTKY TTL MEMORY. 93450/93451 

GUARANTEED OPERATING RANGES 

PART NUMBERS 
SUPPLY VOLTAGE IVCC) AMBIENT 

MIN TYP MAX TEMPERATURE 

93450XC. 93451 XC 4.75 V 5.0 V 5.25 V O°C to +75°C 

93450XM.93451XM 4.50 V 5.0 V 5.50 V -55°C to +125°C 

x = package type; F for Flatpack. 0 for Ceramic Dip. P for Plastic Dip. See Packaging Information Section for packages available on this product. 

FUNCTIONAL DESCRIPTION - The 93450 and 93451 are bipolar field Programmable Read Only 
Memories (PROMS) organized 1024 words by eight bits per word. Open Collector outputs are 
provided on the 93450 for use in wired-OR systems. The 93451 has 3-state outputs which pro­
vide active pull-ups when enabled and high output impedance when disabled. Chip Select for both 
devices follows the logic equation: CS1 • CS2 • CS3 • CS4 = CS; i.e., if CS1 and CS2 are both active 
LOW and CS3 and CS4 are both active HIGH, all eight outputs are enabled; for any other condition 
all eight outputs are disabled. 

The read function is identical to that of a conventionai bipolar ROM. That is. a binary address 
is applied to the Ao through Ag inputs, the chip is selected, and data is valid at the outputs after 
tAA nanoseconds. 

Programming (selectively opening nichrome fuse links) is accomplished by following the sequence 
outlined under the table of PROGRAMMING SPECIFICATIONS. 

PROGRAMMING - The 93450 and 93451 are manufactured with all bits in the logic "1" state. 
Any desired bit (output) can be programmed to a logic "0" state by following the procedure 
shown below. One may buiid a programmer to satisfy the specifications or purchase any of the 
commercially available programmers which meet these specifications. 

PROGRAMMING SPECIFICATIONS 

PARAMETER SYMBOL MIN 
RECOMMENDED 

MAX UNITS COMMENTS 
VALUE 

Address Input VIH 2.4 5.0 5.0 V 
Do not leave inputs open 

VIL 0 0 0.4 V 

Chip Select 
CS,. CS2 2.4 5.0 5.0 V Pin 20 or 21 or both I Either or both 
CS3. CS4 0 0 0.4 V Pin 18 or 19 or both I 

Programming Voltage Pulse Vop 20 20.5 21 V Applied to output to be programmed 

Programming Pulse Width tpw 0.05 0.18 50 ms All bits can be programmed in ~ 8.2 s 

Duty Cycle Programming Pulse 20 % -Maximum duty cycle to maintain Tc < 85° C 

Programming Pulse Rise Time tr 0.5 1.0 3.0 fJ.S 

Number of Pulses Required 1 4 8 

Power Supply Voltage Vcc 4.9 5.0 5.1 V 

Case Temperature Tc 25' 85 °C 

Programming Pulse Current 
lop 100 mA 

If pulse generator is used. set current 
limit limit to thits max value. 

Low Vcc Read Vcc 4.4 5.0 V Programming Read Verify 
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93458/93459 
ISOPLANAR SCHOTTKY TTL FPLA 

16 x 48 x 8 FIELD PROGRAMMABLE LOGIC ARRAY 

DESCRIPTION - The 93458 and 93459 are high-speed bipolar field Programmable 
Logic arrays organized with 16 inputs, 48 product terms and 8 outputs. The 16 inputs 
and their complements are fuse linked to the inputs of 48 AND gates (48 product 
terms). Each of the 48 AND gates are fuse linked to 8 48-input OR gates (8 summing 
terms). Each output may be programmed active HIGH or active LOW. The devices are 
identical except for the output stage. The 93458 has uncommitted collector outputs 
while the 93459 has 3-state outputs. In either case, the outputs are enabled when CS 
is LOW. 

• FIELD PROGRAMMABLE (NICHROME FUSE LINKS) 
• FULL MIL AND COMMERCIAL RANGES 
• FAST CYCLE TIME - 25 ns TYP 
• ORGANIZAtiON - 16 INPUTS x 48 PRODUCT TERMS x 8 OUTPUTS 
• UNCOMMlnED COLLECTOR OUTPUTS - 93458 
• 3-STATE OUTPUTS - 93459 
• CHIP SELECT PROVIDES EASY MEMORY EXPANSION 
• 28-PIN PACKAGE 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground 

-65°C to + 150°C 

Input Voltage 
Current Into Output Terminal 
Output Voltages 

PIN NAMES 

~-A15 

01 - 08 

Address Inputs 
Chip Select Input 
Data Outputs 

LOGIC DIAGRAM (93458) 

:1 
I 16 INPUTS 

I 1 

PRODUCT 
MATRIX 

48 
.- 321NPUT 

AND GATES 

-55°C to + 125°C 

PROGRAMMABLE 

\ LINK 

-0.5 V to + 7.0 V 
-0.5 V to + 5.5 V 

100mA 
-0.5 V to 5.5 V 

"\" PROGRAMMABLE 
~. INVERSION 

PROGRAMMABLE LINK ---..L-___ ....;..--===f=:=i...:,~--or 
SUMMING 

MATRIX 
848 INPUT 
OR GATES 

* 
~ 0---1 ~ ___ ...J 

@1977 Fairchild Camera and Instrument Corporation Printed in U,S.A. 293-11-Q008-08715M 

27 

26 

25 

24 

23 

22 

21 

20 

Ao 
1.1 

1.2 

1.3 

"-
AS 

AI; 

1.7 

Aa 
Ag 

1.10 

1.11 

1.12 

A13 

Au 

1.15 

LOGIC SYMBOL 

cs 

93458/9 

18 11" 16 15 13 12 11 10 

Vee = Pin 28 

GND = Pin 14 

V P = Pin 1 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011/TWX 910-379-6435 I=~I R CHIL..O 
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FAIRCHILD • 93458 • 93459 

GUARANTEED OPERATING RANGES 

PART NUMBERS 
SUPPLY VOLTAGE (Vee) 

TEMPERATURE 
MIN TYP MAX 

93458De, 93459De 4.75 V 5.0 V 5.25 V ooe to + 75°C 

93458DM, 93459DM 4.50 V 5.0 V 5.50 V -55°C to + 125°C 

LOGIC RELATIONSHIPS 

Input Term An 

Product Term Pm =TTci
5 

(in An + jn An) 

Fr = ~ ~7 Pm 

Summing Term _ 47 
Sr - ~ 0 km Pm 

MODE es Fr 

0 1 

READ 0 1 

0 0 

DISABLE 
1 X 
1 X 

Sr 

0 

1 

X 

X 

X 

n = 0, ... , 15, one of 16 inputs 

m = 0, ... , 47, one of 48 product terms 
where: 

a) in = jn = 0 for unprogrammed input 
b) in = jn for programmed input 
c) in = jn = 1 for don't care input 

r = 1, ... , 8, the OR function of the 48 
products terms 

where km = 0 for product term inactive 
(programmed) , 

km = 1 for product term active 
(unprogrammed) 

OUTPUT 

ACTIVE HIGH ACTIVE LOW 

0 1 

1 0 

0 1 

1 (93458) 1 (93458) 

HI Z (93459) HI Z (93459) 

Example- By programming, the 8 outputs of an FPLA can be made to relate to the 16 inputs as 
given by the following example:, 

8 outputs 
total 

01 = AO As A14 + A2 A15 + Ao A1 ... A15 .... A8 A10 A13 
'-; t' 

v 
16inputterms 

max 
v 

48 product terms 
max 

02 = AO A6 A14 + A2 A15 (Output polarity programmed, active high.) 

08 = (A8 A10 A13 + A4 A7 A9 A11 A12) (Output polarity not programmed, 
, active low.) 

FUNCTIONAL DESCRIPTION - The 93458 and 93459 are bipolar field Programmable Logic 
Arrays (FPLA) organized 16 inputs by 48 product terms by 8 outputs. Open collector outputs are 
provided on the 93458 for use in wired-OR systems. The 93459 has 3-state outputs which 
provide active pull ups when enabled and high output impedance when disabled. Chip Select for 
both devices is active LOW; Le., a HIGH (logic "1") on the CS pin will disable all outputs. 

The read function is identical to that of a conventional bipolar ROM. That is, a binary address is 
applied to the AO through A15 inputs, the chip is selected, and data is valid at the outputs after 
tAA nanoseconds. 
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FAIRCHILD • 93458 • 93459 

DC CHARACTERISTICS: Over guaranteed operating ranges unless otherwise noted. 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 
(Note 1) 

ICEX 
Output Leakage Current 

50 pA 
VCC = MAX. VCEX = VCC. ooc to + 75°C 

(93458 only) Address any HIGH Output 

ICEX 
Output Leakage Current 

100 J,JA 
VCC = MAX. VCEX = VCC. - 55°C to + 125°C 

(93458 only) Address any HIGH Output 

VCC = MIN. lOL = 16 mA 

VOL Output LOW Voltage . 0.30 0.45 V Vp. CS = 0 V; AO-A5. A13. A15 = 5 V; and 

A6- A12. A14 = 10.8 V 
-

VOH Output HIGH Voltage (93459 only) 2.4 V VCC = MIN. lOH = -2.0 mA 

Output Leakage Current for HIGH 50 pA VOH = 2.4 V 
loff 

Impedance State (93459 only) -50 pA VOL = 0.4 V 
ooC to + 75°C 

Output Leakage Current for HIGH 100 pA VOH = 2.4 V 
loff 

Impedance State (93459 only) IJA VOL = 0.4 V 
- 55°C to + 125°C 

lOS Short Circuit Current -10 -70 mA VOUT = OV; Chip Enabled 

VIH Inputl:"llGH Voltage 2.0 V Guaranteed Input HIGH Voltage for All Inputs 

VIL Input LOW Voltage 0.8 V Guaranteed Input LOW Voltage for All Inputs 

Input LOW Current 

IF IFA (Address Inputs) -160 -250 IJA VCC = MAX, VF = 0.45 V 

IFCS (Chip Select Inputs) -160 -250 ,..A 

Input HIGH Current 

IR IRA (Address Inputs) 40 ,..A VCC = MAX, VR = 2.4 V 

IRCS (Chip Select Input) 40 IJA 

ICC Power Supply Current 105 140 mA 
VCC = MAX. Outputs Open 

Inputs Grounded and Chip Selected (See Note 2) 

Co Output Pin Capacitance 7 pF VCC = 5.0 V. Vo = 4.0 V,- f = 1.0 MHz 

CI Input Pin Capacitance 4 - pF VCC = 5.0. Vo = 4.0 V, f = 1.0 MHz 

Vc Input Clamp Diode Voltage -1.2 V VCC = MIN. IA = - 18 mA 

AC CHARACTERISTICS: TA = O°C to + 75°C. VCC = 5.0 V :1; 5% 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

(Note 1) 

tAA- 25 45 os 
Address to Output Access Time 

tAA+ 25 45 ns 

15 25 
See Figure 1A and 1B 

tACS- ns 

tACS+ 
Chip Select Access Time 

15 25 ns 

AC CHARACTERISTICS: TA = - 55°C to + 125°C. VCC = 5.0 V :1; 10% 

LIMITS 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

(Note 1) 

tAA- Address to Output Access Time 
25 65 ns 

tAA+ 25 65 ns 
See Figure 1A and 18 

tACS- Chip Select Access Time 
15 30 ns 

tACS+ 15 30 ns 

NOTES: 1. Typical values are at Vee = 5.0 V. +25°e and max loading. 
2. For programmed part, add .45 mA typical •. 60 mA max per selected programmed product terms and add 2.9 mA typical. 

3.9 mA max per enabled low output or 33 mA typical. 44 mA max for disabled states. 
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F16K 
16,384 x 1 DYNAMIC RANDOM ACCESS MEMORY 

FAIRCHILD ISOPLANAR SILICON GATE MOS 

GENERAL DESCRIPTION - The F16K is a 16,384-bit MOS Dynamic Random Access 
Memory configured as 16,384 one-bit words, and which is manufactured using Fairchild's 
n-channei silicon gate, double-poly Isoplanar process. The use of the single­
transistor memory cell along with address mUltiplexing techniques permits the packaging 
of the F16K in a standard 16-pin dual in-line package. The use of this package allows 
construction of highly dense memory systems utilizing widely available automated 
testing and insertion equipment. Furthermore, the pinout, timing and organizational 
characteristics of the F16K are essentially the same 16-pin 4K dynamic RAMs. Thus 
the F16K is ideally suited for easy upgrading of 4K-RAM-based systems. 

• INDUSTRY STANDARD 16-PIN DUAL IN-LINE PACKAGE 
• LOW CAPACITANCE, TTL-COMPATIBLE INPUTS (INCLUDING CLOCKS) 
• ON-CHIP ADDRESS AND INPUT DATA LATCHES 
• 3-STATE TTL-COMPATIBLE OUTPUT WITH DATA VALID TIME CONTROLLED 

BY CAS 
• COMMON 1/0 CAPABILITY 
• TWO DIMENSIONAL SELECTION BY DECODING BOTH RAS AND CAS 
• STANDARD 10% SUPPLIES (+12 V, +5 V, and -5 V) 
• FLEXIBLE TIMING WITH PAGE-MODE AND EXTENDED PAGE BOUNDARIES 
• 128-CYCLE RAS-ONL Y REFRESH 
• PINOUT AND SPECIFICATION COMPATIBLE WITH INDUSTRY-STANDARD 

16K RAMs 

BLOCK DIAGRAM 

CAS--l 

16,384· BIT 
STORAGE ARRAY 

CLOCK GENERATOR NO.1 

I? 1978 FaIrchild Camera and Instrument Corporation Printed in U.S,A, 

"",--VBB 

~VSS 

~VDD 

-+--VCC 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011/TWX 910-379-6435 
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5 

6 

12 

11 

10 

13 

15 

LOGIC SYMBOL 

WE DIN 
AO 

A1 

A2 

A3 

A4 F16K 

A5 

A6 

RAS 

CAS 
DOUT 

14 

VSS = Pin 16 

Vee = Pin 9 

VDD = Pin 8 

VBB = Pin 1 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 Vss 

15 CAS 

14 DOUT 

13 A6 

12 A3 

11 ~ 

10 As 

9 Vcc . 

F=P.IRCHIL.C 
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FAIRCHILD 16,384 Xl DYNAMIC RANDOM ACCESS MEMORY. F16K 

FUNCTIONAL DESCRIPTION 
ADDRESSING - The 14 address bits required to decode 
one-of-16, 384 cell locations in the F16K are entered using 
a 2-phase multiplexing operation in which first the 7-bit Row 
Address is entered followed by the 7 -bit Column Address. 
First the 7-bit Row Address is applied to the seven address 
inputs of the F16K and latched into' the chip by Row 
Address Strobe (RAS) which is the first of two externally 
applied TTL-level clocks. The second clock, Column Address. 
Strobe (CAS), subsequently latches the seven column address 
bits into the chip. Each of these signals RAS and CAS, trig­
ger on-chip clock generators which control the internal se­
quencing of events on the chip. Advanced techniques used 
in handling the row and column address information allow 
the address multiplexing operation to be performed without 
lengthening the critical timing path governing the access time. 
The activation of CAS strobes the column address latch but 
this event as well as other internal events governed by the 
CAS clock generator may be inhibited until certain pre­
requisite events controlled by the RAS clock generator 
have occured. 

More specifically, a "window" of time exists, extending 
from'tRCD(min) to tRCD(max) during which CAS may be­
come active without impacting the access time. Stated an­
other way I as long as CAS occurs during this window, the 
access time will be specified by tRAC. If CAS occurs a cer­
tain delay after this window of time, the RAS clock gene­
rator no longer inhibits the CAS clock generator and the mag­
nitude of this delay will add directly to the overall access 
time. This lengthened access time is now referenced to CAS 
rather than RAS and is lengthened by the amount of time 
that tRCO exceeds the.tRCD(max) limit. This "gated-CAS" 
feature allows greater flexibility since the CAS clock may 
be externally activated as soon as the Hold Time for the 
Row Address has.been met and the address inputs have been 
changed from Row Address to Column Address information. 

PAGE MODE OPERATION - The Page-Mode feature of the 
F16K allows successive memory cycles accessing the same. 
row in the memory matrix to be concatenated together in 
such a way that the common Row Address need be supplied 
only once - resulting in faster access times with no corre­
sponding increase in power. The page-mode option may be 
used in conjunction with any of the defined memory opera­
tions, and is accomplished by supplying the Row Address to 
the chip and holding RAS lOW throughout all subsequent 
memory cycles for which the Row Address is common. 

Since RAS makes its initial negative transition only once, no 
additional dynamic power is dissipated due to RAS on any 
subsequent cycles performed within that row. The access 
and cycle times are also shortened since the time required to 
supply a Row Address is eliminated. 

DATA INPUT - In a write operation, the data to be input 
into memory is strobed into an 'on-chip register during RAS 
by a combination of CAS and Write Enable (WE). The 
strobe is formed by whichever is the latter of these two sig­
nals to make its negative transistion. This presents several 
possibilities in how a write cycle may be performed. In an 
"early-write" cycle (WE active lOW before CAS goes lOW), 
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Data In (DIN) is strobed by CAS and thus the set-u'p and 
hold times are referenced to this signal edge. If DIN is not 
yet valid at the time CAS becomes active (or if the cycle is a 
read-write or read-modify-write) then WE must be delayed. 
In this delayed-write mode, the DIN set-up and hold times 
are referenced to WE rather than CAS. (See the timing 
diagrams). 

DATA OUTPUT - The Data Out (DOUT) latch and buffer 
unconditionally assume the high-impedance state whenever 
CAS is HIGH, i.e. inactive. 'If the cycle being performed is a 
read, read-modify-write, or a delayed write cycle then the 
DOUT latch and buffer will remain high impedance until the 
access time, after which DOUT will assume the value of the 
data read from the selected cell. This output data is of the 
same polarity (not inverted) as the input data and will remain 
valid as long as CAS is kept active, i.e. lOW. However, if the 
cycle is an "early-write" cycle or if the chip fails to receive 
both RAS and CAS, then DOUT will remain high impedance 
throughout the cycle. This feature allows systems which 
write employing the early write mode exclusively, to com­
mon 01 Nand DOUT directly together. 

Another advantage of this "unlatched output" feature is that 
OR-tied outputs in a memory matrix require no special action 
to be turned off. Unlike other types of RAMs which require 
a negative transition of CAS to become high impedance, the 
F 16K's output is already high impedance whenever CAS is 
HIGH, i.e. inactive. This means that CAS need not be sup­
plied to unused devices and therefore may be used for de­
vice selection. Thus a reduction in external decoding logic 
is possible by using both RAS and CAS in a 2 dimensional 
decoding/selection scheme. (see Table 1 below). 

RAS active CAS active 
during cycle? during cycle? RESULT (after tOFF delay) 

Yes Yes Device active 

Yes No Device deselected, refresh 

No Yes Device deselected 

No No Device deselected 

TABLE 1 

EXTENDED PAGE BOUNDARY - A further implication of 
using both RAS and CAS for device decoding/selection is in 
extending page boundaries for page-mode operation. If only 
RAS is decoded, then .any given "page" is limited to only 
128 different column addresses within that page, (i.e. seven 
column address bits correspond to 27 = 128 column 
addresses). Therefore, for memory systems using more than 
16K words of data, page boundaries may be extended from 
128 addresses per page up to any multiple of 128 addresses 
merely by decoding which 16K memory bank also gets a CAS 
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FAIRCHILD 16,384 X 1 DYNAMIC RANDOM ACCESS MEMORY. F16K 

(subject to tRAS(max) limitation). This is accomr!ished by 
supplying RAS to all devices in order to latch in the Row 
Address information and then decoding which bank of 16K 
words is to also get CAS. Only those devices which receive 
both RAS and CAS will respond with a valid memory cycle. 

INPUT/OUTPUT LEVELS - All inputs, including the two 
address strobes, interface directly with TTL. The high-impe-' 
dance, low-capacitance input characteristics simplify input 
driver selection by allowing use of standard logic elements 
rather than specially designed driver elements. Termination 
resistors are normally required in a system to prevent ring­
ing due to line inductance and reflections. In high-speed 
memory systems, 'transmission line techniques must be em­
ployed on the signal lines to achieve optimum system speeds. 
Series termination may be employed at some degradation 
of system speed. 

The 3-state output buffer is a low impedance to Vee for 
logic "1" and low impedance to VSS for logic "0". The 
effective resistance to VCC is 420 n maximum and 135 n 
typically. The effective resistance to VSS is 95 n maximum 
and 35 n typically. 

REFRESH - The matrix of 128 X 128 memory cells in the 
F16K is refreshed by executing a memory cycle at each of 
the 128 Row Addresses within each interval of 2 millisec- . 
onds or less. Although any cycle in which RAS occurs a-

PIN NAMES 

An 

DIN 
WE 

Address Inputs 

Data Input 

Write Enable Input (Active LOW) 

ccomplishes a refresh operation, the refresh is most easily 
accomplished in the RA'S-only-refresh mode. This type of re­
fresh operation results in decreased power dissipation since 
CAS remains inactive. 

POWER DISSIPATION/STANDBY - Since the F16K uses 
dynamic memory cells, this means that most of the dissi­
pated power is a result of an address strobe edge. There is, 
however, a small dc component of dissipated power that is a 
ssociated with the precharging of the sense amplifiers. Thus, 
the total power dissipated is a function of both operating 
frequency and duty cycle. Typically, the power is 350 mW 
at lps cycle time with a worst case power of less than 462 
mW at 375 ps cycle time. To reduce overall system power 
during standby, RAS-oniy-refresh cycles should be perform­
ed with CAS held HIGH. 

The VCC supply is not used in the internal memory oper­
ations of the F 16K, but rather used only at the output 
buffer and thus, for some applications, may be powered 
from the supply voltage of the logic to which the chip's out­
put is interfaced. This means that ICC, the current drawn 
from the V CC supply, is a function of output loadtng. Dur­
ing battery standby operation, the VCC pin may be un­
powered, if desired, without affecting the refresh operation. 
This allows all system logic, except the RAS timing circuitry 
and the refresh address logic, to be turned off during battery 
standby to conserve power. 

Data Output 

RAS 

CAS 

Row Address Strobe (Clock) Input (Active LOW) 

Column Address Strobe (Clock) Input (Active LOW) 

DOUT 

VCC 

VSS 

VSS 

VDD 

+5 V Power Supply 

o V Power Supply 

-5 V Power Supply 

+ 12 V Power Supply 

ABSOLUTE MAXIMUM RATINGS 

Voltage of any pin relative to VSS (VSS - VSS ~ 4.5 V) 
Operating Temperature (Ambient) 
Storage Temperature (Ambient) 
Power Dissipation 

-0.5 V to + 20 V 
O°C to 70°C 

-55°C to 150°C 
1 W 

Stresses greater than those listed under" Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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2102 • 2102L • ·21 L02 
l024X 1 STATIC RANDOM ACCESS MEMORY 

FAIRCHILD ISO PLANAR SILCON GATE MOS INTEGRATED CIRCUIT 

GENERAL- DESCRIPTION - The 2102 family consists of 1024-word by 1-bit Static 
Random Access Read/Write Memories which requires only a single 5 V supply, have 
fully TTL compatible inputs and output, and require no clocking or refresh. Chip Select 
(CS) permits a 3-state output allowing the outputs to be wired-OR. Special features 
include low power dissipation (2102L) and a power-down capability (21L02). 

The 2102, 2102L and 21 L02 series are manufactured employing the n-channel Iso­
planar process and are available in a 16-pin dual in-line package or flatpak. 

• FAST ACCESS - 250 ns 
POWER/ACCESS TIME GUIDE 

• SINGLE +5 V SUPPLY 
• TTL COMPATIBLE INPUTS AND OUTPUT 
• TOTALLY STATIC - NO CLOCKS OR 

REFRESH 

• 3-STATE OUTPUT 
• LOW POWER (2102L) 
• POWER-DOWN CAPABILITY (21 L02) 
• FULLY EXPANDABLE 
• FULLY DECODED 
• 16-PIN DUAL IN-LINE PACKAGE 

PIN NAMES 

.40-9 
DOUT 

DIN· 
R/W 
CS 

Address Jnputs 

Data Output 

Data Input 

Read/Write 

Chip Select (active LOW) 

ABSOLUTE MAXIMUM RATINGS 
Any Pin with Respect to VSS 
Storage Temperature 
Operating Temperature C 

BLOCK DIAGRAM 

AQ 

A1 

A2 

A3 

A4 

L 
M 

32 X 32 
CELL MATRIX 

PART 
NUMBER 

21 L02H 
a::z 

21 L02F UJs: 
S:o 21L021 2Q 

21 L022 

2102LH 
a:: 

s:UJ 2102LF 
oS: 2102L1 ...Jo 

a.. 
2102L2 

~ 2102H 

~ 2102F 

~ 21021 

~ 21022 

C1978 Fairchild Camera and Instrument Corporation Printed in U.S.A. 

ACCESS IDD(MAX) 
TIME C L, M 

250 ns 30mA ---
350 ns 30mA ---
450 ns 30mA ---
650 ns 30mA ---
250 ns 30mA 40mA 

350 ns 30mA 40mA 

450 ns 30mA 40 mA 

. 650 ns 30mA 40 mA 

250 ns 55 mA 70 mA 

350 ns 55 mA 70mA 

450 ns 55 mA 70mA 

650 ns 55 mA 70mA 

-0.5 V to +7.0 V 
~55°C to·+150°C 

O°C to +70°C 
-55°C to +85°C 

-55°C to +125°C 

DOUT 

AS 

A6 

A7 
RW 

As DIN 

A9 

CS 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011ITWX 910-379-6435 
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15 

14 

-

LOGIC SYMBOL 

13 11 

AO 
CS DIN 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 
Dour 

12 

VSS Pin 9 

VDD . Pin 10 

CONNECTioN DIAGRAM 
DIP (TOP VIEW) 

A6 A7 

A5 AS 

R/YV A9 

A1 Cs 

A2 Dour 

A3 DIN 

A4 VDD 

AO vss 

TRUTH TABLE 

-
CS R/W DIN DOUT Comments 

H 

L 

L 

L 

X X " 

L H H 

L L L 

H X Dn 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Chip 
Deselected 

Write "l"t 
Write "0" t 
Read t 

• c= Output High Impedance State 

On = Data at Address Location 
t ~ Chip Selected 

I=~IRCHIL.C 
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F464 
65,536 X 1 DYNAMIC SERIAL MEMORY 

FAIRCHILD CHARGE COUPLED DEVICE 

GENERAL DESCRIPTION - The F464 is a 65,536-bit dynamic serial memory con­
figured as 16 randomly accessible shift registers, each 4096 bits long. Each of these shift 
registers is designed utilizing Charge Coupled Device (CCD) techniques with the interlaced 
Serial-Parallel-Serial (SPS) register structure which features both low power and high 
density characteristics. The high density of the F464 is further enhanced through the use 
of an electrode-per-bit memory cell approach. The high density permits packaging the 
memory in a standard 16-pin (0.3"-wide) dual in-line package which allows the con­
struction of highly dense memory systems using widely available automated testing and 
insertion equipment. 

Furthermore, this buried-channel CCD memory is fabricated using Fairchild's double-poly 
n-channel isopianar process. This process allows the F464 to be a high performance. 
state-of-the-art memory circuit which is manufacturable in large volume. 

• INDUSTRY STANDARD 16 PIN (0.3"-WIDE) DUAL IN-LINE PACKAGE. 
• OPERATING FREQUENCY RANGE: 1 MHz TO 5 MHz. 
• 151J.5 HALT TIME AT 2.0 MHz 
• LOW CAPACITANCE TTL-COMPATIBLE INPUTS (EXCEPT CLOCKS). 
• 3-STATE, TTL-COMPATIBLE, LATCHED DATA OUTPUT. 
• OUTPUT DRIVE CAPABILITY: 3.5 mA 
• LOW CAPACITANCE 12 V CLOCKS: 

~1 AND ~2: 100 pF (TYP) 
~T1 AND ~T2: 30 pF (TYP) 

• LOWPOWER 
NORMAL OPERATION: <336 mW (MAX) @fmax 
STANDBY: <66 mW (MAX) @fmin 

• STANDARD POWER SUPPLIES (+12 V, +5 V, AND -5 V) 

BLOCK DIAGRAM 

1·0F16 
DECODER 

AND 
LATCH 

wt----<-..... 

15 

---------------, 
I 
I 
I 

I I L _____________ -J 

i t • I 
Vss 

t 

<1978 Fairchild Camera and Instrument Corporation Printed in U.S.A. 

~91 

.-92 

..-- 9n 

..-- 9T2 

DDUT 
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LOGIC SYMBOL 

7 2 4 

12 A 91 
0 

92 q:>T1 q:>T2 

11 A, 

10 A2 

6 A3 

3 CS 

15 WE 

14 DIN 
DOUT 

13 

VDD = PIN' 
Vee = PIN 16 
Vss = PIN 8 
VBB = PIN 9 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

VDD Vcc 

92 WE 

CS DIN 

6T2 DOUT 

6T1 AO 

A3 A1 

6, A2 

Vss VBB 

F=~IRCHIL.C 
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FA'IRCHllD 65,536 X 1 DYNAMIC SERIAL MEMORY. F464 

PIN NAMES 

<1>1,<1>2 Serial Clocks DIN Data Input 

<l>Tl, <l>T2 Transfer Clocks DOUT Data Output 

An Address .Inputs VCC +5 V Power Supply 

CS Chip Select Input VSS o V Power Supply, GND 

WE Write Enable Input (Active LOW) VBB -5 V Power Supply 

VDD +12 V Power Supply 

FUNCTIONAL DESCRIPTION 

ORGANIZATION - The F464 is a 65,536 x 1 bit dynamic serial memory organized internally as 16 
dynamic shift registers (or blocks) of 4096 bits each in length. These 16 shift register blocks are 
randomly accessible through four internally decoded Address inputs (Ao - A3). When a given 
register is selected, its input and output are internally connected (as needed) to the DIN and DOUT 
pins, respectively, thus permitting simultaneous read and write operations. 

ARCHITECTURE - Each of the sixteen shift register blocks is implemented using a Serial-Parallel­
Serial (SPS) register architecture. In this approach N data bits are sequentially shifted into a "serial" 
input register. When full, the entire N-bit word is shifted in parallel into N "parallel" registers of M 

. bits in length, as illustrated in Figure 1. At the other end of this parallel register structure, bits are 
loaded in parallel into an N-bit serial output register. Bits in this register are then shifted out toward 
'the sense amplifier at the output and are automatically recirculated back to the input serial register 
unless a WR ITE operation is specified. 

The primary advantages of this type of architecture include very high density, low power, and low 
clock capacitance. These features all result from the fact that in the SPS architecture the parallel 
registers which encompass most of the total storage capacity within each block are shifted at a 
considerably slower rate (fIN/N) than the clock rate of the input or output serial registers (fiN). 

In actuality, each 4096-bit block of the F464 is implemented using an "interlaced" SPS structure In 

which each bit of the input serial register services two parallel registers rather than just one. The same 
is true for the output serial register. In addition, " electrode-per-bit" design techniques are used to 
reduce the effective cell size by minimizing the number of electrodes used to store each bit of 
information. These techniques obviously enhance the memory density considerably. The dimensions 
of the F464's interlaced SPS structure are 32-bit input and output serial registers and 64 parallel 
registers, each 63 bits in length. See Figure 2. These dimensions were chosen in order to optimize the 
power/density/latency tradeoffs inherent in the CCD memory approach. 

CLOCKS - The F464 requires four MaS level clocks: two high frequency (1 to 5 MHz) serial clocks 
and two low frequency transfer clocks. The serial clocks, 4>1 and 4>2, control the movement of data 
within the input and output serial registers of each 4096-bit block and have a frequency equal to the 
data rate. The transfer clock 4>T1 is used to transfer data from the input serial register to the parallel 
registers while the transfer clock 4>T2 is used to transfer data from the parallel registers to the output 
serial register of each block. The data present in the parallel registers is shifted by internally generated 
ripple clocks. This ripple clock technique allows a high bit-packing density approaching one electrode 
per bit. 

To achieve proper transfer phasing, the two transfer clocks are asymetrical about a 32-cycle interval 
(31.5 and 32.5 cycles) but symmetrical about a 64-cycle interval. The phasing between these transfer 
clocks alternates in order to achieve correct bit storage in each block. When 4>T1 occurs during 4>1 
time, 4>T2 occurs during 4>2 time 1.5 cycles prior to <l>T1· When 4>T1 occurs during 4>2 time, 4>r2 
occurs during 4>1 time 2.5 cycles prior to 4>T1. Figure 3 illustrates the clock phase relationships. 

The clocking operation may be momentarily halted for as long as 15 IlS once each interval of 64 or 
more clock cycles provided that the clock frequency is at least 2.0 MHz or higher. During this "halt 
time" it is recommended that all clock signals be in the LOW state in order to limit power dissipation. 
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FAIRCHILD 65,536 X 1 DYNAMIC SERIAL MEMORY. F464 

INPUT SERIAL REGISTER (32 BITS) 

• • • 
CIl CIl CIl CIl CIl CIl CIl CIl .... .... .... .... .... .... .... .... PARALLEL iii CD ~ ~ ~ CD CD CD REGISTERS 1i M M M M M M M 

'" '" It> '" '" '" '" • • ' . 
N-BITS 1-0 ___ --'-.:..::.c-'-'-__ .~ r . - OUTPUT 

OUTPUT SERIAL REGISTER 
(FREOUENCY 0 flNI 

OUTPUT SERIAL REGISTER (32 BITS) 

Fig.1 SIMPLIFIED SPS EXAMPLE WITH N = 4 Fig. 2 INTERLACED SPS ARCHITECTURE 

91 

92 

9T1 

9T2 

a) OVERVIEW OF CLOCK PHASING 

~ 
CYCLE 29 CYCLE 30 CYCLE 31 --. CYCLE 32 ...... 

.r. 
91 

29 30 31 
0 
"-

"as 
28 29 30 31 11.. 92 

9T1 

9T2 

b) DETAIL 1 

.-- CYCLE 60 CYCLE 61 CYCLE 62 CYCLE 63 -----. CYCLEO ...... 

91 
61 62 63 

92 
60 61 62 63 

¢T1 

9T2 

c) DETAIL 2 

Fig. 3 F464 CLOCK RELATIONSHIPS 
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FAIRCHILD 65,536 X 1 DYNAMIC SERIAL MEMORY • F464 

CONTROLS 

In addition to the four Address inputs (AO through A3), other TTL level control signals available on 
the F464 include Write Enable (WE) and Chip Select (CS). The CS input, along with the address 
information, is presented during 4>1 HIGH time and dynamically latched with the trailing edge of 4>1 
which simultaneously disables both the address and CS buffers. This action prevents changes that 
occur on the external pins from entering the internal circuitry when 4>1 is LOW. The WE control 
signal determines whether new data from the DIN pin, or recirculated output data, is presented to the 
input of the addressed block. The non-addressed blocks are automatically recirculated. 

MODES OF OPERATION 

STANDBY (Recirculate-only cycle) 

In Standby mode (CS LOW), the contents of all 16 blocks are recirculated autoll)atically, and tole 
device disregards the WE, Address, and DIN inputs. The output latch goes into the high impedance 
state after the trailing edge of the 4>1 clock. Minimum power dissipation results when the device is . 
operated in the recirculate mode with minimum 4>1 and 4>2 pulse widths at the lowest allowed frequency. 

READ-RECIRCULATE MODE 

In this mode of operation (WE HIGH and CS HIGH) the data from the selected block is presented to 
the output buffer immediately following the leading edge of 4>2 and appears at the output, DOUT, 
after a delay equal to the access time tACC. Thus, the access time is referenced from the leading edge 
of the 4>2 pulse and is independent of the duration of 4>2. The output data is latched and remains valid 
at the DOUT pin until the end of the 4>1 clock pulse in the next cycle. The data present in all 16 
blocks automatically recirculates from the output back to the input regardless of the address inputs, 
provided that WE remains inactive throughout the cycle. 

READ AND WRITE MODE 

In the Read and Write mode (WE LOW and CS HIGH), the output data from the selected block is 
available at the output pin as in the read-recirculate mode; however, the recirculate path of that 
particular block is disabled. Input data present a~ the DIN pin during 4>i is written into the selected 
block by the falling edge of 4>2, whil.:....:!.he other 15 blocks automatically recirculate their contents. 
This form of an "early-write" cycle (WE LOW prior to the falling edge of 4>1) requires that both WE 
and DIN have set-up times with respect to the trailing edge of 4>1. In fact, for successive write 
operations handled in this mode, WE may be held LOW continuously without returning it to the 
HIGH state between cycles. A "delayed-write" cycle (WE goes LOW after the trailing edge of the 4>1 
clock pulse) is also possible and is discussed in the next paragraph as a subset of the RMW operating 
mode. 

READ-MODI FY-WRITE MODE 

The Read-Modify-Write mode (CS HIGH, WE HIGH goes LOW) is simplified by the fact that the 
F464 is always in the read mode whenever it is selected (CS HIGH). Since the access time is 
referenced to the leading edge of 4>2 and the setup times of WE and DIN are referenced to the trailing 
edge of 4>2, this mode of operation requires an extended 4>2 HIGH time in order to provide the 
required modify time. This "stretched" 4>2 HIGH time may be determined by the following 
relationship: 

The modify time, tMOD, is determined by the user and is dependent on the delays of the external 
logic used to modify the output data. The Read-Modify-Write (RMW) cycle time then, is given by: 

where t4>2H is the new "stretched" version of the 4>2 clock pulse. 

If no modification of output data is required, then this operating mode reduces to a "delayed-write" 
mode in which DIN and WE may occur after the 4>1 clock pulse. 
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°0 
LSB 

°2 

°3 

°4 

Os 
MSB 

FAIRCHILD 65,536 X 1 DYNAMIC SERIAL MEMORY. F464 

MEMORY START-UP 

When the F464 is initially powered up, the VSS supply (i.e., the -5 volt supply) should be applied to 
the memory before and removed after the other supplies. This action results in greater protection 
against accidental violation of the voltage limits specified in the Absolute Maximum Ratings section 
and, in general, enhances the long term reliability of the memory. 

In order to clear the memory of extraneous charge following power-up or after a clock stoppage of 
greater than 15 fJ.S, the F464 must be clocked through a minimum of 20,000 clock cycles of any type 
before a valid memory cycle should be attempted. 

CLOCK GENERATION CIRCUIT -

The circuit shown below may be used to generate the four MaS-level clocks required of the F464 
from a single master clock. In this circuit, the master clock frequency f, must be twice the desired 
data rate at the F464 output pin. Since the input clock frequency is "squared-up" with a divide-by­
two flip-flop, the duty cycle of this clock is non-criticaL A pulse edge at the input of the buffered 
delay line produces a sequence of delayed pulse edges from the A, S, C, D and E output taps. These 
delayed pulse edges are ANDed together to produce the required tPl and tP2 clocks as well as the ¢Tl 
and tPT2 transfer clocks. Since the transfer clocks occur in a symmetrical fashion every 64 clock 
cycles, a 6-bit, modulo 64 counter is required. The outputs of this 6-bit counter are decoded to en­
able the appropriate transfer clock gates at counts of 29, 31, 61 and 63. Thus, tPT1 is pas~ed along to 
the clock drivers only during cycles 31 and 63, while tPT2 is gated through only during cycles 29 and 
61. These four counts are easily decoded with only a 2-to-4 decoder and one 4-input NAND gate. The 
6 bits of the modulo 64 counter comprise the 6 low order bits of the 12-bit, modulo 4096 loop 
counter. This .counter is required to define address locations within each 4K block and will, in most 
cases, be already present in the system. 

One major advantage of using a delay line is that since the clock pulses ~re generated from delayed 
edges, the pulse width in all cases is fixed and does not vary as a function of the input master fre­
quency f. Thus minimum pulse widths are always generated regardless of cycle and data rates. This 
translates directly into lower power dissipation since IDO is a function of clock pulse width. 

The maximum clock rates for which this circuit will operate properly depends on the clock transition 
times (both rise and fall) at the output of the TTL-to-MOS drivers and, the del~ between adjacent 
taps on the delay line. The maximum data rates possible for this circuit are giVen in the table. Faster 
and/or more efficient clock generation circuits may be realized by using different types of delay lines 
(e.g. more taps or unequal tap delays). 

SERIAL AND TRANSFER CLOCK GENERATION CIRCUIT 

r DElAYL·INE---- -TA-P ·----RISE/--- -MAlZ"I 

74LS20 

X 

D ° I---+--IIN 

Q 

74LS74 

°0 
31 

°1 
63 

°2 
29 

A 

BUFFERED DELAY LINE 
(5 TAPS) 

B e 

I TOT~~Dn~lAY O:OL:'V FA~~~:ME DA;~:::E i 
I 125 ns 25 ns 10 ns 3.0 MHz I 

~ 
150 ns 30 ns 15 ns 2.75 MHz : 
200 ns 40 ns 20 ns 1.0 MHz I 

BOTH THE 5 MHz F464A AND THE 4 MHz F464 Will WORK I 
FOR .Al.l. THE CASES ABOVE WITH THE ONl Y EXCEPTION 1 

BEI~G. !_H~~64 IN THE CASE Of THE 100 ns DElAY LINE. I 
Vee 

<;:iT1 

(lT2 

. °1 >----IY 
9643 TTL·MOS DRIVERS 

°3 
61 

Fairchild cannot assume responsibility for use of any circuitry described other than circuitry entirely embodied in a Fairchild product. No other circuit patent licenses are implied. 
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F2114 
1024 x 4-BIT STATIC RANDOM ACCESS MEMORY 

FAIRCHILD ISOPLANAR SILICON GATE MOS INTEGRATED CIRCUIT 

GENERAL DESCRIPTION - The Fairchild F2114 is a 4096-bit static Random Access 
Memory organized as 1024 words by four bits each. Since the operation of the F2114 is 
entirely static, there is no clocking or refreshing required. It operates from a single +5 V 
supply and is directly TTL compatible at all inputs and outputs including the four bi­
directional data I/O pins. 

It is designed for memory applications in which static operation, large bit capacity, and 
simple interfacing are important design considerations. 

The F2114 is manufactured using Fairchild's n-channel silicon gate Isoplanar process. 
The innovative use of polysilicon resistors in the static memory cell design permit a high 
bit packing density and insures low-power characteristics. It is available in standard 18-
pin dual in-line packages in either plastic or ceramic, 

• 1024 X 4 BIT ORGANIZATION 
• STANDARD 18~PIN DIP PACKAGE 
• SINGLE +5 V SUPPLY 
• COMPLETELY STATIC - NO CLOCKS OR REFRESH 
• TOTALLY TTL COMPATIBLE 
• COMMON DATA 1/0 PINS WITH 3-STATE CAPABILITY 
• IDENTICAL CYCLE AND ACCESS TIMES 
• SIMPLE BUS INTERFACING USING CHIP SELECT AND WRITE ENABLE 

PIN NAMES 
Ao-Ag 
CS 
WE 
1/01-1/04 

Vee 
GND 

Address Inputs 
Chip Select (Active LOW) 
Write Enable (Active LOW) 
Data Input/Output 
+ 5 V Power Supply 
Ground 

BLOCK DIAGRAM 

.. 1 
~ r---

~ 
~ 

L2 ROW · 
SELECT · ~ LOGIC · 

~ 
64 

.2 -

-:---

~ -
INPUT -

~ DATA -
CONTROL 

lot:- LOGIC 

It(' 

-1.J }-
I -
1J-

4096-BIT 
MEMORY ARRAY 

64 ROWS 
64 COLUMNS (16 x 4) 

112 . . . 64) 

COLUMN 
110 CIRCUITS 

11 21 . . . 161 

COLUMN SELECT 
LOGIC 

~ ~ 
~ .. ~ ~ ~ .. ~~ .. 

~1978 Fairchild Camera and Instrument Corporation Printed in U.S.A. 203-11-0001-078 15M 

=D 
1"'0"'1"'0 

5 

6 

7 

4 

17 

16 

15 

Ao 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

As 

Ag 

LOGIC SYMBOL 

10 

WE CS 

Vee = Pin 18 
GND = Pin 9 

1/01 

1102 

1103 

1104 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

A6 Vee 

A7 

A4 As 

Ag 

Ao 1101 

A1 1102 

A2 1103 

1104 

GND WE 

14 

13 

12 

.11 
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F2708 
1024 x 8 UV ERASABLE PROM 
FAIRCHILD ISOPLANAR SILICON GATE NMOS 

GENERAL DESCRIPTION- The Fairchild F270a is an a,192-bit ultraviolet light eras­
able and electrically reprogrammable Read Only Memory manufactured using the 
Isoplanar n-channel silicon gate technology. Organized 1024 x a, the F270a is ideally 
suited for non-volatile data storage in applications such as a-bit microprocessor 
systems, where reprogrammability, high bit density, maximum performance, and 
simple interfacing are essential parameters. All inputs and outputs are TTL compatible. 
The 3-state outputs become high impedance when the F270a is deselected, allowing a 
direct interface capability which is useful in many computer bus structures. 

The F270a, which is pin-for-pin compatible with industry-standard aK-bit ROMs, 
provides inexpensive, non-volatile storage of data/program code in applications where 
fast turn-around and data/program code experimentation are important requirements. 
Thus, the F2708 provides the system development vehicle whereby system prototypes 
using the F2708 may be reieased into volume production by directly substituting ROM 
devices for F270a devices. 

• 1024 x B BITS ORGANIZATION 

• FAST ACCESS TIME: 350 nx MAX (F270B-1) 

• TTL COMPATIBLE ON INPUTS AND OUTPUTS 

• 3-STATE OUTPUTS FOR OR-TIE CAPABILITY 

• STANDARD POWER SUPPLIES +12V, +5V, -5V 
• CHIP SELECT INPUT FOR MEMORY EXPANSION 

• STATIC OPERATION 

• PIN COMPATIBLE TO 8K AND 16K ROMs 
FOR LOW COST PRODUCTION 

• LOW POWER DURING PROGRAMMING 

PIN NAMES 

An 
Qn 
PRGM 
GSIWE 
Voo 
Vee 
Vss 
Vee 

Address Inputs (10) 
Output Data (a) 
Program Pulse Input 
Chip Select/Write Enable 
+12 V Supply 
+5 V Supply 
Ground 
-5 V Supply 

23 

22 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

Ag 

LOGIC SYMBOL 

IS 20 

Voo = Pin 19 
Vee = Pin 24 
Vee = Pin 21 
Vss = Pin 12 

°0 

0, 10 

02 11 

03 13 

°4 14 

Os IS 

06 16 

07 17 

"0 • CONTENTS ERASABLE WITH UL TRAVIOl.ET LIGHT 
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BLOCK DIAGRAM 
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CONNECTION DIAGRAM 
DIP (TOP VIEW) 

A7 1 24 Vee 

A6 2 23 As 

AS 3 22 A9 

A4 4 21 Vee 

A3 5 

[Q] 
20 CS.WE 

A2 6 19 Voo 

A, 7 18 PRGM 

AO 8 17 0 7 

0 0 9 16 0 6 

0,'0 15 aS 

02 11 14 0 4 

VSS 12 13 0 3 

F=Pt..IRCHI L.C 
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"I need to know if this device exists, and if there are 
any alternate sources. Where do I start?" 

• Memory IC • CMOS 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If you're spending hours to solve a problem similar 
. to the one above, youre behind the times ... 

It only takes a few seconds with uTHE MASTER:' 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, . 
microprocessor, interface, linear and digital.) 

(lIE:) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

. . . alternate source directory for 
'pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section . . . a complete 
part numbering gUide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You·don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor - etc. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS COR'PORA TION 

HM-76XX 
GENERIC PROM FAMILY 

Organizations 
•. COMMON D.C. ELECTRICAL CHARACTERISTICS AND PROGRAMMING 

PROCEDURE 
PART TOTAL WORDS" 

• SIMPLE, HIGH SPEED PROGRAMMING PROCEDURE, ONE PULSE/BIT 
NUMBER 'OUTPUT BITS BITS/WORD 

HM ·7602 OC 256 32" 8 
• EXPANDABLE - "OPEN COLLECTOR" OR "THREE STATE" OUTPUTS 

AND CHIP ENABLE INPUTS 

HM 7603 

HM·7610 
HM 7611 

TS 

OC 1024 256" 4 
TS 

• INPUTS AND OUTPUTS TTL COMPATIBLE 
• LOW INPUT CURRENT - 250llA LOGIC "0", 40~A LOGIC "1" 
• FULL OUTPUT DRIVE - 16 mA SINK, 2mA SOURCE 

HM· 7620 OC 2048 512)( 4 
HM 7621 TS 

HM 7640 OC 4096 512" 8 
HM7641 TS 

• FA~>T ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING, OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T­
AGE RANGES 

HM-7642 
HM 7643 
HM 7644 

OC 
TS 4096 1024)( 4 

APU 

'OC Open Collector 
• TS "Three State" 

• PIN COMPATIBLE WITH INDUSTRY STANDARD PROMs AND ROMs • APU Active Pull· Up 

Description 

The HM-76XX Generic PROMs comprise a completely 
compatible family having common D.C. electrical charac­
teristics and identical programming requirements. They 
are fully decoded, high speed, field programmable ROMs 
and are available in all commonly used organizations, with 
both open-collector and "Three State" outputs. All bits are 
manufactured storing a logical "1" (outputs high), and can 
be selectively programmed for a logical "0" (outputs low). 

The nichrome fuse technology is the same as is used in the 
JAN approved MIL-STD-38510/201 PROM and in all 
other Harris PROMs. 

Block Diagrams 

AD ,101----1'-----' 

A1111, 

142112. 

AlUll 

A4 t14I----o'--_----' 

~1151 

The field programmable PROM can be custom programmed 
to any pattern using a simple programming procedure. 
Schottky Bipolar circuitry provides fast access time, and 
features temperature and voltage compensation to minimize 
access time varia,tion. 

All pinouts are compatible to industry standard PROMs and 
ROMs. 

I n addition to the conventional storage array, extra test 
rows and columns are included to assure high programm­
ability, and guarantee parametric and A.C. performance. 
Fuses in these test rows and columns are blown prior to 
shipm.ent. 

Pinouts 

HM-7602/03 TOP VIEW 
32 X 8 

01 Vee 
02 cs 
03 A4 

04 A3 

05 A2 

t., 171 un (61 t41 (ll (2' (11 
Os A1 

- ~ - ~ ~ ~ ~ ~ 07 AO 

GND 08 

HM-7610/11 
256 X 4 TOP VIEW 

A] A4 AI AI 14.7 
,4, (31 121 (1) nil 

AS Vee 
A5 A7 

A4 Cs2 

A3 Cs, 

AO 0, 

A, °2 

A2 03 

GND 04 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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"0(51 

1.1 (51 

AZI7I----.L-_-----'----.. __ ----.r 

CS 1131 

AGCI' 
A1 (71 

AZ(II 

5,1211 

CS2120J 

CSJU81 

CSot (11' 

nn , .. , 
"" ", 

AD 151 
A, III 
A2171 
A314' 

a, '"' 
a2110' 

Aol&l 

"" (81 
A2171 
A31.1 
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(16) 

III 
n4' .. 

A3 A4 A5 A,6 A7 A8 
'4' (3' (21 (11 (151 (141 

A,3 ...... Ali AS A7 All 

(5t '4' (3) '21 en (23. 

(131 
04 

-In..,'" ComM£:tlon. r ............... tG be .. h open CitelMt 

A4 A6 AI A,7 .... AI 
(31 (21 (11 (11) 11111151 

A4 A,5 As A7 As A8 
131 121 111 (151 f141113J 

HM-7620/21 
512 x 4 

HM-7640/41 
512 x 8 

(111 "01 
III 02 

HM-7642/43 
1024 X 4 

HM-7644 
1024 X 4 

TOP VIEW 

AS VCC 

A5 A7 

A4 AS 

A3 CS 

AO 0, 

A, 02 

A2 03 

GND 04 

TOP VIEW 

A7 VCC 
As AS 
A5 I.C.· 

A4 CS, 

A3 Cs2 
A2 CS3 
A, CS4 

AO Os 
0, '°7 

°2 Os 
0 3 °5 .... 

0 
GND 0 4 +-

0 ::l. 
"C 
C" 
0 
0··-

TOP VIEW ·-"1t_C~~i~ 

E 
Q) 

AS VCC en 
A5 A7 

A4 AS 

A3 Ag 

AO 0, 

A, °2 

A2 0 3 

CS, 0 4 

GND CS2 

TOP VIEW 

As VCC 

A5 A7 

A4 AS 

A3 Ag 

Ao 0, 

A, °2 

A2 0 3 

GND 0 4 
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Specifications HM-76XX 
ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to + 7 .OV 

Address/Enable Input Voltage 5.5V 

Address/Enable Input Current 
Output Sink Current 

-20mA 

100mA 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 

Maximum Junction Temperature +1750 C 

CA'JTlON: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) 

I 
SYMBOL I 

IIH 
ilL 

VIH 
VIL 

VOH 
VOL 

10HE 
10LE 

10H 

VCL 

lOS 

ICC 

HM-76XX-5 (Vcc ::: 5.0V ±5%, T A ::: ooc to +750 C) 
HM-76XX-2, HM-76XX-8 (VCC::: 5.0V ±10%, TA ::: -550 C to +1250 C) 
Typical Measurements are at T A = 250 C, VCC ::: +5V 

OPEN COLLECTOR! THREE STATE 

UNITS I 

OUTPUT I OUTPUT 

PARAMETER ! MIN I TYP MAXI MIN 
I 
TYP MAX TEST CONDITIONS 

Address/Enable "1 I, - 40 - 40 pA VIH = Vee Max. 
Input Current (1) "0" - -50.0 -250 - -50.0 -250 PA VIL = 0.45V 

Input Threshold "1" 2.0 - 2.0 - V VCC = VCC Min. 
Voltage· "0" - 0.8 - 0.8 V VCC = VCC Max. 

Output Voltage "1" N/A 2.4 3.4 V 10H = ~2.0mA, VCC = VCC Min. 
"0" 0.35 0.45 0.35 0.45 V 10L = +16mA, VCC = VCC Min. 

Output Disabled "1" - - 100 - - 100 pA VOH, VCC = VCC Max. 
Current (2) "0" - - N/A - - -100 pA VOL = +0.3V, VCC = VCC Max. 

Output Leakage (1) "1" - - 100 - - N/A PA VOH, VCC = VCC Max. 

Input Clamp Voltage - - -1.2 - - -1.2 V liN = -18mA 

Output Short Circuit N/A - NJA -15 - -100 mA VOUT = O.OV 
Current One Output Only for a Max. of 1 sec. 

Power Supply Current 
HM-7602/7603 90 105 90 105 
HM-7610/7611 - 90 130 - 90 130 mA 
HM-7620/7621 

VCC = VCC Max. 

125
1 

All Inputs Grounded HM-7640/7641 - 125 170 - 170 mA 

H M-7642/7643/7644 - 100 140 - 100 140 mA 

NOTE: (1) Enable current measured using only one enable input to disable the device. 
(2) N/A for HM-7644, Active Pull-Up Output. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

SYMBOL PARAMETER 

TAA 
HM-7602/7603 

TEA 

TAA 
HM-7610/7611 

TEA 

TAA 
HM-7620/7621 

TEA 

TAA 
HM-7640/7641 

TEA 

TAA HM-7642/7643 
TEA HM-7644 

HM-76XX-2 
HM-76XX-5 HM-76XX-8 

VCC - 5V±5% VCC - 5V± 10% 
T A-00 to + 75°C TA - -55°C to +1250C 

TYPICAL MAXIMUM TYPICAL MAXIMUM 

30 40 30 50 
20 30 20 40 

40 60 40 75 
15 25 15 30 

45 70 45 85 
15 25 15 30 

45 .70 45 85 
30 40 30 50 

45 60 45 85 
15 25 15 30 

T AA - Address to OUtput Access Time 
TEA - Chip Enable Access Time (N/A HM-7644) 
A.C. Limits Guaranteed for Worst Case N2 Sequencing 

UNITS 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

I 
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CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCS Input Capacitance 12 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 12 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 

SWITCHING TIME DEFINITIONS 

I I I 
~-------VIH 

ADDRESS ----I"'r\ 1.5V 
I '--------VIL 
I 

, I' VIH 

CS _____ ~1.5V . if.::~ ___ VIL 

I 

OUTPUT ! ~1 5V VOH 

. --~i~---~~OL 
-·-l TAA' I--

I I 
I I 

OUTPUTS 

A.C. TEST LOAD 

Vee 

: i 
: I 

I 
I 

k I 

i 
I 
I I 

~ TEA I--
I I 
I I 

PROM Ox o---,--~,,--o TEST POINT 
OUTPUT 

600~l 3OpF* 

• Includes lig & probe 
total capacitance 

TYPICAL A.C. CHARACTERISTICS 

I 
I I 
I I 
I : 
! )t-T.S .. 

-l I 

TEA l-: I 
I 

t r, tf < 5ns 

ADDRESS TO OUTPUT DELAY 
VS. TEMPERATURE 

ADDRESS TO OUTPUT DELAY 
VS. SUPPLY VOLTAGE 

70 I 
70r-------~--------_r--------,_------~ 

60 

30 

40 

30 

10 

o 

Vce = 5.0V 
CL z 30pF 
D.C. Load = 16mA 

"""---------
-55°C 

I 
HM-7~ 
HM-7642/43 
HM-7640/41 
HM-7620/21 

I 
HM-7610/11 

HM 7602/03 

I 
25°C 

T(OC! 

-----
700c 

CHIP SELECT TO OUTPUT DELAY 
VS. TEMPERATURE 

HM-7640/41 -----
HM-7602l03 --------HM-7620121 

HM-7610/11 
Vec ~ 5.0V HM-7642143 
CL = 30pF 
D.C. Load ~ 16mA 

-55°C OOC 700C 

©IC MASTER 1979 

TA = 250C 
CL = 30pF 
D.C. Load = 16mA 

60r-------~--------_+--------4_------~ 

40 

30 

" ~ 20 
~ 

10 

o 

4.5 4.75 5.0 

Vec(V! 

5.25 

CHIP SELECT TO OUTPUT DELAY 
VS. SUPPLY VOL TAGE 

"""--

~ -
TA z 250C 
CL z 30pF 
D.C. Load = 16mA 

4.5 4.75 

HM-7640/41 

HM-7602l03 

HM-7620/21 
HM-7610/11 
HM-7642/43 

5.0 

VCC(V! 

5.25 

5.5 

-

5.5 

1287 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• ULTRA LOW POWER - 60mW TYPICAL 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 

TYPICAL, ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

• PIN COMPATIBLE WITH THE STANDARD 7603 PINOUT. 

Description 

The HM-76LS03 is an ultra low power version of the standard 7603 PROM, 

designed to be MaS compatible with it's low ICC specification. The 

HM-76LS03 is a fully decoded high speed Schottky TTL 256-Bit Field 

Programmable ROM in a 32 word by 8 bit/word format with "Three State" 

outputs. This PROM is available in a 16 pin DIP (ceramic or epoxy). 

All bits are manufactured storing a logical "1" (positive logic) and can be 

selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 

PROMs. 

The HM-76LS03 contains test rows and columns which are in addition to 

the storage array to assure high programmability and guarantee parametric 

and A.C. performance. The fuses in these test rows and columns are blown 

prior to shipment. 

There is a Chip Enable on the HM:...76LS03, CE low enables the device. 

Functional Diagram 

HM-76LS03 
32 x 8 PROM 

IIThree Statell Outputs 

Pinout 

TOP VI~W-DIP 

01 

02 

03 

04 

05 

06 

07 

GND 

logic Symbol 

AO 

A1 

A2 

A3 

A4 

PIN NAMES 

VCC 

CE 

A4 

A3 

A2 

A1 

AO 

08 

AO - A4 Address Inputs 
01 - 08 Data Outputs 

CE Chip Enable Input 

01 

02 

03 

04 

05 

06 

07 

08 

AO (10) 

A1 (11) 

A2 (12) 

A3 (13) 

32x 8 
MEMORY ARRAY 

1288 

A4 (14) -"'----~ 

Ce (15) 

(16) = VCC 
(8) = GND 

(9) 

08 
(7) 

07 
(61 
06 

(5) 

05 
(4) 

04 
(3) (2) 

03 02 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 

(1) 
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Specifications HM-76lS03 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage Ratings (Operating) 
Address/Enable Input Voltage 
-Address/Enable Input Current 
Output Sink Current 

-0.3 to +7.0V 
+5.5V 

-20mA 
100mA 

Storage Temperature 
Operating Temperature (Ambient) 
Maximum Junction Temperature 

-650 C to + 1500 C 
ooc to +750 C 

+1750 C 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 
and functional operation of the device at these or at any other conditions above those indicated in the operational sections of this 
specification is not implied. rvyhile programming, follow the programming specifications) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-76LS03-5 (VCC = 5.0V ± 5%, TA = ooC to +750 C) 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +40 uA VIH = VCC max 

III Input Current "0" - - -50 uA Vil = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC min 

VIL Voltage "0" - 1.5 0.80 V VCC = VCC max 

VOH Output "1" 2.4 3.4 - V 10H = -0.20mA VCC = Vce min. 

VOL Voltage "0" - 0.34 0.45 V 10L = +1.0mA VCC = VCC min. 

10HE Output Disable "1" - - +100 uA VOH, VCC = VCC max 

10LE Current "0" - - -100 uA VOL = +0.3V VCC = VCC max 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit Current -2 - -20 mA VOUT = O.OV one output only for a max 

of one second. 

ICC Power Supply Current - 12 25 mA VCC = VCC max all inputs groundeq 

Typical measurements are at T A = 250 C, VCC = +5V 
NOTE: Positive current defined as into the device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-76lS03-5 

5V ± 5% 
ooC to +750 C 

SYMBOL PARAMETER MIN TYP MAX UNITS 

TAA Address Access Time - 300 500 ns 

TEA Chip Enable Access Time - 300 I 500 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 C 

SYMBOL PARAMETER MAX UNIT TEST CONDITIONS 

CINA, CINCE Input Capacitance 12 pF VCC = 5V, VIN = 2.0, f = 1MHz 

COUT Output Capacitance 12 pF VCC = 5V, VOUT = 2.0, f = 1MHz 

©IC MASTER 1979 1289 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OUTPUTS WITH A CHIP ENABLE INPUT 

• SIMPLE, HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSEI 
BIT. ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T­
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• PIN COMPATIBLE WITH THE 2708 WITH: 

ONLY ONE 5 VOLT SUPPLY 

SUPERIOR ACCESS TIME 

FASTER PROGRAMMING TiME 

Description 
The HM-760B is a fully decoded high speed Schottky TTL B192-Bit 
Field Programmable ROM in a 1 K word by B bit/word format and is 
available in a 24 pin D.I.P. (ceramic or e1>oxy) and a 24 pin flat pack. 

All bits are manufactured storing a logical "1" (Positive Logic) and can be 
selectively programmed for a logical "0" in any bit position, the HM-760B 
has "Three State" outputs . 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROM's. 

The HM-760B contains test rows and columns which are in addition to the 
storage array to assure high programmability and guarantee parametric 
and A.C. performance. The fuses in these test rows and columns are 
blown prior to shipment. 

This PROM is a plug in replacement for the 270B where the VSS pin on 
the 270B becomes GND on the HM-760B. The VBB, VDD, and program 
pins on the 270B are all N.C. on the HM-760B. 

There is a chip enable input on the HM-760B where CE low enables 
the device. 

Functional Diagram 
63~------------------~ 

1 OF 64 • 
ROW 

DECODE 

8192 
MEMORY ARRAY 

128 TRANSIMISSION GATES 

NOTE: PHYSICAL BIT POSITIONS 
FOR COLUMNS ARE AS FOLLOWS: 
01.03. Os. 07-(0--15) 
02.04. Os. Os -..{15. 0--14) 

( ) = Pin Numbers 

(24) = VCC 
(12) = G.ND 
(21) = N.I.C. 
(19) = N.I.C. 
(18) = N.I.C. 

HM-7608 
1K X 8 PROM 

Pinouts 

TOP VIEW - DIP 

Vee 
A8 

Ag 

CE 
N.I.C.-

N.I.C! 

07 

02 06 

05 

GND 04 

TOP VIEW - FLATPACK 

A7===::::;-? r.====vcc 
A6 AS 
A5 Ag • 
A4 N.I.C. 
A3 CE 
A2 N.I.C! 
Al N.I.C.* 
AO Os 
01 07 
02 06 
03 05 

GND 04 

PIN NAMES 

AO - Ag Address Inputs 
01 - 08 Data Outputs 

CE Chip Enable input 

• No I nternal Connect 

logic Symbol 

CE 

AO °1 
A1 °2 
A2 03 
A3 °4 
A4 °5 
A5 06 
A6 °7 
A7 Os 
AS 
A9 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-760B 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current -20m A Maximum Junction Temperature +1750 C 
Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This.is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7608-5 (VCC = 5.0V 1"5%, T A = ooC to +750 C) 
HM-7608-2 (VCC = 5.0V ±10%, TA = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, V CC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/enable "1" - - +40 JlA VIH = VCC Max. 
III Input Current "0" - -50.0 -100 JlA Vil = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - ·V VCC = VCC Min. 
Vil Voltage "0" - 1.5 O.S V VCC = VCC Max. 

VOH Output "1" 2.4 3.2 - V 10H = -2.0mA, VCC = VCC Min. 
VOL Voltage "0" - 0.35 0.45 V lOt:. = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 JlA VOH, VCC = VCC Max. 
10lE Current "0" - - -40 JlA VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -1SmA 

lOS Output S.C. Current -15 - -100 mA VOUT = O.OV 
One Output Only for a Max. 
of 1 Second 

ICC Power Supply Current - 130 170 mA VCC = VCC Max. All Inputs 
Grounded 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7608-5 HM-7608-2 
5V±5% 5V ±10% 

OOC to + 750 C -550 C to + 1250 C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 45 60 - - SO ns 

TEA Chip Enable Access Time - 30 40 - - 50 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

qNA, CINCE I nput Capacitance S pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS HM-7610A/11A 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

256 x 4 PROM 
HM-7610A - Open Collector Outputs 

HM-7611A - "Three State" Outputs 

Features 
• 40n5 MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS 

• SIMPLE, HIGH SPEED PROGRAMMING PROCEDURE USING SINGLE 
PULSES, ASSURES FAST PROGRAMMING AND SUPERIOR 

RELIABILITY 

• INPUTS AND OUTPUTS TTL COMPATIBLE 

• FAST ACCESS TIME - GUARANTEED FOR WORST CAST N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T­
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• PIN COMPATIBLE WITH INDUSTRY STANDARD PROM's AND ROM's 

Description 

The HM-7610A/llA are fully decoded high speed Schottky TTL 1024-
Bit Field Programmable ROMs in a 256 word by 4 bit/word format with 
open collector (HM-7610A) or "three state" (HM-7611A) outputs. 
These PROMs are available in 16 pin D.I.P. (ceramic or epoxy) and a 
16 pin flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

The HM-7610A/llA contain test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metric and A.C. performance. The fuses in these test rows and columns 
'are blown prior to shipment. 

This PROM is intended for use in state of the art ultra high speed logic 
systems. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROM's. 

Functional Diagram 

A4 AS A6' A7 
(3) (2) (1) (15) 

ONE OF 16 
ROW 

DECODER 

16 x64 
MEMORY, 

(10) 

03 

ARRAY 

(11) 

O~ 

Vcc - (16) 
GND- (8) 

(12) 

01 

Pinouts 

TOP VIEW-DIP 

Vee 
A7 

eE2 

eE1 

°1 

A1 6 11 02 

A2q7 1OP 0 3 

GND~04 

TOP VIEW-FLAT PACK 

PIN NAMES 

AO - A7 Address "Inputs 

01 - 04 Data Outputs 

CE 1. CE2 Chip Enable Inputs 

Logic Symbol 

eEl 
CE2 

Ao 
A, 01 
A2 °2 
A3 03 
A4 04 
A5 

A6 

A7 

IISEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM,-7610AlllA 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current -20mA 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7610A/llA-5 (VCC = 5.0V ±5%, TA = ooC to +750 C) 
HM-7610A/11A-2 (VCC = 5.0V ±10%, TA = -550 C to +1250 C) 

Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +40 J.1A VIH:o VCC Max. 
IlL Input Current "0" - -50.0 -250 J.1A Vil = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
Vil Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2* - V iOH = -2.0mA, VCC :0 VccMin. 
VOL Voltage "0" - 0.35 0.45 V 10l = +16mA, VCC:o VCC Min. 

10HE Output Disable "1" - - +40 J.1A VOH, VCC = VCC Max. 
10LE Current "0" - - -40* J.1A VOL = 0.3V, VCC = VCC Max. 

VCl I nput Clamp Voltage - - -1.2 V liN :0 -18mA 

lOS Output S.C. Current * -15* - -100* mA VOUT:o O.OV 
One Output Only for a Max. 
of 1 Second 

ICC Power Supply Current - - 130 mA VCC = VCC Max. All Inputs 
Grounded 

* Not applicable to open collector. 
NOTE: Positive current defined asinto device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7610A/llA-5 HM-7610A/11A-2 
5V±5% 5V ±10% 

ooc to + 750 C -550C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - - 40 - - 60 ns 

TEA Chip Enable Access Time - - 25 - - 40 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = lMHz 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

Features 

• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OUTPUTS AND A CHIP ENABLE INPUT 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
TYPICAL 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC~ 
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T­
AGE RANGES 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• PIN COMPATIBLE WITH THE 2716 

Description 

HM-7616 is a fully decoded high speed Schottky TTL, 16,384 bit Field 
Programmable ROM in a 2K word by 8 bit/word format with "Three 
State" outputs. This PROM is available in a 24 pin DIP. 

All bits are manufactured storing a logical "1" (Positive Logic) and can be 
selectively programmed for a logical "0" in any bit position. 

The nichrome fuse technology used is the same as all other Harris Bipolar 
PROMs and the JAN approved MIL-M-385101201 PROM. 

The HM-7616 contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There is a chip enable input on the HM-7616. CE low enables the device. 

Functional Diagram 

Ao (SI 4 

A1 171 COLUMN 
A2 (61 ADDRESS 
A3 (51 BUFFERS 

128 II 64 
MEMORY 
ARRAY 

(19)(22)(23)(11{21 (31 (41 

A10 A9ASA7A6A5A4 

1 of 12S 
ROW 

DECODER 

(24) = VCC 
(121 = GND 
(211 = N.C. 
(1SI = N.C. 

HM-7616 
2K X 8 PROM 

Pinout 

TOP V lEW - DIP 

A7 VCC 

A6 AS 

A5 Ag 

A4 N.C. 

A3 CE 

A2 A10 
Al N.C. 

AO Os 
0, 07 

02 06 

03 05 

GND 04 

Logic Symbol 

128 II 64 
MEMORY 
ARRAY 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-1616 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650C to +150oC 
Operating Temperature (Ambient) -550C to +1250C 

Address/Enable Input Current -20mA Maximum Junction Temperature +1750C 
Output Sink Current lOOmA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7616-5 (VCC = 5.0V :!5%, TA = OOC to +750C) 
HM-7616-2 (VCC = 5.0V ±10%, TA = -550C to +1250C) 
Typical Measurements are at T A = 250C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/ Enable "'" - - +40 /lA VIH = VCC Max. 

III Input Current "0" - -50.0 -250 J1A Vll = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 

Vll Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2 - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50 V 10l = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 J1A VOH, VCC = VCC Max. 

10lE Current "0" - - -40* J1A VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V lIN = -18mA 

lOS Output Short Circuit -15 - -100 mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - - 180 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7616-S HM-7616-~ 

SV±S% SV ±10% 
GOC to +7SOC -SSOC to + 12SoC 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 45 60 - - 80 ns 

TEA Chip Enable Access Time - 30 40 - - 50 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF Vce = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VQUT = 2.0V, f = 1 MHz 
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HARRIS HM-76160/161 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

2K x 8 PROMS 
HM-76161 - IIThree Statell Outputs 

HM-76160 - Open Collector Outputs 

Features 

• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND THREE CHIP 
• ENABLE INPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
TYPICAL 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT­
AGE RANGES 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

Description 

The HM-76160/161 are fully decoded high speed Schottky TTL 16,384 
bit' Field Programmable ROMs in a 2K word by 8 bit/word format with 
open. collector (HM-76160) or "Three State" (HM-76161) outputs. 
These PROMs are available in a 24 pin DIP. 

All bits are manufactured storing a logical "1" (Positive Logic) and can be 
selectively programmed for a logical "0" in any bit position . 

The nichrome fuse technology used is the same as all other Harris Bipolar 
PROMs and the JAN approved MIL-M-38510/201 PROM. 

The HM-76160/161 contain test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There are three chip enable inputs on the HM-76160/161. CEl low, 
CE2 high, and CE3 high enables the device. 

Functional Diagram 

128 x 64 
MEMORY 
ARRAY 

(21 )(22)(231(1 1(2) (3) (4) 

A10 AgA8A7A6AsA4 

1 of 128 
ROW 

DECODER 

(24) = Vee 
(12) = GND 

o 

Pinout 

TOPVIEW-D I P 

A7 VCC 

AS AS 
A5 Ag 

A4 A10 

A3 CEl 

A2 CE2 

Al CE3 

AO Os 
01 07 . 

02 Os 
03 05 

GND 04 

logic Symbol 

128 x 64 
MEMORY 
ARRAY 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-76160/161 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7 .OV 
Address/Enable I nput Voltage 5.5V 
Address/Enable I nput Current 
Output Sink Current 

-20m A 
100mA 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
.are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-76160/161-5 (VCC = 5.0V 15%, TA = ooC to +750 C) 
HM-76160/161-2 (VCC = 5.0V ±10%, TA = -550 C to +1250 C) 
Typical Measurements are at T A = 250 C, VCC = +5V 

SYMBQL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Addres~/Enable "1" - - +40 J1A VIH = VCC Max. 

III Input Current "0" - -50.0 ':'250 J1A Vll=0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 

Vil Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2* - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50 V 10l = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 J1A VOH, VCC = VCC Max. 

10lE Current "0" - - -40* J1A VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15* - -100* rnA· VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - - 180 rnA VCC = VCC Max:, All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-76.160/161-S HM-76160/161-2 
SV±S% SV ±10% 

ooc to +7SOC -SSOC to + 12SoC 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 45 60 - - 80 ns 

TEA Chip Enable Access Time - ·30 40 - - 50 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f =1 MHz 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

HM-7620A/21A 
A DIVISION OF HARRIS CORPORATION 512 x 4 PROM 

HM-7620A - Open Collector Outputs 
HM-7621A - IIThree State ll Outputs 

Features 

• 45ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS 

• SIMPLE, HIGH SPEED PROGRAMMING PROCEDURE USING SINGLE 
PULSES, ASSURES FAST PROGRAMMING AND SUPERIOR 
RELIABILITY. 

• INPUTS AND OUTPUTS TTL COMPATIBLE 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT­

AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• PIN COMPATIBLE WITH INDUSTRY STANDARD PROM's AND ROM's. 

Description 

The HM-7620A/21A are fully decoded high speed Schottky TTL 2048-
Bit Field ProgramniableROM's in a 512 word by 4 bit/word format with 
open collector (HM-7620A) or "three state" (HM-7621A) outputs. 
These PROMs are available in 16 pin D.I.P. (ceramic or epoxy) and a 
16 pin flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

The HM-7620A121A contain test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metric and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

This PROM is intended for use in state of the art ultra high speed logic 
systems. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROM's. 

Functional Diagram 
A4 AS At; A7 AS 
(31 (21 111 (1SI (14) 

ONE OF 32 

ROW 

DECODER 

AoISI 
Al 161 

A2171 
A3 141 

32 x 64 
MEMORY 

ARRAY 

Vcc ~ (16) 
GND 8 181 

A6 
A5 

A4 
A3 

AO 
A1 

A2 
GND 

Pinouts 

TOP VIEW - DIP 

Al un 02 

A2 7 10 03 

GND 8 9 04 

TOP VIEW - FLATPACK 

16 
15 

3 14 
4 13 
5 12 
6 11 
7 10 
S 9 

PIN NAMES 

AO- A8 
CE 

0, -04 

Address Inputs 
Chip Enable Input 
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logic Symbol 

CE 
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A6 
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Specifications" H M-l 620AfH M-l 62IA; .. 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0;3 to +7.OV 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current -20mA Maximum Junction Temperature +1750 C 
Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, foliow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7620A/21A-5 (VCC = 5.0V 15%, TA = OOC to +750 C) 
HM-7620A121 A-2 (V CC = 5.0V 110%, T A = -550 C to + 1250 C) 

Typical measurements are at T A = 250 C,VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/enable "1" - - +40 /1A VIH = VCC Max. 
III Input Current "0" - -50.0 -250 /1A Vll= 0.45V 

VIH Input Threshold "1" 2.0 1.5 _. V VCC = VCC Min. 
Vll , Voltage "0" . - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2* - V 10H = -2.0mA, VCC = VCC Min. 
VOL Voltage "0" - 0.35 0.45 V 10l = +16rnA. VCC = VCC Min. 

10HE Output Disable "1" - - +:40 /1 A VOH, VCC = VCC Max. 
10lE Current "0" - - -40* /1 A VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN ~ -18mA 

lOS Output S.C. Current -15 • - -100· mA VOUT = O.OV 
One Output Only for a Max. 
of 1 Second 

ICC Power Supply Current - 90 130 mA VCC = VCC Max. All Inputs 
Grounded 

*"Three State" only 
NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7620A/21A - 5 HM-7620A/21A -2 
5V±5% 5V ±10% 

COC to + 750C -550C to +1250C 

SYMBOL PARAMETER MIN TYP. MAX MIN TYP MAX UNITS 

TAA Address Access Time - - 45 - - 60 nS 

TEA Chip Enable Access Time - - 25 - - 40 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPICITANCE: TA = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, C'NCE Input Capacitance 8 pF VCC = 5V. VIN = 2.0V. f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V. f = 1MHz 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• 60ns MAXIMUM ADDRESS ACCESS TIME. 

• "THREE STATE" OUTPUTS WITH TWO CHIP ENABLE INPUTS. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE-ONE PULSE/BIT TYP-
ICAL. ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENCING 
OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLTAGE 
RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

Description 

The HM-7625R is a fully decoded high speed Schottky TTL 2048-Bit 
Field Programmable ROM in a 256 word by 8 bit/word format and is 
available in a 24 pin DIP (ceramic or epoxy). 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "a" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs . 

The HM-7625R contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee parametric 
and A.C. performance. The fuses in these test rows and columns are 
blown prior to shipment. 

There are two chip enables on the HM-7625R. CEl low and CE2 high 
enables the chip. 

Functional Diagram 

3 

;~~~~;; ~-----.. 
BUFFERS ~-----.. 

1 OF 8 
COLUMN DECODERS 

32x64 
MEMORY 
ARRAY 

HM-7625R 
256 x 8 PROM 

"Three State" Outputs 

Pinout 
TOP VIEW - DIP 

PIN NAMES 

Vcc 
A2 

A1 

AO 

CE1 
CE2 
STR 

08 

°7 
06 

°5 
NC 

AO - A7 Address Inputs 
01 .,. 08 Data Outputs 

CE1', CE2 Chip Enable Inputs 
STR Strobe Input 

logic Symbol 

(241- VCC 
(121- GND 
(31, (111, (121- NC 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-7625R 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) ,-0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current -20mA 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7625R-5 (VCC = 5.0V ± 5%, T A = ooC to +750 C) 
HM-7625R-2 (VCC = 5.0V ± 10%, TA = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +25 J1A VIH = VCC Max. 

ilL Input Current "0" - -50.0 -100(1 ) J1A VIL = 0.45V 

VIH Input Th reshold "1" 2.0 1.5 - V VCC = VCC Min. 

VIL Voltage "0" - 1.5 0.85 V VCC = VCC Max. 

VOH Output "1" 2.7(2) 3.3 - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50 V 10l = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 J1A VOH, VCC = VCC Max. 

10lE Current "0" - - -40 J1A VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 
'.-

lOS Output Short Circuit -20 - -70 mA VOUT = O.OV, One Output at a 

Current Time for a Max. of 1 Second 

ICC Power Supply Current - 135 185 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 

NOTE(l): III = -150pA for-2 

NOTE(2): VOH = 2.4V for-2 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7625R-5 HM-7625R-2 
SV±S% SV ±10% 

O<>C to +7SOC -ssoc to + 12SoC 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS TEST CONDIT. 

TAA Address Access Time - 40 60 I 
- 50 80 ns latched or 

TEA Chip Enable Access Time - 30 40 I - 40 50 ns Transparent 

TADH Address Hold Time 0 -10 - I 0 -10 - ns latched Only 

TCDH Chip Enable Hold Time 10 0 - ! 10 0 - ns 

TSW Strobe Pulse Width 30 15 - 40 15 - ns 

TSL Strobe latch Time 60 35 - 80 45 - ns 

TDL Strobe Delatch Time - - 40 - - 50 ns 

TCDS Chip Enable Set-Up Time 40 - - 50 - - ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE (1): T A == 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 

©IC MASTER 1979 1301 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION Of HARRIS CORPORATION 

• 70ns MAXIMUM ADDRESS ACCESS TIME. 

• '.HREE STATE" OUTPUTS WITH FOUR CHIP ENABLE INPUTS. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
TYPICAL. ASSURES FAST PROGRAMMING AND SUPERIOR RELI-
ABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARYTEMPERATURE AND VOLT­
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

Description 

The HM-7629 is a fully decoded high speed Schottky TTL 2048-Bit 
Field Programmable ROM in a 256 word by 8 bit/word format and is 
available in a 24 pin DIP (ceramic or epoxy). 

All bits are manufactured storing a logical" 1" (positive logic) and can 
be selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The HM-7629 contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee para­
metric and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment . 

There are four chip enables on the HM-7629. CEl low, CE2'ow, CE3 
high, and CE4 high enables the chip. 

Functional Diagram 
(24) = VCC 

(12) = GND 

(22) = I.C. = I nternal connection, recommended 
to be left open circuited 

(23) = Must be tied to V CC except during 
programming 

AO (S) 

Al (7) 

A2 (S) 

EEl (21) 

CE2 (20) 

CE3/191 

CE4 (lS) 

(17) 

Os 

I1S) 
07 

(151 

06 
(14) 

05 

A3 A4 A5 AS A 7 AS 
(51 (41 (31 (21 (11 (23) 

HM-7629 
256 x 8 PROM 

IIThree State II Outputs 

Pinout 
TOP VIEW - DIP 

GND 
PIN NAMES 

AO - A7 Address Inputs 

° 1 - 08 Data Outputs 

Vcc 
(1) 

I.C. (2) 

CEl 
CE2 
CE3 

CE4 

Os 
07 

06 

05 

04 

CE1, CE2, CE3, CE4 Chip Enable Inputs 

(1) Pin 23 must be tied to VCC except 

during programming 

(2) Internal Connection 

logic Symbol 

CEl 
CE2 
CE3 01 
CE4 02 

AO 03 
A1 04 
A2 05 
A3 Os 
A4 07 
A5 08 
AS 
A7 

(13) 

04 
(11) 

03 
(l01 
02 

(9) 

01 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-l62a 
ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V Storage Temperature -650 C to +1500 C 
Address/Enable Input Voltage 5.5V Operating Temperature (Ambient) ooC to +75C 
Address/Enable Input Current -20mA Maximum Junction Temperature +1750 C 
Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) 

SYMBOL PARAMETER MIN TYP 

IIH Address/Enable* "1" - -

III Input Current "0" - -50.0 

VIH Input Th reshold "1" 2.0 1.5 

Vil Voltage "0" - 1.5 

VOH Output "1" 2.4 3.4 

VOL Voltage "0", - 0.35 

10HE Output Disable "1" - -

10lE Current "0" - -

VCl Input Clamp Voltage - -

lOS Output Short Circuit -15 -

Current 

ICC Power Supply Current - 125 

HM-7629-5 (VCC = 5.0V + 5%, TA = ooC to +750 C) 
Typical measurements are at TA = 250 C, VCC = +5V 

MAX UNITS TEST CONDITIONS 

+40 pA VIH = VCC Max. 
-250 pA Vil = 0.45V 

- V VCC = VCC Min. 
0.80 V VCC = VCC Max. 

- V 10H = -2.0mA, VCC = VCC Min. 
0.45 V 10l = +16mA, VCC = VCC Min. 

+100 pA VOH, VCC = VCC Max. 
-100 pA VOL = 0.3V, VCC = VCC Max. 

-1.2 V liN = -18mA 

-100 mA VOUT = O.OV, One Output at a 
Time for a Max. of 1 Second 

170 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positiv.e current defined as into device terminals. 

*Enable current measured using only one enable input at 

a time to disable the device. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7629-S 
SV±S% 

ooc to +7SoC 

SYMBOL PARAMETER MIN TYP MAX UNITS 

TAA Address Access Time - 45 70 ns 

TEA Chip Enable Access Time - 30 40 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 12 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 12 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS HM-7640A/41A 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A OIVISIOIli OF HARRIS CORPORATIOIII 

512 x 8 PROM 
HM-7640A - Open Collector Outputs 

HM-7641A - IIThree State" Outputs 

Features 
• 50ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND FOUR CHIPS 

ENABLE INPUTS. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR"RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T­
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• LOW INPUT LOADING 

Description 
The HM-7640A/41A are fully decoded high speed Schottky TTL 4096-
Bit Field Programmable ROMs in a 512 word by 8 bit/word format and 
are available in a 24 pin DIP (ceramic or epoxy) and a 24 pin flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROM's. 

The HM-7640A/41A contain test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metric and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There are four chip enable inputs on the HM-7640A/41 A where CE 1, 
and CE2 low and CE3 and CE4 high enables the chip. 

Functional Diagram 

CE1 (21) 
CE21201 
CE31191 
CE4(18) 

1 ) K PIN NUMBERS 
(24) ~ VCC 
(12)-GND 
(22). NC 

/9) 
01 

/10) (11) 
02 03 

64x64 
MEMORY 
ARRAY 

(13) /14) 
04 Os 

(15) (16) 
0& 07. 

1111 
08 

Pinouts 

TOP VIEW - DIP 

A7 
A6 

A5 3 
A4 

A3 

A2 

A, 
Ao 
0, 9 

02 
03 

GND 

TOP VIEW - FLATPACK 

A7 ====;1 r;===== VCC 
A6 AS 
A5--~--~~~~~~--NC 

~ ~, 
A3 CE2 
A2 CE3 
A, CE4 

AO Os 
0, 07 

02~~~~ittr~~~~06 03= Cs 
GND 04 

PIN NAMES 

AO - Aa Address Inputs 

0, - Oa Data Outputs 

CE" CE2, CE3, CE4 Chip Enable Inputs 

logic Symbol 

CE1 
CE2 
CE3 

01 CE4 
AO °2 

A1 03 

A2 °4 
A3 °5 
A4 Os 

A5 °7 
AS Os 

A7 
AS 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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· Specifications HM-1640A/41A 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7 .OV 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current 
Output Sink Current 

-20mA 
100mA 

Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7640A/41A-5 (VCC = 5.0V ± 5%, TA = OOC to +750 C) 
HM-7640A/41A-2 (VCC = 5.0V± 10%, TA = -550 C to +1250 C). 
Typical measurements are at T A = 250 C, V CC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +40 J.1A VIH = VCC Max. 

III Input Current "0" - -50.0 -250 J.1A Vil = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 

Vil V91tage "0" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2* - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.45 V 10l = +16mA, VCC = VCC Min. 

IOHE Output Disable "1" - - +40 J.1A VOH, VCC = VCC Max. 

10lE Current "0" - - -40* J.1A VOL = 0.3V, VCC = VCC Max. , 
VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15* - -100* mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 125 170 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7640A/41A HM-7640A/41A 

5V±5% 5V ±10% 
OOC to +750 C -550 C to + 1250 C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 35 50 - - 70 ns 

TEA Chip Enable Access Time - 30 40 - - 50 ns -----
A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS HM-7640AR/41AR 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

PreVIB 

512 x 8 PROM 
HM-7640AR - Open Collector Outputs 

HM-7641AR - IIThree State ll Outputs 

Features 
• 50ns MAXIMUM ADDRESS ACCESS TIME. 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS WITH THREE CHIP 
ENABLE INPUTS. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T­
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

• LATCHED OUTPUTS. 

• LOVY INPUT LOADING. 

Description 
The HM-7640AR/41 AR are fully decoded high speed Schottky TTL 4096 
Bit Field Programmable ROMs in a 512 word by 8 bit/word format and are 
available in a 24-pin DIP (ceramic or epoxy) and a 24-pin flat pack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The HM-7640AR/41AR contain test rows and columns which are in add­
ition to the storage array to assure high programmability and guarantee 
parametrics and A.C. performance. The fuses in these test rows and 
columns are blown prior to shipment . 

There are three chip enable inputs on the HM-7640AR/41AR, CE1, CE2 
low and CE3 high enables the chip. 

HM-7640AR/41AR are operated in the Transparent Read Mode by hold­
ing the strobe input high throughout the read operation. This is the nor­
mal read mode where the three chip enable inputs will control the outputs. 

In Latched Read Mode, bringing the strobe input low will latch the out­
puts and chip enable inputs. If the device is disabled, when the strobe 
input goes low the outputs will be latc.hed in the high impedance state. If 
the device is in the latched mode the strobe input must be brought high to 
allow the outputs to respond to new address or chip enable conditions. 

Functional Diagram 

02 

64.64 
MEMORY 
ARRAY 

Os 08 

Pinouts 

TOP VIEW - DIP 

VCC 

AS 
NC 

TOP VIEW - FLATPACK 

A 7 ========:;, r;========= v CC 
A6 AS 
A5 NC 
A4 GEl 
A3 GE2 
A2 CE3 
Al STR 

AO Os 
01 07 
02 111213 14 06 

03 05 
GND 04 

PIN NAMES 

AO - AS Address Inputs 

0, - Os Data 9utputs 

CE" CE2, CE3 Chip Enable Inputs 

STR Latch Input 

logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications-1640ARl41AR 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable I nput Voltage 5.5V 
Address/Enable I nput Current -20mA 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to + 1250 C 
Maximum Junction Temperature+1750 C 

Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or. at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating}HM-7640AR/41AR-5 (Vce = 5.0V± 5%, TA = ooC to +750 C) 
HM-7640AR/41AR-2 (Vee = 5.0V± 10%, TA = -550 e to +1250 C) 

Typical measurements are at T A = 250 C, Vee = +5V 

SYMBOL 

11K 
ilL 

VIH 
VIL 

VOH 
VOL 

10HE 
10LE 

VCL 

lOS 

ICC 
\ 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - - +40 . J1A VIH = VCC Max. 
Input Current "a" - -50.0 -250 J1A VI L = 0.45V 

Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

Output "1" 2.4* 3.2* - V 10H = -2.0mA, VCC = VCC Min. 
Voltage "0" - 0.35 0.45 V 10L = +16mA, VCC = VCC Min. 

Output Disable "1" - - +40 J1A VOH, VCC = Vec Max. 
Current "0" - - -40* J1A VOL = 0.3V, VCC = VCC Max. 

Input Clamp Voltage - - -1.2 V liN = -18mA 

Output Short Circuit -15* - -100* mA VOUT = O.OV. One Output at a 
Current Time for a Max. of 1 Second 

Power Supply Current - - 180 mA VCC = VCC Max .• All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7640AR/41AR-S HM-7640AR/41AR-2 
SV.:tS% SV ±10% 

OOC to +7SoC -S5OC to + 1250 C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS TEST CONDIT. 

TAA Address Access Time - 35 50 - - 70 ns Latched or 
TEA Chip Enable Access Time - 30 40 - - 50 ns Transparent 

TADH Address Hold Time a -10 - a -10 - ns Latched Only 
TCDH Chip Enable Hold Time 10 a - 10 a - ns 
TSW Strobe Pulse Width 30 15 - 40 15 - ns 
TSL Strobe Latch Time 60 35 - 80 45 - ns 
TDL Strobe Delatch Time - - 40 - - 50 ns 

TCDS Chip Enable Set-Up Time 40 - - 50 - - ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 e 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V. VOUT = 2.0V. f = 1MHz 
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HARRIS HM-7642A/43A 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

1K X 4 PROM 
HM-7642A - Open Collector Outputs 
HM-7643A - IIThree State" Outputs 

Features 
• 50ns MAXIMUM ADDRESS ACCESS TIME. 
• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND TWO CHIP 

ENABLE INPUTS 
• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE' ONE PULSE/BIT. 

ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 
• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­

ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT­
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

Description 
The HM-7642A/43A are fully decoded high speed Schottky TTL 4096-
Bit Field Prqgrammable ROMs in a 1 K words by 4 Bit/word format with 
open collector(HM-7642A) or "Three State" (HM-7643A) outputs. These 
PROM's are available in an l8-pin DIP (ceramic or epoxy) and an l8-pin 
flat pack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The HM-7642A/43A contains test rows and columns which are in addi­
tion to the storage array to assure high programmability and guarantee 
parametrics and A.C. performance. The fuses in these test rows and 
columns are blown prior to shipment. 

There are two chip enable inputs on the HM-7642A/43A. CEl and CE2 
low enables the chip. 

Functional Diagram 

eE, (8) CHIP 

CE2 no) E~~I~E 

, OF 84 
ROW 

DECODE • 
4096 BIT 

MEMORY ARRAY 

' ............... . 
64 TRANSMISSION GATES 

NOTE: Physical bit 

positions for columns 
. are as follows: 

02,04 = (0 -15) 
01, 03 = (15,0 -14) 

( ) = PIN NUMBERS 

(18) = Vee 
(9) = GND 

A2 

CEl 

GND 

Pinout 

TOP VIEW-DIP 

VCC 

A7 

AS 

TOP VIEW-FLAT PACK 

A6 
AS 

A4 

A3 

AO 

Al 
A2 

eEl 
GND 

PIN NAMES 

AO -Ag ADDRESS INPUTS 

01- 0 4 DA T A OUTPUTS 

Vcc 
A7 
AS 
Ag 

01 

02 
03 
04 

CE2 

CEl, CE2 CHIP ENABLE INPUTS 

logic Symbol 

-I 
CE1; 

CE2: 
Ao! 
Al 
A2' 0, 
A3 02 
A4 03 
AS 

04 
A6 
A7 
AS 
A9 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-l642A/43A 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current -20mA 

Storage Temperature ..:.650C to +150oC 
Operating Temperature (Ambient) -550C to +1250C 
Maximum Junction Temperature +1750C 

Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7642A/43A-5 VCC = 5.0V 15%, TA = ooC to +750e) 
HM-7642A/43A-2 Vee = 5.0V ±10%, T A = -550e to +1250e) 
Typical Measurements are at TA := 250e, Vee = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +40 JlA VIH = VCC Max. 
III I nput Current "0" - -50.0 -250 JlA Vll=0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
Vil Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2* - V 10H = -2.0mA, Vec = VCC Min. 

VOL Voltage "0" - 0.35 0.45 V 10L = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 JlA VOH, VCC = VCC Max. 
10lE Current "0" - - -40* JlA VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15* - -100* mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 100 140 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7642A/43A HM-7642A/43A 
5V±5% 5V ±10% 

ooc to +75OC -550C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNtTS 

TAA Address Access Time - 35 50 - - 70 ns 

TEA Chip Enable Access Time - 25 30 - - 40 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 e 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE I nput Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS HM-7642P/43P 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

1K x 4 PROM 
HM-7642P - Open ~ollector Outputs 
HM-7643P - "Three State" Outputs 

Features 
• 50ns MAXIMUM ADDRESS ACCESS TIME. 
• "THREE STATE" OR OPEN COLLECTOR OUTPUTS, A POWER DOWN 

INPUT, AND A CHIP ENABLE INPUT. 
• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. 

ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 
• FAST ACCESS TIME FOR WORST CASE N2 SEQUENCING OVER COMM­

ERCIAL AND MILITARY TEMPERATURE AND VOLTAGE RANGES. 
• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

Description 

The HM-7642P/43P are fully decoded high speed SchottkyTTL 4096-Bit 
Field Programmable ROMs in a 1 K words by 4 bit/word format with open 
collector (HM-7642P) or '~Three State II (HM-7643P) outputs. These 
PROM s are available in an 18-pin DIP (ceramic or epoxy) and an 18-pin 
flat pack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bi! position. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROMs. 

The HM-7642P/43P contains test rows and columns which are in addi­
tion to the storage array to assure high programmability and guarantee 
parametrics and A.C. performance. The fuses in these test rows and col­
umns are blown prior to shipment. 

There is a power down input on the HM-7642P/43P which is similar to a 
chip enable. The chip can be enabled or disabled using the power down 
input where a powered down chip dissipates 25% of nominal power and 
the outputs go to a high impedance state. The chip is powered up 
when PO 1 is low. 

There is also the conventional chip enable input on this device,CE low and 
PO 1 low enables the device. 

Functional Diagram 

40IIII BIT 
MEMORY ARRAY 

84 TRANSMISSION GATES 

NOTE: Physical bit 

positions for columns 

are as follows: 

01,03 = (15,0-14) 
02,04 = (0-15) 

( ) = Pin Numbers 

(18) = Vee 
(9) = GND 

Pinout 

TOP VIEW - DIP 

AS VCC 

A5 A7 

A4 AS 

A3 Ag 

AO 01 

A1 S 13 02 

A2Url7 12h03 

CE S 11· 04 

GND 9 10 PD 

TOP VIEW - FLAT PACK 

A6~~~~~-J~~~~VCC A5~ A7 

A4 AS 
A3 Ag 
AO 01 

A1 02 

A2 03 

CE 04 
GNO PO 

Ao- Ag 

01 - 04 
PD 

CE 

PIN NAMES 

ADDRESS INPUTS 

DA T A OUTPUTS 

POWER DOWN INPUT 

CHIP ENABLE INPUT 

Logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-7642P143P 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to + 7.0V 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current -20mA Maximum Junction Temperature +1750 C 
Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
~re stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7642P/43P-5.(VCC = 5.0V ±5%, TA = OoC to +750 C) 
HM-7642P/43P-2 (VCC = 5.0V ±10%, TA = -550 C to +1250 C) 
Typical Measurements are at T A = 250 C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/E6able "1" - - +40 J.1A VIH = VCC Max. 

III I nput Current "0" .. -50.0 -250 J.1A Vll=0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 

Vil Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2* - V IOH = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.45 V 10l = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 J.1A VOH, VCC = VCC Max. 

10lE Current "0" - - -40* J.1A VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15* - -100* mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 100 140 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7642P/43P-5 HM-7642P/43P-2 

5V.!.5% 5V ± 10% 

OOC to +750C -550C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 35 50 - - 70 ns 

TDA Chip Disable Access Time - 25 30 - - 40 ns 

TpU Ch ip Power-Up Access Time - 80 100 - - 150 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE I nput Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1 MHz 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION Of HARRIS CORPORATION 

• 50ns MAXIMUM ADDRESS ACCESS TIME 

• ACTIVE PULL-UP OUTPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY 

• FAST ACCESS TIME - GUARANTEEO FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT­
AGE RANGES 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• LOW PIN COUNT FOR MAXIMUM DENSITY 

Description 

The HM-7644A is a' fully decoded high speed Schottky TTL 4096-Bit 
Field Programmable ROM in a 1 K word by 4 bit/word format with active 
pull-up outputs. This PROM is available in a 16 pin DIP (ceramic or 
epoxy) and a 16 pin flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for ,a logical "0" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The HM-7644A contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

Functional Diagram 

AO 

NOTE: Physical bit 

positions are as follows: 

01,03 = (15, 0 -14) 
02,04 = (0-15) 

1 OF 64 • 
ROW 

DECODE • 
4096 BIT 
MEMORY 
ARRAY 

................. 
64 TRANSMISSION GATES 

( ) 

(16) 

(8) 

Pin 
Numbers 

Vee 
GND 

HM-7644A 
1K X 4 PROM 

Active Pull-up Outputs 

A6 
As 
A4 
A3 
AO 
A1 
A2 

GND 

Pinouts 

TOP VIEW - DIP 

VCC 

A7 

A8 

Ag 

AOU", 120, A1 6 11 02 

A2 7 10 03 

GND 8 9 04 

TOP VIEW - FLATPACK 

PIN NAMES 

AO-Ag Address Inputs 

01-04 Outputs 

logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 

1312 ©IC MASTER 1979 



Specifications HM-7644A 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current -20m A 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the ooerational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7644A-5 (VCC = 5.0V ± 5%, TA = ooC to +750 C) 
HM-7644A-2 (VCC = 5.0V ± 10%, TA = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address Input "1" - - +40 J1A VIH = VCC Max. 

III Current "0" - -50.0 -250 J1A Vil = 0.45V 

VIH Input Th reshold "1" 2.0 1.5 - V VCC = VCC Min. 

Vil Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4 3.2 - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage ·"0" - 0.35 0.45 V 10l = +16mA, VCC = VCC Min. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15 - -100 mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Currerit - 100 140 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device termiilals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7644A-5 HM-7644A-2 
5V'± 5% 5V ±.10% 

OOC to +750C -55°C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 35 50 - - 60 ns 

A.C. limits guaranteed for worst case NL sequencing. 

CAPACITANCE: TA = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 

©IC MASTER 1979 1313 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS COR~ATION 

w 

• 50ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OUtPUTS AND FOUR CHIP ENABLE INPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT­
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

• 2142 PINOUT 

Description 
The HM-1645 is a fully decoded high speed Schottky TTL 4096 Bit 
Field Programmable PROM in a 1 K word by 4 bit/word format with 
"Three State" outputs. This PROM is available in a 20 pin DIP (ceramic 
or epoxy) and a 20 pin flat pack. 

All bits are manufactured storing a logical "1" (positive'logic) and can 
be selectively programmed for a logical "0" in any bit position . 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The HM-7645 contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in these test rows 'and columns 
are blown prior to shipment. 

There are four chip enable inputs on the HM-7645. CE1, CE3 low and 
CE2, CE4 high enables the chip. 

Functional Diagram 

A9 

CHIP 
ENABLE 
LOGIC 

4096 BIT 
MEMORY ARRAY 

................. 
64 TRANSMISSION GATES 

NOTE: Physical bit 

positions for columns 

are as follows: 

°1.°3 = (15.0-14) 

°2.°4 = (0 -15) 

( ) = Pin Numbers 

(20) = Vee 
(10) = GND 

HM-7645 
1K X 4 PROM 

"Three State" Outputs 

Pinout 

TOP VIEW-DIP 

A6 VCC 

A5 A7 

A4 AS 

A3 Ag 

CE2 

AO 

A1 °2 

A2 03 

CE1 04 

GND CE4 

TOP VIEW-FLAT PACK 

A6 ~~~~L--=,~~~~vcc AS : A7 
A4 AS 

A3 Ag 
CE2 

AO 0, 
A, 02 
A2 03 

eE, ~~~~r-':"';~~~~04 
GND ~ CE4 

AO-Ag 

01 -04 

CE1. CE3 

CE2.CE4 

PIN NAMES 

ADDRESS INPUTS 

DATA OUTPUTS 

CHIP ENABLE INPUTS 

logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-7645 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current -20mA 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7645-5 (VCC = 5.0V± 5%, TA = ooC to +750 C) 
HM-7645-2 (VCC = 5.0V:t 10%, TA = -550 C to +1250 C) 
Typical Measurements are at T A = 250 C, VCC = +bV 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +40 J1A VIH = VCC Max. 

III Input Current "0" - -50.0 -250 J1A Vil = 0.45V 

VIH I nput Threshold "1" 2.0 1.5 - V VCC = VCC Min. 

Vil Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" 2.4 3.2 - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50 V 10l = +16mA, VCC = VCC Min. 

10HE Output Disable "1 ~' - - +40 J1A VOH, VCC = VCC Max. 

10lE Current "0" - - -40 J1A VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15 - -100 mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 100 140 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7645-5 HM-7645-2 
5V ±5% 5V!10% 

OOC to +750C -550C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 35 50 - - 70 ns 

TEA Chip Enable Access Time - 25 30 - - 40 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL FARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE I nput Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• 50ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OUTPUTS AND FOUR POWER DOWN INPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY 

• FAST ACCESS TIME - FOR WORST CASE N2 SEQUENCING OVER COM­
MERCIAL AND MILITARY TEMPERATURE AND VOLTAGE RANGES 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• 2142 PINOUT 

Description 
The HM-7645P is a fully decoded high speed Schottky TTL 4096-Bit 
Field Programmabie ROM in a i K by 4 bitiword format with "Three 
State" outputs. This PROM is available in a 20 pin DIP (ceramic or 
epoxy) and a 20 pin flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROM's. 

The HM-7645P contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There are four power down inputs on the HM-7645Pwhich are similarto 
chip enables. The chip is enabled or disabled using the power down inputs 
where a disabled chip dissipates 30% of nominal power and the outputs go 
to a high impedance state. The chip is powered up (enabled) when POl. 
PD3 are low. and PD2. PD4 are high; 

Functional Diagram 

POWER 
DOWN 
LOGIC 

4096 BIT 
MEMORY 
ARRAY 

................. 
64 TRANSMISSION GA rES 

NOTE: Physical bit 
positions for columns 
are as follows: 

°1.°3 = (15.0-14) 
°2.°4 = (0-15) 

HM-7645P 
1K X 4 PROM 

"Three State" Outputs 

Pinouts 

TOP VIEW - DIP 

A6 VCC 

A5 A7 

A4 AS 

A3 Ag 

PD2 PD3 

AO 0, 

A, 
°2 

A2 03 

PO, 04 

GND PD4 

TOP VIEW - FLATPACK 

A6 VCC 
A5 A7 
A4 AS 
A3 Ag 

PD2 PD3 
AO 0, A, 02 
A2 03 

PO, 04 
GND PD4 

PIN NAMES 

AO-A9 Address Inputs 

01-04 Data Outputs 

PD,. PD2. Power Down Inputs 
PD3. PD4 

logic Diagram 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-7645P 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current -20mA Maximum Junction Temperature +1750 C 
Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) .HM-7645P-5 (VCC = 5.0V ± 5%, TA = ooC to +750 C) 
HM-7645P-2 (VCC = 5.0V ± 10%, TA = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, V CC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +40 J.1.A VIH = VCC Max. 

III ~nput Current "0" - -50.0 -250 J.1.A Vll=0.45V 

VIH I nput Threshold "1" 2.0 1.5 - V VCC= VCC Min. 

Vil Voltage "0" - 1.5 O.S V VCC = VccMax. 

VOH Output "1" 2.4 3.2 - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50 V JOl = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 J.1.A VOH, VCC = VCC Max. 

10lE Current "0" - - -40 J.1.A VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -1SmA 

lOS Output Short Circuit -15 - -100 mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 100 140 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) , 

HM~764SP-S HM-7645P-2 

SV±S% sv ± 10% 

OOC to +7SOC -SSOC to + 12SoC 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 35 50 - - 70 ns 

TpD 
Chip Power-Down 

- 25 30 - - 40 ns 
Access Time 

TpU Chip Power-Up Access Time - SO 100 - - 150 s 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE I nput Capacitance S pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 

©IC MASTER 1979 1317 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OUTPUTS WITH TWO CHIP ENABLE INPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENCING 
OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLTAGE 
RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• PIN COMPATIBLE WITH THE 82S115 

• LATCHED OUTPUTS 

• INPUT LOADING IS - l00J,lA MAXIMUM 

Description 
The HM-7647R is a fully decoded high speed Schottlky TTL 4096-Bit 
Field Programmable ROM in a 512 word by 8 bit/word format and is 
available in a 24 pin D.I.P. (ceramic or epoxy) and a 24 pin flatpack. 

All bits are manufactured storing a logical "l" (positive logic) and can be 
selectively programmed for a logical "0" tn any position. The HM-7647R 
has "Three State" outputs. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The pinout is identical to the 82S115 PROM. 

The HM-7647R contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee parametric 
and A.C. performance. The fuses in these test rows and columns are 
blown prior to shipment. 

There are two chip enable inputs on the HM-7647R. CEl low and CE2 
high enables the chip . 

HM-7647R is operated in the Transparent Read Mode by holding the 
strobe input high throughout the read operation. This is the normal read 
mode where the two chip enable inputs will control the outputs. 

In Latched Read Mode, bringing the strobe input low will latch the out­
puts and chip enable inputs. If the device is disabled when the strobe 
input goes low the outputs win be latched in the high impedance state. If 
the device is in the latched mode the strobe input must be brought high to 
allow the outputs to respond to new address or chip enable conditions. 

Functional Diagram 

64.64 
MEMORY 
ARRAY 

Vee -1241 
GNO-1121 

HM-7647R 
512 x 8 PROM 

Pinout 

TOP VIEW - D.!.P. 

A3 VCC 

A4 A2 
A5 Al 
A6 AO 
A7 CEl 
Aa CE2 
01 STR 
02 °a 
03 07 
04 06 
NC Os 

GND NC 

TOP VIEW - FLATPACK 

A3 VCC 
A4 A2 
A5 A1 
A6 AO 
A7 cr1 
AS CE2 
01 STR 
02 Os 
03 07 
04 06 
NC 05 

GND NC 

PIN NAMES 

AO-Aa 
01-0a 

CEl - CE2 
STR 

Address Inputs 
Data Outputs 
Chip Enable Inputs 
Latch Input 

logic Symbol 

CEl 
°1 CE2 

STR 02 
AO 

03 A1 
A2 04 
A3 

05 A4 
A5 06 
A6 

°7 A7 
Aa °a 
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Specifications HM-7 647 R 
ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) 
Address/Enable Input Voltage 
Address/Enable Input Current 
Output Sink Current 

-0.3 to +7 .OV 
5.5V 

-20mA 
100mA 

Storage Temperature -650 C to :t1,5QOC 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7647R-5 (VCC = 5.0V 2:5%, TA = ooC to +750 C) 
HM-7647R-2 (VCC = 5.0V 2:10%, TA =-550 C to+1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +25 J.1A VIH = VCC Max. 
ilL Input Current "0" - -50 -100(1 ) J.1A VIL = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
VIL Voltage "0" "0" - 1.5 0.85 V VCC = VCC Max. 

VOH Output "1" "1" 2.7(21 3.3 - V 10H = -2.0mA, VCC = VCC Min. 
VOL Voltage "0" "0" - 0.35 0.50 V 10L = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 J.1A VOH, VCC = VCC Max. 
10LE Current "0" "0" - - -40 J.1A VOL = 0.3V, VCC = VCC Max. 

VCL Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output S.C. Current -20, - -70 mA VOUT = O.OV 
One Output Only for a Max. 
of 1 Second 

ICC Power Supply Current - 135 185 mA VCC = VCC Max. All Inputs 
Grounded 

. . 
*Posltlve current defined as Into deVice terminals . 

NOTE(1): 

NOTE(2): 

IIL=-150J.1Afor -2 

VOH = 2.4V for -2 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7647R-5 HM-7647R-2 
5V±5% 5V ± 10% 

OOC to +75OC -55OC to + 125°C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX 

TAA Address Access Time - 40 60 - 50 80 
TEA Chip Enable Access Time - 30 40 - 40 50 

TADH Address Hold Time 0 -10 - 0 -10 -

TCDH Chip Enable Hold Time 10 0 - 10 0 -
TSW Strobe Pulse Width 30 15 - 40 15 -

TSL Strobe Latch Time 60 35 - 80 45 -
TDL Strobe Delatch Time - - 40 - - 50 

TCDS Chip Enable Set-Up Time 40 - - 50 - -

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

. SYMBOL PARAMETER MAXIMUM UNITS 

UNITS TEST CONDIT. 

ns 
ns Transparent 

ns Latched 
ns 
ns 
ns 
ns 
ns 

TEST CONDITIONS 

CINA, CINCE I nput Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS HM-7648/49 m SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

512 x 8 PROM 
HM-7648 - Open Collector Outputs 
HM-7649 - "Three State" Outputs 

Features 
• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND A CHIP ENABLE 
INPUT 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENCING 
OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLTAGE 
RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• PIN COMPATIBLE WITH THE 74S472/73 

• LOW INPUT LOADING 

Description 

The HM-7648/49 is a fully decoded high speed Schottky TTL 4096-Bit 
Field Programmable ROM in a 512 word by 8 bit/word format with open 
collector (HM-7648) or "Three State" (HM-7649) outputs. These PROMs 
are available in a 24 pin DJ.P. (ceramic or epoxy) and a 24 pin flat pack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The pinout is identical to the 74S472173 PROM . 

The HM-7648/49 contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee parametic 
and A.C. performance. The fuses in these test rows and columns are 
blown prior to shipment. 

There is a chip enable input on the HM-7648/49 where CE low enables 
the device. 

Functional Diagram 

(6) 
0, 

(7) 

02 

64x64 
MEMORY 
ARRAY 

(11) 

Os 
(12) 

0& 
(141 

08 

Pinouts 

TOP VIEW - D.I.P. 

TOP VIEW - FLATPACK 

PIN NAMES 

AO- A8 

01 - 08 
CE 

Address Inputs 

Data Outputs 

Chip Enable Input 

logic Symbol 

CE 
Ao 0, 

A, 02 

A2 03 

A3 04 

A4 05 

A5 06 

A6 07 

A7 Os 
AS 
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SpecI1ications H M-1648/49 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) .~0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current 
Output Sink Current 

-20m A 
100mA 

Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7648/49-5 (V CC = 5~OV ± 5%, T A = ooC to + 750 C) 

HM-7648/49-2 (VCC = 5.0V ± 10%, TA = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +25 JlA VIH = VCC Max. 
III Input Current "0" - -50 -250 JlA Vil = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
Vil Voltage "0" - 1.5 ·0.80 V VCC = VCC Max. 

VOH Output '~1 " 2.4 * 3.2* - V IOH = -2.0mA, VCC = VCC Min. 
VOL Voltage "0" - 0.35 0.50 V IOl= +16mA, VCC = VCC Min. 

IOHE Output Disable "1" - - +50 JlA VOH, VCC = VCC Max. 
IOlE Current "0" - - -50 * JlA VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output S.C. Current -20* - -100* mA VOUT = O.OV 
One Output Only for a Max. 
of 1 Second 

ICC Power Supply Current - 120 170 mA VCC = VCC Max. All Inputs 
Grounded 

* "Three State" only 
NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7648/49-5 HM-7648/49-2 
5V±5% 5V ±10% 

ooc to + 750C -550C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 55 60 - 50 80 ns 

TEA Ch ip Enable Access Time - 20 40 - 30 50 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA. CINCE I nput Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS 
SEMICONOUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HM-7680/81 
1K X 8 PROM 

HM-7680 - Open Collector Outputs 
HM-7681 - "Three State" Outputs 

Features Pinouts 
• SOns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND FOUR CHIP 
ENABLE INPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY -TEMPERATURE AND VOL T­
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

Description 
The HM-7680/81 is a fully decoded high speed Schottky TTL 8192/Bit 
Field Programmable ROM in a 1 K word by 8 bit/word format with open 
collector (HM-7680) or "Three State" (HM-7681) outputs. These 
PROM's are available in a 24 pin D.I.P. (ceramic or epoxy) and a 24 pin 
flat pack. 

All bits are manufactured storing a logical "1" (Positive Logic) and can be 
selectively programmed for a logical "0" in anyone bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The HM-7680/81 contains test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metric and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There are four chip enable inputs on the HM-7680/81. CEL CE2 low, 
and CE3, CE4 high enables the chip. 

Functional Diagram 

AO 

CHIP 
ENABLE 
LOGIC 

r----,63~----------------------~ 

1 OF 64 
ROW 

DECODE • 

1 OF 16 
COLUMN 
DECODE 

8192 BIT 
MEMORY 
ARRAY 

................... 
128 TRANSMISSION GATES 

NOTE: PHYSICAL BIT POSITIONS 
FOR COL~S ARE AS FOLLOWS: 
01.03. Os. 07-10 -151 
02.0...0&.0&-115.0-1.) 

( ) = Pin Numbers 

(24) = Vee 

(12) = GND 

TOP VIEW-DIP 

A7 Vcc 
AS AS 

A5 Ag 

A4 eEl 

A3 TI2 
A2 CE3 

Al CE4 

AO Os 

01 07 

02 Os 
03 05 

GND 04 

TOP VIEW - FLATPACK 

A7 ===:::::::;?r.==== VCC 
AS AS 
A5 Ag 
~ ~, 
~ cr2 
A2 CE3 
Al CE4 
Ao Os 
0, 07 
02 Os 
03 05 

GND 04 

PIN NAMES 
AO - A9 Address Inputs 
01 - os Data Outputs 

CEL CE2. CE3. CE4 Chip Enable Inputs 

CEl 

CE2 
CE3 
CE4 

AO 
Al 
A2 
A3 
A4 
A5 
AS' 
A7 
AS 
Ag 

Logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-7680/81 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current 
Output Sink Current 

-20mA 
100mA 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +l250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7680/81-5 (VCC = 5.0V 15%, TA = ooC to +750 C) 
HM-7680T81-2 (VCC = 5.0V ±10%, TA = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL PARAMETER MIN" TYP MAX UNITS TEST CONDITIONS 

IIH Address/enable "1" - - +40 J.lA VIH = VCC Max. 
III I nput Current "0" - -50.0 -250 JlA Vil = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
Vll Voltage "0" - L5 0.8 V VCC = VCC Max. 

VOH ,Output "1" 2.4 * 3.2* - V 10H = -2.0mA, VCC = VCC Min. 
VOL Voltage "0" - 0.35 0.50 V 10l = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 JlA VOH, VCC = VCC Max. 
10lE Current "0" - - -40* J.lA VOL = 0.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V lIN = -18mA 

lOS Output S.C. Current -15* - -100* rnA VOUT = O.OV 
One Output On.ly for a Max. 
of 1 Second 

ICC Power Supply Current - 130 170 rnA VCC = VCC Max. All Inputs 
Grounded 

NOTE: Positive current defined as into device terminals. 

* "Three State" only 

A.C. ELECTRICAL GHARACTERISTICS (Operating) 

HM-7680/81-5 HM-7680/81-2 
5V±5% 5V ±10% 

ooc to + 750C -550C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 45 60 - - 80 ns 

TEA Chip Enable Access Time - 30 40 - - 50 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE I nput Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = lMHz 
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m HARRIS 
SEMICOND·UCTOR 
PRODUCTS DIVISION 

HM-7680R/81R 
A DIVISION OF HARRIS CORPORATION 1K x 8 PROM 

HM-7680R - Open Collector Outputs 
HM-7681R - "Three State" Outputs 

Features 
• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND THREE CHIP 
ENABLE INPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURES AND VOL T­
AGE RANGES 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• LATCHED OUTPUTS 

Description 
The HM-7680R/81 R is a fully decoded high speed Schottky TTL 8192-
Bit Field Programmable ROM in a 1 K word by 8 bit/word format with 
open collector (HM-7680R) or "Three State" (HM-7681 R) outputs. 
These PROMs are available in a 24 pin D.I.P. (ceramic or epoxy) and a 
24 pin flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "a" in any bit position. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROMs. 

The HM-7680R/81 R contains test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metric and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There are three chip enable inputs on the HM-7680R/81 R. CE 1, CE2 low 
and CE3 high enables the chip. 

The HM-7680R/81 R is operated in the Transparent Read Mode by hold­
ing the strobe input high throughout the read operation. This is the nor­
mal read mode where the three chip enable inputs will control the outputs. 

In Latched Read Mode, bringing the strobe input low will latch the out­
puts and chip enable inputs. If the device is disabled when the strobe 
input goes low, the outputs will be latched in the high impedance state. If 
the device is in the latched mode the strobe input must be brought high to 
allow the outputs to respond to new address or chip enable conditions. 

Functional Diagram 
NOTE: Phvsical bit positions 

for columns are as follows: 

01. 03. aS. 0 7-(0-15) 
02. 04. 06. 08-(15. 0-14) 

( ) = Pin Number. 

(24) = Vee 
(12) = GND 

Pinouts 
TOP VIEW-DIP 

TOP VIEW - FLATPACK 

A7 Vcc 

AS =5~~~:;;:== AS AS Ag 
A4 ~1 
A3 CE2 
A2 CE3 
A1 STR 
AO Os 
01 07 
02 Os 
03 Os 

GND 04 

PIN NAMES 

AO - A9 Address Inputs 
01 - 08 Data Outputs 

CEL CE2. CE3 Chip Enal;>le Inputs 
STR Strobe 

logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-7680R/81R 
ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650C to +1500C 
Operating Temperature (Ambient) -550C to +1250C 

Address/Enable Input Current -20m A Maximum Junction Temperature +1750C 
Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and· functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

. 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7680R/81 R-5 (VCC = 5.0V ±S%, TA = OoC to +750C) 
HM-7680R/81 R-2 (V CC = 5.0V T10%, T A = -550C to +1250C) 
Typical measurements are at TA = 250C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable '1" - - +40 J.l.A VI H = VCC Max .. 
IlL Input Current "0" - -50.0 -250 J.l.A VIL = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
VIL Voltage "0" - 1.5 O.S V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2* - V 10H = -2.0mA, VCC = VCC Min. 
VOL Voltage "0" 0.35 0.50 V 10L= +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 J.l.A VOH, VCC = Vce Max. 
10LE Current "0" - - -40· J.l.A VOL = O.3V, VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -1SmA 

lOS Output S.C. Current -15* -2.5 -100* mA VOUT = O.OV 
One Output Only for a Max. 
of 1 Second 

ICC Power Supply Current - 130 170 mA VCC = VCC Max. All Inputs 
Grounded 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7680R/81 R-5 HM-7680R/81 R-2 
5V±5% 5V ±10% 

OOC to +75OC -55OC to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS TEST CONDIT. 

TAA Address Access Time - 45 60 - - SO ns Latched or 
TEA Chip Enable Access Time - 30 40 - - 50 ns Transparent 

TADH Address Hold Time 0 -10 - 0 -10 - ns Latched Only 
TCDH Chip Enable Hold Time 10 0 - 10 0 - ns 
TSW Strobe Pulse Width 30 10 - 40 10 - ns 
TSl Strobe latch Time 60 40 - SO 40 - ns 
TDl Strobe Delatch Time - - 40 - - 50 ns 

TCDS Chip Enable Set-Up Time 40 - - 50 - - ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACIT ANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA,CINCE Input Capacitance S pF VCC = 5V, VIN = 2:0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

Preview 

HM-7680P/81P 
1K x 8 PROM 

HM-7680P - Open Collector Outputs 
HM-7681P - "Three State" Outputs 

Features Pinouts 
• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND FOUR POWER 
DOWN INPUTS. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - FOR WORST CASE N2 SEQUENCING OVER COM­
MERCIAL AND MILITARY TEMPERATURE VOLTAGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

Description 
The HM-7680P/81 P is a fully decoded high speed Schottky TTL 8192-
Bit Field Programmable ROM in a 1 K word by 8 bit/word format with 
open collector (HM-7680P) or "three state" (HM-7681P) outputs. These 
PROM's are available in a 24 pin O.I.P. (ceramic or epoxy) and a 24 pin 
flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROM's. 

The HM-7680P/81P contains test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metric and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There are four power doyvn inputs on the HM-7680P/81P which are 
similar to chip enables. The chip is enabled or· disabled using the power 
down inputs where a disabled chip dissipates 30% of nominal power and 
the outputs go to a high impedance state. The chip is powered up (en­
abled) when POl and P02 are low and P03 and P04 are high. 

Functional Diagram 

AS 

A6 

A8 

A9 

AO 

POWER 
DOWN 

LOGIC 

63~--------------------~ 

8192 BIT 

MEMORY 

ARRAY 

( I: Pin Numbers 
(241 = Vcc 
(121 E GND 

NOTE: PtoYSq Bit Positions 
For Columns Are As Follows: 

01.03.°5.07 -0 -15 

°2.°4. Os. Os -15. 0 -14 

128 TRANSMISSION GATES 

TOP VIEW - DIP 

A7 Vee 

A6 AS 
A5 Ag 

A4 POl 

A3 P02 

A2 1503 

Al PD4 
AO Os 
01 07 

°2 06 

03 05 

GND 04 

TOP VIEW - FLATPACK 

A7 Vee 
A6 AS 
A5 Ag 
A4 POl 
A3 P02 
A2 P03 
Al P04 
AO Os 
01 07 
02 06 
03 05 

GND 04 

PIN NAMES 
AO - Ag Address Inputs 
0, - 08 Address Outputs 

POl. P02. Po3. P04 Power Down Inputs 

logic Symbol 
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Specifications 76BOP/BIP 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7 .OV 
Address/Enable Input Vottage 5.5V 
Address/Enable Input Current 
Output Sink Current 

-20mA 
100mA 

Storage Temperature -650C to +1500C 
Operating Temperature (Ambient) -550C to +1250C 
Maximum Junction Temperature +1750C 

CAUTION: . Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7680P/81P-5 (VCC = 5.0V ± 5%, TA = ooC to +750C) 
HM-7680P/81P-2 (VCC = 5.0V ±: 10%, TA = -550C to +1250C) 
Typical measurements are at T A = 250C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - +40 pA VIH = VCC Max. 

ilL Input Current "0" - -50.0 -250 JlA VIL = 0.45V 

VIH I nput Threshold" 1" 2.0 1.5 - V VCC = Vcc'Min. 

VIL Voltage "a" - 1.5 0.8 V VCC = VCC Max. 

VOH Output "1" . 2.4* 3.2* - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50 V 10L = +16mA, VCC = VCC Min. 

10HE Output Disable "1" ~ - +40 pA VOH, VCC = VCC Max. 

10LE Current "0" - - -40· JlA VOL = 0.3V, VCC = VCC Max. 

VCL Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15* - ..,.100* rnA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 130 170 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: PositiV'e current defined as into device terminals. 
*"Three. State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7680P/81P-5 HM-7680P/81P-2 
5V.± 5% 5V"±'10% 

OOC to +750C -550C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time 45 60 80 ns 

TPD 
Chip Power-Down 

30 40 50 Access Time ns 

TpU Chip Power-Up Access Time 80 100 150 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HM-7680RP/81RP 
1K x 8 PROM 

HM-7680RP - Open Collector Outputs 
HM-7681RP - IIThree Statell Outputs Pre 

Features 
• 60ns MAXIMUM ADDRESS ACCESS TIME. 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND TWO CHIP ENABLE 
INPUTS. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. ASSURES 
FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENCING OVER 
COMMERCIAL AND MILITARY TEMPERATURE AND VOLTAGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

• LATCHED OUTPUTS. 

• A POWER DOWN INPUT ALLOWING 70% REDUCTION IN NOMINAL POWER DIS­
SIPATION.' 

Description 
The HM-7680RP/81 RP are fully decoded high speed Schottky TTL- 8192-Bit 
Field Programmable ROMs in a 1 K words by 8 bit/word format with open collector 
(HM-7680RP) or "Three State" (HM-7681 RP) outputs. These PROMs are avail­
able in a 24 pin DIP (ceramic or epoxy) and a 24 pin flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be selectively 
programmed for- a logical "0" in any bit position. 

Nichrome fuse technology is used on these and all other Harris Bipolar PROMs. 

The HM-7680RP/81 RP contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee parametrics and 
A.C. performance. The fuses in these test rows and columns are blown prior to 
shipment. 

There are two chip enable inputs on the HM-7680RP/81 RP. CEl and CE2 low 
enables the device. 

There is also a power .down input on this device. A powered down device has 70% 
reduction in nominal power dissipation if the outputs are not latched and 50% re­
duction in nominal power ifthe outputs are latched. 

The HM-7680RP/81 RP is operated in the Transparent Read Mode by holding the 
the strobe input high and the PO input high throughout the read operation. This is 
the normal read mode where the two chip enables and the power down inputs will 
control the outputs. 

In Latched Read Mode, bringing the strobe input low will latch the outputs and 
the chip enable inputs. However, the power down input is independent of the latch 
function and can be changed ,while in the latched mode. If the .device is disabled 
when the strobe input goes low, the outputs will be latched in the high impedance 
state. If the device is in the latched mode, the strobe input must be brought high to 
allow the outputs to respond to new address or chip enable conditions. 

The following is a summary of the functional dependencies of the operating modes: 

1. Chip enabled, transparent, powered up - normal mode where the power down 
input is effectively a chip enable with the ICC reduction fu~ction. 

2. Chip enabled, latched, power up - this is normal latched mode where the out­
puts remain latched regardless of address and chip enable switching. 

3. Chip enabled, latched, power down - this is the powered down latched mode 
where the output data remains latched while power is reduced to 50% of its 
nominal value. If the latch strobe changes state while in this mode, the outputs 
will go to a high impedance state and power will reduce to 30% of nominal 
power. . This is because the PO input becomes an effective chip enable in the 
Transparent Mode. 

4. Chip disabled, transparent, power down - this is the normal powered down 
mode where the outputs are in a high impedance state and the power is reduc­
ed to 30% of the nominal power. 

On the following page is a table to clarify the operational interdependencies. 

Pinouts 

TOP VIEW-DIP 

A7 VCC 

AS Aa 
A5 Ag 

CEl 
A3 CE2 
A2 PO 
Al STR 

AO °a 
01 07 

02 06 
03 05 

GND 04 

TOP VIEW-FLATPACK 

A7 c:=====:::;-t r.=====::::l v CC 
AS Aa 
A5 Ag 
A4 CE, 
A3 CE2 
A2 PO 
Al STR 
AO 0a 
01 07 
02 06 
03 05 

GND 04 

PIN NAMES 

AO-Ag Address Inputs 

0,-08 Data Outputs 

CE" CE2 Chip Enable Inputs 

PD Power Down Input 

STR Strobe Input 

logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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AS 

A6 

AS 

A9 

AO 

@IC MASTER 1979 

TRUTH TAi:JlE for HM-7680RP/81RP 

PO STR CE2 CE1 OUTPUTS POWER 

0 0 0 0 Latched Data 50% 

0 0 0 1 Latched "Three State" 50% 

0 0 l' 0 Latched "Three State" 50% 

0 0 1 1 Latched "Three State" 50% 

0 1 0 0 Unlatched "Three State" 30% 

0 1 0 1 Unlatched "Three State" 30% 

0 1 1 0 Unlatched "Three State" 30% 

0 1 1 1 Unlatched "Three State" 30% 

1 0 0 0 Latched Data 100% 

1 0 0 1 Latched "Three State" 100% 

1 0 1 0 Latched "Three State" 100% 

1 0 1 1 Latched "Three State" 100% 

1 1 0 0 Unlatched Data 100% 

1 1 0 1 Unlatched "Three State" 100% 

1 1 1 0 Unlatched "Three State" 100% 

1 1 1 1 Unlatched "Three State" 100% 

Assume that the sequence of transitions is: 1) Chip Enables, 2) STR, 3) PD 

and the initial state is Unlatched Data. 

Functional Diagram 

10F64 
ROW 

DECODE 

• 
• 
• 
• 
• 

S192 BIT 
MEMORY 
ARRAY 

NOTE: Phyiical Bit Positians 
for Columns are as Follows: 

01,03, OS, 07- 0-15 
02,04,06, OS-15,0 -14 

• • • • • • • • • • • • 

128 TRANSMISSION GATES 

OUTPUT BUFFERS 
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Specifications HM-7680RP181RP 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) 
Address/Enable Input Voltage 
Address/Enable Input Current 
Output Sink Current 

-0.3 to +7.0V 
5.5V 

-20mA 
100mA 

Storage Temperature -650 C to +150oC 
Operating Terpperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7680RP/81 RP-5 (Vce = 5.0V ± 5%, TA = ooC to +750 e) 
HM-7680RP/81 RP-2 (Vee = 5.0V'± 10%, TA = -550 e to +1250 e) 
Typical measurements are at T A = 250 e, Vee = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

!!H I Address/Enab!e "1" I - I - I +40 I }J.A VIH = VCC Max. 

IlL ; nput Current "0" - -50.0 -250 JiA VIL = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 

VIL Voltage "0" - 1.5 O.S V VCC = VCC Max. 

VOH Output "1" 2.4* 3.2· - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50 V 10L = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 JiA VOH, VCC = VCC Max. 

10LE Current "0" - - -40· JiA VOL = 0.3V, VCC = VCC Max. 

VCL Input Clamp Voltage - - -1.2 V liN = -lSmA 

lOS Output Short Circuit -15* -2.5 -100· rnA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 120 170 rnA VCC = VCC Max., All Inputs 
Grounded. 

E 
Q) NOTE: Positive current defined as into device terminals. 
en *"Three State" only 

en .L: 
~ 

~ A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7680RP/81 RP-5 
5V.± 5% 

OOC to +750 C 

SYMBOL PARAMETER MIN TYP MAX 

TAA Address Access Time - 45 60 

TDA Chip Disable Access Time - 30 40 

TEA Chip Enable Access Time - 30 40 

TpU Chip Power-Up Access Time - SO 100 

TADH Address Hold Time 0 -10 -
TCDH Chip Enable Hold Time 10 0 -
TSW Strobe Pulse Width 30 10 -
TSL Strobe Latch Time 60 40 -
TDL Strobe Delatch Time - - 40 

TCDS Chip Enable Set-Up Time 40 - -

HM-7680RP/81 RP-2 
5V'± 10% 

-550 C to + 1250 C 

MIN TYP MAX UNITS TEST CONDo 

- - SO ns Latched or 
- - 50 ns Transparent 
- - 50 ns 
- - 150 ns 

0 -10 - ns Latched Only 
10 0 - ns 
40 10 - ns 
SO 40 - ns 
- - 50 ns 

50 - - ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 e 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance S pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f =1MHz 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• SOns MAXIMUM ADDRESS ACCESS TIME 

• SIMPLE, HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT-
AGE RANGES. • 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• LOW PIN COUNT FOR MAXIMUM DENSITY 

Description 

The HM-7683 is a fully decoded high speed Schottky TTL 8192-Bit 
Field Programmable ROM in a 1 K word by 8 bit/word format and is 
available in a 20 pin DIP (ceramic or epoxy) and a 20 pin flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can 
be selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The HM-7683 contains test rows and. columns which are in addition to 
the storage array to assure high programmability and guarantee para­
metericsand A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

Functional Diagram 

AS 

AS 

A9 

S192 BIT 
MEMORY 
ARRAY 

NOTE: Physical Bit Positions 
For Columns Are As Follows: 

01.03. Os. 07-10-1S) 

02, 04. Os. Os -(1S. 0--14) 

................... 
128 TRANSMISSION GATES 

HM-7683-
1K X 8 PROM· 

Active Pull-up Outputs 

Pinouts 

TOP VIEW - DIP 

AO VCC 

A1 AS 

A2 A7 

!'3 AS 

A4 A5 

01 Ag 

02 Os 

03 07 

04 Os 
GND °5 

TOP VIEW - FLATPACK 

PIN NAMES 

AO - Ag Address Outputs 
01 - 08 Data Outputs 

logic Symbol 

"SEE PAGES 1409-1415 FOR. PACKAGE SELECTION GUIDE" 
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Specifications HM-7683 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current 
Output Sink Current 

-20m A 
100mA 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the '''Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7683-5 (VCC = 5.0V ± 5%, T A = 00 to +750 C) 
HM-7683-2 (Vce = 5.0V ± 10%, T A = -550 C to +1250 C) 
Typica! Measurements are at T A = 250 C, Vce = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address Input "1 " - - +40 pA VIH = Vee Max. 

ilL Current "0" - -50.0 -250 pA VI l = 0.45V 

VIH Input Threshold "1" 2.0 1.5 - V Vee = Vee Min. 

Vil Voltage "0" - 1.5 0.8 V vee = Vee Max. 

VOH Output "1" 2.4 3.2 - V 10H = -2.0mA, Vee = vee Min. 

VOL Voltage "0" - 0.35 0.50 V 10l = +16mA, Vee = vee Min. 

Vel Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15 - -100 mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 130 170 mA vee = vee Max., All Inputs 
Grounded . 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7683-5 HM-7683-2 
5V±5% 5V ± 10% 

OOC to +750C -550C to +1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address AcceS$ Time - 45 60 - - 80 ns 

A.e. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

elNA I nput Capacitance 8 pF Vee = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF Vec =5V, VOUT = 2.0V, f = lMHz 
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HARRIS HM-7684/85 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION oF HARRIS CORPORATION 

Preliminary 

2K X 4 PROM 
HM-7684 - Open Collector Outputs 
HM-7685 - "Three State" Outputs 

Features 
• sOns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND A CHIP ENABLE 
INPUT 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELlABI,LlTY 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOLT­
AGE RANGES 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

Description 
The HM-7684/85 are a fully decoded high speed Schottky TTL 8192-
Bit Field Programmable ROM in a 2K word by,a 4 bit/word format with 
open collector (HM-7684) or "Three State" (HM-7685) outputs. These 
PROMs are available in an 18 pin DIP (ceramic or epoxy) and an 18 pin 
flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on this and all other Harris Bipolar 
PROMs. 

The HM-7684/85 contains test rows and columns which are in addition 
to the stotage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There is a chip enable on the HM-7684/85. CE low enables the chip. 

Functional Diagram 

o 

8192 BIT 
MEMORY 
ARRAY 

( I - Pin Numben 
(181- Vee 
(91- GND 

128 TRANSMISSION GATES 

o 31 0 31 o 

01 

Pinouts 

TOP VIEW - DIP 

A6 VCC 

AS A7 

A.t AS 

A3 Ag 

AO 01 

A1 02 

A2 03 

A10 04 

GND CE 

TOP VIEW - FLATPACK 

A6 VCC 
AS A7 
A4 AS 
A3 Ag 
AO 01 
A1 02 
A2 03 

A10 9 04 
GND CE 

PIN NAMES 

CE 
AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
Ag 

A10 

AO - A10 Address Inputs 
01 - 04 Data Outputs 

CE Chip Enable Input 

logic Symbol 

"SEE pAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-1684/85 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7 .OV 
Address/Enable Input Voltage 5.5V 
Address/Enable Input Current 
Output Si nk Current 

-20mA 
100mA 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratihgs and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7684/85-5 (V CC = 5.0V ± 5%, TA = ooC to + 750 C) 
HM-7684/85-2 (V CC = 5.0V ± i 0%, T A = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL 

IIH 

III 

VIH 
Vil 

VOH 
VOL 

IOHE 
IOlE 

VCl 

lOS 

ICC 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - - +40 pA VIH = VCC Max. 
I nput Current "0" - -50.0 -250 pA Vil = 0.45V 

Input Threshold "'" 2.0 1.5 - V VCC = VCC Min. 
Voltage "0" - 1.5 O.S V VCC = VCC Max. 

Output "'" 2.4· 3.2* - V IOH = -2.0mA, VCC = VCC Min. 
Voltage "0" - 0.35 0.50 V IOl = +16mA, VCC = VCC Min. 

Output Disable "'" - - +40 pA VOH, VCC = VCC Max. 
Current "0" - - -40· pA VOL = 0.3V, VCC = VCC Max. 

Input Clamp Voltage - - -1.2 V liN = -1SmA 

Output Short Circuit -15* - -100* mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

Power Supply Current - 120 170 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7684/85-5 HM-7684/85-2 
5V! 5% 5V 1: 10% 

OOC to +750C -550C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 45 60 - - SO ns 

TEA Chip Enable Access Time - 30 40 ~ - 50 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE I nput Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = i.ov, f = 1MHz 
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HARRIS HM.-7684P/85P 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

2K X 4 PROM 
HM-7684P - Open Collector Outputs 
HM-7685P - "Three State" Outputs 

Features 
• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND A POWER DOWN 
INPUT 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMP. AND VOLT. RANGES 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

Description 
The HM-7684P/85P are fully decoded high speed Schottky TTL 8192-
Bit Field Programmable ROMs in a 2K words by 4 bit/word format with­
open collector (HM-7684P) or "Three State" (HM-7685P) outputs. These 
PROMs are available in an 18 pin DIP (ceramic or epoxy) and an 18 pin 
flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROMs. 

The HM-7684P/85P contains test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There is a power down input on the HM-7684P/85P which is similar to a 
chip enable. The chip is enabled or disabled using the power down input 
where a disabled chip dissipates 30% of nominal power and the outputs go 
to a high impedance state. The chip is powered up (enabled) when PD1 
is low. 

Functional Diagram 

A8 

AS 

AO 

10F64 
ROW 

DECODE 

o 

8192 BIT 
MEMORY 
ARRAY 

( ) = Pin Numbers 

(18) z Vcc 

(9) = GND 

128 TRANSMISSION GATES 

31 0 31 o 

01 

Pinouts 

TOP VIEW - DIP 

AS VCC 

AS A7 

A4 AS 

A3 Ag 

AO 01 

A1 02 

A2 03 

A10 04 

GND PO 

TOP VIEW - FLATPACK 

ASC=~~ __ .J;i:~==:l VCC 
AsA7 
A4 AS 
A3 Ao 
AO 01 
A1 02 
A2 03 

A10 9 04 
GNO PO 

PIN NAMES 

AO - A10 Address Inputs 

01 - 04 Data Outputs 

PD Power Down Input 

Logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications 7684PI85P 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V Storage Temperature -650 C to +1500 C 
Operating Temperature (Amhient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

Address/Enable Input Voltage 5.5V 
Address/Enable Input Current -20mA 
Output Sink Current 100mA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7684P/85P-5 (Vce = 5.0V ± 5%, TA = ooC to +750 C) 
HM-7684P/85P-2 (Vce 5.0V ± 10%, T A = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, V CC = +5V 

SYMBOL 

IIH 
ilL 

VIH 
VIL 

VOH 
VOL 

10HE 
10LE 

VCL 

lOS 

ICC 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - - +40 J.1A VIH = VCC Max. 
Input Current "0" - -50.0 -250 J.1A VIL = 0.45V 

Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

Output "1" 2.4 * 3.2* - V 10H = -2.0mA, VCC = VCC Min. 
Voltage "0" - 0.35 0.50 V 10L = +16mA, VCC = VCC Min. 

Output Disable "1" - - +40 J.1A VOH, VCC = VCC Max. 
Current "0" - - -40'" J.1A VOL = 0.3V, VCC = VCC Max. 

Input Clamp Voltage - - -1.2 V liN = -18mA 

Output Short Circuit -15* - -100* rnA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

Power Supply Current - 120 170 rnA VCC = VCC Max., All Inputs 
Grounded . 

NOTE: Positive current defined as into device terminals. 
*" Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Ope~ating) 

HM-7684P/85P-5 HM-7684P/85P-2 
5V±5% 5V.± 10% 

OOC to +750C -550C to + 1250C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 45 60 - - 80 ns 

TpD Chip Power Down - 30 40 - - 50 ns 
Access Time 

TpU Chip Power-Up Access Time - 80 100 - - 150 ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE I nput Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF Vce = 5V, VOUT = 2.0V, f = lMHz 
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HARRIS HM~7686/87 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

w 

2K x 4 PROM 
HM-7686 Open Collector Outputs 
HM-7687 - '.hree State" Outputs 

Features 
• 60ns MAXIMUM ADDRESS ACCESS TIME. 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND THREE CHIP 
ENABLE INPUTS. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T­
AGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

Descriptiofl 
The HM-7686/87 are fully decoded high speed Schottky TTL 8192-Bit 
Field Programmable Roms in a 2K word by 4 bit/word format with open 
collector (HM-7686) or "Three State" (HM-7687) outputs. These PROMs 
are available in a 20 pin DIP (ceramic or epoxy) and a 20 pin flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROMs. 

The HM-7686/87 contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in test rows and columns are 
blown prior to shipment. 

There are three chip enable inputs on the HM-7686/87. CE1, CE2, and 
CE3 low enables the chip. 

Functional Diagram 

AS 

CE1~~-~ 

CE2 
CE3 

o 

8192 BIT 
MEMORY 
ARRAY 

128 TRANSMISSION GATES 

31 0 31 o 

°1 

Pinouts 

TOP VIEW - DIP 

A7 vcc 

A6 AS 

AS Ag 

A4 A,O 

A3 0, 

A2 °2 

A, 03 

AO 04 

CE, CE2 

GND CE3 

TOP VIEW - FLATPACK 

A7 VCC 
AS AS 
AS Ag 
A4 A,O 
A3 0, 
A2 02 A, 03 
AO 04 

CE, CE2 
GND CE3 

PIN NAMES 

AO - A10 Address Inputs 
01 - 04 Data Outputs 

GE1, CE2, CE3 Chip Enable Inputs 

Logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications 7686/87 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable. Input Voltage 5.5V 
Address/Enable Input Current -LOmA 
Output Sink Current 100mA 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature" +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7686/87-5 (VCC =5.0V ± 5%, TA = ooC to +750 C) 
HM-7686/87-2 (VCC = 5.0V ± 10%, TA = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL 

ItH 
III 

VIH 
VIL 

VOH 
VOL 

10HE 
10lE 

Vel 

lOS 

ICC 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1 " - - +40 pA VIH = Vee Max. 
Input Current "0" - -50.0 -250 pA VIL = 0.45V 

I nput Threshold" 1" 2.0 1.5 - V Vee = Vee Min. 
Voltage "0" - 1.5 O.S V Vee = VCC Max. 

Output "1" 2.4* 3.2* - V 10H = -2.0mA, VCC = Vee Min. 
Voltage "0" - 0.35 0.50 V 10l = +16mA, Vec = VCC Min. 

Output Disable "1" - - +40 pA VOH, Vee = Vee Max. 
Current "0" - - -40 * pA VOL = 0.3V, Vec = Vce Max. 

Input Clamp Voltage - - -1.2 V liN = -lSmA 

Output Short Circuit -15* - -100* mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

Power Supply Current - 120 170 mA Vce = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.c. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7686/87-5 HM-7686/87 -2 
5V ±. 5% 5V ±.10% 

OOC to +750 C -550C to +1250 C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access Time - 45 60 - - SO ns 

TEA Chip Enable Access Time - 30 40 - - 50 ns 

A.e. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

eINA, CINCE Input Capacitance S pF Vce = 5V, ViN = 2.0V, f = 1 MHz 

COUT Output Capacitance 10 pF Vce = 5V, VdUT = 2.0V, f '" lMHz 
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HARRIS 
HM--7686R/87R 

SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

Pre vie 

2K x 4 PROM 
HM-7686R - Open Collector Outputs 
HM-7687R - "Three State" Outputs' 

Features 
• 60ns MAXIMUM ADDRESS ACCESS TIME 

• "THREE STATE" OR OPEN COLLECTOR .oUTPUTS AND TWO CHIP 
ENABLE INPUTS 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEQUENC­
ING OVER COMMERCIAL AND MILITARY TEMPERATURE AND VOL T­
AGE RANGES 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD 

• LATCHED OUTPUTS 

Description 
The HM-7686R/87R are fully decoded high speed Schottky TTL 8192-
Bit Field Programmable ROMs in a 2K words by 4 bit/word format with 
open collector (HM-7686R) or "Three State" (HM-7687R) outputs. 
These PROMs are available in a 20 pin DIP (ceramic or epoxy) and 20 pin 
flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROMs. 

The HM-7686R/87R contains test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There are two chip enable inputs on the HM-7686R/87R. CE1, CE2 
low enables the chip. 

The HM-7686R/87R is operated in the Transparent Read Mode by hold­
ing the strobe input low throughout the read operation. This is the nor­
mal read mode where the two chip enable inputs will control the outputs. 

In Latched Read Mode, bringing the strobe input high will latch the out­
puts and chip enable inputs. If the devke is disabled when the strobe 
input goes high, the outputs will be latched in the high impedance state. 
If the device is in the latched mode, the strobe input must be brought low 
to allow the outputs to respond to new address or chip enable conditions. 

Functional Diagram 

AI 

Pinouts 

TOP VIEW-DIP 

VCC 

AS 

Ag 

A4 A10 

A3 01 

A2 02 

A1 03 

AO 04 

CE1 CE2 

GND STR 

TOP VIEW-FLAT PACK 

A7 VCC 
A6 AS 
A5 Ag 
A4 A10 
A3 01 
A2 02 
A1 03 
AO 04 

CE1 CE2 
GND ffi 

CE1 

CE2 

STR 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
Ag 

A10 

PIN NAMES 

AO-A10 Address Inputs 

01-04 Data Outputs 

CE 1• CE2 Chip Enable Inputs 

STR Strobe Input 

Logic Symbol 

01 

02 

03 

04 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-7686R/8 7 R 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) 
Address/Enable Input Voltage 
Address/Enable Input Current 
Output Sink Current 

-0.3 to +7.0V 
5.5V 

-20mA 
100mA 

Storage Temperature -650 C to +150oC 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7686R/87R-5 (Vcc = 5.0V ± 5%, T A = ooC to +750 C) 
HM-7686R/87R-2 (Vec = 5.0V ± 10%, T A = -550 e to +1250 C) 
Typical measurements are at T A = 250 C, Vee = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

I IIH I Address/Enable "1" ! - ! - I +40 jJ.A VIH = Vee Max. 

I!L I I nput Current "0" I - I -50.0 -250 ilA VIL=0.45V 

VIH Input Threshold "1" 2.0 1.5 - V VCC = VCC Min. 

VIL Voltage "0" - 1.5 O.S V VCC = VCC Max. 

VOH Output "1" 2.4 * 3.2* -. V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50 V tOL = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 JlA VOH, VCC = VCC Max. 

10LE Current "0" - - -40* JlA VOL = 0.3V, VCC = VCC Max. 

VCL Input Clamp Voltage - - -1.2 V liN = -lSmA 

lOS Output Short Circuit -15* -2.5 -100* mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

ICC Power Supply Current - 120 170 mA VCC = VCC Max., All Inputs 
Grounded. 

E NOTE: Positive current defined as into device terminals. 
Q) *"Three State" only en 
en 
.~ ... 
~ A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7686R/87R -5 
5V±5% 

OOC to +750C 

SYMBOL PARAMETER MIN TYP MAX 

TAA Address Access Time - 45 60 
TEA Chip Enable Access Time - 30 40 

TADH Address Hold Time 0 -10 -
TCDH Chip Enable Hold Time 10 0 -
TSW Strobe Pulse Width 30 10 -
TSL Strobe Latch Time 60 40 -
TOL Strobe Oelatch Time - - 40 

TCOS Chip Enable Set-Up Time 40 - -

HM-7686R/87R-2 
5V ± 10% 

-550C to + 125°C 

MIN TYP MAX UNITS TEST CONDIT. 

- - SO ns Latched or 
- - 50 ns Transparent 

0 -10 - ns Latched Only 
10 0 - ns 
40 10 - ns 
SO 40 - ns 
- - 50 ns 
50 - - ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance S pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS HM-7686P/87P 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

2K X 4 PROM 
HM-7686P - Open Collector Outputs 

HM-7687P - IIThree State" Outputs 

Features 
• 60ns MAXIMUM ADDRESS ACCESS TIME. 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND THREE POWER 
DOWN INPUTS. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. 
ASSURES FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - FOR WORS.T CASE N2 SEQUENCING OVER COM­
MERCIAL AND MILITARY TEMPERATURE AND VOLTAGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

Description 
The HM-7686P/87P are fully decoded high speed Schottky TTL 8192-Bit 
Field Programmable ROMs in a 2K word by 4 bit/word format with open 
collector (HM-7686P) or "Three State" (HM-7687P) outputs. These 
PROMs are available in a 20 pin DIP (ceramic or epoxy) and a 20 pin 
flatpack. 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on these and all other Harris Bipolar 
PROMs. 

The HM-7686P/87P contains test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para­
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to sh ipment. 

There are three power down inputs on the HM-7686P/87P which are sim­
ilar to chip enables. The chip is enabled or disabled using the power down 
inputs where a disabled chip dissipates 30% of nominal power and the out­
puts go to a high impedance state. The chip is powered up (enabled) when 
PD 1, PD2 and PD3 are low. 

Functional Diagr.am 

.Ao 

ar-----------------------~ 

8192 BIT 
MEMORY 
ARRAY 

. . . . . . . 
128 TRANSMISSION GATES 

o 31 31 

01 

Pinouts 

TOP VIEW - DIP 

A7 Vee 

A6 AS 

AS Ag 

A4 Al0 

A3 01 

A2 °2 

Al 03 

AO 04 

POl P02 

GNO P03 

TOP VIEW - FLATPACK 

A7 Vee 
A6 AS 
AS Ag 
A4 AlO 
A3 01 
A2 02 
Al 03 
AO 04 

POl P02 
GOO ro3 

PIN NAMES 

AO - A10 Address Inputs 
0, - 04 Data Outputs 

PD" PD2, PD3 Power Down Inputs 

PD1 
PD2 
PD3 

AO 
A1 
A2 
A3 
A4 
AS 
AS­
A7 
AS 
Ag 

A10 

Logic Symbol 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 

©IC MASTER 1979 1341 

s-
O ..... 
o 
J 
U" 
s: 
o 
.2 
E 
Q) 

(f) 

t/) 

"i.: 
~ ! .. 



~ 

o ...... 
o 
::l 
"C 
c 
o 
.~ 
E 
Q) 

en 
UJ 

''::: 
~ 

ctt 
J: 

Specifications HM-7686P187P 

ABSOLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to + 7.0V 
Address/Enable Input Voltage 5.5V 
Address/Enable I nput Current -20mA 
Output Sink Current 100mA 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 
Maximum Junction Temperature +1750 C 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7686P/87P-5 (VCC = 5.0V ± 5%, TA = ooC to +750 C) 
HM-7686P/87P-2 (VCC = 5.0V ± 10%, T A = -;-550 C to +1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL 

IIH 
III 

VIH 
Vil 

VOH 
VOL 

10HE 
10lE 

VCl 

lOS 

ICC 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - - +40 J.1.A VIH = Vee Max. 
I nput Current "0" - -50.0 -250 J.1.A Vll=0.45V 

Input Threshold "1" 2.0 1.5 - V Vee = Vee Min. 
Voltage "0" - 1.5 0.8 V Vee = Vee Max. 

Output "1" 2.4 * 3.2* - V 10H = -2.0mA, Vee = Vee Min. 
Voltage "0" - 0.35 . 0.50 V 10l = +16mA, Vee = Vee Min. 

Output Disable "1" - - +40 J.1.A VOH, Vee = Vec Max. 
Current "0" - - -40 * J.1.A VOL = 0.3V, VCC = Vce Max. 

Input Clamp Voltage - - -1.2 V liN = -l8mA 

Output Short Circuit -15* - -100* mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

Power Supply Current - 120 170 mA Vce = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
""Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7686P/87P-S HM-7686P/87P-2 
SV.±S% sv ± 10% 

OOC to +750 C -550C to + 125°C 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

TAA Address Access 'Time - 45 60 - - 80 ns 

TpD Chip Power Down Access Time - 30 40 - - 50 ns 

TpU Chip Power-Up Access Time - 80 100 - - 150 ns 

A.C, limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: T A = 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINeE I nput Capacitance 8 pF Vee = 5V, VIN = 2.0V, f = 1 MHz 
~ 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = lMHz 
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HARRIS HM-7686RP/87RP 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

2K X 4 PROM 

HM-7686RP - Open Collector Outputs 
HM-7687RP - "Three State" Outputs 

Features 
• SOns MAXIMUM ADDRESS ACCESS TIME. 

• "THREE STATE" OR OPEN COLLECTOR OUTPUTS AND A CHIP ENABLE INPUT. 

• SIMPLE HIGH SPEED PROGRAMMING PROCEDURE - ONE PULSE/BIT. ASSURES 
FAST PROGRAMMING AND SUPERIOR RELIABILITY. 

• FAST ACCESS TIME - GUARANTEED FOR WORST CASE N2 SEOVENCING OVER 
COMMERCIAL AND MILITARY TEMPERATURE AND VOLTAGE RANGES. 

• INDUSTRY'S HIGHEST PROGRAMMING YIELD. 

• LATCHED OUTPUTS. 

• A POWER DOWN INPUT ALLOWING 70% REDUCTION IN NOMINAL POWER DIS­
SIPATION. 

Description 
The HM-7686RP/87RP are fuJly decoded high speed Schottky TTL 8192-Bit 
Field Programmable ROMs in a 2K words by 4 bit/word format with open collector 
(HM-7686RP) or "Three State" (HM-7687RP) outputs. These PROMs are avail­
able in a 20 pin DIP (ceramic or epoxy) anda 20 pin flatpack. 

All bits are manufactured storing a logi~al "1" (positive logic) and can be selectively 
programmed for a logical "0" in any bit position. 

Nichrome fuse technology is used on these and all other Harris Bipolar PROMs. 

The HM-7686RP/87RP contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee parametrics and 
A.C. performance. The fuses in these test rows and columns are· blown prior to 
shipment. 

There is a chip enable input on the HM-7686RP/87RP. CE low enables the device. 

There is also a power down input on this device. A powered down device has 70% 
reduction in nominal power dissipation if the outputs are not latched and 50% re­
duction in nominal ,power if the outputs are latched. 

The HM-7686RP/87RP is operated in the Transparent Read Mode by holding the 
the strobe input low and the PD input low throughout the read operation. This is 
the normal read mode where the chip enable and the power down input will control 
the outputs. 

In Latched Rea,d Mode, bringing the .strobe input high will latch the outputs and 
the chip enable input. However, the power down input is independent of the latch 
function and can be changed while in the latched mode. If the device is disabled 
when the strobe input goes high, the outputs will be latched in the high impedance 
state. If the device is in the latched mode, the strobe input must be brought low to 
allow the outputs to respond to new address or chip enable conditions. 

The following is a summary of the functional dependencies of the operating modes: 

1. Chip enabled, transparent, powered up - normal mode where the power down 
input is effectively a chip enable with the ICC reduction function. 

2. Chip enabled, latched, power up - this is normal latched mode where the out­
put remains latched regardless of address and chip enable switching. 

3. Chip enabled, latched, power down - this is the powered down latched mode 
where the output data remains latched while power is reduced to 50% of its 
nominal value. If the latch strobe changes state while in this mode, the outputs 
will go to a high impedance state and power will reduce to 30% of nominal 
power. This is because the PD input becomes an effective chip enable in the 
Transparent Mode. 

4. Chip disabled, transparent, power down - this is the normal powered down 
mode where the outputs are in a high impedance state and the power is reduc­
ed to 30% of the nominal power. 

On the following page is a table to clarify the operational interdependencies. 

• 

Pinouts 

TOP VIEW-DIP 

A7 

AS 

AS 

A4 

A3 

A2 

Al 

AO 

CE 

GND 

TOP VIEW-FLATPACK 

A7 VCC 
A6 AS 
AS Ag 
A4 Al0 
A3 0, 
A2 02 
A1 03 
AO 04 
CE PO 

GNO STR 

PIN NAMES 
AO-A1O Address Inputs 
0,-04 Data Ouputs 

PD Power Down Input 
STR Strobe Input 

CE Chip Enable Input 

logic Symbol 

CE . 

PO 
ffi 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
Ag 

A10 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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TRUTH TABLE for HM-7686RP/87RP 

PO STR CE OUTPUTS POWER 

0 0 0 Unlatched Data 100% 

0 0 1 Unlatched "Three State" rOO% 

0 1 0 Latched Data 100% 

0 1 1 Latched "Three State" 100% 

1 0 0 Unlatched "Three State" 30% 

1 1 0 Latched Data 50% 

1 1 1 Latched "Three State" 50% 

Assume that the sequence of transitions is: 1) Chip Enable, 2) STR, 

3) PO, and the initial state is Unlatched Data. 

Functional Diagram 

• 
• 
• 
• 
• 

8192 BIT 
MEMORY 
ARRAY 

• • • • • • • • • • • • 

o 
• • 

OUTPUT 
BUFFER 

128 TRANSMISSION GATES 

o 31 0 31 

• • • • 

OUTPUT 
BUFFER 

OUTPUT 
BUFFER 

o 31 

•• 

OUTPUT 
BUFFER 
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Specifications HM-7686RP187RP 
ABsoLUTE MAXIMUM RATINGS 

Output or Supply Voltage (Operating) -0.3 to +7.0V 
Address/Enable Input Voltage 5.5V 

Storage Temperature -650 C to +1500 C 
Operating Temperature (Ambient) -550 C to +1250 C 

Address/Enable Input Current -20m A Maximum Junction Temperature +1750 C 
Output Sink Current 1 OOmA 

CAUTION: Stresses above those listed under the "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress only rating and functional operation of the device at these or at any other conditions above those indicated in the operational 
sections of this specification is not implied. (While programming, follow the programming specifications.) 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7686RP/87RP-5 (VCC::: 5.0V + 5%, TA ::: ooC to +750 C) 
HM-7686RP/87RP-2 (VCC::: 5.0V + 10%, T A::: -550 C to +1250 C) 
Typical measurements are at T A ::: 250 C, V CC ::: +5V 

SYMBOL 

IIH 
IlL 

VIH 
VIL 

VOH 
VOL 

10HE 

10LE 

VCL 

lOS 

ICC 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - - +40 IlA VIH = VCC Max. 
Input Current "0" - -50.0 -250 IlA VIL = 0.45V 

I nput Threshold "1" 2.0 1.5 - V VCC = VCC Min. 
Voltage "0" - 1.5 0.8 V VCC = VCC Max. 

Output "1" 2.4 * 3.2* - V 10H = -2.0mA, VCC = VCC Min. 
Voltage "0" - 0.35 0.50 V 10L = +16mA, VCC = VCC Min. 

Output Disable "1" - - +40 Il A VOH, VCC = VCC Max. 
Current "0" - - -40* IlA VOL = 0.3V, VCC = VCC Max. 

Input Clamp Voltage - - -1.2 V liN = -18mA 

Output Short Circuit -15* -2.5 -100* mA VOUT = O.OV, One Output at a 
Current Time for a Max. of 1 Second 

Power Supply Current - 120 170 mA VCC= VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
*"Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

HM-7686RP/87RP-5 HM-7686RP/87RP-2 
5V±5% 5V.:!: 10% 

OOC to +750C -550C to +125OC 

SYMBOL PARAMETER MIN TYP 'MAX MIN TYP MAX UNITS TESTCOND. 

TAA Address Access Time - 45 60 - - 80 ns Latched or 

TDA Chip Disable Access Time - 30 40 - - 50 ns Transparent 

TEA Chip Enable Access Time - 30 40 - - 50 ns 

TpU Chip Power-Up Access Time - 80 100 - - 150 ns 

TADH Address Hold Time 0 -10 - 0 -10 - ns Latched Only 

TCDH Chip Enable Hold Time 10 0 - 10 0 - ns 

TSW Strobe Pulse Width 30 10 - 40 10 - ns 

TSL Strobe Latch Time 60 40 - 80 40 - ns 

TDL Strobe Delatch Time - - 40 - - 50 ns 

TCDS Chip Enable Set-Up Time 40 - - 50 - - ns 

A.C. limits guaranteed for worst case N2 sequencing. 

CAPACITANCE: TA::: 250 C 

SYMBOL PARAMETER MAXIMUM UNITS TEST CONDITIONS 

CINA, CINCE Input Capacitance 8 pF VCC = 5V, VIN = 2.0V, f = 1MHz 

COUT Output Capacitance 10 pF VCC = 5V, VOUT = 2.0V, f = 1MHz 
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HARRIS JAN-0512 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION Of HARRIS CORPORATION 512 BIT, BIPOLAR PROM 

MIL/M38510/20101 

Features 

• FIELD PROGRAMMABLE 

• 64 WORDS/S BITS PER WORD 

• FULLY DECODED 

• DTL/TTL COMPATIBLE 

• 55ns ACCESS TIME 

Description 

The JAN-0512 is a field programmable 64 word by 8 bit PROM. In an 
unprogrammed memory, all "Memory Elements" are short circuits so that 
logical "zeros" appear at each output bit position for any address input . 
"Electronic Programming" involves the alteration of specific "Memory 
Elements" to create logical "ones" in selected bit positions. This altera­
tion is irreversible and cannot be accomplished under normal operating 
conditions. 

Block Diagram 

ENABLE 

OUTPUT BUFfERS r=--' ---------

MEMORY 
ELEMENTS 

& 
DECODING 

MATRIX 

NC NC Vee G, G~ G2' . Ie- NC 

Pinout 

TOP VIEW - D.I.P. 

*Must be left open circuit 

-IC - Internal Connection must be left open 

NOTE: for operational condition, return pins 
11,13, and 23 to system ground. 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications JAN-0512 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Range 
Input Voltage Range 
Storage Temperature Range 
Lead Temperature (Soldering 10 Seconds) 
Thermal Resistance, Junction-to-Case 

Output Supply Voltage 
Output Sink Current 
Maximum Power Oissipation, Po 
Maximum Junction Temperature, TJ 

:"'0.5 VOC to 7.0 VOC 
-1.5 VOC at -12mA to 5.5VOC 

-650 C to + 1500 C 
3000 C 

JC' Case J = 300 C/w 

-0.5VOC to 7.0VOC 
+30mA 

575mWdc 
1750 C. 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage 
Minimum High Level Input Voltage 
Maximum Low Level Input Voltage 
Normalized Fanout (Each Output) 
Ambient Operating Temperature Range 

4.75 VOC Min. to 5.25VOC Maximum 

2.0VOC 

0.8VOC 
6 Maximum nOmA) 

-550 C to + 1250 C 

ELECTRICAL CHARACTERISTICS 
The electrical characteristics are as specified in the table and applv over the full recom­
mended ambient operating temperature range, unless otherwise specified. 

LIMITS 

SYMBOL TEST MIN MAX UNITS TEST CONDITIONS 

VOH 

VOL 

VIC 

ICEXl 

ICEX2 

IIHl 

IIH2 

IlL 

ICC 

tPHL 

tPLH 

©IC MASTER 1979 

High Level Output Voltage 2.4 Volts 

Low Level Output Voltage 0.45 Volts 

Input Clamp Voltage -1.5 Volts 

100 /J.A 

Maximum Collector Cut-Off 
Current 

200 /J.A 

60 /J.A 

High Level Input Current 
100 /J.A 

Low Level I nput Current -0.2 -1.6 mA 

Supply Current lOa mA 

Propagation Delay Time 25 140 ns 
High-to-Low Level Logic 

Propagation Delay Time 
Low-to-High Level Logic 

25 140 ns 

NOTES: 1. When testing one E input, apply 5.25V to the other. 
2. When testing one E input, apply GND to the other. 

VCC = 4.75V 
VIN = 0.8V 
IOH = -500/J.A 

VCC = 4.75V 
VIN = 2.0V 
IOL = 10mA 

VCC = 4.75V 
liN = -12mA 
TA = 250 C 

VCC = 5.25V 
VOH = 2.8V 
VIN = 0.8V 

VCC = 5.25V 
VOH = 5.25V 
VIN = 0.8V 

VCC = 5.25V 
VIN = 2.4V; 

VCC = 5.25V 
VIN = 5.25;Q) 

VCC = 5.25V 
VIN = O.4V;@ 

VCC = 5.25V 
VIN = 0 

VCC = 5.0V 
CL = 30pF Min. 
Rl = 470r2 ±5% 
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HARRIS 
SEMICON'DUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

HM-6312/6312A 
CMOS ROM 

1024 Word x 12 Bit 

Fsatures Pinout 

• HM-6100 COMPATIBLE TOP VIEW - DIP 

• LOW POWER - TYPICAL<5.0J,lW STANDBY 

• 4 -11 VOLT VCC OPERATION 

• HIGH SPEED 

• STATIC OPERATION 

Description DXO 

DXl 

DX2 

DX10 

DX9 

DX8 

The HM-6312 and HM.,.6312A are high speed,low power, silicon gate 
CMOS static ROM's, organized 1024 words by 12 bits. In all static states 
these units exhibit the microwatt power requirements typical of CMOS. 
The basic part operates at 4 - 7 volts with a typical 5 volt 250 C access 
time of 350ns. Higher operating voltages, 4 - 11 volts, are available with 
the A version. Signal polarities and functions are specified for interfacing 
with the HM-6100 Microprocessor. 

DX3 

DX4 

GND 

DX7 

DX6 

DX5 

Operation 

Addresses and data out are multiplexed on 12 lines, DXO - DX11. Ad­
dresses are loading into an on chip register by falling edge of CEo Data 
out, corresponding to the latched address, is enabled when CE, OEl and 
OEH are true. The RSEl output defines an area in the 4096 word ad­
dressing space dedicated to RAM. It can be programmed by DXO, DX1, 
DX2 and DX3. This output eliminates a four bit register and decoder for 
the high order address bits to select RAM. 

DX - Address Input and Data Out 
E - Chip Enable 
G - Output Enable 
G - Output Enable 
F - RAM Field Select 

Functional Diagram 

1348 

TO OUTPUT 
BUFFERS 

12 BIT 
ADDRESS 

DX(0·11) REGISTER 

DX11·5 
X 

D 
E 
C 

r-----------.., 
I 1 OF 12 I 
I I 
I I 
I I 
I I 
I 128 x 8 I TO DX 
I ARRAY I L-INES 

I I 
I I 
I I 
I I L ___________ J 

E ---; .)10--+-------+-----------, 
DX4·2 

{ DXO. OXO 
DX1.~ "0" ENABL-ES 

G OUTPUT 

G "O"SEL-ECTS RAM 
AND DISABI.ES 
ROM OUTPUT 

{ DXO. Diii. vce 
DX1.~.Vee F DX2.Dn. Vee 

Z PROGRAMMA8lE DX3. 013, vee 

INVERTING (H) 
!"ONfNVERTING (ll 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6312A-2IHM-6312A-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Applied Input or Output Voltage 

Storage Temperature Range 
Operating Temperature Range 

Industrial-9 
Military-2 

+12.0V 
GND -O.3V to vee + 0.3V 

..:650 e to + 1500e 

-40oe to +850 e 
-550 e to + 1250 e 

ELECTRICAL CHARACTERISTICS vee = 10 ± 5% 

D.C. 

A.C. 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

VIH Logical "1" Input Voltage 70% VCC V 

VIL . Logical "0" Input Voltage 20% VCC V 

ilL Input Leakage -1.0 +1.0 JiA OV~VIN~VCC 
VOH Logical "1" Output Voltage VCC -0.1 V lOUT = 0 

VOL Logical "0" Output Voltage GND + .01 V lOUT = 0 

10 Output Leakage -1.0 1.0 JiA OV~ VO ~vec 
ICCSS Standby Supply Current 800 JiA VIN = 0 or VCC 

ICCOP Operating Current <D 10 mA f = 1 MHz, 10 = 0 

CI Input Capacitance* @ 5.0 7.0 pF VI = vec or GND 

CIO I/O Capacitance* @ 6.0 10.0 - pF 

*Guaranteed and sampled, but not 100% tested. 

See Switching Waveforms page 3-9 

INDUSTRIAL MILITARY 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS ® 
TELOV Access Time From E 200 220 .ns VCC = 10::5% 

TGHOV Output Enable Time 160 175 ns 

TGLOZ Output Disable Time 160 175 ns 

TEHEL Strobe Pos. Pulse Width 125 140 ns 

TELEL Cycle Time 325 360 ns 

TAVEL Address Set-Up Time 30 35 ns 

TELAX Address Hold Time 55 . 60 ns 

TELFV Propagation to F 100 110 ns 

NOTES: <D Operating Supply Current (leCOP) is proportional to operating frequency, example typical Iceop = 10mA/MHz. 

@ Capacitance sampled and guaranteed - not 100% tested. 

® A.C. test conditions: Inputs - TRise = TFall = 20ns; Outputs - ITTL Load and 50pF. 

@lIe MASTER 1979 1349 
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Specifications HM-6312-2IHM-6312-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Applied Input or Output Voltage 
Storage Temperature Range 
Operating Temperature Range 

Industrial-9 
Military-2 

+8.0V 
GND -O.3V to vee + O.3V 

-650 e to +1500 e 

-400 e to +850 e 
-550 e to + 1250 e 

ELECTRICAL CHARACTERISTICS vee = 5 ± 10% 

D.C . 

A.C. 

1350 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

VIH Logical "1" Input Voltage 70% VCC V 

VIL Logical "0" Input Voltage 20% VCC V 

IlL Input Leakage -1.0 +1.0 J.LA OV<VIN<VCC 

VOH Logical" 1" Output Voltage VCC -0.1 V lOUT = 0 

VOL Logical "0" Output Voltage GND + .01 V lOUT = 0 

10 Output Leakage -1.0 1.0 J.LA OV< VO <VCC - -
ICCSS Standby Supply Current 100 J.LA VI = 0 or VCC 

ICCOP Operating Current CD 5 mA f = 1 MHz, 10 = 0 

CI Input Capacitance* @ 5.0 7.0 pF VI = VCC or GND 

CIO I/O Capacitance* @ 6.0 10.0 pF 

*Guaranteed and sampled, but not 100% tested. 

See Switching Waveforms page 3-9 

INDUSTRIAL MILITARY 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS@ 

TELOV Access Time From E 510 560 ns VCC = 5 ± 10% 

TGHOV Output Enable Time 290 320 ns 

TGLOZ Output Disable Time 290 320 ns 

TEHEL Strobe Pos. Pulse Width 260 285 ns 

TELEL Cycle Time 770 845 ns 

TAVEL Address Set-Up Time 75 85 ns 

TELAX Address Hold Time 120 135 ns 

TELFV Prop~gation to F 220 240 ns 

NOTES: CD Operating Supply Current (lCCOP) is proportional to operating frequency, example typical ICCOP = 5mA/MHz. 

® Capacitance sampled and guaranteed - not 100% tested. 

@ A.C. test conditions: Inputs - TRise = TFall = 20ns; Outputs - ITTL Load and 50pF. 
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Specifications HM-6312C-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Applied Input or Output Voltage 
Storage Temperature Range 
Operating Temperature Range 

+8.0V 
GND -0.3V to vee + 0.3V 

-650 e to + 1500 e 
-400 e to +850 e 

ELECTRICAL CHARACTERISTICS vee = 5 ± 10% 

D.C. 

A.C. 

I SYMBOL r 

VIH 

VIL 

ilL 

VOH 

VOL 

10 

ICCSB 

ICCOP 

CI 

CIO 

PARAMETER 

Logical "1" Input Voltage 

Logical "0" Input Voltage 

Input Leakage 

Logical "1'·' Output Voltage 

Logical "0" Output Voltage 

Output Leakage 

Standby Supply Current 

Operating Current G) 
Input Capacitance* @ 
I/O Capacitance* @ 

MIN 

70% VCC 

-10 

VCC -.01 

-10 

TYP MAX 

20% VCC 

+10 

GND + .01 

+10 

500 

5 
5.0 7.0 

6.0 10.0 

UNITS 

v 
V 

J.1A 
V 

V 

J.1A 
J.1A 
mA 

pF 

pF 

*Guaranteed and sampled, but not 100% tested. 

See Switching Waveforms page 3-9 

INDUSTRIAL 

SYMBOL PARAMETER MIN MAX MIN MAX UNITS 

TELQV Access Time From E 640 ns 

TGHQV Output Enable Time 390 ns 

TGLQZ Output Disable Time 390 ns 

TEHEL Strobe Pos. Pulse Width 300 ns 

TELEL Cycle Time 940 ns 

TAVEL Address Set-Up Time 75 ns 

TELAX Address Hold Time 140 ns 

TELFV Propagation to F 250 ns 

TEST CONDITIONS 

OV~VIN~VCC 
lOUT = 0 

lOUT = 0 

OV~ VO ~VCC 
VI = 0 or VCC 

f = 1 MHz, 10 = 0 

VI = VCC or GND 

TEST CONDITIONS ® 
VCC=5±10% 

NOTES: G) Operating Supply Current (lCCOP) is proportional to operating frequency, example typica'i ICCOP = 5mA/MHz. 

@ Capacitance sampled and guaranteed - not 100% tested. 

@ A.C. test conditions: Inputs - TRise = TFal1 = 20ns; Outputs - ITTL Load and 50pF. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

Pre 

• 8K WORD BY 8 BIT MEMORY 

• MASK PROGRAMMED, NON-VOLATILE 

• QUICK ACCESS OVER MI L TEMP •...•...•......•.• 550nsec MAX 

• LOW STANDBY CURRENT OVER MIL TEMP .•••.....•. 100/lA MAX 

• SINGLE 5V POWER SUPPL Y 

• ON CHiP ADDRESS REGISTERS 

• COMPACT 24 PIN PACKAGE 

• PINOUT LIKE HM-6389 FOR EASY UPGRADE 

• TTL COMPATIBLE INPUT/OUTPUT 

• MILITARY, INDUSTRIAL AND COMMERCIAL TEMPERATURE RANGES 

Descrip tion 

The HM-6388 is a mask programmed Read Only Memory featuring quick 

access and extremely low power consumption. The 6388 contains internal 

address registers to allow simple implementation in common bus systems, 

Because of the similarity of pinouts a system utilizing this device can be 

easily modified to use the HM-6389 for added control flexibility. 

Because of the large memory matrix, 65,536 bits, this device can be used 

for non-volatile storage of operating systems, control stores, assemblers, 

compilers, loaders, editors, high accuracy look up tables, and a vast num­

ber of other unique and otherwise unsatisfied applications. 

HM-6388 
8192 X 8 CMOS ROM 

E 
AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

Al0 
All 
A12 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

00 

01 

02 

Pinout 

TOP VIEW 

logic Symbol 

+vee 

GND 

vee 
A8 

A9 

A12 

E 
Al0 

All 

07 

06 

05 

04 

03 

00 
01 
02 
03 
04 
05 
06 
07 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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AO 

A1 
A 

A2 

LATCHED 
8 

A3 
ADDRESS 

A4 REGISTER 
A 

A5 
8 

A6 

A7 

L 

L 

A8 A 

A9 5 
LA:rCHED 

A10 ADDRESS 
REGISTER 

A11 A 
A12 5 

E 

©IC MASTER 1979 

GATED 
ROW 

DECODER 

G 

Functional Diagram 

256 

00 

:lJ 
m 
"'" 01 256 x 256 m 

(64 K BIT) 
:lJ 
m 

MEMORY Z 
0 

MATRIX m 02 
0 
0 
~ 
c 
3: 03 Z 

04 

32 32 32 32 32 32 32 32 

GATED 
COLUMN 
DECODER 

>--+---~05 

~-+---006 

G~--------------------~ ~-+---007 

A 

LATCHED ADDRESS REGISTER LATCH ON RISING L 
GATED DECODERS GATE ON RISING G 
THREE STATE DRIVERS ACTIVE WHEN A = HIGH 
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Features 

HARRIS 
SEMICONDUCT'OR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• 8K WORD BY 8 BIT MEMORY 

• MASK PROGRAMMED, NON-VOLATILE 

• QUICK ACCESS OVER MIL TEMP ..............•• 550nsec MAX 

• LOW STANDBY CURRENT OVER MIL TEMP. ..•.•... l00J-LA MAX 

• SINGLE 5V POWER SUPPLY 

• ON CHIP ADDRESS REGISTERS 

• ',INTERNAL PLA FOR RAM FIELD SELECT OUTPUT 

• CHIP SELECT POLARITY OPTIONS 

• CHIP SELECT LATCHED/UNLATCHED OPTIONS 

• DATA OUTPUT LATCHED/NONLATCHED OPTIONS 

• TTL COMPATIBLE INPUT/OUTPUT 

• MILITARY, INDUSTRIAL AND COMMERCIAL TEMP. RANGES 

Description 

The HM-6389 is a mask programmed Read Only Memory featuring quick 
access and extremely low power consumption. The HM-6389 contains 
internal address registers for ease of use in common bus systems. In ad­
dition to the 65,536 bit (6K) user defined memory matrix, there are a 
variety of user defined control options. 

These options include a Programmable Logic Array (PLA) for RAM field 
select allowing internal address decoding for RAM over ROM overlay 
memory array applications. The polarity of the RAM Field Select output 
is also an user option. The chip select input's are individually definable to 
be active high or low, and to be latched by chip enable or nonlatched. 
This feature can be used to eleminate address decoding for arrays as large 
as 64K words. Another user defined option determines whether the data 
outputs will be latched by the chip enable (E), or is nonlatch~d mode is 
chosen, the chip enable signal is used to disable the three state output 
drivers. 

Because of the large data storage matrix and the versatility of the control 
options, this device can be used for non-volitile storage of operating 
systems, assemblers, compilers, loaders, editors, high accuracy look up 
tables, and a wide variety of otherwise unsatisfied applications. 

HM-6389 
8192 x 8 CMOS ROM 

Pinout 

TOP VIEW 

S1 S3 
S2 F 

A7 vee 
A6 A8 

A5 A9 

A4 A12 

A3 E 
A2 Al0 

Al All 

AO 07 

00 06 
01 05 

02 Q4 

GND 03 

logic Symbol 

E Sl +vec 52 S3 

AO 
Al 

F 

A2 
A3 
A4 00 
A5 01 
A6 02 
A7 03 A8 04 A9 

A10 05 

A 11 06 

A12 
07 

GND 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Sl POLARITY 
OPTION 

Sl~ 

S2~ 

+VCC 

PLAADDRESS 
\ INPUTS FROM 

LATCHED 
ADDRESS 
REGISTER 
OUTPUTS 

LA11--e __ ---....-----------1 
LA11--e 

LA12--4 

EAi2---
LA13--4 

----~ LA13--e 

PLA DISABLE 
OPTION 

PLA FOR 
RAM FIELD SELECT 

RAM FIELD SELECT 
POLARITY OPTION 

OF 

LATCHED ADDRESS REGISTERS 
LATCH ON RISING EDGE OF L 

GATED DECODERS GATE ON 
RISING EDGE OF G 

DATA LATCH ON FALLING L 
WHEN L = HIGH DATA PASSES THRU 

SELECT LATCHES LATCH ON 
. RISING EDGE OF l 

THREE STATE OUTPUTS ACTIVE IF A = HIGH 

ALL SWITCHES ILLUSTRATE USER DEFINED MASK PROGRAMMED OPTIONS. ONCE 
MANUFACTURED ALL OPTIONS ARE INTERNALLY FIXED AND CAN NOT BE CHANGED. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• LOW STANDBY POWER ..•.•...••..••••....•.... 55J.lW MAX 

• LOW OPERATING POWER .••....•.•...•.....•. 22mW/MHz MAX 

• FAST ACCESS TIME ......•.••.••........•.... 220nsec MAX 

• DATA RETENTION VOLTAGE. . . • . . . • • . • . . . . . .. 2.0 VOLTS MIN. 

• TTL COMPATIBLE IN/OUT 

• HIGH OUTPUT DRIVE - 2 TTL LOADS 

• HIGH NOISE IMMUNITY 

• ON CHIP ADDRESS REGISTERS 

• THREE STATE OUTPUTS 

• EASY MICROPROCESSOR INTERFACING 

• LATCHED OUTPUTS 

• MILITARY AND INDUSTRIAL TEMPER~TURE RANGES 

Description 

The HM-6501 is a 256 by 4 static CMOS RAM fabricated using. self­
aligned silicon gate technology. Synchronous circuit design techniques are 
employed to achi.eve high performance and low power operation. 

On chip latches are provided for address and data outputs allowing ef­
ficient interfacing with microprocessor systems. The data output buffers 
can be forced to a high impedance state for use in expanded memory 
arrays. 

The HM-6501 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature . 

Functional Diagram 
A70----r--IA 
A6 LATCHED t-:-=-"'1I'-s --I GATED 

. ASo---~ ADDRESS ROW 
Al REGISTER A DECODER 
AD ~"'1I'---I 

S '---...._ ..... 

32 

L G 

DOC>..o.~--I ~--.,..----------, 
A 

D1o----~ ~+---------------------~ 
A 

32x 32 
MATRIX 

GATED 
COLUMN 
DECODER 
AND DATA 

.-----+~ INPUTIOUTPUT 
D2o----~ ~+---------------~ 

A r----r--t---r-~--.J 

D3O---~~~------------~ 

Wo----<1 

io----a >----~--------~~-~ 

so---~ ~----4--.,..----~--~ A4 A3 A2 

Go-----O ~-------------------~ 

D 

HM-6501 
256 x 4 CMOS RAM 

Pillout 
TOP VIEW 

A3 

A1 

00 

vee 
A4 

W 

E 
G 
s 
03 

03 

02 

02 
D1 ____ ...... Q1 

A - ADDRESS INPUT 
E -CHIP ENABLE 
W-WRITE ENABLE 
G - OUTPUT ENABLE 

S - CHIP SELECT 
D - DATA INPUT 
Q- DATA OUTPUT 

logic Symbol 
E vee W 

AO 00 
A1 00 
A2 01 
A3 01 

A4 02 
AS 02 

A6 03 
A7 03 

QO 

DATA 
OUTPUT J,.;;---+~ 01 

D LATCHES 0 

D 02 

Q3 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS: 
A HIGH--OUTPUT ACTIVE 

DATA LATCHES: 
LHIGH --0- D 
o LATCH!:S ON FALLING EDGE OF L 

ADDRESS LATCHES: 
LATCH ON RISING EDGE OF L 

GATED DECODERS: 
GATE ON RISING EDGE OF G 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6501B-2IHM-6501B-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vee +8.0V 

Applied Input or Output Voltage GND -O.3V 
vee +O.3V 

Storage Temperature -650 e to +150oe 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to + 1250 e 
-40oe to +850 C 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

TEMP. & vee = 
TEMP. = 250 C <D OPERATING 

RANGE vee = 5.0V 
TEST 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCS8 Standby Supply Current 10 0.1 1 p.A 10 =0 
1 (+250 e) VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f=1MHz.IO=0 
VI = VCC or GND 

ICCDR Data Retention Supply Current 10 0.01 1 P.A VCC = 3.0, 10 = 0 
VI = vec or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input leakage Current -1.0 +1.0 -0.5 0.0 +0.5 P.A GND~ VI ~ vec 

IOZ Output leakage Current -1.0 +1.0 -0.5 0.0 +0.5 P.A GND~ VO~ VCC 

Vll Input low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 vec +0:3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2' 0.35 V IOL = 3.2mA 

VOH Output High Voltage 2.4 3.0 4.5 V IOH = -O.4mA 

CI I nput Capacitance @ 6 4 6 pF VI = VCC or GND 
f = lMHz 

CO Output Capacitance ® 10 6 10 pF VO = VCC or GND 
f = lMHz 

TELQV Chip Enable Access Time 220 120 170 ns 0 
TAVOV Address Access Time 220 110 170 ns 0 
TSHOX Chip Select Output Enable Time 130 50 90 ns ~ @) 
TGLOX Output Enable Output Enable Time 130 50 90 ns @) . " .. 

@) TSLOZ Chip Select Output Disable Time 130 50 90 ns 

TGHOZ Output Enable Output Disable Time 130 50 90 ns 
AI 

@) 
TELEH Chip Enable Pulse Negative Width 220 170 120 ns @) 
TEHEL Chip Enable Pulse Positive Width 100 70 50 ns @) 
TAVEL Address Setup Time 0 0 -10 ns @ 
TELAX Address Hold Time 40 30 20 ns @ 
TDVWH Data Setup Time 100 80 50 ns @ 
TWHDX Data Hold Time 0 0 -10 ns @) 
TWLSL Chip Select Write Pulse Setup Time 120 100 60 ns @) 
TWLEH Chip Enable Write Pulse Setup Time 120 100 60 ns @ 
TSHWH Chip Select Write Pulse Hold Time 120 100 60 ns @) 
TELWH Chip Enable Write Pulse Hold Time 120 100 60 ns (4) 
TWLWH Write Enable Pulse Width 120 100 60 ns ,0 
TELEL Read or Write Cycle Time 320 240 170 ns @) 

NOT.ES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical lecop = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 
at 1/2 VCC. 
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Specifications HM-6501-2IHM-6501-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vee +8.0V 

Applied Input or Output Voltage GND -O.3V 
vee +O.3V 

Storage Temperature -650 e to +1500 e 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to + 1250 e 
-400 e to +850 e 

ELECTR'ICAL CHARACTERISTICS 

'-o ...... 
o 
:J 

"'C 6 D.C. 
o 
E 
Q) 

(J) 

en .;:: 
'-
ctS 
I 

A.C. 

1358 

I 
./ ! 

TEMP. & vee = I I OPERATING TEMP. = 250C Q) i 

SYMBOL I i RANGE vee = 5.0V 

UNITS I TEST 
PARAMETER MIN MAX MIN TYP MAX CONDITIONS 

ICCSB Standby Supply Current 10 1.0 1 pA 10 = 0 
1 (+250 C) VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = vec or GND 

ICCDR Data Retention Supply Current 10 0.1 1 pA vce = 3.0, 10 = 0 
VI = vec or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 pA GND -< VI -< vec 
10Z Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 IJ.A GND ~ VO ~ VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 3.2mA 

VOH Output Hi~h Voltage 2.4 3.0 4.5 V 10H = -O.4mA 

CI I nput Capacitance @ 6 4 6 pF VI = vec or GND 
f = 1MHz 

CO Output Capacitance @ 10 6 10 pF VO = vee or GND 
f = 1 MHz 

TELQV Chip Enable Access Time 300 160 240 ns @) 
TAVOV Address Access Time 300 150 240 ns @) 
TSHOX Chip Select Output Enable Time 150 60 120 ns @) 
TGLOX Output Enable Output Enable Time 150 60 120 ns @ 
TSLOZ Chip Select Output Disable Time 150 60 120 ns @) 
TGHOZ Output Enable Output Disable Time 150 60 120 ns @) 
TELEH Chip Enable Pulse Negative Width 300 240 160 ns @) 
TEHEL Chip Enable Pulse Positive Width 100 70 50 ns @) 
TAVEL Address Setup Time 0 0 -10 ns @) 
TELAX Address Hold Time 50 40 30 ns @) 
TDVWH Data Setup Time 150 120 100 ns @) 
TW~DX Data Hold Time 0 0 -10 ns @) 
TWLSL Chip Select Write Pulse Setup Time 180 150 120 ns @) 
TWLEH Chip Enable Write Pulse Setup Time 180 150 120 ns @ 
TSHWH Chip Select Write Pulse Hold Time 180 150 120 ns @) 
TELWH Chip Enable Write Pulse Hold Time 180 150 120 ns @) 
TWLWH Write Enable Pulse Width 180 150 120 ns @) 
TELEL Read or Write Cycle Time 400 310 210 ns @) 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency . Example: Typical ICCOP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL =·20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 
at 1/2 VCC. 
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Specifications HM.-650t-5 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vcc 

Applied Input or Output Voltage 

Storage Temperature 

+8.0V 

GND -O.3V 
VCC +O.3V 

-65?C to +1500C 

OPERATING RANGE 

Operating Supply Voltage -vcc 
Commercial 

Operating Temperature 
Commercial 

4.75V to 5.25V 

ooC to 750 C 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

TEMP. & VCC= 
TEMP. = 250C <D OPERATING 

RANGE VCC = 5.0V 
TEST 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSB Standby Supply Current 100 10 100 #-LA 10 = 0 
VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 V 
I 

" '1 nput Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 #-LA GND", VI "' VCC 

'OZ Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 #-LA GND ~ VO "' VCC 
VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 1.6mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -O.2mA 

CI Input Capacitance @ 6 4 6 pF VI = VCC or GND 
f = rMHz 

CO Output Capacitance @ 10 6 10 pF VO = VCC or GND 
f = lMHz 

TELQV Chip Enable Access Time 350 200 .300 ns @) 
TAVQV Address Access Time 360 200 310 ns @) 
TSHQX Chip Select Output Enable Time 180 80 160 ns @) 
TGLOX Output Enable Output Enable Time 180 80 160 ns @) 
TSLOZ Chip Select Output Disable Time 180 80 160 ns @) 
TGHOZ Output Enable Output Disable Time 180 80 160 ns @) 
TELEH Chip Enable Pulse Negative Width 350 300 200 ns @) 
TEHEL Chip Enable Pulse Positive Width 150 130 90 ns @ 
TAVEL Address Setup Time 10 10 0 ns @ 
TELAX Address Hold Time 70 50 40 ns @ 
TDVWH Data Setup Time 170 140 120 ns @) 
TWHDX Data Hold Time 0 0 -10 ns ~ @) 
TWLSL Chip Select Write Pulse Setup Time 210 170 150 ns @) 
TWLEH Chip Enable Write Pulse Setup Time 210 170 150 ns @) 
TSHWH Chip Select Write Pulse Hold Time 210 170 150 ns @) 
TELWH Chip Enable Write Pulse Hold Time 210 170 150 ns @) 
TWLWH Write Enable Pulse Width 210 170 150 ns @) 
TELEL Read or Write Cycle Time 500 430 290 ns @) 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 5OpF. All timing measurements 
at 1/2 VCC .. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• lOW POWER STANDBY ... . ........... ...... . «1mWMAX . 

• lOW POWER OPERATION ................... 35mW/MHz MAX. 

• EXTREMELY lOW SPEED POWER PRODUCT 

• DATA RETENTION ........................... @ 2.0V MIN. 

• TTL COMPATIBILITY INPUT/OUTPUT 

• THREE STATE OUTPUT 

• FAST ACCESS TIME ................ : ........ 300nsec MAX. 

• INDUSTRIAL OR COMMERCIAL TEMPERATURE RANGE 

• 18 PIN PACKAGE FOR HIGH DENSITY 

• ON CHIP ADDRES-S REGISTER 
• PINOUT AllOWS UPGRADE TO 6504 

Description 

The HM-6503 is a 2048 x 1 static CMOS RAM fabricated using self align­
ed silicon gate technology. The device utilizes synchronous circuitry to 
achieve high performance and low power operation. 

On chip latches are provided for addresses, data input and data output 
allowing efficient interfacing with microprocessor systems. The data out­
put can be forced to a high impedance for use in expanded memory arrays. 

The HM-6503 is a truly static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

The HM-6503 is supplied in two versions, the HM-6503H and the HM-
6503L. The H, or L is used to designate the logic level to be connected to 
the Y input. If a HM-6503H is procured the user must connect the Y in­
put to VCC in the system. If a HM-6503L is used the Y input must be 
connected to system ground. 

Functional Diagram 

A4O-----4 

A1O-----4 
AO LATCHED 

A 

A 10 :~g.~~~ A 
A9 ~ __ '-~ 

AS 0-----.1 , 

D 

64 

64 x 32 
MATRIX 

A7 M A3 A2 AS 

HM-6503 
2048 x 1 CMOS RAM 

Pinout 

TOP VIEW 

AO vee 

A1 A6 

A7 

AS 

A9 

A10 

iN D 

E 

logic Symbol 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

A10 
Y 

E vee w 

A-Address Input 

E-ehip Enable 

IN-Write Enable 
D-Data Input 

Q -Data Output 
Y -Hard Wired Input 

">---<)0 
A 

ALL LINES ACTIVE HIGH - POSITIVE LOGIC 

THREE STATE BUFFERS: 
A HIGH-OUTPUT ACTIVE 

CONTROL AND DATA LATCHES: 
LLOW-O- D 
o LATCHES ON RISING EOGE OF L 

ADDRESS LATCHES: 
LATCH ON RISING EDGE OF L 

GATED DECODERS: 
GATE ON RISING EOGE OF G 

D 

Q 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6503-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - vee +8.0V 

Input or Output Voltage Applied. GND -O.3V 
to vee +O.3V 

Storage Temperature -650 e to +1500 e 

.ECTRICAL CHARACTERISTICS 
TEMP.&VCC-

OPERATING 
RANGE 

SYMBOL PARAMETER MIN MAX 

ICCSS Standby Supply Current 50 

ICCOP Operating Supply Current (i) 7 

ICCDR Data Retention Supply Current 25 

VCCDR Data Retention Supply Voltage 2.0 

·11 Input Leakage Current -1.0 +1.0 

D.C. 10Z Output Leakage Current -1.0 +1.0 

VIL Input Low Voltage -0.3 0.8 

VIH Input High Voltage VCC VCC 
-2.0 +0.3 

VOL Output Low Voltage . 0.4 

VOH Output High Voltage 2.4 

CI Input Capacitance@ 8.0 

CO Output Capacitance @ 10.0 

TELOV Chip Enable Access Time 300 

TAVOV Address Access Time 320 

TELOX Chip Enable Output Enable 100 
Time 

TEHOZ Chip Enable Output Disaole 100 
Time 

TELEH Chip Enable Pulse Negative 300 
Width 

TEHEL Chip Enable Pulse Positive 120 
Width 

TAVEL Address Setup Time 20 

TELAX Address Hold Time 50 

A.C. 
TWLWH Write Enable Pulse Width 80 

TWLEH Write Enable Pulse Setup Time 200 

TWLEL Early Write Pulse Setup Time 0 

TWHEL Write Enable Read Mode 0 
Setup Time 

TELWH Early Write Pulse Hold Time 80 

TDVWL Data Setup Time 0 

TDVEL Early Write Data Setup Time 0 

TWLDX Data Hold Time 80 

TELDX Early Write Data Hold Time 80 

TELWL Early Write Output Hi-Z Time 0 

TOVWL Data Valid to Write Time 0 

TElEL Read or Write Cycle Time 420 

OPERATING RANGE 

Operating Supply Voltage 

Industrial (-9) 

Operating Temperature 

Industrial (-9) 

TEMP'"' 25OCG> 
VCC- 5.0V 

TEST 
MIN TYP MAX UNITS CONDITIONS 

0:1 10 p.A 10=0 
VI = VCC or GND 

5 6 mA f=lMHz.IO=O 
VI = VCC or GND 

0.01 5 p.A 10 = 0 VCC = 3.0 
VI = VCC or GND 

2.0 1.4 V 

-0.5 0.0 +0.5 p.A GNDSVISVCC 

-0.5 0.0 +0.5 p.A GNDSVOSVCC 

-0.3 2.0 1.5 V 

2.5 2.0 5.3 V 

0.25 0.35 V 10 = 2.OmA 

3.5 4.0 V 10 = -1.0mA 

5.0 8.0 pF f = lMHz 
VI = VCC or GND 

6.0 10.0 pF f = lMHz 
VO= VCC or GND 

170 250 ns @ 

170 270 ns @ 

50 80 ns @ 

50 80 ns @ 

250 170 ns @ 

100 70 ns @ 

20 0 ns @ 

50 20 ns @ 

60 40 ns @ 

150 130 ns @ 

0 -10 ns @ 

0 -10 ns @ 

60 40 ns @ 

0 -10 ns @ 

0 -10 ns @ 
60 40 ns @ 

60 40 ns @ 

0 -10 ns @ 

0 0 ns @ 

350 240 ns @ 

4.5V to 5.5V 

-400 e to +850 e 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 
4. AC test conditions: Inputs - TRISE = TFALL = 20nsec; Output - 1 TTL load and 50pF; All timing measured at Y:. VCC. 
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Specifications HM-6503-5 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - VCC +8.0V 

Input or Output Voltage Applied GND -O.3V 
to VCC +O.3V 

Storage Temperature -650 C to +1500 C 

ELECTRICAL CHARACTERISTICS 

I TEMP. & VCC .. 
OPERATING 

RANGE 

I SYMBOL I PARAMETER I MIN MAX 

ICCSS Standby Supply Current 500 

ICCOP Operating Sup~ly Current ~ 7 

II Input Leakage Current -10.0 +10.0 

10Z Output Leakage Current -10.0 +10.0 

VIL Input Low Voltage -0.3 0.8 

OPERATING RANGE 

Operating Supply Voltage 
Commercial 

Operating Temperature 
Commercial 

TEMP = 25oc<D I VCC= 5.0V 
I 

4.75V to 5.25V 

OoC to +750 C 

TEST 
MIN TYP MAX UNITS I CONDITIONS I 

10 = 0 
100 500 pA VI = VCC or GND 

f = lMHz, 10 = 0 
5 6 mA VI = VCC or GND 

-7.0 to.5 +7.0 pA GND~VI ~VCC 

-7.0 to.5 +7.0 pA GND~VO~VCC 

-0.3 2.0 1.5 V 

VIH Input High Voltage VCC VCC 2.5 2.0 5.3 V 
-2.0 +0.3 o D.C. 

+-' 
(.) 
:::J 
"C 
C 
o 
(.) 

E 
Q) 

en 
en 
.i:: 

:to... 
as ::r: 

VOL Output Low Voltage 0.4 0.25 0.35 V 10 = 1.6mA 

VOH Output High Voltage 2.4 3.5 4.0 V 10 = -0.4mA 

CI Input Capacitance@ 8.0 5.0 8.0 pF f = lMHz 
VI = VCC or GND 

CO Output Capacitance @ 10.0 6.0 10.0 pF f = lMHz 
VO=VCC or GND 

TELOV Chip Enable Access Time 350 200 300 ns ® 
TAVOV Address Access Time 370 200 320 ns ® 
TELOX Chip Enable Output Enable 100 50 80 ns ® 

Time I I I 
TEHOZ Chip Enable Output Disable 

I 
tOO 

I 
SO 80 ns ® 

Time 

TELEH Chip Enable Pulse Negative 350 

I 

300 200 ns ® 
Width 

TEHEL Chip Enable Pulse Positive 150 t20 100 ns ® 
Width 

TAVEL Address Setup Time 20 20 0 ns @) 
TELAX Address Hold Time 50 50 20 ns ® 
TWLWH Write Enable Pulse Width 100 80 60 ns ® 

A.C. TWLEH Write Enable Pulse Setup Time 250 200 100 ns ® 
TWLEL Early Write Pulse Setup Time .0 0 -10 ns ® 
TWHEL Write Enable Read 0 0 -10 ns ® 

Setup Time 

TELWH Early Write Pulse Hold Time 100 80 60 ns ® 
TDVWL Data Setup Time 30 20 0 ns ® 
TDVEL Early Write Data Setup Time 30 20 0 ns @) 
TWLDX Data Hold Time 100 80 60 ns ® 
TELDX Early Write Data Hold Time 100 80 80 ns @) 
TELWL Early Write Output Hi-Z Time 0 0 -10 ns ® 
TOVWL Data Valid to Write Time 0 0 0 ns @) 
TELEL Read or Write Cycle Time 500 420 300 ns ® 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (ICCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC test conditions: Inputs - TRISE = TFALL = 20nsec; Output - 1 TTL load and 5OpF; All timing measured at 'h VCC. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• LOW POWER STANDBY ...................... '. «1mW MAX. 

• LOW POWER OPERATION ................... 35mW/MHz MAX. 

• EXTREMELY LOW SPEED POWER PRODUCT 

• DATA RETENTION ........................... @ 2.0V MIN. 

• TTL COMPATIBLE INPUT/OUTPUT 

• THREE-STATE OUTPUT 

• STANDARD JEDEC PINOUT 

• FAST ACCESS TIME ...... . . . . . . .. 300nsec MAX. 

• MILITARY TEMPERATURE RANGE 

• INDUSTRIAL TEMPERATURE RANGE 

• 18 PIN PACKAGE FOR HIGH DENSITY 

• ON CHIP ADDRESS REGISTER 

Description 
The HM-6504 is a 4096 x 1 static CMOS RAM fabricated using self 
aligned silicon gate technology. The device utilizes synchronous circuitry 
to achieve high performance and low power operation. 

On chip latches are provided for addresses, data input and data output 
allowing efficient int~.rfacing with microprocessor systems. The data 
output can be forced to a high impedance for use in expanded memory 
arrays. 

The HM-6504 is a truly static' RAM and may. be maintained in any state 
for an .indefinite period of time. 

Data retention supply voltage and supply current are guaranteed over 
temperature. 

Functional Diagram 
A9o----I 
AIOo---~ 
All LATCHED 

A 

GATED. 
ROW AO ADDRESS 

A 1 REGISTER ""A'--.-,L-_-f DECODER 

A4o---~ 

D 

1---7'--1 
64 

64x64 
MATRIX 

A6 A2A3 A6A7A8 

HM-6504 
4096 x 1 CMOS RAM 

Pinout 

TOP VIEW 

Ao vee 
A1 A6 

A2 A7 

A3 AS 

A4 A9 

A5 A10 

Q A11 

IN 0 

GND E 

logic Symbol 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

AIO 
All 

~ - Address Input 
E - Chip Enable 
W - Write Enable 
D - Data Input 
a - Data Output 

>---.00 
A 

VCC iN 

GND 

ALL LINES ACTIVE HIGH - POSITIVE LOGIC 

THREE STATE BUFFERS: 
A HIGH -- OUTPUT ACTIVE 

CONTROL AND DATA LATCHES: 
LLOW--O=D 
o LATCHES ON RISING EDGE OF L 

ADDRESS LATCHES: 
LATCH ON RISING EDGE OF L 

GATED DECODERS: 
GATE ON RISING EDGE OF G 

D 

a 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6504-2IHM-6504-9 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage - vee +8.0\1 

Input or Output Voltage Applied GND -O.3V 
to vee +0.3V 

Storage Temperature -650 e to +1500 e 

ELECTRICAL CHARACTERISTICS 
TEMP. & vee-II 

OPERATING 
i RANGE I 

Operating Supply Voltage 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

TEMP'"' 250 C <D 
VCC- 5.0V 

I 
I TEST 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to + 1250 e 
-400 e to +850 e 

I 

I SYMBOL i PARAMETER I MIN MAX II MIN I TYP MAXi UNITS I CONDITIONS 

ICCSS Standby Supply Current 50 0.1 10 j.J.A 
10; 0 
VI ; VCC or GND 

ICCOP Operating Supply Current ~ 7 5 6 mA f; lMHz.IO;O 
VI ; VCC or GND 

ICCDR Data Retention Supply Current 25 0.01 5 j.J.A 
10; 0 VCC; 3.0 
VI ; VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 j.J.A GND~VI~VCC 

10Z Output leakage Current -1.0 +1.0 -0.5 0.0 +0.5 j.J.A GND~VO~VCC 

Vil Input low Voltage -0.3 0.8 -0.3 .2.0 1.5 V 
o D.C. ..... 
o 
::l 
'0 
c: o 
o 
E 
Q) 

(f) 

CJ) 

".: 
"­as 
::c 

VIH Input High Voltage VCC VCC 2.5 2.0 5.3 V 
-2.0 +0.3 

VOL Output low Voltage 0.4 0.25 0.35 V 10; 2.0mA 

VOH Output High Voltage 2.4 3.5 4.0 V 10 = -1.0mA 

CI Input Capacitance@ 8.0 5.0 8.0 pF f = lMHz 
VI = VCC or GND 

CO Output Capacitance @ 10.0 6.0 10.0 pF f = lMHz 
VO = VCC or GND 

TElOV Chip Enable Access Time 300 170 250 ns ® 
TAVOV Address Access Time 320 170 270 I'oS @ 
TElOX Chip Enable Output Enable 100 50 80 ns @) 

Time 

TEHOZ Chip Enable Output Disable 100 50 80 ns @) 
Time 

TElEH Chip Enable Pulse Negative 300 250 170 ns @) 
Width 

TEHEl Chip Enable Pulse Positive 120 
Width 

100 70 ns @) 

TAVEL Address Setup Time 20 20 0 ns ® 
TElAX Address Hold Time 50 50' 20 ns ® 

A.C. 
TWlWH Write Enable Pulse Width 80 60 40 ns ® 
TWlEH Write Enable Pulse Setup Time 200 150 130 ns @) 
TWlEL Early Write Pulse Setup Time 0 0 -10 ns ® 
TWHEl Write Enable Read Mode 0 0 -10 ns ® 

Setup Time 

TElWH Early Write Pulse Hold Time 80 60 40 ns ® 
TDVWl Data Setup Time 0 0 0 ns ® 
TDVEl Early Write Data Setup Time 0 0 0 ns ® 
TWlDX Data Hold Time 80 60 40 ns ® 
TElDX Early Write Data Hold Time 80 60 40 ns ® 
TElWL Early Write Output Hi-Z Time 0 0 -10 ns ® 
TOVWL Data Valid to Write Time 0 0 0 ns 

I 
@) 

TElEL Read or Write Cycle Time 420 350 240 ns @) 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 5mA/MHz. 

3. Capacitance sampled and guaranteed - not 1 00% tested. 
4. AC test conditions: Inputs - TRISE = TFALL = 20nsec; Output - 1 TTL load and 50pF; All timing measured at % VCC. 
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Specifications HM-6504-5 

ABSOLUTE MAXIMUM .RATINGS 

Supply Voltage - VCC +8.0V 

. Input or Output Voltage Applied GND -O.3V 
to VCC +O.3V 

Storage Temperature -650 C to +150oC 

ELECTRICAL CHARACTERISTICS 

TEMP. & VCC .. 
OPERATING 

RANGE 

OPERATING RANGE 

Operating Supply Voltage 
Commercial 

Operating Temperature 
Commercial 

TEMP = 25OC<D 
vee,., s.ov 

4.75V to 5.25V 

OoC to +750 C 

TEST 
SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS eONDITION~ 

10 = 0 
leeSB Standby Supply Current 500 100 500 I1A VI = VCC or GND 

f = lMHz. 10 = 0 
ICCOP Operating Supply Current 0 7 5 6 • mA VI = VCC or GND 

II Input Leakage Curren:t -10.0 +10.0 -7.0 ±0.5 +7.0 IJ.A GND~VI~VCC 

10Z Output Leakage Current -10.0 +10.0 -7.0 to.5 +7.0 IJ.A GND~VO~VCe 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage vee vec 2.5 2.0 5.3 V 
-2.0 +0.3 D.C. 

VOL OutPUt Low Voltage 0.4 0.25 0.35 V 10 = 1.6mA 

VOH Output High Voltage 2.4 3.5 4.0 V 10 = -0.4mA 

CI Input Capacitance @ 8.0 5.0 8.0 pF f = lMHz 
VI = vee or GND 

CO Output Capacitance @ 10.0 6.0 10.0 pF f = lMHz 
VO = vce or GND 

TELaV Chip Enable Access Time 350 200 300 ns @) 

TAVaV Address Access Time 370 200 320 ns @) 

TELaX . Chip Enable Output Enable 100 50 80 ns @) 
TIme 

TEHOZ Chip Enable Output Disable 100 50 80 ns @) 
TIme 

TELEH Chip Enable Pulse Negative 350 300 200 ns @ 
Width 

TEHEL Chip Enable Pulse Positive 150 120 100 ns @ 
Width 

TAVEL Address Setup Time 20 20 0 ns @ 

TELAX Address Hold Time 5.0 50 20 ns ® 
TWLWH Write Enable Pulse Width 100 80 60 ns @) 

A.C. TWLEH Write Enable Pulse Setup Time 2bU 200 100 ns @) 

TWLEl Early Write Pulse Setup Time 0 0 -10 ns ® 
TWHEL Write Enable Read. 0 0 -10 ns @) 

Setup Time 

TElWH Early Write Pulse Hold Time 100 80 60 ns @) 

TDVWl Data Setup Time 30 20 0 ns @ 

TDVEl Early Write Data Setup Time 30 20 0 ns ® 
TWLDX Data Hold Time 100 80 60 ns @) 

TELDX Eilrly Write Data Hold Time 100 80 80 ns @) 

TElWL Early Write Output Hi-Z Time 0 0 -10 ns @ 

TaVWL Data Valid to Write Time 0 0 0 ns @) 

TElEl Read or Write Cycle Time 500 420 300 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., S volt data provided for information - not guaranteed. 

2. Operating Supply Current (tCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = SmA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 
4. AC test conditions: Inputs - TRISE = TFALL = 2Onsec; Output - 1 TTL load and 5OpF; All timing measured at Y:z VCC. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
i\ !HVlo..,l()N (lJ HAf-tA .... {()HP(H~J\'!(I"'" 

• LOW STANDBY POWER. . . . . . . . . . . . . . . . . . . . . .. 55J1W MAX. 
• LOW OPERATING POWER ................. " 22mW/MHz MAX 
• FAST ACCESS TIME . . . . . . . . . . . . . . . . . . . . . . .. 180nsec MAX 
• DATA RETENTION VOL TAGE ................. 2.0 VOL TS MIN 

• TTL COMPATIBLE IN/OUT 
• HIGH OUTPUT DRIVE - 2 TTL LOADS 

• HIGH NOISE IMMUNITY 
• ON CHIP ADDRESS REGISTER 
• MILITARY TEMPERATURE RANGE 
• INDUSTRIAL TEMPERATURE RANGE 
• THREE-STATE OUTPUTS 
• 16 PIN PACKAGE FOR HIGH DENSITY 

Description 

The HM-6508 is a 1024 by 1 static CMOS RAM fabricated using self­
aligned silicon gate technology. Synchronous circuit design techniques are 
employed to achieve high performance and low power operation. 

On chip latches are provided for address allowing efficient interfacing with 
microprocessor systems. The data output buffers can be forced to a high 
impedance state for use in expanded memory arrays. 

The HM-6508 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

Functional Diagram 

AS 
A6 
A7 
AS 
A9 

D o-------------~ 

Vii 

GATED 
ROW 

DECODER 

G 

32 x 32 
MATRIX 

GATED 
COLUMN 

G DECODER 

L 

AND DATA 1/0 

5 5 

A A 

LATCHED 
ADDRESS 
REGISTER 

AO A1A2A3A4 

HM-6508 
1024 x 1 CMOS RAM 

Pinout 

TOP VIEW 

E vcc 

Al W 

A2 A9 

A3 AS 

A7 

Q A6 

AS 

A - Address Input 
E - Chip Enable 
IN - Write Enable 

D - Data Input 
Q - Data Output 

logic Symbol 

Q 

AO 
Al 
A2 
A3 
A4 
AS 
.6.6 
A7 
AS 
A9 

E +vccW 

-= GND 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS: 
A HIGH -- OUTPUT ACTIVE 

ADDRESS REGISTER AND DECODERS: 
LATCH ON RISING EDGE OF L 
GATE ON RISING EDGE OF G 

D 

Q 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-650B8-2IHM-650B8-9 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage -vee 

Input or Output Voltage Applied 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650 e to + 1500 e 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to +1250 e 
-40oe to +850e 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

TEMP. & VCC = 
TEMP. = 250C <D OPERATING 

RANGE VCC = 5.0V 
TEST 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCS8 Standby Supply Current 10 0.1 1 J.LA 10 = 0 
1 (+250 C) VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

ICCDR Data Retention Supply Current 10 0.01 1 J.LA VCC ,: 3.0, 10 = 0 
VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.LA GND ~ VI ~ VCC 

10Z Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.LA GND ~ VO~ VCC 

VIL Input Low Voltage -0.3 0:8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 3.2mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -0.4mA 

CI I nput Capacitan~e @ 6 4 6 pF VI = VCC or GND 

OutP~t Capacitance @ 
f = lMHz 

CO 10 6 10 pF VO=VCC or GND 
f = tMHz 

TELOV Chip Enable Access Time 180 100 140. ns @ 
TAVOV Address Access Time 180 90 140 ns @ 
TELOX Chip Enable Output Enable Time 120 40 80 ns @ 
TWLOZ Write Enable Output Disable Time 120 40 80 ns @) 
TEHOZ Chip Enable Output Disable Time 120 40 80 ns @ 
TELEH Chip Enable Pulse Negative Width 180 140 100 ns @ 
TEHEL Chip Enable Pulse Positive Width 100 80 50 ns @ 
TAVEL Address Setup Time 0 0 -10 ns @ 
TELAX Address Hold Time 40 30 20 ns @) 
TDVWH Data Setup Time 80 60 40 ns @ 
TWHDX Data Hold Time 0 0 0 ns @ 
TWLEH Chip Enable Write Pulse Setup Time 100 80 50 ns @ 
TElWH Chip Enable Write Pulse Hold Time 100 80 50 ns @ . 
TWLWH Write Enable Pulse Width 100 80 50 ns @ 
TELEL Read or Write Cycle Time 280 220 150 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (JCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 5OpF. All timing measurements 
at 1/2 VCC. 
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Specifications HM-650B-2IHM-65DB-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vee 

Input or Output Voltage Applied 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650e to +150oe· 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

~550e to + 1250C 
-4ooe to +850C 

ELECTRICAL CHARACTERISTICS 

'-o ..... 
(,) 

::::J D.C. 
"0 
C 
o 
(,) 

E 
Q) 

en 
en 

";:: 
"-
(1j 

J: 

A.C. 

1368 

SYMBOL PARAMETER 

ICCSB Standby Supply Current 

ICCOP Operating Supply Current @ 

,ICCDR Data Retention Supply Current 

VCCDR Data Retention Supply Voltage 

II Input Leakage Current 

10Z Output Leakage Current 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

CI Input Capacitance @ 

CO Output Capacitance ® 

TELOV Chip Enable Access Time 

TAVOV Address Access Time 

TELOX Chip Enable Output Enable Time 

TWLOZ Write Enable Output Disable Time 

TEHOZ Chip Enable Output Disable Time 

TELEH Chip Enable Pulse Negative Width 

TEHEL Chip Enable Pulse Positive Width 

TAVEL Address Setup Time 

TELAX Address Hold Time 

TDVWH Data Setup Time 

TWHDX Data Hold Time 

TWLEH Chip Enable Write Pulse Setup Time 

TELWH Chip Enable Write Pulse Hold Time 

TWLWH Write Enable Pulse Width 

TELEL Read or Write Cycle Time 

TEMP. & vee = 
OPERATiNG 

RANGE 

MIN MAX 

10 
1 (+250 C) 

4 

10 

2.0 

-1.0 +1.0 

-1.0 +1.0 

-0.3 O.S 

VCC ..,2,0 VCC +0.3 

0.4 

2.4 

6 

10 

250 

250 

160 

160 

160 

250 

100 

0 

50 

110 

0 

130 

130 

130 

350 

r 
TEMP. = 250 C CDi 

vee = 5.0V TEST 
MIN TYP MAX UNITS CONDITIONS 

1.0 1 

I 
J1A 10 = 0 

VI = VCC or GND 

1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

0.1 1 J1A VCC = 3.0, 10 = 0 
VI = VCC or GND 

2.0 1.4 V 

-0.5 0.0 +0.5 J1A GND~ VI ~ VCC 

-0.5 0.0 +0.5 pA GND~VO~ VCC 

-0.3 2.0 1.5 V 

2.5 2.0 5.3 V 

0.2 0.35 V 10L = 3.2mA 

3.0 4.5 V 10H = -O.4mA 

4 6 pF VI = VCC or GND 
f = lMHz 

6 10 pF VO=VCC or GND 
f = 1 MHz 

110 200 ns @ 
100 200 ns @ 
60 130 ns @ 
60 130 ns @ 
60 130 ns @ 

200 110 ns @ 
SO 50 ns @ 
0 -10 ns @) 

40 30 ns @ 
SO 50 ns @) 
0 0 ns @) 

100 60 ' ns @ 
100 60 ns @) 
100 60 ns @) 
2S0 160 ns @) 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided fOI information - not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 
at 1/2 VCC. 
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SpecificationsHM-6508 -.5 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vcc 

Input or Output Voltage Applied 

Storage Temperature 

+8.0V 

GND -O.3V 
to VCC +O.3V 

-650 C to + 1500 C 

OPERATING RANGE 

Operating Supply Voltage -VCC 
Commercial 

Operating Temperature 
Commercial 

4.75V to 5.25V 

ooC to +750 C 

ELECTRICAL CHARACTE~ .. JSTICS 

D.C. 

A.C. 

TEMP. & vee = 
TEMP. = 250 C CD OPERATING 

RANGE vee = 5.0V 
TEST 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSS Standby Supply Current 100 10 100 /lA 10 = 0 
VI = VCC or GND 

ICCOP Operating Supply Current 0 . 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 V 

II Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 /lA GND~ VI ~ vee 
10Z Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 /lA GND~VO~ VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 1.6mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -0.2mA 

CI I npu t Capacitance @ 6 4 6 pF VI = VCC or GND 
f = 1 MHz 

CO Output Capacitance@ 10 6 10 pF va = vce or GND 
f = 1MHz 

TELOV Chip Enable Access Time 300 160 250 ns @ 
TAVOV Address Access Time 310 160 260 ns @ 
TELOX Chip Enable Output Enable Time 200 60 170 ns @ 
TWLOZ Write Enable Output Disable Time 200 60 170 ns @ 
TEHOZ Chip Enable Output Disable Time 200 60 170 IJS @ 
TELEH Chip Enable Pulse Negative Width 300 250 160 ns @ 
TEHEL Chip Enable Pulse Positive Width 150 130 90 ns @ 
TAVEL Address Setup Time 10 10 0 ns @ 
TELAX Address Hold Time 70 50 40 ns @ 
TDVWH Data Setup Time 130 100 80 ns @ 
TWHDX Data Hold Time 0 0 0 ns @ 
TWLEH Chip Enable Write Pulse Setup Time 160 130 100 ns @ 
TELWH Chip Enable Write Pulse Hold Time 160 130 100 ns @ 
TWLWH Write Enable Pulse Width 160 130 100 ns @ 
TELEL Read or Write Cycle Time 450 380 250 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCQP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 5OpF. All timing measurements 
at 1/2 VCC. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• lOW POWER STANDBY. 1mW MAX. 

• lOW POWER OPERATION .................... 22mW/MHz MAX. 

• DATA RETENTION ..........•................ @ 2.0V MIN. 

• TTL COMPATIBLE INPUT/OUTPUT 

• TWO HM-6512's CAN BE USED WITH HM-6100 AND HM-6312 WITHOUT 
ADDITIONAL COMPONENTS 

• THREE STATE OUTPUTS 

• FAST ACCESS TIME .............•........... 250nsec MAX. 

• MILITARY AND INDUSTRIAL TEMPERATURE RANGE 

• 18 PIN PACKAGE FOR HIGH DENSITY 

• ON CHIP ADDRESS REGISTER 

Description 

The HM-6512 is a high speed, low power, silicon gate CMOS 768 bit 
static RAM organized 64 words by 12 bits. In all static states these 
units exhibit the microwatt power requirements typical 'of CMOS. Inputs 
and three state outputs are TTL compatible. The basic part operates at 
4-7 volts with a typical 5 volt, 250 C access time of 150ns. 

Signal polarities and functions are specified for direct interfacing with 
the HM-6100 microprocessor. The device is ideally suited for minimum 
system all CMOS applications where low power, minimum cost, or non­
volatility is required. 

Functional Diagram 

STR 

HM-6512 
64 x 12 CMOS RAM 

Pinout 

TOP VIEW 

es vee 

MSEL 

DXll 

'ilio DX10 

OXO 

OXt 

OX2 

OX3 

DX4 

OX5 

OX6 

OX7 

oxe 
OX9 

DX10 

OXll 

14 tJDl<9 

t3PDXB 

DX3 d 7 12 bDX7 

DX4ds llbDXS 

GND~DX5 

Logic Symbol 
STR vee MSEL 

CS - Chip Select 
STR - Chip Enable 

MSEL - Enable and RIW Decode 
ADR - Address Decode 

DX - Address Input and 
Data I/O 

r------------~~I 

oxs 
OX6 

OX1 

OX9 

DX10 

OXll 

OXG-ll 

MSEL 

AOR 

oxs" 

cs 

STR 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GU~DE" 
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Specifications HM-6512 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Ap~lied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HM-6512-9 

Military HM-6512-2 

8.0V 

GND -0.3V to vee +0.3V 

-650 e to + 1500 e 

-40oe to +850 e 
-550 e to + 1250 e 

ELECTRICAL CHARACTERISTICS vee;::; 5.0V 110%, TA = Industrial or Military 

SYMBOL PARAMETER MINIMUM TYPICAL MAXIMUM UNITS TEST CONDITIONS 

VIH Logical "1" Input Voltage VCC -2.0 V 

VIL Logical "0" Input Voltage 0.8 V 

IlL I nput Leakage -1.0 +1.0 J1A OV ~ VIN ~ VCC 

VOH Logical" i" Output Voltage 2.4 V 10H = -0.2mA 

D.C. VOL Logical "0" Output Voltage 0.45 V 10L = 2.0mA 

10 Output leakage -1.0 +1.0 J1A OV.( VO ~ VCC 

ICCSB Supply Current Standby 1.0 100 J1A STR = VCC = 5.5V 
VIN = VCC or GND 

ICCDR Supply Current Data Retention 0.1 50 J1A STR = VCC = 3.0V 
VIN = VCC or GND 

CI Input Capacitance 5.0 7.0 pF 

CIO* I nput/Output Capacitance 6.0 10.0 pF 

TAC Access Time from STR 250 ns CL = 50pF 
See Figures 

TEN Output Enable Time 200 ros 1 & 2 

TDIS Output Disable Time 200 ns 

TSTR· . STR Pulse Width (Positive) 200 ns 

TSTR STR Pulse Width (Negative) 250 ns 

TC Cycle Time 450 ns 

A.C. 
TWP Write Pulse Wid,th (Negative) 130 ns 

TAS Address Setup Time 30 ns 

TAH Address Hold Time 50 ns 

TDS Data Setup Time 130 ns . 
TDH Data Hold Time 0 ns 

TPS MSEL Pulse Separation 150 ns 

TMS MSE L Setup Time 50 ns j 
TMH MSE L Hold Time 50 ns 

*Guaranteed but not 100% tested. 
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Specifications HM-6512C-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

Operating Temperature Range 

Industrial HM-6512C-9 

ELECTRICAL CHARACTERISTICS vcc = 5.0V 15%, TA = Industrial 

SYMBOL PARAMETER MINIMUM TYPICAL 

VIH Logical "1" Input Voltage VCC -1.5 

VIL Logical "0" Input Voltage 

ilL I nput Leakage -5.0 

7.0V 

GND -O.3V to VCC +O.3V 

-650 C to + 1500 C 

-400 C to +850 C 

MAXIMUM UNITS TEST CONDITIONS 

V 

0.8 V 

+5.0 P.A OV ~ VIN ~ VCC 

o '0 D.C. VOH Logical "1" Output Voltage 2.4 V 10H = -0.2mA 

:::J 
"C 
c: 
o 
.2 
E 
Q) 

en 
en .;: 
'-
(1j 

J: 

A.C. 

1372 

VOL 

10 

ICCSB 

CIN* 

CIO* 

TAC 

TEN 

TDIS 

TSTR 

TSTR 

TC 

TWP 

TAS 

TAH 

TDS 

TDH 

TPS 

TMS 

TMH 

Logical "0" Output Voltage 

Output Leakage 

Supply Current Standby 

Input Capacitance 

Input/Output Capacitance 

Access Time from STR 

Output Enable Time 

Output Disable Time 

STR Pulse Width (Positive) 

STR Pulse Width (Negative) 

Cycle Time 

Write Pulse Width (Negative) 

Address Setup Time 

Address Hold Time 

Data Setup Time 

Data Hold Time 

MSEL Pulse Separation 

MSE L Setup Time 

MSEL Hold Time 

0.45 V 10L = 1.6mA 

-5.0 +5.0 P.A OV ~ VO ~ VCC 

800 P.A STR = VCC = 5.25V 
VIN = VCC or GND 

5.0 7.0 pF 

6.0 10.0 pF 

400 ns CL = 50pF 
See Figures 

300 ns 1 & 2 

300 ns 

250 i ns 

400 I ns 

650 ns 

200 ns 

60 ns 

100 ns 

200 ns 

0 ns 

150 ns 

100 ns 

100 ns 

*Guaranteed but not 100% tested. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• LOW POWER STANDBY ...........•..••.. ~ .... «1mWMAX. 

• LOW POWER OPERATION ............ ; ...... 35mW/MHz MAX. 

• DATA RETENTION ......................•.... @ 2.0V MIN. 

• TTL COMPATIBILITY INPUT/OUTPUT 

• COMMON DATA IN/OUT 

• THREE STATE OUTPUTS 

• FAST ACCESS TIME . . . . . . . . . . . . . . . . • • • . • . .. 300nsec MAX. 

• INDUSTRIAL OR COMMERCIAL TEMPERATURE RANGE 

• 18 PIN PACKAGE FOR HIGH DENSITY 

• ON CHIP ADDRESS REGISTER 

• PINOUT ALLOWS UPGRADE TO HM-6514 

Description 
The HM-6513 is a 512 x 4 static CMOS RAM fabricated using setf aligned 
silicon gate technology. The device utilizes synchronous circuitry to 
achieve high performance and low power operation. 

On chip latches are provided for the addresses allowing efficient interfac­
ing with microprocessor systems. The data output can be forced to a high 
impedance state for use in expanded memory systems. 

The HM-6513 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

The HM-6513 is supplied in two versions, the HM-6513H and the HM-
6513L. The H or L is used to designate the logic level to be connected 
to the Y input. If a HM-6513H is procured the user must connect the 
input to VCC in the system. If a HM-6513L is used the Y input must be 
connected to system ground. 

Functional Diagram 
A3 

A 

AS LATCHED GATED 
ADDRESS ROW 

A6 REGISTER DECODER 

A7 A 

AS 

0000---_--< 

00lo---....... -+-:< 

D02Q---_--t-,< 

DQ3o---....... -+-< 

ALL LINES ACTIVE HIGH - POSITIVE LOGIC 

THREE STATE BUFFERS: 
- A HIGH - OUTPUT ACTIVE 

ADDRESS REGISTERS: 
LATCH ON RISING EDGE OF L 

GATED DECODERS: 
GATE ON RISING EDGE OF G 

64 

G 

HM-6513 
512 X· 4 CMOS RAM' 

Pinout 
TOP VIEW 

VCC 

A6 

A7 

A8 

DOD 

001 

002 

003 

Vii 

Logic Symbol 

E VCC W 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 

Y 

A- Address Input 
E -Chip Enable 

W-Write Enable 
DO -Data In/Out 

Y -Hard Wired Input 

64 x 32 
MATRIX 

GATED COLUMN 
DECODER 

AND DATA 
INPUT/OUTPUT 

GND 

DOD 

001 

002 

003 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6513-9 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage - vee +8.0V 

Input or Output Voltage Applied GND -O.3V 

Operating Supply Voltage 
Industrial '(-9) 

to vee +O.3V 

Storage Temperature -650 e to +1500 e Operating Temperature 

Industrial (-9) 

ELECTRICAL CHARACTERISTICS 

I 
TEMP. & vcc = II TEMP = 250C <D 
OPERATING II VCC· 5.0V 

RANGE 
I 

I 
SYMBOL PARAMETER MIN MAX MIN TVP MAX UNITS 

Iccse Standby Supply Current 50 0.1 10 Il A 

ICCOP Operating Supply Current (i) 7 5 6 mA 

ICCDR Data Retention Supply Current 25 0.01 5 IlA 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 -0.5 0,0 +0.5 Il A 

TEST 
CONDITIONS 

10=0 
VI = VCC or GND 

f = lMHz, 10 = 0 
VI = vee or GND 

10 = 0 vee = 3.0 
VI = vee or GND 

GND~VI~Vee 

4.5V to 5.5V 

-400 C to +850 C 

I 

IIOZ Input/Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 Il A GND ~ via ~ vee 

VIL Input Low Voltage -0,3 0.8 -0.3 2.0 1.5 V o D.C. 
~ o 
::::'l 
"0 
c:: 
o 
.2 
E 
Q) 

CI) 

en .;: 
. ca 
::r: 

A.C. 

VIH Input High Voltage VCC vec 2.5 2.0 5.3 V 
-2.0 +0.3 

VOL Output Low Voltage 0.45 0.35 0.4 V 10 = 2.0mA 

VOH Output High Voltage 2,4 3.5 4.0 V 10 = -1.0mA 

CI Il')put Capacitance (j) 8.0 5.0 8.0 pF VI = VCC or GND 
f = lMHz 

CIO Input/Output Capacitance @ 10.0 6.0 10.0 pF via = vee or GND 
f = lMHz 

TELOV Chip Enable Access Time 300 170 250 os @ 
TAVOV Address Access Time 320 170 270 ns @ 
TElOX Chip Enable Output Enable 100 50 80 ns @ 

Time 

TWlOZ Write Enable Output Disable 100 50 80 ns ® 
Time 

TEHOZ Chip Enable Output Disable 100 50 80 ns ® 
Time 

TElEH Chip Enable Pulse Negative 300 250 170 ns ® 
Width 

TEHEl Chip Enable Pulse Positive 120 100 70 ns ® 
Width 

TAVEL Address SetuP Time 20 20· 0 ns ® 
TELAX Address Hold Time 50 50 20 ns ® 
TWLWH Write Enable Pulse Width 300 240 150 ns ® 
TWlEH Write Enable Pulse Setup Time 300 240 150 ns ® 
TElWH Write Enable Pulse Hold Time 300 240 150 ns @ 
TDVWH Data Setup Time 200 160 100 ns @ 
TWHDZ Data Hold Time 0 0 -10 ns ® 
TWHEL Write Enable Read Setup Time 0 0 -10 ns ® 
TOVWL Data Valid to Write Time 0 0 -10 ns @ 
TWlDV Write Data Delay Time 100 80 50 ns @) 
TWlEL Earlv Output High-Z Time 0 0 -10 ns ® 
TEHWH late Output High-Z Time 0 0 -10 ns @) 
TELEL Read or Write Cycle Time 420 350 240 ns ® 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 
2. Operating Supply Current (JCCOP) is proportional to Operating Frequency. Example: Typical ICCOP '" 5mA/MHz. 
3, Capacitance sampled and guaranteed - not 100% tested. 

4. AC test conditions: Inputs - TRISE = TFALL '" 20nsec; Outputs - 1 TTL load and ,50pF; All timing measured at;l2 VCC. 
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Specifications HM-6513-5 

ABSOLUTE MAXI,MUM RATINGS OPERATING RANGE 

Supply Voltage - VCC +8.0V 

Input or Output Voltage Applied GND -O.3V' 

Operating Supply Voltage 
Commercial 4.75V to 5.25V 

to VCC +O.3V 

Storage Temperature -650 C to +150oC 
Operating Temperature 

Commercial OoC to +750 C 

ELECTRICAL CHARACTERISTICS 

TEMP. & vec= TEMP K 250C <D 
OPERATING VCC- 5.0V 

RANGE 
TEST 

SYMBoL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSS Standby Supply Current 500 100 500 JiA VI : VCC or GND 

ICCOP Operating Supply Current (i) 7 5 
f: lMHz. 10: 0 

6 mA VI : VCC or GND 

II Input Leakage Current -10.0 ' +10.0 -7.0 ±0.5 +7.0 p.A GND:S VI :s VCC 

IIOZ Input/Output Leakage Current -10.0 +10.0 -7.0 ±0.5 +7.0 p.A GNO :s VIO :s vce 

VIL Input low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

D.C. VIH Input High Voltage VCC VCC 2.5 2.0 5.3 V 
-2.0 +0.3 

VOL Output low Voltage 0.45 0.35 0.4 V ,10: 1.6mA 

VOH Output High Voltage 2.4 3.5 4.0 V 10: -O.4mA 

CI Input Capacitance@ 8.0 5.0 8.0 pF VI : vee or GND 
f: lMHz 

CIO Input/Output Capacitance @ 10.0 6.0 10.0 pF VIO: VCC or GND 
f: lMHz 

TELQV Chip Enable Access Time 350 200 300 ns ® 
TAVQV Address Access Time 370 200 320 ns ® 
TELQX Chip Enable Output Enable 100 50 80 ns @) 

Time 

TWLQZ Write Enable Output Disable 100 50 80 ns ® 
Time 

TEHQZ Chip Enable Output Disable 100 50 80 ns ® 
Time 

TELEH Chip Enable Pulse Negative 350 300 200 ns @) 
Width 

TEHEL Chip Enable Pulse Positive 150 120 100 ns ® 
Width 

TAVEL Address Setup Time 20 20 0 ns ® 
A.C. TELAX Address Hold Time 50 50 20 ns ® 

TWLWH Write Enable Pulse Width 350 300 200 ns ® 
TWLEH Write Enable Pulse Setup Time 350 300 200 ns @) 

TELWH Write Enable Pulse Hold Time 350 300 200 ns @) 

TDVWH Data Setup Time 250 220 150 ns @) 

TWHOZ Data Hold Time 0 0 -10 ns ® 
TWHEL Write Enab~ Read Setup Time 0 0 -10 ns ® 
TOVWL Output Data Valid to WriteTime 0 0 -10 ns @) 

TWLDV Write Data Delay Time 100 80 50 ns ® 
TWLEL Early OutPUt High-Z Time 0 0 -10 ns ® 
TEHWH Late Output High-Z Time 0 0 -10 ns ® 
TELEL Read or Write Cycle Time 500 420 320 ns @) 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 
2. Operating Supply Current OCCO'P) is proportional to Operating Frequen~y. Example: Typical ICCOP = 5mA/MHz. 
3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC test conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL Ibad and 5OpF; All timing measured at % VCC. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• LOW POWER STANDBY 

• LOW POWER OPERATION ..... , ....... . 

• DATA RETENTION ............. . 

• TTL COMPATIBLE INPUT/OUTPUT 

• COMMON DATA IN/OUT 

• THREE-STATE OUTPUTS 

• STANDARD JEDEC PINOUT 

....... «1mWMAX. 

... 35mW/MHz MAX. 

@2.0VMIN. 

• FAST ACCESS TIME . . • . . . . . . . . . . . . . . . . . . . .. 300nsec MAX. 

• MILITARY TEMPERATURE RANGE 

• iNDUSTRIAL TEMPERATURE RANGE 

• 18 PIN PACKAGE FOR HIGH DENSITY 

• ON CHIP ADDRESS REGISTER 

Description 

The HM-6514 is a 1024 x 4 static CMOS RAM fabricated using self 
aligned silicon gate technology. The device utilizes synchronous circuitry 
to achieve high performance and low power operation. 

On chip latches are provided for the addresses allowing efficient inter­
facing with microprocessor systems. The data output can be forced to 
a high impedance state for use in expanded memory systems. 

The HM-6514 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

Functional Diagram 
A9 

A8 

A7 

A6 

AS 

A4 

A 

A 

000 0---....----::< 

0010---""--+:-< 

DQ20---...... -+-:< 

ALL LINES ACTIVE HIGH - POSITIVE LOGIC 

THREE STATE BUFFERS: 
A HIGH -- OUTPUT ACTIVE 

ADDRESS REGISTERS: 
LATCH ON RISING EOGE Of L 

GATED DECODERS: 
GATE ON RISING EDGE Of G 

GATED 
ROW 

DECODER 

HM-6514 
1024 x 4 CMOS RAM 

84 

G 

Pinout 

TOP VIEW 

logic Symbol 

E vcc W 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

A - Address Input 
!; - Chip Enable 
iN - Write Enabte 

DO - Data InlOut 

84x84 
MATRIX 

16 

GATED COLUMN 
DECODER 

AND 
DATA 

INPUTIOUTPUT 

GNO 

000 

DOl 

002 

003 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6514-2IHM-6514-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - vee +8.0V 

Input or Output Voltage Applied GND -O.3V 
to vee +O.3V 

OPERATING RANGE 

Operating Supply Voltage 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

Storage Temperature -650 e to +1500 C Operating Temperature 
Military (-2) 
Industrial (-9) 

-55oe to +1250 e 
-400 e to +850 e 

ELECTRICAL CHARACTERISTICS 
TEMP. & VCC= TEMP = 250C <D 
OPERATING VCC= 5.0V 

RANGE 
TEST 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

10=0 
ICCSB Standby Supply Current 50 0.1 10 /lA VI = VCC or GND 

Operating Supply Current (l) 
f= lMHz, 10=0 

ICCOP 7 5 6 mA VI = VCC or GND 

10 = 0 VCC = 3.0 
ICCDR Data Retention Supply Current 25 0.01 5 /lA VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 /lA GND S VI S VCC 

D.C. 
IIOZ Input/Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 /lA GND S voS VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC VCC 2.5 2.0 5.3 V 
-2.0 +0.3 

VOL Output Low Voltage 0.45 0.35 0.4 V 10 = 2.0mA 

VOH Output High Voltage 2.4 3.5 4.0 V 10 = -1.0mA 

CI Input Capacitance @ 8.0 5.0 8.0 pF VI = VCC or GND 
f = lMHz 

CIO Input/Output Capacitance @ 10.0 6.0 10.0 pF VO= VCC or GND 
f = lMHz 

TELOV Chip Enable Access Time 300 170 250 ns @ 
TAVOV Address Access Time 320 170 270 ns @ 
TELOX Chip Enable Output Enable 100 50 80 ns @ 

Time 

TWLOZ Write Enable Output Disable 100 50 80 ns @ 
Time 

TEHOZ Chip Enable Output Disable 100 50 80 ns @ 
Time 

TELEH Chip Enable Pulse Negative 300 250 170 ns @ 
Width 

TEHEL Chip Enable Pulse Positive 120 100 70 ns @ 
Width 

TAVEL Address Setup Time 20 20 0 ns @ 
TELAX Address Hold Time 50 50 20 ns @ 

A.C. 

TWLWH Write Enable Pulse Width 300 240 150 ns @ 
TWLEH Write Enable Pulse Setup Time 300 240 150 ns @ 
TElWH Write Enable Pulse Hold Time 300 240 150 ns @ 
TDVWH Data Setup Time 200 160 100 ns @ 
TWHDZ Data Hold Time 0 0 0 ns @ 
TWHEL Write Enable Read Setup Time 0 0 0 ns @) 
TOVWL Data Valid to Write Time 0 0 0 ns @ 
TWLDV Write Data Delay Time 100 80 50 ns @ 
TWLEL Early Output High-Z Time 0 0 -10 ns @ 

·TEHWH Late Output High-Z·Time 0 0 -10 ns @ 

TELEL Read or Write Cycle Time 420 350 240 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information ~ not guaranteed. 
2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 5mA/MHz. 
3. Capacitance sampled and guaranteed - not 100% tested. 
4. AC test conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF; All timing measured at 'h vee. 
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Specifications HM-6514-5 

ABSOLUTE MAXIMUM RATINGS OP-ERATING RANGE 

Supply Voltage - VCC +8.0V 

Input or Output Voltage Applied GND -O.3V 
to VCC +O.3V 

Storage Temperature -650 C to +1500 C 

ELECTRiCAL CHARACTERISTICS 

I TEMP. & vcc= I 
OPERATING 

RANGE 

SYMBOL PARAMETER MIN MAX 

ICCSS Standby Supply Current 500 

ICCOP Operating Supply Current @ 7 

II Input Leakage Current -10.0 +10.0 

IIOZ Input/Output Leakage Current -10.0 +10.0 

VIL -0.3 0.8 

Operating Supply Voltage 
Commercial 

Operating Temperature 
Commercial 

TEMP - 250C (j) 
, 

vcc-s.OV I 

MIN TYP MAX UNITS 

100 500 IJ.A 

5 6 mA 

-7.0 fO.5 +7.0 p.A 

-7.0 ±o.5 +7.0 IJ.A 

-0.3 2.0 1.5 V 

TEST 
CONDITIONS 

VI = VCC or GND 

f = lMHz, 10 = 0 
VI = vce or GND 

GND S; VI S; VCC 

GND S;Vo~ VCC 

4.75V to 5.25V 

OOC to +750 C 

o D.C. 
Input Low Voltage 

VIH Input High Voltage VCC VCC 2.5 2.0 5.3 V 
+J 
o 
::J 
"0 
C 
o 
o 
E 
Q) 

en 
en 
"i: 
L.. 
(tJ 

:r:: 

A.C. 

1378 

-2.0 +0.3 

VOL Output Low Voltage 0.45 0.35 0.4 V 10= 1.6mA 

VOH Output High Voltage 2.4 3.5 4.0 V 10 = -0.4mA 

CI Input Capacitance <ID 8.0 5.0 8.0 pF VI = VCC or GND 
f = lMHz 

CIO Input/Output Capacitance @ 10.0 6.0 10.0 pF vo = VCC or GND 
f = lMHz 

TELQV Chip Enable Access Time 350 200 300 ns @ 
TAVOV Address Access Time 370 200 320 os @) 

TELOX Chip Enable Output Enable 100 50 80 ns @) 
TIme 

TWLOZ Write Enable Output Di~ble 100 50 80 os @) 
Time 

TEHOZ Chip Enable Output Disable 100 50 80 m @ 
Time 

TELEH Chip Enable Pulse Negative 350 300 200 ns @ 
Width 

TEHEL Chip Enable Pulse Positive 150 120 100 ns @) 
Width 

TAVEL Address Setup Time 20 20 0 ns @ 

TELAX Address Hold Time 50 50 20 ns @) 

TWLWH Write Enable Pulse Width 350 300 200 ns @) 

TWLEH Write Enable Pulse Setup Time 350 300 200 ns @ 

TELWH Write Enable Pulse Hold Time 350 300 200 ns @ 

TDVWH Data Setup Time 250 220 150 ns @ 
TWHDZ, Data Hold Time 0 0 0 ns @ 
TWHEL Write Enable Read Setup Time 0 0 0 ns @ 
TOVWL OutpUt Data Valid to Write Time 0 0 0 ns @ 

TWLDV Write Data Delay Time 100 80 50 ns @) 
TWLEL Early OutPUt High-Z Time 0 0 -10 os @ 
TEHWH Late Output Hi\tl-Z Time 0 0 -10 ns @ 
TELEL Read or Write Cycle Time 500 420 320 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 
2. Operating Supply Current (JCCOP) is proportional·to Operating Frequency. Example: Typical lecop = 5mA/MHz. 
3. Capacitance sampled and guaranteed - not 100% tested. 
4. AC test conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 5Opf-; All timing measured at 'h vce. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• LOW STANDBY POWER ......................... 55J.1W MAX 

• LOW OPERATING POWER •.. ~ ................. 22rnW/MHz MAX 

• FAST ACCESS TIME .........•...............• 180nsec MAX 

• DATA RETENTION VOLTAGE ..•............... 2.0 VOLTS MIN 

• TTL COMPATIBLE IN/OUT 

• HIGH OUTPUT DRIVE - 2 TTL LOADS 

• HIGH NOISE IMMUNITY 

• ON CHIP ADDRESS REGISTER 

• TWO CHIP SELECTS FOR EASY ARRAY EXPANSION 

• THREE STATE OUTPUTS 

• MILITARY TEMPERATURE RANGE 

• INDUSTRIAL TEMPERATURE RANGE 

Description 

The HM-6518 is a 1024 by 1 static CMOS RAM fabricated using self­
aligned silicon gate technology. Synchronous circuit design techniques are 
employed to achieve high performance and low power operation. 

On chip latches are provided for address and data outputs allowing ef­
ficient interfacing with microprocessor systems. The data output buffers 
can be forced to a high impedance state for use in expanded memory 
arrays. 

The HM-6518 is a fully static RAM and may be maintained in any state 
'for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteeq over temperature. 

Functional Diagram 

A5D----I 

A60--~ 
LATCHED 

A7 r ...... _~ ADDRESS 

AS 0----1 
REGISTER 

A90--~ 

'--....,~L-'" 

D 0--------1 

GATED 
ROW 

DECODER 

G 

L 

32x 32 
MATRIX 

A 

LATCHED 
ADDRESS 
REGISTER 

AO A1 A2 A3 A4 

HM-6518 
1024 x 1 CMOS RAM 

Pinout 
TOP VIEW 

51 vcc 

AO 

Al 

A2 

A3 

A4 

Q 

GND 

D 

Iii 

A9 

AS 

A7 

A6 

A5 

A - ADDRESS INPUT 
E -'CHIP ENABLE 

Vii -WRITE ENABLE 
D -DATA INPUT 

S -CHIP SELECT Q -DATA OUTPUT 

logic Symbol 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

,GND 

D 

Q 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS: 

A HIGH -- OUTPUT. ACTIVE 

DATA LATCH: 

L HIGH -- Q=D 
Q LATCHES ON RISING EDGE OF L 

ADDRESS REGISTERS AND DECODERS: 

LATCH ON RISING EDGE OF L 
GATE ON RISING EDGE OF G 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6518B-2IHM-6518B·9 

ABSOLUTE MAXIMUM RATINGS. 

Supply Voltage -vee 

Input or Output Voltage Applied 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650e to + 1500e 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5Vt05.5V 

-550e to + 1250e 
-4ooe to +850 e 

ELECTRICAL CHARACTERISTICS 

"-o ...... 
o 
::l 

"C 
g D.C. 
o 
E 
(],) 

en 
UJ . .::: 
"-

.CO 
.J: 

A.C. 

1380 

I I 

SYMBOL I 
ICCSB 

ICCOP 

ICCDR 

VCCDR 

" IOZ 

VIL 

VIH 

VOL 

VOH 

CI 

CO 

TELQV 

TAVQV 

TSLQX 

TWLQX 

TSHQX 

TELEH 

TEHEL 

TAVEL 

TELAX 

TDVWH 

TWHDX 

TWLSH 

TWLEH 

TSLWH 

TELWH 

TWLWH 

TELEL 

NOTES 1. 
2. 
3. 
4. 

TEMP & vee = I' 
OPERATING .1 TEMP.;: 250 C <D I 

RANGE VCC = 5.0V 
TEST 

PARAMETER MIN MAX IMIN TYP MAX UNITS CONDITIONS 

Standby Supply Current 10 0.1 1 J.lA 10 = 0 
1 (+250 C) VI = VCC or GND 

Operating Supply Current ® 4 1.5 2.5 rnA f = 1 MHz, 10 = 0 
VI = VCC or GND 

Data Retention Supply Current 10 0.01 1 J.lA VCC = 3.0, 10 = 0 
VI = VCC or GND 

Data Retention Supply Voltage 2.0 2.0 1.4 V 

Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.lA GND ~ VI (VCC 

Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.lA GND ~ VO~ VCC 

Input Low Voltage -0.3 0.8 .-0.3 2.0 1.5 V 

Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

Output Low Voltage 0.4 0.2 0.35 V lOL = 3.2mA 

Output High Voltage 2.4 3.0 4.5 V 10H = -0.4mA 

Input Capacitance @ 6 4 6 pF VI = VCC or GND 
f = 1MHz 

Output Capacitance @ 10 6 10 pF VO= VCC or GND 
f = 1 MHz 

Chip Enable Access Time 180 100 140 hs @ 
Address Access Time 180 90 140 ns @ 
Chip Select OutPut Enable Time 120 40 80 ns @ 
Write Enable Output Disable Time 120 40 80 ns @ 
Chip Select Output Disable Time 120 40 80 ns @ - @ Chip Enable Pulse Negative Width 180 140 100 ns 

Chip Enable Pulse Positive Width 100 80 50 ns @ 
Address Setup Time 0 0 -10 ns @ 
Address Hold Time 40 30 20 ns @ 
Data Setup Time 80 50 30 ns @ 
Data Hold Time 0 0 0 ns @ 
Chip Select Write Pulse Setup Time 100 80 50 ns @ 
Chip Enable Write Pulse Setup Time 100 80 50 ns @ 
Chip Select Write Pulse Hold Time 100 80 50 ns 

~ Chip Enable Write Pulse Hold Time 100 80 50. ns 

Write Enable Pulse Width 100 80 50 ns @ 
Read or Write Cycle Time 280 220 150 ns @ 

All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 
Operating Supply Current (I CCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 
Capacitance sampled and guaranteed - not 100% tested. 
AC Test Conditions: Inputs - TRISE = TFALL = 2Onsec; Outputs - 1 TTL load and 50pF. All timing measurements 
at 1/2 VCC. 
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Specifications HM-661B-2IHM-651B ... 9 

ABSOLuTE MAXIMUM RATINGS 

Supply Voltage -vee 

Input or Output Voltage Applied 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650e to + 1500e 

OPERATING RANGE 

Operating Supply Voltage-Vee 
Military (,-2) 
Industrial (-9) 

Operating Temperature 
MiJitary (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550e to + 1250e 
-40oe to +850e 

ELECTRICAL CHARACTERISTICS ' 

D.C. 

A.C. 

TEMP. & vee = 
TEMP. = 250 e <D OPERATING 

RANGE vee = 5.0V 
TEST 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

Icess Standby Supply Current 10 1.0 1 IJ.A 10 = 0 
1 (+250 C) VI = VCC or GND 

ICCOP Operating Supply Current ® 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

ICCDR Data Retention Supply Current 10 0.1 1 IJ.A VCC = 3.0, 10 = 0 
VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 IJ.A GND ~ VI ~ VCC 

IOZ Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 IJ.A GND~VO~ VCC 

VIL Input Low V-oltage -0.3 0.8 -0.3 2.0 L5 V 

VIH Input High Voltage VCC -2.0 vee +0.3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 3.2mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -O.4mA 

CI Input Capacitance@ 6 4 6 pF VI = VCC or GND 
f = 1 MHz 

CO Output Capacitance @ 10 6 10 pF VO= VCC or GND 
f = 1 MHz 

TELOV Chip Enable Access Time 250 110 200 ns ® 
TAVOV Address Access Time 250 100 200 ns ® 
TSLOX Chip Selp.ct Output Enable Time 160 60 130 ns @ 
TWLOX Write Enable Output Disable Time 160 60 130 ns ® 
TSHOX Chip Select Output Disable Time 160 60 130 ns ® 
TELEH Chip Enable Pulse Negative Width 250 200 110 ns @) 
TEHEL Chip Enable Pulse Positive Width 100 80 50 ns @) 
TAVEL Address Setup Time 0 0 -10 ns ® 
TELAX Address Hold Time 50 40 30 ns ® 
TDVWH Data Setup Time 110 80 50 ns @) 
TWHDX Data Hold Time 0 0 0 ns @) 
TWLSH Chip Select Write Pulse Setup Time 130 100 60 ns @) 
TWLEH Chip Enable Write Pulse Setup Time 130 100 60 ns ® 
TSLWH Chip Select Write Pulse Hold Time 130 100 60 ns @) 
TELWH Chip Enable Write Pulse Hold Time 130 100 60 ns ® 
TWLWH Write Enable Pulse Width 130 100 60 ns ® 
TELEL Read or Write Cycle Time 350 280 160 ns @) 

NOTES: 1. All devices tested at worst case limits. Room ,temp., 5 volt data provided for information - not guaranteed. 
2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz, 
3. Capacitance sampled and guaranteed - not 100% tested. 
4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 

at 1/2 VCC. 
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Specifications HM-6518-5 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -VCC 

Input or Output Voltage Applied 

+8.0V 

GND -O.3V 
VCC +O.3V 

OPERATING RANGE 

Operating Supply Voltage -VCC 
Commercial 4.75V to 5.2SV 

Storage Temperature -650 C to + 1500 C 
Operating Temperature 

Commercial ooC to 750 C 

ELECTRICAL CHARACTERISTICS 

TEMP. & vee = 

OPERATING 

I II 
- ~ "" 

I I I I RANGE vee = 5.0V 

SYMBOL I TEST 
PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSB Standby Supply Current 100 10 100 pA 10 = 0 
VI = vee or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f = 1 MHz, 10 = 0 I 
VI = vce or GND 

I VCCDR Data Retention Supply Voltage 2.0 2.0 

+0.51 

V 

" Input Leakage Cyrrent -1.0 +1.0 -0.5 0.0 pA GND -< VI -< vee 
o o D.C. 

102 Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 PA GND ~ VO~ vee 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V :J 
"C 
C 
o o 
E 
<1> en 
en .L: 
L-

<U 
J: 

A.C. 

VIH Input High Voltage vce -2.0 VCC +0.3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V lOL = 1.6mA 

VOH Output High Voltage 2.4 3.0 4.5 V lOH =0 -0.2mA 

CI Input Capacitance @ 6 4 6 pF VI =0 vee or GND 
f = 1 MHz 

j CO Output Capacitance @ 10 6 10 pF VO= vec or GND 
f = lMHz 

TELQV Chip Enable Access Time 300 160 250 ns @) 

I 
TAVQV Address Access Time 310 160 260 ns @ 
TSLQX ehip Select Output Enable Time 200 60 170 ns @ 
TWLQX Write Enable Output Disable Time 200 60 170 ns @ 
TSHQX Chip Select Output Disable Time 200 60 170 os @ 
TELEH Chip Enable Pulse Negative Width 300 250 160 ns @ 
TEHEL Chip Enable Pulse Positive Width 150 130 90 ns @ 
TAVEL Address Setup Time 10 10 0 ns @ 
TELAX Address Hold Time 50 50 30 ns @ 
TDVWH Data Setup Time 130 100 80 ns @ 
TWHDX Data Hold Time 0 0 0 ns @ 
TWLSH· Chip Select Write Pulse Setup Time 160 130 100 ns @ 
TWLEH Chip Enable Write Pulse Setup Time 160 130 100 ns @ 
TSLWH Chip Select Write Pulse Hold Time 160 130 100 ns @ 
TELWH Chip Enable Write Pulse Hold Time 160 130 100 ns @) 
TWLWH Write Enable Pulse Width 160 130 100 ns @) 
TELEL Read or Write Cycle Time 450 380 250 ns @) 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for informalion - not guaranteed. 
2. Operating Supply Current (lCCOP) is proportional to Operating Frequency~ Example: Typical Iceop = 1.5mA/MHz. 
3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TR ISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 
at 1/2 VCC. 
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Features 

HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• LOW POWER STANDBY . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1mW 

• LOW POWER OPERATION ........•........... 35mW/MHz MAX 

• DATA RETENTION @2.0VOLTS. 

• TTL COMPATIBLE INPUT/OUTPUT. 

• "THREE STATE" OUTPUT. 

• SEPARATE CHIP SELECT FOR EASE OF MEMORY EXPANSION. 

• FULL MILITARY AND INDUSTRIAL TEMPERATURE RANGES. 

• ON CHIP ADDRESS REGISTER. 

• AVAILABLE IN 22 PIN DIP AND IN CHIP FORM FOR HYBRID FAB­

RICATION. 

Description 

The HM-6533 .is a 1024 x 4 clocked static CMOS RAM designed speci­
fically to interface with the HM-6100 Microprocessor. The device is 

manufactured utilizing self-aligned silicon gate technology. Extremely 
low power drain makes the HM-6533 an ideal candidate for battery 

powered systems. 

On chip latching address registers and "Three State" I/O buffers enable the 
HM-6533 to operate in a multiplexed bus system with a minimum of 

support circuitry. Separate chip select and output disable pins allow for 
easy expansion. The output buffers can be disabled by the G, G, or S 
pins (see Truth Table). 

Wide supply voltage range and high noise immunity offer the system 
designer a large degree of flexability. Data retention is guaranteed down 
to 2.0V VCC making non...:volitile memory systems simple to implement. 

Functional Diagram 

AO A 1 A2 A3 A4 A5 

oal 

HM-6533 
1024 x 4 CMOS RAM 

AO 
Al 

A2 

A3 

A4 

AS 

A6 

A1 

AS 

A9 

oal 

oa2 

Pinout 
TOP VIEW 

A6 VCC 
A7 ~O 

AS Al 

A9 A2 

DOO A3 

DOl A4 

D02 AS 

D03 iii 
G S 

NC G 

GND E 

logic Symbol 
E vcc W 

GND -=-
PIN NAMES 

A Address Input 
E Chip Enable 
W Write Enable 

DQ Data I nlOut 
S Chip Select 
G Output Enable 

I I 
GNO vee 

S 

DOO 

001 

002 

003 

G 

G 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6533-2IHM-6533-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage-Vee 
Applied Input or Output Voltage 

Storage Temperature Range 

+8.0V 
GNO--O.3V 
vee+O.3V 

--650 e to 

+1500 e 

OPERATING RANGE 

Operating Supply 
Voltage-Vee 4.5V to 5.5V 

Operating Temperature Rahge 

Military (-2) -550 e to +1250 e 

Industrial (-9) -400 e to +850 e 

ELECTRICAL CHARACTERISTICS 
i 

I 

D.C. 

A.C. 

1384' 

I 
VCC & TEMP = 

OPERATING TEMP = 250C 

RANGE vec = 5,OV (1) 

SYMBOL I PARAMETER I MIN MAX MIN TYP MAX UNIT TEST CONDITIONS 

ICCSB Standby Supply Current 100 0.1 1.0 J.1.A 10'" 0.-

VI '" VCC or GND 

ICCOP Operating Current (2) 8 6 7 mA F '" 1 MHz; 10 = 0 

ICCDR Data Retention Supply Current 50 1.0 5.0 J.1.A VCC = 3.0, 10 '" 0 

VI '" VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.l.A GND<VI<VCC 

10Z Output Leakage Current -1.0 +1,0 -0.5 0.0 +0.5 J.1.A GND<VO<VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

VOL I Output Low Voltage 0.4 0.2. 0.35 V 10L'" 2.0mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -2.0mA 

CI Input Capacitance (3) 6 4 6 pF VI, VIO"'VCC or GND 

F'" lMHz 

CIO Output Capacitance (3) 10 6 10 pF VI, VIO=VCC or GND 

F = 1 MHz 

TELOV Chip Enable Access Time 400 300 350 ns (4) 

TSLOX Chip Select Output Enable Time 200 110 150 ns (4) 

TSHOZ Chip Select Output Disable Time 200 110 150 ns (4) 

TGLOX Output Enable Time 200 110 150 ns (4) 

TGHOX Output Disable Time 200 110 150 ns (4) 

TELEL Read or Write Cycle Time 600 475 550 ns (4) 

TEHEL Chip Enable Positive Pulse Width 200 200 175 ns (4) 

TELEH Chip Enable Negative Pulse Width 400 350 300 ns (4) 

TAVEL Address Setup Time 25 25 10 ns (4) 

TELAX Address Hold Time 75 75 60 ns (4) 

TWLWH Write Enable Pulse Width 220 130 110 ns (4) 

TWLEH Write Enable Pulse Setup Time 220 130 110 ns (4) 

TELWH Chip Enable Write Pulse Hold Time 220 130 110 ns (4) 

TWLSH Chip S~lect Write Pulse Setup Time 220 130 110 ns (4) 

TSLWH Chip Select Write Pulse Hold Time 220 130 110 ns (4) 

TDVWH Data Setup Time 130 100 70 ns (4) 

TWHDX Data Hold Time 50 50 40 ns (4) 

TDVSH Data to Chip Select Setup Time 130 100 70 ns (4) 

TSHDX Data to Chip Select Hold Time 50 50 40 ns (4) 

TSLSH Chip Select Write Setup Time 220 130 100 ns (4) 

NOTES: 1. All devices tested at worst case limits. Room temperature, 5V data provided for information - not guaranteed. 

Operating supply current (lCCOP) is proportional to operating frequency. Example: Typical ICCOP = 6mA/MHz. 

Capacitance liampled and guaranteed - not 100% tested. 

2. 
3. 

4. AC test conditions: Inputs - Trise = Tfall ~ 20ns. 

Outputs - 1 TTL Load and 50pF. 
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SpecificatioRs HM-6533C-9 

ABSO(UTE MAXIMUM RATINGS 

Supply Voltflge-VCC 
Applied Input or Output Voltage 

Storage Temperature Range 

+8.0V 
GNO-O.3V 
VCC+O.3V 

-650 C. to 
+1500 C 

OPERATING RANGE 

Operating Supply 
Voltage..:.VCC 4.5V to 5.5V 

Operating Temperature Range 

, -400 C to +850 C 

ELECTRICAL CHARACTERISTICS 

VCC & TEMP = 
OPERATING TEMP = 250C 

RANGE VCC = 5.0V (1) 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNIT TEST CONDITIONS 

ICCSS Standby Supply Current 1.0 I 0.1 I 1.0 mA 10 = 0, 

I I VI = VCC or GND 

ICCOP Operating Current (2) 8 6 +7 mA F = 1 MHz, 10 = 0 

D.C. II I nput Leakage Current -10 +10 ±0.5 +7 JiA GND<VI<VCC 

10Z Output Leakage Current -10 +10 -7. ± 0.5 +7 JiA GND<VO<VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2~5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 1.6mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = --1.6mA 

CI Input Capacitance (3) ,6 4 6 pF VI, VIO=VCC or GND 

F = 1MHz 

CIO Output Capacitance (3) 10 6 10 pF VI, VIO=VCC or GND 

F =,lMHz 

TELOV Chip Enable Access Time 450 350 400 ns (4) 

TSLOX Chip Select Output Enable Time 300 130 180 ns (4) 

TSHOZ Chip Select Output Disable Time 300 130 180 ns (4) 

TGI:.OX Output Enable Time 250 130 180 ns (4) 

TGHOX Output Disable Time 250 130 180 ns (4) 

TELEL Read or Write· Cycle Time 700 650 560 ns (4) 

TEHEL Chip Enable Positive Pulse Width 250 250 210 ns (4) 

TELEH Chip Enable Negative Pulse Width 450 400 350 ns (4) 

TAVEL Address Setup Time 50 50 30 ns (4) 

TELAX Address Hold Time 100 100 75 ns (4) 

TWLWH Write Enable Pulse Width 300 200 175 ns (4) A.C. 

TWLEH Write Enable Pulse Setup Time 300 200 175 ns (4) 

TELWH Chip Enable Write Pulse Hold Time 300 200 175 ns (4) 

TWLSH Chip Select Write Pulse Setup Time 300 200 175 ns (4) 

TSLWH Chip Select Write Pulse Hold Time 300 200 175 ns (4) 

TDVWH Data Setup Time 200 150 120 ns (4) 

TWHDX Data Hold Time 75 50 25 ns (4) 

TDVSH Data to Chip Select Setup Time 220 150 120 ns (4) 

TSHDX Data to Chip Select Hold Time 75 50 25 ns (4) 

TSLSH Chip Select Write Setup Time 300 200 175 ns (4) 

NOTES: 1. All devices tested at worst case limits. Room temperature, 5V data provided for information - not guaranteed. 

Operating supply current (lCCOP) is proportional to operating frequency. Example: Typical ICCOP = 6mA/MHz. 

Capacitance sampled and guaranteed - not 100% tested. 

©IC MASTER 1979 

2. 

3. 

4. AC test conditions: Inputs -Trise = Tfall = 20ns. 

Outputs -1 TTL Load and 50pF. 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A OtVISION OF HARRIS CORPORATION 

Features 

• LOW POWER STANDBY ...•.....•.•............. 1mW MAX 

• LOW POWER OPERATION .................... 35mW/MHz MAX 

• DATA RETENTION ..........••.............. @ 2.0 VOLTS 

• TTL COMPATIBLE INPUT/OUTPUT 

• TH~EE STATE OUTPUT 

• SEPARATE CHIP SELECT FOR EASE OF MEMORY EXPANSION 

• FULL MILITARY AND INDUSTRIAL TEMPERATURE RANGE 

• ON CHIP ADDRESS REGISTER 

• AVAILAtiLE IN 22 PIN DIP AND IN CHIP FORM FOR HYBRID FAB­

RICATION 

Description 

The HM-6543 is a 4096 x 1 static CMOS RAM fabricated with self­
aligned silicon gate technology. The device is designed to interface dir­
ectly with the HM-6100, 12 bit Microprocessor. 

On chip latches are provided for addresses and output data. The chip 
provides a three state output buffer for ease of use on a common bus. 

The HM-6543 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention, supply voltage and 
supply current are guaranteed over temperature. 

Functional Diagram 

At 

A2 

A3 

.... 
Ali 

GD--------' 

ROW 

OECOOE 

Ai A7 AS A9 A10 A11 

HM-6543 
4096 x 1 CMOS RAM 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

Pinout 
TOP VIEW 

vec 
A7 AO 
AS Al 

A9 A2 

A10 A3 

A4 
0 AS 

Q W 

G S 
N.C. G 

GND E 

logic Symbol 
E vec w 

HM-6543 
RAM 

-=- GND 

s 
o 

a 
G 
G 

A - Address Input 
E - Chip Enable 

S - Chip Select 
D - Data Input 
Q - Data Output W - Write Enable 

G - Ou~put Enable 

o 

G - Output Enable 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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· Specifications HM-6543-2IHM-6,543-9 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage -vee 

Applied 'Input or Output Voltage 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650 e to + 1500 e 

Operating Supply Voltage -vee 

Operating Temperature 
Military (-2) 
Industrial (-9) 

ELECTRICAL CHARACTERISTICS 

TEMP. &VCC = 

OPERATING TEMP. = 250 C G) 
RANGE vec = 5.0V 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS 

ICCSS Standby Supply Current 100 2 10 J.1A 

ICCOP Operating Current <V 8 6 7 mA 

ICCDR Data Retention Supply Current 50 1 5 J.1A 

D.C. VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II I nput Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.1A 

IOZ Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J1A 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +3.0 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 

VOH Output High Voltage 2.4 3.0 4.5 V 

CI Input Capacitance ® 6 4 6 pF 

CO Output Capacitance ® 10 6 10 pF 

TELOV Chip Enable Access Time 400 300 350 ns 

TSLOX Chip Select Output Enable Time 200 110 150 ns 

TSHOZ Chip Select Output Disable Time 200 110 150 ns 

TGLOX Output Enable Time 200 110 150 ns 

TGHOZ Output Disable Time 200 110 150 ns 

TELEL Read or Write Cycle Time 600 475 550 ns 

TEHEL Chip Enable Positive Pulse Width 200 200 175 ns 

TELEH Chip Enable Negative Pulse Width 400 350 300 ns 

A.C. TAVEL Address Setup Time 25 25 10 ns 

TELAX Address Hold Time 75 75 60 ns 

TWLWH Write Enable Pulse Width 220 130 110 ns 

TWLEH Write Enable Pulse Setup Time 220 130 110 ns 

TELWH Chip Enable Write Pulse Hold Time 220 130 110 ns 

TWLSH Chip Select Write Pulse Setup Time 220 130 110 ns 

TSWLH Chip Select Write Pulse Hold Time 220 130 110 ns 

TDVWH Data Setup Time 130 100 70 ns 

TWHDX Data Hold Time 50 50 40 ns 

TDVSH Data to Chip Select Setup Time 130 100 70 ns 

TSHDX Data to Chip Select Hold Time 50 50 40 ns 

TSLSH Chip Select Write Setup Time 220 130 100 ns 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided ~ not guaranteed. 

4.5Vto 5.5V 

-550 e to + 1250 e 
-4ooe to +850 e 

TEST 
CONDITIONS 

10 =0 
VI = VCC or GND 

f = 1 MHz, 10 = 0 
VI = VCC or GND 

VCC = 3.0, 10 = 0 
VI = VCC or GND 

GND ~ VI ~ VCC 

GND ~VO~ VCC 

IOL = 2.0mA 

IOH = -2.0mA 

VI = VCC or GND 
f = 1MHz 

VO= VCC or GND 
f = 1 MHz 

@ 
@) 
@ 
@) 
@) 
@) 
@) 
@) 
® 
@) 
@) 
@) 
@) 
@) 
@) 
@) 
@) 
@ 
@) 
@ 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example Typical ICCOP = 6mA/MHz. 
3. Capacitance sampled and guaranteed - not 100% tested. 
4. A.C. Test Conditions: Inputs - TRISE = TFALL = 20ns; Outputs - 1TTL load and 50pF. 
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Specifications HM-6543C-9 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage -vee 
Applied Input or Output Voltage 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650 e to + 1500 e 

Operating Supply Voltage -vee 
Operating Temperature 

ELECTRICAL CHARACTERISTICS 

TEMP. & vee = 
OPERATING 

I RANGE vee = 5.0V I 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS 

leCSB Standby Supply Current 1.0 0.1 1.0 mA 

ICCOP Operating Current @ 8 6 7 mA 

II Input Leakage Current -10 +10 +0.5 +7 J.lA 

D.C. IOZ Output Leakage Current -10 +10 -7 +0.5 +7 J.lA 
VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +3.0 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 

VOH Output High Voltage 2.4 3.0 4.5 V 

CI Input Capacitance@ 6 4 6 p.F 

CO Output Capacitance @ 10 6 10 pF 

TELQV Chip Enable Access Time 450 350 400 ns 

TSLOX Chip Select Output Enable Time 300 130 180 ns 

TSHOZ Chip Select Output Disable Time 300 130 180 ns 

TGLOX Output Enable Time 250 130 180 ns 

TGHOZ Output Disable Time 250 130 180 ns 

TELEL Read or Write Cycle Time 700 560 650 ns 

TEHEL Chip Enable Positive Pulse Width 250 210 250 ns 

TELEH Chip Enable Negative Pulse Width 450 350 400 ns 

TAVEL Address Setup Time 50 30 50 ns 

TELAX Address Hold Time 100 75 100 ns 
A.C. 

TWLWH Write Enable Pulse Width 300 175 200 ns 

TWLEH Write Enable Pulse Setup Time 300 175 200 ns 

TELWH Chip Enable Write Pulse Hold Time 300 175 200 ns 

TWLSH Chip Select Write Pulse Setup Time 300 175 200 ns 

TSLWH Chip Select Write Pulse Hold Time 300 175 200 ns 

TDVWH Data Setup Time 200 120 150 ns 

TWHDX Data Hold Time 75 25 50 ns 

TDVSH Data To Chip Select Setup Time 220 120 150 ns 

TSHDX Data to Chip Select Hold Time 75 25 50 ns 

TSLSH Chip Select Write Setup Time 300 115 200 ns 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided - not guaranteed. 

I 

4.5V to 5.5V 

-4ooe to +850 e 

TEST 
CONDITIONS 

10=0 
VI = VCC or'GND 

f = lMHz, 10 = 0 
VI = VCC or GND 

GND~ VI ~ vec 
GND ~ VO~ VCC 

IOL = 2.0mA 
IOH:, -2.0mA 

VI = vee or GND 
f = 1MHz 

VO= VCC or GND 
f = lMHz 

@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example Typical ICCOP = 6mA/MHz. 
3. Capacitance sampled and guaranteed - not 100% tested. 
4. A.C. Test Conditions: Inputs - TRISE = TFALL = 20ns; Outputs - lTTL load and 50pF. 
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m!~~~~ 
• __ -. PRODUCTS DIVISION 
~ A DIVISION OF HARRIS CORPORATION 

Features 

• 
• 
• 
• 
• 

lOW STANDBY POWER ........................ 55/.lW MAX 

• 
• 
• 
• 
• 
• 
• 

lOW OPERATING POWER ..........•.......•. 22mW/MHz MAX 

FAST ACCESS TIME ............•...........• 220nsec MAX 

DATA RETENTldN VOLTAGE ...•.............. 2.0 VOLTS MIN 

TTL COMPATIBLE IN/OUT 

HIGH OUTPUT DRVIE - 2 TTL lOADS 

IN-TERNAllATCHED CHIP SELECT 

HIGH NOISE IMMUNITY 

ON CHIP ADDRESS REGISTERS 

lATCHED OUTPUTS 

THREE STATE OUTPUTS 

MILITARY AND INDUSTRIAL TEMPERATURE RANGES 

Description 

The HM-6551 isa 256 by 4 static CMOS RAM fabricated using self­
aligned silicon gate technology. Synchronous circuit design techniques are 
employed to achieve high performance and low power operation. 

On chip latches are provided for addresses and data outputs allowing 
efficient interfacing with microprocessor systems. The data output 
buffers can be forced to a high impedance state for use in expanded 
memory arrays. 

The HM-6551 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

Functional Diagram 

Aoo-------~------lA 
1-'--+-; 

A1G-----I 

A20-----i 
A3G-----I 

LATCHED 
ADDRESS. 
REGISTER 

A4o-------L-__ ~~ 

A 

GATED 
ROW 

DECODER 

G 

32 

000-----1 ~------------------------__I~ 
A 

G 

010-----1 >-+----------------------------I~ 

020----; >-+---------------------------~__{ 

030----; >-+-------------------~ 

32 X 32 
MATRIX 

GATED 
COLUMN 
OECODER 
AND DATA 

INPUT/OUTPUT 

iQ-----O >------.-------4--+--~------~~; 

Ii o---~-a >------+------------' 

'520-----0 AS AI A7 

s,o-----o >-__________ .....J 

HM-6551 
256 x 4 CMOS RAM 

Pinout 

TOP VIEW 

A3 vcc 
A4 

iii 

51 
E 
52 
03 

03 

02 

00 02 

01 01 ---...... __ .....r-

A - Address Input 
E - Chip Enable 

W - Write Enable 
D - Data Input 

S - Chip Select Q - Data Output 

logic Symbol 

E vcc W 

AO DO 
A1 00 
A2 01 
A3 01 

A4 02 

A5 02 

A6 03 

A7 03 

ALL LINES POSITIVE LOGIC - ACTlVE,HIGH 

THREE STATE BUFFERS: 
A HIGH -':""-OUTPUT ACTIVE 

DATA LATCHES: 
L.HIGH -.0-0 
o LATCHES ON. FALLING EDGE OF L 

or-----.,.....,O 

0 

0 
0 

I-----~ 

DATA 
OUTPUT 

0 

LATCHES 

SELECT LATCH: 

LLOW-O-D 
o lATCHES ON RISING EDGE OF L 

AOORESS LATCHES AND GATED DECODERS 

LATCH ON RISING EDGE OF L 
GATE ON RISING EDGE OF G 

ao 

01 

02 

OJ 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6551B-2IHM-6551B-9 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage -vee +8.0V 

Applied Input or Output Voltage GND -O.3V 
vee +O.3V 

Storage Temperature -650 e to +1500 e 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2)' 
Industrial (-9) 

r4.5V to 5.5V 
4.5V to 5.5V 

-550 e to +1250 e 
-4ooe to +850 e 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

1390 

[ I 
TEMP. & vee = 

TEMP. = 250 e CD TEs:i OPERATING 
RANGE vee = 5.0V 

I SYMBOL I MIN TYP MAX UNiTS CONDITIONS I PARAMETER MIN MAX 

ICCSB Standby Supply Current 10 0.1 1 pA 10 = 0 
1 (+25 0 CI VI = vce or GND 

ICCOP Operating Supply Current @ 4 1.5 25 mA f'" 1 MHz, 10'" 0 
VI'" VCC or GND 

ICCDR Data Retention Supply Current 10 0.01 1 fJ.A VCC '" 3.0, 10 '" 0 
VI'" VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input Leakage CUrrent -1.0 +1.0 -0.5 0.0 +0.5 fJ.A GND~ VI ~ VCC 

10Z Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 fJ.A GND~ VO ~ VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

-VOL Output Low Voltage 0.4 0.2 0.35 V 10L '" 3.2mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H '" -O.4mA 

CI I nput Capacitance @ 6 4 6 pF VI'" VCC or GND 
f= 1 MHz 

CO Output Capacitance @ 10 6 10 pF VO= VCC or GND 
f'" lMHz 

TELQV Chip Enable Access Time 220 120 170 ns @ 
TAVQV Address Access Time 220 110 170 ns @ 
TSl LQX Chip Select 1 Output Enable Time 130 50 90 ns @ 
TWLQZ Write Enable Output Disable Time 130 50 90 ns @ 
TS1HQZ Chip Select 1 Output Disable Time 130 50 90 ns @ 
TELEH Chip Enable Pulse Negative Width 220 170 120. ns @ 
TEHEL Chip Enable Pulse Positive Width 100 70 50 ns @ 
TAVEL Address Setup Time 0 0 -10 ns @ 
TS2LEL Chip Select 2 Setup Time 0 0 -10 ns @ 
TELAX Address Hold Time 40 40 20 ns @ 
TELS2X Chip Select 2 Hold Time 40 40 20 ns @ 
TDVWH Data Setup Time 100 80 50 ns @ 
TWHDX Data Hold Time 0 0 0 ns @ 
TWLS1H Chip Select 1 Write Pulse Setup Time 120 100 60 ns @ 
TWLEH Chip Enable Write Pulse Setup Time 120 100 60 ns @ 
TSl LWH Chip Select 1 Write Pulse Hold Time 120 100 60 ns @ 
TELWH Chip Enable Write Pulse Hold Time 120 100 60 ns @ 
TWLWH Write Enable Pulse Width 120 100 60 ns @ 
TELEL Read or Write Cycle Time' 320 240 170 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (rCCOP) is proportional to Operating Frequency. Example: Typical ICCOP '" 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TR ISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 
at 1/2 VCC. 
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Specifications HM-6551-2IHM-6551-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vee +8.0V 

Applied Input or Output Voltage GND -O.3V 
Vee+O.3V 

Storage TemPerature -650 e to +150oe 

OPERATING RANGE 

Operatihg Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to + 1250 e 
-40oe to +850 e 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

TEMP.&VCC= 
TEMP. = 250 C <D OPERATING 

RANGE VCC = 5.0V TEST 
SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSS Standby Supply Current .10 1.0 1 P.A 10 = 0 
1 (+250 C) VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 . 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

ICCDR Data Retention Supply Current 10 .., 0.1 1 P.A VCC = 3.0, 10 = 0 
VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

II Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 P.A GND~ VI ~VCC 

10Z Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 P.A GND~ VO~ VCC 

VIL Input low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0:35 V 10l = 3.2mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -O.4mA 

CI Input Capacitance ® 6 4 6 pF VI = VCC.or GND 
f = lMHz 

CO Output Capacitance @ 10 6 10 pF VO= vce or GND 
f = lMHz 

TElOV Chip Enable Access Time 300 160 240 ns @ 
TAVQV Address Access Time 300 150 240 ns @) 
TSll0X Chip Select 1 Output Enable Time 150 60 120 ns @ 
TWLOZ ' Write Enable Output Disable Time 150 60 120 ns @ 
TS1HOZ Chip Select 1 Output Disable Time 150 60 120 ns @) 
TElEH Chip Enable Pulse Negative Width 300 240 160 ns @) 
TEHEl Chip Enable Pulse Positive Width 100 70 50 ns @) 
TAVEL Address Setup Time 0 0 -10 ns @) 
TS2lEl Chip Select 2 Setup Time 0 0 -10 ns @ 
TElAX Address Hold Time 50 40 30 ns @ 
TELS2X Chip Select 2 Hold Time 50 40 30 ns @) 
TDVWH Data Setup Time 150 120 ' 100 ns ® 
TWHDX Data Hold Time 0 0 0 ns @ 
TWlS1H Chip Select 1 Write Pulse Setup Time 180 150 120 ns @ 
TWLEH Chip Enable Write Pulse Setup Time 180 150 120 ns @ 
TSllWH Chip Select 1 Write Pulse Hold Time 180 150 120 ns @ 
TElWH Chip Enable Write Pulse Hold Time 180 150 120 ns @ 
TWlWH Write Enable Pulse Width 180 150 120 ns @ 
TElEL Read or Write Cycle Time 400 270 170 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFAll = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 
at 1/2 VCC. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vcc 

Applied Input or Output Voltage 

Specifications HM-6551-5 

+8.0V 

GND -O.3V 
VCC +O.3V 

OPERATING RANGE 

Operating Supply Voltage -vcc 
Commercial 

Storage Temperature -650 C to +1500 C 
Operating Temperature 

Commercial 

4.'75V to 5.25V 

OOeto 750 C 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

I 
TEMP. & vee = ! 

OPERATING TEMP. = 250 eCD ! 
RANGE vee = 5.0V TEST 

SYMBOL PARAMETER ! !\.I!!!\! 
, 

. MAX I MIN TYP MAX UNiTS CONDITIONS 

ICCSS Standby Supply Current 100 10 100 J.1.A 10 = 0 
VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 V I 

" Input leakage Current -1.0 +1.0 -D.5 0.0 +0.5 jJ.A GND~ VI ~ VCC 

10Z Output leakage Current -1.0 +1.0 -D.5 0.0 +0.5 /J. A GND~VO~ VCC 

Vil Input low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 . 5.3 V 

VOL Output low Voltage 0.4 0.2 0.35 V 10l = 1.6mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -0.2mA 

CI I nput Capacitance @ 6 4 6 pF VI = VCC or GND 
f = 1MHz 

CO Output Capacitance @ 10 6 10 pF VO= VCC or GND 
f = 1 MHz 

TElOV' Chip Enable Access Time 350 200 300 ns @ 
TAVOV Address Access Time 360 200 310 ns @ 
TS1 LOX Chip Select 1 Output Enable" ime 180 80 160 ns @ 
TWlOZ Write Enable Output Disable Time 180 80 160 ns @ 
TS1HOZ Chip Select 1 Output Disable Time 180 80 160 ns @ 
TElEH Chip Enable Pulse Negative Width 350 300 200 ns @ 
TEHEl Chip Enable Pulse Positive Width 150 130 90 ns @ 
TAVEL Address Setup Time 10 10 0 ns @ 
TS2LEL Chip Select 2 Setup Time 10 10 0 ns @ 
TELAX Address Hold Time 70 50 40 ns @ 
TELS2X Chip Select 2 Hold Time 70 50 40 ns 

, @ 
TDVWH Data Setup Time 170 140 120 ns @ 
TWHDX Data Hold Time 0 0 0 ns @ 
TWLS1H Chip Select 1 Write Pulse Setup Time 210 170 150 ns @ 
TWLEH Chip Enable Write Pulse Setup Time 210 170 150 ns @ 
TS1 LWH Chip Select 1 Write Pulse Hold Time 210 170 150 ns @ 
TELWH Chip Enable Write Pulse Hold Time 210 170 150 ns @ 
TWLWH Write Enable Pulse Width 210 170 150 ns @ 
TELEL Read or Write Cycle Time 500 330 290 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (ICCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 
at 1/2 VCC. 

1392 ©IC MASTER 1979 



Features 

~s 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

• 
• 
• 
• 
• 
• 

LOW STANDBY POWER ..•...•..•.....•...•.... 55J.1W MAX 
LOW OPERATING POWER ••..........•....... 22mW/MHz MAX 
FAST ACCESS TIME ........•..•...•......... 220nsec MAX 
DATA RETENTION VOLTAGE ................ , 2.0 VOLTS MIN 
TTL COMPATIBLE IN/OUT 
HIGH O'UTPUT DRIVE - 2 TTL LOADS 

• ON CHIP ADDRESS REGISTERS 
• COMMON DATA IN/OUT 
• THREE STATE OUTPUTS 
• EASY MlCROPROCESSOR INTERFACING 
• MILITARY TEMPERATURE RANGE 

• INDUSTRIAL TEMPERATURE RANGE 

Description 

The HM-6561 is a 256 by 4 static CMOS RAM fabricated using self­
aligned silicon gate technology. Synchronous circuit design techniques are 
employed to achieve'high performance and low power operation. 

On chip latches are provided for address and data outputs allowing ef­
ficient interfacing with microprocessor systems. The data output buffers 
can be forced to a high impedance state for use in expanded memory 
arrays. The data inputs and outputs are multiplexed internally for com­
mon 1/0 bus compatibility. 

The HM-6561 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
cur:rent are guaranteed over temperature. 

The HM-6561 is pin for pin replaceable with the HM-6661, a 256 x 4 
CMOS PROM. This allows a single memory board design with any organi­
zation of RAM and PROMs. 

Functional Diagram 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS: 
A HIGH _OUTPUT ACTIVE 

DATA LATCHES: 
L HIGH_O' 0 
o LATCHES ON fALLING 

E'DGE OF L 

ADDRESS LATCHES AND GATED DECODERS 

LATCH ON RISING EDGE OF L 

GATE ON RISING EDGE OF G 

AOo------f-------, 
Alo----4 
A20----4 
A30----I 

AAC>---L--r_.J 

DQO(}----..---< 

0010------<--.-_+_< 

002 0------4~+-< 

003 D------...._-+-< 

S11"\-~-...... 

GATED 
ROW 

HM-6561 
256 x 4 CMOS RAM 

Pinout 
TOP VIEW 

A3 vee 

A4 

Vi 

51 

003 

OQ2 

001 

A - Address Input 
E - Chip Enable 
S - Chip Select 

W - Write Enable 
DQ - Data I Ii/Out 

32 

,logic Symbol 

E w vee 51 52 

AO 
A1 
A2 
A3 
A4 

32 X 32 
MATRIX 

GATED 
ODL~ 

DECODER 
AND 

DATA IN/OUT 

AS A6 A7 

-= GNO 

DOO 

001 
002 
OQ3 

~~--------------~ 52 -';-""'-" __ -' 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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S pee ifieat ions H M-65 61 B-2IHM-6561 B-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vee 

Input or Output Voltage Applied 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650 e to + 1500 e 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to +1250 e 
-4ooe to +850 e 

ELECTRICAL CHARACTERISTICS 

o D.C. .... o 
:J 
"0 
c: 
o 
o 
E 
Q) 

en 
en 
'i: 
~ 

«S 
:c 

A.C. 

1394 

I 
! 

SYMBOL 

ICCSB 

ICCOP 

ICCDR 

VCCDR 

II 

IIOZ 

VIL 

VIH 

VOL 

VOH 

CI 

CIO 

TELQV 

TAVQV 

TSLQX 

TWLQZ 

TSHQZ 

TELEH 

TEHEL 

TAVEL 

TELAX 

TDVWH 

TWHDX 

TWLDV 

TWLSH 

TWLEH 

TSLWH 

TELWH 

TWLWH 

TWLSL 

TSHWH 

TELEL 

NOTES: 1. 
2. 
3. 
4. 

I I 
TEMP. & vee = 

1 1 

I 

OPERATING I TEMP. = 250 C(!) I 
RANGE vee = 5.0V i TEST 

PARAMETER i MiN MAX " MIN TYP!MAX UNITS! CONDITIONS 

Standby Supply Current 10 0.1 1 J.1A 10 = 0 
1 (+250 C) VI = VCC or GND 

Operating SUP~'Y Current@ 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

Data Retention Supply Current 10 0.01 1 J.1A VCC = 3.0, 10 = 0 
VI = VCC or GND 

Data Retention Supply Voltage 2.0 2.0 1.4 V 

Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.1A GND ~ VI ~ VCC 

Input/Output Leakage Current -1.0 +1 0 -0.5 0.0 +0.5 J.1A GND ~ VO~VCC 

Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

Output Low Voltage 0.4 0.2 0.35 V 10L = 3.2mA 

Output High Voltage 2.4 3.0 4.5 V 10H = -O.4mA 

I nput Capacitance @ 6 4 6 pF VI = VCC or GND 
f = 1 MHz 

I nput/Output Capacitance@ 10 6 10 pF VO= VCC or GND 
f = 1 MHz 

Chip Enable Access Time 220 120 170 ns @ 
Address Access Time 220 110 170 ns' @ 
Chip Select Output Enable Time 120 50 90 ns @ 
Write Enable Output Disable Time 120 50 90 ns @ 
Chip Select Output Disable Time 120 50 90 ns @ 
Chip Enable Pulse Negative Width 220 170 120 ns @ 
Chip Enable Pulse Positive Width 100 70 50 ns @ 
Address Setup Time 0 0 -10 ns @ 
Address Hold Time 40 30 20 ns @ 
Data Setup Time 100 80 50 ns @ 

I @ Data Hold Time 0 0 0 ns. 
Write Data Delay Time 120 90 50 ns @ 
Chip Select Write Pulse Setup Time 220 170 100 ns @ 
Chip Enable Write Pulse Setup Time 220 170 100 ns @ 
Chip Select Write Pulse Hold Time 220 170 100 ns @ 
Chip Enable Write Pulse Hold Time 220 170 100 ns @ 
Write Enable Pulse Width 220 170 100 ns @) 
Early Output High Z Time 0 0 -10 ns @) 
Late Output High Z Time 0 0 -10 ns @ 
Read or Write Cycle Time 320 230 170 ns @ 

All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 
Operating Supply Current (JCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

.Capacitance sampled and guaranteed - not 100% tested. 
AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs ~ 1 TTL load and 50pF. All timing measurements 

at 1/2 VCC. 
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Specifications HM-6561-2IHM-6561-9 

ABSO~UTE MAXIMUM RATINGS 

Supply Voltage -vee 

Input or Output Voltage Applied 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650 e to +150oe 

OPERATING RANGE' 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to +1250 e 
-400e to +850 e 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

SYMBOL 

ICCSB 

ICCOP 

ICCDR 

VCCDR 

II 

IIOZ 

VIL 

VIH 

VOL 

VOH 

CI 

CIO 

TELQV 

TAVQV 

TSLQX 

TWLQZ' 

TSHQZ 

TELEH 

TEHEL 

TAVEL 

TELAX 

TDVWH 

TWHDX 

TWLDV 

TWLSH 

TWLEH 

TSLWH 

TELWH 

TWLWH 

TWLSL 

TSHWH 

TELEL 

NOTES: 1. 
2. 
3. 
4. 

©IC MASTER 1979 

- TEMP. & vcc == 
TEMP. == 250 C CD OPERATING 

RANGE VCC == 5.0V 
TEST 

PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

Standby Supply Current 10 1.0 1 IJ.A 10==0 
1 (+250 C) VI == VCC or GND 

Operating Supply Current <Y 4 1.5 2.5 mA f == 1 MHz, 10 == 0 
VI == VCC or GND 

Data Retention Supply Current 10 0.1 1 IJ.A VCC == 3.0, 10 == 0 
VI == VCC or GND 

Data Retention Supply Voltage 2.0 2.0 1.4 V 

Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 IJ.A GND ~VI ~ VCC 

Input/Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 IJ.A GND ~VO~VCC 

Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

Output Low Voltage 0.4 0.2 0.35 V 10L = 3.2mA 

Output High Voltage 2.4 3.0 4.5 V 10H = -O.4mA 

Input Capacitance@ 6 4 6 pF VI == VCC or GND 
f = 1 MHz 

I nput!Output Capacitance @ 10 6 10 pF VO= VCC or GND 
f = 1 MHz 

Chip Enable Access Time 300 160 240 ns @ 
Address Access Time 300 150 240 ns @, 
Chip Select Output Enable Time 150 60 120 ns @ 
Write Enable Output Disable Time 150 60 120 ns @ 
Chip Select Output Disable Time 150 60 120 ns @ 
Chip Enable Pulse Negative Width 300 240 160 ns @ 
Chip Enable Pulse Positive Width 100 70 50 ns @ 
Address Setup Time 0 0 -10 ns @ 
Address Hold Time 50 40 30 ns @ 
Data Setup Time 150 120 100 ns @ 
Data Hold Time 0 0 0 ns @ 
Write Data Delay Time 150 120 60 ns @ 
Chip Select Write Pulse Setup Time 300 240 160 ns @ 
Chip Enable Write Pulse Setup Time 300 240 160 ns @ 
Chip Select Write Pulse Hold Time 300 240 160 ns @ 
Chip Enable Write Pulse Hold Time 300 240 160 ns @ 
Write Enable Pulse Width 300 240 160 ns @ 
Early Output High Z Time 0 0 -10 ns @ 
Late Output High Z Time 0 0 -10 ns @ 
Read or Write Cycle Time 400 310 210 ns @ 

All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 
Operating Supply Current (ICCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

Capacitance sampled and guaranteed - not 100% tested. 
AC Test Conditions: Inp'uts - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 5OpF. All timing measurements 

at 1/2 VCC. 
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Specifications HM-6561-5 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage -vcc 

Applied Input or Output Voltage 

Storage Temperature 

+8.0V 

GND -O.3V 
VCC +O.~V 

-650 C to + 1500 C 

Operating Supply Voltage -vcc 
Commercial 

Operating Temperature 
Commercial 

4.75V to 5.25V 

ooC to 750 C 

ELECTRICAL CHARACTERISTICS 

I 
I 

D.C. 

A.C. 

= 

I TEMP. = 250C ill I 
I I 

I OPERATING 
RANGE vee = 5.0V 

TEST 
SYMBOL PARAMETER I MIN I MAX j! MIN I TV? MAX, UNiTS, CONDITiONS , 

TEMP & vee II 

ICCSS Standby Supply Current 100 10 100 J.LA 10: 0 
VI: VCC or GND 

ICCOP Operating Supply Current@ 4 1.5 2.5 mA f : 1 MHz, 10 : 0 
VI : VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 V 

II I nput Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.LA GND~VI ~VCC 

IIOZ Input/Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.LA GND ~VO~ VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +0.3 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L: 1.6mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H: -0.2mA 

CI Input Capacitance@ 6 4 6 pF VI: VCC or GND 
f: 1MHz 

CIO lnput/Output Capacitance@ 10 6 10 pF VO: VCC or GND 
f = 1 MHz 

TELQV Chip Enable Access Time 350 200 300 ns @ 
TAVQV Address Access Time 360 200 310 ns @ 
TSLQX Chip Select Output Enable Time 180 80 160 ns @ 
TWLQZ Write Enable Output Disable Time 180 80 160 ns @ 
TSHQZ Chip Select Output Disable Time 180 80 160 ns @ 
TELEH Chip Enable Pulse Negative Width 350 300 200 r.s @ 
TEHEL Chip Enable Pulse Positive Width 150 130 90 ns @ 
TAVEL Address Setup Time 10 10 0 ns @ 
TELAX Address Hold Time 70 50 40 ns @ 
TDVWH Data Setup Time 170 140 120 ns @ 
TWHDX Data Hold Time 0 0 0 ns @ 
TWLDV Write Data Delay Time 200 170 60 ns @ 
TWLSH Chip Select Write Pulse Setup Time 350 300 200 ns @ 
TWLEH Chip Enable Write Pulse Setup Time 350 300 200 ns @ 
TSLWH Chip Select Write Pulse HoLd Time 350 300 200 ns @ 
TELWH Chip Enable Write Pulse Hold Time 350 300 200 ns @ 
TWLWH Write Enable Pulse Width 350 300 200 ns @-
TWLSL Early Output High Z Time 0 0 -10 ns @ 
TSHWH Late Output High Z Time 0 0 -10 ns @ 
TELEL Read or Write Cycle Time 500 430 290 ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guara"nteed. 
2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP: 1.5mA/MHz. 
3. Capacitance sampled and guaranteed - not 100% tested. 
4. AC Test Conditions: Inputs - TRISE : TFALL: 20nsec; Outputs - 1 TTL load and 5OpF. All timing measurements 

at 1/2 VCC. 
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Features 

I 

~IS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIV,SION OF HARRIS CORPORATION 

• LOW POWER STANDBY . . . . . . • . . . . • . . . . . . . . . .. 5511W MAX 
• LOW POWER OPERATION. . . . . . . . . • . . • . . . . .• 22mW/MHz MAX 
• FAST ACCESS TIME . . . . • . . . . . . . . • . . . . . . . . .. 220nsec MAX 
• DATA RETENTION VOLTAGE .... ; . . •. . . . . . . .. 2.0 VOLTS MIN 

• TTL COMPATIBLE IN/OUT 
• HIGH OUTPUT DRIVE - 2 TTL LOADS 
• HIGH NOISE IMMUNITY 
• ON CHIP ADDRESS REGISTER 
• 16 PIN PACKAGE FOR HIGH DENSITY 
• THR,EE-STATE OUTPUTS 
• MILITARY TEMPERATURE RANGE 
• INDUSTAIAL TEMPERATURE RANGE 

Description 

The HM-6562 is' a 256 by 4· statfc CMOS RAM fabricated using self­
aligned silicon gate technology. Synchronous circuit design techniques are 
employed to achieve high performance and low power operation. 

On chip latches are provided for address allowing for efficient interfacing 
with microprocessor systems. The data output buffers can be forced to a 
high impedance state for use in expanded memory arrays. The data inputs 
and outputs are multiplexed internally for common I/O bus'compatibility. 

The HM-6562 is a fully static RAM and may be maintained in any state 
for an indefinite period of time. Data retention supply voltage and supply 
current are guaranteed over temperature. 

The HM-6611, 256 x 4 CMOS PROM, is pin for pin replaceable with the 
HM-6562. This allows a single memory board design with any organi­
zation of RAM and PROMs. 

Functional Diagram 

AO 

Al 
LATCHES 

A2 ADDRESS 

A3 
REGISTER 

A4 

HM-6562 
256 x 4 CMOS RAM 

Pinout 
TOP VIEW 

vee 

A4 

Vi 

E 

D03 

DOl 

DOO 

A - Address Input 
E - Chip Enable 

iN - Write Enable 
DO - Data In/Out 

logic Symbol 

E vee Vi 

AO 
DOO 

Al 
A2 

DOl A3 
A4 

D02 
AS 

AS 
D03 

A7 

-=-

32x32 
32 MATRIX 

DOO 0----4"'"---<: t--------+--4H---f 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS: 

A HIGH - OUTPUT ACTIVE 

ADDRESS LATCHES AND GATED DECODES 

LATCH ON RISING EDGE OF L 

GATE ON RISING EDGE OF G 

00llo---,-~< ~--------~~~~ 

~o--~.-~< ~-------~~+-~ 

D03o-----4--~ ~------_r~ 

GATED 
COLUMN 

DECODER 
AND 

DATAINJOUT 

AS A6 A7 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6562B-2IHM-6562B-D 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vee 

Input or Output Voltage Applied 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650 e to +150oe 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to + 1 250 e 
-40oe to +850 e 

ELECTRICAL CHARACTERISTICS 

D.C~ 

A.C. 

I I 
TEMP. & vee = 

TEMP. = 250 e <D 
I 

OPERATING 
RANGE vee = 5.0V 

TEST 

I SYMBOL I PARAMETER MIN I MAX I MIN I TYP MAX I UNITS COND!TIONS 

ICCSB Standby Supply Current 10 0.1 1 J1.A 10 = 0 
1 (+250 C) VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

ICCDR Data Retention Supply Current 10 0.01 1 J1.A VCC = 3.0, 10 = 0 
VI = VCC or GND 

VeCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

" Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J1.A GND ~ VI ~ VCC 

IIOZ Input Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J1.A GND ~ VO~VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 . 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +3.0 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 3.2mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -O.4mA 

CI Input Capacitance@ 6 4 6 pF VI = VCC or GND 
f = 1 MHz 

CIO Input Output Capacitance@ 10 6 10 pF VO= vce or GND 
f = 1 MHz 

TELOV Chip Enable Access Time 220 120 170 ns @ 
TAVOV Address Access Time 220 110 170 ns @ 
TELOX Chip Enable Output Enable Time 120 50 90 ns @ 
TWLOZ Write Enable Output Disable Time 120 50 90 ns @ 
TEHOZ Chip Enable Output Disable Time 120 50 90 ns @ 
TELEH Chip Enable Pulse Negative Width 220 170 120 ns @ 
TEHEL Chip Enable Pulse Positive Width 100 70 50 ns @ 
TAVEL Address Setup Time 0 0 -10 ns @) 
TELAX Address Hold Time 40 30 20 ns @ 
TDVWH Data Setup Time 100 80 50 ns @) 
TWHDX Data Hold Time 0 0 0 ns @) 
TWLDV Write Data Delay Time 120 90. 50 ns @) 
TWLEH Chip Enable Write Pulse Setup Time 220 170 100 ns @ 
TELWH Chip Enable Write Pulse Hold Time 220 170 100 ns @ 
TWLWH Write Enable Pulse Width 220 170 100 ns @ 
TWLEL Early Output High Z Time 0 0 -10 ns @) 
TEHWH Late Output High Z Time 0 0 -10 ns @) 
TELEL Read or Write Cycle Time 320 240 170 ns @) 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply CUrrent (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 

at 1/2 VCC. 
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Specifications HM-6662-2IHM-6562-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -vee 

Input or Output Voltage Applied 

Storage Temperature 

+8.0V 

GND -O.3V 
to vee +O.3V 

-650 C to + 1500 e 

OPERATING R,~NGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to + 1250 e 
-.40oe to +850 e 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

TEMP. & vcc = 
TEMP. = 25°C CD OPE,RATING 

RANGE VCC= 5.0V 
TEST 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSS Standby Supply Current 10 1.0 1 J.l.A 10 = 0 
1(+250 C} VI = VCC or GND 

ICCOP Operating Supply Current @ 4 1.5 2.5 mA f=1MHz,10=0 
VI = VCC or GND 

ICCDR Data Retention Supply Current 10 0.1 1 }1A VCC = 3.0, 10' = 0 
VI = VCC or GND 

VCCDR Data Retention Supply Voltage 2.0 2.0 1.4 V 

" Input Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.l.A GND ~VI ~VCC 

IIOZ Input Output Leakage Current -1.0 +1.0 -0.5 0.0 +0.5 J.l.A GND ~VO~VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC -2.0 VCC +3.0 2.5 2.0 5.3 V 

VOL Output Low Voltage 0.4 0.2 0.35 V 10L = 3.2mA 

VOH Output High Voltage 2.4 3.0 4.5 V 10H = -O.4mA 

CI Input Capacitance @ 6 4 6 pF VI = VCC or GND 
f = lMHz 

CIO Input Output Capacitance@ 10 6 10 pF VO= vce or GND 
f = lMHz 

TELQV Chip Enable Access Time 300 160 240 ns @) 
TAVQV Address Access Time 300 150 240 ns @) 
TELQX Chip Enable Output Enable Time 150 60 120 ns @) 
TWLQZ Write Enable Output Disable Time 150 60 120 ns @) 
TEHQZ Chip Enable Output Disable Time 150 60 120 ns @) 
TELEH Chip Enable Pulse Negative Width 300 240 160 ns @) 
TEHEL Chip Enable Pulse Positive Width 100 70 50 ns @) 
TAVEL Address Setup Time 0 0 -10 ns @) 
TELAX Address Hold Time 50 40 30 I')S @) 
TDVWH Data Setup Time 150 120 100 ns @) 
TWHDX Data Hold Time 0 0 0 ns @) 
TWLDV Write Data Delay Time 150 120 60 ns @) 
TWLEH Chip Enable Write Pulse Setup Time 300 240 160 ns @) 
TELWH Chip Enable Write Pulse Hold Time 300 240 160 ns @) 
TWLWH Write Enable Pulse Width 300 240 160 ns @) 
TWLEL Early Output High Z Time 0 0 -10 ns @) 
TEHWH Late Output High Z Time 0 0 -10 ns @) 
TELEL Read or Write Cycle Time 400 310 210 ns @) 

NOTES: 1. All devices tested at worst case limits. Room temp., ,5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

3". Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 

at 1/2 VCC. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage -VCC 

Applied Input or Output Voltage 

Specifications HM-6562-5 

+8.0V 

GND -O.3V 
VCC +O.3V 

OPERATING RANGE 

Operating Supply Voltage -VCC 
Commercial 

Storage Temperature -650 C to +1500 C 
Operating Temperature 

Commercial 

4.75V to 5.25V 

ooC to 750 C 

ELECTRICAL CHARACTERiStiCS 

I 

D.C. 

A.C. 

SYMBOL PARAMETER 

ICCSS Sta':1dby Supply Current 

ICCOP Operating Supply Current ® 

VCCDR Data Retention Supply Voltage 

II Input Leakage Current 

IIOZ Input Output Le'akage Current 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

CI Input Capacitance@ 

CIO Input Output Capacitance ® 

. TELQV Chip Enable Access Time 

TAVQV Address Access Time 

TELQX Chip Enable Output Enable Time 

TWLQZ Write Enable Output Disable Time 

TEHQZ Chip Enable Output Disable Time 

TELEH Chip Enable Pulse Negative Width 

TEHEL Chip Enable Pulse Positive Width 

TAVEL Address Setup Time 

TELAX Address Hold Time 

TDVWH Data Setup Time 

TWHDX Data Hold Time 

TWLDV Write Data Delay Time 

TWLEH Chip Enable Write Pulse Setup Time 

TELWH Chip Enable Write Pulse Hold Time 

TWLWH Write Enable Pulse Width 

TWLEL Early Output High Z Time 

TEHWH Late Output High Z Time 

TELEl Read or Write Cycle Time 

TEMP. & vee = I 
OPERATING 

RANGE I 
MIN I II MAX 

100 

4 

2.0 

-1.0 +1.0 

-1.0 +1.0 

-0.3 0.8 

VCC -2.0 VCC +3.0 

0.4 

2.4 

6 

10 

350 I 
360 

180 

180 

180 

350 

150 

10 

70 

170 

a 
180 

350 

350 

350 

a 
0 

500 

TEMP. = 250 e <D 
vee = 5.0V 

MiN TYP MAX 

10 100 

1.5 2.5 

2.0 

-0.5 0.0 +0.5 

-0.5 0.0. +0.5 

-0.3 2.0 1.5 

2.5 2.0 5.3 

0.2 0.35 

3.0 4.5 

4 6 

6 10 

200 300 

200 310 

80 160 

80 160' 

80 160 

300 200 

130 90 

10 a 
50 40 

140 120 

a a 
' 160 80 

300 200 

300 200 

300 200 

a -10 

0 -10 

330 290 

I 
i TEST I 

UNITS CONDITIONS 

J.1A -10 = a 
VI = VCC or GND 

mA f = 1 MHz, 10 = 0 
VI = VCC or GND 

V 

J.1A GND ~VI ~VCC 

pA GND ~VO~VCC 

V 

V 

V 10L = 1.6mA 

V IOH = -0.2mA 

pf= VI = VCC or GND 
f = 1 MHz 

pF VO= VCC or GND 
f = 1 MHz 

ns @ 
ns @ 
ns @ 
ns @ 
ns @ 
ns @ 
ns @ 
ns @ 
ns @ 
ns @ 
ns @ 
ns @ 
ns @ 
ns . @ 
ns @ 
ns @ 
ns @ 
ns @ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

2. Operating Supply Current (ICCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 

at 1/2 VCC. 
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HARRIS HM-6611 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISIPN OF HARRIS CORPORATION 

1024-BIT 
,FIELD- PROGRAMMABLE 

CMOS PROM 

Features 

• FUSED LINK PROM 

• FIELD-PROGRAMMABLE 

• ORGANIZED 256 x 4 

• LOW POWER STANDBY ............•.............. D.1mW 

• LOW POWER ENABLED ...........•............•.. 1DmW 

• CMOS RAM PINOUT EXCEPT FOR p, 
• TTL COMPATIBLE IN/OUT 

• THREE STATE OUTPUTS 

• FULLY STATIC OPERATION 

• FAST ACCESS TIME ..........•.........•.••. 45Dnsec MAX 

• HIGH NOISE IMMUNITY 

• HIGH RELIABILITY 

.' MILITARY TEMPERATURE RANGE 

• INDUSTRIAL TEMPERATURE RANGE 

• 10 VOLT VERSION AVAILABLE 

Description 

The HM-6611 is a part of a family of fusible link CMOS PROMs featuring 
three state outputs. This device is static, TTL compatible, and has a 
100 p,A maximum standby current over temperature at a VCC of 5 volts. 
10V and full military temperature devices are available. Chip Select (5) 
is used to place the device in the standby state and also forces the' outputs 
into the high impedance state when it is high. Program Enable (p) is used 
only during programming, and must be connected to VCC in the system. 
Pinout is similar to Bipolar PROMs and is pin for pin replaceable with the 
HM-6562, a 256 x 4 CMOS RAM, if P is tied to VCC. This allows a single 
memory board design with any organization of RAM and PROM. 

Functional Diagram 
GATED ROW 

ADDRESS DECODER 

AO 0----4 

A10----I 
A20----4 
A30---4 
A40----4 

A60----4 
AS 0---4 
A70---4 

'50---0 

PO-------------'-~ 

(PROGRAMMING ONL VI QO 

32x 32 
MATRIX 

Q1 Q2 

Pinout 

TOP VIEW 

vee 

A2 A4 

A1 P 

AD 

A5 03 

A6 02 

A7 01 

GND 00 

logic Symbol 

s +vcc p 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 

-

Q3 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Specifications HM-6611A-2IHM-6611A-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - vee 

Input or Output Voltage Applied 

Storage Temperature 

+12.0V 

GND -O.3V 
to vee +O.3V 

-650 e to + 1500 e 

OPERATING RANGE 

Operating Supply Voltage -vee ® 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

9V to llV 
9.5V to 10.5V 

-550 e to + 1250 e 
-40oe to +850 e 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

TEMP. & VCC = 
(D OPERATING TEMP. = 25°C 

RANGE VCC = 10.0V 
TEST 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSB Standby Supply Current 500 50 200 J.1A VI = VCC or GND 
$= VCC 

ICCEN Enabled Supply Current @ 25 5 15 mA VI = VCC or GND 
S = GND, 10 = 0 

" Input Leakage Current @ -1.0 +1.0 -0.5 0.0 +0.5 J.1A GND~VI~VCC 

10Z Output Leakage Current -10.0 +10.0 -5.0 :to.5 +5.0 J.1A GND~VO~VCC 

VIL Input Low Voltage -0.3 1.8 -0.3 3.5 2.5 V 

VIH Input High Voltage 7.7 VCC+ 5.5 3.5 10.3 V 
0.3 

VOL Output Low Voltage 1.0 

I 
0.2 0.5 V 10 = 2.0mA 

VOH Output High Voltage 8.0 8.5 9.5 I V 10 = -2.0mA 

I CI @@) I 
Input Capacitance 8.0 5.0 8.0 pF VI = VCC or GND 

f = 1 MHz 

CO Output Capacitance @ ® 10.0 8.0 10.0 pF VO = VCC or GND 
f = 1 MHz 

TAVOV Address Access Time 350 200 250 ns ® 
TSLOV Chip Select Access Time 400 250 300 ns ® 
TSLOX Chip Select Output Enable Time 70 20 50 ns ® 
TSHOZ Chip Select Output Disable Time 70 20 50 ns ® 

NOTES: 

1. All devices tested at worst case limits. Room temperature 10 volt data provided for information - not guaranteed. 

2. ICCEN is proportional to the number of unblown fuses per word addressed. If all four fuses in the word addressed are 
blown ICCEN ~ ICCSB. 

3. Except P. Program Enable is used only during programming and it's characteristics are accounted for in the program-
ming specifications. . 

4. Capacitance is sampled and guaranteed, but not 100% tested. 

5. AC test conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 100K!1 and 50pF to ground; Timing measured 
at Y,VCC. 

6. The HM-6611 A will also meet the HM-6611 specifications when operated within the HM-6611 operating range. 
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Specifications HM-66"-2/HM-66"-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - vee 

Input or Output Voltage Applie9 

Storage Temperature 

+12.0V 

GND -O.3V 
to vee +O.3V 

-650 e to + 1500 e 

OPERATING RANGE 

Operating Supply Voltage -vee 
Military (-2) 
Industrial (-9) 

Operating Temperature 
Military (-2) 
Industrial (-9) 

4.5V to 5.5V 
4.5V to 5.5V 

-550 e to +125oe 
-400 e to +850 e 

ELECTRICAL CHARACTERISTICS 

D.C. 

A.C. 

TEMP. & VCC = 
G) OPERATING TEMP. = 250C 

RANGE VCC = 5.0V 
TEST 

SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSS Standby Supply Current 100 5 20 IlA VI = VCC or GND 
S=VCC 

ICCEN Enabled Supply Current @ 10 2 5 mA VI = VCC or GND 
S=GND,IO=O 

II Input Leakage Current @ -1.0 +1.0 -0.5 0.0 +0.5 IlA GND (:VI (:VCC 

10Z Output Leakage Current -1.0 +1.0 -0.5 

I 
0.0 +0.5 IlA GND(:VO:::;:VCC 

VIL Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC- VCC+ 2.5 2.0 5.3 V 
2.0 0.3 

VOL Output Low Voltage 0.4 0.3 0.35 V 10 = 2.0mA 

VOH Output High Voltage 2.4 3.5 4.0 V 10 = -1.0mA 

CI Input Capacitance @@) 8.0 5.0 8.0 pF VI = VCC or GND 
f = 1MHz 

CO Output Capacitance @@) 10.0 6.0 10.0 pF VO = VCC or GND 
f = 1 MHz 

TAVQV Address Access Time 450 300 350 ns ® 
TSLQV Chip Select Access Time 500 350 400 ns ® 
TSLQX Chip Select Output Enable Time 150 70 120 ns ® 
TSHQZ Chip Select Output Disable Time 150 70 120 ns ® 

NOTES: 

1. All devices tested at worst case I imits. Room temperature 10 volt data provided for information - not guaranteed. 

2. ICCEN is proportional to the number of unblown fuses per word addressed. If all four fuses in the word addressed are 
blown ICCEN ~ ICCSS. 

3. Except P. Program Enable is used only during programming and it's characteristics are accounted for in the program­
ming specifications. 

4. Capacitance is sampled and guaranteed, but not 100% tested. 

5. AC test conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 50pF and 1TTL load; Timing measured at Y,VCC. 

©IC MASTER 1979 1403 

E 
Q) 

en 



Specifications HM-6611D-5 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage - VCC +12.0V 

Input or Output Voltage Applied 

Storage Temperature 

GND -O.3V 
to VCC +O.3V 

-650C to + 1500C 

OPERATING RANGE 

Operating Supply Voltage -VCC 
Commercial 

Operating Temperature 
Commercial 

4~75V to 5.25V 

ooC to 750 C 

ELECTRICAL CHARACTERISTICS 

10.. 
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A.C. 

I 
TEMP. & vee = II 

II <D I OPERATING TEMP. = 25°C 
RANGE vee = 5.0V 

TEST 
SYMBOL PARAMETER MIN MAX MIN TYP MAX UNITS CONDITIONS 

ICCSB Standby Supply Current 1.0 0.2 1.0 mA VI = VCC or GND 
S=VCC 

ICCEN Enabled Supply Current @ 25 5 25 mA VI = VCC or GND 
S= GND,IO = 0 

II Input leakage Current @ -10.0 +10.0 -7.0 ±0.5 +7.0 P.A GND~VI~VCC 

10Z Output leakage Current -10.0 +10.0 -7.0 ±0.5 +7.0 P.A GND~VO~VCC 

Vll Input Low Voltage -0.3 0.8 -0.3 2.0 1.5 V 

VIH Input High Voltage VCC - VCC+ 2.5 2.0 5.3 V 
2.0 0.3 

VOL Output Low Voltage 0.4 0.3 0.35 V 10 = 1.0mA 

VOH Output High Voltage 2.4 3.5 4.0 V 10 = -O.5mA 

CI Input Capacitance @@ 8.0 I 5.0 8.0 pF VI = VCC or GND 
f = lMHz 

CO Output Capacitance @@ 10.0 6.0 10.0 pF VO = VCC or GND 
f = 1 MHz 

TAVOV Address Access Time 650 400 550 ns ® 
TSLOV Chip Select Access Time 800 500 650 ns ® 
TSLOX Chip Select Output Enable Time 250 100 200 ns ® 
TSHOZ Chip Select Output Disable Time 250 100 200 ns ® 

NOTES: 

1. All devices tested at worst case limits. Room temperature 10 volt data provided for information - not guaranteed. 

2. ICCEN is proportional to the number of unblown fuses per word addressed. If all four fuses in the word addressed are 
blown ICCEN ~ ICCSB. 

3. Except P. Program Enable is used only during programming and ,it's characteristics are accounted for in the program­
ming specifications. 

4. Capacitance is sampled and guaranteed, but not 100% tested. 

5. AC test conditions: Inputs - TRISE = TFAll = 20nsec; Outputs - 50pF and lTTL load; Timing measured at 'hVCC. 
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HARRIS H-M-6661 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 1024-BIT 

FIELD PROGRAMMABLE 
CMOS P'ROM 

Features 

• FUSED LINK PROM 

• FIELD-PROGRAMMABLE 

• ORGANIZED 256 x 4 

• LOW POWER STANDBY ........................... 0.1mW 

• CMOS RAM PINOUT EXCEPT FOR P 
• TTL COMPATIBLE IN/OUT 

• THREE STATE OUTPUTS 

• SYNCHRONOUS OPERATION 

• FAST ACCESS TIME ......................... 450 nsec MAX 

• HIGH NOISE IMMUNITY 

• HIGH RELIABILITY 

• MILITARY TEMPERATURE RANGE 

• INDUSTAIAL TEMPERATURE RANGE 

• 10 VOLT VERSION AVAILABLE 

Description 

The HM-6661 is a 256 x 4 static CMOS PROM fabricated using self-align­
ed sil icon gate technology. Synchronous circuit techniques are employed 
to achieve high performance and low power operation. 

On chip latches are provided for address and data outputs allowing effi­
cient interfacing with microprocessor systems. The data output buffers 
can be forced to a high impedance state for use in expanded memory 
arrays. 

The HM-6661 employs polysilicon fuses as static memory elements. It 
is also pin for pin replaceable with the HM-6561, a 256 x 4 CMOS RAM, 

if P is tied to VCC. This allows, a single memory board design with any 
organization of RAM and PROM. 

Functional Diagram 

AO 
A1 
A2 
A3 
A4 

AS 

AS 

A7 

P o--------t 

GATED 
ROW 

DECODER 
32 x 32 MATRIX 

GATED COLUMN 
DECODER 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 

QO 01 02 

Pinout 
TOP VIEW 

A3 VC~ 

A2 A4 

A1 P 

AO Sf 

A5 03 

A6 02 

A7 01 

GND 00 

E S2 

logic Symbol 

OJ 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION 

Features 

• FIELD PROGRAMMABLE 

• CMOS COMPATIBLE 

• ZERO POWER DISSIPATION 

• FAST SWITCHING 

• FIVE POPULAR ORGANIZATIONS 

MONOLITHIC DIODE 

MATRICES 

Description 

Designed with the CMOS circuit engineer in mind, these 
versatile diode matrices allow the application of logically 
powerful programmable solutions to low power CMOS 
system applications. 

These devices incorporate an advanced dielectric isolation 
process to eliminate the need for power supply pins and 
allow parasitic free operation. 

Programming is accomplished by cleanly vaporizing a fus­
ible link by appiication of a brief high voltage puise to 
a selected array element. This operation open circuits 
a row to column orring diode eliminating their former 
interaction. 

Monolithic Structure 

COLUMN \"=::::::-~5iB~~ 
CONNECTIONS 

1406 

ROW 
CONNECTION --~<::');it. 

DIELECTRIC 
LAYER 

POL YCRYSTALLINE 
SILICON 

DISCONN ECTEP 
DIODE 

FUSED 
LINK 

Fusible link System 

] U II II 

SILICON 
DIOXIDE 

"P" TYPE 
SILICON 

METALIZED 
INTERCONNECT 
LINE 

INTACT 
LINK 

CONNECTED 
DIODE 

"SEE PAGES 1409-1415 FOR PACKAGE SELECTION GUIDE" 
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Monolithic Diode Matrices 

HM-0168 6 x 8 DIODE MATRICES 

HM-0186 8 x 6 DIODE MATRICES 

HM-0410 4 x 10 DIODE MATRICES 

HM-0104 10 x 4 DIODE MATRICES 

HM-0198 9 x 8 DIODE MATRICES 

NOTE: Anodes are bold lines. 

HM-0104 

A 1, /14A 

K 2 ~ ___ • /13 K 

K 3 ~'--I""__ ......... .,.J./ 12 K 

K 41-----.... +-1 ............... --111 K 

K 5 V "'- 10 K 

K 6V \ 9 K 

A7V "SA 

HM-0410 

~ 
K 1~ /14 K 

A 2 /13 A 

A 3 /12 A 

A 4 /11 A 

A 5 /10 A 

A 6 /9A 

K 7 - ~ S K 

CUSTOM PATTERNS 

HM-0198 

A 1~ N.C.-1S 

A 2~ "" 17A 

K 31-----__ ....................... ~16 A 

K 5t--.................. -.t ........ 

K 6 t--................. -.t ........ 

K 71--....................... t--

"'- 15 K 

"'- 14 K 

"'- 13 K 

" 12 K 

AS~ / 
A9V 

"" "'-- 11 A 

~10A 

HM-0168 

A 1" 14 A 

"'\ --
K 2 ,,'-IIt-w-...... r-II ___ .. ~.. '" ~ 13 A 

K 3 DI ~ 12 A 

K 4r-_ ..... -..t-...t ............ "'- 11 K 

K 5 VV,.... ..... .a...t .............. U 10 A 

::V ~:: 

HM-0186 

A 1f-- .--------114 A 

K2~"""""""""~"· 13A 

K 3J--_ .... ~ ... 1-II "'- 12 K 

K 4 f--..... +01 .... ,... "'- 11 K 

K 5 f--..... ~ .... ,... '" 10 K 

K 6/ ---9 A 

A7- '-----1S A 

When ordering a matrix with a custom pattern: Send a paper tape, or copy a matrix pattern and circle out those diodes 
to be removed from the matrix. Another method to clearly identify a pattern is to call out respective anode and 
cathode for each diode to be removed, by package pin number. 
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Specifications Diode Matrices 

ABSOLUTE MAXIMUM RATINGS 

Forward Current 

Surge Current (100J,ls Max.) 

Total Ckt. Dissipation (Still Air) 

Storage Temperature (Ambient) 

100mA 

200m A 

450mW 

-650 C to + 1500 C 

Maximum Ratings are limiting values above which permanent damage may occur. 

ELECTRICAL CHARACTERISTICS 

I TA 

SYMBOL PARAMETER 

VF Forward Voltage 

BVR Reverse Breakdown Volt age 

trr Reverse Recovery Time 

Cc Crosspoint Capacitance 

1 
(1) Cc ex: V B I AS 

TYPICAL PERFORMANCE CURVES 

CURRENT-mA 

1408 

10 

5 

1 

0.5 

0.3 

0.2 

0.1 

0.2 

- , - ... HM OXXX c;: - -
HM-OXXX-2 

HM OXXX 8 

OOC to + 75°C -550C to + 1250C 

MIN MAX MIN MAX 

1.5 1.5 
0.9 ".9 

20 30 

25°C 25°C 

100 50 

8 

VOLTAGE Vf 

/J ~ 
WORST .c-j 

DIODE@250C ( 
"' WORST 

I 

/1 DIODE @ -55OC 

/ I 
/ / 
I I 
I J 

1 LI 
il I 

25OC..L, Vssoc 
0.4 0.6 0.8 1.0 1.2 

VOLTS 

UNITS CONDITIONS 

V IIF = 20mA 
V 'F = lmA 

V 'BV = 100J,lA 

ns IF = lOrnA to 'R = lOrnA 
Recovery to 1 rnA 

pF VR = 5V; f = 1 MHz (1 ) 

1.4 
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Selection Guide' 

1* 3* 9* 

PRODUCT CERDIP EPOXY CERPACK 

HM-0104 4U 9H 
HM-0168 4U 9H 
HM-0186 4U 9H 
HM-0198 8C 
HM-0410 4U 9H 
HM-6312 4G 3D 8C 
HM-6388 (Preliminary) 
HM-6389 (Preliminary) 
HD-6431 4Z 3G 88 
HD-6432 4N 3D 8C 
HD-6433. 4Z 3G 88 
HD-6440 4N 3D 8C 
HD-6495 4Z 3G 88 
HD-6600 40 
HM-6501 4M 3E 8E 
HM-6503 58 3D 8H 
HM-6504 t 58 3D 8H 
HM-6508 4P 3G 88 
HM-6512 4N 3D 8C 
HM-6513 58 3D 8C 
HM-6514 t 58 3D 8C 
HM-6518 t .4N 3D 8C 
HM-6533 4M 3E 8K 
HM-6543 4M 3E 8K 
HM-6551 4M 3E 8E 
HM-6561 t 4N 3D 8C 
HM-6562 4P 3G 88 
HM-6611 5C 88 
HM-6661 4N 8C 
JAN-0512 4K 
HM-7602 4Z 3G 88 
HM-7603 4Z 3G 88 
HM-76LS03 4Z 3G 88 
HM-7608 4K 3F 8F 
HM-7610 4Z 3G 88 
HM-7610A 4Z 3G 88 
HM-7611 4Z 3G 88 
HM-7611A 4Z 3G 88 
HM-7616 5A 8L 
HM-7620 4Z 3G 88 
HM-7620A 4Z 3G 88 
HM-7621 4Z 3G 88 
HM-7621A 4Z 3G 88 
HM-7625R 4K 3F 8F 
HM-7629 4K 3F 8F 
HM-7640 4K 3F 8F 
HM-7640A 4K 3F 8F 
HM-7640AR 4K 3F 8F 

* These package numbers to be used in product ordering. Other numbers shown in Selection Guide and drawings are 
internal package numbers. 

t Available in Leadless Carriers. See page 6-19. 
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Selection Guide 

(Continued) 

'* 3* 

PRODUCT CERDIP EPOXY 

HM-7641 4K 3F 
HM-7641AR 4K 3F 
HM-7642 4N 3D 
HM-7642A 4N 3D 
HM-7642P 4N 3D 

I 
HM-7643 4N 3D 
HM-7643A 4N 3D 

I HM-7643P 4N 3D 

I HM-7644 4P I 3K 
HM-7644A 4P 3K 
HM-7647R 4K 3F 

HM-7648 4L 3N 
HM-7649 4L 3N 
HM-7680 4K 3F 
HM-7680R 4K 3F 
HM-7680P 4K 3F 
HM-7680RP 4K 3F 
HM-7681 4K 3F 
HM-7681R 4K 3F 
HM-7681P 4K 3F 
HM-7681 RP 4K 3F 
HM-7683 4L 
HM-7684 5E 
HM-7684P 5E 
HM-7685 5E 
HM-7685P 5E 
HM-7686 4L 
HM-7686R 4L 
HM-7686P 4L 
HM-7686RP 4L 
HM-7687 4L 
HM-7687R 4L 
HM-7687P 4L 
HM-7687RP 4L 
HM-76160 5A 
HM-76161 5A 

t Available in Leadless Carriers. See page 6-19. 

NOTE FOR PACKAGE DRAWINGS ON FOLLOWING PAGES: 

1. All dimensions in inches; millimeters are shown in parentheses. 
2. All dimensions ± .010 ( ± 0.25mm) unless otherwise shown. 
3. Internal package codes are shown in black squares. 

9* 

CERPACK 

8F 
8F 
8C 
8C 
8C 
8C 
8C 
8C 
8C 

I 8C 
8F 
80 
80 
8F 
8F 
8F 
8F 
8F 
8F 
8F 
8F 
8J 
8H 
8H 
8H 
8H 
8J 
8J 
8J 
8J 
8J 
8J 
8J 
8J 
8L 
8L 
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Package ... Di mensions 

18 LEAD EPOXY Ell 
I 

§:::::::I 
.3000.62)-1 

I .900 -----l .250 (,635) 
(22.86) i I 

r~~!,"~rr~~ ~)~ ~~l~J~~ ~ U -1r 
.01S ±.003 .060 .100 (TYP.) .010 ±.002 
(.46 ±.OS) (1.52) (2.54) (,25 ±.05) 

24 LEAD EPOXY Em 

"" [:::::::::::1 
I' 1.2~ I (31.75) . :150 

~~~ -li- .030 
.018 ±.003 .100 TYP. .060 1.76) 
(,46 ±.08) (2.54) (1.52) 

©IC MASTER 1979 

.030R. 
10.761 

.010 ±.002 
·(.25±.05) 

16 LEAD EPOXY II 
t 

22 LEAD EPOXY 

,,~:::::::::Jf T 

CODE lE 

.018 ±.003 .100 TYP. 
(.46 ±.OS) (2.54) 

16 LEAD EPOXY 

l-
.010±.002 
('25±.05) 

20 LEAD EPOXY 

.089 DIA. x .002 DEEP 
12.26 DIA. x .05 DEEP) 

1411 
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mill 14 LEAD CERDIP 

[:::::::1 
~,,:.::i~ I t.::t 
,~~~ ~L'''f'''~ 14.06~'D20 
p ~ .018 ~.003 W ~~~j -I ;ii,; 

(.46 - .011 .100 IJO - 150 US LOll 
TYP. 
12.541 

1111 24 LEAD CERDIP 

I nnnnnnonnnnn 

~~ ~I 
PIN 1 000000000000 1t'610U5'491~ 

.220 MAX. .530 d:~ I- . 1.260! .020132.0~ .511 ----i~ r,1341i!':sn;-j 

;dmmffli t :: 

T .100-1 I I~ ·O4O!.020 -I .010:.003-.\\_ 
12.54r~1 -.OI8:!:.003 U.02!.511 D ('2S!.081 . \ . 
TYP. 1.46! .081 -- IJO - 15 

II 22 LEAD CERDIP 

II 16 LEAD CERDIP 

~:::::::: I . ~.310(7.871-1 
025 .115 

'~UffiiWmFi AI--'21~(~'86H 
(4.1161: I I * :: I IIII I . '.020 MIN. I 

-j I--- ~ ~ -j f- (.51) -I - -\ \-
.018!.003.060 .100 TYP. (JO - 150 .010 ±.003 
1.46 ± .08) (1.52) (2.54) (.25 ± .08) 

1412 

III 

II 

.160 
(4.061 l 

.018 :t .003 .060 
1.046 ± 0.081 (1.521 

0000000000 
120 11 I 
(, wi 
0000000000 

18 LEAD CERDIP 

20 LEAD CERDIP 

.150+ .ow f-- .315 I 

Il.81 ! 0.251 II- 11.001 ~ 

.,....---~I, _fi:~_~!~~581 ----;IL, "I!.!~!i!:~\ 
: '.220:: 

: i I _I ~:~I :' 
1" I . -h---.L l 
14451 . r 

-.L-ll-- --1.1001- li"on:~~1 -I _\\-
018! .00l .OSS 12.541 DO· ISO .010! .003 

124.13~ 0.381 11.401 TVP 10.25 !0.081 

~ 
~ 

14 LEAD CERDIP 

, - .170:t:~~~ _I 
025 -1 .310 (1.81) r-

119.56:t 0:38) __ I .250(6.351 1_ 

~-,-.I'---I"··· ft\ 
:f;~-iU~~U~~ ,--'J~'. _/1_ ____\\:...-

1.46 -.08) .060 . HID TYP. .D10 ±.003 
(1.52) (2.54) 00 -150 (,25 ~.08) 

16 LEAD CERDIP 

r:::::::1 
f- '1O"" " ..... " '-l ~: :::1 

,~ -.~" -a38: ;' t'~:~ ttilL . 
(4061 . .020 MIN U~~ 
tn. -l ~.511 -I j \-
.0 I 8t.OO3 .060 .100 TYP 00-150 .010 t.OO3 
(0.46 t.OSI (1.521 12.54) (0.25 t.08) 
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P.I!I 
IiIiI 

ED 

16 LEAD CERPACK 

r_PIN ONE IDENTIFV 

1 16 
.050 .018 I .002 

(TVP.) (TVP.) "f .~±M~ 
8 9 ~ .~ 

(9.53 ±0.511 +(1.32 ± 0.38) 
t Li' .. 31~S~:~20 I .288 1.015 I ~~ 

.950 ± .020 -----l 
(24.13 ± 0.511 .047 

.085 
(MAX.) 
(2.16) 

~±~ ~8 
(O.13! 0.05) (1.19) 

L===I F===J r f 

20 LEAD CERPACK 

.050 
11.211 
ITYP.I 

PIN ONE IDENT 

• 
t 

:.:: ~ ~ 
I 

. 3751S0 I! 020 I 288! 015 • ' --I ~~~I 
-- 1952.1 5081 ---17 31! 3811- 1~~81~~~51 IMAX.I 

-.1-------12:51~!! °5~81 ' I ITVP I 
.041 

.005!'.002 11.191 
1.121! 0.051 IREF.! 

t ====E~~~~t T 
24 LEAD CERPACK 

.050 
11.271 
TYP. 

~ONEPIN 

I 24 

12 13 

L I .31S±.020 I .288±.015 

1---(9s~iAOR~1I--t-(7.32±0.381 

.950± .020124. 13± 0.521------l 

~ 
D 

D 

.018+.002 I 
(D.46-±.0.0! I 
TYP. I 

l~.~ 
.- .085 (2.161 MAX 

L005 ±.0021.127±0.051 

T. I 

.04111.191 REF.

l 

20 LEAD CERPACK 
PIN ONE IDENT. 

20 

f 
.500! .020 

.050 112.10tO.511 
11.271 

T .018! .002 I 
(0.46 10.051 

f 
10 " -.l.~ 

r ------j r-L£ ."" ... ~ ,,,. .085 
1953+0511 . _.Ol~,_ 12.161 . 15(1.1· 17.32tO.381 MAX. 

12!~31!.~2~1I-----
.005 t.002 

10.1310.051 

-L .041 ~ 
T 11.191 

f REF. 

©IC MASTER 1979 

II 

6-17 

18 LEAD CERPACK 
rPIN ONE 10ENT. 

I" _"\ ~ r I 18 

.oso .51101.020 ~ 
';y~n (I !2.10±0.511 .0181.002 ~ 
~. .~I~ 0 

9 10 ~ 0 

t I ~~~=,;,::;~_ T --I,~;--
~~I~ ~~ 

(2413 t 0.511 
.041 

.oos1.002 0.191 
(0.13±0.05I REF. 

t~====E~5=====~:: 

22 LEAD CERPACK 
PIN ONE IDENT. 

.01U.002 
(0.~!0.051 

- ~ 
(9·~So.~511 (7.32 ± 0.381 I LJ .375!.~ .288!.01~-'--- ~~~ 
. 9501.020 

-(24.13 1 0.511-----

.0051 .002 (;~~I 
(o.13±O.051 REF. 

~==~~~~===~ T 

.085 
(2.161 
MAX . 

18 LEAD CERPACK 
r-PIN ONE IDEN . 

- I 18 

r 
D 

D 

.500+ .020 D 

.050 (12.79+0.511 D 

0.271 0 

T .0181.002 0 
(0.~10.051 D 

- - L D. 
D 

f-
! Q"'~+""" 1- ~ (=S:~:I (7.3210.3~1- .085 

12.161 
MAX. 

(24.13±0.511 

.005t.002 
(D.IHO.051 

~ 
T 

22 LEAD CERPACK 

.050 
11.271 

T 

rPIN ONE IOENT. 

1'" 
.500! .020 

'''"r:::' 
.018t.002 

10.46<0.051 

~ 

! I .315t.020 288+ 0 5 IT --11-
1--19.5:s~~·511---17.32:to.!all 

I 
.0051.002 

1------- .95O!.020 I 041 
124.1310.511

'
;.191 

10.IHO.051 

1-
T 

REF. 

====~==~==~====~ 
f 

.085 
12.161 
MAX. 
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24 LEAD CERPACK r PIN ONE IOEHT. 

.n 
I 24 

1 

0 
0 
0 

0 
.500+ .020 0 

'"T''' 
0 

.050 0 (1.27) 

T 
.018+ .002 0 

(D'r±o,OS) 0 

- 12 13 0 

f I 
-

.375 i.020 288 ± DIS -l T -jU 
.085 

-(9.5~S~~.SI)I(7.32±O.38) I (2.16) 
MAX. 

~----- .9501.020 I 
• (24.13~0.51l----~ .0<41 

I-

.0051.002 (1.19) 
(D. 13 ± 0.05) REF. 

+===E~S=====!=-.L 

16 LEAD 'FLATPACK 

PIN ONE INDICATOR 

J-''''OO'''':'''' "1 :~"'~f~ 
~ h8 

~9 ITo
I
8

+
00

1 ~a, 
050 ~ 315+020 285+015-11036+025) ~ 
TYP (952 + 0511 (123+ 38) 085 MAX 
11211, (216) 

950'02012413+511 "I 
L005 !.OOI 1.13 +0251 

-, I 
025REF~ 

I:~~l--jr-PIN ONE !DENT 

22 LEAD FLATPACK 

I 22 ---.-~ I D 

.050 :H5:!: .020 D 

L " " 4 "I; 
t~ + .018±OOI ~ ~ 375:!: .020 .285 ± .015, .. 10.46 ± 0.03) 

(9.53±0.51) 17.24:0.38) .085 
12.16) 

950 :!: .020 025 MAX 

(O~~;~~) 124.13:!:0.51l (~::) 

t=: ~ 

14 LEAD FLATPACK 

J"i""::""j :~'~Frr 
.n! I . I-- .25016.351-1 __ ·250(6.351~ .018 ~ .001 .010--1 1--
~yV) ---150!.020 119.O5!0.511 _____ 110.46:0.03) IU8) MAX. 

t : 
.~5 ~ .002 10.13 ~ 0.051 L .025 10.64) REF. 

1414 

.OI5:!: .005 
IO.J8 :!:0.13) 

16 LEAD FLATPACK 

'~'f:I-"' ""'I -:I i 
.018±.lOJI 1- (72~) -1- (i~~) -I 

SEATING PLANE 

1 
395 

110.0JI 
MAX. 

i 
(0.46 ± 0.08) MAX. MIN. 

.010 -I 
(1.781 
MAX. _---- .950±.020 ____ _ 

.005:!: .001 (24.13:!: 0.51) 

1O.13!0.031 
j 

t 

.050 
(1.27) 

/ PiN ONE iOEPIT. 

18 

j .025 
10.641 

! TYP. 

18 LEAD FLATPACK 

.375±.020 • 
(9.53'±' 0.511 D 

'T'~N; 
9 10 =+~: 

t L-= .J15:!:.020 I 285±.01~._ (~~:~~il ~ ~ 
1--(9.53:!: 0.511--1-(7 24 ± 0 381' .085 

950 ± 020 025 (2 161 
005 ± 001 (2413 ± 051) (0.641 MAX 

(0.13±0.OJI Ref. 

L -L -. . 
24 LEAD F LA TPACK 

.010 (O.25)--jr- PIN ONE IDENT. 

1111 
I 24 

24 LEAD FLATPACK 

_1I_.01010.25) 

~JlI!!!!!~(:;'::24::i!~~~!l -r-
.38519.18) 0 

.0I1i.002 I 0 
1O.43:!: O.OS)-.L 

~"M' --I += 'i:~ I MAX 

.050 (1.21) TYP 

I 
.950:!:'.020 I 

(24.13:!:.0.511-------l· l 

i! -L 

L .0051.001 10.13 ± 0.03) .025 10.64) TVP =oJ 
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Leadless Carriers 

Harri~ Semiconductor is offering four CMOS RAMs in 18 pin lead less carriers. Electrical specifications for 
these parts are identical to the equivalent product in the standard DIP package'. Mechanical specif.ications 
for the 18 pinleadless carriers are shown below. For availability and additional information contact your 
nearest Harris Representative or Harris Sales Office. 

All electrical grades of the following product types are available as stock items: 

HM4-5618 
HM4-6561 
HM4-6504 
HM4-6514 

1024 x 1 
256 x 4 

4096 x 1 
1024 x 4 

The Package Code for Leadless Carriers is 4 . 

©IC'MASTER 1979 

. 285±.010 r,nU.l5Ij 

.350 ±.010 
(8.89±.25) 

~~ 
TOP VIEW 

BOTTOM VIEW 

,CMOS RAM 

CMOS RAM 
CMOS RAM 

CMOS RAM 

18 Pin 

18 Pin 

18 Pin 
18 Pin 

r .045±.010 
(1.14 ± .25) 

SIDE VIEW 

1415 



inter 2115A, 2125A FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 

Max. T AA (ns) 

Max. ICC (mA) 

, Operating Temperature Range (OC) 

• Pin Compatible to 93415A 
And 93425A 

2115AL 

2125AL 

45 

75 

• Fan-Out Of 10 TTL (2115A Family) 
--16mA Output Sink Current 

• HMOS Technology- High Reliability 

• Low Operating Power Dissipation 
--Max. O.39mW/Bit (2115AL, 2125AL) 
•• Max. 0.41 mW/Bit (M2115AL, M2125AL) 

2115A 2115AL·2 2115A·2 M2115AL M2115A 

2125A 2,125AL·2 2125A·2 M2125AL M2125A 

45 70 70 75 55 

125 75 125 75 125 

0·70 -55to +125 

• TTL Inputs And Outputs 

.• Single + 5V Supply 

• Uncommitted Collector And 
Three-State Output 

• Standard 18-Pin Dual in·Line Package 

The Intel~ 2115A and 2125A families are high-speed, 1024 words by 1 bit random access memories. Both open collector 
(2115A) and three-state output (2125A) are available. The 2115A and 2125A use fully DC stable (static) circuitry throughout 
- in both the array and the decoding and, therefore, require no clocks or re·treshing to operate. The data is read out non­
destructively and has the same polarity as the input data. 

The 2115AU2125AL at 45 ns maximum access time and the 2115AL-2/2125AL-2 at 70 ns maximum access time are fully 
compatible with the industry-produced 1 K bipolar RAMs, yet offer a significant reduction in power of their bipolar 
equivalents. The power dissipation of the 2115AU2125AL and 2115AL-212125AL-2 is 394 mW maximum. For systems 
already designed for 1K bipolar RAMs, the 2115A/2125A and the 2115A-2/2125A-2 at 45 ns and 70 ns maximum access 
times, respectively, offer complete compatibility with substantial reduction in maximum power dissipation. 

The M2115AL and M2125AL are ideal for high-performance systems where speed and power dissipation are significant 
design considerations. They have a maximum access time of 75 ns, while power dissipation is only 413 mW maxi .. 
mum. The M2115A1M2125A at 55 ns maximum should be considered for appiications in which speed is a primary design 

CD objective. '. . 
+-' 
C The devices are directly TIL compatible in all respects: inputs, outputs, and a single + 5V supply. A separate select (OS) 

lead allows easy selection of an Individual package when outputs are OR-tied. . 
PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

WORD -- 32 X 32 

cs Vee 1 15 14 

Aa 2 

DRIVER ARRAY 

Ao DIN A, 

A, WE A2 
, 

~ I' 

A3 
Az Ag 

A4 SENSE AMPS 
r---

CONTROL 

A3 As As 
AND LOGIC r--WRITf !SEE TRUTH 

A, 
A6 10 

A4 
A, 11 

Dour As As 12 

GNO As 
Ag 13 

Vee = PIN 16 

GND = PIN8 Dour 

DRIVERS TABlEI -
• t 

1 
ADDRESS ADDRESS 
DECODER DECODER 

I 
-f t t f t t t tit 1 1 
AO A, A} A] A. A, A6 A, As Ag CS WE D'N 

000®® ®@@@@ i ~ @ 
PIN NAMES TRUTH TABLE 

C!f CHIP SELECT I OUTPUT OUTPUT 

Ao TO A. ADDRESS INPUTS 1 
INPUTS 2115A FAMIL:Y 2125A FAMIL Y MODE 

WI WRITE ENABLE I B Wl" DtN Dour Dour 

DIN DATA INPUT 1 H X X H HIGH Z NOT SELECTED 

DouT DATA OUTPUr-l L L L H ' HIGH Z WRITE "0" 

L L H H HIGH Z WRITE "1" 

L H X Dour Dour READ 

INTEl CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBOOIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 

INTEL CORPORATION, 1977 
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2118 FAMILY 
16,384 x 1 BIT DYNAMIC RAM 

2118-2 2118-3 2118-4 2118-7 
Maximum Access Time (ns) 80 100 120 150 

Read, Write Cycle (ns) 210 210 225 260 

Read-Modify-Write Cycle (ns) 250 250 285 315 

.' Single +5V Supply, ±100/0 T ~Ierance 

• HMOS Technology 

• Non-Latched Output is Three-State, 
TTL Compatible 

• Low Power: 132mW Max. Operating 
16~W Max. Standby 

• Low Voo Current Transients 

• RAS Only Refresh 

• 128 Refresh Cycles Required 
Every 2ms 

• Page Mode Capability 

• All Inputs, Including Clocks,. • CAS Controlled Output Allows 
TTL Compatible Hidden Refresh 

The I ntel@ 2118 is a 16,384 word by 1-bit Dynamic MaS RAM designed to operate from a si ngle +5V power supply. The 2118 
is fabricated using HMOS - a production proven process for high performance, high reliability, and high storage density. 

The 2118 uses a single transistor dynamic storage ceil and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design 'minimizes the current transients typical of dynamic RAM operation. These low 
current transients contribute to the high noise immunity of the 2118 in a system environment. 

Multiplexing the 14 address bits into the 7 address'input pins allows the 2118 to be packaged in the industry standard 16-pin 
DIP. The two 7-bit address words are latched into the 2118 by the two TTL clocks, Row Address Strobe (RAS) and Column. 
Address Strobe ( CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing technique 
while maintaining high performance. 

The 2118 three-state output is controlled by CAS, indepe,ndent of RAS. After a valid read or read-modify-write cycle, data is 
latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning CAS to a 
high state. The 2118 hidden refresh feature allows CAS to be h~ld low to maintain latched data while RAS is used to execute 
RAS-only refresh cycles. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS­
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ao through A6 
during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 

PIN BLOCK DIAGRAM 
CON FIGURA TlON LOGIC SYMBOL 

_Voo 

Ao 
1 OF 64 64 x 128 CELL --Vss 

N/C ROW 
A, Ao DECODERS 

MEMORY ARRAY 

A2 
DIN 

A, 
A3 A2 128 SENSE 

AMPLIFIERS 
A6 A4 A3 1 OF 64 COLUMN Dour 

A4 
A3 As DECODERS 

A6 
Dour ~ 

A4 
RAS A6 1 OF 64 

CAS RQW ,64 x 128 CELL 

DECODERS MEMORY ARRAY 
WE 

AO-A6 ADDRESS INPUTS 

CAS COLUMN ADDRESS STROBE 

DIN DATA IN 

Dour DATA OUT 

WE WRITE ENABLE 

RAS ROW ADDRESS STROBE 

Voo POWER i+5V} 

Vss GROUND 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED 
, INTEL CORPORATION. 1978 
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intel~ 
2141 

4096 X 1 BIT STATIC RAM 
2141-2 2141-3 

Max. Access Time (ns) 120 150 

Max. Active Current (mA) 70 70 

Max. Standby Current (mA) 20 20 

• HMOS Technology 
• Industry Standard 2147 Pinout 

• Completely Static Memory - No Clock 
or Timing Strobe Required 

• Equal Access and Cycle Times 

• Single +5V Supply 

2141-4 2141-5 2141L-3 2141L-4 2141L-5 

200 250 150 200 . 250 

55 55 40 40 40 

12 12. 5 5 5 

• Automatic Power-Down 
• Directly TTL Compatible - All Inputs 

and Output 

• Separate Data Input and Output 

• Three-State Output 
• High Density 18-Pln Package 

The Intel@ 2141 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high-, 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby. power disSipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high - deselecting the 2141 - the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de­
selected. 

The 2141 is placed in an 18-pin package configured with the industry standard pinout, the same as the 2147. It is directly TTL 
compatible in all resPects: inputs, output, and a single +5V supply. The data is read out nondestructively 'and has the same 
polarity as the input data. A data input and a separate three-state output are used. 

PIN CONFIGURATION LOG IC SYMBOL 

Ao Vee Ao 
1., 

A, As A2 

A2 A7 A3 
A4 

A3 As As 
A4 A9 A6 DOUT 

As A'0 
A7 
As 

DOUT A11 A9 

WE DIN 
A,O 
A11 

GND Cs DIN WE CS 

PIN NAMES 

AO-All ADDRESS INPUTS Vee POWER (+5V) 

WE WRITE ENABLE GND GROUND 

CS CHIP SELECT 

DIN DATA INPUT 

DOUl DATA OUTPUT 

TRUTH TABLE 
ES WE MODE OUTPUT POWER 

H X NOT SELECTED HIGHZ STANDBY 
L L WRITE HIGHZ ACTIVE 
L H READ DOUT ACTIVE 

CS 

WE 

BLOCK DIAGRAM 

@ 

ROW 
r----tSElECT 

DIN------I 

® 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN 1/0 CIRCUITS 

@ 
-Vee 

~GND 

DOUT 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT, NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
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M2147 
4096 X 1 BIT STATIC RAM 

M2147 

Max. Access Time (ns) 85 
Max. Active Current (rnA) 180 
Max,. Standby Current (rnA) 30 

., HMOS Technology • Aut~matic Power-Down 

• Completely Static Memory -No Clock • High Density 18-Pin Package 
or Timing Strobe Required • Directly TTL Compatible - All Inputs 

• Equal Access and Cycle Times and Outputs 

• Single +5V Supply 

• ±10% Power Supply Tolerance 

• Separate Data Input and Output 

• Three-State Output 
• Full Military Temperature Range 

The Intel® M2147 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high­
performance MOS technology. It uses a uniquely innovative design approach whicD provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the military user this means low standby power dissipation without the need for clocks,address setup and 
hold times, nor reduced data rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high - deselecting the M2147- the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de­
selected. 

The M2147 is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL compatible in all 
respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. 

PIN CONFIGURATION 

AO Vee 

A, A6 

A2 A7 

A3 As 

A4 Ag 

As A10 

DOUT An 

WE DIN 

GND CS 

M2147 

LOG IC SYMBO L 

AO 
A, 
A2 
A3 
A4 
As 
A6 DOUT 
A7 
As 
Ag 
A,o. 
A11 
DIN WE CS 

PIN NAMES 

I Ao-A" ADDRESS INPUTS Vee POWER (+5V) 

I WE WR ITE ENAB LE GND GROUND --
l CS CHIP SELECT" 

DIN DATA INPUT 

DOUT DATA OUTPUT 

TRUTH TABLE 

CS WE MODE OUTPUT POWER 

H X NOT SELECTED HIGH Z STANDBY 
L L WRITE HIGH Z ACTIVE 
L H READ DOUT ACTIVE 

©IC MASTER 1979 

CS 

WE 

@ 

ROW 
SELECT 

DIN------t 

® 

BLOCK DIAGRAM 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN 1/0 CIRCUITS 

COLUMN SE LECT 

@ 
-Vee 

~GND 

DOUT 
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_KaH~~2,_KaH~~3,_KaH~~4 

18a84-81T (18a84-WORD BY 1-8IT) DYNAMIC RANDOM-ACCESS MEMORY 

DESCRIPTION 

The M5K 4ll6P and S are l6384-word by l-bit dynamic 
RAMs, fabricated with the N-channel silicon1J8te MOS 

process, and ideal for large-capacity memory systems 

where high speed, low power dissipation, and low costs 

are essential. The use of double-layer poly~ilicon process 

technology and a single-transistor dynamic storage cell 

provide high circuit density at reduced costs, and the use 

of dynamic circuitry including sense amplifiers assures low 

~r dissipation. Multiplexed address inputs permit both 

a reduction in pins to the standard l6-pin package configu­

ration and an increase in system densities. 

FEATURES 
Access time Cycle time Power dissipation 

Type name (max) (min) (typ) 
(ns) (ns) (mW) 

M5K4116P, S-2 150 375 280 

M5K4116P, S-3 200 375 280 
M5K4116P, S-4 250 410 260 

• Standard 16-pin package 
• V01tage range on all power supplies 

(Voo, Vee, Vee): ±10% 

• Low $tandby power dissipation: 19.8mW (max) 

• Low. operating power dissipation: 462mW. (max) 

• Unlatched output enables twCHiimensional chip selec· 

tion and extended page boundary. . 

• Early-writeoperation gives common I/O capability. 

• Read~odify-write, RAS-only refresh, and page~ 
capabilities 

• All input terminals have low input capacitance and are 

directly TTL-compatible. 

• Output is three-state and directly TTL-compatible 

PIN CONFIGURATION (TOP VIEW) 

(-5V) Vas 

DATA INPUT 
READ/WRITE 

CONTROl INPUT 
ROW ADDRESS 
STROBE INPUT 

ADDRESS INPUTS 

(12V) 

~ 
c.n 

" ! 

(OV) 
COLUMN ADDRESS 
STROBE INPUT 

14 ..... OOUT DATA OUTPUT 

en ADDRESS INPUTS 
'"0 

Vee (5V) 

Outline 16P1 (M5K 4116P) 3 
16S1 (M5K4116S) 

L----__ ------' 

• Interchangeable with Mostek's MK4116 in both electrical 

characteristics and pin configuration. 

APPLICATION 
• Main memory unit for computers 

FUNCTION 
The M5K 4ll6P and S provide, in addition to norMal read, 

write, and read-modify-write operations, a number of other 

functions, e.g., pagelmode, RAS-only refresh, and delayed­

write. The input conditions for each are shown below. 

Inputs Output 

Operation Row~r 
Re· Remarlcs 

RAS CAS R/W DIN Dour fresh 

Reed ACT ACT NAC ONe APD APD VlD YES ~":e 
Write ACT ACT ACT . VLD APD APD Cl'N YES except 

I :-modify- ACT ACT ACT VLD APO APD VlD YES I~is 
~':ornv refreShACT NAC ONe ONe APD DNC OPN YES 

Standby NAC ONe ONe ONe ONe ONe OPN NO 

• 128 refresh cycles Note : ACT : active; NAC : nonactive; ONe : don't care : VlD : valid; APD : applied; OPN : open 

1420 

BLOCK DIAGRAM 
DATA INPUT DIN 2}------------------;::=t.... .... 

READ/WRITE INPUT R/W 3 ~------------c:f 

COlU~~O~~~~~~ ITAS 

~~~~~~ RAS 4rt--------:====~=r----r_----~ 

ADDRESS INPUTS . A 3 

A4 

As 
A6 

• MITSUBISHI 
'" ELECTRIC 

Vss (OV) 

1 VB8 (-5V) 

...... -----1'14 DOUT DATA OUTPUT 
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MSK 41·18~S.2, MSK 4116p,5 .. 3, _K 4116p,5-4 

183 ..... 81T (IU84.WORD BY l .. alT) DYNAMIC RANDOM.ACCESS MEMORY 

SUMMARY OF OPERATIONS 
Addressing 
To select one of the 16384 memory cells in the M5K 4116P 
and S, the 14-bit address signal must be multiplexed into 
7 address signals, which are then latched into the on-<:hip 
latch by two externally-applied clock pulses. First, the 
negative-going edge of the row-address-strobe pulse (RAS) 

latches the 7 row-addTess bits; next, the negative-going edge 

of the column-address-strobe pulse (CAS) latches the 7 
column-address bits. Timing of the RAS and CAS clocks 

can be sel,cted by either of the following two methods: 

1. The delay time from RAS to CAS td (RAS-CAS) is set 
between the minimum and maximum values of the 

limits. In this case, the internal CAS control signals are 

inhibited almost until td (RAS-CAS) max ('gated CAS' 

operation). The external CAS signal can be applied with 

a margin not affecting the on-<:hip circuit oper.ations 

e.g. access time, and the address inputs can be easily 

changed from row address to column address. 

2. The delay time td (RAS-CAS) is set larger than the 
maximum value of the limits. I n this case the internal 

inhibition of CAS has already been released, so that 

the internal CAS control signals are controlled by the 
externally applied CA~ which also controls the access 

time. 

Data Input 
Data' to be written into a selected cell is strobed by the 

later of the two negative transitions of Rm input and ' 

CAS input. Thus when the R/W input makes its negative 

transition prior to CAS input (e,rly write), the data input 

is strobed by CAS, and the negative transition of CAS is set 

as the reference point for set-up and hold times. In the 
read-write or read-modify-write cycles, however, when the 

R/W input makes its negative transition after CAS, the 
R/W negative transition is set as the reference point for 

set-up and hold times. 

Data Output Control 
The output of the M5K 4116P and S is in the high~impe­

dance state when CAS is high. When the me,mory cycle in 
progress is a read, read-modify-write, or a delayed-write 

cycle, the data output will go from the high-Impedance 

state to the active condition, and the data in the selected 

cell will be read. This data output will have the same 
polarity as the input data. Once the output has entered 

the active condition, this condition will be maintained 
until CAS goes high, irrespective of the condition of RAS 

(for a maximum of 10ps). 
The output will remain in the high-impedance state 

throughout the entire- cycle in an early-write cycle. ' 

These output conditions, of the M5K4116P and S, 

which can readily be changed by controlling the timing of 

the write pulse in a write cycle, and the width of the CAS 

pulse in a read cycle, offer capabilities for a number of 
applications, as follows. 
1. Common'lfO Operation 

If all write'"' operations are performed in the early-write 
mode, input and output can be connected directly to give 
'a common I/O data bus. 

2. Data Output Hold 
The data output can be held between read cycles, without 
leOgthening the cycle time, until the next cycle commences. 
This enables extremely flexible clock-timing settings for 

RASandCAS. 

3. Two Methods of Chip Selection 

Since the output is not iatched, CAS is not required to keep 

the 'outputs of selected chips in the matrix in a high-. 

impedance state. This means that CAS and/or RAS, can 

both be decoded for chip selection. 

4. Extended-Page Boundary 

By decoding CAS, the Page boundarv can be extended 
beyond the 128 column locations in a single chip. In this 

case, RAS must be applied to all devices. 

Page-Mode Operation 
This operation allows for multiple-<:oIumn addressing at the 

same rCNI address, and ·etiminatet the power dissipation 

associated with the negative-going edge of RAS, because 

once the row address has been strobed, .RAS is maintained. 
Also, the time required to strobe in the row address for 
the second and subsequent cycles is eliminated, thereby 

decreasing the access and cycle times. 
Refresh 
The refreshing of the dynamic ceH matrix is accomplished 
by performing a memorY operation at each' of the 128 

row-address locations within a. 2ms time interval. Any 
normal memory cycle will perform the refreshing, and 

RAS-only refresh offers a significant reduction in operating 

power. 

Power Dissipation 
Most of the circuitry in the M5K4116P and S is dynamic, 
and most of the power is dissipated when addresses are 

strobed. Both RAS and CAS are ,decoded and applied to 

the M5K 4116P and S as chip-select in the memory system, 
but if RAS is decoded, all unselected devices go into stand­

by independent of the cAS condition, minimizing system 

power dissipation. 

Power Supplies 
Although the M5K 4116P and S require no particular 
power-supply sequencing so long as the devices are used 

within the limits of the absolute maximum ratings, it is 
recommended that the Vaa - supply be applied first and 

removed last. Vas should never be more positive than 
Vss when power supply is applied to Voo. 

Some eight dummy cycles are necessary after power is 

applied to the device before memory operation is achieved. 

• MITSUBISHI 
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MSK4116p,S·2, MSK4116p,S·3, MSK4116p,S·4 

16384·BIT (16384.WORD BY 1.BIT) DYNAMIC RANDOM·ACCESS MEMORY 

ABSOLUTE MAXIMUM RATINGS 

Symbol : Parameter Conditions Limits 

VOO I Supply voltage -0.5-20 

VCC Supply voltage i -0.5 -20 

Vss Supply voltage With respect to Vss -0.5-20 

V, Input voltage -0.5-20 

Vo Output voltage : -0.5-20 

Voo Supply voltage -1-15 

VCC Supply voltage 
With respect to V ss 

-1-15 

VSS-VSS Supply voltage Voo-Vss>O 0 

10 Output current 50 

Pd I I M5K4116S Ta =25 "C 1000 

i 
Power dissipation 

I 
I I M5K4116P Ta=25"C 700 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range 
l M5K4116S -65-150 

I M5K4116P -40-125 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70"C. unless otherwise noted. Note 1) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Voo Supply voltage 10.8 12 13.2 V 

Vce Supply voltage (Note 2) 4.5 5 5.5 V 

Vss Supply voltage 0 0 0 V 
Vss Supply voltage -4.5 -5 -5. 7 V 

V,Hl High-level input voltage. RA S, CAS, R/W 2.7 7 V 

V,H2 High-level input Voltage. Ao - A6, DIN '2.4 7 V 

V,L Low-level input voltage. all inputs -1 0.8 V 

Notel: AU voltageS WIth respect to VSS . Apply Vss power supply first pnor to other power supplies. and remove last. 

2 : The output voltage will swing from V SS to Vee when output loading current is zero. In standby mode V CC may be reduced to V ss 

without affecting refresh operations or data retention. but the VOH min spflCification is not guaranteed in this mode. 

ELECTRICAL CHARACTERISTICS 
(Ta =0 -70 "C. VOO = 12V ± 10%. VCC",,5V ± 10%. VSS =OV. -5. 7V s:VssS: -4_ 5V . unless otherwise noted) 

Symbol ! Parameter Test conditions 
i 

VOH High-level output voltage (Note 2) ! IOH=-5rnA 

VOL I Low-level output voltage (Note 2) ! 10L =4.2 rnA 

10Z 
i 

Off-state output current I D OU T floating 

i I 
OV~VouT~5 5V 

I, I Input current 
Vss= -5V. OV~VIN~7V 

i All other pins - OV 

IOOl(AV) Average supply current from VOO. operating 
RAS. CAS cyckng 

leel(AV) Average supply current from Vee. operating 

ISS1(AV) Average supply current from Vss. operating (Note 4) tC(RD) = tC(WR) = 375ns 

1002 i Supply current from Voo. standby 

lec2 Supply current from Vee. standby 
RAS=V,H 

I 
DOUT = floating 

ISS2 I Supply current from V S8 . standby 

1003(AV) Average supply current from VOO . refreshing 
RAS cycling CAS = V,H 

lee3(AV) Average supply current from Vee. refreshing 

ISS3(AV) Average supply current from VSS . refreshing 
-- tC(REF) =375ns 

IOO4(AV) Average supply current from VOO . page mode 
RAS=VIL. CAS cycling 

leC4(AV) Average supply current from Vee. page mode (Note 4) 

IS84(AV) Average supply current from V S8 . page mode 
tC(PG) =225ns 

Ci(AO) Input capacitance. address inputs 

Ci(OA) Input capacitance. data input V,=VSS 

Ci(R W) Input capacitance. 'read/write control input f= lMHz 

CI(RAS) Input capacitance. R A S input VI = 25rnVrrns 

C,(eAS) Input capacitance. CAS input 

Co Output capacitance VO=VSS. f= lMHz. VI=25rnVrrns 

Note 3 Current flowing into an IC is positive; out is negative 

4 : Vee is connected only to the output buffer. so that lee, and I ee4 depend upon output loading. 

• MITSUBISHI 
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Min 

2 

0 

-10 

-10 

-10 

-10 

Limits 

Typ 

4 

I 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

rnA 

rnW 

I 
I rnW 

"C 

"C 

"C 

Max 
Unit 

Vee V 

0.4 V 

10 pA 

10 pA 

35 rnA 

-
200 pA 

1.5 rnA 

10 pA 

100 pA 

27 rnA 

10 pA 

200 pA 

27 rnA 

-

200 pA 

5 pF 

5 pF 

7 pF 

10 pF 

10 pF 

7 pF 

II 
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MSK 4116p,5-2, MSK 4116p,5-3,MSK 4116p,5-4 

18384.BIT (18384-WORD BY I-BIT) DYNAMIC RANDOM-ACCESS MEMORY 

TIMING REQUIREMENTS (For Read. Write. Read-Modify-Write. Refresh. and Page-Mode Cycle) 
(Ta =0-70"C. Voo= 12V ± 10%. Vcc= 5V:L 10%. VSs=OV. -5. 7V S;Vsss; -4. 5V. unless 01herwise noted. See notes 5. e. and 7.) 

M5K4116-2 

Symbol Parameter 
Alternative 
Symbol L.imi1s 

Min Max 

tC(REF) Refresh cvcle time tREF 2 

tW(RASH) R A S high pulse width tRP 100 

tW(RASL) R A S low pulse width tRAS 150 10000 

tW(mLl CAS low pulse width (Note 8) tCAS 100 

th(RAS'CAS) CAS hold time with respect to RAS tCSH 150 

th(CAS'RAS) RAS hold time with respect to CAS tRSH 100 

t<UilAS'CAS) Delay time. R A S to CAS (Note 9) tRCO 20 50 

td(CAS'RAS) Delay time. CAS to RAS tCRP -20 

tSU(AA'RAS) Row address setup time with respect to R A S tASR 0 

tSU(CA'CAS) Column ilddress setup time with respect to CAS tASC -10 

th(RAS'RA) Row address hold time with respect to R A S tRAH 20 

th(CAS'CA) Column address hold time with respect to CAS tCAH 45 

th(RAS'CA) Column address hold time with respect to R AS tAR 95 

tTHL 
Transition time tT 

tTLH 3 35 

Note 5 : After power supply IS applied. some eight dummy cycles are reqlMed before memory operabOn IS achieved. 

6 : The switching characteristics are defined as t THL = t TLH = 5n s , 

M5K4116-3 M5K4116-4 

Limi1s Limi1s 

Min Max Min ' Max 

'2 2 

120 150 

200 10000 250 10000 

135 165 

200 250 

135 165 

25 65 35 85 

-20 -20 

0 0 

-10 -10 

25 35 

55 75 

120 160 

3 50 3 50 

7: Reference levels of input signals are VIHl min. VIH2 min and V IL max. Reference levels for transition time are also between VIHl or VIH2and VIL, 

Unit 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

a: Assumes that td(AAS-i5AS) ~ td(RAS-CAS) max," td(AAS-CAS) < td(AAS-CAS) max. tW(CASL) wi be increased by the amount that td(RAS-CAS) 

has decreased. 

9 : The maximum value of td (RAs-i5AS) does not define the limit of operation" but is specified as a reference point only; if td (RAs-i5AS) is greater than the specified 

td{RAS-CAS) max limit. then access time is controled exdusivelyby taWAS). 

SWITCHING CHARACTERISTICS ITa=0-70'C. Voo= 12V± 10%. Vcc=5V± 10%. YSs=OV. -5. 7VS;Vsss;-4.5V. unless otherwi 

Read Cycle 

M5K4116-2 M5K4116-3 

Symbol Parameter ~ltemative Limi1s Limits 
Symbol 

Min Max Min Max 

tC(RO) Re<!d cycle time tRC 320 375 

tsu(RO-OAS) Re<!d set-up time with respect to CAS tRCS 0 0 

th(CAS-RO) Read hold time with respect to CAS tRCH 0 0 

th(m'QuT) Data-out hold time tOFF 0 40 0 50 

ta(CAS) CAS access time (Note 10) tCAC 100 135 

ta(AAS) RAS lIccess time (Note 11) tRAC 150 200 

Note 10 : This is the value when td(RAS-CAS) ~ td{RAS-CAS)max. Test conditions; Load- 2TTL .CL=IOOpF 

11 : This is the value when td(RAS-CAS) < td(RAS-CAs)max, When td(RAS-CAS) ~ td{RAS-CAS) max, 

ta(RAS)increases by the amount of increase of td(RAS-CAS), Test conditions; load- 2TTL . CL=100pF 

Write Cycle 

Symbol Parameter 

tc(WR) Write cycle time 

tsu(WR'CAS) Write set-up time with respect to CAS (Note 12) 

th(CAS'WR) Write hold time with respect to CAS 

lh(RAS'WR) Write hold time with respect to R A S 

th(WR'AAS) 
i R A S hold time with respect to write 

lh(wA-CAS) CAS hold time with respect to write 

tW(WA) • 
Write pulse width 

tSU(OA-CAS) i Data-in setup time with respect to CAS 

th(CAS-OA) Data-in hold time with respect to 

th(RAS-OA) Data-in hold time with respect to R A S 

©Ie MASTER 1979 

M5K4116-2 
Alternative 

Limi1s 
Symbol 

Min 

tRC 320 

twcs -20 

tWCH 45 

tWCR 95 

I tRwL 50 

• 

tCWL 50 

twp 45 

tos 0 

tOH 45 

tOHR 95 

• MITSUBISHI 
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Max 

M5K4116-3 

Umits 

Min Max 

375 

-20 

55 

120 

70 

70 

·55 ! 

0 ! 

55 

120 I 

M5K4116-4 

limits Unit 

Min Max 

410 ns 

0 ns 

0 ns 

0 60 ns 

165 ns 

250 ns 

M5K4116-4 

limits Unit 

Min Max 

410 ns 

-20 ns 

75 ns 

160 ns 

85 ns 

85 ns 

75 ns 

0 ns 

75 ns 

160 ns 
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MSK4116p,S·2, MSK4116p,S·3, MSK4116p,S·4 

16384 .. BIT (16384-WORD BY I-BIT) DYNAMIC RANDOM-ACCESS MEMORY 

Read-Write, Read-Modify-Write Cycle 

M5K4116-2 M5K4116-3 M5K4116-4 

Parameter 
Alternative r limits Limits Symbol symbol 

I Min Max Min Max Min 

tc(RMW) Read-modify-write cycle time tRWC ! 320 I 405 500 

th(WR-RAS) R A S hold time with respect to write tRWL 50 70 85 

th(WR-CAS) CAS hold time with respect to write tCWL 50 70 85 

tW(WR) Write pulse wid1h twp 45 55 75 

tSU(RD-CAS) Read setup time with respect to CAS tRCS 0 0 0 

td(RAS-WR) Delay time. RAS to write (Note 12) tRWO 110 145 175 

td(CAS-WR) Deiay time. CAS to write (Note 12) I tcwD I 60 i I 80 I 90 

tSU(DA-WR) Data-in set-up time with respect to write tos 0 0 0 

th(WR-DA) Data-in hold time with respect to write tOH 45 55 75 

th(CAS-DUT) Data-out hold time tOFF 0 40 0 50 0 

ta(CAS) CAS access time (Note 10) tCAC 100 135 

ta(RAS) R A 5 access time (Note 11) tRAC 150 200 

Note 12: tSU(WR-CAS)' td(RAS-WR). and td{CAS-WR)do not define the limits of operation. but are included as electrical characteristics only. 

When tSU(WR-CAS)~tsU(WR-CAS)min. an early-write cycle is performed. and the data output keeps the high-impedance state. 

'Mlen td(RAS-WR) ~ td (RAS-wR)min and td(CAS-WR) ~ td (CAS-WR) min. a read-modify-write cycle is performed. and the data 

of the selected acktess will be read out on the data outputs. 

For aU conditions other than those described above the condition of data output is not defined. 

Page~Mode Cycle 

limits 

! Max 

60 

165 

25(l 

M5K4116-2 M5K4116-3 M5K4116-4 

Symbol Parameter 

tC(PG) Page-mode cycle time 

tW(CASH) CAS h9h oUse wid1h 

Alternative r limits 
symbol 

Min 

tpc 170 

tcp 60 

• MITSUBISHI 
;"ELECTRIC 

Limits limits 

Max Min Max Min Max 

225 275 

80 100 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

os 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

II 
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MITSUBISHI LSIs 

_KaW~~2,_KaW~~3,_KaW~S4 

16384-BIT (16384-WORD BY I-BIT) DYNAMIC RANDOM-ACCESS MEMORY , 

TIMING DIAGRAM 
Read Cycle ~~-------------tC(RDl--------------~ 

1----------tW(RAsL)------------t 

t----------th(RAS-CASl --------~ 

Ao-A6 

R/W 

DOUT 

VIHl _-----"') 1-----th(RAS-CAl-------I1 

VIL -

I 
--~I-----th(CAS-RASl----___r 

~---7_tW(CASL)-----~ ,---__ -------------------

VIH2 -

VIH1-

VIL -..I.~~~..,Q""j~~ .... ..I..IoUl 

COLUMN 
ADDRESS 

Lta(CASl------t 

~------- ta (RASl---------t 

VOH -
-~----------- HIGH-IMPEDANCE STATE -------------~!(] 

VOL -
DATA VALID 

Write Cycle (Early Write) 

R/W 

DOUT 

~--------------tc(WRl---------------~ 

!---------tW(RASL)-----------I 

________ ""'\..) ~--------th (RAS-CASl----------.! 

VIHl - ~---th(RAS-CA)------._i1 
VIL -

VIH1-

t------th(CAS-RAS)-------'--! 

---I----.;'----t W(CASL) ----""i 

VIL -~~~~~~~~~~ ___ ~ ____ +_---~~~~~~~~ .. ~~~~~~~~~~~~~~ 

VIH2 -

VIL --.l",lI,..,li;",I .............. ..,.""""" ... oIIooI6.li/J 

t------th (RAS-DA)-------l 

VOH -
VOL _---------------------- HIGH-IMPEDANCE STATE ----------------------------~---

• MITSUBISHI 
;'ELECTRIC 
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MITSUBISHI LSI. 

MSK4116p,S-2, MSK4116p,S-3, MSK4116p,S-4 

18384·BIT (18384.WORD BY I.BIT) DYNAMIC RANDOM·ACCESS MEMORY 

Read'"lWrite, Read-Modify-Write Cycle 

AO-A6 

R/W 

DOUT 

VIH1-

VIL -

~ ________________________ ~ ___ tC(RMW) __________________________________ ~ 

~------------------------tW(RASL)--------------------------~ 

1-------------th(RAs-CAs)-------------------------l 

a-----th(RAS-CA)------·~1 

~--_7_----th(CAS-RAS)------------------"..j 

----+------:.---------tW(CASL)-----------l 

t-----td (CAS-WR)'--------t 

VIH1-'~~~~~~~~r_-----1Ir_.----------------------.., 
v IL -~~~ClQC;i.;~'(JJ 

ta (CAS)I----i 

VOH -
---....;-------HIGH-IMPEDANCE STATE ------~~ 

VOL - I 
1-o--------ta(RAS)----------------t 

~-Only Refresh Cycle 

f-.---------------tC(RD)--------------.I 

1----- tW(RASL}--------'i 

RAS 
VIH1-

VIL -

V 1H2 -
Ao-A6 

VIL -

VOH -

DOUT -----------___________ ,HIGH_IMPEDANCE STATE --------------------------
VOL -

Note 13 : CAS =VIHI. R/W = don'! care, 

• MITSUBISHI 
.... ELECTRIC 
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MITSUBISIIl LS .. 

MSK 4116p,S-2, MSK 4116p,S-3, ·MSK 4116p,S-4 

18384-BIT (16384:'WORD BY I-BIT) DYNAMIC RANDOM-ACCESS MEMORY 

Page-Mode Read Cycle 

i---------------tW(RASL)-----------------I 

AO-AS 

OOUT 

R/W 

Page-Mode Write Cycle 

~---------------------~---tW(RASL)--------------------~ 

CAS 

R/W 

Note 14; 

~ Indicates the don't care iriput 

~ The center-line indicates the high-impedance state, 

• MITSUBISHI 
.... ELECTRIC 
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MITSUBISHI LS .. 

MSK4116p,S·2, MSK4116p,S·3, MSK4116p,S·4 

18384·BIT (18384-WORD BY i-BIT) DYNAMIC RANDOM·ACCESS MEMORY 

TYPICAL CHARACTERISTICS 

NORMALIZED ACCESS TIME VS. 
VOO SUPPLY VOLTAGE 

1. 4 

Ta=25"C 

"'-N 0 r---r--
I I 1 

O. 6 
10 11 12 13 14 

SUPPLY VOlTAGE VOO(V) 

NORMALIZED ACCESS TIME VS. 
VBB SUPPLY VOLTAGE 

1. 4,.....---,-----..----,.---

Ta=25"C 

Ig 1. 2t------t----t----+---; 

.!J 

~ 
~ 

~ 1.0l----1----+--.....j----I 
·W 

~ 
o 
~ O. 8t-----i----+---+---I 

~ 

~ 
0!4~.~0---~4.~5----~5~.~0----~5~.5~--~6.0 

SUPPLY VOlTAGE Vee(V) 

NORMALIZED ACCESS TIME VS. 
Vee SUPPLY VOLTAGE 

1. 4.------,,-------..----,.--_ 

Ta = 25"(; 

~ 1. 2t-----1---4----+---I 
.!J 
w 
~ 
~ 

~ 1.01-----1----+---1----1 

~ 
o 
~ 0.8t-----i1-----t~--+---I 

! 
O. 6~--:-I'::_-~_::__--~:__-_:::.I 

4.0 4.5 5.0 5.5 6.0 

SUPPLY VOlTAGE Vcc(V) 

NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 

1. 4.------,-----r--....,..--__. 
Voo= 12V 

Vcc=5V 

I~ Vee= - 5V 
!:. 1. 2t-----1---4----+--~ 

.!J 
w 
~ 
~ 
~ 1. 0t---~.-::..--4----+--~ 

~ 
o I , 

1°·81 I I I I 
o. 61:-0 ---~25:---~50=----""'7*5-----:-:!100 

AMBIENT TEMPERATURE Ta ("C ) 

AVERAGE SUPPLY CURRENT FROM VOO • 
OPERATING MODE VS. SUPPLY VOLTAGE 

o o 
> 

40..------,r------r-----r---, 

Ta=25"C 

VBe= -4.5V 

~ 30t-----ii-----+----+----i 
a: ~ 
"'<1: 

ffi~ 
. ~ Ci a .9 20t---~i-----+-_=-+---; 

>-w 

~~ 
~ ~ 10t-----=-1f----4----+---I 
~~ 
a:~ 
~~ 
«0 

0~10~-~1~1--~12=----1*3--~14 

SUPPLY VOlTAGE Voo(V) 

AVERAGE SUPPLY CURRENT FROM Voo. 
OPERAnNG MODE VS. AMBIENT TEMPERATURE 

4 0 

o 
o 

Voo= 13.'2V 

VeB= -4.5\/ 

tc=375ns 

r 
tc = 500ns 

1 
tc = 750ns 

25 50 75 100 

AMBIENT TEMPERATURE Ta("C) 

• MITSUBISHI 
.... ELECTRIC 
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MlTSUBISHI LSIs 

MSK 4116p,5-2,. MSK 4116p,5-3, MSK 4116p, 5-4 

. 18384-81T (18384-WORD BY I-BIT) DYNAMIC RANDOM-ACCESS MEMORY 

AVERAGE SUPPLY CURRENT FROM Veo, 
OPERATING MODE VS. FREQUENCY 

40 
Ta =25'C 
Voo= 13.2V 

g:;{ Vaa= -4.5V 
>,5 30...---+---+----4"IE~-_f 

~g 
..... ,,-

>-~ 
~ ~ 201----+---1-----+----1 

~~ 
~i= 
II:~ 
~~ 10 

2 3 

SUPPLY CURRENT FROM Veo, 
STANDBY MODE VS. SUPPLY VOLTAGE 
1.4 

I 
Ta=25'C 
Vaa= -4.5V 

/' 
V 

~/' 

0.6 
10 11 12 13 

---

,SUPPLY VOlTAGE VOO(V) 

SUPPlY CURRENT FROM Voo' 

14 

. STANDBY MODE VS. AMBIENT TEMPERATURE 
1.4 I 

Voo=13.2V 
Vaa= -4.5V 

r--.-

0.6 
o 

-r-r--

! 
I 

25 50 75 

AMBIENT TEMPERATURE Ta('C) 

100 

AVERAGE SUPPLY CURRENT FROMVeo, 
REFRESH MODE VS. SUPPLY VOLTAGE 
20r-----~----~~----~~~ 

6 Ta=25't 
o 
> 
~ 15r--~ __ ~-~ g 
~~ 
~~ 
~ 0 10r---+---+--~~~-~ 
u 0 
>-­
ctw 
0.0 
~o 
rJ)~ 

~ i7j 5r---+---+----+---~ 

ffi~ >w 
~II: 

11 12 13 

SUPPlY VOlTAGE VOO(V) 

14 

AVERAGE SUPPLY CURRENT FROM Veo, 
Ri:FRESH MODE VS. AMBIENT TEMPERATURE 

25 

6 
0 

I 
VOO= 13.2V 

> 
~ g 20 

f-:;{ 
~ E 
II: ..... 
II: .., 
~ 0 15 U 0 

Vaa=-5.5V 

... tC(REF)=375ns 

T -
tC(AEF) = 500ns 

~-
o.w 
0.0 
~o 
rJ)~ 

~35 10 
~w 
II: II: 
~,tt 
~II: 

I 
tC(REF) = 750ns 

25 50 75 100 

AMBIENT TEMPERATURE Ta ('C ) 

AVERAGE SUPPLY CURRENT FROM Veo, 
REFRESH MODE VS. FREQUENCY 

6 
o 
> 

g 
f-~ 
~ E 
II: ..... 

25r-----~----~----~----~ 

Ta = 25'C 

20...----+----;------1----1 

a 8 15~--~--~L---~----~ 

4 

• MITSlJBl5HI 
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MITSUBISIII LSI. 

MSK4116p,S·2, MSK4116p,S·3, MSK4116p,S·4 

16384-BIT (16384-WORD BY I-BIT) DYNAMIC RANDOM-ACCESS MEMORY 

AVERAGE SUPPLY CURRENT FROM Veo. 

a a 
> 
:::! 

~ 
I­
Z 
w~ 

PAGE MODE VS. SUPPLY VOLTAGE 
20~----~----~----~----~ 

Ta =25"C tC(PG)=250ns 

15~----+---~~~--~----~ 

~« as 10~----~----~~~~----~ 
.. tC(PG) = 500ns 

~ g I 
0..-

~ OW I 
1 1 

U'I [ [ [ I 
010 11 12 13 14 

SUPPLY VOLTAGE Voo(V) 

AVERAGE SUPPLY CURRENT FROM Veo. 
PAGE MODE VS. AMBIENT TEMPERATURE 

0 
Voo= 13.2V. 

5 
..... 

0 

o o 
I 

25 

Vss=;, -4.5V I 
I tc (PG) - 250ns 

i -
I tC(PG~ =375ns 

I tC(PG)-500ns 

I 

I I 
I 

I 
50 75 100 

AMBIENT TEMPERATURE Ta("C) 

AVERAGE SUPPLY CURRENT FROM Veo. 

o 
o 
> 
:::! o s: 
I-

~~ 

PAGE MODE VS. FREQUENCY 
20r-----~----~----~----~ 

Ta =25"C 

Vss= -4.5V 
151-=-=-----t-----+----_+...,,~__l 

[§ ~ 
u ";;; 101-----+----::>~+----_+----__l 
>- 0 
-' 0 &-
~~ 
~ ~ 51------!------4---'----+--------I 
a:lJ.J 
w<.:) 
>« 
«0.. 

°O~----~------~----~----~ 

FREQUENCY f(¢)(MHz) 

RAS, CAS, R/W INPUT VOLTAGE 
VIHIt V 1L1 VS.SUPPLY VOLTAGE 

;- 2.5 

...J 

:> 

! 2.0 
> 
W 

~ 
I-

g 1.5 
I­
:::J 
0.. 
~ 

3: 
'- 1.0 
0: 

I~ 

r 
Ta =25"C 

Vss= -5V 

-,.... 

I 

I 
I 

lui 0.5 
I~ 10 11 

I 
VIH1(mln) 

.;(max) 

i 

I I 

12 13 14 

SUPPLY VOLTAGE Voo(V) 

RAS, CAS, R/W INPUT VOLTAGE 
VIHI, VILI VS. SUPPLY VOLTAGE 

;- 2.5 

...J 

:> 
. ! 2.0 
> 
lJ.J 
<.:) 
« 
I-

el 
> 1.5 
I­
:::J 
0-
~ 

3: 
~ 1.0 

l~ 
10 

5 

i 
Ta=25"C 

voo= 12V 

l 
I 
r 
I 

I 

I lui O. 
I~ -4.0 -4.5 

I I 
I VIH1(mln} 

I ---t 
I I 

I 
VIL l(max) -! 

I i 
i 

I 
I 
! 

I 
-5.0 -5.5 -6.0 

SUPPLY VOLTAGE VRS(V) 

RAS, CAS, R/W INPUT VOLTAGE 
~ VIH1, VIL1 VS. AMBIENT TEMPERATURE 
2: 2. 

...J 

5 

I 
:> Voo= 12V 

Vss= -~v 
~2.0 

~ 

~ 
VIH1(mln) 

« 
~ o 
> 1. 
I-

~ 
~ 

3: 

5 

~ 1.0 

I~ 
o 
lui O. 5 

I~ 0 

I --- T 
VIL 1.(max) 

25 50 75 100 

AMBIENT TEMPERATURE T a ( "C ) 
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·.K 4116p,S-2, .K 4116p,S-3, MsK 4116p,5-4 

18384·BIT (16384.WORD BY I-BIT) DYNAMIC RANDOM·ACCESS MEMORY 

©IC MASTER 1979 

~2.5 

~ 
-> 
~2.0 

-> 

~ 
~ 1.5 
I­
:::> 
Q. 

~ 

61.0 

i 
I 

~0.5 

~2.5 

C 
,~ 

-> 
~2.0 

-> 

~ 5 1.5 
> 

~ 
~ 
2 1. 0 
6 

i 
~0.5 

INPUT VOLTAGE Ao:-' As. DIN VS. 
SUPPLY VOLTAGE VIH2. VIL2 

Ta=25~ 
VSS= -5V 

~(min) 

--- .I. 
VIL2(max) ---

10 11 12 13 14 

SUPPLY VOlTAGE Voo(V) 

INPUT VOLTAGE Ao -As. DIN VS. 
SUPPLY VOLTAGE VIH2. VIL2 

.1 
Ta =25'C 

VOO= 12V 

VIH2(min) 

I 
VILz(max) 

INPUT VOLTAGE Ao-As. DiN VS; 
AMBIENT TEMPERATURE VIH2. VIL2 

~2.5 
N 
..J 

-> 
~2.0 

-> 
u.i 

~ g 1.5 

..... 
:::> 
Q. 

~ 

61.0 
i 
I 

I 
Voo~ 12V 

Vss= -5V 

VIHz(min) 

VIL2(max) 

~0.5 
o 25 50 75 100 

4' RAS 

~ CAS 
U) 100 

ai IDD ~8 
~ (mA) ~8 
o 0 
I- 40 
~ Iss 28 a (mA)=a8 

~ 100 
~ Iss ~8 
(/) (mA) ~8 

o 

AMBIENT TEMPERA lURE Ta ( "C ) 

SUPPLY CURRENT VS. TIME 
RAS/CAS CYCLE 

LONG RAS/CAS CYCLE 

RAS ONLY CYCLE 

~ I-~ JI-H+H- .. ~ , 
"'I-~ +YPI~lL 

I 

r 

" 
: i; 
I 

III 

<{ -4.0 -4.5 -5.0 -5.5 -6.0 SOns/DIVISION 

TIME t 

1.2 

I~ 
j 1.1 

... 
::! 
~ 
(/) 

l2 1.0 
u 
u 
<{ 

fZl 
N 

~ 0.9 
cr: o z 

SUPPlY VOLTAGE Vss(V) 

NORMALIZED ACCESS TIME VS. 
LOAD CAPACITANCE 

---------~ ~ 

I 

i 
! 

50 100 150 

LOAD CAPACITANCE (pF) 

200 

• MITSUBISHI 
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MITSUBISHI LSI. 

_T 4044P-20, _T 4044P-30, _T 4044P-45 
40 •• -BIT(40 •• -WORD BY I-BIT) STATIC RANDOM-ACCESS MEMORY 

DESCRIPTION 
The M5T 4044P series are 4096-word by l-bit static RAMs, 

fabricated with the N-channel silicon-gate MOS process 
and designed for simple interfacing. They operate with 

a single 5V supply, as does TTL, and are directly TTL­

compatible. 
The members of the M5T 4044P series have three access 

time ranges; M5T 4044P-20, M5T 4044P-30, M5T 4044P-45. 

FEATURES 

Parameter I MST 4044P-20 MST 4044P-30 I MST 4044P-4S 

Access time (max) I lOOns ·300ns I 4S0ns 

Cycle time (min) I lOOns 300ns i 450ns I 

• Low power dissipation: 50JlW/bit (typ) 

• Single 5V supply 
• Requires no clocks or refreshing 

• All inputs and outputs are directly TTL-compatible 

• All outputs are three-state and have OR-tie capability 

• Simple memory expansion by chip-select (CS) input 

• Interchangeable with TI's TMS4044 in pin configuration 
and electrical characteristics 

APPLICATION 
• Small-capacity memory units 

FUNCTION 
The M5T 4044P series are, very convenient to ':lse, as they 
feature static circuits which require neither external clocks 

nor refreshing, and all inputs and outputs are directly 

compatible with TTL. 

PIN CONFIGURATION (TOP VIEW) 

I
:~: : 
A4-+ 3 

ADDRESS INPUTS A5 -+ 4 ~ 
0'1 

, I AZ-+~ ~ ~4_ As I l A3 -+ 6 : 13 _ A7 

DATA OUTPUT Dour- 7 '"0 12 +- A6 J 
READ/WRITE INPUT R/W -+Ull - ~N 

(0 V) G N 0 9 10 _ C S 

DATA INPUT 

CHIP. SELECT INPUT 

Outline 18P1 

address signals Ao-AI I and the R/W signal goes low, the 

DIN signal data at that time are written. 

During a read' cycle, when the R/W signal goes high 

and' a location is designated by address signals Ao-A 11 , 

the data of the designated address appear at the DouT 
terminals. 

When signal CS is high, the chip is in the non-selectable 

state, disabling both reading and writing. In this case the 

output is in the floating (high-impedance) state, useful 

During a write cycle, when a location is designated by for OR-ties with other output terminals. 

BLOCK DIAGRAM 

ADDRESS ,INPUTS 

DATA INPUT 

4096-WORD x 1-BIT 

RAM 

64 

(64 ROWS x 

64 COLUMNS) 

R/W 

CONTROL 
CIRCUIT 

READ/WRITE INPUT R/W 8}-------------------' 

CHIP SELECT INPUT cs 10}----------------------J 

1432 
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AMPlIFIE'R 

OUTPUT 

BUFFER 

(SV) 

7 Dour DATA OUTPUT 
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MITSUBISHI LSI. 

_T 4044P.20, _T 4044P·30, _T 4044P·45 
4098-BIT(4098-WORD BY I-BIT) STATIC RANDOM-ACCESS MEMORY 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions limits 

Vee Supply voltage -0.5-7 

VI Input voltage With respect to GND -0.5-7 

Vo Output voltage -0.5-7 

Pd Maximum power dissipatIOn Ta = 2S"(; 700 

Topr Operating free·air ambient temperature I 0-70 

Tstg Storage temperature -40- -125 

RECOMMENDED OPERATING CONDITIONS (Ta =-0 --70t, unless otherwise noted) 

limits 
Symbol Parameter Units 

Min Nom Max 

Vee S,upply voltage 4.5 S S.S V 

VIL Low-level input voltage -O.S O.S V 

VIH High-level Input voltage 2 Vee V 

ELECTRICAL CHARACTERISTICS (Ta = 0 - 70t, Vee = S V ± 10%, unless otherWise noted) 

Limits 
Symbol Parameter ,Test conditions 

Min Typ Max 

VIH Hl9h-level input voliage 2 Vee 

VIL Low·level input voltage -0.5 0.8 

VOH High-level output voltage IOH ceo -200,uA, Vee =-4. S V 2.4 

VOH High-level output voltage IOH = - 1.0mA, Vee=4.7SV 2,4 

VOL Low-level output voltage IOL=2.1mA 0.4 

II Input current VI =0 - S.S.V 10 

IOZH Off-state high-level output current VI(CS) "2V, VO=2.4V-Vee 10 

IOZL Off-state low-level output current VI(es) = 2V, VO=0.4V -10 

ICC Supply current from Vee VI ='s. SV, (aI/Inputs), output open,Ta =2S"C 40 6S 

C, Input~ capacitance. all inputs VI =GND, V I =2SmVrms, f= lMHz 3 S 

Co Output capacitance Vo=GND. Vo=25mVrms. f= 1MHz 5 8 

Note, Current flowing Into an IC is posilive. out IS negative. 

TIMING REQUIREMENTS (For Write Cycle) (Ta = 0 - 70t:, Vee =SV ± 10%, unless otherWise noted) (Note 2) 

M ST 4044P-20 M5T4044P-30 M5T4044P-45 

Symbol Parameter Limits Limits Limits 

Min Typ Max Min Typ Max Min Typ Max 

tC(WR) Wnte cycle time 200 300 450 

tSU(AD) Address setup time With respect to wnte pulse 0 0 0 

tW(WR) Wnte pulse Width 120 ISO 200 

twr Wnte recovery time 0 0 0 

tSU(DA) Data setup time 120 I 150 200 

th(DA) Data hold time 0 I 0 0 

tsu(es) Chip select setup time 
t 120, ! ! 150 200 

tPXZ(WR) Output disable lime With respect to wnte pulse I I 40 80 100 

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta = 0 -70'C. Vee = SV ± 10%. unless otherwise noted) (Note 2) 

Symbol Parameter 

tC{RD) Read cycle tme 

ta(AD) Address access lime 

ta(CS) ChIP select access time 

tpXZ(CS) Output dISable time With respect to chIP select 

tdV(AD) Data valid tme With respect to address 

Note 2 Test conditIOns 

Input pulse level 0.S-2V 

M5T4044P-20 

Limits 

Min Typ Max 

200 

200 

70 

40 

50 

Input pulse nse tme 20ns 

Input pulse fall time 20ns 

M5T4044P-30 

Limits 

Min Typ Max 

300 

300 

100 

SO 

50 

M5T4044P-45 

Min 

450 

50 

Limits 

Typ 

Input 

Output 

Max 

450 

100 

100 

Unit 

V 

V 

V 

mW 

'C 

'C 

Unit 

V 

V 

V 

V 

V 

,uA 

,uA 

,uA 

mA 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

1.5V 

l.SV 

Reference level Load = lTTL. CL = 100pF 

©Ie MASTER 1979 
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MITSUBISHI LSI. 

MSY 4044P-20, MSY 4044P-30, MSY 4044P-45 
40 ••• B.T(.ao .... WORD BY 1-BIT) STATIC RANDOM-ACCESS MEMORY 

TIMING DIAGRAMS 
Read Cycle 

AO-AII 

DOUT 

Write Cycle 

Ao-AII 

tC(RO) 

--+---4-ta (es) 

DATA OUT VALID 

ta(AO) 

tC(WR) 

tSU(AO) 
__ ~ ____ ~~ _____ t_W_\~W~R~) ___ -.~ ___ ~~~twr 

A/W 

tSU(CS) 

cs 

tSU(OA) 

DIN DATA STABLE 

- __ +---+-_t PXZ(WR) _-+----+_t PXZ(CS) 

DOUT DATA OUT INVALID 

Note 3 Hatching Indicates the state is don't care 

H·L4104·A KI·7809 Printed i'n Japan (ToT} 
New publication. effective Sep. 1978., 
Specifications subject to change without notice. 
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MITSUBISHI LSIs 

M589815-30,MS8981S-45 
4096-BIT(1024-WORD BY 4-BIT) CMOS STATIC RANDOM.ACCESS·MEMORY 

DESCRIPTION 
The M58981S series consists of two 1024-word by 4-bit 

static RAMs fabricate~ with the silicon-gate CMOS· process 
and designed for low po~r dissipation and easy application 
of battery back-up. 

Each member of the series, while maintained in the chip 
non-select state by the chip-select signal CS, consumes 

power only at the low value of 151lA (max) standby current 
and accordingly is especially suitable as a memory system 

for ~attery-operated applications and for battery back-up. 

Each member operates on a single 5V supply, as does 
TIL, and inputs and outputs are directly TTL-compatible 
and are provided with common I/O terminals. 

FEATURES 

• Access time M58981S-30: 300ns (max) 
M58981S-45: 450ns (max) 

• Low power dissipation in 
the standby mode: 15pA (max) 

• Single 5V power supply 
• Data holding at 2V supply voltage 
• No external clock or refreshing operation required 
• Both inputs and outputs are· directly TTL-compatible 

• Outputs are three-state, with OR-tie capability 
• Simple memory expansion by chip-select signals 

• Data terminals are common for both inputs and outputs 

• Pin configuration is identical with those of Mitsubishi's 
M58724S (N-channel 4K static RAM), Intel's 2114, 

and TI's TMS4045. 

APPLICATION 
• Battery-driven or battery back-up small-capacity memo­

ry units 

FUNCTIONS 
Each member of the M58981S series -has a 1024-word by 

BLOCK 
DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

Vee (5V) 

ADDRESS INPUTS 

:7 ::: I ADDRESS INPUTS 

15 +-A9 

14*'/01) 
1 *I/Oz DATA 

1 *' / 03 INPUTS/OUTPUTS 

"*'/04 CHIP SELECT INPUT 

+- RI W READ/WRITE INPUT 

Outline 18S1 

4-bit organization and provides common da~ input and . 
output terminals. 

During a write cycle, when a location is designated by 
adress signals Ao-A9 and signal R/W goes low, the data 
of the I/O at that time is written. 

During a read cycle, when a location is designated by 
address signals Ao-A9, and signal R/W goes high, the data 

of the designated address appears at the I/O terminals. 
When signal CS is high, the chip is in the non-selectable 

state, disabling both reading and writing. In this case, the 
output is in the floating (high-impedance state) useful for 

OR-ties with the output terminals of other chips. 
Also in the chip non-select state, the system operates 

with a low power dissipation, having a standby current of 
15pA (max), so that the memory data can be held at a 
supply voltage of 2V, enabling battery back-up operation 

during power failure and power-down operation in the 

standby mode. 

Ao 
At 

Az 
A3 

A4 

4096 WORDS x 4 BIT I-+-_--<~ 

RAM 
w 
CIl 
Z 
w 
CIl 

ADDRESS INPUTS 

©IC MASTER 1979 

16 

(16 ROWS x 

64 COLUMNS) 

• MITSUBISHI 
"ELECTRIC 

1435 



MITSUBISHI LSls 

M589815-30,M58981S.45 
4098-BIT (1024.WORD BY 4-BIT) CMOS STATIC RANDOM-ACCESS MEMORY 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

VCC Supply voltage -0.3-7 

VI Input voltage With respect to GND -0.3-Vcc+ 0.3 

Vo Output voltage O-VCC 

Pd Maximum power dissipation Ta = 25"C 1000 

Topr Operating free-air ambient temperature 0-70 

Tstg Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta = Q - 70"(;. unless otherwise noted) 

I I - L Limits 
Symbol 

I 
Parameter 

I Min-T I 
Units 

Nom Max 

VCC ! Supply voltage I 4.5 I 5 5.5 I V 

VIL ! Low-level input voltage 1-0.3 
, 

0.65 

I 
V 

I ViH I High-!eve! input voltage I 2.2 1 ·1 VCC V 

ELECTRICAL CHARACTERISTICS (Ta =0 -7Q"C. Vee= 5V ± 10%. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions ! Min Typ Max 

VIH High-level input voltage 2.2 i 
\ 

Vcc 

VIL Low-level Input voltage I -0.3 0.65 

VOH I High-level output voltage I IOH= -lmA , 2.4 I ---
VOL Low-level output voltage IOL=2mA 0.4 

II Input current VI =0-5.5V ±1 

IOlH Off-state high-level output current VI(CS)=2.2V. Vo=2.4V-Vec 1 

lOlL Off-state low-level output current VI(CS) = 2. 2V. Vo= 0.4V -1 

ICCl Supply current from V ce 
CS ~O.OlV. other inputs =VCC. , 

I 9 
Output open 

CS~O.OlV. other inputs=2.2V. 

I ICC2 Supply current from Vce 13 
Output open 

ICC3 Supply current from Vee VI(es)~2.2V I 15 

Cj Input capacitance. all inputs VI-=GNO. V,=2SmVrms, f=·lMHz t 4 + 8 

Co Output capacitance Vo=GND, Vo=25mVrms. f= 1MHz I 8 12 

Note : Current flowing into an IC is positive; out is negative 

TIMING REQUIREMENTS (For Write Cycle) (Ta =0-70"(;, Vcc=5V ± 10%. unless otherWise noted) 

M58981S-30 I M58981S-45. 

Symbol Parameter Test condillons limits Limits 

Min : Typ Max I Min [ Typ Max 

tC(WR) Write cycle time 300 450 

tSU(AD) Address setup time with respect to write pulse Input pulse 
100 130 

tW(WFi) Write pulse width VIH=2.2V 
150 250 

twr Write recovery time VOH=0.65V 
50 50 

tSU(DA) Data setup time tr = tf= 20ns 200 250 

th(DA) Data hold time Reference level = 1 . 5 V 50 50 

tSU(CS) Chip select setup time Load =lTTL, 250 350 

th(CS) Chip select hold time 
CL= 100pF 

50 50 

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta = 0 - 70"C. Vee =. 5V ± 10%. unless without noted) 

Symbol Parameter 

tC(RD) Read cycle time 

ta(AO) Address access time 

ta(CS) Chip select access time 

tpXl(CS) Output disable time with respect to chip select 

tdv{AD) Data valid time with re.spect to address 

Test conditions 

Input pulse 
VIH=2.2V. 
VOH=0.6V 
tr = tf=20ns 

Reference level =--= 1 . 5 V 
Load = lTTL, 
CL=100pF 

• MITSUBISHI 
.... ELECTRIC 

M58981S-30 M58981S-45 

Limits Limits 

Min Typ Max Min Typ Max 

300 450 

300 450 

350 500 

100 130 

0 0 

Unit 

V 

V 

V 

mW 

"C 

"C 

I 
Unit 

I V 

V 

V 

V 

J.lA 

J.lA 

J.lA 

mA 

I 
I mA ! 
I 

J.lA 

I pF I 
pF 

Unit 

i 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 
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MITSUBISHI LSI. 

M58981S-30,M58981S-45 
4O .... IT (1024-WORD BY 4-BIT) CMOS STATIC RANDOM-ACCESS MEMORY 

TIMING DIAGRAMS 
Read Cycle 

AO-Ag 

1/0,-1/0. 

(OUTPUT MODE) 

Write Cycle 

tC(RO) 

ta(AO) 

ta(C'S) 

tC(WR) 

tSU(AO),_~ _____ -+ ___ ---=tW~(c.:..:W.:..;;R):....-_-.,. ______ +-_ twr 

R/W 

tSU(~) 

tSU(OA) th(OA) 

LlO,-I/O. 

(INPUT MODE) 

Note 2: Hatching indicates the state is unknown 

DATA IN VALID 

~ The center line iricocates a floating (high-impedance) state 

POWER-DOWN OPERATION 

Electrical Chara cte ristics (T a = 0 -70·C. unless otherwise noted) . 

Symbol Parameter Test conditIOns 

VCC(PO) Power-down supply voltage 

2.?V ~ Vee(po)~ Vee 
VI(CS) I?ower- down chip select input voltage 

2 .OV ~Vee(PD)~? .?v 

Limits 

Min Typ 
Unit 

Max 

2.0 V 

??. V 

Vee(po) V 

ICC(pO) Power-down supply current from Vee Vee=? .OV, all Inputs =?.O ~ 15 f..IA 

Note: Current flowing into an IC is positive; out is negative. 

Timing Requirements (Ta=0-70·C. Vee=5V±10%. unless otherWise noted) 

Symbol Parameter 

tSU(PD) Power-down setup time 

tR(PD) Power -down recovery time 

Timing Diagram 
Vce 

H-L4051-A KI-7805 Printed in Japan (TOT) 
New pubiicatlon. effective May 1978. 
Specifications subject to change without notica. 
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Limits 

Min I Typ Max 

0 I 
tC(RD) 1 
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Unit 

ns 

ns 
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MITSUBISHI LSI. 

_L 2114LP, _L 2114LP-2, _L 2114LP-3 
4098-BIT(1024-WORD BY 4-BIT) STATIC RANDOM-ACCESS MEMORY 

DESCRIPTION 
The M5L 2114LP series are 4()96.bit static random-access 
memories organized as 1024 words of 4 bits and designed 
for simple interfacing. They are fabricated using N-channel 

silicon-gate MOS technology. They operate with a single 
5V supply, as does TTL, and the inputs and outputs are 

directly TTL compatible. 1/0 terminals are common. The 
M5L 2114LP series has three access time ranges; M5L 
2114LP, M5L 2114LP-2 and M5L 2114LP-3. 

FEATURES 

Parameter I M5L 2114LP-2 M5L2114LP-3! M5L2114LP 

Access time (max) I 200ns 300ns I 450ns 

Cycle time (min) I 200ns 300ns I 450ns 

• Low power dissipation: SOIlW/bit (typ) 
• Single 5V supply voltage 
• Requires neither external clock nor refreshing 
• All inputs and outputs are directly TTL compatible 
• All outputs are three-state, with OR-tie capability 
• Easy memory expansion by chip-select (CS) input 

• Common data 1/0 terminals 
• Interchangeable with Intel's 2114L and TI's TMS4045 in 

pin configuration and electrical characteristics. 

APPLICATION 
• Small-capacity memory units 

FUNCTION 
The M5L 2114LP series operate with a single 5V power sup­
ply, and the inputs and outputs are directly compatible with 
TTL. All circuits are completely static, rendering external 
clock and refresh operations unnecessary, and making the 
members of the series extremely easy to use. Common 
data input and output terminals are prOVided. 

BLOCK 
DIAGRAM 

ADDRESS INPUTS 

AO 
Al 

A2 7 

A3 

A4 
As 

1024·WORD x 4·81T 

RAM 

(64 ROWS x 

64 COLUMNS) 

16 

PIN CONFIGURATION (TOP VIEW) 

Vee (SV) 

A4-+ 3 

ADDRESS INPUTS AJ -+ 4 ~ I
~:: : 
I ~:~ ~ =::;~) ~~~S/OOTMS 

CHIP SELECT INPUT CS -+U" .. 1/04 J 

(OV)GNO 9 1 +-R/w READ/WRITE INPUT 

Outline 18P1 

During a write cycle, when a location is designated by 

address signals Ao-A9 and the RIW signal goes low, the 
data at the 1/0 terminals are written. 

During a read cycle, when the RIW signal goes high 
and a location is designated by address signals Ao-A9 , 

the data of the designated address appear at the 1/0 
terminals. 

When signal CS is high, the chip is in the non-selectable 
state, disabling both reading and writing. In this case the· 
data outputs are in the floating (high-impedance) state,. 
useful for OR-ties with the output terminals of other 
chips. 

CHIP SELECT INPUT os 8 J 
READ/WRITE INPUT R/W 10)----------------------' 

------.-. 
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MITSUBISHI LSI. 

MSL 2114LP, MSL 2114LP.2, MSL 2114LP~3 
4098-BIT(1024-WORD BY 4-B,IT) STATIC RANDOM-ACCESS MEMORY 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

Vee Supply voltage -0.5-7 

VJ Input voltage With respect to GND -0.5-7 

Vo Output voltage -0.5-7 

Pd Maximum power dissipation Ta =25t 700 

Topr Operating free-air ambient temperature 0-70 

Tstg Storage temperature -40-125 

RECOMMENDED OPERATING CONDITIONS (Ta = 0 -70t:, unless otherwise noted) 

Limits 
Symbol Parameter Units 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5' V 

VIL Low-level input voltage -0.5 O.S V 

VIH High-level input voltage 2 Vee V 

ELECTRICAL CHARACTERISTICS (Ta =0-70"C. Yee=5V ± 10%. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

, Min Typ 

VIH High-level input voltage 2 

VIL Low-level input voltage -:0.5 

VOH High-level output voltage IOH= -200.uA. Vee=4.5V 2.4 

VOH High-level output voltage IOH= -lmA • Vee=4,75V 2.4 

VOL Low-level output voltage IOL=2.1mA 

" Input current VI =0-5.5V 

IOZH Off-state high-level output current VI(es)=2V. Vo=2.4V-Vee 

IOZL Off-state low-level output current VI(CS) = 2V. VO=0.4V 

Ice Supply current from Vee VI = 5. 5V. (all inputs) output open.Ta=ZSt 40 

C, Input capaCitance. all inputs VI =GND. Vi =25mVrms. f= lMHz 3 

Co Output capacitance Vo=GND. Vo =25mVrms. f= lMHz 5 

Note' Current flOWing into an IC is positive: out is negative. 

TIMING REQUIREMENTS (For Write Cycle) (Ta =0 -70"C. Vee= 5V ± 10%. unless otherwise noted) (Note 2) 

Max 

Vee 

O.S 

0.4 

10 

10 

-10 

65 

5 

S 

M5L2114LP-2 M5L2114LP-3 M5L2114LP 

Symbol Parameter 
Alt Limits Limits Limits 
symbol 

Typ Min Typ Min Typ Max Min Max Max 

tC(WR) Write cycle time twe 200 300 450 

tSU(AO) Address setup time with respect to write pulse 0 0 0 

tW(WR) Wnte pulse Width tw 120 150 200 

twr Wnte recovery time tWR 0 0 0 

tSU(OA) Data setup time 
~ 

tow 120 150 200 

th(OA) Data hold time tOH 0 0 0 

tsu(CS) Chip select setup time 120 150 200 

tPXZ(WR) Output disable time With respect to write pulse tOTw 40 SO 100 

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=O -70"C. Vee =5V ± 10%. unless otherwise noted}(Note 2) 

M5L2114LP-2 M5L2114LP-3 M5L2114LP 
All. ! Limits Limits Symbol Parameter Limits 
symbol 

Min Typ Max Min Typ Max Min Typ Max 

tC(RO) Read cycle time tRe '200 300 .450 

ta(AO) Address access time tA 200 300 450 

ta(CS) Chip select access time teo SO 100 120 

tpXZ(CS) Output disable time With respect to chip select tOTO 40 80 100 

tdV(AO) Data valid time With respect to address tOHA 50· 50 50 

tpzx(CS) Chip select to output acttve tex 20 20 20 

Input 

Unit 

V 

V 

V 

mW 

'C 

t: 

Unit 

V 

V 

V 

V 

V 

.uA 

.uA 

.uA 

rnA 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

1.5V 
Note . 2 Test conditions 

Input pulse level 0.S-2V 

Input pulse rise time 

Input pulse fall time 

Reference level 

20ns 

20ns Output 1.5V 

©IC . MASTER 1979 
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MITSUBISHI LSI. 

MSL 2114LP, MSL 2114LP-2, MSL 2114LP-3 
4098-BIT(1024-WORD BY 4-BIT) STATIC RANDOM-ACCESS MEMORY 

TIMING DIAGRAMS 
Read Cycle 

Ao -Ag 

I/O 1-1/04 

(DA T A OUTPUTS) 

Write Cycle 

Ao - Ag 

ta(AD) 

tC(RD) 

1 ........ 11----...-..... t PXZ(CS) 

DATA OUT VALID 

__ +--+-o--td v (AD) 

tC(WR) 

tSLJ(AD) __ 4---------~~-------t-W~\~W-R-)--------~------~~--twr 

R/W 

cs 

I/O 1 -1/04 

(DATA INPUTS) 

I/O 1-1/04 

(DATA OUTPUTS) 

tslI(CS) 

tSlI(DA) 

DATA STABLE 

---+---+--t PXZ(WR) _ ..... -----+ __ t PXZ (CS) 

DATA OUT INVALID 

I\ole 3 Hatching Indicates the state IS donI care 

H.L4103·A KI·7809 Printed in Japan (TOT) 
New publication, effective Sep. 1978. 
Specifications subject to change without notice. 
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MITS .... LS .. 

MSL 27085, MSL 27085-65 

8182-BIT,(1024.WORD BY 8-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

DESCRIPTION 

The M5L 2708S and M5L 2708S-65 are FAMOS (floating­

gate avalanche-injection MOS) ultraviolet-light erasable and 
electricalJy reprogrammable 8192-bit (1024-word by 8-bit) 
EPROMs. They incorporate N-channel silicon-gate MOS 
technology, are designed for microcomputer system 
applications, and have direct TTL-compatibility for all 
inputs and outputs, without extra interface circuits. 

FEATURES 

• Fast programming: 

• Access time: 
M5L2708S: 
M5L 2708S-65: 

100s/8192 bits (typ) 

450ns (max) 
, 650ns (max) 

• Low power dissipation during programming 
• No clocks required; the circuitry is entirely static 
• Data inputs and outputs TTL-compatible during read 

and program modes 

• Easy memory expansion by chip-selectlwrite-enable 
(CSJWE) input 

• Typical power supply voltages: 12V, 5V, -5V 
• For large volume production; pin compatible with the 

Mitsubishi M58730-XXXS mask ROM 
it Interchangeable with Intel's 2708 in pin configuration 

and electrical characteristics 

APPLICATION 
• Computers and peripheral equipment 

'FUNCTION 
Read--Set the CSJWE terminal to the read mode (0-5V). 

Low-level input to CSJWE and address signals to the address 
input (Ao - A9 ), make the data contents of the designated 

BLOCK DIAGRAM 

X DECODER 

PIN CONFIGURATION (TOP VIEW) . 

ADDRESS 
INPUTS 

Vee (SV) 

:} ADDRESS INPUTS 

1 VBB (-SV) 

C5/WE~~!'a~~~~rITE 
19 Voo (12V) 

1 +-PROGRAM ~ 
1 -07 

1 -06 

Outline 24S10 

DATA 
INPUTS/OUTPUTS 

address location available at the data inputs/outputs 
(Do -07 ), When the (3'JWE signal is high, data inputs/ 
outputs (Do -0,) are in a floating state. 

Write--Set the B'JWE terminal to the write mode (12V). 
A program pulse will effect the write operation for the 

data at each address loaded via data inputs/outputs 
(00 -07 ), For details refer to the description of the pro­
gramming mode. 
Er .. -Erase is effected by exposure to ultraviolet light 
through the transparent window. 

1024-WORD BY 8-BIT 

ROM 
ADDRESS INPUTS ~-----t (64 ROWS x 16 COlUMNS x 8 ARM YS) 

AI 
Ao 

Y-DECODER 

CHIP SELECT CIRCUIT 

PROGRAM INPUT PROGRAM 48}--------------' 

©IC MASTER 1979 

Y GATE CIRCUIT 

OUTPUT BUFFER I 

J 
T 

DATA OUTPUTS 

a 
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MITSUBISHI LSI. 

MSL 27085, MSL 27085-65 

81.2-BIT (1024.WORD BY a.BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

FUNCTIONAL OPERATIONS 
programming Procedure 
The M5L 2108S, S-65 are in the '1' state (with high-level 
output) after erase, and go into the '0' state (with low-level 
output) after programming. All bits of the M5L 2108S, S-65 
are initially in the '1' state, and must be programmed 
according to the following procedures. 

The chip ~nters the program mode when 12V is supplied 
to the CSIWE input (pin 20). Data to be programmed are 
presented, 8 bits in parallel, to the data inputs/outputs 
(00 -0,) and the addresses are set up by the address inputs. 
After address and data set-up, one program pulse is applied 
to the program input (pin 18) for each address from 0 to 
1023. This pass through all addresses, known as a program 
loop, must be repeated a number of times, N, which 
depends upon the width of the program pulse and must 
satisfy the condition N.tw(p)~ 1ooms. 

Erase Procedure 
The M5L 2108S, S-65 can be erased by exposure to high­
intensity short-wave ultraviolet light at a wavelength of 
2531A through the transparent lid provided. The required 
exposure is approximately 15Ws/cm2 • If the energy of the 

lamp used is unknown, find the total time hE) required to 

erase all bits and use a short-wave ultraviolet-light exposure 
time of 3 to 5 times this value. 

HANDLING PRECAUTIONS FOR FAMOS DEVICES 
In addition to general handling precautions for MOS 
devices, tt}e following points apply to FAMOS devices. 
1. High voltages are used when programming, and the 

conditions under which it is performed must be carefutly 
controlled to prevent the application of excessively high 
voltages. 

2. Before erasing, clean the surface of the transparent lid to 
remove completely oily impurities, which may impede 
irradiation and affect the erasing characteristicS. 

3 This ultraviolet-light erasable PROM is erasable by 
ultraviolet-light with wavelengths under 4,oooA. For 
use involving long exposure to direct sunlight or to 
lamps radiating at these wavelengths, the transparent 
window should be covered with opaque tape. 
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MIT ....... u .. 
M5L 27085, MSL 27085-65 

8182-BIT (1024-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPRMRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS· 
Symbol Parameter Conditions Units Unit 

Vu Input voltage. Voo anci~/WE write mode -0.3-20 V 

VIZ anpi.n voItage.Vcc.Nss . address and difa signal With respect to·v BB -0.3-15 V 

VI3 lnput'voItage. program mode -0.3-35 V 

Topr Operating free-air temperature 0-70 "C 

Tstg Storagel ternpeiature -65-125 "C 

READ OPERATION 
Recommended Operating Conditions (Ta =0 -70 "C .. unless otherwise noted) 

Parameter 
Limits 

Symbol Unit 
Min Nor1') Max 

Vcc Supply voltage 4.75 5 5.25 V 

Voo Supply voltage 11.4 12 12.6 V 

VBB Supply voltage -4.75 -5 -5.25 V 

Vss Supply. voltage (GND) 0 V 

VIL Low-level ilput voltage Vss 0.65 V 

VIH High-level ilput voltage 3 Vcc+ 1 V 

ELECTRICAL CHARACTERISTICS 
(Ta=0-70"C. Vcc=5V±5%. Voo=12V±5%. Vee=-SV±5%. vss=OV. unless otherwise noted. Note 1) 

Test conditions 
L.imits 

Symbol Parameter Unit 
Min Typ Max 

IlL low-level ilput curent. address. chip select ilput VI =S.25V 10 p.A 

loz Off-state (high-inpedance'state) 0UIpUt c.irent Vo=5.25V. VO(~/WE) =SV 10 p.A 

100 Supply current from VOO Worst case. 50 65 rnA 

ICC Supply curTent from V CC II iIysts high. 6 10 rnA 

IBB Suppiy et.nerit from V ee VO(CS/WE) =5V. Ta=O"C 30 45 rnA 

VOL Low-IIMII' 0I.IIpUt voltage IOL=1.6rnA 0.45 V 

VOH1 High-level 0UIpUt voltage IOH=-100p.A 3.7 V 

V6Hz High-level output voltage IOH= -1 rnA 2.4 V 

Pd Power dissipation Ta=70"C SOO rnW 

Cj Input capacitance 4 6 pF 

Co Output capacitance 
VI=OV. f=lMHl 

8 12 pF 

No1e 1 : Typical values are at T a = 25 "C. and nomnal supply voltage. 

SWITCHING CHARACTERISTICS (Ta=0 ..... 70"C. Vcc=SV±5%. Voo=12V±5%. Vee=-5V±5%. Vss=OV.lM'lIessotherwisenoted) 

Symbol Parameter Test conditions 
Units 

Unit 

I MSL2708~ 
ta(AD) Address access time I MSL 27085-65 

ta(cs) Chip select access time 

tdV(CSLH) Data valid time with respect to chip select Iow-to-high 

tdV(AO) Data valid 1imelwitiVespect to address 

TIming Diagram 

VIH-J Xii 

Ao-A9 ~ .. 
VIL 1--------...... ------
VIH I r-tdv(,A~O_)-.j"I __ _ 

OS/ W E ----'-I ---"""''{ /: ! 
VIL L...-:-t t-ta(cs).... --I :--tdV(CS) 

Do-D, :: DATA INVAL;(AD'x OATA VAL" ~ 

Min Typ Max 

280 450 ns 
650 ns 

60 120 ns 
0 120 ns 

0 ns 

Test Conditions for Switching Characteristics 

Input voltage: VIL=0.65V. VIJ'i=3V 
Reference voltage at tiTling measurement : -Input '0.8 - 2 . 8 V 

outpUtO.8-2.4V 

~ The center line indicates a floating (high-impedance)\ state. 

©Ie MASTER 1979 
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MITSUBISHI LSI. 

_L 27085, _L 27085-65 

a182·BIT (1024.WORD 8Y a.BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

PROGRAM OPERATION 
Recommended Operating Conditions (Ta=2s't. Vee=sv±s%. Voo=12V±s%. VBB=-sV±s%. Vss=OV.unlessotherwiSenol& 

! Limits 
Symbol Parameter Unit 

, Min Nom Max 

VIL1(P) Low·level input voltage. except program input VSS I 0.65 V 

VIH1(P) High·level input voltage. address. data Input 3 
; 

VCC+l V 

VIt'i2(P) High·level input voltage. CS/WE 11.4 12.6 V 

VIH3(P) High·level input voltage. program mode 1 25 27 V .... -
VIL2(P) Low·level input voltage. program mode 2 VSS 1 V 

Notel: With respect to VSS 

2: Where VIH3(P) -VIL2(P) =25V(rnin) 

Electrical Characteristics (Ta =ZS'C. VCC=SV ±5%. Voo=lZV ±5%. VBB= -5V ±S%. VSS=OV. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

11L1(P) Low·level input current. address. chip select input VI =S.Z5V 10 /-I A 

11L2(P) Low·level input current. program input 3 rnA 

IIH1(P) High·level current. program input I 20 rnA 

100 I V DO supply current Worst case. 50 65 rnA 

ICC V ce' supply current all Inputs htgh 3 6 10 rnA 

IBa V BS supply current CS/WE=5V. Ta =O't 30 45 rnA 

Note 3 TYPICal values are at T a = 25 't and nominal supply voltage 

Timing Requirements !Ta=Z5't. Vcc=5V±5%. Voo=12V±5%. Vss=-5V±5%. Vss=OV unless otherwise noted) 

1 Limits 
Symbol I Parameter Test conditions Unit 

Min Typ Max 

tSU(PRQ-AO) Program setup time with respect to address 10 /-Is 

tSU(PRO-wE} Program setup time with respect to WE Iow·to·high 10 /-IS 

tSU(PRO'OA) Program setup time with respect to data 10 /-Is 

th(AO·PAO) Address hold time with respect to program 1 /-IS 

th(WE'PAO) WE hold time with respect to program 0.5 /-IS 

th(OA'PAO) i Data hold time with respect to program 1 /-IS 

tW(P) ~ 
Program pulse width 0.1 1 rns 

tr(p) Program rise time 0.5 2 /-IS 

tt(P) Program fall time 0.5 2 /-IS 

Switching Characteristics (Ta =25't. Vcc=5V ±5%. Voo=1 2V ±5%. Vss= -5V ±5%. Vss=OV. unless otherwise noted) 

Symbol Parameter 

ta(OA'WE) Access time with respect to WE high·to·low 

tdV(OA'CS) Data valid time with respect to CS Iow·to·high 

Timing Diagram 

Program mode 

CS/WE 

AO-A9 

VIH2(P) 

VIL1(P) 

VIH3(P) 

PROGRAM 

VIL2(P) 

Test conditlons 
Limits 

Min Typ 

0 

From program mode to read mode 

VIH2(P) 

CS/WE 

AO-A9 
VIH1(P) ~--+--+---..I 

VIL 1(P) \-_-+--+_-'1 
th(AO'PAOt-r-f--t-I­

Unit 
Max 

10 /-IS 

120 ns 

VIH1(P) T--+-+--+-'~~~+---

00- 0 7 .~~~~ 
VIL HP) r---+-+--~----+----

VIH3(P) 

PROGRAM 

• MITSUBISHI 
IIi'&£LECTRIC 

'VIL2(P) 
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"I need to know if this device exists, and if there are 
any alternate sOlU'ces. Where do I start?" 

• Memory IC • CMOS 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If you're spending hours to solve a problem similar 
to the one above~ you're behind the times ... 

It only takes a few seconds with uTHE MASTER~~ 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 

(lIE:) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

. . . alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section. . . a complete 
part numbering guide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor - etc. 
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Bipolar PROM Selection Guide 

MEMORY DESCRIPTION 

SIZE 
ORGANIZATION 
~ OUTPUT TYPE 

STD 
OC S 

256 32x8 16 LS 
STD 

TS S 
LS 
sro 

OC S 
LS 

1024 256x4 16 
PS 
sro 

rs S 
LS 
PS 
sro 

OC 
S 

LS 

20 
PS 
sro 
S 

2048 256x8 rs LS 
PS 

OC sro 24 rs sro 
24S rs RA 

sro 
OC S 

LS 

2048 512x4 16 
PS 
sro 

TS S 
LS 
PS 
sro 

OC 
S 
LS 
PS 

4096 512x8 20 sro 
rs S 

LS 
PS 

MEMORY 

MMI AMD 

6330-1 27S08/29750 
638080* 27S181 
63L8080* 27lS08 
6331-1 27S09/29751 
638081* 27S191 
63L8081* 27LS09 
6300-1 29S10/29760 
638140 27S20 

63L814O -
63P814O* -
6301-1 27S11 1 29761 
638141 27S21 

63L8141 -
63P8141* -
6308-1 
638280* 
63L8280* 
63P8280* 
6309-1 
638281* 
63L8281* 
63P8281* 
6335-1 
6336-1 

63RA283 * 
6305-1 27S12/29770 
638240 27S20 
63L824O -
63P824O* -
6306-1 27S13/29771 
638241 27S21 
63L8241 -
63P8241* -
6348-1 -
638480* 27S28/29772 
63L8480* -
63PS480* -
6349-1 -
638481* 27S29/29773 

63LS481 * -
63P8481 * -

MMI 

FAIR-
CHILD HARRIS INTEL 

HM-7602-5 
-
-

HM-7603-5 
-
-

- HM-7610-5 3601 
93417 HM-7610A-5 -
- - -
- - -
- HM-7611-5 3621 

93427 HM-7611A-5 -
- - -
- - -

- HM-7620-5 3602A 
93436 HM-7620A-5 -
- - -
- - -
- HM-7621-5 3602A 

93446 HM-7621A-5 -
- - -
- - -

HM-7648-5 
-
-
-

HM-7649-5 
-
-
-

'-------

Monolithic Memories 
Bipolar is our business. 

- ! 

INTERSIL MOTOROLA NATIONAL RAYTHEON SIGNETICS TI 

5600 -- N82S23 SN74S188 
- OM74S188 - -
- -- - -

5610 
-- f---

N82S123 SN74S288 --
- OM74S288 - -
- -- - -

5603 -- 29660 N82S27/82S126 SN74S387 
- OM74S387 - - -
- -- - - -
- -- 29662 - -

5623 -- 29661 N82S129 SN74S287 
- OM74S287 - - -
- -- - - -
- -- 29663 - -

OM74S470 29600 SN74S470 
-- - -

- -
- - -

OM74S471 29601 SN74S471 
-- - -
- - -
-- - --
---r---
- -

5604 MCM 7620 OM74~;570 29610 N82S130 
- - -' - -
- - _. - -
- - _. 29612 - -

5624 MCM 7621 OM74S571 29611 N82S131 
- - _. - -
- - - - -
- - _. 29613 -

OM74S473 29620 - SN74S473 
-' - N82S146 -
- - - -
- 29622 - -

OM74S472 29621 - SN74S472 
- - N82S147 -
- - - -
- 29622 - -

m 
1· 
ii' .. 
" 2J 
o 
~ 

f 
CD 
n o· 
::I 
G') 
c 
is: 
CD 
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4096 

4096 

8192 

8192 

16384 

16384 

.. _-

512x8 24 

24S 

1024x4 18 

1024x8 24 

24S 

18 
2048x4 

20 

2048x8 
24 

24S 

4096x4 20 

'---

STD 
S 

DC 
LS . 
PS 

STD 
S 

TS LS 
PS 

TS RA 
STO 

DC S 
LS 
PS 

STO 
S 

TS 
LS 
PS 
RA 
RS 

STO 

DC 
S 

LS 
PS 

STO 

TS 
S 
LS 
PS 

TS RA 
S 

DC LS 
PS 
S 

TS LS 
PS 

TS 
RA 
RS 
S 

DC LS 
PS 
S 

TS LS 
PS 

TS RA 
S 

DC LS 
PS 
S 
LS 

TS PS 
RA 
RS 

6340-1 - -
63S482 * 27S30 93438 
63lS482* - -
63PS482* - -
6341-1 - -
63S483 * 27S31 93448 
63LS483* - -
63PS483 * - -
63RA483 * 
6352-1 - 93452 
63S44O 27S32 . -
63lS44O - -
63PS440* - -
6353-1 - 93453 
638441 27S33 -

63LS441 - -
63PS441* - -
63RA441 - -
63R8441 - -
6380-1 93450 
63S880* -
63lS880* -
63PS880* -

6381-1 93451 
63S881 * -
63lS881* -
63PS881* -
63RA883* 
63S840* 
63lS840* 
63PS840* 
63S841 * 
63lS841* 
·63PS841* 
63RA841 * 
63RS841* 
6381680* 

63l81680?il: 
63P81680* 
6381681* 
63L81681* 
63P81681* 
63 RA1683 * 
6381640* 
63L81640* 
63P8164O* 
6381641* 
63181641* 
63P81641* 
63RAl641* 
63R81641* 

HM-7640-5 3604A 5605 MCM 7640 OM87S295 
HM-7640A-5 - - - -

- - - - -
- - - - -

HM-7641-5 3624A 5625 MCM 7641 OM87S296 
HM-7641-5 - - - -

- - - - -
- - - - -

HM-7642-5 3605 5606 MCM 7642 OM74S572 
- - - - -
- - - - -
- - - - -

HM,..7643-5 3625 5626 MCM 7643 OM74S573 
- - .- - -
- - - - -
- - - - -
- - - - -
- - - - -

HM-7680-5 3608 5608 MCM 7680 OM87S229 
- - - - -
- - - - -

HM-7680P-5 - - - -
HM-7681-5 3628 5618 MCM 7681 OM87S228 

- - - - -
- - - - -

HM-7681P-5 - - - -

HM-7684-5 
-

HM-7684P-5 
HM-7685-5 

-
HM-7685P-5 

HM-76160-5 3616 

- -
- -

HM-76161-5 3636 
--

- -

STD = Standard LS = Low Power 
? =. High Sp~ed Schottky PS =: Power Switched 

29624 N82S140 SN74S475 
- - -
- - -

29626 - -
29625 N82S141 SN74S474 
- - -
- - -

29627 - -
N82S136 -

- SN74S477 
- -
- -

N82S137 -
- SN74S476 
- -
- -
- -
- -

29630 N82S180 . SN74S479 
- - -
- - -

29632 - -
29631 N82S181 SN74S478 
- - -
- - -

29633 - -
-

29650 N82S184 
- -

29652 -
29651 N82S185 

- -
29653 -

N82S190 -
-

N82S191 
-
-

. : 

-- ~.-~ ...... -- ... --

RA = Registered Asynchronous 
RS = Registered Synchronous 
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Bipolar PROM Cross Reference Guide 

AMD MMI INTEL MMI RAYTHEON MMI 
27LS08 63L8080 3601 6300-1 29600 6308-1 
27LS09 63L8081 3602A 6305-1 29601 6309-1 
27S08/29750 6330-1 3602A 6306-1 29610 6305-1 
27S09/29751 6331-1 3604A 6340-1 29611 6306-1 
27S10/29760 6300-1 3605 6352-1 29612 63P8240 
27S11/29761 6301-1 3608 6380-1 29613 63P8241 
27S12/29770 6305-1 3616 6381680 29620 6348-1 
27S13/29771 6306-1 3621 6301-1 29621 6349-1 
27S18 638080 3624A 6341-1 29622 63P8480 
27S19 638081 3625 6353-1 29623 63P8481 
27S20 638140 3628 6381-1 29624 6340-1 
27S20 638240 3636 6381681 29625 6341-1 
27S21 638141 29626 63P8482 
27S21 638241 29627 63P8483 
27S28/29772 638480 29630 6380-1 
27S29/29773 638481 

iNTERSIL MMI 
29631 6381-1 _ 

. 27S30 638482 29632 63PS880 
27S31 638483 5600 6330-1 29633 63P8881 
27532 638440 5603 6300-1 29650 638840 
27S33 638441 5604 6305-1 29651 638841 

5605 6340-1 29652 63P8840 
FAIRCHILD MMI 5606 6352-1 29653 63P8841 
93417 638140 5608 6380-1 29660 6300-1 
93427 638141 561Q 6331-1 29661 6301-1 
93436 638240 5618 6381-1 29662 63P8140 
93438 638482 5623 6301-1 29663 63P8141 
93446 638241 5624 6306-1 

39448 638483 5625 6341-1 81GNETIC8 MMI 
93450 6380-1 5626 6353-1 N82S23 6330-1 
93451 6381-1 N82S27/82S127 6300-1 
93452 6352-1 N82S123 6331-1 
93453 6353-1 N82S129 6301-1 

MOTOROLA MMI N82S130 6305-1 
HARRI8 MMI MCM 7620 6305-1 N82S131 6306-1 

~ HM-7602-5 6331-1 MCM 7621 6306-1 N82S136 6352-1 
~ HM-7603-5 6331-1 MCM 7640 6340-1 N82S137 6353-1 

HM-761 0-5 6300-1 MCM 7641 6341-1 N82S140 6340-1 
HM-7610A-5 638140 MCM 7642 6352-1 N82S141 6341-1 
HM-7611-5 6301-1 MCM 7643 6353-1 N82S146 638480 
HM-7611A-5 638141 MCM 7680 6380-1 N82S147 638481 
HM-7620-5 6305-1 MCM 7681 6381-1 N82S180 6380-1 
HM-7620A-5 638240 N82S181 6381-1 
HM-7621-5 6306-1 N82S184 638840 
HM-7621A-5 638241 N82S185 638841 
HM-7648-5 6348-1 N82S190 6381680 
HM-7649-5 6349-1 NATIONAL MMI N82S191 6381681 
HM-7640-5 6340-1 DM74S188 638080 
HM-7640A-5 638482 DM74S287 638141 TI MMI 
HM-7641-5 6341-1 DM74S288 638081 SN74S188 6330-1 
HM-7641-5 638483 DM74S387 638140 SN74S287 6301-1 
HM-7642-5 6352-1 DM74S470 6308-1 SN74S288 6331-1 
HM-7643-5 6353-1 DM74S471 6309-1 SN74S387 6300-1 
HM-7680-5 6380-1 DM74S472 6349-1 SN74S470 6308-1 
HM-7680P-5 63P8880 DM74S473 6348-1 SN74S471 6309-1 
HM-7681-5 6381-1 DM74S570 6305-1 SN74S472 6349-1 
HM-7681P-5 63P8881 DM74S571 6306-1 SN74S473 6348-1 
HM-7684-5 638840 DM74S572 6352-1 SN74S474 6341-1 
HM-7684P-5 63P8840 DM74S573 6353-1 SN74S475 6340-1 
HM-7685-5 638841 DM87S228 6381-1 SN74S476 638441 
HM-7685P-5 63P8841 DM87S229 6380-1 SN74S477 638440 
HM-761 0-5 6381680 DM87S295 6340-1 SN74S478 6381-1 
HM-76161-5 6381681 DM87S296 6341-1 SN74S479 6380-1 
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Standard Performance 
Schottky 
Generic PROM Family 53/63XX-1 

Featuresl Benefits 
• Standard Schottky processing 
• Reliability proven nichrome fusible links 

(qualified for MIL-M-38510) 

• Drop in compatible ROMs 
• PNP inputs for low input current 
• Compatible pin configurations for upward expansion 
• 4-bit-wide and 8-bit-wide for byte oriented applic~tions 

Application 
• Microprogram instruction 
• Microprocessor program store 

• Look up table 
• Character generator 
• Random logic 
• Code converter 

Generic PROM Selection Guide 

MEMORY PACKAGE 

Description 
The 53/63XX-1-series generic PROM family offers the widest 
selection of sizes and organizations available in the industry. 
The 4-bit-wide PROMs range from 256x4 to 1024x4 and feature 
upward/downward pin out compatibility in the space saving 16 
and 18 pin packages. The 8-bit-wide PROMs range from 32x8 to 
1024x8 in a wide selection of package sizes. All PROMs have 
the same programming specifications allowing a single generic 
programmer. 

The family features low input current PNP inputs, full Schottky 
clamping and three-state and open collector outputs. The ni­
chrome fuses store a logical high and are programmed to the 
low state. Special on cbip circuitry and extra fuses provide pre­
programming tests which assure high programming yields and 
high reliability. 

. The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 

DEVICE TYPE INTERCHANGEABLE ROM 

SIZE ORGANIZATION PINS TYPE* oeC to +75°C -55cC to -125~C O~C to -r 75°C -55°C to +125°C 

OC 6300-1 5300-1 6200-1 5200-1 
1K 256x4 

TS 
16 J,N,F 

6301-1 5301-1 6201-1 5201-1 

OC 6305-1 5305-1 6205-1 5205-1 
2K 512x4 16 J, N, F 

6206-1 5206-1 TS 6306-1 5306-1 

OC 6350-1 5350-1 6250-1 5250-1 

TS 6351-1 5351-1 6251-1 5251-1 
4K 1024x4 

OC 
18 J, N, F 

5352-1 6252-1 5252-1 6352-1 

TS 6353-1 5353-1 6253-1 5253-l 

OC 6330-1 5330-1 6230-1 5230-1 
%K 32x8 16 J, N, F 

6331-1 5331-1 6231-1 5231-1 TS 

OC 6308-1 5308-1 6208-1 5208-1 
20 J, N 

TS 6309-1 5309-1 6209-1 5209-1 
2K 256x8 

OC 6335-1 5335-1 6235-1 5235-1 

TS 
24 J, N, F 

6336-1 5336-1 6236-1 5236-1 

OC 6340-1 5340-1 6240-1 5240-1 

TS 
24 J, N, F 

6341-1 5341-1 6241-1 5241-1 
4K 512x8 

OC 6348-1 5348-1 6248-1 5248-1 

TS 
20 J, N 

6349-1 5349-1 6249-1 5249-1 

OC 6380-1 5380-1 6280-1 5280-1 

TS 6381-1 5381-1 6281-1 5281-1 
8K 1024x8 

OC 
24 J, N, F 

5384-1 * 6284-1 5,284-1 

TS 5385-1 * 6285-1 5285-1 

* Package Types: N is Plastic DIP, J is Ceramic DIP and F is Flat Pak 

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 1 ~~ f I j I t I j HI u f i {j t§ ; I Ie j ; [ i i 
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Pin Configurations 
5316300-1 
53/6301-1 

02 

53/6330-1 
53/6331-1 

53/6335-1 
5316336-1 

256x8 
PROM 

Vee 

NC 

NC 

P/Ei 

E3 

E4 

08 

07 

Os 

Os 

04 

*NO CONNECTION Replacement for 2708 EPROM. 

53/6305-1 
53/6306-1 

53/63XX-1 

53/6308-1 
53/6309-1 

53/6340-1 
53/6341-1 

S12x8 
PROM 

53/6352-1 
53/6353·1 

Vee 

As 

NC 

E1 

P/Ei 

E3 

E4 

08 

07 

06 

05 

04 

NOTE: Pin assignments for ceramic (J package). plastic (N package) and flat pack (F package) are the same. 

1450 

53/6350-1 
53/6351-1 

53/6348-1 
53/6349-1. 

53/6380-1, *5384-1 
53/6381-1, *5385-1 

1024x8 
PROM 

Vee 

A8 

Ag 

*E1 

P/E2 

*E3 

*E4 

08 

07 

Os 

Os 

04 

©Ie MASTER 1979 



53/63XX-1 

Absolute Maximum Ratings 
Supply Voltage, VCC .................... '............................................................... -0.5V to + 7.0V 
Input Voltage .'......................................................................................... -1.5V to + 5.5V 
Input Current .......................................................... ,' ............................. -20 mA to +5 rnA 
Output Current ................................................................................... -100 rnA to + 100 mA 
Storage Temperature Range ........................................................................... ·-65°C to +150°C 

Recommended Operating Conditions 

Military Commercial 
SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 
UNIT 

VCC Supply Voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High-Level Output Current -2.0 -3.2 mA 

'00, '01, '05, '06, '08, '09, '35, 

'36, '40, '41, '48, '49, '50, 'S1, 12 16 mA 
IOL Low-Level Output Current 

'S2, '53 

'30, '31, 'SO, '81, '84, '85 8 12 mA 

TA Operating Free Air Temperature -55 125 0 75 °c 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range (Unless Otherwise Noted) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VIH High-Level Input Voltage 2.0 V 

VIL Low-Level Input Voltage 0.8 V 

VIC Input Clamp Voltage VCC = MIN, II = -18mA -1.5 V 

VOL Low-Level Output Voltage VCC = MIN,IOL = Max 0.50 V 

II Maximum Input Current VCC = MAX,VI = 4.5V (Program Pin) 1.0 rnA 

VI = 5.5V (Other Inputs) 

IIH High-Level Input Current VCC = MAX, VI = 2.4V 40 /-LA 

IlL Low-Level Input Current VCC = MAX, VI = O.4SV -250 /-LA 

CI Input Capacitance 
VCC= 5.0V 

VI = 2.0V 7 pF 

Co Output Capacitance 
TA- = 2SoC 

Vo = 2.0V 8 pF 
f = 1 MHz 

'30, '31 90 125 

'00, '01, 'OS, '06 95 130 

'08, '09,'48, '49 
VCC = MAX 

115 155 
ICC Supply Current 

'3S, '36, '40, '41 
All iriputs grounded 

125 170 
mA 

'50, '51, '52, 'S3 
All outputs open 

130 175 

'80, '81, '84, '85 135 180 

OPEN COLLECTOR OUTPUT CURRENT 

ICEX I Output Leakage Current , VCC = MAX, Vo = 2.4V 100 /LA 

THREE STATE OUTPUT ONLY 

VOH High-Level Output Voltage VCC = MIN, 10H = Max 2.4 V 

1HZ High-Level OFF State Output Current VCC = MAX, Vo = 2.4V 100 /LA 

JLZ Low-Level OFF State Output Current VCC = MAX, Vo = 0.5V -100 /-LA 

lOS Output Short Circuit Current VCC = 5.0V, Vo = OV -20 -90 mA 
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53/63XX-1 

Switching Characteristics 
Over Recommended Ranges of TA and Vee (Unless Otherwise Noted) 

CONDITIONS 

DEVICE (See st~ndard 
TYPE test load) 

R1 (0) R2(O) 

6300-1, 6301-1 300 600 

5300-1, 5301-1 375 750 

6305-1, 6306-1 300 600 

5305-1, 5306-1 375 750 

6308-1.6309-1 300- 600 

5308-1, 5309-1 I 375 750 

6330-1,6331-1 I 375 I 750 

5330-1, 5331-1 I 560 i 1120 

6335-1, 6336-1 300 600 

5335-1, 5336-1 375 750 

6340-l, 6341 ~ 1 300 600 

5340-1,5341-1 375 750 

6348-1, 6349-1 300 600 

5348-1, 5349-1 375 750 

6350-1,6351-1 300 600 

5350-1,5351-1 375 750 

6352-1,6353-1 300 600 

5352 -1, 5353-1 375 750 

6380-1, 6381-1 375 750 

5380-1, 5381-1 560 1120 

5384-1, 5385-1 560 1120 

Standard Test Load 
R1 

~~~~~ o-------1.-----1~-'V\f'Ir_-___O VCC 

:::::: 30pF 

Definition of Wavefor,ms 
A x~ ________________________ __ 
- I 
E I X-----------------
E _____ , ____ Jj' 

o I I X~ ________ _ 

I 1---".. :1 
-. tAA 

ADDRESS ACCESS TIME 

1452 

I 
I 

tAA (ns) tEA & tER (ns) 
ADDRESS ACCESS ENABLE ACCESS & 

TIME RECOVERY TIME 

MAX MAX 

55 30 

75 40 

60 30 

75 40 

70 

I 

30 

80 40 

50 30 

60 I 40 
70 30 

80 40 

70 30 

80 40 

70 30 

80 40 

60 30 

75 40 

60 30 

75 40 

90 40 

125 40 

125 40 

Input Pulse Amplitude 3.0V . 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements Made at 1.5V 

ENABLE ACCESS TIME AND RECOVERY TIME 
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High Performance 
Schottky 
Generic PROM Family 53/63SXXX 

Features/Benefits 
• Highest speed Schottky PROM family available 
• Advanced Schottky processing 
• Pin compatible with standard Schottky PROMs and ROMs, 

53/63XX-1, 52/62XX-1 
• PNP inputs for low input current 
• Compatible pin configurations for upward expansion 
• 4-bit-wideand 8-bit-wide for byte oriented applications 

Applications 
• Microprogram control store 
• Microprocessor program store. 
• Look up table 
• Character generator 
• Random logic. 
• Code converter 

Description _ 
The 53/63SXXX series generic PROM family offers the fastest 
and widest selection of sizes and organizations available in the 
industry. The 4-bit-wide PROMs range from 256x4 to 4096x4 
and feature upward/downward pin out compatibility in the space 
saving 16,18 and 20 pin packages. The 8-bit-wide PROMs range 
from 32x8 to 2048x8 in a Wide selection of package sizes. All 
PROMs have the same programming specifications allowing a 
Single generic programmer. 

The family features low input current PNP inputs, full Schottky 
clamping and three-state and open collector outputs. The titanium­
tungsten fuses store· a logical low and are programmed to the 
high state. Special on chip circuitry and extra fuses provide pre­
programming testing which assure high programming yields and 
high reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. 

High Performance Generic PROM Selection Guide 

MEMORY PACKAGE DEVICE TYPE 

SIZE ORGANIZATION PINS TYPE O°C to +75°C - 55°C to + 125°C 

OC 63S080* 53S080* 
V4K 32x8 

TS 
16 J,N,F 

638081 * 53S081* 

1K 
OC-

J,N,F 
63S140 53S140 

256x4 
TS 

16 
63S141 53S141 

OC 63S240 53S240 
2K 512x4 

TS 
16 J,N,F 

63S241. 53S241 

OC 
J,N 

63S280* 538280* 
2K 256x8 

TS 
20 

63S281 * 538281 * 

OC 
J,N,F 

63S440 53S440 
4K 1024x4 

TS 
18 

63S441 53S441 

OC 63S480* 53S480* 
4K 512x8 20 J,N 

TS 63S481 * 53S481 * 
OC 638482* 538482* 

4K 512x8 
TS 

24 ·J,N,F 
638483* 53S483 * 

OC 
J,N,F 

63S840* 538840* 
8K 2048x4 

TS 
18 

638841 * 53S841 * 

OC 638880* 53S880* 
8K 1024x8 

TS 
24 J,N,F 

638881 * 53S881 * 

OC 63S1640* 53S1640* 
16K 4096x4 

TS 
20 J,N 

63S1641 * 53S1641 * 

OC 
24 J,N.,F 

6381680* 53S1680* 
16K 2048x8 

TS 6381681 * 53S1681 

• Preliminary Data 
Note: This is not a final specification. Some limits of characteristics are subject to change. 
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Pin Configurations 
53/63S140 
53/63S141 

1K 

53/63S1640 
53/63S1641 

16K 

53/63S482 
53/63S483 

S12xS 
PROM 

02 

GND 

4K 

Vee 

AS 

Ne 

E1 

E2 

E3 

E4 

Os 

06 

04 

53/63S240 
53/63S241 

2K 

53/63S080 
53/63S080 

1f4K 

53/63SXXX 

53/63S880 
53/63S881 

1024xS 
PROM 

8K 

53/63S440 
53/63S441 

4K 

53/63S280 
53/63S281 

2K 

Vee 

AS 

Ag 

E2 

E3 

E4 

Os 

06 

Os 

04 

NOTE: Pin assignments for ceramic (J package), plastic (N package) and flat pack (F package) are the same. 

1454 

02 

GND 

53/63S840 
53/63S841 

8K 

531 63S480 
53/63S481 

4K 

53/63S1680 
53/63S1681 

Vee 

AS 

Ag 

Al0 

El 

204SxS 
E2 

PROM 
E3 

Os 

06 

Os 

04 

16K 
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531 63SXXX 

Absolute Maximum Ratings 
Operating Program 

Supply voltage Vee .............................................................................. -05V to 7V 12V 
Input voltage ...................................................................................... -1.5V. to 5.5V 12V 
Off-state output voltage .......................................................................... -1.5V to 5.5V 12V 
Storage temperature range ...................................................................... -65°e to 1500 e 

Recommended Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 

10H High level output current -2.0 

10l low level output current 16 

TA Operating free air temperature -55 125 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS 

r----------f 
Vee = MAX 

All inputs grounded 
r----------f 

All outputs open 
r-----------t 

OPEN COLLECTOR OUTPUT CURRENT 

Output leakage current 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

Vil = 0.8V, 10H = MAX 

10ZH 
Off-state output current Vee = MAX, VIH = 2V, 

high-level voltage applied Va = 2.4V 

10Zl 
Off-state output current Vee = MAX, VIH = 2V, 

low-level voltage applied Va = 0.4V 

lOS Short-circuit output current Vee = MAX, Va = OV 

©IC MASTER 1979 

COMMERCIAL 
UNIT 

MIN NOM MAX 

4.75 5.00 5.25 V 

-6.5 rnA 

16 rnA 

0 75 °e 

MIN TYP MAX UNIT 

1.0 rnA 

2.4 V 

100 JJ.A 

-100 JJ.A 

-30 -100 rnA 

1455 



53/63SXXX 

Switching Characteristics 
MAX = Over Recommended Ranges of TA and Vee 
TYP = @ 5.0V Vee, 25°e TA 

tAA(ns) 

DEVICE ADDRESS ACCESS 

TYPE TIME 

TYP MAX 

63S080,081 13 

53S080,081 13 

63S140,141 28 45 

53S140,141 28 55 

638240,241 30 45 

538240,241 30 55 

638280,281 , 30 

538280,281 30 

638440,441 32 50 

538440,441 32 60 

638480,1,2,3 30 

538480,1,2,3 30 

638840,841 38 

538840,841 38 

638880,881 34 

538880,881 34 

6381640,1641 46 

5381640,1641 46 

6381680,1681 46 

6381680,1681 46 

Standard Test Load 

3OO!! 

~~~~~ Q-------..-----.t---'V\I\r-A---QJ"< VCC 

;:::::: 30pF 6000 

Definition of Waveforms 

A X ____ -JI~ __________________________ __ 

- 1 

E I X-----------------
E ---- _ ---- .I 1""'----------------------

I I 
o I I X _____ _ 

I
f-----;;=:.j 

.~ tAA----1 

ADDRESS ACCESS TIME 

1456 

I 

tEA(ns) tER(ns) 
ENABLE ENABLE 

ACCESS TIME RECOVERY TIME 

TYP 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

MAX TYP MAX 

16 

16 

25 16 25 

30 16 30 

25 16 25 

30 16 30 

I 16 

I 16 

25 16 25 

30 16 30 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

Input Pulse Amplitude 3.OV 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements Made at 1.5V 

ENABLE ACCESS TIME AND RECOVERY TIME 
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High Performance Schottky PROMs 

New Number Part Description 

_------------ Temperature Performance Range .....•••..• 5 = Military 
6 = Commercial 

_---------- Memory Type •..•...................•..... 3 = PROM (Fuse Programmable) 
2 = ROM (Mask Programmable) 

r------------ Generic Family Designator ....•...••.•....• S = Schottky 
LS = Low Power Schottky 
PS = Power Switched Schottky 
RA = Registered Asynchronous, Schottky 
RS = Registered Synchronous, Schottky 

_--------- Size of Memory ...•.•.•......•.•......•.• 0 = 256 Bit 
1= 1024 Bit 
2 = 2048 Bit 
4 = 4096 Bit 
8 = 8192 Bit 

16 = 16384 Bit 

r--------- Number of Outputs .....•.•.•.•.•••..••.•.• 4 = 4 Outputs 
8 = 8 Outputs 

r-------- Output/Pinout Designator ..•.•••.... ;...... 0 == Open Collector 
1 = Tri-State 
2 = Open Collector 
3 = Tri-State 

1st pkg. (Le., 20 pin) 

2nd pkg. (Le., 24 pin) 

etc., etc., etc. 

r------- Performance •.•....•...•.....•..•..••..•. Absence of letter indicates standard 
performance; 

A = enhanced (Le., speed) 

.......................... ' •.... '.. J = Cerdip 
D = Side brazed 
N = Plastic 
F = Flatpack 

r--- Package 

'J " " " " + 
53S480AJ Military High Speed 4096 PROM organized 

512x8 with open collector outputs 

©IC MASTER 1979 

MMI Part Numbering System 
The new system, approaches part numbering using the method 
of keying important attributes of the device. The military/com­
mercial and PROM/ROM numbering system is preserved i.e., 
5/6 - 3/2. These two digits are separated from the actual device 
number by a technology/configuration deSignator using letters. 

"S" = Schottky 
"LS" = Low Power Schottky 
"PS" = Power Switched 
"RA" = Registered Asynchronous 
"RS" = Registered Synchronous 

The number following this code describes .... 

1. The size of the memory (bits) 
2. The memory organization by specifying the number of outputs 
3. Output configuration and pin out/package options 

If a higher performance part co-exists i.e., faster speed, then a 
suffix letter (A) is added to distinguish between the two devices. 
The normal package letter designator follows last as is custom. 
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High Performance 
Low Power Schottky· 
Generic PROM Family 53/63LSXXX 

Features/ Benefits 
• Largest generic low power Schottky PROM family available 
• Advanced Schottky processing using ion implanted for 

low power and high speed 
• Pin compatible with standard Schottky PROMs and ROMs, 

53/63XX-1, 52/62XX-1 
• PNP inputs for low input current 
• Compatible pin configurations for upward expansion 
• 4-bit-wide and 8-bit-wide for byte oriented applications 

Applications 
• Microprogram control store 
• Microproc::essor program store 
• Look up table 
• Character generator 
• Random logic 
• Code converter 

Description 
The 53/63LSXXX series generic PROM family offers the lowest 
power and fastest speeds available in the industry. The 4-bit­
wide PROMs range from 256x4 to 2048x4 and feature upward/ 
downwa~d pin out compatibility in the space saving 16 and 18 
pin packages. The 32x8 PROM is also included in our low 
power Schottky family and a typical access time of 24 ns makes 
it a natural programmable logic element choice. Other 8-bit- wide 
PROMs are available up to 2048x8. All PROMs have the same 
prograrnmingspecifications allowing a single generic progiammer. 

The family features low input current PNP inputs, full Schottky· 
clamping and three-state and open collector outputs. The titanium­
tungsten fuses store a logical low and are programmed to the 
high state. Special on chip circuitry and extra fuses provide pre­
programming testing which assure programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military range. 

High Performance Low Power Schottky Generic PROM Selection Guide 

MEMORY PACKAGE DEVICE TYPE 

SIZE ORGANIZATION PINS TYPE ODe to +75De -55De to +125De 

OC 63LS080* 53 LS080* 
%K 32x8 

TS 
16 J,N,F 

63LS081* 53LS081* 

OC 
J,N,F 

63L5140 53L5140 
I 1K I 256x4 

T5 
16 

63LS141 53LS141 

OC 
J,N,F 

63L5240 53 LS240 
2K 512x4 

T5 
16 

63LS241 53LS241 

OC 
J,N 

63LS280* 53[S280* 
2K 256x8 

TS 
20 

63L5281* 53LS281* 
OC 

18 J,N,F 
63LS440 53L5440 

4K 1024x4 
T5 63LS441 53L5441 

OC 63LS480* 53 LS480* 
4K 512x8 

T5 
20 J,N 

63LS481* 53L5481 * 

OC 63L5482* 53L5482* 
4K 512x8 

TS 
24 J,N,F 

63L5483* 53L5483* 

OC 63LS840* 53LS840* 
8K 2048x4 

TS 
18 J,N,F 

63L5841 * 53L5841 * 

OC 
J,N,F 

63L5880* 53L5880* 
8K 1024x8 24 

TS 63LS881 * 53LS881* 
OC 

J,N 
63LS1640* 53L51640* 

16K 4096x4 
TS 

20 
63LS1641* 53LS1641 * 

OC 
J,N,F 

63L51680* 53LS1680* 
16K 2048x8 24 

63LS1681* 53L51681* TS 

* Preliminary Data Note: This is not a final specification. Some limits of characteristics are subject to change. 

1165 East Arqu •• Avenue. Sunnyvale. CA ~086 Tel: (408) 739·3535 TWX: 91~33g.92291 ~ [ • i i t.l H' D [ II ~! f4 j Ii ., i Uti 
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Pin Configurations. 

53/63LS140 
53/63LS141 

1K 

53/63LS1640 
53/63LS1641 

16K 

53/63LS482 
53/63LS483 

S12x8 
PROM 

02 

4K 

Vee 

AS 

Ne 

E2 

E3 

E4 

Os 

06 

Os 

04 

53/63LS240 
53/63LS241 

2K 

53/63LS080 
53t63LS081 

Y4K 

53/63LSXXX 

53/63LS880 
53/63LS881 

1024xS 
PROM 

8K 

53/63LS440 
53/63LS441 

4K 

53/63LS280 
53/63LS281 

2K 

Vee 

As 

Ag 

E2 

E3 

E4 

06 

Os 

04 

NOTE: Pin assignments for ceramic (J package), plastic (N- package) and flat pack (F package) are the same 

©IC MASTER 1979 

A6 

A2 

A1 

AO 

01 

GND 

·53/63LS840 
53/63LS841 

8K 

53/63LS480 
53/63LS481 

4K 

53/63LS1680 
53/63LS1681 

2048x8 
PROM 

16K 
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53/63LSXXX 

Absolute Maximum Ratings 
Operating 

Supply voltage Vee ...... :...................................................................... -.5V to 7V 
Input voltage .................................................................................... -1.5V to 5.5V 
Off-state output voltage ........................................................................... -1.5V to 5.5V 
Storage temperature range ....................... : ............................................. -65°C to 150°C 

Recommended Operating Conditions 

PARAMETER 
MILITARY COMMERCIAL 

SYMBOL 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 

10H High-level output current -2.0 -6.5 

10L Low-level output current 12 16 

TA I Operating free air temperature -55 125 D 75 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

V,H High-level input voltage 2 Vee 

V,L Low-level input voltage 0 0.8 

V'C Input clamp vQltage Vee = MIN, II = -18mA -1.2 

VOL Low-level output voltage 
Vee = MIN, V,H = 2V, I 53LS 0.5 

V,L = 0.8V, 10L = MAX I 63LS 0.45 

I, 
Input current at maximum 

Vee = MAX, V, = 5.5V 1.0 
input voltage 

IIH High-level input current Vee = MAX, V, = 2AV 25 

',L Low-level input current Vee = MAX, V, = DAV -250 

C, Input capacitance Vec = 5.0V, f = 1 MHz I V, = 2.0V 4 

Co Output capacitance TA = 25°C IVa = 2.0V 6 

080,081 35 

140,141 46 65 

240,241 Vec = MAX 49 70 

ICC Supply current 280,281,480,481 All inputs grounded 55 
440,441,840,841 All outputs open 60 85 
880,881,1640,1641 63 

1680,1681 67 

Output leakage current 
Vee = MAX, Va = 2AV 50 

Vee = MAX, Vo = 5.5V 100 

THREE STATE OUTPUT ONLY 

VOH High-level output voltage 
Vee = MIN, V/H = 2V, 

2A 
V,L = 0.8V, 10H = MAX 

'OZH 
Off-state output current Vee = MAX, V,H = 2V, 

100 
high-level voltage applied Va = 2AV 

10ZL 
Off-state output current Vee = MAX, V,H = 2V, 

-100 
low-level voltage applied Va = 0.4V 

lOS' Short-circuit output current Vee =MAX, Vo = OV -30 -100 

Program 
12V 
12V 
12V 

UNIT 

V 

mA 

mA 

°C 

UNIT 

V 

V 

V 

V 

mA 

/LA 

/LA 

pF 

pF 

mA 

V 

/LA 

/LA 

mA 
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53/63LSXXX 

Switching Characteristics 
MAX = Over Recommended Ranges of TA and Vee 
TVP = s.OV Vee, 2soe TA 

tAA(ns) 

DEVICE ADDRESS ACCESS 

TYPE TIME 

TYP MAX 

63LS080,081 24 

53LS080,081 24 

63LS140,141 40 55 

53LS140,141 40 65 

63LS240,241 42 60 

53LS240,241 42 70 

63LS280;281 51 

53LS280,281 51 

63LS440,441 53 65 

53LS440,441 53 75 
63LS480,1,2,3 51 

53LS480,1,2,3 51 
63LS840,841 62 

53LS840,841 62 

63LS880,881 55 

53LS880,881 55 

63LS1640,1641 66 

53LS1640,1641 66 
63LS1680,1681 66 

53LS1680,1681 66 

Standard Test Load 

:::r: 30pF R2 

Definition of Waveforms 

A X~ ________________________ __ 
- I 
E I !----------------
E -----I----JI' 
o I I X'-____ _ 

I f---~IEA :1 
.• tAA 

ADDRESS ACCESS TIME 

©IC MASTER 1979 

tEA(ns) tER(ns) 
. ENABLE ENABLE 

ACCESS TIME RECOVERY TIME 

TYP MAX TYP MAX 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 
15 

15 
15 

15 

15 

15 

15 

15 

15 

15 

21 
- 21 

30 21 30 
35 21 35 

30 21 30 

35 21 35 

21 

21 

30 21 30 

35 21 35 
21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements Made at 1.5V 

R1 = 300n for 63LSXXX 
R2 = 600n for 63LSXXX 
R1 = 375n for 53LSXXX 
R2 = 750n for 53LSXXX 

: ¥--------------------------
E I '(------1. 
E ---. --,------1" ·I~------
o . r-

L I_IEA-i I-IER~ 
~AA----i-------l 

ENABLE ACCESS TIME AND RECOVERY TIME 
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High Performance 
Registered Schottky -4-Bit-Wide 
Generic PROM Family 
531 63RAXXX, 531 63 RSXXX 

Features/ Benefits 
• Largest generic PROM family available incorporating 

edge triggered "0" registers. 
• Advanced Schottky processing. 
• 4-bit-wide in 18 and 20 pin Skinny DIPs ™ for· high board 

density. 
• Synchronous enable allow easy. busing of outputs for 

word expansion. 
• lower system package counts, 
• Lower system power. 
• Faster cycle times. 
• 25n5 clock to output and 40ns address set-up times 

guaranteed over comme~ial specification. 
• 24mA IOl output drive capability. 

Applications 
• Pipelined microprogramming 
• State sequencers 
• Next address generation 
• Mapping PROM 

Description 
A family of registered PROMs offers new savings for designers 
of pipelined microprogrammable systems. The wide instruction 
register, which holds the microinstruction during execution, is 
now incorporated into the PROM chip. 

Edge Triggered Register 

The PROM output is loaded into a 4-bit register on the rising 
edge of the clock. The use of the term ;;register" is to be distin­
guished from the term "latch," in that a register contains master 
slave flip-flops and the latch contains gated· flip-flops. The 
advantages of using a register are that system timing is 
simplified, and faster micro cycle times can be obtained. 

The output of the register is buffered by three-state drivers which 
are compatible with the new low-power Schottky three-state bus 
standard, i.e., IOl is 24mA at Val of 0.5V. 

The 4-bit-wide family in 18-pin and 20-pin packages feature 
either synchronous or asynchronous enables the synchronous 
enables and upwards pin compatibility. The synchronous enable 
powers up in the high impedance state and is used when more 
than one registered PROM is bused together to increase word 
length. All devices are specified over both commercial and mili­
tary temperature ranges. 

High Performance Generic PROM Selection Guide 

MEMORY PACKAGE DEVICE TYPE 
SIZE ORGANIZATION PINS TYPE O°C to 75°C -55°C to 125°C 

4K 1024x4 
ASYN 

18 
63RA441 53RA441 

SYN 
J,N,F 

63RS441 53RS441 

8K 2048x4 
ASYN 

20 J,N 
63RA841* 53RA841 * 

SYN 63RS841 * 53RS841 * 

ASYN 
20 J,N 

63RA1641 * 53RA1641 * 
16K 4096x4 

SYN 63RS1641 * 53RS1641 * 

* Preliminary Data 
Note: This is not a final specification. Some limits of characteristics are subject to change. 

™ Skinny DIP is a trademark of Monolithic Memories 

1185 Ea.' Arqueo Avon ... Sunnyvale. CA 94086 Tel: (408) 739-3535 TWX :910-339-9229Il.~ [ I] ;t. i m n [I ~J M ; , t.l i Nt 1 
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53/63RAXXX, 53/63RSXXX 

Pin Configurations 

53/63RA441 53/63RA841 531 63RA1641 

As vcc -As vcc 

A5 A7 A5 A7 

A4 As A4 As 

A3 Ag Aa As Ag 

Ao 01 Ao 01 01 

A1 02 A1 Q2 Q2 

A2 Q3- A2 Q3 Q3 

E 04 A10 Q4 Q4 

GND CK E2 CK CK 

GND E; E 

:E 
53/63 RS441 53/63RS841 53/63RS1641 ~ 

As As 

A5 A7 AS A5 A7 

A4 As A4 A4 As 

A3 Ag A3 A3 Ag 

Ao 01 Ao Ao Q1 

A1 A1 A1 Q2 

A2 Q3 A2 A2 Q3 

E Q4 A10 A10 Q4 

GND CK E2 A11 CK 

GND GND E 
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53/63RAXXX, 53/63RSXXX 

Absolute Maximum Ratings 
Operating Program 

Supply voltage Vee ............................................................................... - .5V to 7V 12V 
Input voltage ...................................................................................... -1 .5V to 5.5V 12V 
Off-state output voltage ............................................................................. -1.5V to 5.5V 12V 
Storage temperature ............................................................................. - 65 °e to 150"e 

Recommended Operating Conditions 

I I 
I SYMBOL I PARAMETER 

MILITARY COMMERCIAL I 
I UNIT 

I 
--- .. 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

IOH High-level output current -2.0 2.4 -6.5 mA 

IOL Low-level output current 16 24 mA 

TA Operating free air temperature -55 125 0 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Tempeature Range 

::= ! , 
~ SYMBOL I PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

• 
VIH High-level input voltage 2.0 Vee V 

VIL Low-level input voltage 0 0.8 V 

Vie Input clamp voltage Vee = MIN, II = -18mA -1.2 V 

~ VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

2.4 V 
~ VIL = 0.8V, 10H = MAX .. 
~ VOL Low-level output voltage 

Vee = MIN, VIH = 2V, 
V 

~ 
VIL = 0.8V, 10L = MAX 0.5 

• 
10ZH 

Off-state output current Vee = MAX, VIH = 2V, 
100 /LA 

high-level voltage applied Va' = 2.4V 

10ZL 
Off-state output current Vee = MAX, VIH = 2V, 

-100 /LA 
low-level voltage applied Va = O.4V 

II 
Input current at maximum 

Vee = MAX, VI = 5.5V 1.0 rnA 
input voltage 

IIH High-level input current Vee = MAX. VI = 2.4V 25 /LA 

IlL Low-level input current Vee = MAX, VI = O.4V -250 /LA 

lOS Short-circuit output current Vee = MAX -30 -100 rnA 

el Input capacitance Vee ~ 5.0V, f ~ 1 MHz I VI ~ 2.0V 4 10 pF 

eo Output capacitance TA = 25°e Va = 2.0V 6 12 pF 

lee Supply current I 441, Vee = MAX 1 All inputs GND 125 180 

841, 1641 130 
mA 

All outputs open 
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53/63RAXXX, 53/63RSXXX 

Switching Characteristics 
Min/Max = Over Recommended Ranges of TA and Vee 
Typ = 5.0V Vee, 25°e TA 

SYMBOL PARAMETER 
DEVICE 

TYPE 

tpd Clock to output (All) 

RA441 

RA841 

tsu Address set-up 
RA1641 

RS441 

RS841 

RS1641 

th Address hold (All) 

tpzx E to output enable (All "RA") 

tpxz E to output disable (All "RA") 

tpzx CK to output enable . (All "RS") 

tpxz CK to output disable (All "RS") 

tsu Enable set-up (All "RS") 

th Enable hold (All "RS") 

tw Pulse width (All) 

RS/RA 441 

MAX 
Maximum 

RS/RA 841 
Clock frequency RS/RA1641 

(See "Definition of Terms and Waveforms") 

. Standard Test Load 

R1 MEMORY 
Vee O--------.JVlvv~-_-----<.__-___<) OUTPUT 

;:;: 30pF R2 

©IC MASTER 1979 

MIN 

45 

45 

0 

20 

0 

20 

20 

MILITARY COMMERCIAL 

TYP MAX MIN TYP 

18 30 18 

30 40 30 

35 35 

45 45 

30 40 30 

35 35 

45 45 

-5 0 -5 

15 30 10 

15 30 15 

25 40 25 

25 40 25 

10 15 10 

-5 0 -5 

12 20 12 

24 25 33 

29 33 

25 25 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements Made at 1.SV 
Commercial R1 = 200n, R2 = 390n 
Military R1 = 300n, R2 = 600n 

MAX 

25 

25 

25 

35 

35 
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Standard Performance 
Schottky 
Generic ROM Family 
52/62XX-1, 52/62XX-2 

Features/ Benefits 
• Largest generiC ROM familY,glvaiiable 
• PNP inputs for low input current 
• Compatible pin configurations for upward expansions 

• 4-bit-wide and 8-bit-wide for byte oriented applications 

• Bit density from 256 to 16384 

• Interchangeable PROM compatibility 

• High speed Schottky technology 

Applications 
• High speed for microprogrammed applications 

• Microprocessor program store 

• Look up table 
• Character generator 

• Random logic 

• Code converter 

Generic ROM Selection Guide 

Description 
The 52/6200-series generic ROM family offers the widest selec­
tion of sizes and organizations available in the industry. The 
4-bit-wide ROMs range from 256x4 to 1024x4 and feature 
upward/downward pinout compatibility in the space saving 16 
and 18 pin packages. The 8-bit-wide ROMs range from 32x8 to 
2048x8 in a wide selection of package sizes. Additional 5-bit, 
9-bit and 10-bit-wide output configurations are available for your 
custom logic or character generator applications. 

The famiiy features iow input current PNP inputs, full Schottky 
clamping and three-state and open collector outputs. 

The 62 series is specified for operation over the commercial 
temperature and voltage range. The 52 series is specified for the 
military ranges. 52XX-2 and 62XX-2 devices offer enhanced 
speed specifications. 

MEMORY PACKAGE DEVICE TYPE INTERCHANGEABLE PROM 

SIZE ORGANIZATION PINS TYPE O°C to + 75°C -55°C to +125°C O°C to +75°C -55°C to +125°C 

1024 256x4 
OC 6200-1 5200-1 6300-1 5300-1 

16 J. N, F 
TS 6201-1 5201-1 6301-1 5301-1 

2048 512x4 
OC 6205-1 5205-1 6305-1 5305-1 

16 J, N, F 
TS 6206-1 5206-1 6306-1 5306-1 

OC 6250-1 5250-1 6350-1 5350-1 

4096 1024x4 
TS 6251-1 5251-1 6351-1 5351-1 

18 J, N, F 
OC 6252-1 5252-1 6352-1 5352-1 

TS 6253-1 5253-1 6353-1 5353-1 

1280 256x5 OC 16 J, N, F 6210-1 5210-1 -
2560 512x5 OC 18 J, N 6225-1 5225-1 -

256 32x8 
OC 6230-1 5230-1 6330-1 5330-1 

16 J, N, F 
TS 6231-1 5231-1 6331-1 5331-1 

2048 256x8 
OC 6208-1 5208-1 6308-1 5308-1 

20 J, N 
TS 6209-1 5209-1 6309-1 5309-1 

2048 256x8 
OC 6235-1 5235-1 6335-1 5335-1 

24 J, N, F 
TS 6236-1 5236-1 6336-1 5336-1 

4096 512x8 
OC 6248-1 5248-1 6348-1 5348-1 

20 J, N 
TS 6249-1 5249-1 6349-1 5349-1 

4096 512x8 
OC 6240-1 5240-1 6340-1 5340-1 

24 J,N, F 
TS 6241-1 5241-1 6341-1 5341-1 

. 1165 East Arques Avenue, Sunnyvale, CA 94086 Tel, (408) 739-3535 TWX, 910-339-9229 1 ~~ t 1 j it I] 61 n [ti ~ f4 ; I I I] j [1 i 
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Pin Configuration 5 

52/6200-1 
52/6201-1 

52/6210-1 ---

©IC MASTER 1979 

52/6208-1 
52/6209-1 

52/62XX-1, 521 62XX-2 

52/6205-1 
52/6206-1 

52/6225-1 

52/6248-1 
52/6249-1 

52/6252-1 
52/6253-1 

52/6230-1 
52/6231-1 

52/6286-1 
52/6287-1 

52/6250-1 
52/6251-1 

52/6289-1-
52/6289-2 
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S2/62XX-1,S2/62XX-2' 

Pin Configurations 

52/6280-1 52/6280-2 
52/6281-1 52/6281-2 

52/6235-1 52/6240-1 "' 52/6284-1 * * 52/6282-1 
52/6236-1 52/6241-1 ", 52/6285-1 * * 52/6283-1 

Vee Vee Vee 

Ne AS AS 

Ne Ne Ag 

E2 E2 A3 E2 

256xS 
E3 

512xS 
E3 

1024xS 
ROM ROM ROM 

E4 E4 *E4 

Os Os 

02 Os 02 Os 

05 

GND 04 GND 04 GND 

* NO CONNECTION 
**"OR" ENABLE 

::E 
~ 52/6260-1 52/6255-1 52/6275-1 

52/6261-1 52/6256-1 52/6276-1 

Vee Vee 

AS AS 

Ag Ag 

El 

1024x9 
E3 

1024xl0 204SxS E2 

ROM ROM ROM 
Og 

Os 

NOTE: 
Pin assignments for ceramic (J package), plastic (N package) and flat pack (F package) are the same. 
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52/62XX-1, 52/62XX-2 

Generic ROM Selection Guide 

MEMORY PACKAGE DEVICE TYPE INTERCHANGEABLE PROM 
SIZE ORGANIZATION PINS TYPE O°C to + 75°C -55°C to +125°C O°C to +75°C - 55°C to + 125°C 

oe 6280-1 5280-1 6380-1 5380-1 

TS 6281-1 5281-1 6381-1 53.81-1 

oe 6280-2 5280-2 - -
TS 

24 J, N, F 
6281-2 5281-2 - -

oe 6282-1 5282-1 - -
TS 6283-1 5283-1 - -
oe 6284-1 5284-1 - 5384-1 

8192 1024x8 
TS 6285-1 5285-1 - 5385-1 

oe 6286-1 5286-1 - -
TS 6287-1 5287-1 - -

22 J, N 
oe 6286-2 5286-2 - -
TS 6287-2 5287-2 - -

Active 6289-1 5289-1 - -
20 J, N 

Pullup 6289-2 5289-2 - -

16384 2048x8 
oe 

24 J, N, F 
6275-1 5275-1 635-1680 535-1680 

TS 6276-1 5276-1 635-1681 535-1681 

oe 6260-1 5260-1 - -
9216 1024x9 24 J, N, F 

TS 6261-1 5261-1 - -
oe 6255-1 5255-1 - -

10240. 1 024x1 0 24 J, N, F 
TS 6256-1 5256-1 - -

Absolute Maximum Ratings 
Supply voltage Vee ..................................................................................... -0.5V to + 7.0V 
Input voltage ............................................................................................ -1.5V to + 5.5V 
Input current .......................................................................................... -20 mA to +5 mA 
Output current .................................................................................... -100 mA to +100 mA 
Storage temperature range ............................................................................. -65°e to +150°C 

Recommended Operating Conditions 

SYMBOL PARAMETER 
Military Commercial 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

IOH High-level output current -1.0 -2.0 mA 

'05, '06, '08, '09, '48, '49, 
12 16 

'50, '51, '52, '53 

'00, '01, '10, '25 10 15 

IOL Low-level '30, '31 8 12 

'35, '36, '40, '41, '80, '81, '82 
mA 

operating current 
8 10 

,83, '84, '85, '86, '87, '89, 75, 76 

'55, '56, '60, '61 6 6 

TA Operating free air temperature -55 25 125 0 25 75 °e 
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S2/62XX-1,S2/62XX-2 

Electrical Characteristics Over Recommended Operating Free Air Temperature Range 

SYMBOL PARAMETER 

VIH High level input voltage 

Vil low level input voltage 

V'C Input clamp voltage 

VOL low level output voltage 

II Maximum input current 

IIH High level input current 

III low level input current 

el Input capacitance 

I Co I Output capacitance 

I 

'00, '01, '30, '31 

'05, '06 

'08, '09, '48, '49 

'55, '60 

ICC Supply current '10, '25, '35, '40, '41, '80, '82 

'84, '86, '89 

'36, '50, '51, '52, '53, '56, '61 

'81, '83, '85, '87 

'75, '76 

OPEN COLLECTOR OUTPUT CURRENT 

Output leakage current 

THREE STATE OUTPUT ONLY 

VOH High level output voltage 

High level off 8k, 9k, 10k 
1HZ 

State output current All others 

low level off 8k, 9k, 10k 
III 

State output current All others 

lOS Output short circuit current 

Standard Test Load 
R1 

~~~~~; _O---.---..--4.r\I'v----() VCC 

:::r: 30pF 

Definition of Waveforms 

A x _________________________ __ 
~ I 
E I X-----------------
E _____ ' ____ JI' 
o I , X'-~ ___ _ 

L-'::-"EA :1 
ADDRESS ACCESS TIME 

CONDITIONS MIN TYP MAX 

2.0 Vee 

0 0.8 

Vee = MIN, II = -18mA -1.0 -1.5 

Vee =MIN, 10l = MAX 0.50 

Vee = MAX, VI =" 5.5 V 1.0 

Vee = MAX, VI = 2.4V 40 

Vee = MAX, VI = 0.45V -250 

Vee = 5.0V VI = 2.0V 7 

TA = 25°C 
Vo = 2.0V 8 

f = 1 MHz 

92 125 

96 130 

115 155 

Vee = MAX 122 165 

All inputs grounded 
126 170 

All outputs open 

130 175 

133 180 

141 190 

Vee = MAX, Vo = 2.4V 100 

Vee = MIN, 10H = MAX 2.4 

Vee = MAX, Vo = 2.4V 
50 

100 

Vee = MAX, Vo = 0.5V 
-50 

-100 

Vee = 5.0V, Vo = OV -20 -90 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements Made at 1.5V 

ENABLE ACCESS TIME AND RECOVERY TIME 

UNIT 

V 

V 

V 

V 

mA 

/-LA 

/-LA 
pF 

I pF 

mA 

V 

/-LA 

/-LA 

mA 
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S2/62XX-1,S2/62XX-2 

Switching Characteristics 
Over Recommended Ranges of TA and Vee (Unless Otherwise Noted) 

CONDITIONS tAA(ns) tEA(ns) tER(ns) 
DEVICE (See standard ADDRESS ACCESS ENABLE ACCESS ENABLE RECOVERY 
TYPE; test load) TIME TIME TIME 

R1H R2H MAX MAX MAX 

6200-1, 6201-1 300 600 45 35 35 

5200-1, 5201-1 450 900 60 35 35 

6205-1, 6206-1 280 560 60 30 30 

5205-1, 5206-1 375 750 75 40 40 

6210-1 300 600 100 70 45· 

5210-1 450 900 175 90 50 

6225-1 300 600 100 70 45 

5225-1 450 900 175 90 -50 

6230-1, 6231-1 375 750 50 30 25 

5230-1, 5231-1 560 1120 60 30 25 

6208-1, 6209-1 280 560 70 30 30 

5208-1, 5209-1 375 750 80 40 40 

6235-1, 6236-1 450 900 100 70 45 

5235-1, 5236-1 560 1120 175 90 50 

6248-1, 6249-1 280 560 70 30 30 

5248-1, 5249-1 375 750 80 40 40 

6240-1, 6241-1 450 900 100 70 45 

5240-1, 5241-1 560 1120 175 90 50 

6250-1, 6251-1 280 560 60 30 30 

5250-1,5251-1_ 375 750 75 40 40 

6252-1, 6253-1 280 560 60 30 30 

5252-1, 5253-1 375 750 75 40 40 

6255-1, 6256-1 750 1500 100 70 40 

5255-1, 5256-1 750 1500 150 80 45 

6260-1, 6261-1 750 1500 100 70 40 

5260-1, 5261-1 750 1500 150 80 45 

6275-1, 6276-1 450 900 110 40 40 

5275-1, 5276-1 560 1120 120 50 50 

6280-1, 6281-1 450 900 100 70 45 

5280-1, 5281-1 560 1120 175 90 50 

6280-2, 6281-2 450 900 55 30 30 

5280-2, 5281-2 560 1120 75 35 35 

6282-1, 6283-1 450 900 100 70 45 

5282-1, 5283-1 560 1120 175 90 50 

6284-1, 6285-1 450 900 100 70 45 

5284-1. 5285-1 560 1120 175 90, 50 

6286-1. 6287-1 450 900 ' 100 70 45 

5286-1, 5287-1 560 1120 175 90 50 

6286-2, 6287-2 450 900 55 30 30 

5286-2. 5287-2 560 1120 75 . 35 35 

6289-1 750 1500 100 70 45 

5289-1 750 1500 175 90 50 

6289-2 750 1500 55 30 30 

5289-2 750 1500 75 35 35 
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First-In First-Out (FIFO) 64x4 
Serial Memory 
57401/67401 

Features/Benefits' 
• 12 MHz shift in, shift out typical rates 
• Advanced Schottky bipolar processing 
• TTL inputs and outputs 
• Readily expandable in word and bit dimensions 
• Asynchronous or synchronous operation 
• Pin compatible .with Fairchild's F3341 MOS FIFO and ten 

times as fast 

Description 
The 57401 is an expandable "fall-through" high speed First-In 
First-Out (FIFO) memory organized 64 words by4-bit. A 12 Mtiz 
data rate allows usage in high speed tape or disc controllers and 
communication buffer applications. The 67401 is specified over 
the commercial operating range 0 -75°C and the 57401 is spec­
ified over the military operating of -55°C to +125°C. 

Block Diagram 

Do 00 
~ FIFO ~ INPUT 
D:l 7 STAGE <»2 
D3~ 03 

INPUT 2 SHIFT 
READY INPUT OUT 

CONTROL 
SHIFT LOGIC OUTPUT 

IN READY 

MASTER RESET 

Pin Configuration 

INPUT AEAOY 2 

SHIFT IN J 14 OUTPUT READY 

DATA IN /: • OUTPUTS 
02 

03 

9 MR MASTER RESET 

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 
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Selection Guide 

PART NUMBER PACKAGE TEMPERATURE 
RANGE 

57401 J16 Military 

67401 J/N16 Commercial 

-Package Drawing 

N16 Plastic DIP 

16 --r 
O 1.240-.290 

L.,;O;,-l"!"T"""'I"'"I'"'"'T'T'--n'-rl--rr-r"T'"'l'" .... ~.'0-~.37 

MAX. MIN. 

.070 E i I .000 
1.77 ~ ~ ..... 1 r'OO 

":':~~;:'~7 ~. r.280-.320

J 7.U-8.13 
.015-.060 ' 

~truTInnoodll 3 1 ~!165 ~II -~1(l(uunMf=t3.05-4.,9~1- ~ 
.140 I i II I I I I II 
3.55 ~ f.-~ ~ ~ i~ ~ fc- Ou-14.:......j~ 
MIN. .090'.110 .016-.020 .055-.065 .008-.012 2.29-2.79 .41-.51 1.40-1.65 .20-.31 

J16 Ceramic DIP 

I: : : : : : : :IJ~:~ 
I! .070 .000 

--..l 1_ 1.78 .00 - ,-
I I MAX. .755-.790 MIN. : 
-----.- 19.18-20.07 ---: 

.015-.035 

.38_j89.mmmR r----------'--. -. -... - t 4~~ 
't _t_ • MAX. 

,-- I: 't' .125-.165 
t : 3.18-5.08 
---- i I 

.150 '-', .-, ... - .i f--
:.:: .090-.110' .016-.020 .055-.065 . 2.29-2.79 .41-.51 1.40-1.65 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN,-MAX IN MILLIMETERS. 

.290-.320 7.37-8.13 

~ II . 
~.c OC_15c~,~ 

.008-.012 
.20-.31 
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57401/67401 

Absolute Maximum Ratings Operating 
Supply voltage Vee .: .................................. ' ................................................. :. 7V/12V 
Input voltage ............................................................................................. 5.5V/12V 
Off-state output voltage .................................................................................... 5.5V/12V 
Storage temperature range ......................................................... , ...................... -65°eto 1500 e 

Recommended Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

IOH High-I.evel output current 0.9 0.9 mA 

IOL Low-level output current 8 8 mA 

TA Operating free air temperature -55 125 0 75 °e 

Electrical ~haracteristics 
Over Recommended Operating Free Air Temperature 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8. V 

Vie Input clamp voltage Vee = MIN, II = -18mA -1.5 V 

VOH High-level output voltage 
Vee = MIN, VIH = 2V 

2.4 V 
VIL = 0.8V, IOH = MAX 

VOL Low-level output voltage 
Vee = MIN, VIH = 2V . 

0.5 V 
~ 

VIL = 0.8V, IOL = MAX :?E 

II 
'Input current at maximum 

Vee = MAX, VI = 5.5V mA 
input voltage 

IIH High-level input current Vee = MAX, VI = 2.4V 50 J.LA 

11L1 
L ow-level input current 

Vee = MAX,VF = 0.45V -0.8 mA 
inputs DO - 03, MR 

11L2 
Low-level input current 

Vee = MAX, VF = 0.45V -1.6 mA 
inputs S1, SO 

lOS Short-circuit output current Vee·= 6V, Vo = .5V -20 -90 mA 

el Input capacitance Vee = 5.0V VI = 2.0V 7 '\. 

eo Output capacitance f = 1 MHz, TA = 25°e VO= 2.0V 8 
pF 

lee Supply current Vee = MAX1 111 150 mA 

NOTE: 1. ICC measured with worst case sequence: FIFO reset. one shift·in cycle with data inputs held low. measure ICC with all 
inputs held low. 
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57401/67401 

Switching Characteristics 
See Figure 1 

SYMBOL PARAMETER 

fiN Shift in Clock Rate 

tSIH Shift in High Time 

tSIL Shift in Low Time 

tlRL Input Ready ON Delay 

tlRH Input Ready OFF Delay 

tlDS Input Data Set Up 

tlDH Input Data Hold Time 

fOUT I Shift Out Clock Rate 

I tSOH I Shift Out High Time 

tSOL Shift Out Low Time 

tORL Output Ready ON Delay 

tORH Output Ready OFF Delay 

taDH Output Data Hold Time 

taos Output Data Delay 

tPT Data Throughput Time 

tMRW Master Reset Pulse 

tMRORL Master Reset to OR Low 

tMRIRH Master Reset to IR High 

tMRS Master Reset to SI 

tlPH Input Ready Pulse High 

tlPL Input Ready Pulse Low 

taPH Output Ready Pulse High 

tOPL Output Ready Pulse Low 

I 
FIGURE 

I 1 I 

I 1 
1 

I 1 
. 1 

I 1 
1 

I 2 I 
I 2 I 

2 
2 
2 

i 2 
2 

Note 1 
Note 2 

5 
5 
5 
4 
6 
3 
7 

57401-MILITARY 

I 

67401-COMMERCIAL 
5 =10%, -55°C to +125°C 5 =5%, O°C to 70°C 
MIN MAX UNIT MIN MAX UNIT 

7 MHz 10 MHz 

45 ns 35 ns 

45 ns 35 ns 

60 ns 45 ns 

60 ns 45 ns 

10 ns 5 ns 

55 ns 45 ns 

7 MHz 10 MHz 

45 ns I 35 ns 

45 ns 35 ns 

65 ns 55 ns 

65 ns 55 ns 

10 ns 10 ns 

65 ns 55 ns 

4.0 p..s 3.0 p..s 

30 ns 25 ns 

65 ns 55 ns 

45 ns 35 ns 

45 ns 35 ns 

45 ns 35 ns 

45 ns 35 ns 

45 ns 35 ns 

45 ns 35 ns 

NOTES: 1. This parameter defines total time from the time data is present at Do-D:3 to the time it is available at 00-03 with FIFO initially 
empty and total time from the time data is extracted from 00-03 to IR High with FIFO initially full. 

2. Master Reset clears the 57401/67401 to the all cells empty state. 

Functional Description 
Data Input 
Data is entered into the FIFO on 00-03 inputs. To enter data the 
Input Ready (IR) output should be HIGH, indicating that the first 
location is ready to accept data. Data then present at the four 
data inputs is entered into the first location when the Shift In (SI) 
is brought HIGH. A SI HIGH signal causes the RI to go LOW. 
Data remains at the first location until SI is brought LOW. When 
SI is brought LOW and the FIFO is not full, IR will go HIGH, 
indicating that more room is available. Simultaneously, data will 
propagate to the second location and continue shifting until it 
reaches the output stage or a full location. If the memory is full, 
IR will remain LOW. 

Data Transfer 
Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 

1474 

end of the device while empty locations will "bubble" to the front. 
tPT defines the time required for the first data to travel from input 
to the output of a previously empty device. 

Data Output 
Data is read from the 00-03 outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. WhEm SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH. If the memory is emptied, OR stays LOW. 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tPT) or completely empty (Output Ready 
stays LOW for at least tPT). 

@IC MASTER 1979 



57401/67401 

Timing Diagrams 

INPUT ~ ~ READY . tlRl 

SHIFT IN tSIH ::~ 
DATA IN tID?ClJDHJ------,-:-1

1

-'--

S~ I/FIN--~ 

1. Input data must remain stable during tloS and tloH. 
2. Input Ready 'HIGH indicates that space is available and a 

Shift In pulse may be applied. Input Ready LOW indicates 
that the FIFO is full or that a previous Shift In operation is not 
complete. Shift In pulses applied while Input Ready is LOW 
will be ignored. 

3. The rise of Input Ready indicates that the data at the 00-03 
inputs has been accepted and that the input stage i~ empty. 

Figure 1. RFO Input Timing 

SHIFT IN ft'------------
SHIFT OUT 1 

OUTPUT ----~-;-PT--to-PH~ 
READY =f.-+i-

1. FIFO initially empty. 

2. Shift Out held high (as Shown). 

Figure 3. toPH Specification 

IR tMRIRH _~ { 

OR . \ I 
tMRORL'~ ~!'-l"'-' ----~~----

SI 

1. FIFO initiall~ full 

Figure 5. FIFO Master Reset Timing 

Standard Test Circuit 
60011 

VCC~~I 1 o OUTPUT 

T
30pF 

1'20011 

Input Pulse Amplitude = 3.0V 
Input Rise and Fall Time = 5.0 ns from 1.0V to 2.0V 
Measurements made at 1.50V 
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OUTPUT ~ j READY toRl . ::::;J 

SHIFT OUT ~H =--:t=toRH .COl 

DATA OUT IPREVIOUS DATA OUT~NEW DATA OUT 

I toDH-+i ~ i i 
~rtoDs 

.. I/FOUT--~ 

1. Output data will be stable at the rise of Output Ready. 
2. Output Ready HIGH indicates that data is available and a 

Shift Out pulse may be applied. Output Ready LOW indicates 
that the FIFO is empty or that a previous Shift Out operation 
is still in progress. Shift Out pulses applied while Shift Out 
Ready is LOW will be ignored. 

3. The rise of Output Ready indicates that new data has been 
loaded into the output stage. 

Figure 2. FIFO Output Timing 

SHIFT OUT ~'--________ _ 

SHIFT IN _ 1 

::'."l'riv ----~;-~ 

1. FIFO initially full. 

2. Shift In held high (as shown). 

Figure 4. tlPH Specification 

~:~JYA l-J 
SHIFT ..n 
IN A '--_____ -:-:--""'""':'"~-------

OUT I ---I - tOPH fooiI.f,-, --tpT -1 
~~~~~:~ ---------~..I1 i'-"":'r.--":'"Itl--PL------

IN READY B " I ISHIFT __ , 

OUT A 
DATA AlB _________ .X NEW DATA (FROM INPUT) 

OUTPUT 
READY B 

____________ fooiIl_ .. ::==~_t_PT~_-~-~~-=1r-
DATA 
OUT B 

________________________ x:: 
NEW 
DATA 

Figure 6. FIFO/FIFO Communication: Empty/Input Timing 

OUTPUT l--1 
READY B 

SHIFT II 
OUT B 

'-----~-~--------------IN.READY B 1 --1_l--tIPH 
SHIFT !..,.,--tPT-I' 
g~~A _~ 1~~--~'t~OP~L------------
READY A \,1 I 
SHIFT IN B I'-r-'\ 

DMAAB ::::::::::::::~~J~::N~EX~T:W~O~R:D:::::::::::::: 
IN 
READY A 

fooiI .. ~---tPT----"r 

Figure 7. FIFO/FIFO Communication: Full/Output Timing 
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First-In First-Out (FIFOs) 
64x4,64x5 
Serial 'Memories 
57401A/67401A, 57402A/67402A 

Featunas/BenetHs Selection Guide 
• 15 MHz shift in, shift out typical rates 
• Advanced Schottky bipolar processing PART NUMBER 

• TTL inputs and outputs 57401 A 
• Readily expandable in word and bit dimensions 
• Asynchronous or synchronous operation 
• 64x4 FIFO pin compatible with Fairchild's F3341 MOS 

FIFO and ten times as fast 

67401 A 

57402A 

67402A 

• 4 & 5-bit organizations for 9 bit expansion 
• Master reset clears outputs to zero state 

Description 

PACKAGE TEMPERATURE 
RANGE 

J16 Military 

J/N16 Commercial 

J18 Military 

J/N18 Commercial 

The 57401A/402A are expandable "fall-through" high speed 
First-In First-Out (FIFO) memories. The 57401A is organized 64 
words by 4-bits. The 57402A is orga,nized 64 words by 5-bits. A 
15 MHz data rate allows usage in high speed tape or disc control­
lers and communication buffer applications. The 67401A/67402A 
is specified over the commercial operating range 0-75°C and 
the 57401A/57402A is specified over the military operating range 
of -55°C to +125°C. 

Btock Diagram 
57402A/67402A64x5 

Block Diagram 57401 A/67401 A 
64x4 

INPUT 
READY 

2 

SHIFT 3 
IN 

FIFO 
INPUT 
STAGE 

INPUT 
CONTROL 

LOGIC 

MASTER RESET 

Pin Configuration 
57401 A/67401 A 

INPUT READY 2 

SHIFTIN J 

DATA IN 

14 OUTPut READY 

9 iiR MASTER RESET 

OUTPUT 
READY 

Do 
0, 

02 7 

FIFO 
INPUT 
STAGE 

D3~ 
D4~"""_-'" 

INPUT 
READY 

2 

SHIFT 3 
IN 

INPUT 
CONTROL 

LOGIC 

INPUT READY 2 

DATA IN 02 

57402A/67402A 

15 
00 
~ 
02 
03 
04 

SHIFT 
OUT 

OUTPUT 
READY 

16 OUTPUT READY 

OUTPUTS 

10 MR MASTER RESET 

1165 East Arques Avenue. Sunnyva~. CA 94086 Tel: (408) 739-3535 TWX: 910'339.9229 1 ~~ t I j n. ] Bin [II ~ m ; I I I j i [I OJ 
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57401A/67401A, 57402A/67402A 

Absolute Maximum Ratings Operating 
Supply voltage vee ............................................................................ ,............ 7V 
Input voltage ....................................................................... '" ................... '" 5.5V 
Off-state output voltage ...................................................................................... 5.5V 
Storage temperature range ................................ : ............................................ -65°C to 150°C 

Recommended Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 
UNIT 

Vec Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 V 

10H High-level output current 0.9 0.9 rnA 

10L Low-level output current 8 8 rnA 

TA Operating free air temperature -55 125 0 75 °e 

Electrical Characteristics 
Over Recommended Operating Free Air Temperature 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 
I 

VIC Input clamp voltage VCC = MIN, II = -18mA -1.5 V 
I 

VOH High-level output voltage 
Vec = MIN, VIH = 2V 

2.4 V 
VIL = 0.8V, 10H = MAX 

VOL Low-level output voltage 
Vce = MIN, VIH = 2V 

VIL = 0.8V, 10L = MAX 
0.5 V 

II 
Input current at maximum 

Vec = MAX, VI = 5.5V 1 rnA 
input voltage 

IIH High~level input cprrent Vce = MAX, VI = 2.4V 50 fJ.-A 

11L1 
Low-level input current 

Vec = MAX, VF = 0.45V -0.8 rnA 
inputs DO - 03, MR." 

IIL2 
Low-level input current 

Vce = MAX, VF = 0.45V -1.6 rnA 
inputs S1, SO 

lOS Short-circuit output current Vee = MAX, Va = .5V -20 -90 rnA 

el Input capacitance Vce = 5.0V VI = 2.0V 7 

Co Output capacitance f = 1 MHz, TA = 25°C Va = 2.0V 8 
pF 

ICC Supply current 57401A/67401A Vee = MAX1 111 150 rnA 

ICC Supply current 57402A/67402A Vee = MAX1 119 160 rnA 

NOTE: 1. ICC measured with worst case sequence; FIFO reset, one shift-in cycle with data inputs held low, measure ICC with all 
inputs held low. 
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57401A/67401A, 57402A/67402A 

Switching Characteristics 
See Figure 1 

SYMBOL PARAMETER 

fiN Shift in Clock Rate 

tSIH Shift in High Time 

tSIL Shift in Low Time 

tlRL Input Ready ON Delay 

tlRH Input Ready OFF Delay 

tlDS I Input Data Set Up 

Input Data Hold Time 

fOUT Shift Out Clock Rate 

tSOH v 
Shift Out High Time 

tSOL Shift Out Low Time 

tORL Output Ready ON Delay 

tORH Output Ready OFF Delay 

tODH Output Data Hold Time 

I tODS Output Data Delay 

tPT I Data Throughput Time 

tMRW Master Reset Pulse 

I tMRORL I Master Reset to OR Low 

tMRIRH Master Reset to IR High 

tMRS Master Reset to SI 

tlPH Input Ready Pulse High 

tlPL Input Ready Pulse Low 

tQPH Output Ready Pulse High 

tOPL Output Ready Pulse Low 

FIGURE 

1 
1 

I 1 : 

1 I i 

1 !, 

1 I 

2 

2 i 

2 
2 

I 2 I 
: 2 I 

I 2 

I Note 1 
I Note 2 ! 
I I 

5 
5 
5 
4 
6 

3 
7 

57401A/57402A-MILITARY 67401A/67402A-eOMM 
5 ~10%, -55°e to +125°e 5 ~ 5%, ooe to 70 0 e 
MIN .Typ3 MAX UNIT MIN Typ3 MAX UNIT 

15 MHz 15 MHz 
18 ns 18 ns 

18 ns 18 ns 

30 ns 30 ns 

30 ns 30 ns 

5 ns 5 ns 

12 ns 12 ns 

15 MHz 15 MHz 
nc:; .. "- 18 ns 

18 ns 18 ns 

24 ns 24 ns 

24 ns 24 ns 

25 ns 25 ns 

35 ns 35 ns 

2.0 f1.S 2.0 f1.S 

15 ns 15 ns 

30 ns 30 ns 

30 ns 30 ns 

20 ns 20 ns 

35 ns 35 ns 

35 ns 35 ns 

35 ns 35 ns 

35 ns 35 ns 

NOTES: 1. This parameter defines total time from the time data is present at Dn to the time it is available at On with FIFO initially 
empty and total time from the time data is extracted from Dn to IR High with FIFO initially full. 

2. Master Reset clears the FIFO to the all cells empty state and resets outputs On to zero state. 
3. Typical values @ 5.0V VCC and 25°C. . 

Functional Description 
Data Input 
Data is entered into the FIFO on Dn inputs. To enter data the 
Input Ready (IR) output should be HIGH, indicating that the first 
location is ready to accept data. Data then present at the data 
inputs is entered into the first location when the Shift In (SI) is 
brought HIGH. A SI HIGH signal causes the RI to go LOW. Data 
remains at the first location until SI is brought LOW. When SI is 
brought LOW and the FIFO is not full, IR will go HIGH, indicating 
that more room is available. Simultaneously, data will propagate 
to the second location and continue shifting until it reaches the 
output stage or a full location. If the memory is full, it will remain 
LOW. 

Data Transfer 
Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 

1478 

end of the device while empty iocations will "bubble" to the front. 
tpT defines the'time required for the first data to travel from input 
to the output of a previously empty device. 

Data Output 
Data is read from the On outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH Signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage; OR goes 
HIGH. If the memory is emptied, OR stays LOW. 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tPT) or complete1y empty (Output Ready 
stays LOW for at least tPT). 
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Programmable Array Logic Family 
PALM Series 20 Data Sheet 
Patent Allowed 

Features/ Benefits 

• Programmable replacement for conventional TTL 
logic. 

• Reduces Ie inventories substantially and simplifies 
their control. 

• Reduces chip count by 4 to 1. 

• Expedites and simplifies prototyping and board 
layout. 

• Saves space with 20-pin Skinny DIP packages. 

• High speed: 25ns typical propagation delay. 

• Programmed on standard PROM programmers. 

• Programmable three-state outputs. 

• Special feature reduces possibility of copying by 
competitors. 

Description 

The PAL family utilizes an advanced Schottky TTL process and 
the Bipolar PROM fusible link technology to provide user pro­
grammable logic for replacing conventional SSI/MSI gates and 
flip-flops at reduced chip count. 

The family lets the systems engineer "design his own chip" by 
blowing fusible links to configure AND and OR gates to perform 
his desired logic function. Complex interconnections which 
previously required time-consuming layout are thus "lifted" from 
PC board etch and placed on silicon where they can be easily 
modified during prototype check-out or production. 

The PAL transfer function is the familiar sum of products. Like 
the PROM, the PAL has a single array of fusible links. Unlike the 
PROM, the PAL is a programmable AND array driving a fixed 
OR array (the PROM is a fixed AND array driving a 
programmable OR array). In addition the PAL provides these 
options: 

• Variable input! output pin ratio 

;. Programmable three-state outputs 

• Registers with feedback 

• Arithmetic capability 

TM PAL is a Trade Mark of Monolithic Memories 

. Unused inputs are tied directly to V CC or GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms connected to both true' and complement of' any single 
input assume the logical low state. Registers consist of D type 
flip-flops which are loaded on the low to high transition of the 
clock. All registers are designed to power up to logical high state 
at the output pin. PAL Logic Diagrams are shown with all fuses 
blown, enabling the designer use of the diagrams as coding 
sheets. 8112 x 11 Logic Diagrams are available on request. 

The entire PAL family is programmed on inexpensive con­
ventional PROM programmers with appropriate personality and 
socket adapter cards.' Once the PAL is programmed and ver­
ified, two additional fuses may be blown to defeat verification. 
This feature gives the user a proprietary circuit which is very 
difficult to copy. 

I PART I DESCRIPTION 
~NUMBER 

" PAL10HS'j OCTAL 10 INPUT AND-OR GATE ARRAY 

i PAL12H6' 
: 

HEX 12 INPUT AND-OR GATE ARRAY 

: PAL14H4 
I 

QUAD 14 INPUT AND-OR GATE ARRAY 

PAL16H2 DUAL 16 INPUT AND-OR GATE ARRAY 

l PAL16C1 1 16 INPUT AND-OR/AND-OR-INVERT GATE ARRAY 

I PAL10L8 ! OCTAL 10 INPUT AND-OR-INVERT GATE ARRAY 

! PAL12L6 ! HEX 12 INPUT AND-OR-INVERT GATE ARRAY 

PAL14L4 , QUAD 14 INPUT AND-OR-INVERT GATE ARRAY 

PAL 16L2 ,. DUAL 16 INPUT AND-OR-INVERT GATE ARRAY 

PAL16L8 OCTAL 16 INPUT AND-OR-INVERT GATE ARRAY 

i PAL16R8 OCTAL 16 INPUT REGISTERED AND-OR GATE ARRAY 
r--
i PAL16R6 HEX 16 INPUT REGISTERED AND-OR GATE ARRAY 

I PAL16R4 QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY 

PAL16X4 i QUAD 16 INPUT REGISTERED AND-OR-XOR GATE ARRAY 

PAL16A4 1 QUAD 16 INPUT REGISTERED AND-CARRY-OR-XOR GATE ARRAY 

Ordering Information 

r----- PROGRAMMABLE ARRAY LOGIC FAMILY 

F
NUMBER OF ARRAY INPUTS 

,
--OUTPUT TYPE 

H = ACTIVE HIGH 
L = ACTIVE LOW 

! I C = COMPLEMENTARY 
R = REGISTERED 
X = EXCLUSIVE-OR REGISTERED 

I A = ARITHMETIC REGISTERED . 

I
i NUMBER OF OUTPUTS 

; ,----TEMPERATURE RANGE 
I I C = 0 C TO + 75 C 
. M = - 55 C TO + 125 C 

I rPACKAGE _,_ ...L .11 .i _ N = PLASTIC DIP 

PA L14 L 4 eN J = CERAMIC DIP 

1165 East Arque. Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 ll'j f I j if I j tlI n til ~'j t§ ; I t I U f41 
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PAL Series 20 

PAL Logic Symbols 

PAL10H8 PAL12H6 PAL14H4 PAL16H2 PAL16C1 

PAL10L8 PAL12L6 PAL14L4 PAL16L2 PAL16L8 

PAL16R6 PAL16R4 PAL16X4 PAL16A4 
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PAL Series 20 

Operating 
.............................................................................. 7V 

Programming 
12V 

.................................................................................. 5.5V 12V 
5.5V 12V 

to 1500 e 

10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2 

Recommended Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5.0 5.5 4.75 5.00 5.25 

IOH High-level output current -2.0 -3.2 

IOL Low-level output current 8 8 

TA Operating free air temperature -55 125 0 75 

Electrical Characteristics 
Over Recommended Operating Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

VIH High-level Input voltage 2 

VIL Low-Ievellrlput voltage 0.8 

Vie Input clamp voltage Vee MIN. II 18 mA -1.5 

Vee MIN. VIH· 2Y. 
VOH High-level output voltage 

VIL 0.8Y. 10H MAX 
2.4 

VOL Low-level .output voltage Vee MIN. VIH - 2Y. 0.5 
VIL O.8V, IOL = MAX 

II 
Input current at maximum 

Vee MAX, VI 5.5V 1.0 
input voltage 

IIH High-level Input current Vee MAX, VI- 2.4V 25 

IlL Low-level Input current Vee MAX, VI O.4V -250 

lOS Short-circuit output current Vee MAX -30 -'130 

lee Supply current Vee MAX 55 90 

Switching Characteristics 
Over Recommended Ranges of Temperature and V CC 

MILITARY COMMERCIAL 

TEST CONDITIONS tt 
TA = -55° to +125°C TA = 0° to 75°C 

SYMBOL PARAMETER RL = 2.0KH 
VCC = 5.0V ± 10% VCC = 5.0V ± 5% 

MIN TYP MAX MIN TYP MAX 

tpD From any input to any output eL = 15pF 45 40 

tt See Standard Test Load and Definition of Waveforms, page 10-4 
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UNIT 

V 

mA 

rnA 
De 

UNIT 

V 

V 

V 

V 

V 

rnA 

p.A 
p.A 
rnA 
rnA 

UNIT 

ns 
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PAL S.ries 20 

16L8, 16R8, 16R6, 16R4, 16X4! 16A4' 
Recommended Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER 

MIN NOM MAX MIN 

Vcc Supply voltage 4.5 5.0 5.5 4.75 

10H High-level output current --2.0 

10L Low-level output current 12 

TA Operating free air temperature -55 125* 0 

Electrical Characteristics 
Over Recommended Operating Temperature Range 

I I I 
PARAMETER TEST CONDITIONS I MIN 

2 

V,L Low-ievei input voltage 

I High-level input voltage I . 

V'C Input clamp voltage VCC = MIN, 11 = -18mA 

VOH High-level output voltage 
VCC = MIN, V,H = 2V, 
V,L = 0.8V, 10H = MAX 

I VCC = MIN, V,H=2V, 
I VOL Low-level output voltage 

V,L = O.BV, 10L=MAX 

10lH. 
Off-state output current VCC = MAX, V,H = 2V, 
high-level voltage applied Va = 2.4V, VIL = O.BV 

lOlL 
Off-state output current VCC = MAX, V,H = 2V, 
low-level voltage applied Va = 0.4V, VIL = O.BV 

'I 
Input current at 

VCC = MAX, V, = 5.5V 
'maximum input voltage 

IIH High-level input current VCC = MAX, V, = 2.4V 

IlL Low-level input current VCC = MAX. V, = 0.4 V 

lOS Short-circuit output current VCC = MAX, 

16LB 

ICC 
Supply 

16A4, 16R6, 16RB VCC = MAX 
Current 16X4.16A4 

Switching Characteristics 
Over Recommended Ranges of Temperature and VCC 

SYMBOL PARAMETER 

tpD Input to output 

tpD Clock to output 

tpzx Pin 11 to output enable 

tpxz Pin 11 to output disable 

tpzx Input to output enable 

tpxz Input to output disable 

High 
tw Width of clock 

Low 

16RB, 16R6, 16R4 
tsu Setup time 

16X4.16A4 

th Hold time 

·Operating Case Temperature only, T C = 125°C 
t iCC = MAX at minimum temperature 

TEST CONDITIONStt 
RL = 6670 

CL = 45pF 

CL = 5pF 

CL = 45pF 

CL = 5pF 

tt See Standard Test Load and Definition of Waveforms, page 10-4 
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2.4 

I 

I 

-30 

MILITARY 
'*' TA = -55° to +125"C 

VCC ~ 5.0V ± 10% 
MIN TYP MAX 

25 45 

15 25 

15 25 

15 25 

25 45 

25 45 

25 

25 

45 

0 -15 

UNIT 
NOM MAX 

5.00 5.25 V 

-3.2 mA 

24 mA 

75 "c 

I I 
TYP MAX I UNIT 

v 
0.8 V 

-1.5 V 

V 

0.5 V 

100 J1.A 

-100 J1.A 

1.0 mA 

25 J1.A 

-250 J1.A 

-130 rnA 

140 210t 

150 225t mA 

160 

COMMERCIAL 
TA = -OOto +75°C 
VCC = 5.0V ± 5% UNIT 
MIN TYP MAX 

25 40 ns 

15 25 ns 

15 25 ns 

15 25 ns 

25 40 ns 

25 40 ns 

25 
ns 

25 

40 
ns 

0 -15 ns 

, PRELIMINARY 
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PAL Series 20 

Programming 

PAL fuses are programmed using a low-voltage linear-select 
procedure which is common to all 15 PAL types. The array is 
divided into two groups, products 0 thru 31 and products 32 thru 
63, for which pin identifications are shown in Figure 1. To 
program a particular fuse, both an input line and a product line 
are selected according to the following procedure: 

Step 1 Raise Output Disable, aD, to VIHH 

Step 2 Select an input line by specifying 10, 11, 12, 13, 14, 15, 16, 17 
and LlR as shown in Table·1 

Step 3 Select a product line by specifying AO, A1 and A2 one-of­
. eight select as shown in Table 2 

Step 4 Raise VCC (pin 20) to VIHH 

PRODUCTS 0 THRU 31 PRODUCTS 32 THRU 63 

Figure 1 Pin Identification 
Step 5 Program the fuse by pulsing the output pins, 0, of the 

selected product group to VII-iH as shown in Table 2. 

Step 6 Lower VCC (pin 20) to 6.0 V 

Step 7 Pulse the CLOCK pin and verify the output pin, 0, to be 
Low for active Low PAL types or High for active High 
PAL types. 

Step 8 Lower VCC (pin 20) to 4.2 V and repeat step? 

Step 9 Shoul~ the output not verify, repeat steps 1 thru 8 up to 
five (5) times. 

This procedure is. repeated for all fuses to be blown (see 
programming waveforms). 

To prevent further verification, two last fuses may be blown by 
raiSing pin 1 and pin 11 to VP. VCC is not required during this 
operation. 

Programming Parameters 
TA = 2S"C 

SYMBOL PARAMETER 

VIHH Program-level input voltage 

Programming Waveforms 

LIMITS 

MIN TYP 

10.5 11 
Output Program Pulse 

IIHH Program-level input current 00. LlR 
All Other Inputs 

~CCH Program Supply Current 
Tp Program Pulse Width 10 
td Delay time 100 r---=--

Program Pulse duty cycle 
Vp ProgramlVerify"Protect-input voltage 20 
Ip ProgramlVerify-Protect-input current 

tdv Delay Time to Verify 100 

©IC MASTER 1979 

UNIT 
MAX 

11.5 V 
50 
25 mA 
5 

400 I mA 
50 i flS 

ns 
25 0

/0 

V 
400 mA 

,JJ.S 
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Voltage Legend 

I 
I 

L = Low-level input voltage, VIL 
H = High-level input voltage. VIH 

HH = High-level program voltage, VIHH 
Z = High impedance le.g. 10 KO to +5.0 v) 

INPUT PIN IDENTIFICATION 
LINE 

NUMBER 17 16 15 '4 13 '2 '1 

a HH HH HH HH HH HH HH 
1 HH HH HH HH HH HH HH 
2 IHHIHHIHHIHH HHIHHIHH 3 HH HH HH HH HH HH HH 
4 HH I HH HH HH HH HH L 
5 HH I HH I HH HH I HH I HH H 
6 HH HH HH HH HH HH L 
7 HH HH HH HH HH HH H 
8 HH HH HH HH HH L HH 
9 HH HH HH HH HH H HH 

10 HH HH HH HH HH L HH 
11 HH HH HH HH HH H HH 
12 HH HH HH HH L HH HH 
13 HH HH HH HH H HH HH 
14 HH HH HH HH L HH HH 
15 HH HH HH HH H HH HH 
16 HH HH HH L HH HH HH 
17 HH HH HH H HH HH HH 
18 HH HH HH L HH HH HH 
19 HH HH HH H HH HH HH 
20 HH HH L HH HH HH HH 
21 HH HH H HH HH HH HH 
22 HH HH L HH HH HH HH 
23 HH HH H HH HH HH HH 
24 HH L HH HH HH HH HH 
25 HH H HH HH HH HH HH 
26 HH L HH HH HH HH HH 
27 HH H HH HH HH HH HH 
28 L HH HH HH HH HH HH 
29 H HH HH HH HH HH HH 
30 L HH HH HH HH HH HH 
31 H HH HH HH HH HH HH 

Table 1 Input Line Select 

Approved Programmers: 
• Data 1/0 models 5 or 9 
• Programming card set: 909;-1427 
• Socket adapters: VOH-PAL: 715-1428-1 
• Socket adapters: VOL-PAL: 715-1428-2 
• Socket adapters: COHPL-PAL: 715-1428-3 
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PAL Series 20 

PRODUCT PIN IDENTIFICATION 
LINE 

10 L/R NUMBER 03 02 01 00 A2 A1 AD 

L L 0, 32 Z Z Z HH Z Z Z 
H L 1,33 Z Z Z HH Z Z HH 
L HH 
H HH 

HH L 
HH I 

L. 

HH HH 
I 

2, 34 Z 

I 

Z 

I 

Z HH Z HH Z 
3, 35 Z Z Z HH Z HH HH 
4, 36 I Z Z Z HH HH Z Z 
c:. ':>'"7 Z Z Z HH I HH Z I HH 

1 
...J, vi I I 
6, 38 Z Z Z HH HH HH Z 

HH HH 7, 39 Z Z Z HH HH HH HH 
HH L 8, 40 Z Z HH Z Z Z Z 
HH L 9,41 Z Z HH Z Z Z HH 
HH HH 10, 42 Z Z HH Z Z HH Z 
HH HH 11,43 Z Z HH Z Z HH HH 
HH L 12, 44 Z Z HH Z HH Z Z 
HH L 13,45 Z Z HH Z HH Z HH 
HH HH 14,46 Z Z HH Z HH HH Z, 
HH HH 15,47 Z Z HH Z HH HH HH 
HH L 16,48 Z HH Z Z Z Z Z 
HH L 17,49 Z HH Z Z Z Z HH 
HH HH 18, 50 Z Hi-! Z Z Z HH Z 
HH HH 19,51 Z HH Z Z Z HH HH 
HH L 20,52 Z HH Z Z HH Z Z 
HH L 21,53 Z HH Z Z HH Z HH 
HH HH 22, 54 Z HH Z Z HH HH Z 
HH HH 23, 55 Z HH I Z Z HH HH HH 
HH L 24, 56 HH Z I Z Z Z Z Z 
HH L 25, 57 HH Z Z Z Z Z HH 
HH HH 26, 58 HH Z Z Z Z HH Z 
HH HH 27, 59 HH Z Z Z Z HH HH 
HH L 28, 60 HH Z Z Z HH Z Z 
HH L 29,61 HH Z Z Z HH Z HH 
HH HH 30, 62 HH Z Z Z HH HH Z 
HH HH 31,63 HH Z Z Z HH HH HH 

Table 2 Product Line Select 
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"I need to know if this device exists, and if there are 
any alternate sources. Where do I start?" 

• . Memory IC • CMOS 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If youre spending hours to solve a problem similar 
to the one above, youre behind the times ... 

It only takes a few seconds with ffTHE MASTER~' 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... 'five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 

(l1li::) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

. . . alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section. . . a complete 
part numbering gUide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor-etc. 

UP 
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2048 X a ERASABLE PROM 

The TMS2716L and TMS27 A 16L are 16,384-bit Erasable and 
Electrically Reprogrammable PROMs designed for system debug 

usage and similar applications requiring nonvolatile memory that 

could be reprogrammed periodically. The transparent lid on the 
package allows the memory content to be erased with ultraviolet 

light. The TMS2716 is pin compatible with 2708 EPROMs, allowing 
easy memory size doubiing. 

• Organized as 2048 Bytes of 8 Bits 

• Fully Static Operation (No Clocks, No Refresh) 

• Standard Power Supplies of +12 V, +5 V, and -5 V 

• Maximum Access Time == 300 ns - TMS27 A 16L 
450 ns - TMS2716L 

• Chip-Select Input for Memory Expansion 

• TTL Compatible - No Pull-up Resistors Required 

• Three-State Outputs for OR-Tie Capability 

• The TMS2716L is Pin Compatible to MCM2708L, MCM2708P, 
MCM2708C, and MCM68708L EPROMs 

S (Progr) 

ProgramE nable (E) 

AO-Al0 

BLOCK DIAGRAM 

Control 

Logic 

· · · · 

,-________ -J ~ __________ , 

Input/Output Buffers 

Y Gating 

Memory Matrix 

(128 X 128) 

This is advance information and specifi~ations are subject to change without notice. 
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TMS2716L 
TMS27A16L 

MOS 
(N-CHANNEL, SILICON-GATE) 

2048 X a-BIT 
UV ERASABLE PROM 

CERAMIC PACKAGE 

CASE 716-03 

PIN ASSIGNMENT 

24 

2 23 

22 

21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

PIN NAMES 

AO-Al0 . Address Inputs 

DOO-D07 Data Input (Program) or 
Output (Read) 

(E) .... Program Enable 
S . Chip Select 

(Progr) 

VBB 
VCC 

VDD 
VSS 

©MOTOROLA INC, 1978 

· Program Pulse. 

· -5 V Power Supply 

· + 5 V Power Supply 

· + 12 V Power Supply 

· Ground 

OS 9518 

©IC MASTER 1979 



TMS2716L· TMS27A16L 

DC READ OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) . 

RECOMMENDED DC READ OPERATING CONDITIONS 

Parameter Symbol. Min Nom Max Unit 

Supply Voltage TMS2716L VCC 4.75 5.0 5.25 Vdc 

VDO 11.4 12 12.6 Vdc 

VBB -5.25 -5.0 -4.75 Vdc 

TMS27A16L VCC 4.5 5.0 5.5 Vdc 

VDD 10.8 12 13.2 Vdc 

VBB -5.5 -5.0 -4.5 Vdc 

Input High Voltage VIH 2.2 - VCC+ 1.0 Vdc 

Input Low Voltage VIL VSS .:.- 0.65 Vdc 

READ OPERATING DC CHARACTERISTICS 

Characteristic Condition Symbol Min Typ Max Unit 

Address Input Sink Current Vin = VCCmax or Vi;' = VIL lin - 1 10 J.lA 

Output Leakage Current V out = VCCmax and S = 5 V ILO - 1 10 J.lA 

VOD Supply Current Worst-Case Supply Currents IDD - - 65 mA 

V CC Supply Current All Inputs High ICC - - 12 mA 

VBB Supply Current (E) = 5.0 V, TA = OoC IBB - - 45 mA 

Output Low Voltage IOL=1.6mA VOL - - 0.45 V 

Output High Voltage IOH = -100 J.lA VOH1 3.7 - - V 

Output High Voltage 'OH = -1.0 mA VOH2 2.4 - - V 

VBB must be applied prior to VCC and VDO' VBB must also be the last power supply switched off. 

CAPACITANCE (periodically sampled rather than 100% tested) 

Characteristic Condition Symbol Typ Max Unit 

Input Capacitance Vin = 0 V, T A = 250 C Cio 4.0 6.0 pF 

(f = 1.0 MHz) 

Output Capacitance Vout = 0 V, T A = 250 C Cout 8.0 12 pF 
(f =0 1.0 MHz) 

AC READ OPERATING CONOITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

(All timing with tr = tf = 20 ns, Load per Note 2) 

TMS2716L TMS27A16L 

Characteristic Symbol Min Max Min Max Unit 

Address to Output Delay tAVOV - 450 - 300 ns 

Chip Select to Output Delay tSLOV - 120 - 120 ns 

Data Hold from Address tAXOZ 10 - 10 - ns 

Data Hold from Deselection tSHOZ 10 120 10 120 ns 

NOTE 2: Output Load = 1 TTL Gate and CL = 100 pF (Includes Jig Capacitance) 
ACTESTLOAD 

Timing Measurement Reference Levels - Inputs: 0.8 V and 2.8 V 
Outputs: 0.8 V and 2.4 V 

~ 50V 

PIN CONNECTION DURING :~RL=2.2k 
READ OR PROGRAM 

Test POint - 1 ~ 

Pin Number I~ 

~, MMD6150 

9-11, ~ 37 k" 
r or Equlv 

Mode 13-17 18 24 
100 pF • /f' 

~ ~ ~ 
f- MMD7000 

Read Dout V,L or VCC ~ 
• or ElIulV 
r 

V,H ~ -= 
Program Din Pulsed V,HW "Includes Jig Capacitance 

VIHP 
•• For VOH 

M MOTOROLA SelTJiconduc'for Produc'fs Inc. 

@IC MASTER 1979 1487 

as 
o 
'-o 
+-' 
0.: 
~ .... 



as 
"0 
'-

TMS2716L. TMS27A16L 

TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is defined --.l I II 
transition direction for first signal 

signal name to which interval is defined 

transition direction for second signal 

TIMING LIMITS 

The transition definitions used in this data sheet are: 

The table of timing values shows either a minimum or 

a maximum limit for each parameter. Input requirements 

are specified from the external system point of view. 

Thus, address setup time is shown as a minimum since the 

system must supply at least that much time (even though 

most devices do not require it). On the other hand, 

responses from the memory are specified from the device 

point of view. Thus, the access time is shown as a maxi­

mum since the device never provides data later than 

that time. 

H = transition to high 

L = transition to low 

V = transition to valid 

X = transition to invalid or don't care 

Z = transition to off (high impedance) 

Chip Select, S 

Data Out, Q High Z 

READ OPERATION TIMING DIAGRAM 

Address Valid 

Output Valid 

(Low Impedance) 

high Z 

~ DC PROGRAMMING CONDITIONS AND CHARACTERiSTICS 
:2E (Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED PROGRAMMING OPERATING CONDITIONS 

Parameter 

Supply Voltage - TMS2716L and TMS27A16L 

Input High Voltage for Data 

Input Low Voltage for Data 

Input High Voltage for Addresses 

Input Low Voltage for Addresses 

Program Enable (E) Input High Voltage (Note 3) 

Program Enable (El Input Low Voltage (Note 3) 

Program Pulse Input High Voltage (Note 3) 

Program Pulse Input Low Voltage (Note 4) 

,NOTE 3: Referenced to VSS. 

NOTE 4: VIHP - VILP = 25 V min. 

PROGRAMMING OPERATION DC CHARACTERISTICS 
Characteristic Condition 

Address Input Sink Current Vin = 5.25 V 

Program Pulse Source Current 

Program Pulse Sink Current 

V DD Supply Current Worst-Case Supply Currents 

V CC Supply Current All Inputs High 

VSB Supply current (E)=5V,TA=OoC 

Symbol Min Nom 

VCC 4.75 5.0 

VDD 11.4 12 

VBB -5.25 -5.0 

VIHD 3.8 -

VILD VSS -

VIHA 3.8 -

VILA VSS -

VIHW 11.4 12 

VILW=VCC 4.75 5.0 

VIHP 25 -

VILP VSS -

Symbol Min Typ 

III 

IIPL 

IIPH 

100 

ICC 

ISB 

Max Unit 

5.25 Vdc 

12.6 Vdc 

-4.75 Vdc 

VCC + 1 Vdc 

0.65 Vdc 

VCC + 1 Vdc 

0.4 Vdc 

12.6 Vdc 

5.25 Vdc· 

27 Vdc 

1.0 Vdc 

Max Unit 

10 J.1Adc 

3.0 mAde 

20 mAde 

65 mAde 

15 mAdc 

45 mAdc 

L--______ ® MOTOROLA SelT1iconductor Products Inc. - _____ ----.1 
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TMS2716L • TMS27 A 16L 

AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) 

Characteristic Symbol Min Max Unit 

Address Setup Time tAVPH 10 - p.s 

(E) Setup Time tEHPH 10 - p.s 

Data Setup Time tDVPH 10 - p.s 

Address Hold Time tpLAX 1.0 - p.s 

(E) Hold Time tpLEL 0 .. 5 - p.s 

Data Hold Time tPLDX 1.0 - p.s 

Program to Read Delay tELQV - 10 p.s 

Program Pulse Width' tPHPL 0.1 1.0 ms 

Program Pulse Rise Time tpR 0.5 2.0 p.s 

Program Pulse Fall Time tpF 0.5 2.0 p.s 

PROGRAMMING OPERATION TIMING DIAGRAM 

.... ------------1 of N Program Loops -----------~-- READ--­

,vIHW 

Prograrr 

Enable, (E) 

Program 

Pulse, P 

tEHPH 

tOVPH 

VILP--------------~ 

tpLEL ----1---+-

Address a 

tPLAX -f--~--

(Affer N 
Program 
Loops) 

Note 5 

NOTE 5: This Pr6gram Enable tranistion must occur after the Program Pulse transition and before the Address Transition. 

~------® MOTOROLA SelTliconductor Products Inc. ---------" 
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128c X 7 X 5 CHARACTER GENERATOR 

The MCM6670 is a mask-programmable horizontal-scan (row 

select) character generator containing 128 characters in a 5 X 7 

matrix. A 7-bitaddress code is used to select one of the 128 available 

characters, and a 3-bit row select code chooses the appropriate row 

to appear at the outputs. The rows are sequentially displayed, 

providing a 7-word sequence of 5 parallel bits per word for each 

character selected by the address inputs. 

The MCM6674 is a preprogrammed version of the MCM6670. 

The complete pattern of this device is contained in this data sheet. 

• Fully Static Operation 

• TTL Compatibility 

• Single ± 10% +5 Volt Power Supply 

• 18-Pin Package. 

• Diagonal Corner Power Supply Pins 

• Fast Access Time, 350 ns (max) 

CAPACITANCE (T A = 25°C, f = 1.0 MHz) 

Characteristic Symbol Typ Unit 

Input Capacitance Cin 5.0 pF 

Output Capacitance Cout 5.0 pF 

MCM6670 
MCM6674 

MOS 
(N-CHANNEL, SILICON GATE) 

128c X 7 X 5 
HOR IZONT AL-SCAN 

CHARACTER GENERATOR 

L SUFFIX 
CER~MIC PACKAGE 

CASE 680 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

PIN ASSIGNMENT 

0 
A6 VCC 

2 A5 CS 
3 A4 04 

4 A3 03 

5 A2 02 

6 Al 01 

AO DO 

8 AS3 AS1 

9 Gnd AS2 

18 

17 

16 

15 

14 

13 

12 

11 

10 

DC OPERATING CONDITIONS AND CHARACTERISITCS 
(Fulloperating voltage and temperature range unless otherwise noted,) 

RECOMMENDED DC OPERATING CONDITIONS 
Parameter Symbol 

Supply Voltage Vec 
Input High Voltage V,H 

Input Low Voltage V,L 

DC CHARACTERISTICS 
Characteristic Symbol 

Input Current lin· 
(V in = 0 to 5.25 V) 

Output High Voltage VOH 
UOH = -205 !JA) 

Output Low Voltage VOL 
(lOL = 1.6 mAl 

Output Leakage Current (Three-State) 
(CS '" 2.0 V or CS = 0.8 V, Vout = 0.4 V to 2.4 V) 

ILO 

Supply Current ICC 
(VCC = 5.25 V, T A = OoC) 

This is apvance information and specifications are subject to change without notice. 
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Min Nom 

4.5 5.0 

2.0 -

-0.3 -

Min Typ 

- -

2.4 - . 
- -

- -

- ~ 

©MOTOROLA INC, 1977 

Max 

5.5 

5.25 

0.8 

Max 

2.5 

VCC 

0.4 

10 

130 

Unit 

Vdc 

Vde 

Vde 

Unit 

!JAde 

Vde 

Vde 

!JAde 

mAde 

OS 9459 
Formerly AOI-353 

©IC MASTER 1979 



MCM66700 

AC TEST CONDITIONS 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

AC TEST LOAD 

5.0 V 

RL=2.5k 

Condition Value 
Test Point O--+-~-f"'-'" MMD6150 

Input Pulse Levels 0.8 V to 2.0 V 

Input Rise and Fall Times 20 ns 
30 pF 

Output Load 1 TTL Gate and CL = 30 pF 

AC CHARACTERISTICS 
Characteristic Symbol Min 

Cycle Time tcyc 350 

Address Access Time tacc(A) -

Row Select Access Time tacc(RS) -

Chip Select to Output Delay teo -

TIMING DIAGRAM 

~~-----------~--tcyc-----------~--•• ~I 

Address 

RS 

CS 

Data Out 

~-------tacc(A) --------.t 

2.0 V 
0.8 V 

1-4------tacc( RS) -----__ --t 

2.0 V 
0.8 V 

2.0 V 

~------tco-----~ 

0.8 V 

~ = Don't Care 

2.4 V 
04 V 

Data Valid 

Max 

-

350 

350 

'150 

or Equiv 

MMD7000· 
or Equiv 

Unit 

ns 

ns 

ns 

ns 

L...--______ @ MOTOROLA SelTJ;condu~tor Products Inc. ------~ 
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MCM66700 

CUSTOM PROGRAMMING FOR' MCM6670 

By the programming of a single photomask, the cus­
tomer may specify the content of the MCM6670/ 
MCM66700 Encoding of the photomask is done with 
the aid of a computer to provide quick, efficient imple­
mentation of the custom bit pattern while reducing the 
cost of implementation. 

Information for the custom. memory content may be 
sent to Motorola in the following forms, in order of 
preference: 

~ 
0000 0001 0010 0011 0100 

A6 ... A4 04 DO 04 DO 04, " DO 04, DO 04 '" DO 

I" 
00000 00000 00000 00000 00000 ••••• ••••• 00.00 0000. 0.000 
.000. • 0000 00.00 0000. 00.00 

000 :8gg: .0000 00.00 0000. 000.0 
.0000 00.00 0000. 0 •••• 

• 000. .0000 00.00 0000. 00.00 
.000. .0080 ,~~:~~ D:lOO. 000.0 

R7 ••••• • 0000 ••••• 0000 • 

RO 00 DOC 00000 00000 00000 00000 ••••• 0 ••• 0 0 ••• 0 0 ••• 0 0 ••• 0 
.000. .0.0. • 000. • 000. • 0.0 • .000. .0.0. .000. • 000. • 0.0. 001 ••••• .0 ••• • 0 ••• • •• 0. ••• 0. 
.000. aooo. • 0.0. ao.o. .000. 
.000. .000. • oao. .0.0. ~~ii~ R7 ••••• 0 ••• 0 0 ••• 0 0 ••• 0 

RO 00000 00000 00000 00000 00000 
00000 00.00 0.0.0 0.0.0 00.00 
00000 00.00 0.0.0 0.0.0 0 •••• 

010 
00000 00.00 0.0.0 ••••• .0.00 
00000 00.00 00000 0.0 .• 0 0 ••• 0 
00000 00.00 00000 ••••• 00.0. 
00000 00000 00000 0.0.0 •••• 0 

R7 00000 00.00 00000 0.0.0 00.00 

RO 00000 00000 00000 00000 00000 
0 ••• 0 00.00 0 ••• 0 0 ••• 0 000.0 
.000. 0 •• 00 • 000. .000 • 00 •• 0 
.00 •• 00.00 0000. 0000. 0.0.0 

011 • 0.0. 00.00 0 ••• 0 00 •• 0 .00.0 
•• 00. 00.00 .0000 0000. ••••• .000. 00.00 .0000 • 000. 000.0 

R7 0 ••• 0 0 ••• 0 ••••• 0 ••• 0 000.0 

RD 00000 00000 00000 00000 00000 
0 ••• 0 00.00 •••• 0 0 ••• 0 •••• 0 
• 000. 0.0.0 0.00. • 000. 0.00 • 
0000. • 000. 0.00. .0000 0.00 • 

100 0 •• 0. .000. 0 ••• 0 • 0000 0.00 • 
• 0.0. ••••• 0.00. • 0000 0.00 • 
• 0.0. • 000. 0.00. • 00~JO • 0.00 • 

R7 0 ••• 0 .000. •••• 0 0 ••• 0 •••• 0· 

RD 00000 00000 00000 00000 00000 
•••• 0 0 ••• 0 •••• 0 0 ••• 0 ••••• • 000. • 000. • 000. .000. 00.00 
• 000. .000. • 000. .0000 00.00 

101 •••• 0 .000. •••• 0 0 ••• 0 00.00 
• 0000 .0.0. .0.00 0000. 00.00 
• 0000 .ooao .00.0 .000. 00.00 

R7 .0000 0 •• 0. .000. 0 ••• 0 00.00 

RO 00000 00000 00000 00000 00000 
00 •• 0 0 ••• 0 .0000 00000 0000. 
00 •• 0 0000. .0000 00000 0000. 

110 00.00 0 •••• .0 •• 0 0 ••• 0 0 •• 0. 
000.0 .000. •• 00. • 000 • .00 •• 
00000 D •••• • 000. • 0000 .000. 
00000 00000 •• 00. • 000 • .00 •• 

R7 00000 00000 .0 •• 0 0 ••• 0 0 •• 0. 

RO 00000 00000 00000 00000 00000 
.0 •• 0 0 •• 0. 00000 00000 00.00 
•• 00. .00 •• 00000 00000 00.00 

111 • opo. .000. • 0 •• 0 0 •••• ••••• •• 00. eao •• •• 00. .0000 00.00 
.0 •• 0 0 •• 0. • 0000 0 ••• 0 00.00 
• 0000 0000. • 0000 0000 • 00.0 • 

R7 .0000 0000. .0000 •••• 0 000.0 

1. Hexadecimal coding using IBM Punch Cards 

2. Hexadecimal coding using ASCII Paper Tape Punch 

BLOCK DIAGRAM 

H ~'2 DO 
AO 

7o--j H H Al 01 13 
A2 : ?=1 Address 1 Memorv 1 1 
A3 4 D~code Matrix· 
A4 3 
A5 2 
A6 1 

Vee" Pin 18 
Gnd'" Pin 9 

FIGURE 6 - MCM6674 PATTERN 

0101 0110 0111 1000 1001 

04, , DO 04 ' DO 04 '" DO 04, " DO 04 .. DO 

00000 00000 00000 00000 00000 ••••• 00000 0 ••• 0 00.00 00000 
.000. 0000 • .000. 0.000 OO.OD 
•• 0 •• 000.0 .000. •••• 0 000.0 
• 0.0. .0.00 ••••• 0.00.' ••••• •• 0 •• •• 000 0.0.0 00.0. 000.0 
8000. • 0000 0.0.0 ooaoe ao.ao ••••• 00000 •• 0 •• 0000 • 00000 

00000 00000 00000 00000 00000 
00000 0 ••• 0 0000. ••••• 00.00 
00.0. 0.0.0 0000. .000. 00.00 
000.0 0.0.0 0000 • 0.0.0 0 ••• 0 
.0.0. 0.0.0 ••••• 00.00 0 ••• 0 
..000 0.0.0 0000 • 0.0.0 00.00 
.0000 0.0.0 0000 • .000. 00.00 
00000 •• 0 •• 0000 • ••••• 00.00 

00000 00000 00000 00000 00000 
•• 000 0.000 0 •• 00 000.0 0.000 
•• 00 • • 0.00 0 •• 00 00.00 00.00 
000.0 .0.00 0.000 0.000 000.0 
00.00 0.000 .0000 0.000 oooeo 
0.000 .0.0. 00000 0.000 000.0 
.00 •• .00.0 00000 00.00 00.00 
000 •• ,0 •• 0. 00000 000.0 0.000 

00000 00000 00000 00000 00000 

••••• 00 •• 0 ••••• 0 ••• 0 0 ••• 0 
• 0000 0.000 0000 • .000. .000. 
•••• 0 .0000 000.0 .000.· .000. 
0000 • •••• 0 00.00 0 ••• 0 0 •••• 
0000 • .000. 0.000 .000. 0000. 
.000. .000 • .0000 .000. 000.0 
0 ••• 0 0 ••• 0 aoooo 0 ••• 0 0 •• 00 

00000 00000 00000 00000 00000 ••••• ••••• a •••• • 000. 0 ••• 0 
.0000 • 0000 • 0000 .000 • 00.00 
.0000 .0000 .0000 • 000. 00.00 
••• 00 ••• 00 .00 •• ••••• 00.00 
.0000 .0000 .000. .000. 00.00 
.0000 .0000 • 000. .000. 00.00 ••••• • 0000 0 •••• .000. 0 ••• 0 

00000 00000 00000 00000 00000 
.000 • .000 • .000. • 000. .000. 
.000 • • 000 • .000 • • 000. .000 • 
.000 • .000 • .000. 0.0.0 0.0.0 
.000 • 0.0.0 .000. 00.00 00.00 
.000 • 0.0.0 .0.0. 0.0.0 00.00 
.000 • 00.00 :~8~; .000. 00.00 
0 ••• 0 00.00 .000. 00.00 

00000 00000 00000 00'000 00000 
00000 8g~~i 0 •• 0. .0000 00.00 
00000 .00 •• .0000 00000 
0 ••• 0 00.00 .00 •• .0 •• 0 0 •• 00 
.000. 0 ••• 0 0 •• 0. ..00. ooaoo ••••• 00.00 0000. .000. uo.oo 
.0000 00.00 • 000. .000. 00.00 
0 ••• 0 00.00 0 ••• 0 .000. 0 ••• 0 

00000 00000 00000 00000 00000 
00000 00000 00000 00000 .000. 
00000 00000 00000 00000 • 000. 
.000. .000. .000 • .000. .000. 
.000. .000. .000 • 0.0.0 0 •••• 
.000. .000 • .0.0. 00.00 0000. 
.00 •• o.oao .0.0. o.oeo .000. 
0 •• 0. 00.00 0.0.0 .000. 0 ••• 0 

Row 1 
Decode 

1010 1011 

04, .. DO 04 .. , DO 

00000 00000 ••••• 00000 
00000 00.00 
00000 00.00 ••••• .0.0 • 
00000 0 ••• 0 
00000 00.00 ••••• 00000 

00000 00000 
0 ••• 0 0 ••• 0 
• 000. .000. 
• 0000 .000. 
d.OOO • •••• 00.00 .000. 
00000 .000. 
00.00 0 ••• 0 

00000 00000 
00.00 00000 
.0.0. 00.00 
0 ••• 0 00.00 ••••• ••••• 0 ••• 0 00.00 
.0.0. 00.00 
00.00 00000 

00000 00000 
00000 0 •• 00 
0 •• 00 0 •• 00 
0 •• 00 00000 
00000 0 •• 00 
0 •• 00 0 •• 00 
0 •• 00 0.000 
00000 .0000 

00000 00000 
0000. • 000 • 
0000 • .00.0 
0000. • 0.00 
0000. •• 000 
0000. • 0.00 
.000 • • 00.0 
0 ••• 0 .000 • 

00000 00000 ••••• 0 ••• 0 
0000 • 0.000 
000.0 0.000 
00.00 0.000 
0.000 0.000 
.0000 0.000 ••••• 0 ••• 0 

00000 00000 
0000. .0000 
00000 .0000 
0000. .00.0 
0000. .0.00 
0000 • •• 000 
• 000 • .0.00 
0 ••• 0 .00.0 

00000 00000 
00000 000.0 
00000 00.00 

••••• 00.00 
000.0 0.000 
00.00 00.00 
0.000 00.00 • •••• 000.0 

1 Output 1-014 
Buffers 

02 

17 
es 

1100 

04, ' DO 

00000 
00.00 
.0.0. 
0 ••• 0 
00.00 
.0.0 • 
0 ••• 0 
00.00 

00000 • •••• .0.0. 
.0.0. 
••• 0. 
• 000. 
.000. ••••• 
00000 
00000 
00000 
00000 
0 •• 00 
0 •• 00 
0.000 
.0000 

00000 
ooQ.O 
00.00 
0.000 
• 0000 
0.000 
00.00 
000.0 

00000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 • •••• 
00000 
00000 
.0000 
0.000 
00.00 
000.0 
0000. 
00000 

00000 
0 •• 00 
00.00 
00.00 
00.00 
00.00 
00.00 
0 ••• 0 

00000 
00.00 
00.00 
00.00 
00000 
00.00 
00.00 
00.00 

1101 

04, ' , DO 

00000 
00000 
00.00 
0.000 • •••• 0.000 
00.00 
00000 

00000 ••••• .000 • 
.000 • 
••• 0 • 
.0.0. 
.0.0. • •••• 
00000 
00000 
00000 
00000 ••••• 00000 
00000 
00000 

00000 
00000 
00000 • •••• 00000 • •••• 00000 
00000 

00000 
.000 • 
•• 0 •• 
.0.0 • 
.0.0 • 
.000 • 
.000 • 
.000. 

00000 
0 ••• 0 
000.0 
000.0 
000.0 
000.0 
000.0 
0 ••• 0 

00000 
00000 
00000 
•• 0.0 
ao.o. 
• 0.0. 
.0.0 • 
• 0.0. 

omioo 
0.000 
00.00 
00.00 
000.0 
ooaoo 
00.00 
0.000 

15 03 

04 

1110 

04, DO 

00000 
0 ••• 0 
.000. 
..0 •• 
.0.0. 
•• 0 •• 
.000. 
0 ••• 0 

00000 ••••• .000 • 
.000 • 
.oa.a 
.0.0. 
.0.0. • •••• 
00000 
00000 
00000 
00000 
00000 
00000 
0 •• 00 
0 •• 00 

00000 
0.000 
00.00 
000.0 
0000 • 
000.0 
00.00 
0.000 

00000 
.000. 
..00. 
.0.0 • 
.00 •• 

:2g8: 
.000. 

00000 
00.00 
0.0.0 
.000. 
00000 
00000 
00000 
00000 

00000 
00000 
00000 
.0 •• 0 
•• ooa 
.000 • 
.000. 
.000 • 

00000 
0.000 
.0.0. 
000.0 
OOOQO 
00000 
00000 
00000 

1111 

04 , DO 

00000 
0 ••• 0 
.000. 
.000. 
.0.0. 
.000 • 
.000 • 
0 ••• 0 

00000 ••••• .0.0 • 
.0.0. 
.oa.a 
.000 • 
.000. ••••• 
00000 
00000 
0000 • 
000.0 
ooaoo 
0.000 
.0000 
00000 

00000 
0 ••• 0 
.000. 
0000. 
000.0 
00.00 
00000 
00.00 

00000 
0 ••• 0 
.000 • 
.000. 
.000. 
.000 • 
.000 • 
0 ••• 0 

00000 
00000 
00000 
00000 
00000 
00000 
00000 ••••• 
00000 
00000 
00000 
o.a.o 
.000 • 
.000 • 
.000 • 
0 ••• 0 

00000 
0.0.0 
.0.0 • 
o.oao 
.0.0. 
0.0.0 
.0.0. 
0.0.0 
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Product Previe~ 

2048 X 8-BIT UV ERASABLE PROM 
The MCM2716/27A 16 isa .16,384-bit Erasable and Electrically 

Reprogrammable PROM designed for system debug usage and similar 
applications requiring nonvolatile memory that could be reprogram­
med periodically. The transparent lid on the package allows the 
me~ory content to be erased with ultraviolet light. 

For ease of use, the device operates from a single power supply 
and has a static power-down mode. Pin-for-pin mask programmable 
ROMS are available for large volume production runs of systems 
initially using the MCM2716/27A16. 

• Single ±10% 5 V Power Supply 

• Automatic,Power-down Mode (Standby) 

• Organized as 2048 Bytes of 8 Bits 

• Low Power D issi pation 

• TTL Compatible During Read and Program 

• Maximum Access Time = 450 ns MCM2716 
350 ns MCM27 A 16 

• Pin Equivalent to Intel's 2716 

• Pin Compatible to MGM68A316E Mask Programmable ROMs 

9-11, 
Mode 13-17 12 

DQ Vss 

Read Data out VSS 

Output Disable HiZ VSS 

Standby HiZ VSS 

Program Data in VSS 

Program Verify Data out VSS 

Program Inhibit HiZ Vss 

BLOCK DIAGRAM 

AO-Al0 

PIN NUMBER 

18 

E/Progr 

VIL 

Don't Care 

VIH 

Pulsed 
VIL to VIH 

VIL 

VIL 

20 

G 

VIL 

VIH 

Don't Care 

VIH 

VIL 

VIH 

Y Gallng 

Memory 
Matrtx 

(128 x 128) 

21 

Vpp 

VCC 

VCC 

VCC 

VIHP 

VIHP 

VIHP 

000-007 

This is advance information and spec·ifications are subject to change without notice. 

©IC MASTER 1979 

24 

VCC 

VCC 

VCC 

VCC 

VCC 

VCC 

VCC 

MCM2716 
MCM27A16 

MOS 
(N-~HANNEL, SILICON-GATE) 

2048 X8-BIT 
UV ERASABLE PROM 

CERAMIC PACKAGE 
CASE 716-03 

PIN ASSIGNMENT 

• A7 Vee 24 

2 A6 AS 23 

3 A5 A9 22 

4 A4 Vpp 21 

5 A3 cr 20 

6 A2 A10 19 

7 A1 E/Progr 18 

8 007 17 

9 006 16 

10 005 15 

11 002 004 14 

12 VSS 003 13 

*PIN NAMES 

A .... Address 

DQ . . . . Data Input/Output 

E/Progr .... Chip Enable/Program 

G .... Output Enable 

• New industry standard nomenclature 

©MOTOROLA INC., 1978 ADI-491 
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MCM2716. MCM27A16 

READ MODE TIMING DIAGRAMS 
(Chip Enable = V I L) 

STANDBY MODE 
(Output Enable = VIL) 

Standbv Mode (Chip Selecf" VIL) 

NOTE 2. lEI..QV is referenced to EJProgr or stable 8ddr~$. whichevet' occurs last 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range. unless otherwise noted) 

RECOMMENDED DC READ OPERATING CONDITIONS (TA = 00 to +70oC) 

Parameter Symbol Min Nom Max 

Supply Voltage" MCM2716 VCC 4.75 5.0 5.25 
MCM27A16 4.5 5.0 5.5 

Vpp VCC -0.6 5.0 VCC + 0.6 

Input High Voltage VIH 2.0 - VCC + 1.0 

I nput "low Voltage Vil -0.1 - 0.8 

READ OPERATION DC CHARACTERISTICS 

Characteristic Condition Symbol Min Typ Max 

Address. G and E/Progr Vin = 5.25 V lin - - 10 
Input Sink Clirrent 

Output leakage Current Vout '" 5.25 V. G = 5.0 V IlO - - 10 

VCC Supply Current" (Standby) E/Progr = VIH. G = VIL ICCl - 10 25 

VCC Supply Current" (Active) G = E/Progr = Vil ICC2 - 57 100 

Vpp Supply Current" Vpp = 5.85 V IpPl - - 5.0 

Output low Voltage IOl = 2.1 mA VOL - - 0.45 

Output High Voltage IOH = -400 JJ.A VOH 2.4 - -

Unit 

Vdc 

Vdc 

Vdc 

Unit 

JJ.A 

JJ.A 

mA 

mA 

mA 

V 

V 

*VCC must be applied simultaneously or prior to Vpp. VCC must also be switched off simultaneously with or after Vpp. With Vpp connected 
directly to VCC during the read operation. the supply current would be the sum of IpP1 and ICC. The additional 0.6 V tolerance on Vpp 
makes it possible to use a.driver circuit for switching the Vpp supply pin from VCC in Read mode to +25 V for programming. Typical values 
are for T A = 250 C and nominal supply voltages. FIGURE 1 - AC TEST LOAD 

CAPACITANCE 
S.O V 

(f = 1.0 MHz. T A = 250 C. periodically sampled rather than 100% tested.) 
RL=2.2k 

Characteristic Symbol Typ Max Unit 

Input Capacitance (Vin = 0 V) Cin 4.0 6.0 pF 
Test Point o-_-_-+~-.. 

Output Capacitance (Vout = 0 V) Cout 8.0 12 pF '100pFrf:\ 
> 

6 k 

Capacitance measured with a Boonton Meter or effective capacitance calculated from the 

. IAt 
equation: C = AV' 

Input Pulse Levels ...... . 
Input Rise and Fall Times .. 

Characteristic 

Address Valid to Output Valid 

E/Progr to Output Valid 

Output Enable to Output Valid 

E/Progr to Hi Z Output 

Output Disable to Hi Z Output 

Data Hold from Address 

-Includes Jig Capacitance 

AC OPERATING CONDITIONS AND CHA'RACTERISTICS 
(TA = a to +700 C. VCC = 5.0 V ± 10% unless otherwise noted.) 

0.8 Volt to 2.2 Volts Input and Output Timing Levels 
. ............ 20 ns Output load ........... . 

MCM27A16 MCM2716 

Condition Symbol Min Max Min Max 

E/Progr = G = V IL tAVOV - 350 - 450 

(Note 2) tELOV - 350 - 450 

E/Progr = V IL tGLOV - 120 - 120 

tEHOZ 0 100 0 100 

E/Progr = V I L tGHOZ a 100 0 100 

E/Progr = G = VIL tAX OX 0 - 0 -

, MM061S0 
or Equiv 

MM07000 
or Equiv 

.. 2.0 Volts 
See Figure 1 

Units 

ns 

/ 

L--______ ® MOTOROLA Semiconductor Products Inc. ---------' 
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AO 

A1 

A2 

A3 

A4 

A5 

A6 

8192-BIT READ ONLY MEMORIES 
ROW SELECT CHARACTER GENERATORS 

The MCM66700 is a mask-programmable 8192-bit horizontal-scan 
(row select) character generator. It contains 128 characters in 
a 7 X 9 matrix, and has the capability of shifting certain characters 
that normally extend below the baseline such as j, y, g, p, and 
q. Circuitry is supplied ,internally to effectively lower the whole 
matrix for this type of character-a feature previously requi,ring 
external circuitry. 

A seven-bit address code is used to select one of the 128 available 
characters. Each character is defined as a specific combination of 

logic 1 s and as stored in a 7 X 9 matrix. When a specific four-bit 
binary row select code is applied, a word of seven parallel bits appears 

at the output. The rows can be sequentially selected, providing 

a nine-word- sequence of seven parallel bits per word for each 
character selected by the address inputs. As the row select inputs 

are sequentially addressed, the devices will automatically place 

the 7 X 9 character in one of two preprogrammed positions on 
the 16-row matrix, with the positions defined by the four row 

select inputs_ Rows that are not part of the character are 
automatically blanked_ 

The devices listed are preprogrammed versions of the MCM66700_ 

They contain various sets of characters to meet the requirements 
of diverse applications. The complete patterns. of these devices 

are contained in this data sheet. 

• Fully Static Operation 
• Fully TTL Compatible with Three-State Outputs 
• CMOS and MPU Compatible, Single ± 10% 5 Volt Supply, 

• Shifted Character Capabil ity 
(Except MCM66720, MCM66730, and MCM66734) 

• Maximum Access Time = 350 ns 
• 4 Programmable Chip Selects (0, 1, or X) 
• Pin-for-Pin Replacement for the MCM6570, 

Including All Standard Patterns 

15 2006 

16 

12 

11 Address 
Decode 

9 

8 

4 

BLOCK 
DIAGRAM 

Memory 
Matrix 
(8064) 

Shift 
Control 
Matrix 
(128) 

5 05 

Output 
Buffers 19 04 

Row 
Decode 

6 03 

18 02 

7 01 

17 DO 

14 

VCC=Pin2 

VSS=Pin13 

This is advance information and specifications are subject to change without notice_ 

©IC MASTER 1979 

MCM66700 MCM66710' 
MCM66714 MCM66720 
. MCM66730 MCM66734 
. MCM66740 MCM66750 
MCM66751 MCM66760 
MCM66770 MCM66780 

MCM66790 

MOS 
(N-CHANNEL, SILICON-GATE) 

8K READ ONLY MEMORIES 

HORIZONTAL-SCAN 
CHARACTER GENERATORS 

WITH SHIFTED CHARACTERS 

C SUFFIX' 
FRIT-SEAL PACKAGE 

CASE 623 

P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

PIN ASSIGNMENT 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

©MOTOROLA INC, 1978 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

OS9516 
Replaces AOI-464 
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MCM66700 I 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

RECOMMENDED DC OPERATING CONDITIONS (Referenced to VSS) 

Parameter Symbol Min Nom 

Supply Voltage VCC 4.5 5.0 

Input Logic "1" Voltage VIH 2.0 -

Input Logic "0" Voltage VIL -0.3 -

DC CHARACTERISTICS 

Characteristic Symbol Min Typ 

Input Leakage Current IIH - -
(VIH = 5.5 Vdc, VCC = 4.5 Vdc) 

Output Low Voltage (Blank) VO,L 0 -
(tOL = 1.6 mAde) I ! 

Output High Voltage (Dot) VOH 2.4 -

(IOH = -205 pAdc) 

Power Supply Current ICC - -

Power Dissipation PD - 200 

CAPACITANCE (Periodically sampled rather than 100% tested) 

Input Capacitance Cin - 4.0 

(f = 1.0 MHz) 

Output Capacitance Cout - 4.0 
(f=1.0MHz) 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 

ACTEST LOAD 

Max 

5.5 

VCC 

0.8 

Max 

2.5 

0.4 

-

80 

440 

7.0 

7.0 

I 5.0 V 

AC TEST CONDITIONS 

Condition Value 

Input Pulse Levels 0.8 V to 2.0 V 

Input Rise and Fall Times 20 ns 

Output Load 1 TTL Gate and CL = 130 pF 

AC CHARACTERISTICS 

Characteristic 

Address Access Time 

Row Select Access Time 

Chip Select to Output Delay 

Symbol Typ 

tacc(A) 250 

tacc(RS) 250 

tco 100 

Max 

350 

350 

150 

MMD6150 
or Equiv 

MMD7000 
or Equiv 

Unit 

Vdc 

Vdc 

Vdc 

Unit 

pAdc 

Vdc 

Vrlc 

mAdc 

mW 

pF 

pF 

Unit 

ns 

ns 

ns 

1- ---tacc(AI • 

Add,ess =:=x:"::"~.-::-·~,.,.~----------------X-------

i-----tacc(RSl ~ • i 

TIMING DIAGRAM 

~ :: Don't Care 

I 

'------@ MOTOROLA Serniconducf:or Producf:s '-nc. ----------1 
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MCM66700 

MEMORY OPERATION (Using Positive Logic) 
Most positive level = 1, most negative level = O. 

Address 
To select one of the 128 characters, apply the appro­

. priate binary code to the Address inputs (AO through A6). 

Row Select 
To select one of the rows of the addressed character 

to appear at the seven output lines, apply the appropriate 

binary code to the Row Select inputs (RSO through RS3). 

Shifted Characters 
These devices have the capabil ity of displaying charac­

ters that descend below the bottom I ine (such as lowercase 
letters j, y, g, p, and q). Internal circuitry effectively drops 

the whole matrix for this type of character. Any character 

can be programmed to occupy either of the two positions 

in a 7 X 16 matrix. (Shifted characters are not available 

on MCM66720, MCM66730, or MCM66734.) 

Output 
For these devices, an output dot is defined as a logic 1 

level, and an output blank is defined as a logic 0 level. 

Programmable Chip Select 
The MCM66700 has four Chip Select inputs that can 

be programmed with a 1,0, or don't care (not connected). 

A don't care must always be the highest chip select pin or 

pins. All standard patterns have Don't Care Chip Select­

except MCM66751. 

DISPLAY FORMAT 

Figure 1 shows the relationship between the logic 
levels at the row select inputs and the character row at 

the outputs. The MCM66700 allows the user to locate the 

basic 7 X 9 font anywhete in the 7 X 16 array. In addition, 
a shifted font can be placed anywhere in the same 7 X 16 

array. For example, the basic MCM66710 font is 

established in rows R14 through R6. All other rows are 

automatically blanked. The shifted font is established in 

rows R 11 through R3, with all other rows blanked. Thus, 

while anyone character is contained in a 7 X 9 array, the 
MCM66710 requ i res a 7 X 12 array on the CRT screen to 

contain both normal and descending characters. Other 

uses of the shift option may require as much as the full 
7 X 16 array, or as I ittle as the basic 7 X 9 array (when 
no shifting occurs, as in the MCM66720). 

~ 

The MCM66700 can be programmed to be scanned 

either from bottom to top or from top to bottom. This is 
achieved through the option of assigning row numbers in 

ascending or descending count, as long as both the basic 
font and the shifted font are the same~ For example, an 

up counter will scan the MCM66710 from bottom to top, 

whereas an up counter will scan the MCM66714 from top 

to bottom (see Figures 7 and 8 for row designation). 

FIGURE 1 - ROW SELECT INPUT CODE AND SAMPLE CHARACTERS FOR MCM66710 AND MCM66720 

RS3 

ROW SELECT 
TRUTHTABLE 

RS2 RSl RSO 

MCM66710 MCM66720 

OUTPUT 
ROW ROW 

NO. 0 0 0 0 RO NO. 
0 0 0 1 Rl 
0 0 1 0 R2 0000000 R15 

0 0 1 1 R3 •••••• 0 R14 
.00000. 

0 1 0 0 R4 .00000. 
0 1 0 1 R5 .00000. 
0 1 1 0 R6 •••••• 0 
0 1 1 1 R7 .000000 
1 0 0 0 RS 
1 0 0 1 R9 
1 0 1 0 Rl0 
1 0 1 1 Rll 

.000000 

.000000 

.000000 
0000000 
0000000 

1 1 0 0 R12 0000000 
1 1 0 1 R13 0000000 
1 1 1 0 R14 0000000 
1 1 1 1 R15 0000000 

06 DO 

CUSTOM PROGRAMMING FOR MCM66700 

By the programming of a single photomask, the customer 

may specify the content of the MCM66700. Encoding of the 
photomask is done with the aid of a computer to provide 

R13 
R12 
Rll 
Rl0 
R9 
RS 
R7 
R6 
R5 
R4 
R3 
R2 
Rl 
RO 

0000000 
0000000 
0000000 
0000000 
.0 ••• 00 
•• 000.0 
.0000.0 
.0000.0 
•• 000.0 
.0 ••• 00 
.000000 
.000000 
.000000 
0000000 
0000000 
0000000 
06 DO 

•••••• 0 RO 0000000 
.00000. Rl .0 ••• 00 
.00000. R2 •• 000.0 
.00000. R3 .0000.0 
• ••••• 0 R4 •• 000.0 
.000000 R5 .0 ••• 00 
.000000 R6 .000000 
.000000 R7 .000000 
.000000 RS .000000 
06 DO 06 DO 

quick, efficient implementation of the custom bit pattern while 

reducing the cost of implementation. 
Information for the custom memory content may be sent to 

Motorola in the forms specified on the Motorola data sheet. 

L---______ ® MOTOROLA Sen'liconductor Products Inc. ----------' 
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as 
e 
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o 
::E 

MCM66700 

FIGURE 7 - MCM66710 PATTERN 

~3 .. AO~~==~~~OOO~1 __ ~1 _OO~10~-r_OO~11~-r_O~1~OO~~_0~1~01~-r_O~1~10~ ___ 0~1_11 __ ~1 __ 1~OOO~~ __ 1~00~1~~_1~0~10~;-_1_01_1 __ ~_1_100 __ -4! __ 1_1_01 __ ~: __ 1_11_0 __ ~ __ 11_1_1 __ ~ 
A6 •• A~ 06 DO I 06 .. 00 06. DO 06, . 00 OfS .. 00 i 06. . 00 ! 06. . DO 06. DO i 06.. DO 06 .. 00 DIS .. DO j D6 .. DO 06. 00 I 06 . DO I 06 00 D6 .. DO 

001 

010 

110 

~ = Shifted character. The character is shifted three rows to Rll at the top of the font and R3 at the bottom. 

FIGURE 8 - MCM66714 PATTERN 

0 ••••• 0 0000000 

~88888~ 8888888 
0000000 0000000 
0000000 0000000 
0000000 0000000 
0000000 0000000 
0000000 0000000 
0000000 ••••••• 

~~---A-33-.. -.. AA-OO~-~----'--OOO--1--'1--00--10--'!--00--11--'1--0-100---'1--0-1-01--'1--0-1-'0-----O-1-1,--~-1-000---.,--l-00-l--'1--1-01-0--'I--,-01-1--'I--l-l00---'!--1-10-1--'I--'-11-0---~-1--'1'--­

IAB .. ~1 06 ... 00 ! 06 00 ': 06 00 1 06 ... 00 ! 06 00 I 06. D~-rD~-"7"~~~-o-O~i--06--'-'-.-O-O-r-O.-'-'-'-O-O--t--06---0-0---06--':':-O-O-r-o.---'--o-o--t!-o-.-.--oo--t1 --06---0-0-i 

~ = Shifted character. The character is shifted three rows to R3 at the top of the font and R 11 at the bottom . 

. '--------® MOTOROLA Se,"iconduc'l:or Products Inc. ------........ 
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MCM66700 

FIGURE 9 - MCM66734 PA TTERN1t 

00000.0 ~JC:::J:1ootJ 
0 •••• 00 .00.00. 
000.000 .00.00. 
000.000 .00.00. -..... 00::;000. 
000.000 000000. 
000.000 00::00.0 
00.0000 ooco.oc 
0.00000 Df1~.oon 

oooouoo 0000000 ooaoooo co. 0000 0000000 0000000 0000 000 ooaoooo 
oooa.oo 000000. ••••••• co. 0000 0 •••• 00 ••••••• 0.00 0.0 0.0.000 
Ooo.OiJO 000000. ::JO.oCD:::! .-•••• oO::le.oo 000000. 0.00 0.0 0.0.000 
00.000::1 0.000.0 00.00::10 00. eGo. 0000.0::1 000000. 0.00 0.0 0.0.000 
0.00000 00.0.00 ....... 00. 00.0 0000.00 0 •••••• 0.00 0.0 0.011000 
.00::1000 000.000 oo.occ=o 00. e.oo aoGO.OD 000000. 0.00 0.0 0.0.00. 
.00000. 00.0.00 00.0::00 00. 080C OO::;O.OG 000000. 0000 0.0 0.0.00. ....... 0.00::1.0 oo.cc::= 00. eeoc ....... • •••••• oDeD .00 0.0.0.0 
ooooeo. .000000 000 •••• 00. 0000 OO::JOCOC 0000000 000. 000 .00 •• 00 

0000000 ooaoos!:'"] 0000000 (JOO 0000 OO.OOOU 0 •• 0 000 
0.00000 ....... ••••••• 000 0000 .00.00Ll .00. 000 
0.00000 .O!JDOO. .00000. ... 0000 0.00.00 .00. 000 
0.00000 .00000 • • 00000. 000 000. 00.0000 0 •• 0 000 
0.00000 .00000. 000000. 000 000. 0000000 0000 000 
0.0000. .00000. 000000. 000 00.0 0000000 0000 000 
0.000.0 .00000. 00000.0 000 0.00 0000000 0000 ~OD 
0.00.00 ••••••• 0000.00 000 .000 0000000 0000 000 
0 ••• 000 0000000 00 •• 000 ... 0000 0000000 0000 000 

0000000 LJO •••• O ; ... HJ::.JQC~:: ::00 0000 OO:JOoOO 0000000 GOOD 000 0000 coo GCC~GQO :"::G:JC::8C 0008000 DOCOOOO 000 00 DC 0000000 (JODO 000 
0000000 oo.ooao :Joac!::Jc ooa 0000 aoaODOO ••••••• :JOOO 000 :JOOO coo oo::~ooc 
0000000 ao.oooo :JOCOCO~ 000 0000 0000000 000000. ::l000 ooa ::lDOO 000 DODoDCO 

~~OC:::JO OOOUooD 0000000 000 0000 0000000 OOOU ODD 
oacocoo 0000000 0000000 DOD 0000 0000000 0000 000 

0000000 00.0000 oooococ 000 0000 0000000 000000. 0 ••• •• 0 0000 .00 000.000 
0000000 0000000 OOOSC:JC :Joo 0000 00 •• 000 ....... 0000 0.0 000. 000 0 ••••• 0 
0 •• 0000 0000000 0000.2:: 000 0000 00 •• 000 000000. 000 • • 00 00 •• 000 0.000.0 
.00.000 0000000 DODo.eLl 0.0 DaDe 0000000 00000.0 000. 000 0.0. 0::10 00000.0 
.00.000 oooaooo 0000.0:'] ::10. oooe 0000000 0000.00 000. 000 000. 000 0000.00 

0000:::00 0000.00 00.0000 000 0000 0000000 0000 000 
00 ••• 00 0 ••••• 0 0 ••••• 0 00 • •• 00 0 ••••• 0 0.0. 0.0 
000.000 0000.00 00.00.0 000 0.00 00000.0 0.0. 0.0 
020.000 DOO •• OC 00.0.00 000 0.00 00 •••• 0 0000 0.0 
000.000 oO.O.oC 00.0000 000 0.00 00000.0 0000 .00 

0 •• 0000 0000000 0 •••• 0'"' ::100 .00D 0000000 00 •• 000 00.0 000 000. 000 00::1.000 0 ••••• 0 0.00.00 00.0000 0 •• .... 0 ••••• 0 000. 00(1 

0000000 00000.0 COO.C:;:, 000 0000 :..JO:"'::':J;.UC C::;.:J 0 or.; :Jco. CDC OOCO ::100 LJ.iJOCQO 

••••••• 0000.00 llOO.Oui....: 0 •• ••• 0 ::;O:JO.OO CO.COOC :JOO. ooa co •• ••• O.OCOOO 
000000. 000.000 ••••••• 000 .000 . ...... ••••••• 0 ••• •• 0 0.00 00. a •••••• 
000.00. 00 •• 000 .OGoeo. 000 .000 0000.00 00.000. 000. 000 .000 ::0. .00::.00 
000.0.0 0.0.000 800DCO. 000 .000 000_00 00.000. OelD. 000 Deco DO. OGOO.OO 
000 •• 00 • 00.000 OOOOCO. 000 .000 OO.O.iJO 00.000 • •••• ••• 0000 0.0 ODeO.OO 
000.000 000.000 00000.0 000 :~i~ 0.00.00 OO.O::lD. 000. 000 0000 .00 O~OO.OO 

C;:;c;.GOO:; 0::10.000 000.008 ...::c 00. c::::. ••• • OOC.C= iJ.CO::O. OCO. ee.::. c::::. CC:: C,JiJ.=C:J 
0[1[1000U 00.0000 000.000 ooo.esc; 000 0000 OOOE.2.C:J 80LlOCi.r-: 000. 000 00.0 000 Oo.oGoO 

DCiODDOD 0.000.0 I.JO!JOC:::JO u.ooooo [J000 000 • •••••• 0.000.0 ••• 0000 ••• .... 0.00000 • 000 00 • 
000000. ....... DODOOOD 000 000 • ....... o.aa 00 • 
O:J:JO:JO. 0.000.0 000000. 000 00.0 0.0000. 00.0 00. 
000000. 0.000.0 ••• 000. 000 0.00 0.000.0 0000 00. 
000000. 00000.0 000000. 000 .000 0.00.00 0000 0.0 
000000. 0000.00 00000.0 00. oaoo 0.00000 0000 .00 ....... 000.000 DelwO.oO 0.0 oo.e 0.00000 000. 000 
0000000 00.0000 •••• 000 .00 000. 00 ••••• Doao 000 

-Shifted characters are not used; therefore. sec = "0" for all characters. 

FIGURE 10 - MCM66720 PATTERN** 

~ 
0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

A6 .. A4 06 •.. DO 06 .. DO 08. .DO 08 .. 00 0'6 .. DO 06 ,-.00 08 ... 00 06 .. DO 06 .. DO 06 .. DO 06 .. DO 06. . DO 06 ... DO 06 .. DO 06 .. 00 06 . . DO 

RO 0000000 0 •••• 00 Ooo:JOoO 0 •• 0000 0000000 00.0 •• 0 0000000 00 •• 000 0000000 0000000 .000000 0000000 0000000 000.000 0000000 0000000 
0000000 0.000.0 •• 0000. :88~888 0000000 ::JOO ••• O 0.0 •• 00 0.00.00 0000000 0000000 0.00000 .00.000 0000000 00 ••• 00 0000000 0000000 
0000000 0 •••• 00 DOaOOaa 00 •• 000 DO.OODo .0.00.0 .000080 0000000 .000000 00.0000 .00.000 0000000 0.00000 0000000 0000000 

000 
0000000 0.000.0 00.0.00 .000000 0.00000 0800000 00.00.0 .0000.0 .000000 • 00.000 00.0000 .00.000 •• 000.0 00 •• 000 00 •• 000 0 •••••• 
0 •• 000. o.oooao 00 •• 000 oaooooo .000000 .000000 00.00.0 •••••• 0 .000000 .0.0000 00.0000 aoo.aoo oaooo.o 0.00000 oaooaoo .080aOo 
.00.0.0 0 •••• 00 00.0000 0 •• 0000 •••• 000 .000000 00.00.0 .0000.0 :888888 •• 00000 00.0000 ••• 0.00 0.00.00 .000000 .0000.0 oo.oaoo 
.000.00 0.00000 0 •• 0000 .00.000 .000000 0 ••• 000 opoooao .0000.0 aO.OOOD 00 •• 000 aoooooo oao.ooo 0 •••• 00 .0000.0 oo.oaoo 
.00.0.0 0.00000 0 •• 0000 .00.000 0.00000 0000.00 00000.0 0.00.00 .00.000 .00.0.0 0.00.00 .000000 0 •• 0000 00000.0 0.00.00 00.0.00 

Ra 0 •• 000. .000000 0 •• 0000 0 •• 0000 00 •• 000 00 •• 000 00000.0 00 •• 000 0 •• 0000 .000.00 .ooooao .000000 0.00000 000 •• 00 00 •• 000 00.0.00 

RO 0000000 0000000 0000000 0000000 00.0000 0000000 000.000 0000000 0000000 00 ••••• 00"000 I 0000000 aaO.OOD 0000000 ....... 0000000 
00.8000 0000000 0000000 0000000 00.0000 0000000 .00.00. 0000000 00 ••• 00 00.0000 0000000 0000000 ::JO ••• OO 0000000 0.00000 0 •• 0000 
0.00.00 0000000 0000000 0000000 0 ••• 000 0000000 0.0.0.0 0000000 0.000.0 00.0000 0000.00 00.0000 Oa080ao 000.000 0080000 800aOO. 

: • 0000.0 00 ••••• 0 •••••• •• 000.0 • 0.0.00 0000000 0.0.0.0 0.000.0 .00000 • 00.0000 00000.0 0.00000 000.000 0000000 000.000 0000 •• 0 
001 •• 00.00 oaooaoo .00.000 oaooaoo .0.0.00 •• 000.0 0.0.0.0 .00000. • 00000. oa800DD .............. 000.000 . ...... 0000 •• 0 0 •• 0000 

.0 •• 000 .0000.0 000.000 0.00.00 .0.0.00 00.0.00 00 ••• 00 .00.00. .00000. 00.0000 00000.0 0.00000 000.000 0000000 000.000 .00.00. 

.000000 .0000.0 000.000 0.00.00 0 ••• 000 000.000 000.000 .00.00. 0.000.0 .0.0000 0000.00 00.0000 000.000 000.000 00.0000 OoolJ •• O 
RS 

.000000 0.00.00 000.000 0.00.00 00.0000 00.0.00 000.000 .00.00. 0.000.0 0 •• 0000 888g888 I 8888888 000.000 0000000 0.00000 0000000 

.000000 00 •• 000 000.000 00 •• 000 00.0000 0.000 •• 000.000 0 •• 0 •• 0 •• 000 •• 00.0000 000.000 0000000 ....... 0000000 

RO 0000000 000.000 00.00.0 00.0.00 000.000 0.00000 0 ••• 000 a.OODOo 000.000 000.000 000.000 0000000 0000000 0000000 0000000 0000000 
0000000 000.000 00.00.0 00.0.00 0 •••••• • 0.000. .000.00 0.00000 00.0000 0000.00 • 00.00. 000.000 0000000 0000000 0000000 000000 • 
0000000 DOO.ODO 00.00.0 00.0.00 .00.000 0.000.0 .000.00 .000000 0.00000 00000.0 0.0.0.0 000.,000 0000000 0000000 0000000 00000.0 

010 : 0000000 000.000 ("]000000 ....... .00.000 0000.00 0.0.000 0000000 0.00000 00000.0 00 ••• 00 000.000 0000000 0000000 0000000 0000.00 
0000000 000.000 0000000 00.0.00 0 ••••• 0 000.000 00.0000 OOOOQOO 0.00000 00000.0 ..... , .. ....... 0000000 ....... 0000000 aOO.OOD 

8888888 000.000 0000000 ....... 888:88= 00.0000 0.0.00. 0000000 0.00000 00000.0 00 ••• 00 000.000 0000000 0000000 0000000 00.0000 
0000000 0000000 00.0.00 0.000.0 .000 •• 0 0000000 0.00000 00000.0 0.0.0.0 000.000 00.0000 0000000 0000000 0.00000 

0000000 0000000 0000000 00.0.00 •••••• 0 .000.0. .000 •• 0 0000000 00.0000 0000.00 .00.00. 000.000 00.0000 0000000 0000000 .000000 
RS 0000000 000.000 0000000 00.0.00 000.000 00000.0 0 ••• 00. 0000000 000.000 000.000 000.000 0000000 0.00000 0000000 00.0000 0000000 

RO 0 ••••• 0 000.000 0 ••••• 0 0 ••••• 0 00000.0 ....... 0 ••••• 0 ....... 0 ••••• 0 0 •••••• 0000000 0000000 0000.00 0000000 00.0000 0 ••••• 0 
• 00000. 00 •• 000 .00000 • .00000. 0000 •• 0 • 000000 .00000. • 00000 • .00000 • • 00000 • 0000000 0000000 000.000 0000000 000.000 .00000. 
• 0000 •• 000.000 000000 • 000000. 000.0.0 .000000 .000000 00000.0 .00000. .00000. O.GOGoO 0.00000 00.0000 :::J:l00000 O::JOO.oo .00000. 

011 .000.0. 000.000 00000.0 000000. 00.00.0 .000000 • 000000 0000.00 .00000. .00000 • 0000000 0000000 ~~88888 i ~~~~~~~ 00000.0 00000.0 
: .00.00. 000.000 000 •• 00 00 •••• 0. 0.000.0 •••••• 0 •••••• 0 000.000 0 ••••• 0 D •••••• 0000000 0000000 000000. 0000.00 

.0.000. 000.000 00.0000 000000. ....... 000000 • • 00000 • 00.0000 • 00000. 000000 • 0000000 0 •• 0000 0.00000 . ...... 00000.0 000.000 
•• 0000. 000.000 0.00000 000000. DOOCiO.O 000000. • 00000. 00.0000 • 00000 • 000000 • 0.00000 00.0000 00.0000 0080000 0000.00 000.000 

A8 
.00000. 000.000 .000000 • 00000. 00000.0 .00000 • .00000. 00.0000 .00000 • • 00000. 0000000 00.0000 000.000 0000000 000.000 0000000 
0 ••••• 0 0 ••••• 0 ....... 0 ••••• 0 00000.0 0 ••••• 0 0 ••••• 0 00.0000 0 ••••• 0 0 ••••• 0 0000000 0.00000 0000800 0000000 00.0000 000.000 

RO 0 ••••• 0 g~~~~~8 •••••• 0 00 •••• 0 •••••• 0 ....... ....... 00 •••• 0 .00000. 0 ••••• 0 00 ••••• .00000. .000000 • 00000 • .00000 • 00 ••• 00 
• 00000. 0.0000. 0.0000 • 0.0000. • 000000 .000000 0.0000. .00000 • 000.000 0000.00 .0000.0 .000000 •• 000 •• •• 0000 • 0.000.0 
• 00000. • 00000. 0.0000 • .000000 0.0000 • • 000000 .000000 .000000 .00000 • 000.000 0000.00 .000.00 .000000 • 0.0.0. .0.000 • • 00000 • 

100 
• 00 •• 0. • 00000. 0.0000 • .000000 0.0000 • .000000 .000000 • 000000 I .00000.1 000.000 0000.00 .00.000 .000000 .00.00 • 

5§§8~~515§§§gg5 .0.0.0. ....... 0 ••••• 0 .000000 0.0000 • •••• 000 •••• 000 .000000 ••••••• 000.000 0000.00 ••• 0000 • 000000 .00.00 • 
• 0 •••• 0 • 00000. 0.0000 • .000000 0.0000 • .000000 .000000 .000 ••• \ .00000. Ooo.DoO 0000.00 .00.000 • 000000 .00000 • 
8000000 .00000. 0.0000. .000000 0.00008 .000000 .0':10000 ~i8888: ! :88888: . 888:888 0000.00, • 000.00 • 000000 .00000 • .00000. , .00000 • 
• 000000 • 00000. 0.0000 • 0.0800 • 0.0000. .000000 .00'1000 • ooo.oc .0000.0 .000000 .00000 • .00000. ' 0.000.0 

RS 0 ••••• 0 .00000. •••••• 0 00 •••• 0 •••••• 0 ....... .000000 00 •••• 0 i .00000. I 0 ••••• 0 0 ••• 000 .00000. ....... .00000 • .00000. ! 00 ••• 00 

RO •••••• 0 00 ••• 00 •••••• 0 0 ••••• 0 ....... • 00000 • • 00000 • .00000~ ! .00000.1.00000. ....... 00 •••• 0 .00000. 0 •••• 00 §g:g~gg [gg8gggg .00000. 0.000.0 • 00000. .00000 • 000.000 • 00000. .00000 • .00000.

1

.00000. .00000. ooeooa. 00.0000 0.000.0 0000.00 
.00000. • 00000. .00000 • .000000 000.000 • 00000. .00000 • .00000. 0.000.0 0.000.0 coooo.o 00.0000 00.0.00 0000.00 
• 00000. • 00000 • .00000 • .000000 000.000 • 00000. .00000 • .00.00. 00.0.00 \ 00.0.00 0000.00 00.0000 000.000 0000.00 ..... 00 .0000000 

101 •••••• 0 .OOODoa •••••• 0 0 ••••• 0 000.000 • 00000. .00000 • 5§~~~§5 §~~g~~g I g§§5§§§ 000.000 00.0000 0 ••••• 0 0000.00 00.0000 10000000 
• 000000 .00000 • • 00.000 000000 • 000.000 • 00000. .00000 • 00.0000 00.0000 000.000 0000.00 00.0000 0000000 
• 000000 .000.0 • • 000.00 000000 • 000.000 .00000. 0.000.0 O.:lODOC 00.0000 0 ••••• 0 0000.00 0 •• 0000 0000000 
.000000 0.000.0 • 0000.0 • 00000 • 000.000 .00000 • 00.0.00 ..OOO.~ 1.00000.1 000.000 .000000 00.0000 000.000 0000.00 .0 •• 0.0 0000000 

AS • 000000 00 ••• 0. .00000 • 0 ••••• 0 000.000 0 ••••• 0 000.000 .00000. .00000. 000.000 ....... 00 •••• 0 000.000 0 •••• 00 0 •• 0.00 ••••••• 

RO 00000.0 0000000 .0GoOoO 0000000 00000.0 0000000 000 •• 00 0000000 1.000000 0000000 88888~8 i :888888 I gg:88g8 0000000 gggg8§8 I ggggggg 00000.0 0000000 .000000 0000000 00000.0 0000000 00.00.0 1 0 ••• 0.0 .ocoooo 000.000 0000000 
000000. 0000000 aOOOOOD DOOOCiOO 00000.0 0000000 00.0000 .000 •• 0 .000000 8000000 000000' 1"000000 , 00"0000 0000000 
0000000 00 •••• 0 .0 ••• 00 0 •••• 00 0 ••• 0.0 0 •••• 00 00.0000 .0000.0 \ .0 •• 000 OO •• OGO 00000.0 .000.00 00.0000 ••• 0 •• 0 .0 ••• 00 0 •••• 00 

110 : 0000000 0.000.0 •• :JOO.O .0000.0 aooo •• o • 0000.0 ••••• 00 .000 •• 0 •• 00.00 000.000 00000.0 .00.000 00.0000 .00.00 • •• aaoae .0\]00.0 
0000000 .0000.0 .0000.0 .000000 .0000.0 • 0000.0 88:8588 ! 8~~~8:8 :8888:8 000.000 00000.0 ••• 0000 00.0000 .00.00 • .0000.0 .0000.0 
0000000 .0000.0 .0008.0 .000000 • 0000.0 •••••• 0 000.000 00000.0 .00.000 00.0000 .00.00 • .0000.0 aoooo.o 
0000000 .000 •• 0 •• 000.0 .0000.0 .000 •• 0 .000000 00.0000 .0000.0 .0000.0 000.000 0.000.0 .000.00 00.0000 .00.00. .0000.0 .0000.0 

AS 0000000 0 ••• 0.0 .0 ••• 00 0 •••• 00 0 ••• 0.0 0 ••••• 0 00.0000 I 0 •••• 00 .0000.0' 000.000 00 ••• 00 .0000.0 00.0000 .00.00. aaoeDao 0 •••• 00 

AO 0000000 0000000 oaooooo 0000000 0000000 0000000 0008000 ggggggg ! ggggggg : :gggg:g ggg8ggg: gg:gggg 000.000 0 ••• 000 D •• OOOO ....... 
• D ••• OO 00_.0 • 0000000 0000000 00.0000 0000000 0000000 000.000 , 0000.00 .00.00 • ••••••• •• 000.0 0.000 •• 0000000 0000000 00.0000 0000000 0000000 000"000 1 ooocooe ::IOCO •• O ••••••• 

111 
• 0000.0 0.0000 • .0 ••• 00 0 •••• 00 ••••• 00 .0000.0 • 000.00 :88~8g: I ~~88i~8 i :888~:81 ~~~~:~8 i 8~~8B88 0000000 0000.00 DOOC;JOO ....... 
•• 000.0 0.000 •• •• 000.0 .0000.0 00.0000 .0000.0 • 000.00 0000000 00000.0 0008000 ....... 
• 0 ••• 00 00 ••• 0 • .000000 0 •• 0000 00.0000 .0000.0 • 000.00 .00.00. 00 •• 000 0 ••• 0.0 I 000.000 ! 00.0000 000.000 0000.00 O[]CooOo ....... 
• 000000 000000 • .000000 000 •• 00 00.0000 .0000.0 • 0::JO.OCi .00.00. 00 •• 000 00000.0 Oo.OCOO 00.0000 000.000 0000.00 0000000 ....... 
• 000000 000000 • .000000 .0000.0 00.00.0 .0000.0 0.0.000 ' .00.00.\ 0.00.00 '.0000.0 O.OCOOO I 00.0000 000.000 0000.00 0000000 ....... 

Ra • 000000 000000 • .000000 0 •••• 00 OGO •• OO I 0 •••• 00 00.0000 . 0 •• 0 •• 0 I .0000.0 , 0 •••• 00 i •••••• 0 i 00::1 ••• 0 0000000 0 ••• 000 OOOCeDO ....... 
..... Shifted characters are not used. 
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FIGURE 11 - MCM66730 PATTERN--

00000.0 000.000 0000000 
0000.00 000.000 0 ••••• 0 
000.000 ••••••• 000.000 
00 •• 000 .00000. oooaooo 
0.0.000 .00000. 000.000 
.00.000 000000. 000.000 
000.000 00000.0 000.000 
000.000 0000.00 ••••••• 
000.000 000.000 0000000 

00000.0 0000000 0000000 00.0000 
0 •••• 00 .oo.bo. 0 ••••• 0 00.0000 
000.000 .00.00. 0000000 00.0000 
000.000 .00.00. ••••••• 00 •• 000 
••••••• 000000. 000.000 00.0.00 
000.000 000000. 000.000 r:lD.oO.O 
000.000 00000.0 000.000 00.0000 
00.0000 0000.00 00.0000 00.0000 
0.00000 000.000 0.00000 oo.oooe 

•• Shifted clwracters are not used. 

00000.0 
00000.0 
00000.0 
00000.0 
00000.0 
0000.00 
000.000 
00.0000 
0.00000 

FIGURE 12 -MCM66740PATTERN 

,. = Shifted character. The charactor is shifted three rows to R3 at the top of the font and R 11 at the bonom. 

00 ••••• 
0000.00 
0000.00 
0000.00 
0000.00 
0000.00 
0000.00 
.000.00 
0 ••• 000 ....... 
000000. 
GODOO.O 
0000.00 
000.000 
00.0000 
o.ooeeo 
.000000 ••••••• 
ooeoooe 
DlDOOOOO 
oooeooe 
oeoeooo 
00 ••• 00 
000.000 
ooe.ooo 
oeo.ooo 
0 ••••• 0 

0000000 ••••••• 000000 • 
000000. 
OOCODO. 
000000. 
000000. ••••••• ooooeeo 

00 
00 
o. o. o. 
o.oooc. 
0.0000. 
0.0000. 
0.0000. 
.00000. 

0000000 
0.00000 
0.(;0000 
0.00000 
0.00000 
0.0000. 
0.000.0 
o.oo.oc 
0 ••• 000 

0 •• •• 00 
0.0 0000 
c.o 0000 
0.0 0000 
0.0 0000 
0.0 0000 
o.e 0000 
o.e 0000 
0 •• •• CiD 

0.0 00.0 
0.0 iiiilii ••• 0.0 00.0 
0.0 oe.o 
000 00.0 
000 0.00 
000 .000 
DO. 0000 

0000000 ••••••• 000000. 
000000 • 
000000. 
00000.0 
0000.00 
000.000 
0 •• 0000 

000 0000 0000000 ••• •••• ••••••• .00 000 • • oooee • 
• 00 000. .00000. 
.00 000. 000000. 
.00 000. 000000. 
.00 000. 00000.0 ••• •••• ocoo.oo 
000 aGOD oc •• ooe 

0000000 
00.0000 
0.0.000 
• 000.00 
00000.0 
000000. 
000000. 
0000000 
0000000 

0000000 
0000000 
••• oeee 
000000 • 
000000. 
00000.0 
oooo.ao 
000.000 
••• 0000 

00.0000 
000.000 
0000800 
00000.0 
000000. 
00000.0 
0000.00 
000.000 
00.0000 

0000000 . ..... . 
oeoooo. 
ooeooo. 
gg~gii~g 
000.000 
0000.00 
OOooO.Cl 

0 •• 0000 
.00.000 
.00.000 
0 •• 0000 
0000000 
0000000 
0000000 
0000000 
0000000 

0000000 
000000. 
0000080 
0000.00 
000.000 
00.0000 
0.00000 
.000000 
0000000 

'--------~® MOTOROLA se~;~ondu~'for Produc'fs Inc. -------
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00 •••• 0 ••• •• 00 . ...... 
0.0000. 0.0 00.0 .000000 
.000000 0.0 000 • • 000000 
.000000 0.0 DOD • .000000 
• 000000 0.0 DOD • •••• 000 
• 000000 DaD DOD. .000000 
.000000 0.0 DOD. .000000 
0.0000. 0.0 00.0 .000000 
00 •••• 0 ••• •• 00 ....... 

.00000. .000 ooa 

.00000. • 000 DO • 

.00000. • 000 DO • 
OaDDO.D .000 DO. 
0.000.0 .00. DO. 
00.0.00 .00. DO. 

g9~i~gg .0.0 .0. 
•• 00 D •• 

000.000 • 000 DO. 

000 •• 00 ca •• 0.0 
00.00.0 .000 •• 0 
00.0000 .000 0.0 
00.0000 .000 •• 0 
••••• 00 D ••• 0.0 
00.0000 000 00.0 
00.0000 DODD 0.0 
00.0000 .000 0.0 
00.0000 D •• •• 00 

0000000 0000000 DOD DODO 
0000000 0000000 DOD DODD 
0000000 0000000 DOD DODD 
• 0000.0 • 00000 • .00 DOD • 
.0000.0 .00000. aDO aooa 
aoooo.o .00000 • • 00 .00. 
• 0000.0 0.000.0 .00 .00 • 
• 000 •• 0 00.0.00 .00 .00 • 
0 ••• 0.0 oooaOOD o.a 0 •• 0 

, - Shifted chlracter. The chlracter is shifted three rows to R3 It the top of the font and R 11 at the bottom. 

• 00000. .00000 • . ... ... 
• 00000 • .00000. ~ODD DO. 
0.000.0 0_000_0 CO DO 0.0 
00.0.00 00.0.00 DODO .00 
000.000 000.000 DOD. DOD 
00.0.00 000.000 00.0 DOD 
0.000.0 000.000 0.00 DOD 
aoOOOO. 000.000 • 000 ODD 
.00000 • 000.000 .... ••• 
.000000 0000000 ODD 0 •• 0 .000000 
.000000 ,lOO.OOO DOD 00.0 .000000 
.000000 0000000 ODD 00.0 .000000 
.0 ••• 00 00 •• 000 DOD 00.0 .000.00 
•• 000.0 000.000 DOD 00.0 .00.000 
.0000.0 000.000 000 00.0 .0.0000 
.0000.0 000.000 BiB 00.0 •• O.OOC 
.0000.0 000.000 00.0 .OOO.OC 
.0000.0 00 ••• 00 DO. •• 00 .0000.0 

DOOOOOO .0000.0 DOD DODD 000 •• 00 

988g898 • 0000.0 DOD DODD 00.0000 
.0000.0 OGO DODO 00.0000 

.0000.0 .0000.0 ••• ••• 0 00.0000 

g~i~~gg .000 •• 0 DOD 0.00 0.00000 
o ••• oao ODD .000 00.0000 

00 •• 000 00000.0 DO. DODO =.0000 
0.00.00 .0000.0 0.0 0000 00.0000 
.0000.0 0 •••• 00 ... ••• 0 000 •• 00 

0000000 0000000 
0000000 0000000 
0000000 0000000 
.0 ••• 00 0 •••• 00 
•• 000.0 .0000.0 
.0000.0 .0000.0 
.0000.0 .0000.0 
.0000.0 .0000.0 
.0000.0 0 •••• 00 

0 •• 0000 0.00.00 
.00.00. .00.00. 
0000 •• 0 00.00.0 
0000000 0.00.00 
0000000 .00.00. 
0000000 00.00.0 

888g88g i~8i~8i 
ooooOQO 00.00.0 

0000.00 0000000 00.0000 
000.000 0000000 000.000 

gj~gggg 8~iii§ §gg§~iB 
.000000 0000000 000000. 
0.00000 0 ••••• 0 00000.0 

§gg~igg g§§§g§g §§~~gg§ 

0000000 
.000000 
0.00000 
00.0000 
000.000 
0000.00 
00000.0 
000000 • 
0000000 

00 •• 000 
000.000 
000.000 
000.000 
000.000 
DOO.OOO 
000.000 
000.000 
00 ••• 00 

000.000 00 •• 000 ....... 
000.000 0000.00 0000000 
ODO.OOO 0000.00 0000000 
0000000 0000.00 0000000 
0000000 00000.0 0000000 
000.000 0000.00 0000000 
000.000 0000.00 0000000 
000.000 0000.00 0000000 
OOOODOO 00 •• 000 0000000 

0.0 0.00 
.00 .00 • 
DO. 00.0 
0.0 0.00 
.00 aDD. 
00. 00.0 
0.0 0.00 
.00 .00. 
00. 00.0 
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FIGURE 15 - MCM66770 PATTERN 

0000 0001 0010 0011 0100 • 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 ~ .. AO 

IA6 .. ~~0-6--0-0~-C-6--C-0~-C6--.-D-0~-C6---C-0~-C6---C-0~-c6-.~C-0~-C6---0-0~D~6~-CO~-C~6--.-D-0~-C6---D-0~D-6---00~-D-6---00~-~----DO-+-D-6--.-DO-+-C-6---DO-+--C-6--C-0~ 

~ = Shifted character The character is shifted three row. to R3 at the top of the font and R 11 at the bottom 

FIGURE 16 - MCM66780 PATTERN 

I ~ o. 00 De DC De . o~_ D-"_ DO D6 DO 0<; DO Oti . DO 06 DO D~. 00_ Dti CO 06 DO 06 DO 06 . DO 06 . DO ! 06 DO 06 .00 

000 

001 

010 

011 

100 

110 AOil~§~1 Ol§§ 00 00 
DO 00 

00 

RS 0000088 

0000000 
0000000 
0000000 
0000000 
0000000 
0000000 
0000000 
0000000 ....... 

UO:JOOOD .000000 0000000 00000.0 LJO':.JOOOO OOO •• uD ;:1 ••• oeo .000000 ~O:JOCOO Doao •• o .000000 ~o •• ooo aOOOOOD :..JO:JOOOC 0000000 

g~i~~g§ e8~i§§ §~ii~§§ 8i~~§!§ ~~i~§§ §§:§ggg !§§§~i§ 5g~ii§§ §§~~§§§ §§§§§!§ !§§§~§§ §§§:§g§ ~~~§i~§ ~§~~~§§ 8~~~~8§ 
LJO::JO::l.O •• oooao .ooooeo .000 •• 0 .ooooao ••••• 00 C1 ••• ::.~ •• 000.0 oao.CGO oooooao 800aOOD ooo.coo aooaoo ••• 000.0 aooooao 

Igg§8:§ ig§gi§ i§§§§i§ ig§§ii§ :gg88gg §§igggg ~§35§5§ iSgg§;§ ggg:§§§ §i§§§5§ 5~g~i§8 ~~§5g§§ 1885885 5§§§§i§ i88§§i8 
O •••• G. ao ••• or: :: •••• :;0 o •• ao.o 0 •••• 00 8oaOCDCl :: •••• G[ 80000.0 OO ••• GO 00 ••• 00 aooooao f"')o ••• oo aoo.oo •• OiJCO.O 0 •••• 00 

~ = Shifted character. The !;haracter i. shifted three rows to R3 at the top of the font and Hll at the bottom. 

'--------® MOTOROLA Sen1iconductor Products Inc. -------
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MCM66700 

FIGURE 17 - MCM66790 PATTERN 

00 ••• 00 0.00000 0.0 DODD 00.0000 00.0000 0 •••• 00 0000000 

8:~~~~g 'ooWooo DO. DODD 000.000 000.000 .0000.0 0 •• 00.0 
0000000 000 ~ODO 0000000 0000000 .000000 .00 •• 00 

0.000.0 0 •••• 00 0 •• •• 00 00 •• 000 0 •••• 00 .000000 0000000 
0.000.0 8~il~il:8 .00 00.0 000.000 .0000.0 .0000.0 0.0 •• 00 
D •••• oD .OD oD.D DOo.DOD .0DoO.0 D .... DD D •• OO.O 
o.ooOOD Igg8818 ••• •• DD 000.000 .0000.0 000.000 0.000.0 
O.DOOOO .OD ~ODD ooo.OOD .DDoo.o 000.000 O.DDO.o 
0.00000 0 •••• 0. D •• •• 00 OD ••• Oo 0 •••• 00 OO.ODOO D.oOO.O 

008.000 0.00.00 DO • •• 00 000.000 0.00000 000 •• 00 0080.00 
080.000 0.00.00 0.0 oo.D 0 •••••• .C.OOO. 000 •• 00 ClOO.OOO 
0008080 0.00.00 0.0 ~ODD .00.000 0.000.0 000.000 00.0000 
000.800 OCOoOOo 0.0 DODD .00.000 0000.00 00.0000 00.0000 
000.C8o OCOOOOO ... DODO 0 ••••• 0 OOO.OoD 0000000 00.0000 
Docaooo 0000000 0.0 DODD 000.00. 00.0000 oOoooDO 00.0080 
ooQooOo 0000000 0.0 0000 800.00. 0.000.0 0000000 00.0000 
000.000 0000000 0.0 000 • •••••• 0 .008.0. 0000000 000.Q08 
OCO.OOD 0000000 ... ••• 0 000.800 00000.0 0000000 ClOoO.oo 

000.000 0 ••••• 0 0 •• ••• 0 00080.0 • •••••• 00 •••• 0 ••••••• o ••••• D 
00 •• 000 .00000 • • 00 DOD. 0008 •• 0 .000080 0.0:1000 ~gg8gi~ Igggggi 0.0.000 :JOC::O:JO. 000 0808 000.0.0 .000000 .DODDDD 

" ~ DDD.ODo OoDOO.o ODD DDo. 00.00.0 ••••• Do .000000 0000.00 .00080. 
OOo.DOo 00 ••• 00 DO • ••• 0 0.000.0 00000.0 •••••• 0 000.000 0 •••••• 

! 
000.000 D.ooooo ODD 008. .0000.0 000000 • • 00Doo. 00.0000 oDoooo'. 
ooD.Ooo • 000000 ODD ODD • ....... 000000 • • 00000 • oo.oOOD oOODDD. 
ooo.DoD .O:JrJOOO .00 000. 00000.0 .DoOo.o .Doooo. 00.0800 oODoO.D 
0 ••••• 0 ....... 0 •• ••• 0 OoDDD.o D •••• Oo 0 ••••• 0 oD.oooO D •••• oO 

00 ••• 00 •••••• 0 00 • ••• D ••••• 00 • •••••• ....... 00 •••• 0 .0DOoo. 0 ••••• 0 00 ••••• .OOODD • .DOOoOD 
o.DDo.o 0.0000. o.D DDD. D.ODD.D .ODDODD • 0DODDo O.ODOD • • DODDD. DDD.DOD DOOO.Oo Igg8i~g Ig8g8g9 .0DoOO. D.OooO. • 00 0000 0.0000 • • 000800 .DOODOO .000000 .0:1000 • :lDO.ooo oDOO.OO 
.00000. 0.0000. • 00 ~ODD 0.0000. .000000 .000;:)00 .000000 .00080 • 000.000 0000.00 .DO.DDO .OODDDO 
.00DOo. 0 ••••• 0 • 00 DODO 0.0000. •••• 000 •••• 000 .000000 ••••••• DOO.oOo oOOD.OO .O.DOOO .000DOO ....... O.OoOD • • 00 o08D D.OOOO. .000000 .000000 .00 •••• .00000. 000.000 0000.00 ..D.ODD .DDDOOD 
• 00000. o.ODOO • • 00 DODO 0.0000. .000DDO .000000 .00000 • .08000. 080.000 0000. DO .OOO.DO .0DoDDD 
• DoDOO. 0.0000. O.D DOD. O.DOD.O .DDODDD .000000 o.DDDD. .00000 • DDD.DOD .ODO.DO .DDDD.D .DDDDDD 
• 00000. •••••• 0 DO • ••• 0 ••••• 00 ••••••• • OODDOO DO •••• O .OOOGO • 0 ••••• 0 D ••• OOD • 000DO • ••••••• 
"):.J ••• (;O •••••• 0' 0 •• ••• 0 ....... • 00000 • • 00000 • • ooooa. • OODOO • ....... OW ••• DD 0000000 

:..:;8CCD.O • 00000. .00 000. OoO.OOD .OODOD. .DOOOO • • OOOOD. .OODOO • DOOODD. D.ODDDD .DDDDDO .oeaso. • 000:10. • 00 oDeD 000.000 .00000 • .00000 • O.DDD.,O 
g8~~~gg 

COooO.D O.OOODD O.DDDOD 
• O;J::C:CJ. • DDDOO • .DO ~ODD OOO.OOD .OODDO • D.DOO.D Oo.O.DO :::000.00 D.ODooD oO.DDOD 
.:.JOOC;J. •••••• 0 0 •• ••• 0 DDO.OOO .00000. 0.000.0 000.000 000.000 0.00000 OOD.OOO 
• 0".00. • 00.000 ODD ODD • 000.000 .00000 • 00.0.00 00.0.00 000.000 00.0000 0.00000 0000.00 
• 0::18.0. • 000.00 ODD DOC • 000.000 .oeooo • 00.0.00 0.000.0 000.000 C.OODOC 0_00000 00000.0 
D.OCO.O .0000.0 .00 000. 000.000 .00000. 000.000 .00000. 000.000 .000000 0.00000 000000. 
OO ••• D. .00000. 0 •• ••• 0 000.000 0 ••••• 0 000.000 .00000. 000.000 . ...... 0 •••• 00 0000000 

LJO:JO~OC .000000 00000.0 0000000 OOO •• OD ::J ••• O.C .000000 8000COO 0000 •• 0 .000000 QO •• oOO 0000000 
:;ooacoo .OOiJOGe 00000.0 0000000 00.00.0 .000 •• 0 .000000 ClOO.oOO 00000.0 .000000 000.000 0000000 
::::Joccc:oa .OODoeo 00000.0 ':Iooacao 00.0000 .000:;.0 .000000 8000000 00000.0 .000::::00 ~oo.ooo 0000000 
o •••• SO .0 ••• 00 o ••• O.Cl 0 •••• 00 ClO.OoOo .2::0 •• 0 .D ••• OO 00 •• 000 00000.0 .000.00 000.000 ••• 0 •• D 
OOOOG.o •• 000.0 .000 •• 0 .0000.0 ••••• 00 o ••• c.o •• 000.0 OOo.coo 00000.0 .00.000 ooo.coo .00.00. 
0 ••••• 0 • oo:m.o .0000.0 •••••• 0 00.0000 OOO:::::J.O .0000.0 IXIO.OOO 00000.0 .0.0000 :::00.000 .00.00 • 
.0000.0 .0000.0 .0000.0 .000000 00.0000 00::::::::0.0 .DOoO.o 000.000 00000.0 •• 0.000 000.000 .00.00. 
.OGO:J.O •• OCltJ.O .0Do •• 0 • 000000 00.0000 .CC:::JC.~.S .00Do.0 000.000 0.000.0 .000.00 000.000 .Do.oO • 
0 •••• 0. • 0 ••• 00 0 ••• 0.0 0 •••• 00 00.0000 ::l •••• GC .0000.0 00 ••• 00 00 ••• 00 .0000.0 00 ••• 00 .0D.oD • 

0 ••• 0.0 0000000 000 0000 0000000 0000000 0000000 0000000 0000000 .0000.0 DOOOCOO 000 •• 00 000.800 00 •• 000 ....... o.Do.OO 
.00D •• 0 0000000 ClClO 0000 00.0000 0000000 0000000 OOoDooo 0000000 .0000.0 BBBBBgg oO.ooDD OoD.ooo 0000.00 ODOoOOO .00.DO. 
.0000.0 0000000 000 0000 00.0000 0000000 0000000 0000000 0000000 .0000.0 00.0000 000.000 0000.00 oOOoDOD 00.00.0 
.000D.0 .D ••• Oo 0 •• •• 00 ••••• 00 .00DO.0 .00000. .00000. .0000.0 .0000.0 • ••••• 0 oD.OoDO ooooDOO DoOo.O'D DoooOOo D.Do.DO 
.000 •• 0 •• 000.0 .00 00.0 00.0000 .0000.0 • 00000. .00.00 • 0.00.00 .000 •• 0 0000.00 0.00000 0000000 00000.0 ODOoOOO .00.00. 
O ••• D.o .000000 0 •• 0000 00.0000 .0000.0 .00000. .00.00. 00 •• 000 0 ••• 0.0 000.000 oO.oOoD 000.000 oooO.DO 0000000 00.00.0 
00000.0 .000000 OdD •• 00 00.0000 .0000.0 0.000.0 .00.00. 00 •• 000 oDOOo.o 00.0000 oO.oOoD oOO.Doo 0000.00 oODOooO il'!8i~8i 00000.0 .DOooOo .00 00.0 00.00.0 .000 •• 0 00.0.00 .00.00. 0.00.00 .0000.0 o.oCooo 00.0000 000.000 ODoO.OO ODOoOOO 
OOODo.O .DOOOoo 0 •• •• 00 000 •• 00 0 ••• 0.0 000.000 0 •• 0 •• 0 .0000.0 0 •••• 00 •••••• 0 000 •• 00 0000000 00 •• 000 0000000 oo.oo.D , ~ Shifted character, The character is shifted three rows at the top of the font and R 11 at the bottom. 

CASE 623-03 - CASE 709-02 

nnnnnnnnnnnn .................................... "',.,,., 
2_ 13 I 24 13 I 

I 
B B 

1 12 ~ P 12 J 
VVVVVVVVVV ........ 

I~uuuuu~uuuuu I 

.~~c~ .. F cl'EATINGPLAN. 

~CftLJ\ -i::JW lK j: J--\I--

J GL -11-0 NJ J~' M J--I\-
F D SEATING _M 

PLANE 

NOTES: 

MILLIMETERS INCHES 
1. POSITIONAL TOLERANCE OF LEADS (D). 

MILLIMETERS INCHES NOTES: SHALL BE WITHIN 0.25 mm (0.010) AT, 
DIM MIN MAX MIN MAX DIM MIN MAX MIN MAX 1. DIM "L" TO CENTER OF MAXIMUM MATERIAL CONDITION. IN 
A 31.37 32.13 1.235 1.265 

LEADS WHEN FORMED RELATION TO SEATING PLANE AND A 31.24 32.26 1.230 ·1.270 B 13.72 14.22 0.540 0.560 
B 12.70 13.72 0.500 0.540 PARALLEL. C 3.94 5.08 0.155 0.200 EACH OTHER. 
C 4.06 5.59 0.160 0.220 2. LEADS WITHIN 0.13 mm 0 0.36 0.56 0.014 0.022 2. DIMENSION L TO CENTER OF LEADS 
0 0.41 0.51 0.016 0.020 (0.005) RADIUS OF TRUE F 1.02 1.52 0.040 0.060 WHEN FORMED PARALLEL. 
F 1.27 1.52 0.050 0.060 POSITION AT SEATING G 2.54 BSC 0.100 BSC 3. DIMENSION B DOES NOT INCLUDE 
G 2.54BSC 0.100 BSC PLANE AT MAXIMUM H 1.78 2.03 0.070 0.080 
J 0.20 0.30 0.008 0.012 MATERIAL CONDITION. J 0.20 0:38 0.008 0.015 

MOLD FLASH. 

K 2.29 4.06 0.090 0.160 (WHEN FORMED PARALLEL) K 2.92 3.43 0.115 0.13~ 
L 15.24 BSC 0.600 BSC L 15.24 BSC 0.600 BSC 
M 0° 15° 0° 15° M go 15° 00 15° 
N 0.51 1.27 0.020 0.050 N {l.51 1.02 0.020 0.040 

L--______ ® MOTOROLA Semiconductor Produc~. Inc. ---------' 
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MCM66700 

MCM66700 Series MCM6570 Series 
Pin Assignment Pin Assignment 

MCM6570 Series MCM66700 Equivalent Description 24 1 qV~B 
MCM6571 MCM66710 ASCII, shifted 

MCM6571A MCM66714 ASCII, shifted 

MCM6572 MCM66720 ASCI.I 4 

MCM6573 MCM66730 Japanese 20 

MCM6573A MCM66734 Japanese 19 19 

MCM6574 MCM66740 Math Symbols 18 18 

MCM6575 MCM66750 Alphanumeric Control 17 17 

MCM6576 MCM66760 British, shifted 16 16 

MCM6577 MCM66770 German,shifted 10 15 10 15 

MCM6578 MCM66780 French, sh if ted 11 14 11 14 

MCM6579 MCM66790 European, shifted 12 13 12 13 

APPLICATIONS IN FORMATION 

One important application for the MCM66700series is 
in CRT display systems (Figure 18). A set of buffer shift 

registers or random access memories applies a 7·bit 

character code to the input of the character generator, 
which then supplies one row of the character according 

to the count at the four row select inputs. As each row 
is available, it is put into the TTL MC7495 shift registers. 

The parallel information in these shift registers is clocked 

serially out to the Z-axis where it modulates the raster 

to form the character. 
The MCM66700 series require one power supply of 

+5.0 volts. When powering this device from laboratory 
or system power suppl ies, it is important that the Absolute 

Maximum Ratings not be exceeded or device failure 
can result. Some power supplies exhibit spikes or glitches 
on their outputs when the ac power is switched on and off. 

FIGURE 18 - CRT DISPLAY APPLICATION USING MCM66710 

~ 17 
~ AO DO -

~ 7 ,.... Al 01 

o---E. 18 
A2 02 

~ A3 03 
6 

I ,~ 19 
A4 04 

~ 5 ,... A5 05 

~ A6 06 20 ,.... 

RSO RS1 RS2RS3 

Cham,", ~ 
Code ( 

21 22 23 24 

:> :> :> 

Preset 

Control C1 
Counters 

C2 

MC74~~ 

0-2 Os 00 
6 - MC 

- 9 C1 
01 

8 C2 

0-2 OPO 
,... 3 

op1 02 

4 
Op2 

5 - op3 03 

MC7495 
1 - Os 00 
6 

..., MC 
9 

C1 01 
8 

C2 
2 ,.... 

OpO 
3 

op1 
02 

4 - OP2 
~ 

5 
op3 - 03 

~ 

~ 

~ 

~ 
~ 

~ 

~ 

10 ~ Z Axis 
Input 
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16)384-BIT DYNAMIC RANDOM ACCESS MEMORY 

The MCM4116 is a 16,384-bit, high-speed dynam ic Random 
Access Memory designed for high-performance, low-cost applications 
in mainframe and buffer memories and peripheral storage. Organized 
as 16,384 one-bit words and fabricated using Motorola's highly 
reliable N-channel double-polysil icon technology, this device 
optim izes speed, power, and density tradeoffs. 

By multiplexing row and column address inputs, the MCM4116 
requires only seven address lines and permits packaging in Motorola's 
standard 16-pin dual in-line packages. This packaging technique 
allows high system density and is compatible with widely avail­
able automated test and insertion equipment. Complete address 
decoding is done on chip with address latches incorporated. 

All inputs are TTL compatible, and the output is 3-state TTL 
compatible. The data output of the MCM4116 is controlled by the 
column address strobe and remains valid from access time until the 
column address strobe returns to the high state. This output scheme. 
allows higher degrees of system design flexibility such as common 
tnput/output operation and two dimensional memory selection by 
decoding both row address and column address strobes. 

The MCM4116 incorporates a one-transistor cell design and. 
dynamic storage techniques, with each of the 128 row addresses 
requiring a refresh cycle every 2 milliseconds. 

• Flexible Timing with Read-Modify-Write, RAS-Only Refresh., 
and Page-Mode Capability 

• I ndustry Standard 16-Pi n Package 

• 16,384 X 1 Organization 

• ±10% Tolerance on All Power Supplies 
• All Inputs are Fully TTL Compatible 

• Three-State Fully TTL-Compatible Output 

• Common I/O Capability When Using "Early Write" Mode 
• On-Chip Latches for Addresses and Data In 

• Low Power Dissipation:"" 462 mW Active, 20 mW Standby (Max) 

• Fast Access Time Options: 150 ns - MCM4116L-15, C-15 

200 ns - MCM4116L-20, C-20 

250 ns - MCM4116L-25, C-25 
300 ns - MCM4116L-30, C-30 

• Easy Upgrade from 16-Pin 4K RAMs 

• Pin Compatible with 2117, 2116,6616, ,uPD416, and 4116 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

Rating Symbol Value 

Voltage on Any Pin Relative to vBB Vin,Vout -0.5 to +20 

Operating Temperature Range TA o to +70 

Storage Temperature Range T stg -65 to +150 

Power Dissipation Po 1.0 

Data Out Current lout 50 

Unit 

Vdc 

°c 
°c 
W 

mA 

NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RAT-

INGS are exceeded. Functional operation should be restricted to RECOM-
MENDED OPERATING CONDITIONS. Exposure to higher than recom-

mended voltages fo~ extended periods of time could affect device reliability. 

This is advance information and specifications are subject to change without notice. 

©IC MASTER 1979 
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MCM4116 

MOS 
(N-CHANNEL) 

16,384-BIT DYNAMIC 
RANDOM ACCESS 

MEMORY 

L SUFFIX 
CERAMIC PACKAGE 

CASE 690 

fIIII'M 
"r~~ynH 

C SUFFIX 
F R IT-SEAL PACKAGE 

CASE 620 

PIN ASSIGNMENT 

Vss 

Din 

WRITE 

RAS 

AO 

A2 

A1 

VDD 

AO-A6 

CAS 

Din 
D out 
RAS 

WRITE 

VSS 

VCC 

VDD 

VSS 

2 

3 

4 

5 

6 

8 

16 VSS 

15 CAS 

14 Dout 

13 A6 

12 A3 

11 A4 

10 A5 

9 VCC 

PIN NAMES 

Address Inputs 

Column Address Strobe 

Data In 

Data Out 

Row.Address Strobe 

Read/W(ite Input 

Power (-5 V) 

Power (+5 V) 

Power (+12 V) 

Ground 

This device contains circuitry to protect the 
inputs against damage due to high static volt­
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica­
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 

©MOTOROLA INC., 1978 DS 9513 
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MCM4116 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ 

Supply Voltage VOO 10.8 12.0 

VCC 4.5 5.0 

VSS 0 0 

VBB -4.5 -5.0 

Logic 1 Voltage, RAS, CAS, WR ITE VIHC 2.7 -
Logic 1 Voltage, all inputs except RAS, CAS, WR ITE VIH 2.4 -

Logic 0 Voltage, all inputs VIL -1.0 -

Max Unit Notes 

13.2 Vdc 1 

5.5 Vdc 1,2 

0 Vdc 1 

-5.5 Vdc 1 

7.0 Vdc 1 

7.0 Vdc 1 

0.8 Vdc 1 

DC CHARACTERISTICS (Voo ~ 12 V '10%, VCC ~ 5.0 V '10%, VSS" -5.0 V ,10%, VSS - 0 V, T A - 0 to 70
o

e.) 

Characteristic Notes 

Average VOO Power Supply Current 4 

V CC Power Supply Current mA 5 

Average VSS Power Supply Current 200 IJ.A 

Standby VSS Power Supply Current ISS2 100 J.lA 

Standby VOO Power Supply Current ID02 1.5 mA 6 
Average VOO Power Supply Current during 1003 27 mA 4 

"RAS only" cycles 

Input Leakage Current (any input) II( L) 10 IJ.A 

Output Leakage Current IO(L) 10 IJ.A 6,7 

Output Logic 1 Voltage @ lout" -5 mA VOH 2.4 Vdc 2 

Output Logic a Voltage @ 'out = 4.2 mA VOL 0.4 Vdc 

NOTES: 
1. All voltages referenced to VSS' VBB must be applied before and removed after other supply voltages. 
2. Output voltage will swing from VSS to VCC under open circuit conditions. For purposes of maintaining data in power-down mode, VCC 

may be reduced to VSS without affecting refresh operations. VOH(min) specification is not guaranteed in this mode. 
3. 
4. 
5. 

6. 
7 . 

8 

Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform refresh are adequate. 
Current is proportional to cycle rate; maximum current is measured. at the fastest cycle rate. 
ICC depends upon output loading. The VCC supply is connected to the.output buffer only. 
Output is disabled (open-circuit) and RAS and CAS are both at a logic 1. 
D V ,;; Vout .:;; + 5.5 V. 
Capacitance measured with a Boonton Meter or effect;ve capacitance calculated from the equation' 

A6 

AS 

A4 

~~ 

Clock l Generator 
I No.1 

J 
Multiplexed I 

Clock 
Generator 

,----J f H Clock I Generator 
I No.2 

---. + 

Mux 
Address Row 

-' I J 
Write 

I Clocks 

..I. 

l 
1 

Data 
In I 

Buffer I 

~lnhibit.1 Data L 
T -L-J Latch.1 Out I 

Release I Buffer I 

I 

DummY Cells 

I 
I Memory Array 

I I 
I I 

128 

.. .. .. .. 

Input ..t- Row 128 - Sense - Refresh Amps Decoder A3 

. A2 

A1 

AD 

-Buffers 
(7) 

BLOCK OIAGRAM 

-V 
1 :128 

.---
~ Mux 

Switch I 

II 

I 
Lines 

I 

I 

I Memory Array 
I 

Dummy Cells 
___ 64-Column ___ 

Select Lines 

~ 
Column Decoders 

A1-A6 1-of-64 

AO 

VDD 
VCC 
VSS 
VBe 

Data In 
(Din) 

Data Out 
(Dout) 

,..--'--. 

1-of-2 
Data 

4-- Bus 
Select 

Data ~ 
In/Out 

II 
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MCM4116 

AC OPERATING CONDITIONS AND CHARACTERISTICS (See Notes 3, 9, 14) 
(Read, Write, and Read-Modify-Write Cycles) 

RECOMMENDED AC OPERATING CONDITIONS 
(VDD = 12 V ± 10%, VCC = 5.0 V ± 10%, VBB = -5.0 V ± 10%, VSS = 0 V, TA = a to 700 C') 

MCM4116-15 MCM4116-20 MCM4116-25 MCM4116-30 

Parameter Symbol Min Max Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 375 - 375 - 410 - 480 -

Read Write Cycle Time tRWC 375 - 375 - 515 - 660 -

Access Time from Row Address Strobe tRAC - 150 - 200 - 250 - 300 

Access Time from Column Address Strobe tCAC - 90 - 135 - 165 - 200 

Output Buffer and Turn-off Delay tOFF 0 40 0 50 0 60 0 60 

Row Address Strobe Precharge Time tRP 100 - 120 - 150 - 180 -

Row Address Strobe Pulse Width tRAS 150 10,000 200 10,000 250 10,000 300 10,000 

Column Address Strobe Pulse Width tCAS 90 10,000 135 10,000 165 10,000 200 10,000 

Row to Column Strobe Lead Time tRCD 20 60 25 65 35 85 60 100 

Row Address Setup Time tASR 0 - 0 - 0 - 0 -

Row Address Hold Time tRAH 20 - 25 - 35 - 60 -

Column Address Setup Time tASC -10 -, -10 - -10 - -10 -

Column Address Hold Time tCAH 45 - 55 - 75 - 100 -

Column Address Hold Time tAR 105 - 120 - 160 - 200 -
Referenced to RAS 

Transition Time (Rise and Fall) tT 3.0 35 3.0 50 3.0 50 3.0 50 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 -

Read Command Hold Time tRCH 0 - 0 - 0 - 0 -

Write Command Hold Time tWCH 45 - 55 - 75 - 100 -

Write Command Hold Time tWCR 105 - 120 - 160 - 200 -
Referenced to RAS 

Write Command Pulse Width twp 45 - 55 - 75 - 100 -

Write Command to Row Strobe Lead Time tRWL 60 - 80 - 100 - 180 -

Write Command to Column Strobe tCWL 60 - 80 - 100 - 180 -
Lead Time-

Data in Setup Time tDS 0 - 0 - 0 - 0 -

Data in Hold Time tDH '45 - 55 - 75 - 100 -

Data in Hold Time Referenced to RAS tDHR 105 - 120 - 160 - 200 -

Column to Row Strobe Precharge Time tCRP -20 - -20 - -20 - -20 -

RAS Hold Time tRSH 100 - 135 - 165 - 200 -

Refresh Period tRFSH - 2.0 - 2.0 - 2.0 - 2.0 

WRITE Command Setup Time twcs -20 - -20 - -20 - -20 -

CAS to WRITE Delay tCWD 70 - 95 - 125 - 180 -

RAS to WR ITE Delay tRWD 120 - 160 - 210 - 280 -

CAS Precharge Time (Page mode cycle only) tcP 60 - 80 - 100 - 100 -

Page Mode Cycle Time tpc 170 - 225 - 275 - 325 -

CAS Hold Time tCSH 150 - 200 - 250 - 300 -

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

Parameter Symbol Typ Max Units 
NOTES: (continued) 

9. AC measurements assume tT = 5.0 ns. 

10. Assumes that tRCD + tT';;; tRCD (max). 

1"1. Assumes that tRCD + tT:;;;' tRCD (max). 

Input Capacitance (AO-A5), Din 

Input Capacitance RAS, CAS, WRITE 

Output Capacitance (Dout ) 

12. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 

CI1 

CI2 

Co 

4.0 5.0 pF 

8.0 10 pF 

5.p 7.0 pF 

Notes 

10, 12 

11, 12 

13 

14 

15 

15 

16 

. 16 

Notes 

9 

9 

7,9 

13. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD 
is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 

14. VIHC (min) or VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transistion times are measured 

between VIHC or VIH and VIL· 

15. These parameters are referenced to CAS leading eqge in random write cycles and to WR ITE leading edge in delayed write or read-modify­

write cycles. 
16. twcs, tCWD and t RWD are not restrictive operating parameters. They are included in the data sheet as electrical characWristics only: If 

twcs :;;;. twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the 

entire cycle; If tCWD :;;;. tewD (min) and tRWD :;;;. tRWD (min), the cycle is a read-write cycle and the data out will contain data read from 
the selected cell; If neither of the above sets of conditions is satisfied the condition of the data out (at access time) is indetermina~e. 

'----------® MOTOROLA ~e,";conduci:or Produci:s Inc. ---------' 
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MCM4116 

READ CYCLE TIMING 

.. -------------------------tRc--------------------~~ 

~------------------------ tRAS ------~. 

104----------------tcSH +--------------..1 
tRCD ~ __ ,~~-~--tRSH-------~ 

____ .....;....,..-_______ ..... ---.. '-__ -...!......- tCAS ----..... ,.-_ ..... ___ ""'-_____ """ 

ADDRESSES VIH­
VIL_ 

Dout 

VO
H

- _______________ ___ 

VOL-

WRITE CYCLE TIMING 

tRAC--------..... 

HiZ 
Valid 
Data 

tOFF 

~---------------------tRC ------------------------~ 
______ ,\ ~~-------------tRAS 

VIHC- tAR ----1 
VIL- I 

~---:I~--- tASH _____ '--' 

~------------~--~tcsH------------~ 

ADDRESSES 
VIL-

tCWL 

VIHC-

tw~ 
WJfI'fE 

VIL_ I 

tWCR 

Din 
H-

VIL- Oata 

tDHR 

Dout 

VOH-____________________________ _ 

VOL-
HiZ 

RAS ONLY REFRESH TIMING 

Note: CAS" VIHC, WRITE:: Don't Care 

ADDRESSES 

Dout 
VO H - _____________________________ HiZ ------------------------------------

'---------® MOTQROLA SenJiconductor Products Inc. ----------' 
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MCM4116 

R EAO-WR ITE/R EAO-MOOI FY -WR ITE CYCLE 

tRWC 

-I 
tRAS 

RAs 
VIHC- tAR 

VIL_ 

tRSH 
tcSH 

tCAS 

CAs VIHC_ 

VIL_ 

VIH_ 
ADDRESSES 

Dout 

VIL-

~--------~----~I---tRWO--------------~ 
~I·.-----------tcwo----~~ 

V'HC-~~~~~22229'------I1----------------------~,,-____ ~ 
VIL-:X L ,-

VOH- . 'cAC---, v.,,, 
VOL---------:-I .. ------------:-t-R-A-C----- Hi Z-=J j I to:ata 

J~ 
~

' tDS ~:1 
VIH-- Valid~ 
VIL-~_Oata~ 

PAGE MODE READ CYCLE 

Addresses VIH 
VIL 

VOH 
DOut VOL -----!.-

PAGE MODE WRITE CYCLE 

Addresses ~:: 

i...---__ @ MOTOROLA Se"..;conduc'for Produc'fs Inc. -------
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AO 

A1 

A2 

A3 

A4 

A5 

0 

Advance InforDl.ation 

4096-BIT STATIC RANDOM ACCESS MEMORY 
The MCM2147 is a 4096-bit static random access memory 

organized as 4096 words by l-bit using Motorola's N-channel silicon­
gate MOS technology. It uses a design approach which provides the 
simple timing features associated with fully static memories and 
the reduced standby power associated with semi-static and dynamic 
memories. This means low standby power without the need for 
clocks, nor reduced data rates due to cycle times that exceed access 
times. 

E controls the power-down feature. It is not a clock but rather 
a chip select that affects power consumption. In less than a cycle 
time after E goes high, deselect mode, the part automatically reduces 
its power requirements and remains in this low-power standby mode 
as long as E remains. high. This feature results in system power 
savings as great as 85% in larger systems, where most devices are 
deselected. The automatic power-down feature causes no perfor­
mance degradation. 

The MCM2147 is in an 18 pin dual in-line package with the 
industry standard pinout. It is TTL compatible in all respects. The 
data out has the same polarity as the input data. A data input and 
a separate three-state output provide flexibility and allow easy 
OR-ties. 

• Fully Static Memory - No Clock or Timing Strobe· Required ' 

• Single ± l()o,b +5 V Supply 

• High Density 18 Pin Package 

• Automatic Power-Down 

• Directly TTL Compatible-All Inputs and Outputs 

• Separate Data I nput and Output 

• Three-State Output 

• Access Time - MCM2147-55 = 55 ns max 
MCM2147-70 = 70 ns max 

• Cycle Time - MCM2147-55 = 55 ns min 
MCM2147-70 = 70 ns min 

BLOCK DIAGRAM 

2 VCC = Pin 18 

VSS = Pin 9 3 

4 

5 

6 

11 

Row 

Select 

• 
• 
• 

Memory Array 

64 Row 

64 Columns 

Column I/O Circuits 

17 16 15 14 13 12 

A6 A 7 A8 A9 A lOA 11 

This is advance information and specifications are subject to change without notice. 
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Q 

II 

E 

H 

L 

L 

MCM2147 

MOS 
(N-CHANNEL. SILICON-GATE) 

4096-BIT STATIC 
RANDOM ACCESS 

MEMORY 

C SUFFIX 
FRIT-SEAL 

CERAMIC PACKAGE 

also available 

W 

X 

L 

H 

AO 

Al 

A2 

A3 

A4 

A5 

Q 

-
W 

VSS 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707 

PIN ASSIGNMENT 

.....---.. r--

1 [(I ...... 18 

2 t 17 

3 ( 16 

4 { 15 

5 ( 14 

6 [ 13 

7 [ ~ 12 

8 ( 1 11 

9 [ ] 10 

PIN NAMES 

VCC 

A6 

A7 

A8 

A9 

Al0 

All 

D 

E 

AO-A 11 Address Input 

W Write Enable 

E Chip Enable 

D Data Input 

Q Data Output 

VCC Power (+5 V) 

VSS Ground 

TRUTH TABLE 

Mode Output Power 

Not Selected High Z Standby 

Write High Z Active 

Read Data Out Active 

©MOTOAOLA INC. 1976 ADI-479 
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MCM2147 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(T A = 0 to + 70°C, V CC = 5.0 V ± 10% unless otherwise noted.! 

RECOMMENDED DC OPERATING CONDITIONS 

MCM2147-55 

Parameter Symbol Min Typ Max 

Input Load Current IlL - 0.01 10 

(All Input Pins, Yin = 0 to 5.5 V) 

Output Leakage Current IIOLI - 0.1 50 
(E: = 2.0 V, V out = 0 V to 5.5 V) 

Power Supply Current ICC1 - 120 170 
(E = V I L, Outputs Open, T A = 25°C) 

Power Supply Current ICC2 - - 180 
(E: = V I L, Outputs Open, T A = OoC) 

Standby Current ISB - 15 30 

(E: = VIH) 

Input Low Voltage VIL -0.3 - 0.8 

Input High Voltage VIH 2.0 - 6.0 

Output Low Voltage VOL - - 0.4 

IOL = 12 mA 

Output High Voltage VOH 2.4 - -
IOH = -4.0 mA 

Typical values are for T A = 25°C and V CC = +5 V 

MCM2147-70 

Min Typ Max Unit 

- 0.Q1 10 p.A 

- 0.1 50 .p.A 

- 100 150 mA 

- - 160 mA 

- 10 20 mA 

-0.3 - 0.8 V 

2.0 - 6.0 V 

- - 0.4 V 

2.4 - - V 

CAPACITANCE 
FIGURE 1 - OUTPUT LOAD 

(f = 1.0 MHz:T A = 25°C, periodically sampled rather than 100% tested.) Vee 

Characteristic Symbol Max Unit 

Input Capacitance (Vin = 0 V) Cin 5.0 . pF 510 

Output Capacitance (Vout = 0 V) Cout 10 pF 

Q ----~~------~ 
Capacitance measured with a Boonton Meter or effective capacitance calculated 

IAt 
from the equation: C = A V . 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
Read, Write Cycles 

RECOMMENDED AC OPERATING CONDITIONS (T A = 0 to 700 C, VCC = 5.0 V ± 10%) 

300 

MCM2147-55 

Parameter Symbol Min Max 

Address Valid to Address Don't Care TAVAX 55 -
(Cycle Time when Chip Enable is held Active) 

Chip Enable Low to Chip Enable High tELEH 55 -

Address Valid to Output Valid (A<:cess) tAVOV - 55 

Chip Enable Low to Output Valid (ACf;:ess) tELOV - 55 

Address Valid to Output Invalid tAVOX 10 -

9hip Enable Low to Output Invalid tELOX 10 -

Chip Enable High to Output High Z tEHOZ 0 30 

Chip Selection to Power Up Time tpu 0 -

Chip Deselection to Power Down Time tpD 0 40 

Address Valid to Chip Enable Low (Address Setup) tAVEL 0 -

Chip Enable Low to Write High tELWH 45 -

Address Valid to Write High tAVWH 45 -

Address Valid to Write Low (Address Setup) tAVWL 5.0 -

Write Low to Write High (Write Pulse Width) tWLWH 35 -

Write High to Address Don't Care tWHAX 10 -

Data Valid to Write High tDVWH . 25 -

Write High to Data DO('l't Care (Data Hold) tWHDX 10 -

Write Low to Output High Z tWLOZ 0 25 

Write High to Output Valid tWHOV 0 25 

30 pF 

(Including 
scope and. jig) 

MCM2147-70 

Min Max Units 

70 - ns 

70 -

- 70 

- 70 

10 -

10 -

0 30 

0 -
0 50 

0 -

55 -

55 -

5.0 -

40 -

15 -

30 -

10 -

0 30 

0 30 

'--------® MOTOROLA Sen1iconductor Products Inc. ----------
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MCM2147 

TIMING PARAMETER ABBREVIATIONS TIMING lIlYIlTS 

t X X X X 

signal name from which interval is defined...] I II 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 

The table of timing values shows either a minimum or 
a maximum limit for each parameter. Input requirements 
are specified from the external system point of view. 
Thus; address setup time is shown as a minimum since the 
system must supply at least that much time (even though 
most devices do not requi re it). On the other hand, 
responses from the memory are specified from the device 

point of view. Thus, the access time is shown as a maxi­
mum since the device never provides data later than 

that time. 

The transition definitions used in this data sheet are: 

H = transition to high 

L = transition to low. 
V = transition to valid 

X = transition to invalid or don't care 

Z = transition to off (high impedance) 

___ """'I§r:-._-....... -=--=--=--=--=--=-==_tA_V_AX~_ -_-_ -_ -_ -_ -_-_ -_ -_ --'._ .. :o-t'J ___ V IH 

ADDRESS * 
------ V,L 

tAV~~~------~ .. ~1 

READ CYCLE TIMING 1 
IE Held Low) 

-----------------~----~~~TT~I.~--------------------------------VOH 
a (Data out) Previous Data Valid Data Valid 

--------------------------~~~~Jn~-------------------------------VOL 

READ CYCLE TIMING 2 
V,H 

ADDRESS~~~~,,~ __ ~ ____________________ A_d_d_r_es_s_V_a_r_ld ___________________________ V,L 

~------------------tELEH------------------~ 

"E-----_I I_-----V,H 

V,L 

tE LOX -----i I ~
ELOV tEHOZr---

r~~~~~ft_--------------------~----~ VOH a (Data out) HI Z Data Valid }-HI Z- VOL 

:~~ ----_~_ :~ r--------------------------------i ___ t_P_D_t VCC 
Supply 
Current 

NOTE: Vii is high for Read Cycles. 

WRITE CYCLE TIMING 

~-----------------tAVAX------------------~ 

ADDRESS 
--~il,---------------------------------------~I~----------- V,H 

---'·I'-------------------------------------------'I~-----------V,L 

~------------tELwH------------~·~1 . 

""'(""'!""T""\.I f!ITV/1IIl1/1Il ~'H 
. tAVWH =$ "I tWHAX IL 

'AVWL =--1 r. 'WLWH 

~\S_ _ -------- ~I,: 
I 

. tDVWH ... 1'...., tWHDX 

w 

D (Data in) 'Vu""'''''ClHH'I.,",,,nl''''''l.H.I'I.I'I. Data Valid 

I.. -I tWHQV 

o (Data out) <XXX><XXXXX 9€t: YRc{e?i~id:<XX><XXXQ\X) __ - H I Z ---f V
OH 

'---/...,-- VOL 

tw LOZ -+o.-----~ 

Data out = Data in 

Waveform 

Symbol 

WAVEFORMS 

Input Output 

MUST BE WILL BE 
VALID VALID 

CHANGE WILL CHANGE 
FROM H TO L FROM H TO L 

CHANGE WILL CHANGE 
FROM L TO H FROM L TO H 

DON'T CARE' CHANGING' 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

HIGH 
IMPEDANCE 

'--------® MOTOROLA SenJiconductor Products Inc. ---___ ---.J 
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MCM2147 

DEVICE DESCRIPTION 

The MCM2147 is produced with a high-performance 
MOS technology which combines on-chip substrate bias 
generation with device scaling to achieve high speed. 
The speed-power product of this process is about four 

times better than earlier MOS processes. 
This gives the MCM2147 its high speed, low power and 

ease-of-use. The low-power standby feature is controlled 
with the E input. E is not a clock and does not have to 
be cycled. This allows the user to tie E directly to system 
addresses and use the line as part of the normal decoding 
logic. Whenever the MCM2147 is deselected, it auto­
matically reduces its power requirements. 

SYSTEM POWER SAVINGS 

The automatic power-down feature adds up to signi­
ficant system power savings. Unselected devices draw low 
standby power and only the active devices draw active 
,power. Thus the average power consumed by a device 
declines as the system size increases, asymptotically 
approaching the standby power level a~ shown in Figure 2. 

The automatic power-down feature is obtained without 
any performance degradation, since access time from chip 
enable is ~ access time from address valid. Also the fully 
static design gives access time equal cycle time so multiple 
read or write operations are possible during a single select 
period. The resultant data rates are 14.3 MHz and 18 MHz 
for the MCM2147-70 and MCM2147-55 respectively. 

DECOUPLING AND BOARD LAYOUT 
CONSIDERATIONS 

The power switching characte~istic of the MCM2147 
requires careful decoupling. It is recommende.d that a 
0.1 J.LF to 0.3 J.LF ceramic capacitor be used on every 
other device, with a 22 J.LF to 47 J.LF bulk electrolytic 
decoupler every 16 devices. The actual values to be used 
will depend on board layout, trace widths and duty cycle. 

Power supply gridding is recommended for PC board 
layout. A very satisfactory grid can be developed on 
a· two-layer board with vertical traces on one side and 
horizontal traces on the other, as shown in Figure 3. 
If fast drivers are used, terminations are recommended 
on input signal lines to the MCM2147 because significant 
reflections are possible when driving their high impedance 
inputs. Terminations may be required to match the 
impedance of the line to the driver. 

FIGURE 2 - AVERAGE DEVICE DISSIPATION 
versus MEMORY SIZE 

a:: 
w 
~ 
o 
a.. 
w 
u 
:> 
w 
Cl 
w 
(!J 

« 
a:: 
w 
> « 
::!: 
w 
I­en 
>­en 

ICC 

ISB L......J,_~ ___ -L-______ ----l 

4K 8K 16K 32K 64K 

MEMORY SIZE IN WORDS 

FIGURE 3 - PC LAYOUT 

Gnd 
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Advance Inf'or:rnation 

65,536 X 1-BIT DYNAMIC SERIAL MEMORY 

The MCM0464 device is a 65,536-bit dynamic serial memory 
configured as 16 randomly accessible shift registers, each 4096 bits 
long. Each of these shift registers is designed util izing Charge Coupled 
Device (CCO) techniques along with the interleaved Serial-Parallel­
Serial (SPS) register structure which features both low power and 
high density characteristics. The high density of the MCM0464 is 
further enhanced through the use of an electrode-per-bit memory 
cell approach. The high density permits packaging the memory in 
a standard 16-pin dual in-I ine package which allows the construction 
of highly dense memory systems using widely available automated 
testing and insertion equipment. 

Furthermore, this buried-channel CCO memory is fabricated 
using our double-poly N-channel silicon-gate process. This process 
allows the MCM0464 to be a high performance, state-of-the-art 
memory circuit which is manufacturable in volume quantities. 

• Industry Standard 16 Pin Dual In-Line Package 

• Operating Frequency Range: 1 MHz to 5 MHz 

• Low Capacitance TTL-Compatible Inputs (Except Clocks) 

• 3-State, TTL-Compatible, Latched Data Output 

• Output Drive Capability: 3.5 rnA into 100 pF Load 

• Low Capacitance 12 V Clocks: 
Cl and C2: 100 pF (typ) 
K 1 and K2: 30 pF (typ) 

• Low Power 
Normal Operation: < 400 mW (max) @ fmax 
Standby: < 70 mW (max) @ fmin 

• Standard Power Supplies (+12 V, +5 V, and -5 V) 

BLOCK DIAGRAM 

12 0 

...2-Cl 

-2-C2 
5 ___ Kl 

4 
_K2 

Alll 

Output 
A2 

10 

A3 6 

This is advance information and specifications are subject to change without notice. 
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Q 

M.CM0464 

MOS 
(N-CHANNEL, SILICON-GATE) 

C1, C2 

K1, K2 

AO-A3 

S 

D 

Q 

iN 

VSS 

VCC 

VDD 

VSS 

65,536 X 1-BIT 
DYNAMIC SERIAL 

MEMORY 

2 

3 

4 

5 

6 

7 

8 

i 
; ~ 

J 

L SUFFIX 
CERAMIC PACKAGE 

CASE 690 

PIN ASSIGNMENT 

A3 A1 

C1 A2 

VSS Vss 

PIN NAMES 

Serial Shift Clocks 

Transfer Crocks 

Address Inputs 

Chip Select Input 

Data In 

Data Out 

16 

15 

14 

13 

12 

11 

10 

9 

Write Enable Input (Active Low) 

Power (-5 V) 

Power (+5 V) 

POlI\fer (+ 12 V) 

Power (0 V) 

©MOTOAOlA INC, 1978 ADI·480 
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MCM0464 

FUNCTIONAL DESCRIPTION 

Organization - The MCM0464 is a 65,536 X 1 bit 
dynamic serial memory organized internally as 16 dyna­
mic shift registers (or blocks) of 4096 bits each in length. 
These 16 shift register blocks are randomly accessible 
through four internally decoded Address inputs (AO-A3). 
When a given register is selected, its input and output are 
internally connected (as needed) to the D and Q pins, 

respectively, thus permitting simultaneous read and write 

operations. 
Architecture - Each of the sixteen shift register 

blocks is implemented using a Serial-Parallel-Serial (SPS) 

register architecture. In this approach N data bits are 

sequentially shifted into a "serial" input register: When 

full, the entire N-bit word is shifted in parallel into 
N "parallel" registers of M bits in length, as illustrated 

in Figure 1. At the other end of this parallel register 

structure, bits are loaded in parallel into an N-bit serial 

outpu.t register. Bits in this register are th,en shifted out 
toward the output latch and then are automatically 

recirculated back to the input serial register unless a 

Write operation is specified. 
The primary advantages of this type of architecture 

include very high, density, low power, and low clock 
capacitance. These· features all result from the fact that 

in the SPS arch itecture the parallel registers which 

FI(,iURE 1 - SIMPLIFIED SPS EXAMPLE 
WITH N =4 

~ut N·Bits .. 
Output Serial Register 

encompass most of the total storage capacity within 
each block are shifted at a considerably slower rate 
(fin/N) than clock rate of the input or output serial 
registers, fin. 

I n actuality, each 4096-bit block of the MCM0464 
is, implemented using an "interleaved" SPS structure in 
which each bit of the serial input register services two 
parallel registers rather than just one. The same is true 
for the output serial register. In addition, "electrode­
per-bit" design techniques are used to reduce the effective 

cell size by minimizing the number· of electrodes used 
to store each bit of information. These techniques· 

obviously enhance the memory density considerably. 

The dimensions of the MCM0464 interleaved SPS 
structure are 32-bit input and output serial registers and 

64 parallel registers, each 63 bits in length. See Figure 2. 

These dimensions were chosen in order to optimize the 

power/density/latency tradeofffs inherent in the CCD 
memory approach. 

Clocks - The MCM0464 requires four MOS level 
clocks: Two high frequency (1 to 5 MHz) serial clocks and 
two low frequency transfer clocks. The serial clocks, 

C1 and C2, control the movement of data within the 
input and output serial registers of each 4096-bit block 
and have a frequency equal to the data rate. The transfer 

clock K 1 is used to transfer data from the input serial 

register to the parallel registers while the transfer clock 
K2 is used to transfer data from the parallel registers to 

the output serial register of each block. The data present 

in the parallel registers is shifted by internally generated 
ripple clocks. This ripple clock technique allows a high 

bit-packing density approaching one electrode per bit. 

To achieve proper transfer phasing, the two transfer 

clocks are asymmetrical about a 32-cycle interval (31.5 

and 32.5 cycles) but symmetrical about a 64-cycle 
interval. The phasing between these transfer clocks 

alternates in order to achieve correct bit storage in each 
block. When K 1 occurs during C1 time, K2 ocCurs during 

C2 time 1.5 cycles prior to K1. When K1 occurs during C2 
time, K2 occurs during C1 time 2.5 cycles prior to K 1. 

Figure 3 illustrates the clock phase relationships. 

FIGURE 2 - INTERLEAVED SPS ARCHITECTURE 

Input Serial Register (32 Bits) 

Bit 31 or 63 Bit 30 or 62 Bit 1 or 33 

'" '" ... 
CO CO 
M M 
to to 

Output Serial Register (32 Bits) 

Bit 0 or 32 

'" '" ... 
co co 
M M 
to to 

Parallel 

Registers 

Output 

Bit 
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FIGURE 3 - MCM0464 CLOCKS 

Cl 

C2 

Kl 

K2 

a) Overview of Clock Phasing 

Cl 

C2 

Kl 

K2 

b) Detail 1 

Cl 

C2 

Kl 

K2 

c) Detail 2 

CONTROLS 

In addition to the four Address inputs (AD through 
A3), other TTL level control signals available on 
the MCM0464 include Write Enable (W) and Chip Select 
(S). The S input, along with the address information, is 
presented during Cl high time and dynamically latched 
with the trailing edge of C1 while simultaneously disabling 
both the address and S buffers. This action prevents 
changes that occur on the external pins f~m entering the 
internal circuitry when C1 is low. The W control signal 
determines whether new data from the D input pin, or 
recirculated output data, is presented to the input of 
the addressed block. 

MODES OF OPERATION 

Standby (Recirculate-only cycle) - In Standby mode 
(S low), the contents of all 16 blocks are ~circulated 
automatically, and the device disregards the W, Address, 
and 0 inputs. The output latch goes into the high 
impedance state after the trailing edge of the C1 clock. 
Minimum device power results when operating the device 
in the recirculate mode with minimum Cl and C2 pulse 
widths at the lowest allowed frequency. 

Read-Recirculate Mode - In this mode of operation (W 
high and S high) the data from the selected block is 
presented to the output buffer immediately following the 
leading edge of C2 and appears at the output, a, after a 
delay equal to the access time tAcc. Thus, the access time 
is referenced from the leading edge of the C2 pulse and is 
independent of the duration of C2. The output data is 
latched and remains valid at the a output pin until the 
end of the C1 clock pulse in the next cycle. The data 

present in all 16 blocks automatically recirculates from 
the output back to the input regardless of the address 
inputs, provided that W remains inactive throughout the 
cycle. 

Read and Write Mode - In the Read and Write mode. 
{W low and S high), the output data from the selected 
block is available at the output pin as in the read­
recirculate mode; however, the recirculate path of that 
particular block is (:lisabled. Input data present at the 0 
input pin during C2 is written into the selected block by 
the falling edge of C2, while the other 15 blocks auto­
matically recirculate their contents. This form of an 
"early-write" cycle (W low prior to the falling edge of 
C1) requires that both Wand 0 have set-up times With 
respect to the trailing edge of C1. In fact, for successive 
write operations handled in this mode, W may be held 
low continuously without returning it to the high state 
between cycles. A "delayed-write" cycle (W goes low 
after the trailing edge of the C1 clock pulse) is also 
possible and is discussed in the next paragraph as a subset 
of the R MW operating mode: 

Read-Modify-Write Mode - The Read-Modify-Write 
Mode (S high, W high goes low) is simplified by the fact 
that the MCMD464 is always in the read mode whenever 
it is selected (S high). Since the access time is referenced 
to the leading edge of. C2 and the setup times of Vi and 0 
are referenced to the trailing edge of C2, this mode of 
operation requires an extended C2 high time in order to 
provide the required modify time. This "stretched" 
C2 high time may be determined by the following 
relationship: 

tC2HC2L = tCHav + tModify + tDVCL + twLCL + tT 
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The modify time, tModify, is determined by the memory 
designer and is dependent on the delays of the external 
logic used to modify the output data. The Read-Modify­
Write (RMW) cycle time then, is given by: 

Cycle Time = tC1 He1 L + tC1 LC2H + tC2HC2L + . 

tC2LC1 H + 4tT 

where tC2HC2L is the new "stretched" version of the 
C2 clock pulse. 

If no modification of output data is required, then this 
operating mode reduces to a "delayed-write" mode in 
which 0 and W may occur after the C1 clock pulse. 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value 

MEMORY START-UP 

When the MCM0464 is initially powered up, the VBB 
supply (i.e., the -5 volt supply) sho~ld be applied to'the 
memory before the other supplies. This action results in 
greater protection against accidental violation of the 
voltage limits specified in the Absolute Maximum Ratings 
section and, in general, enhances the long term reliability 
of the memory. 

In order to clear the memory of. extraneous charge 
following power-up, the MCM0464 must be clocked 
through a minimum of 32,000 cycles of any type before 
a valid memory cycle should be attempted. 

Unit 

Voltage on Any Pin Relative to vss Vin, Vout -0.5 to +20 Vdc 

(VSS - VSS ;;. 4.5 VI 

Operating Temperature Range TA o to +70 °c 
Storage Temperature Range T stg -55 to +150 °c 
Power Dissipation ,PD 1.0 W 

NOTE: Permanent device damage may occur' if ASSOLUTE MAXIMUM RATINGS 

are exceeded. Functional operation should be restricted to RECOMMENDED 

OPERATING CONDITIONS. Exposure to higher than recommended voltage 

for extended periods of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.), 

RECOMMENDED OPERATING CONDITIONS (Referenced to VSS) 

Parameter Symbol Min 'Typ 

Supply Voltage VDO 11.4 12 

VCC 4.75 5.0 

VSS 0 0 

VSS -5.5 -5.0 

Input High Clock Voltage VIHC VDO-1 -

Input Low Clock Voltage VILe -0.5 -
Voltage Oifferential Setween Any Two Clock Lows !AVILCI 0 -
Input High Voltage, all inputs except clocks VIH 2.4 -
Input Low Voltage, all inputs except clocks VIL -0.5 -

DC CHARACTERISTICS (Referenced to VSS) 

Characteristic Symbol Min Typ 

Average VDD Power Supply Current fmin 100 - 5.0 
Active 

f max - 15 

fmin 3.0 -
Standby 

fmax 12 -
~verage V CC Power Supply Current fmin ICC - 1.5 

Active 
f max - 2.5 

fmin 0.3 -
Standby 

fmax 1.2 -
Average VSS Current ISS - -

Output High Voltage VOH 2.8 -
Output Low Voltage VOL - -

Input Leakage Current (any input) lin -10 -

Output Leakage Current lout -10 -
Input Capacitance, Cl and C2 Cinl - 100 

Input Capacitance, K 1 and K2 Cin2 - 30 

Input Capacitance, AO-A3. S, W, and Din Cin3 - 5.0 

Output Capacitance, Q Cout - 7.0 

Max Unit Notes 

12.6 Vdc 

5.25 Vdc 

0 Vdc 1 

-4.5 Vdc 

VOD+1 Vdc 

0.8 Vdc 2 

0.8 Vdc 2 

VCC Vdc 1 

0.8 Vdc 2 

Max Units Notes 

8.0 mA 

25 mA 

5.0 mA 
3,10, 

19 mA 

2.5 mA 

4.0 mA 

0.5 mA 
3, 10 

2.0 mA 

100 IlA 4 

- V 5 

0.4 V 6 

10 IlA 7 

10 IlA 8 

- pF 9 

- pF 9 

- pF 9 

- pF 9 
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MCM0464 

RECOMMENDED CLOCKING CONDITIONS (Over Full Range of Voltage and Temperature) 

MCM0464-50 MCM0464-60 MCM0464-70 

Symbol Parameter Min Max Min Max Min Max Units Notes 

, tCl HCl L Cl High Time 50 200 60 200 100 200 ns 10 

tC2HC2L C2 High Time 50 300 60 300 100 300 ns 10'-

tC1 LC2H C1 Low to C2 High 30 - 45 - 100 - ns' 

tC2LCl H C2 Low to Cl High 30 - 45 - 100 - ns 

tKl HCL Kl High to (Cl or ~2) Low 30 - 30 - 50 - ns 

tK2HCL K2 High to (Cl or C2) Low 20 - 30 - 50 - ns 

tCHKl H (Cl or C2) High to K 1 High 0 - 0 - 0 - ns 

tKl LCH Kl Low to (Cl or C2) High 0 - 0 - 0 - ns 

tCLK2H (Cl or C2) Low to K2 High 0 - 0 - 0 - ns 

tK2LCL K2 Low to (Cl or C2) Low 5 - 5 - 5 - ns 

tCLKl L (Cl or C2) Low to K1 Low 20 - 30 - 50 - ns 

tT Clock Transition Time 10 50 10 50 10 50 ns I 11, 12 

f Operating Frequency 1.0 5.0 1.0 4.0 1.0 2.0 MHz 12 

RECOMMENDED AC OPERATING CONDITIONS (Over Full Range of Voltage and Temperature) 

MCM0464-50 MCM0464-60 MCM0464-70 

Symbol Parameter Min 

tAVCH Address Setup Time 5 

tCLAX Address Hold Time 5 

tSVCH Chip Select S~tup Time 5 

tCLSX Chip Select Hold Time 5 

tWHCL Write Enable Setup Time 5 
(Read-Recirculate only) 

tWLCL Write Enable Setup Time 0 

tCLWX Write Enable Hold Time 25 

tWLC2L Write Enable Low to C2 Low 60 
(RMWonly) 

tDVCL Data Setup Time 0 

tOVWL Data Setup Time (RMW only) 25 

tCLDX Data Hold Time 25 

tCLOZ Output Buffer Turn-off Delay 0 

tCHOV Access Time -

tCHCH Read/Write Cycle Time 200 

NOTES: 

1. All voltages are measured with respect to V SS. 

2. The differential voltage between a low for any clock input 

and a low for any other clock input should not exceed 0.8 V. 
3. Current levels at both minimum and maximum frequencies 

are specified for minimum Cl and C2 clock pulse widths. 
See Figure 4. 

4. Measured at maximum frequency and VBB = -5.5 V. 

5. Measured with 'out = -2.5 mAo 
6. Measured with 'out = 3.5 mAo 
7. Input leakage current is measured with Vin = VOD for clock 

inputs and Vin = VCC for all other Inputs. 
8. Leakage current at the 0 output pin is measured for both 

Vout equal to V CC and V SS when the output buffer is 
in the high impedance state. 

9. Effective capacitance is calculated from the equation 

C=I~ 
AV 

with AV = 12 V for clock inputs and with AV = 3 V for TTL 

pins while the device is active. 

Max Min Max Min Max Units Notes 

- 5 - 5 - ns 

- 5 - 5 - ns 

- 5 - 5 - ns 

- 5 - 5 - ns 

- 5 - 5 - ns 13 

- 0 - 0 - ns 

- 25 - 25 - ns 

- 60 - 60 - ns 

- 0 - 0 - ns 14 

- 25 - 25 - ns 13 

- 25 - 25 - ns 

50 0 50 . 0 50 ns 15 

50 - 60 - 70 ns 16 

- 250 - 500 - ns -

10. Maximum clock pulse widths are specified in order to limit 

power dissipation. See Figure 4 showing the relationship 
between power and clock pulse width. 

11. Reference levels used for timing measurements are V I HC 

(min) and V,LC (max) for clock inputs and V,H (min) and 

V,L·(max) for all other inputs. Transition times for both rise 
and fall are measured between these reference points. 

12. Minimum and maximum frequency values assume clock 
transition times of 10 ns. 

13. The Read-Recirculate command is performed by keeping W 
in the inactive state (i.e., high) for the prescribed set-up and 

hold times. 
14. tDVCL references D to the trailing edge of Cl in a Read­

(early) Write cycle. However, in a Read-ModifY-Write (i.e., 

delayed write) cycle, tDVCL references D to the negative­
going edge ofW. 

15. tCLOZ (max) defines the time at which the output achieves 
the open circuit condition and is not referenced to output 
voltage levels. 

16. Measured with a load equivalent to two TTL loads and 
100 pF. 
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MCM0464 

SERIAL AND TRANSFER CLOCKS 

--Cycle 28---+-----
29
-- Cycle 29 ----~}_o----- Cycle 31-------4----

Cl 

31 

C2 tCl LC2H --+ __ u J-o-~~ 

Kl 

tCHK1H 

K2 

tCLK2H 

Cl 

C2 

Kl 

K2 

RECIRCULATE·ONLY CYCLE (STANDBY) 

Cl 

\.1---+-tC2LC1H 

C2 

a ____________________________ ~--------------------HiZ-------------------

Addresses, W 

TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is defined....J I II 
transition direction for first signal 

signal name to which interval is defined 

transition direction for second signal 

The transition definitions used in this data sheet are: 

H == transition to high 

L = transition to low 

V == transition to valid 

x == transition to invalid or don't care 

Z == transition to off (high impedance) 

TIMING LIMITS 

The table of timing values shows either a minimum or 

a maximum limit for each parameter. Input requirements 

are specified from the external system point of view. 

Thus, address setup time is shown as a minimum since the 
system must supply at least that much time (even though 

most devices do not· require it). On the other hand, 

responses from the memory are specified from the device 

point of view. Thus, the access time is shown as a maxi-

mum since the device never provides data later than 

that time. 

'---------® MOTOROLA Sen'1iconductor Products Inc. ----------' 
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MCM0464 

READ-RECIRCULATE CYCLE 

Cl ----------'1 

f----+- tC2 LC 1 H 

C2----------~~------------~~-----'-

tSVCH 

tCLOZ tCLOZ 

0------------------------+-----+---- Output Data Valid 

t----rtWHCL ~tCLWX 

-' 
READ-WRITE CYCLE 

tC1HC1L-1\ J-'C'Hm-t It- -f- -It-
Cl 

I 

1 ~ ,--t tC1LC2H tC2LCl H 
f---tC2HC2L 

-It 
C2 

-i I---tAVCH I- tCLAX 

Addresses Address Valid h 

r-I-tSVCH tCLSX 
I 

g 
J\ 

S 

tCLOZ--H -tCHOV t::+-tCLOZ 

o ~ HiZ Output Data Valid 
.. ~ 

-I- ~ 

I- - tWLCL 
!tt

CLWX 

IIQ'VVV, 

~ 

~ I- tDVCL f------...t- .tc LOX 

o Input Data Valid 

READ-MODIFY-WRITE CYCLE 

f tC1HC1L--':~ f tC1HC1L "\ 
Cl _______ ~~{r--' ,t, ___________________________________ J-I{r-- L--l~~ 

..,if- -' 
tCl LC2H +--+----..,l-llfjl-----tC2HC2L-----i~ I--- f- tC2LCl H 

C2--------~----------~~~-----'· ~-----------------4-----
~tCLAX 

Addresses Address Valid 

!----t-tCLSX 

Jc LOZ -+--+----4' t---l-tCHOV 

O----------------------~------_.~--HiZ~ 
~--------------~~--------------~ 'w,c'1tL_Lr--t .. tc~LWXmmB 

I tDVWL ~--~~tCLDX 

Output Data Valid 

l---~tWHCL 

• tModify = tC2HC2L - tCHOV - tDVCL - twLC2L - tT 

L--_________ ® MOTOROLA SeWliconduc'tor Produc'ts Inc. ----------' 
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MCM0464 

CLOCK GENERATION CIRCUIT 
The circuit shown below may be used to generate 

the four clocks required for operation of the MCM0464 
with proper phase relationships from a single master clock. 
Th is master input frequency fin, must be twice the 
desired data rate at the MCM0464 output pin. Since the 
input clock frequency is "squared-up" with a divide-by-two 
flipflop, the duty cycle of this clock is non-critical. A 
pulse edge at the input of the buffered delay line produces 
a sequence of delayed pulse edges from the A, 8, C and 
o output taps. These delayed pulse edges are ANDed 
together to produce the required C1 and C2 clocks as 

well as the K1 and K2 transfer clocks. Since the transfer 
cloci<s are generated (but not necessarily used) every 
cycle, the outputs of the 6-bit, module 64 counter are 
decoded to enable selected transfer clock gates at counts 
of 29, 31, 61, and 63. Thus, K 1 is passed along to the 
clock drivers only during cycles 31 and 63, while' K2 is 
passed through only during cycles 29 and 61. These four 
counts are easily decoded with only 2 bits of the 6-bit, 
module 64 counter. These 6 bits are the lower order bits 
of the 12-bit, module 4096 loop counter required to 
define address locations within each 4K block and which 
will; in most cases be already present in the system. 

SERIAL AND TRANSFER CLOCK GENERATION CIRCUIT 

fin >--------.... 

AO 

A2 

A3 ~--i-'" 

A4 

A5 >----1 

A1 >---_1 

74LS139 

O~-.... _Iln 

D Q 

74LS74 

31 
00 

63 
01 

29 
02 

03 
61 

74LS175 

Buffered Delay Line 

A B C D E 

I I L ____ ..J 

9643 TTL-MOS Drivers 

NOTE: All clock pulses are strictly a function of the edges of the input clock, 

i.e., pulse widths are not a function of frequency. 

~ 
E 

a: 
w 
~ 
0 
a.. 

FIGURE 4 - TYPICAL POWER DEPENDENCE 
ON CLOCK PULSE WIDTH 

200~-------'-----'~--------~---------' 

2 MHz , , , 
150 

, , , , , , , , 
100 " , , 

" .... 
.."". 

.... ' 
.."". 

.."". .... 
50 , -- _Active 

- - - _ Standby 

0 
0 50 100 150 200 250 

C1, C2 PULSE WIDTH - ns 

FIGURE 5 - TEST LOAD 

5V 

1.3 k 
o 

MCM0464 

I100PF 

C1 

C2 

K1 

K2 
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4096-BIT DYNAMIC RANDOM ACCESS MEMORY 

The MCM4027 is a 4096-bit high-speed dynamic Random Access 
Memory designed for high-performance, low-cost applications in 
mainframe and buffer memories and peripheral storage_ Organized as 
4096 one-bit words and fabricated using Motorola's high.ly reliable 
N-channel silicon gate technology, this device optimizes speed, poWer, 
and density tradeoffs_ 

By multiplexing row and column address inputs, the MCM4027 
requires only six address lines and permits packaging in Motorola's 
standard 16-pin dual in-line packages. Complete address decoding is 
done on chip with address latches incorporated.-

All inputs are TTL compatibie, and the output is 3-state TIL 
compatible. The MCM4027 incorporates a one-transistor cell design 
and dynamic storage techniques, with each of the 64 row addresses 
requiring a refresh cycle every 2.0 milliseconds. 

• Maximum Access Time = 150 ns - MCM4027L2, C2 
200 ns - MCM4027L3, C3 
250 ns - MCM4027L4, C4 

• Maximum Read and Write Cycle Time = 

320 ns - MCM4027L2, C2 
375 ns - MCM4027L3, C3, L4, C4 

• Low Power Dissipation -
470 mW Max (Active) 27 mW Max (Standby) 

• 3-State Output for OR-Ties 

• On-Chip Latches for Adqress, Chip Select, and Data In 

• Power Supply Pins on Package Corners for Optimum Layout 

• Industry Standard 16-Pin Package 

• Page-Mode Capability 

• Compatible with the Popular 2104/MK4096/MCM6604 

• Second Source for MK4027 

• Also Available: MCM4021L4BECS - Mil-883 Level B Processing 
MCM4027L4CECS - Mil-883 Level C Processing 

Write 
Clocks 

RAS Clocks L 1 
J ! i Data In 

Buffer 

Address 

~ Clocks 

i i BLOCK DIAGRAM 
CAS 

Clocks 

I 
Oat81r 

p~ h I Reset ~ • L r-4} 
Oat. Out h Out 

J Chip Select 
Enable Buffer 

"I Input Buffer 

AS 

A4 

A3 

A2 

Al 

AO 

t 

Address 
Buffers 

(6) 

Rowand 
Column 

~ 
~ 

Row 

Decoder 

(1-of-64) 

r----
r-

y 
I 

Dummy Cells 

Memorv Array 

~ 64 Sense Refresh Amplifiers 
Oat8 In/Out Gating 

t Memory Array r 
I I 
I Dummy Cells I 

Column Decoder 

11·of-32) 

t j 
r I 

This is advance information and specifications are subject to change without notice. 

1522 

I 
l-of- 2 

Data Bus 
Select 

MCM4027 

MOS 
(N-CHANNEL, SILICON-GATE) 

4096-BIT DYNAMIC 

RANDOM ACCESS I I~ _______ M_E_M_O_R_Y ________ ~ 

L SUFFIX 
CEAAMIC PACKAGE 

CASE 690 

C SUFFIX 
FAIT-SEAL PACKAGE 

CASE 620 

PIN ASSIGNMENT 

VBB 

Din 2 

WE 3 

AAS 4 

AO 5 

A2 6 

Al 

VDD 8 
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16 VSS 

15 CAS 

14 D out 

13 CS 

12 A3 

11 A4 

10 AS 

9 VCC 

OS 9464 
Formerly ADI-421 
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MCM4027 

OPERATING CHARACTERISTICS 

ADDRESSING 

The MCM4027 has si.x address inputs (AO-AS) and 
two clock signals designated Row Address Strobe (RAg) 

and Column Address Strobe (CAS). At the beginning of 
a memory cycle, the six low order address bits AO through 
AS are strobed into the chip with RAS to select one of 
the 64 rows. The row address strobe also initiates the tim· 
ing that will enable the 64 column sense amplifiers. After 
a specified hold time, the row address is r~moved and the 
six high order address bits (A6-A 11) are placed on the 
address pins. This address is then strobed il'1to the chip 
with CAS. Two of the 64 column sense amplifiers are 
selected by A 1 through AS. A one of two data bus select 
is accomplished by AO to complete the data selection. 
The Chip Select (CS) is latched into the port along with 
the column addresses. 

DATA OUTPUT 

In order to simplify the memory system designed and 
reduce the total pack(lge count, the MCM4027 contains 
an input data latch and a buffered output data latch. The 
state of the output latch and buffer at the end of a mem­
ory cycle will depend on the type of memory cycle per­
formed and whether the chip is selected or unselected for 
that memory cyCle. 

A chip will be unselected during a memory cycle if: 
(1) The chip receives both RAS and CAS signals, 

but no Chip Select signal. 
(2)' The chip receives a CAS signal but no RAS 

signal. With this condition, the chip will be 
unselected regardless of the state of Chip 
Select input. 

If, during a read, write, or read-modify-write cycle, 
the chip is unselected, the output buffer will be in the 
high impedance state at the end of the memory cycle. 
The output buffer will remain in the high impedance state 
until the chip is selected for a memory cycle. 

For a chip to be selected during a memory cycle,it 
must receive the following signals: RAS, CAS, and Chip 
Select. The state of the output latch and buffer of a 
selected chip during the following type of memory cycles 
would be: 

(1) . Read Cycle - On the negative edge of CAS, 
the output buffer will unconditionally go to a 
high impedance state. It will remain in this 
state until access time. At this time, the out­
put latch and buffer will assume the logic 
state of the data read from the selected cell. 
Thls output state will be maintained until the 
chip receives the next CAS signal. 

(2) Write Cycle - If the Wt"input is switched to a 
logic 0 before the CAS transition, the output 
latch and buffer will be switched to the state 
of the data input at the end of the aq:ess time. 
This logic state will be maintained until the 
chip receives the next CAS signal. 

(3) Read-Modify-Write - Same as read cycle. 

DATA INPUT 

Data to be written into a selected storage cell of the 
memory chip is first stored in the on-chip data latch. 
The gating of this latch is performed with a combination 
of the W£ and CAS signals. The last of these signals to 

make a negative transition will .strobe the data into the 
latch. If the W£ input is switching to a logic 0 in the 
beginning of a write cycle, the·falling edge of cAs strobes 
the data into the latch. The data setup and hold times 
are then referenced to the negative edge of CAS. 

If a read-modify-write cycle is being performed, the 
WE input would not make its negative transistion until 
after the CAS signal was enabled. Thus, the data would 
not be strobed into the latch until the negative transistion 

of WE". "The data setup and hold times would now be ref­
erenced to the negative edge of the WE signal. The only 
other timing constraints for a write-type-cycle is that both 
the CAS and "WE signals remain in the logic 0 state for a 
sufficient time to accomplish the permanent storage of 
the data into the selected cell. 

INPUT/OUTPUT LEVELS 

All of the inputs to the MCM4027 are TTL-compatible, 
featuring high impedance and low capacitance (5 to 7 pF). 
The three-state data output buffer is TTL-compatible and 
has sufficient current sink capability (3.2 mAl to drive 
two TTL loads. The output buffer also has a separate 
VCC pin so that it can be powered from the same supply 
as the I.ogic being employed. 

REFRESH 

In order to maintain valid data, each of the 64 internal 
rows of the MCM4027 must be refreshed once every 2 ms. 
Any cycle in which a RAS signal occurs accomplishes a 
refresh operation. Any read, write, or read-modify-write 
cycle will refresh an entire internally selected row. How­
ever, if a write or read-modify-write cycle is used to per­
form a refresh cycle the chip must be deselected to 'pre­
vent writing data into the selected cell. The memory can 
also be refreshed by employing only the RAS cycle. This 
refresh mode will not shorten the refresh cycle time, how­
ever the system standby power can be reduced by approx­
imately 30%. 

If the RAS only refresh cycles are employed for an ex­
tended length of time, the output buffer may eventually 
lose data and assume the high impedance state. Applying 
~ to the chip will restore activity of the output buffer. 

POWER DISSIPATION 

Since the MCM4027 is a dynamic RAM, its power 
drain will be extremely small during the time the chip is 
unselected. 

The power increases when the chip is selected and 
most of this increase is encountered on the address 
strobe edge. The circuitry of the MCM4027 is largely 
dynamic so power is not drawn during the whole time 
the strobe is active. Thus the dynamic power is a function 
of the operating frequency rather than the active duty 
cycle. 

In a memory system, the CAS signal must be supplied 
to all the memory chips to ensure that the outputs of 
the un selected chips are switched to the high impedance 
state. Those chips that do not receive a RAS signal will 
not dissipate any power on the CAS edge except for that 
required to turn off the chip outputs. Thus, in order to 
ensure minimum system power, the RAS signal should be 
decoded so that only the chips to be selected receive a 
FfAS signal. If".the RAS signal is decoded, then the chip 
select input of all the chips can be set to a logic 0 state. 
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MCM4027 

DC OPERAnNG CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS (Referenced to vSS = Ground.) 

Parameter Symbol Min Typ Max Unit Notes 

Supply Voltage .VOO 10.8 12.0 13.2 Vdc 2 

VCC VSS 5.0 VOO Vdc 3 

VSS 0 0 0 Vdc 2 

Vee -4.5 -5.0 -5.5 Vdc 2 

Logic 1 Voltage, RAS, CAS, WRITE V,HC 2.4 5.0 7.0 Vdc 2,4 

Logic 1 Voltage, all inputs except RAS, CAS, WRITE V,H 2.2 5.0 7.0 Vdc 2,4 

Logic 0 Voltage, all inputs VIL -1.0 0 0.8 Vdc 2,4 

DC CHARACTERISTICS (VOO,,; 12 V ±10% VCC = 5 0 V +10% Vee = -50 V ± 10%, VSS = 0 V, T A = 0 to 700 C.) Notes 1,5 -
Characteristic Symbol 

Aveiage VOO Power Supply Current 1001 

V CC Power Supply Current ICC 

Average Vee Power Supply Current lee 

Standby VOO Power Supply Current 1002 

Average VOO Power Supply Current during 1003 

"RAS only" cycles 

Input Leakage Current (any input) 'HL) 
Output Leakage Current IO(L) 

Output Logic 1 Voltage @ lout = -5 mA VOH 

Output Logic 0 Voltage @ 'out = 3.2 mA 

NOTES 1 through 11: 

1. T A is specified for operation at frequencies to tRC;;' tRC(min). 
Operation at higher cycle rates with reduced ambient temperatures 
and higher power dissipation is permissible provided that all ac 
parameters are met. 

2. All voltages referenced to VSS' 

3. Output voltage will swing from VSS to VCC when enabled, 
with no output load. For purposes of maintaining data in standby 
mode, VCC may be reduced to VSS without affecting re'fresh 
operations or data retention. However, the VOH(min) specifica­
tion is not guaranteed in this mode. 

4. Device speed is not guaranteed at input voltages greater than 
TTL levels (0 to 5 v). 

5. Several cycles are requil'ed after power-up before proper 
device operation is achieved. Any 8 cycles which perform refresh 
are adequate for this purpose. 

VOL 

I 
Min Typ Max Units Notes 

I 

I 35 mA 6 

mA 7 

150 p.A 

2 mA 9 

25 mA 6 

10 p.A 8 

10 p.A 9,10 

2.4 Vdc 

0.4 Vdc 

6. Current is proportional to cycle rate. 1001 (max) is measured 
at the cycle rate specified by tRC(min). 

7. ICC depends on output loading. During readout of high level 
data VCC is connected through a low impedance (135 .n typ) to 
Data Out. At all other times ICC consists of leakage currents ~nly. 

8. All device pins at 0 volts except VBB which is at -5 volts and 
the pin under test which is at +10 volts. 

9. Output is disabled (high-impedance) and RAS and CAS are 
both at a logic 1. Transient stabil ization is required prior to 
measurement of this parameter. 

10.0V,,;;VOut ";;+10V. 

11. Effective capacitance is calculated from the equation: 

C = ~e with AV = 3 volts. 

EFFECTIVE CAPACITANCE (Full operating voltage and temperature range, periodically sampled rather than 100% tested) Note 11 

Characteristic Symbol Max Unit 

Input Capacitance (AO-A5), Din, CS Cin(EFl=) 5.0 pF 

RAS, CAS, WR ITE 7.0 

Output Capacitance Cout(EFF) 7.0 pF 

Circuit diagrams external to or containing Motorola products are included as a means of illustration only. Complete information 
sufficient for' construction purposes may not be fully illustrated. Although the information herein has been carefully checked and is believed 
to be reliable, Motorola assumes no responsibility for inaccuracies. Information herein does not convey to the purchaser any license under 
the patent rights of Motorola or others. 

The information contained herein is for guidance only, with no warranty of any type, expressed or implied. Motorola reserves the right 
to make any changes to the information and the product(s) to which the information applies and to discontinue manufacture of the 
product(s) at any time. 

'--------® MOTOROLA Selrliconducf:or Producf:s Inc. ---------1 
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MCM4027 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Read, Write, and Read-Modify-Write Cycles) 

RECOMMENDED AC OPERATING CONDITIONS (VDD = 12 V ± 10.%, VCC = 5.0. V ± 10.%, Vss = -5.0. V ± 10.%, VSS = 0. V, 
TA = 0. to 70.°C,) Notes 1, 5, 12,18 

MCM40.27 L2/C2 MCM4027 L3/ C3 'MCM40.27 L4/C4 

Parameter Symbol Min 

Random Read or Write Cycle Time t.RC 320. 
Read Write Cycle Time tRWC 330. 
Access Time from Row Address Strobe tRAC 
Access Time from Column Address Strobe tCAC 
Output Suffer and Turn-Off Delay tOFF 
Row Address Strobe Precharge Time tRP 100 

Row Address Strobe Pulse Width tRAS 150. 

Column Address Strobe Pulse Width tCAS 100 

Row to Column Strobe Lead Time tRCL 20. 

Row Address Setup Time tASR 0. 

Row Address Hold Time tRAH 20. 

Column Address Setup Time tASC -10. 

Column Address Hold Time tCAH 45 

Column Address Hold Time Referenced to RAS tAR 95 

Chip Select Setup Time tcsc -10. 

Chip Select Hold Time tCH 45 

Chip Select Hold Time Referenced to RAS tCHR 95 

Transition Time (Rise and Fall) tT 5.0. 

Read Command Setup Time tRCS 0. 

Read Command Hold Time tRCH 0. 
Write Command Hold Time tWCH 45 

Write Command Hold Time Referenced to RAS tWCR 95 

Write Command Pulse Width twp 45 

Write Command to Row Strobe Lead Time tRWL 50. 

Write Command to Column Strobe Lead Time tCWL 50. 

Data in Setup Time tDS 0. 

Data in Hold Time tDH 45 
Data in Hold Time Referenced to RAS tDHR 95 
Column to Row Strobe Precharge Time tCRP 0. 

Column Precharge Time tcp 60. 
Refresh Period tRFSH 
CAS to WRITE Delay tCWD 60. 

RAS to WR ITE Delay tRWD 110. 

NOTES 12 through 20: 

12. AC measurements assume tT =- 5 ns. 

13. The specifications for tRc(min) and tRwc(min) are used only 
to indicate cycle time at which proper operation over the full 
temperature range (O°C .;;;; T A .;;;; 7O.oC) is assured. 

14. Assumes that tRCD';;;; tRCD(max). 

15. Assumes that tRCD ;;;. tRCD (max). 

16. Measured with a load circuit equivalent to 2 TTL loads and 
100 pF. 

17.0peration within the tRCD(max) limit insures that tRAc(max) 
can be met. tRCD(max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD(max) limit, then access 
time is controlled exclusively by tCAC. 

Max Min Max Min Max Units . Notes 

375 375 ns 13 

420. 480. ns 13 

150. 200 250. ns 14,16 

10.0. 135 165 ns 15,16 

40. 50. 60. ns 

120. 120. ns 

10.,0.0.0. 20.0. 10.,0.0.0. 250. 10.,0.0.0. ns 

135 165 ns 

50. 25 65 35 85 ns 17 

0. 0. ns 

25 35 ns 

-10. -10. ns 

55 75 ns 

120. 160. ns 

-10. -10. ns 

55 75 ns 

120. 160. ns 

35 5.0. 50. 5.0. 50. ns 18 

0. 0. ns 

0. 0. ns 

55 75 ns 

120. 160. ns 

55 75 ns 

70. 85 ns 

70. 85 ns 

0. 0. ns 19 

55 75 ns 19 

120. 160. ns 

0. 0. ns 

80. 110. ns 

2.0. 2.0. 2.0. ms 

80. 90. ns 20. 

145 ·175 ns 20. 

18.VIHC(min) or VIH(min) and VIL(max) are reference levels for 
measuring timing of input signals. Also, transition times are 
measured between VtHC or VIH and VIL. 

19.These parameters are referenced to CAS leading edge in 
random write cycles and to WRITE leading edge in delayed write 
or read-modify write cycles. 

20.. twes, tCWD, and tRWD are not restrictive operating para­
meters. They are included in the data sheet as electrical charac­
terisitcs only: If twcs ;;;. twcs(min), the cycle is an early write 
cycle and Data Out will contain the data written into the selected 
cell. If tCWD ;;;. tCWD(min) and tRWD ;;;. tRWD(minl. the cycle is 
a read-write cycle and Data Out will contain data read from the 
selected cell. If neither of the above sets of conditions is satisfied, 
the condition of Data Out (at access time) is indeterminate. 

"---------® MOTOROLA Serniconduc'for Produc'fs Inc. -------
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MCM4027 

REAO CYCLE TIMING 

ADDRESSES 

Dout 

liAS 

eM 

WRITE CYCLE TIMING 
ADDRESSES 

WRi'ff" 

Din 

~ 

Dout 

RAS ONLY REFRESH TIMING 

~----------------tRC----------------~ 

~-----=-------tRAS --------.! 

tRC 

VIHC 
VIL 

teAS 
VIHC 

VIL 

VIH 
VIL 

\" 
VIHC 

VIL 

VIH 

VIL 

VIH 

VIL 

~~;j 
VDH 

VC>L 

tRAC 

open ____ , 

VOH--------------------------------------------------------­

VOL---------------------------------------------------------

'--------® MOTOROLA· SenJiconductor Product. Inc. ---------' 
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MCM4027 

READ-MODIFY-WRITE TIMING 

'DDAUSES 

WJmI" 

S 

RAS 

PAGE MODE READ CYCLE 

CAS 

°Out 

RAS 

CAS 

PAGE MODE WRITE CYCLE 

°OUT 

Write 

Din 

tMVC 

tAAS 

----, ,tAAi 

ltAr_L 

-tACL-

A-r- 4 tASCr - "-~~X%X= 
VIM 

VIL 
-- '-61' I 

VIHC 
VIL 

VIM 
VIL 

VOH 

VOL 

'Acar 

tcsa 
tcsc r'C

H 

toFF-h 
""' S 

'RAC 

teAS t >-teAr-'--e 

't 

.... M 

0-

tAWD tcwL-

'CWD tAWL--e 

~ 
~ ... "" 

Open----f 

'OS+-- ---r-tDH 

Valid 
Data .-1: 

I 

VIHC-

VIL -
~--------------------'tRAS------------------~--~g 

tRSH==J tF!. 
teAS . teRP 

VIHC-

VIL -

VIHC-
VIL -

~---------------------'tRAS------------~-----~~ 

~----!.-.-----------; ~-tc""""'::H-B 
VIHC-
VIL -

VOH 

VOL 

VIHC-
VIL -

VIH-
VIL-

L..-. ______ ® MOTOROLA SerniconductQr Products Inc. -------' 
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Advance InforIIl.ation 

4096-BIT STATIC RANDOM ACCESS MEMORY 

The MCM2114 is a 4096-bit random access memory fabricated 

with high density, high reliability N-channel silicon-gate technology. 

For ease of use, the device operates from a single power supply, is 

directly compatible with TTL and DTL, and requires no clocks or 

refreshing because of fully static operation. Data access is particu­

larly simple, since address setup times are not required. The data out 

has the same polarity as the input data. 

The MCM2114 is designed for memory applications· where 

simple interfacing is the design objective. The MCM2114 is assembled 
'in 18-pin dual in-line packages with the industry standard pin-out. 

A separate chip select {S) lead allows easy selection of an individual 

package when the three-state outputs are OR-tied. 
The MCM2114 series has a maximum power dissipation of 

525 mW. Low power versions (i.e., MCM21 L 14 series) are available 

with a maximum power dissipation of only 370 mW. 

• 1024 Words by 4-Bit Organization 

• Industry Standard 18-Pin Configuration 

• Single +5 Volt Supply ± 10% Tolerance 

• No Clock or Timing Strobe Required 

• Fully Static: Cycle Time = Access Time 

• Fully TTL/DTL Compatible 

• Common Data Input and Output 

• Three-State Outputs for 0 R-Ties 

• Low Power Version Available - 370 mW (Max) 

MAXIMUM ACCESS TIME/MINIMUM CYCLE TIME 

MCM2114-20 200 ns MCM2114-30 300 ns 
MCM21 L 14-20 MCM21 L 14-30 

MCM2114-25 250 ns 
MCM211445 450 ns 

MCM21 L14-25 MCM21 L1445 

4 
A3 

3 
VCC = Pin 18 

A4 VSS = Pin 9 2 • Memory Array A5 Row • 64 Row 
A6 Select 

64 Columns 17 • 
A7 BLOCK DIAGRAM 

16 
A8 

14 
1/01 

13 
1/02 

12 
1/03 

5 6 7 15 

AO Al A2 A9 

This is advance information and specifications are subject to change without notice. 
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MCM2114 
MCM21L14 

MOS 
(N-GHANNEL, SILICON-GATE) 

4096-BIT STATIC 
RANDOM ACCESS 

MEMORY 

P SUFFIX 
PLASTIC PACKAGE 

CASE 707-01 

C SUFFIX 
FR IT-SEAL 

CERAMIC PACKAGE 

ALSO AVAILABLE 

PIN ASSIGNMENT 

~ 

A6 1 [ " 18 

A5 ·2 [ 17 

A4 3 [ 16 

A3 4 [ 15 

AO 5 [ 14 
i 

A1 6 [ ~ 13 
I 

A2 7 l P 12 
I 

S- S [ r 11 

VSS 9 [ 10 

PIN NAMES 

AO-A9 Address Inout 

W Write Enable 

S Chip Select 

VCC 

A7 

AS 

A9 

1/01 

1/02 

1/03 

1/04 

W 

1/01-1/04 Data Input/Output 

Vce 
VSS 

©MOTOROLA INC .. 1977 

Power (+5 V) 

Ground 

ADI-470 
Formerly NP-79 

©IC MASTER 1979 



MCM2114 

DC OPERATING CONDITIONS AND CHARACTERISTICS ~ 

(Full operating voltage and temperature range u,nless otherwise noted.l 

RECOMMENDED DC. OPERATING CONDITIONS 

MCM2114 MCM21L14 .. 
Parameter Symbol Min Nom Max Min Nom Max Unit 

. Input load Current III - - 10 - - 10 IJ.A 
(All Input Pins, Vin= 0 to 5.5 V) 

I/O • .!:.eakage Current IllOI - - 10 - - 10 IJ.A 
(S = 2.4 V, VI/O = 0.4 V to VCC) 

Power Supply Current ICC1· - 80 95 - - 65 mA 
(Vin = 5.5, tl/O =0 mA, T A = 250C) 

Power Supply Current ICC2 - - 100 - - 70 mA 
(Vin = 5.5 V, 11/0 = 0 mA, TA = OoC) 

Input low Voltage Vil -0.5 - 0.8 -0.5 - 0.8 V 
Input High Voltage VIH 2.0 - 6.0 2.0 - 6.0 V 

Output low Current 10l 2.1 6.0 - 2.1 6.0 - mA 
,VOl=O.4V 

Output High Current 10H - -1.4 -1.0 - -1.4 -1.0 mA 
VOH = 2.4 V 

Output Short Circuit Current IOS(2) - - 40 - - 40 mA 

Note: 2. Duration not to exceed 30 seconds. 

CAPACITANCE 
(f = 1.0 MHz, T A = 250C~ periodically sampled rather than 100% tested.) WRITE CYCLE TIMING (Note 6) 

Characteristic Symbol Max Unit ~----twc ----

Input Capacitance (~in =0 V) Cin 5.0 pF Address ~ 

Input/Output Capacitance (VI/O = 0 V) CI/O 5.0 pF 

s~ l\\\ rllili/. rlllili. 
READ CYCLE TIMING (Note 5) 11twR~ 

'RC----_ 
tw_ 

w---' ~ '(///-
i---,---IA - tOTW 

Address 
D out 

D."~'DW-~~ 
S \\\\\\\\\\\\\\\\\\'\ 1III VII/III 

~'OTDi . f--tso- Notes: 
-

5. W is high for a Read cycle. 
r-'sx --..I 'OHA 6. If the S low transition occurs simultaneously with the W low 

Dout transition. th,e output buffers remain in a high impedance rate. 

I 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
Read (Note 3), Write (Note 4) Cycles 

RECOMMENDED AC OPERATING CONDITIONS ITA = 0 to 700 e, Vee = 5,0 V \ 10%) 

MCM2114-20 MCM2114-25 MCM2114-30 MC.M2114-45 
MCM21L14-20 MCM21 L 14-25 MCM21 L 14-30 MCM21 L 14-45 

Parameter Symbol Min Max Min Max Min Max Min Max Units 

Read Cycle Time tRC 200 ....: 250 - 300 - 450 - ns 

Access Time tA - 200 - 250 - 300 - 450 ns 

Chip Selection to Output Valid tso - 70 - 85 - 100 - 120 ns 

Chip Selection to Output Active tsx 20 - 20 - 20 - 20 - ns 

Output 3-State From Deselection tOTO - 60 - 70 - 80 - 100 ns 

Output Hold From Address Change tOHA ' 50 - 50 - 50 - 50 - ns 

Write Cycle Time twc 200 - 250 - 300 - 450 - ns 

Write Time tw 120 - 135 - 150 - 200 - ns 

Write Release Time tWR 0 - 0 - 0 - 0 - ns 

Output 3-State From Write tOTW - 60 - 70 - 80 - 100 ns 

Data to Write Time Overlap tow 120 - 135 - 150 - 200 - ns 

Data Hold From Write Time tDH 0 - 0 - 0 - 0 - ns 

Notes: 3. A Read occurs during the overlap of a low S and a high W. 4. A Write occurs during the overlap of a low S and a low W. 

MOTOROLA Semiconductor Product. Inc. 
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MOTOROLA'S PIN COMPATIBLE ROM FAMILY 
64K (Industry Standard Pinouts) 

32K 

2 

3 

4 24 81< 
22 

5 21 
23 

24 
6 20 

22 
23 

7 19 
21 

22 
8 18 

20 
21 

9 QO 
17 

19 
20 

10 Q1 
16 

18 
19 

11 Q2 17 
18 15 

12 
14 

16 
17 

15 
16 

14 
15 

13 
14 

Q3 13 

MCM68A308 

ROM FAMILY 
The MCM68A/MCM68B is a mask-programmable byte-organi~ed memory 

family designed for use in bus-organized systems. They are fabricated with 
N-channel silicon-gate technology. For ease of use, the devices operate from 
a single power supply, have compatibility with TTL and DTL, and need no 
clocks or refreshing because of static operation. 

The memories are compatible with the M6800 Microcomputer Family, pro­
viding read only storage in byte increments. 

• Fully Static Operation 
• Single ± 10% 5-Volt Power Supply 
• Three-State Data Output fo~ OR-Ties 
• Mask Programmable Chip Enable 
• Full TTL Compatibility 
• Maximum Access Time - 250 ns - MCM68B 

350 ns - MCM68A 
• EPROM Pin Compatible 

AO 8 
A1 7 
A2 6 
A3 5 

BLOCK A4 4 Address 

DIAGRAM A5 3 Decode 

A6 2 
A7 1 
A8 23 
A9 22 

A10 19 
A11 18 
A12 21 

*E orS 20 

• Active level defined by the user. 

Memory 
Matrix 

(8192 X 8) 

This is advance information and specifications are subject to change without notice. 
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MCM68A364 
MCM68B364 
MCM68A308 
MCM68B308 
MCM68A316A 
MCM68A30A 
MCM68B30A 

CSUFFIX 

FRIT-SEAL 
PACKAGE 

CASE 623 

PSUFFIX 

PLAsnc PACKAGE 

CASE 709 

3-State 
Output 
Buffers 

9 DO 
10 01 
11 02 
13 03 
14 04 
15 ()5 
16 06 
17 07 

Vee" Pin 24 

VSS ~ Pin 12 

@MOTOROLA INC., 1978 ADI494 
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MCM68A364 • A308 • A316A • A30A 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS 
Parameter Symbol Min 

Supply Voltage VCC 4.5 
(V CC must be appl ied at least 100 IJS before proper device 

operation is achieved) 

Input High Voltage VIH 2.0 

Input Low. Voltage VIL -0.3 

DC CHARACTER ISTICS 
Characteristic Symbol Min 

I nput Current lin -
(Vin = 0 to 5.5.V) 

Output High Voltage - VOH 2.4 
(I0H = -205IJA) 

Output Low Voltage VOL -
(lOl == 1.6mA or 3.2 mA for 64K) 

Output Leakage Current (Three-State) ILO -
(Vout = 0.4 Yo_to 2.4 V) 

Supply Current - Active ICC -
(VCC = 5.5 V, TA = OoC) 

Supply Current ~ Standby ISB -
(VCC = 5.5 V, TA = OOC, E = VI H) 

CAPACITANCE 
(f = 1.0 MHz, T A = 250 C, periodically sampled ~ather than 100% tested.l 

Characteristic Symbol Max Unit 

Input Capacitance Cin 7.5 pF 

Output Capacitance Cout 12.5 pF 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
Read Cycle (64K only) 

RECOMMENDED AC OPERATING CONDITIONS 
(T A = 0 to 700 C, VCC = 5.0 V ± 10%. All timing with tr = tf = 20 ns, load of Figure 1..1 

MCM6SB364 

Param~ter Symbol Min Max 

Address Valid to Address Don't Care tAVAX 250 : -
(Cycle Time when Chip Enable is held Active) 

Chip Enable Low to Chip Enable High tELEH 250 -

Address Valid to Output Valid (Access) tAVOV - 250 

Chip Enable Low to Output Valid (Access) tELOV - 250 
" -

Address Valid to Output Invalid - tAVOX 10 -

Chip Enable Low to Output Invalid tELOX 10 -
Chip Enable High to Output High Z tEHOZ 0 70 

Chip Selection to Power Up Time tpu 0 -

Chip Deselection to Power Down Time tpD - 100 

Address Valid to Chip Enable Low (Address Setup) tAVEL 0 -

TIMING PARAMETER ABBREVIATIONS 

Nom Max 

5.0 5.5 

- 5.5 

- O.S 

Typ Max 

- 2.5 , 

- -

- 0.4 

- 10 

45 SO* 

6.0 10 

MCM6SA364 

Min Max 

350 -

350 -

- 350 

- 350 

10 -
10 -
0 SO 

0 -

- 120 

0 -

Unit 

Vdc 

Vdc 

Vdc 

Unit 

IJAdc 

• Vdc 

Vdc 

IJAdc 

mAdc 

mAdc 

*1-30 mAde for 
MCM6830A and 
MCM68A316A, 

Unit 

ns 

t X X X X 

signal name from which interval is defined -.J I 1\ 
transition direction for first signal 

The transition definitions used in this data sheet are: 

signal name to which interval is defined -

transition direction for second signal 

H = transition to high 
L = transition to low 

V = transition to yalid 

X = transition to invalid or don't care 

Z = transition to off (high impedance) 

L..-_______ ® MOTOROLA Serniconducf:or Producf:s Inc. -----------
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MCM68A364 • A308 • A316A • A30A 

. AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted. 

All timing with tr :: tf :: 20 ns, Load of Figure 1) 

MCM68A308 MCM68B308 

Characteristic Symbol Min Max Min Max Unit 

Cycle Time tcyc 350 - 250 - ns 

Access Time tacc - 350 - 250 ns 

Chip Select to Output Delay tso - 150 - 150 ns 

Data Hold from Address tDHA 10 - 10 - ns 

Data Hold from Deselection tDHD 10 150 10 150 ns 

TIMING LIMITS 

The table of timing values shows either a minimum or 
a maximum limit for each parameter. Input requirements 
are specified from the external system point of view. 
Thus, address setup time is shown as a minimum since the 
system must supply at least that much time (even though 

FIGURE 1 - AC TEST LOAD 

~ 5.0 V 

RL'" 2.5 k n 
(1.2 k n 
for 64K) 

Test Point O-...... l--4--.. L~ ...... --4 MM06150 ,..... ~ r or Equiv 

~ 

130PF.~J:J~ ~ 11.7k ~t MM07000 

~ ~ or Equiv 

~ 

·'ncludes Jig Capacitance 

WAVEFORMS 

Waveform Input Output 
Svmbol 

--- MUST BE WILL BE 

--- VALID VALID 

~ 
CHANGE WILL CHANGE 

FROM H TO L FROM H TO L 

..flZZZT CHANGE WILL CHANGE 
FROM L TO H FROM L TO H 

DON'T CARE: CHANGI'NG: 

~ ANY CHANGE STATE 
PERMITTED UNKNOWN 

=:)-- - HIGH 
IMPEDANCE 

most devices do not require it). On the other -hand, 
responses from the memory are specified from the device 
point of view. Thus, the access time is shown as a maxi­
mum since the device never provides data later than 
that time. 

CUSTOM PROGRAMMING 

By the programming of a single photomask for the 
MCM68/MCM68 family, the customer may specify the 
content of the memory and the method of enabling the 
outputs. 

Information on the general options of the 
MCM68/MCM68 family should be submitted on an Or­
ganizational Data form such as that shown in Figure 3. 

Information for custom memory content may be sent 
to Motorola in one of two forms (shown in order of 
preference) : 

1., IBM Punch Cards 
A. Hexadecimal Format 
B. INTEL Hexadecimal Format 
C. Binary Negative-Positive Format 

2.- EPROMs - four 16K (MCM2716, or TMS2716, 
or eight 8K (MCM2708). 

'--------® MOTOROLA Semiconductor Products Inc. ---------' 
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MCM68A364 • A308 • A316A • A30A 

.8...EAD CYCLE TIMING 1/641< only 
(E Held Low) 

ADDRESS t::=:t"Il----_-_-_-=--=--=--=-_tA_V_A_X=:::::::::::::::::::::::::::::::::::::::::::::.·~1\_ ___ VIH 

----~~~~ V" 
---~------~----~~~~--------~~~-------VOH 

a (Data out! Pr.vious Data Valid Data Valid 
-----~~~~----~~~~----------------------VOL 

READ CYCLE TIMING 2164K only 

-~ _tAVEL 

ADDRESS Addr •• Valid 

tELEH 

~~ -tEHOZi 
I--te Lax--+/. 

Data Valid I }-HI Z-HI Z 

8K, 16K, and 32K READCYCLE TIMING DIAGRAM 

tcyc 

tace 

Addr ... ~ f-2.0 V ~~ !L0.8 V 

2.0 V 
0.8 V 

tso 

0.8 V 
2.0V;t{ KY' 

I-tDHD~ 
t-tDHA 

;,x 

~~ 

2.4 V 
~ ~ 0.4 V )ata Out 

~ = Don't car. 

In addition to Motorola's upward 
. compatible ROM family to other 
MPV, comp~tible ROMS are offered. 
All ROMs have compatible specifica­
tions (any execptions are noted). The 
lKx8 MCM6830A and 2Kx8 
MCM68A316A pin assignments are 
shown below. 

MCM68A316·A 
2048 X 8-BIT 

READ ONLY MEMORY 
PIN ASSIGNMENT 

24 

23 

22 

21 

20 

19 

18 

8 17 

9 16 

10 15 

11 14 

12 13 

MCM68A30A 
MCM68B30A 

1024 X 8-BIT 

READ ONLY MEMORY 

2 

3 

4 

6 

8 

9 

10 

11 

12 

PIN ASSIGNMENT 

PIN NAMES 

AO-A12. Address 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

E . . . Chip Enable 

00-07 ... Data Output 

S .. Ch ip Selects 

V CC .. + 5 V Power Supply 

VSS ... Ground 

"------@ MOTOROLA Selniconduc'tor Produc'ts Inc. -------
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Advance In~orIDation 

1024 X 1 BIT STATIC RANDOM ADDRESS MEMORY 

The MCM146508 and MCM146518 are fully static 1024 X 1 
RAMS fabricated using high performance silicon gate CMOS tech­
nology. They offer low-power operation from a single 5.0 V supply 
with data retention to 2.0 V. The MCM146508 has the two select 
lines and the enable line brought out as a single enaQle line. 

• Lmt"v' Standby and Operating Power 

• Single 5.0 V Supply 

• Data Retention to 2.0 V 

• Fast Access Time 

• Address Latches 

• Three-State Outputs 

• Fully TTL Compatible Inputs/Outputs 

• Fully Static Operation 

• Direct Replacement for 
Harris HM6508/HM6518 
Intersi11M6508/IM6518 

TABLE 1 

Type Number 

MCM14650S/MCM146518 

MCM 146508-1 /MCM 146518-1 

MCM146508-2/MCM146518-2 

A5 
A6 
A7 
A8 
A9 

D 0-------1 

w 

Package Typical Current 

Suffixes 2 Vdc 5 Vdc 

LIP 0.1 jJ.A 5.0jJ.A 

LIP 0.01 jJ.A 1.0jJ.A 

L 0.01 jJ.A 1.0 jJ.A 

BLOCK DIAGRAM 

AO A1'A21A3 1A4 

Maximum Operating 
Access Temperature 
Time Range 

460 ns -40 to +850 C 

300 ns -40 to +850 C 

300 ns -55 to + 125°C 

Q 

*For MCM146508 S1, S2 are connected to the E input. 

2 

3 

4 

5 

6 

7 

8 

MeM14650S 
MCM146518 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

1024 X 1 BIT STATIC 
RANDOM ACCESS MEMORY 

L SUFFIX 
CASE 620 

L SUFFIX 
CASE 680 

PSUFFIX 
CASE 648 

P SUFFIX 
CASE 707 

MCM14XXXX 11SUffiX Denotes 

L Ceramic Package 
P Plastic Package 

See Table 1 

PIN ASSIGNMENT 

E 16 

AO 15 

A1 W 14 

A2 13 
MCM1465Q8 

A9 

A3 A8 

A4 A7 

Q A6 

VSS A5 

MCM146518 

12 

11 

10 

9 

18 

17 

16 

15 

14 

13 

12 

11 
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MCM146508. MCM146518 

MAXIMUM RATINGS Noltages Referenced to Vss) AC OPERATING CONDITIONS 
Rating Symbol Value Unit Condition Value 

DC Supply Voltage VDD -0.5 to +7.0 Vdc Input Pulse Levels +0.8 V to VDD - 2.0 V 

Input Voltage, All Inputs Vin -0.31'0 VDD + 0.3 Vdc Input Rise and Fall Times 20 ns 

Operating Temperature Range TA °c Output Load 1 TTL Gate and CL = 50 pF 
MCM146508/MCM146518 -40 to +85 
MCM146508-1/MCM146518-1 -40 to +85 
MCM146508-2/MCM146518-2 -55 to+125 

Storage Temperature Range Tstg -65 to +150 °c 

,Timing Measurement Reference Level 1.5 V 

Supply Voltage 5.0 V ± 10% 

Temperature Range 

MCM146508/MCM146518 -40°C to +850 C 
MCM146508-1/MCM146518-1 -40°C to +850 C 

CAPACITANCE MCM146508-2/MCM146518-2 -55°C to + 125°C 

Characteristic 

Input Capacitance (Vin = 0 VI 

Output Capacitance (Vout = 0 VI 

DC CHARACTERISTICS (VDD = 5.0 V ±10%. TA = 25°C) 

MCM14650S-1 MCM14650S MCM14650S-2 
MCM146518-1 MCM14651S MCM14651S-2 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Input Current lin - 5.0 - - 5.0 - - 5.0 - nAdc 

Input High Voltage VIH VDD - 2.0 - VDD VDD - 2.0 - VDD - - VDD Vdc 

Input Low Voltage VIL -0.3 - 0.8 -0.3 - 0.8 -0.3 - 0.8 Vdc 

Output High Voltage VOH 2.4 - - 2.4 - - 2.4 - - Vdc 
UOH = -1.0 mAl 

Output Low Voltage VOL - - 0.4 - - 0.4 - - 0.4 Vdc 
UOL = 2.0 mAl 

Output Leakage Current IOL - - ± 1.0 - - ±1.0 - - ± 1.0 ~Adc 

(VOL = 0 V to VDD) 

Standby Current IDDSS - 0.1 10 - 1.0 100 - 1.0 100 nAck 
(VIH = E=S1 =52 = VDD) 

Data Retention Current IDDDR - 0.1 1.0 - 0.1 10 - 0.1 10 ~Adc 

(VDD = 2.2 V = VIH = 
E =51=52) 

Operating Current IDDOP - - - - - - - - - mAde 
ItELEH ~ 1.0 ~s) 

AC CHARACTE R ISTICS 
MCM14650S·1 MCM14650S-2 MCM146508 
MCM14651S-1 MCM14651S·2 MCM14651S 

Parameter Symbol Min 

Read or Write Cycle Time tELEL 500 

Enable Pulse Width, Low tELEH 300 

Enable Pulse Width, High tEHEL 200 

Enable Access Time tELOV -

Address Setup tAVEL 7.0 

Address Hold tELAX 90 

Data Setup tDVWH 200 

Data Hold tWHDX 0 

Write Pulse Width tWLWH 200 

Write Enable to Output Disable tWLOZ -
Output Disable (MC146508 Only) tEHOZ -
Output Disable (MC146518 Only) tSHOZ -

Write Disable to Output Enable tWHOX -

Output Enable (MC146508 Only) tELOX -

Output Enable (MC146518 Only) tSLOX -

Select to Write Pulse Setup tWLSH 200 

Select to Write Pulse Hold tSLWH 200 

Enable to Write Pulse Setup tWLEH 200 

Enable to Write Pulse Hold tELWH 200 

TIMING PARAMETER ABBREVIATIONS 
t X X X X 

signal name. f mm which .nt",,1 i, d'fined -.J I II 
transition direction for first Signal 

signal name to which interval is defined 

transition direction for second signal 

The transition definiti()ns used in this data sheet are: 

H = transition to high 

L = transition to low 

V = transition to valid 

X = transition to invalid or don't care 

Z = transition to off (high impedance) 

Max Min Max Min Max Unit 

- 500 - 760. - ns 

- 300 - 460 - ns 

- 200 - 300 - ns 

300 - 300 - 460 ns 

- 7.0 - 15 - ns 

- 90 - 150 - ns 

- 200 - 300 - ns 

- 0 - 0 - ns 

- 200 - 300 - ns 

180 - 180 - 285 ns 

180 - 180 - 285 ns 

180 - 180 - 285 ns 

180 - 180 - 285 ns 

180 - 180 - 285 ns 

180 - 180 - 285 ns 

- 200 - 300 - ns 

- 200 - 300 - ns 

- 200 - 300 - ns 

- 200 - 300 - ns 

TIMING LIMITS 

The table of timing valu~s shows either a minimum or 

a maximum limit for each parameter~ Input requirements 

are specified from the external system point of view. 

Thus, address setup time is shown as a minimum since the 

system must supply at least that much time (even though 

most devices do not require it). On the other hand, 

responses from the memory are specified from the device 

point of view. Thus, the access time is shown as a' maxi­

mum since the device never provides data later than 

that time. 

L..-______ ® MOTOROLA Sen'liconductor Products Inc. ______ ---J 

©IC MASTER 1979 1535 



as 
e 
o ...... 
o 
:E 

256 X 4 BIT STATIC RAM 

The MCM145101 family of CMOS RAMs offers ultra low power 
and fully static operation with a single 5 volt supply. The CMOS 
1024·bit devices are organized in 256 words by 4 bits. Separate data 
inputs and data outputs permit maximum flexibility in bus-oriented 
systems. Data retention at a power supply as low as 2.0 volts over 
temperature readily allows design into applications using battery 

backup for nonvolatility. The MCM145101 is fully static and does 
not require clocking in standby mode. 

The MCM145101 is fabricated using the Motorola advanced ion­
implanted, silicon-gate technology for high performance and 
high reliability. 

• Low Standby Power 
• Fast Access Time 
• Single + 5.0 Volt Supply 
• Fully TTL Compatible-All Inputs and Outputs 
• Three-State Output 
• Fully 'Static Operation 
• Data Retention to 2.0 Volts 
• Direct Replacement for: 

Intel 5101 Series 
AM I S5101 Series 
Hitachi MH435101 Series 

• Pin Replacement for Harris HM6501 Series 

Typical Current Typical Current Max Access 

Type Number @2Vdc (IlA) @5Vdc (IlA) (ns) 

MCM145101 L, MCM145101P 0.14 0.2 650 

MCM145101-1 L, MCM145101·1 P 0.14 0.2 450 

MCM145101-3L, MCM145101·3P 0.70 1.0 650 

MCM145101-8L, MCM145101-8P 10 800 

BLOCK DIAGRAM 
4 

AO 

Row 
Cell Array 

A1 32 Rows VCC = Pin 22 
Decoders 32 Columns Gnd = Pin 8 A2 

A3 

A4 
001 

CE2 
19 

CE1 
002 

{Enable) 
20 

RIW 003 
011 

9 Input 
11 Data 

012 
13 ContrOl 004 013 
15 

014 

00 

This is advance information and specifications are subject to change without notice. 
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MCM145 101 

CMOS.LSI 
(LOW-POWER COMPLEMENTARY MOS) 

1024-BIT STATIC 
RANDOM ACCESS MEMORY 

L SUFFIX 
CERAMIC PACKAGE PSUFFIX 

CASE 736 PLASTIC PACKAGE 
CASE 708 

ORDERING INFORMATION 

MCM14XXXX 

P 

-1 I -3 Selections for 
-8 speed and 

power (see 
(Not table) 
Used) 

~IN ASSIGNMENT 

A3 22 

2 21 

3 20 

4 AO 19 

5 A5 18 

6 A6 17 

7 A7 16 

8 Gnd 15 

9 011 14 

10 001 013 13 

11 012 002 12 

TRUTH TABLE 

ffi CE2 00 RIW Din Output Mode 

H X X X X High Z Not" Selected 
X L X X X High Z Not Selected 
X X H H X High Z Output Disabled 
L H H L X High Z Write 
L H L L X Din Write 
L H L H X DOut Read 

@MOTOAOLAINc .• 1978 OS 9455R1 
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MCM145101 

DC OP.ERATING CONDITIONS AND CHARACTERISTICS .. 

(Full operating voltage and temperature range unless otherwise noted) 
I 

DC CHARACTERISTICS (TA = 0 to 700 C, VCC = 5 V ±5%) 

MCM145101,-1 MCM145101-3 MCM145101-8 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

I nput Current lin(2) - 5.0 - - 5.0 - - 5.0 - nAdc 

Input High Voltage VIH 2.2 - VCC 2.2 - VCC 2.2 - VCC Vdc 

Input low Voltage Vil -0.3 - 0.65 -0.3· - 0.65 -0.3 - 0.65 Vdc 

Output High Voltage VOH 2.4 - - 2.4 - - 2.4 - - Vdc 
(lOH = -1.0 mAl 

Output low Voltage VOL - - 0.4 - - 0.4 - - 0.4 Vdc 
(lOl = 2.0 mA) 

Output leakage Current IlO(2) - - ± 1.0 - - ±LO - - ±2.0 ILAdc 
(CE1 = 2.2 V, VOL = 0 V to VCC) 

Operating Current ICC1 - 9.0 22 - 9.0 22 - 11 2·5 mAdc 
(Vi" = VCC' except CE1 .;;;; 0.65 V, outputs open) 

Operating Current ICC2 - 13 27 - ·13 27 - 15 30 mAdc 
(Vin = 2.2 V, except CE1 .;;;; 0.65 V, outputs open) 

Standby Current ICCl (2) ,(4) - - 10 - - 200 - - 500 ILAdc 
(CE2';;;; 0.2 V) 

CAPACIT ANCE 
( 

Characteristic Symbol Typ Max Unit 

Input Capacitance (Vin = 0 V) Cin 4.0 8.0 pF 

Output Capacitance (Vout = 0 V) Cout 8.0 12.0 pF 

LOW VCC DATA RETENTION CHARACTERISTICS (Excluding MCM145101-8) T A = OoC to 700 C 

Parameter Test Conditions Symbol Min Typ.(1) Max Units 

V CC for Data Retention VDR 2.0 - - Vdc 

MCM145101 or MCM145101-1 Data VDR = 2.0 V, ICCDR1 - 0.14 10 ILAdc 
Retention Current 

MCM145101-3 Data Retention Current 
CE2.;;;; 0.2 V 

VDR = 2.0 V, ICCDR2 - 0.7Q 200 ILAdc 

Chip Deselect to Data Retention Time tCDR 0 - - ns 

Operation Recovery Time tR tRCI3) - - ns 

NOTES: 1- Typical values are TA = 250 C and nominal supply voltage. 
2. Current through all inputs and outputs included in ICCl measurement. 
. 3. tRC = Read Cycle Time . 
4. Low current state is for CE2 = 0 only. 

LOW VCC DATA. RETENTION WAVEFORM TYPICAL ICCDR versus TEMPERATURE 

Data Retention I 1 
Supply 

~Mode_ Vec = 2.0 V /V Voltage CE2 = 0.2 V 

l5: 4

.

75V7' 1.0 r--
(VCC) Vin = 2.0 V V 

tR <t / 
tCDR----' .3 

// f4- -VDR a: 
VIH :) ,r 0 

(.) 
0.1 ~ /V Chip Enable 

(CE2) OV / 
0.01

0 10 20 ·30 40 50 60 70 

TEMPERATURE (OC) 

MOTOROLA SelTliconduc1:or Produc1:s Inc. 
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MCM145101 

READ CYCLE 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted) 

AC TEST CONDITIONS 

Condition Value 

Input Pulse Levels +0.65 V to 2.2 V 

Input Rise and Fall Times 20 ns 

Output Load - 1 TTL Gate and CL = 100 pF 

Timing Measurement Reference Level 1.5 Volt 

MCM145101·1 MCM145101,-3 

Parameter Symbol Min I Max Min Max 

I Read Cycle f tRC 450 - 650 ~ 

Access Time tA - 450 - 650 

Chip Enable (CE1) to Output tCOl - 400 - 600 

Chip Enable (CE2) to Output tC02 - 500 - 700 

Output Disable to Output too - 250 - 350 

Data Output to High Z State tOF 0 130 0 150 

Previous Read Data Valid with Respect to Address Change tOHl 0 - 0 -
Previous Read Data Valid with Respect to Chip Enable tOH2 0 - 0 -

WRITE CYCLE 

Write Cycle twc 450 - 650 -
Write Delay tAW 130 - 150 -
Chip Enable (CE1) to Write tCWl 350 - 550 -
Chip Enable (CE2) to Write tCW2 350 - 550 -
Data Setup tow 250 - 400 -
Data Hold tDH 50 - 100 -
Write Pulse twp 250 - 400 -
Write Recovery twR 50 - 50 -
Output Disable Setup tDS 130 - 150 -

READ CYCLE TIMING WRITE CYCLE TIMING 

MCM145101-8 

Min Max 

800 -
- SOo 
- 800 

- 850 

- 450 

0 200 

0 0 

0 0 

800 -
200 -
650 -
650 -
450 -
100 -
450 -

100 -
200 -

..... -----tRC -----+-1 ~-------twc------~ 

Address Address 

CE1 

CE2 CE2 

~~---tCW2-----~ 

00--+---"" 00--- r----------------r----~---
(Common I/O) (1) (Common 1/0){2) 

Data 
Out _____________ J 

NOTES: 1. 00 may be tied low for separate I/O operation. 
2. During the write cycle, 00 is "high" for commor 

I/O and "don't care" for separate I/O operation. 

Data 
In _~ __ '"_ _______ _+_' '-_+--_ 

~----twP-----~·~1 

'--------® MOTOROLA Serniconduc'for Produc'fs Inc. ---------' 
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Futu-re Memory 
Technology Development 

ABSTRACT: Semiconductor integrated circuit based 
memory devices became the dominant Random Access 
Memory technology in less than 8 years. They were able 
to achieve this because their batch manufacturing pro­
cess allowed a very rapid reduction of cost per bit of 
storage through technological changes to increase batctT 
density. Continued progress in density improvement at 
essentially unchanged rates is still feasible. It will, 
however, require major changes in manufacturing, 
device and material technology. 

Since the beginning ofthe 70's, semiconductor integrated 
circuits used as digital storage elements have become a 
very significant factor in the total spectrum of informa­
tion storage technology. They became the dominant 
technology for random access memories and are begin­
ning to make inroads into the slower serial access memory 
market, presently dominated by magnetic discs and 
drums. 

The ability of integrated circuit technology to continue 
to offer digital data storage at very rapidly decreasing 
cost per bit of storage is a consequence of the batch 
manufacturing process. It allows introductions of new 
products which are cost effective even at very low 
manufacturing efficiency level, obtain very steep cost: 
reduction during product life by rapid increase of 
manufacturing efficiency and continue to stay on the 
steep cost reduction curve by going to a higher level of 
integration when cost improvements through improved 
manufacturing efficiencies are starting to flatten out. 

However. to go to a higher level of integration, which in 
case of Random Access Memory circuits, usually means 
a four-fold increase in number of bits on the chip, a 
significant improvement in batch density is required, 
otherwise no benefit is derived (Figure 1). 

This batch density (i.e., number of potentially good 
storage elements processed together as a single unit 
(i.e., a silicon wafer) has shown an even highei rate of 
growth than the much more visible increase in the num­
ber storage bits/memory circuit. 

During the past eight years the number of potentially 
good storage elements contained on a single silicon wafer 
has risen from about 50,000 to over 6 million, with the 
cost of processing a wafer rising only very slowly and 
manufacturing efficiency expressed as the percentage 
of good units staying level or improving slightly. 

Future progress in memory technology can be examined 
in terms of this single variable common to all present 
and future solid state memory technologies. 

There are several technological trends that are unfolding 
right now which are likely to impact future- memory 
technology developm-ents. 

*Refer to Introduction. This paper presented at COMPCON 1977 

National Semiconductor 
Thomas Klein* 
January 1978 

These trends can be classified under the following cate­
gories: 

a. Continued evolutionary process of memory cost 
reduction through more advanced circuit and device 
design techniques and improved process and manufac­
turing efficiencies. 

b. A significant change in device and circuit sizes 
through major changes in pattern definition technology 
and an electrical scaling of devices to take advantage- of 
the size reduction. 

c. Charge Coupled Device and Magnetic Bubble Domain 
device based memory technologies. 

INITIAL 
PRODUCT 

(1) 

NOTES: 

\ 
\ 
\ OVERALL LONG·TERM TREND 

\ OF COST/FUNCTION 

\ 

TIME (YEARS) 

(1) Product is introduced. very little or no competition. 

(2) Product is multiple sourced but pr.ices still hold up as 
production is limited. 

(3) Production expands dramatically as yields improve. com­
petition -is fierce. prices tumble. marginal suppliers are 
beginning to drop out. 

(4) Significant yield improvements are no longer available. new 
product is beginning to compete for the same market. 
competition is still intense. suppliers still drop out. 

(5) Major market share is taken by new generation of product. 
market shrinks but prices hold up as competition is minimal. 

FIGURE 1. Typical Decrease of Memory Products' 
Prices/Costs During Product Life 

"TURN TO PAGES 270-285 FOR FULL APPLICATION NOTE" 
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a. EVOLUTIONARY PROCESS 

This approach has so far been the most successful and 
continued improvements may still be expected. In fact, 
as long as this is a viable path for future development, 
it is likely to be the most vigorously pursued approach. 

In terms of its future potential, we might examine past 
contributions to batch density improvements. 

The total batch density improvement of 120·fold in 
eight years was contributed by: 

1. Higher bit density through design and process innova­
tion: 13.5x 

2. Larger wafer area: 4x 

3. Smaller feature sizes and tighter alignment tolerances: 
2.2x 

Continued improvement based on comparable contribu­
tions from the same sources is no longer feasible for 
the following reasons: 

Design and process improvements, the most profitable. 
source of past batch density improvement. is getting 
sufficiently close to its theoretical limits so that progress 
in it is likely to slow down (Figure 2). It is clear that 
regardless of whatever technique we use to design or 
build a memory cell, it must have at least 2 features in 
both x and y directions, one to store the information 
and one to separate it from the adjacent cell. This 
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NOTES: 
(1) Theoretical limit. current wafer and feature sizes. 
(2) Theoretical limit. assuming continued improvements in 

wafer size increase and feature size reduction. 
(3) Theoretical limit, assuming constant rate of wafer size 

increase and an increasing rate of feature size reduction. 
(4) Increase due to design and process innovations. 
(5) Increase due to feature size improvement. 
(6) Increase due to wafer size. 
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FIGURE 2. Past and Projected Contributions to Batch 
Density Improvements 

defines a theoretical minimum cell size of 4 f2 where f is 
the minimum feature size determined by the limits of 
pattern definition technology. 

Cell size eight years ago was a rich 200 f2 leaving plenty 
of room for improvement. loday's cell size of 20 f2 or 
less is sufficiently close to the theoretical limit of .4 f2 
that we can no longer project a rate of improvement 
comparable to past norms. We will do extremely well if 
we can extract a further 3-fold improvement. 

Wafer size improvement will continue at an essentially 
constant rate. Wafer size increases are important not 
only for increased productivity, but wafer size is strongly 
correlated to maximum economically manufacturable 
die size (Figure 3). Wafer diameter has been increasing 
at a rate of about 1.4 times every four years. This rate of 
increase is tied not only to the rate at which equipment 
manufacturers can develop new tooling to handle the 
larger wafer size, but also to the rate at which capital 
is invested in the semiconductor industry. 

i 
>< 

~ 
N 
en 
is 

400 X 400 

300 X 300 

201 X 200 

100 X loti 

2.10" 
(1!168) 

3.00" 
119731 

4.00" 
(19111 

WAFER OIAMETER 

6.00·'15 .• n 
1111111 

FIGURE 3. Maximum and Economic Die Size as a 
Function of Wafer Diameter (Time) 

Feature size reduction. While we expect significant pro­
gress in this area, little of it can be considered evolu­
tionary. In th~ past, progress in this area was completely 
evolutionary; contributing relatively little to density 
improvement. In the next 5 to 10 years we expect 
major changes in the technology and we will discuss 
those changes in detail later. 

We also expect that manufacturing yields wi" increase in 
the next 5 to 10 years. This wi" be a factor in cost 
reduction but not in density . 

The reason for yield improvement is the expected 
reduction in the rate of density improvement due to 
design and process improvements. Present manufacturing 
yields which include losses in wafer manufacturing, 
die sort, assembly and final test vary from under 5% for 
a' leading edge product to about 25% for a mature 
product. 

In the past, as long as significant density improvements 
were available from design and process innovations, 
engineering effort and talent was better utilized in 
trying to improve a new high density product's yield 
from 5% to 25%. Trying to extract the yield improve­
ment available between 25% and 50%-60% which is 
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probably the practical upper limit for any semiconduc­
tor product, was both harder and less rewarding. With 
less potential improvement available from de.sign and 
process innovations, we can probably ~xpect higher 
overall yields for mature products. 

In summary, the evolutionary trenq, while it will still 
contribute significantly to future cost reductions, its 
contribution will be proportionately less than it has been 
in the past. 

b. FEATURE SIZE IMPROVEMENT 

Minimum feature size ·has. been remarkably stable over 
the past 20 years of integrated circuit technology 
development. This was probably due to the fact that 
there was very little change in pattern definition techno­
logy. Up to 1975 the pattern definition technology, 
at least at wafer . level, was basically unchanged from 
what it was in the late 50's and progress was obtained by 
better engineering, controlling and understanding the 
process and using improved photochemical materials. 

Maskmaking technology made much more consistent 
progress, converting from an essentially manual drafting 
to a completely computerized pattern definition process. 

Since the mid-70's, very significant changes are begin­
ning to occur at wafer level too. Availability and accep­
tance of projection aligners is the· first and probably the 
most significant of these changes. 

Their introduction did not lead to an immediate reduc­
tion in feature size, but the control, reproducibility and 
accuracy of mask dimensions that they allow, makes 
feature size redu'ction a much more realistic task. 

Improved high resolution photoresists are also becoming 
available. 

Dry etching techniques are important technological 
achievements and will also be contributing to feature 
size reduction. 

Electron beam and X-ray lithography are the most 
frequently mentioned technologies to achieve significant 
reductions in feature size. 

There is undoubtedly significant progress being made in 
these areas and some of the results are impressive. 
However, they have to overcome some very significant 
technical and economic hurdles before they can make an 
impact on memory technology (Figure 4). 

Electron beam writing techniques are already available 
for maskmaking purposes where they offer some very 
real advantages. For direct writing on wafers, however, 
they still have to improve significantly and come down 
in price before they can make an impact on memory 
technology. Presently, projected mach"ine ~osts and' 
throughput times are such that processing wafers with 
electron beam writing instead of conventional masking­
assuming no other technical problems-would raise wafer 
processing cost by a factor of 5. This cost increase would 
take care of all cost reduction achieved by the smaller 
feature size at equal yield. Since the smaller feature 
size means more densely built circuits sensitive to much 
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smaller defect sizes the most immediate consequence of 
feature size reduction is yield reduction. 
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FIGURE 4. Cost of 'Key Equipment for Various 
Pattern Definition Technologies and Minimum 
Feature Sizes 

X-ray lithography techniques have still to resolve three 
basic problems. 

a. Maskmaking technology 

b. Sufficiently intensive X-ray sources 

c. P,attern registration 

If they can solve these problems, they can be potentially 
very powerful as they can use a fixed mask and do not 
have to regenerate the entire pattern at every exposure. 

Summarizing present status of pattern definiti.on techno­
logies, we can project improvements in optical pattern 
definition technology to yield a 5 to 8-fold increase in 
batch density over the next 5 to 8 years. This will 
represent a 2.5 to 4-fold increase in the rate of progress 
compared to past experience. Even higher rates of 
progress are possible if electron beam and/or X-ray litho­
graphy matures sufficiently to become cost effective, 
over the next 5 to 8 years. 

Electrical Scaling of Devices 

In the previous discussion, we have made the implicit 
assumption that feature size reduction is equivalent to 
circuit area reduction. 

This is most certainly not the case. Feature size reduction 
will merely define limits to circuit size reduction. The 
actual reCt.Jction available will be determined by how 
closely the electrical device and circuit characteristics 
allow us to approach the limits imposed by pattern 
definition technology. 
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All three presently used major memory technologies 
(i.e., MOS dynamic, MOS static and bipolar static) are 
more limited by device and circuit design considerations, 
rather than optical pattern resolution. 

In case of MOS devices, their performance is a function 
of the operating voltages and their ability to handle high 
operating voltages decreases very rapidly with reduced 
device sizes. Consequently, if denser memory circuits 
were to be built by taking advantage of feature size 
reduction, the operating voltages will have to be reduced. 
The resulting device and circuit performance reduction 
can be regained by re-engineering the entire device, 
reducing oxide thickness, junction depth and increasing 
substrate doping to make the device del iver an equ ivalent 
performance at lower operating voltages. 

This total re-engineering of device structure, processing 
and manufacturing technology is called "scaling" and it 
is obviously a major engineering and manufacturing 
task, involving all aspects of wafer technology. 

Bipolar memory circuits do not appear to suffer from 
this limitation; their's is, however, a different one. 
Device sizes can be reduced but their density cannot be 
significantly increased, because current drain of a 
bipolar device does not scale with size. Consequently, 
any attempt to take advantage of reduced device size by 
increasing number of bits/chip will run into severe power 
dissipation limits. Again the problem is technically 
solvable at an expense of major circuit design/process 
re-engineering efforts to "current scale" bipolar device/ 
process technology. 

12L technology appears technically attractive from this 
point of view (i.e., it would be able to take advantage of 
feature size reduction with the least amount of device 
and/or process engineering changes). Its problem is that 
it has so far not been able to establish a sufficiently 
attractive price/performance combination to gain a 
significant position in the memory market. 

Feature size reduction and the required electrical scaling 
of devices will have some very important consequences 
in terms of relative impact on various memory technolo­
gies. When we scale devices, we adjust some basic device 
parameters and operating voltages so as to obtain as 
nearly identical device and circuit characteristics as 
possible. This can be achieved quite successfully for the 
type of circuits whose design is by and large based on 
the device characteristics that we have scaled (Le., MOS 
static devices). For these devices, reduction of supply 
voltage also brings about a reduction in power dissipa­
tion, so one limitation to higher density, characteristic 
of static 'devices has also been removed. 

MOS dynamic circuits which have traditionally enjoyed 
a 4: 1 density advantage over static devices, rely more 
on second order effects like leakage currents, subthreshold 
conduction and signal to noise ratio in their sense ampli­
fier designs, do riot benefit quite as readily from scaling. 

Leakage current, whose relation to stored charge is 
vitally important to the successful operation of MOS 
dynamic random access memory circuits, does not scale 
proportionately with voltage, due the point defect 
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nature of the leakage current. Typically any junction's 
leakage current represents a spatial averaging over a 
relati'vely large number of defects. Reducing junction 
area will increase fluctuation in number of defect sites 
from one storage area to the next. Since dynamic RAM 
design imposes requirement that aI/storage areas have 
less than certain pre-determined amount of leakage cur­
rent, scaling will typically reduce ratio of stored charge 
to leakage current. Since the signal available is already 
reduced by both scaling and the resulting increase in 
density, designers of future generation of dynamic 
RAM's face some formidable challenges. It is possible 
that the only way they will be able to overcome these 
challenges is to impose very strict environmental limita­
tions on the finished product, flamely cooling or even 
refrigeration of memory systems. 

Feature size reduction and electrical scaling will impose 
some very stringent demands on process engineering in 
term~ of both control and the degree of perfection 
required for good yields from the scaled structures. We 
are assuming that these problems are solvable by evolu­
tionary improvements in processing techniques. We 
should not be surprised, however, if progress in those 
areas from time to time fails to keep up with the more 
visible improvements available from pattern definition 
technology. 

c. NEW TECHNOLOGIES 

Success in semiconductor integrated circuit based ran­
dom access memory technology prompted considerable 
interest in solid state replacements for serial memories. 
The two most often considered candidates are Charge 
Coupled Devices and Bubble Domain Memory devices. 

Charge Coupled Devices represent the densest silicon 
based technology we know. However, their speed and 
ease of use is considerably inferior to random access 
memories and as long as random access memories can be 
made with comparable circuit density, C.C.D. is hard 
pressed to carve out a market position. Typically, for a 
C.C.D. circuit to be competitive with RAMs, it has to 
offer a 4: 1 density advantage over a comparably sized 
RAM circuit. So far it has not been able to do it, partly 
because RAM technology very quickly adopted all 
process improvements made for C.C.D. circuits and 
used them to make competitively sized RAMs. 

However, C.C.D. technology is expected to establish a 
4: 1 density advantage over RAMs in the reasonably near 
future because its technology and organization permits: 

a. Afproaching the theoretical minimum storage area 
of 4 f qoth more easily and more closely than RAMs. 

b. Meeting the challenges of feature size reduction and 
device scaling more easily than dynamic RAM's. 

Several features of C.C.D. technology contribute to 
these advantages. Absence of P-N junctions allows stor­
age and transfer functions to be very similar structurally 
and either very closely spaced, or used interchangeably 
for both functions. 

Although charge is stored dynamically, it is not held at 
any location for longer than a clock cycle so effect of 
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defect density fluctuation is averaged out over a large 
area. Signal strength is comparable to RAM's but there is 
more flexibility in sense amplifier design. Absence of 
contacts and P-N junctions allows more efficient layout 
and easier scaling of devices. 

Bubble Memory Technology 

Although both its device and material technology is 
significantly different from silicon integrated circuits, 
it is also based on a batch manufacturing process with 
the cost of a function very strongly dependent of the 
functional density per batch and manufacturing yields. 

Examined from this point of view, it has some very 
major disadvantages coupled with some even greater 
potential long-term benefits. 

First of all, as a device it is very well suited to serial 
storage of data. Although it is slower than any silicon 
I.C. based storage circuit, it is non-volatile-or at least it 
can be designed to be-and it can also be used to perform 
very simple logic functions' which allow data to be 
stored and retrieved efficiently. Also, it can be used to 
pre-amplify the otherwise very small signal magnetically 
so it can be used to design a reasonably self-contained 
memory chip. 

Its known major disadvantages are: 

1. Very high material cost, caused by both very high 
initial substrate cost and a very costly, difficult and low 
productivity liquid phase epit.axy deposition process. 
Material cost is 30-50 times higher than silicon. 

2. Very high packaging cost. Every circuit has to have an 
individually adjusted bias field and a rotating magnetic 
field built into the package. 

3. A batch density which is presently not significantly 
higher than what is achievable with silicon. 

Set against these disadvantages we can consider the 
potential long-term benefits which motivate the ever 
increasing activity in the field: 

1. Processing typically requires only 3 masking steps, 
only one of which is critical, compared to 6+ for silicon. 
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2. Although present bit density is not impressive, It IS 

based on a relatively simple design with bit area being in I 

the 200f2 region for a T bar configuration, indicating 
very much room for improvement, some of which has 
al ready been implemented experimentally. 

3. Because it has only one critical masking step and no 
critical alignment requirements, it is the technology best 
positioned to take advantage of improvements in pattern 
definition techniques. 

It is difficult today to determine the point both in time 
and in level of 'complexity at which Bubble Memory 
Devices will be able to enter the market and compete 

. successfully. But once they do, they will enjoy a very 
rapid growth comparable to silicon integrated circuit 
based memory circuits for exactly the same reasons. 

Summarizing these trends, there is sufficient visibility 
for the continued technical progress of memory techno­
logy at essentially unchanged rates for the next 5 to 8 
years. 

One word of caution, however, is worth mentioning 
here. The key to past success and the continued objec­
tive of memory technology development is cost reduc­
tion. 

Technical developmerits to continue to increase density 
of memory circuits are worthwhile only if they can 
make a significant contribution to this overall objective. 
They cannot do it if the cost of improvement is so high 
that it swallows up all future cost benefits. 

Even if their cost is less than potential cost reduction 
benefit, they still represent a very significant investment 
in design, process development, production and testing. 
facilities and product start-up costs for the component 
manufacturer. 

Such an investment will only be economically attractive 
if the market for memory products cqntinues to expand 
at a fast rate. 
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~National 
D Semiconductor 

MOS RAMs 

MM5290 16,384-Bit (16,384 x 1) Dynamic RAM 

General Description 

The MM5290 is a 16,384 x 1 bit dynamic RAM. It 
features a multiplexed address input with separate row 
and column strobes. This added flexibility allows the 
MM5290 to be used in page mode operation. 

The MM5290 must be refreshed every 2 ms. This can be 
accomplished by performing any cycle which brings the 
Row Address Strobe active including a RAS-only cycle 
at each of the 128 row addresses. 

N-channel double-poly silicon gate technology, developed 
by National, is used in the manufacture of the MM5290. 
This process combines high density and performance 
with reliability. Greater system densities are achievable 

Block and Connection Diagrams 

AO-

AI­

A2-

AJ­

A4-

A5-

A6-

VOD VCC vss v •• 

! ! l ! 
12V 5V GNO -5V 

COLUMN 
CLOCKS 

ROW 
CLOCKS 

ROW 
CLOCKS 

COLUMN 
CLOCKS 

WRITE 
CLOCKS 

Dual-In-Line Package 

TOP VIEW 

Order Number MM5290J 
See NS Package J16A 

by the use of a 16-pin dual-in-line package for the 
MM5290. 

Features 

• Access times: 150 ns, 200 ns, 250 ns 

• Low power: 528 mW max 
• TTL compatible: ali inputs and output 

• Gated CAS-noncritical timing 

• Read, Write, Read-Modify-Write and -RAS-only 
Refresh cycles 

• Page mode operation 

• Industry standard 16-pin configuration 

MEMORY ARRAY 
&4 X 128 

SENSE AMPLIFIERS (1281 

MEMORY ARRAY 
&4 X 128 

COLUMN DECODER (1:1281 

01 

Pin Names 

RAS Row Address Strobe 
CAS Column Address Strobe 
WE Write Enable 
AO-A6 Address 1 nputs 
01 Data Input 
DO Data Output 

VDo Power (12V) 

VCC Power (5V) 

VSS Ground 

VBB Power (-5V) 

DO 
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Absolute Maximum Ratings (Note 1) 

Operating Temperature Range 
Storage Temperature 

Voltage on Any Pin Relative to VBB -Q.3V to +20V 
(Vss - VBB ~ 4.5V) 

Power Dissipation 

O°C to +70°C 

-65o C to +1 50°C 
1W Lead Temperature (Soldering, 10 seconds) 300°C 

Recommended DC Operating Conditions 
SYMBOL 

VOO 

VCC 

VSS 

VBB 

VIHC 

VIH 

PARAMETER 

Ambient Temperature 

Supply V~ltages 

Input High Voltage, RAS, CAS, WE 

Input High Voltage, AO-A6, 01 

Input Low Voltage, All Inputs 

DC Electrical Characteristics 

MIN 

0 

10.8 

4.5 

0 

-4.5 

2.7 

2.4 

-1.0 

Over the range of Recommended DC Operating Conditions unless otherwise noted 

SYMBOL PARAMETER MIN 

1001 Operating Current 

ICCl Average Power Supply Operating Current 

IBSl (RAS, CAS Cycling; tRC = tRC MIN) 

1002 Standby Current 

ICC2 Power Supply Standby Current (RAS = V I HC, -10 

ISB2 00= High Impedance) 

1003 Refresh Current 

ICC3 Average Power Supply Current, Refresh Mode -10 

IBB3 (RAS Cycling, CAS = VIHC; tRC = tRC MIN) 

'004 Page Mode Current 

ICC4 Average Power Supply Current, Page Mode 

ISB4 (R"AS = V I l, CAS Cycling; tpc = 225 ns). 

II(L) I nput Leakage -10 

I nput leakage Current, Any Input 

(VBS = -5V, OV.s; VIN .s; 7V, All Other 

Pins not Under Test = OV) 

10(l) Output Leakage "":10 

Output leakage Current (DO is Disabled, 

OV.s; VOUT::; 5.5V) 

Output Levels 

VOH Output High Voltage (lOUT = -5 mAl 2.4 

VOL Output low Voltage (lOUT = 4.2 mAl 

CAPACITANCE 

CI Input Capacitance AO-A6, 01 
Cc Input Capacitance RAS, CAS, WE 

Co Output Capacitance, DO 

MAX UNITS NOTES 

70 °c 

13.2 V 2, 3 

5.5 V 2,3 

"0 V 2, 3 

-5.5 V 2,3 

7.0 V 2 

7.0 V· 2 

0.8 V 2 

MAX UNITS NOTES 

40 rnA .4 

5 
200 JiA 

1.5 mA 

10 JiA 

100 JiA 

30 mA 4 

10 IlA 

200 JiA 

32 mA 4 

5 

200 JiA 

10 JiA 

10 JiA 

V 

0.4 V 

5 pF 6 

10 pF 6 

7 pF 6 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Recommended DC Operating 
Conditions" provides conditions for actual device operation. 
Note 2: All voltages referenced to VSS. When applying voltages to the device, VOO, VCC or VSS should never be O.3V more negative than VSS' 
Note 3: Several cycles are required after power-up before proper device operation is achieved. Any 8 RAS cycles are adequate for this purpose. 

Note 4: 1001, I OD3, and 1004 depend on cycle rate. 
Note 5: ICC depends on output load. 

Note 6: Capacitance measured with Soonton Meter or effective capacitance calculated from the equation C = I~t/ ~ V. Capacitance is guaranteed 
by periodic testing. . 
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AC Electrical Characteristics 
Over the range of Recommended DC Operating Conditions unless otherwise noted 

MM5290-2 MM5290·3 MM5290-4 
SYMBOL PARAMETER 

MIN MAX 
UNITS NOTES 

MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 375 375 410 ns 7,8 

tRiNC Read·Write Cycle Time 375 375 515 ns 7,8 

tpc Page Mode Cycle Time 170 225 275 ns 

tRAC Access Time from RAS 150 200 250 ns 9,11 

tCAC Access Time from CAS 100 135 165 ns 10,11 

tOFF Output Buffer Turn·Off Delay 0 40 0 50 0 60 ns 12 

tT Transition Time (Rise and Fall) 3 35 3 50 3 50 ns 
--

tRP RAS Precharge Time 100 120 150 ns 

tRAS RAS Pulse Width 150 10,000 200 10,000 250 10,000 ns 

I 
tRSH RAS Hold Time 100 

I I 
135 165 

I I 
ns 

I I tCSH CAS Hold Time 150 200 250 ns 

I tCAS CAS Pulse Width I 100 10,000 I 135 110.000 165 110,000 ns I I 

tRCD RAS to CAS Delay Time 20 50 25 65 35 85 ns 9 

tCRP CAS to RAS Precharge Time -20 -20 -20 ns 

tASR Row Address Set·Up Time 0 0 0 ns 

tRAH Row Address Hold Time 20 25 35 ns 

tASC Column Address Set·Up Time -10 -10 -10 ns 

tCAH Column Address Hold Time 45 55 75 ns 

tAR Column Address Hold Time Referenced to RAS 95 120 160 ns 

tRCS Read Command Set·Up Time 0 0 0 ns 

tRCH Read ,Command Hold Time 0 0 0 ns 

tWCH Write Command Hold Time 45 55 75 ns 

tWCR Write Command Hold Time Referenced to RAS 95 120 160 ns 

twp Write Commal"!d Pulse Width 45 55 75 ns 

tRWL Write Command to RAS Lead Time 60. 80 100 ns 

tCWL I Write Command to CAS Lead Time 60 80 '100 ns 

tDS Data·ln Set· Up Time a 0 0 ns 13,14 

tDH Data·1 n Hold Time 45 55 75 ns 13,14 

tDHR Data·ln Hold Time Referenced to RAS 95 120 160 ns 

tcp CAS Precharge Time (for Page Mode 60 80 100 ns 

Cycle Only) 

tREF Refresh Period 2 2 2 ms 

twcs WE to CAS Set· Up Time -20 -20 -20 ns 14 

tCWD CAS to WE-Delay 70 95 125 ns 15 

tRWD RAS to WE Delay 120 160 200 ns 15 

Note 7: The specifications for tRC(MIN) and tRWC(MIN) are used only to indicate cycle time at which proper operation over the full tempera-
ture range is guaranteed. 
Note 8: Transition times are measured between V,HC or VIH and VIL' Timing measurements are made between VIHC(MIN)or VIH(MIN) and 
VIL(MAX), and assume tT = 5 ns. 

Note 9: Assumes row-limited access, Le., tRCD $ tRCD(MAX). If this condition is not satisfied, then note 10 applies. 

Note 10: Assumes column·limited access, i.e., tRCD > tRCD(MAX). 

Note 11: Equivalent load is 2 standard TTL inputs plus 100 pF. 

Note 12: CAS going high disables the Data Output. tOFF is the delay to the high impedance state. 

Note 13: These parameters are referenced to the negative edge of CAS in an early-write cycle and to the negative edge of WE in a Read-Modify-
Write cycle. (See Note 12, below)' 

. Note 14: If twcs ? tWCS(MIN), the Data Output is guaranteed to remain in the high impedance state for the duration of the cycle. This is the 
"early-write" cycle. 

Note 15: If tcwo ? tCWo(MIN) and tRWO ? tRWD(MIN), the Data Output will contain the original data in the selected cell. This is the Read· 
Modify-Write cycle. If either of these conditions is not satisfied, the output will be indeterminate unless the early-write condition of Note 12 is met. 

1546 @IC MASTER 1979 



. NEe Microcomputers, Inc. 
jLPD411·E 
J.'PD411 . 
JL-PD411·1 
,...PD411·2 
fLPD411·a 
fLPD411·4 

FULt Y DECODED RANDOM ACCESS MEMORY 
DESCR I PTION The pPD411 Family consists of six 4096 words by 1 bit dynamic N-channel MOS 

RAMs. They are designed for memory applications where very low cost and large bit, 
storage are important design objectives. The pPD411 Family is designed using dynamic 
circuitry which reduces the standby power dissipation. 

Reading information from the memory is a non-destructiNe. Refreshing is easily 
accomplished by performing one read cycle on each of the 64 row addresses. Each 
row address must be refreshed every two milliseconds: The memory is refreshed 
whether Chip Select is a logic high o~a logic low. 

FEATUR ES All of these products are guaranteed for operation over the 0 to 70°C temperature 
range. 

Important features of the pPD411 family are: 

• Low Standby Power 

• 4096 words x 1 bit Organization 
• A single low-capacitance high level clock input with solid ±1 volt margins. 
• Inactive Power/0.3 mW (Typ.) 
• Power Supply: +12, +5, - 5V 
• Easy System· I nterface 
• TTL Compatible (Except CE) 
• Address Registers on the Chip 
• .Simple Memory Expansion by Chip Select. 
• Three State Output and TTL Compatible 
• 22 pin Ceramic Dual-in-Line Package 
• Replacement for INTEL'S 21078, TI'S 4060 and Equivalent Devices. 
• 4 Performance Ranges: 

ACCESS TIME RIW CYCLE RMWCYCLE REFRESH TIME 

pPD411-E 350 ns aoo ns 960 ns 1 ms 

pPD411 300 ns 470ns 650 ns 2 ms 

pPD411-1 250 ns 470 ns 640 ns 2 ms 

pPD411-2 200 ns 400 ns 520 ns 2 ms 

pPD411-3 150 ns 3aO ns 470 ns 2 ms 

pPD411-4 135 ns 320 ns 320 ns 2 ms 

PIN CONFIGURATION 
VBB Vss PIN NAMES 

Ag Aa Ao- All Address .Inputs 

A10 A7 
AO-A5 Refresh Addresses 

CE Chip Enable 
A11 A6 CS Chip Select 

Cs 
IlPD VDD 

DIN 411 eE 

DIN Data Input 

DOUT Data Output 

WE Write Enable 

DOUT N.e VDD Power (+12V) 

AO A5 
VCC Power (+5V) 

VSS Ground 
A, . A4 VBB iPower 

A2 A3 
NC No Connection 

Vee WE 

Rev/2 
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CE Chip Enable 

A single external clock input is required. All read, write, refresh and read-modify-write 
operations take place when chip enable input is high. When the chip enable is low, the 
memory is in the low power standby mode. No· read/write operations can take place 
because the chip is automatically precharging. 

CS Chip Select 

The chip select terminal affects the data in, data out and read/write inputs. The data 
input and data output terminals are enabled when chip select is low. The chip select 
input must be low on or before the rising edge of the chip enable and can be driven 
from standard TTL circuits. A register for the chip select input is provided on the chip 
to reduce overhead and. simplify system design. 

WE Write Enable 

The read or write mode is selected through the write enable input. A logic high on the 
WE input selects the read mode and a logic low selects the write mode. The WE 
terminal can be driven from standard TTL circuits. The data input is disabled when the 
read mode is selected, 

AO-A11 Addresses 

All addresses must be stable on or before the rising edge of the chip enable pulse. All 
address inputs can be driven from standard TTL circuits. Address registers are pro­
vided on the chip to reduce overhead and simplify system design. 

DIN Data Input 

Data is written during a write or read-modify-write cycle while the chip enable is high. 
The data in terminal can be driven from standard TTL circuits. There is no register on 
the data in terminal. 

DOUT Data Output 

The three state output buffer provides direct TTL compatibility with a fan-out of two 
TTL gates. The output is in the high-impedance (floating) state when the chip enable 
is low or when the Chip Select input is high. Data output is inverted from data in. 

Refresh 

Refresh must be performed every two milliseconds by cycling through the 64 addresses 
of the lower-order-address inputs AO through A5 or by addressing every row within any 
2* -millisecond period. Addressing any row refreshes all 64 bits in that row. 

The chip does not need to be selected during the refresh. If the chip is refreshed during 
. a write mode, the chip select must be high. 

*J.lPD411-E = 1 millisecond refresh period. 

AO -oVDD 
Al ROW 

A2 DECODE 64 MEMORY -oVCC 

A3 .oI\ND ARRAY --() VSS 

A4 
BUFFER 64 X 64 -oVBB 

A5 
REGISTER 

64 

CE 
TIMING 

GENERATOR COLUMN DECODE 

DIN AND BUFFER 

WE I/O REGISTER 
CS 

DOUT 
A6 AS A10 

A7 Ag Al1 

1548 

FUNCTIONAL DESCRIPTION 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTER ISTICS 

CAPACITANCE 

©IC MASTER 1979 

Operating Temperature. 
Storage Temperature 
All Output Voltages ... 
All I nput Voltages . . . 
Supply Voltage VDD .. 
Supply Voltage Vee 
Power Dissipation . . . 

Note: CD Relative to VBB 

pPD411 FAMilY 
(EXCEPT 411-4) 

.. oOe to +70°C 
-55°C to +150°C 
-p.3 to +20 Volts 
-0.3 to 420 Volts 
-.0.3 to +20 Volts' 
-0.3 to +20 Volts 
. ...... '.1.0W 

fLPD411 
pPD411-4 

..... +10°C to +55°e 
... -55°C to +l50°C 
-0.3 to +25 Volts CD 
-0.3 to +25 Volts' CD 
-0.3 to +25 Volts CD 
-0.3 to +25 Volts CD 
........... 1.5W 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

*Ta = 25°C 

Ta = O°C to 70°C, VOO = +12V ±5%, VCC = +5V ±5%, VBB = -5V ±5%, VSS = OV, 

,Except VOO = +15V ±5% for 4114. 

LIMITS 
PARAMETER SYMBOL UNIT TEST CONDIPONS 

TYP <D MIN MAX 

Input Load Current III 0.Q1 10 pA VIN = VIL MIN to VIH MAX 

CE Input Load Current ILC 0.01 10 pA VIN = VILC MiN to VIHC MAX 

Output Leakage Current 
'ILO 0.Q1 ±10 pA 

CE = VILC or CS = VIH 

for High Impedance State Vo = OV to 5.25V 

VDD Supply'Current 
100 OFF 

during CE off 20 ·200 pA CE " -1.0V to 0.6V 

VOO Supply Current 
IOOON 35" 60' rnA CE = VIHC. Ta = 25°C 

I during CE on 

I A~",,, VOO C,,'""' Ta = 25°C 

pPD411·E IOOAV 29 60 rnA Cycle Time = 800 ns 

pPD411 IOOAV 37 60 rnA Cycle Time = 470 ns 

pPD411·1 IDDAV 37 60 rnA Cycle Time = 470 ns 

pPD411·2 IOOAV 37 60 rnA Cycle Time = 400 ns 

pPD411·3 IDDAV 41 65 rnA Cycle Time = 380 ns 

pPD4114 IDDAV 55 80 rnA Cycle Time = 320 ns 

VBB Supply Current @ IBB 5 100 pA 

VCC Su~ply Current 
ICC OFF 0.01 10 pA CE = VILC or CS = VIH 

during CE off @ 

Input Low Voltage Vil -1.0 0~6 V 

Input High Voltage VIH 2.4@ VCC+l V 

CE Input low Voltage VllC -1.0 0.6 V-

CE Input High Voltage VIHC VDD-1 VDD VDO+l V 

Output low Voltage VOL 0 0.40 V IOl = 3,2 rnA 

Output High Voltage VOH 2.4 VCC V IOH = -2,0 rnA 

Notes: <D Typical values are for Ta = 25°C and nominal power supply voltages. 

@ The IBB current is the sum of all leakage currents. 

@ During CE on VCC supply current is dependent on output loading. 

VCC is connected to output buffer only. 

@ 3.5V for pPD411-E 

® 65 rnA for pP0411-3 

80 rnA for pPD4114 

® 41 rnA for pPD411-3 

55 rnA for pPD4114 

PARAMETER SYMBOL 

Address Capacitance, CS CAD 
CE Capacitance CCE 
Data Output Capacitance GoUT 
DIN and WE Capacitance CIN 

LIMITS 

MIN TYP 

4 

18 

5 

8 

TEST 
UNIT 

CONDITIONS MAX 

6 pF VIN = VSS 

27 pF VIN = VSS 

7 pF VOUT = OV 

10 pF VIN = VSS 
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READ CYCLE 
Ta = O°C to 70°C, VDD = 12V ± 5%, VCC = 5V ± 5%, VBB = -5V ± 5%, VSS = OV, unless otherwise noted, 
Except VDD = +15V ± 5% for 411-4 

LIMITS 

PARAMETER SYMBOL IlPD411-E IlPD411 IlPD411-1 IlPD411-2 IlPD411-3 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Time Between Refresh tREF 1 2 2 2 2 

Address to CE Set Up Time tAC 0 0 0 0 0 

Address Hold Time tAH 150 150 150 150 150 

CE Off Time tcc 380 130 170 130 130 

CE Transition Time tT 0 40 0 40 0 40 ,0 40 0 40 

CE Off to Output High tCF 0 130 0 130 0 130 0 130 0 130 
Impedance State 

Cycle Time tCY 800 470 470 400 380 

CE on Time tCE 380 3000 300 3000 260 3000 230 3000 210 3000 

CE Output Delay tco 330 280 230 180 130 

Access Time tACC 350 300 250 200 150 

CE to WE tWL 40 40' 40 40 40 

WE to CE on twc 0 0 0 0 0 

WRITE CYCLE 
T a = 0° C to 70° C, VDD = 12V ± 5%, V CC = 5V ± 5%, VBB = -5V ± 5%, VSS = OV, unless otherwise noted, 
Except VDD = +15V ± 5% for 411-4 

LIMITS 

PARAMETER SYMBOL IlPD411-E IlPD411 IlPD411-1 IlPD411-2 IlPD411-3 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Cycle Time tCY 800 470 470 400 380 

Time Between Refresh tREF 1 2 2 2 2 

Address to CE Set Up Time tAC 0 0 0 0 0 

Address Hold Time tAH 150 150 150 150 150 

CE Off Time tcc 380 130 170 130 130 

CE Transition Time tT 0 40 0 40 0 40 0 40 0 40 

CE Off to Output High tCF 0 130 0 130 0 130 0 130 0 130 
Impedance State 

CE on Time tCE 380 3000 300 3000 260 3000 230 3000 210 3000 

WE to CE off tw 200 180 180 150 150 

CE to WE tcw 380 300 260 230 210 

DIN to WE Set up(D tow 0 0 0 0 0 

DIN Hold Time tDH 40 40 40 40 40 

WE Pulse Width twp 200 180 180 150 100 

W Note: CD If WE is low before CE goes high then DIN must be valid when CE goes high. 

Z 
READ-MODIFY-WRITE CYCLE 

Ta = o°c to 70°C, VDD = 12V ± 5%, VCC = 5V ± 5%, VBB = -'5V ± 5%, VSS = OV, unless otherwise noted, 
Except VDD = +15V ± 5% for 411-4 

LIMITS 

PARAMETER SYMBOL IlPD411-E IlPD411 IlPD411-1 IlPD411-2 IlPD411-3 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Read-Modify-Write tRWC 960 650 640 520 470 
(RMW) Cycle Time 

Time Between Refresh tREF 1 2 2 2 2 

Address to CE Set Up Time tAC 0 0 0 0 0 

Address Hold Time tAH 150 150 150 150 150 

CE Off Time tcc 380 130 170 130 130 

CE Transition Time tT 0 40 0 40 0 40 0 40 0 40 

CE Off to Output High tCF 0 130 0 130 0 130 0 130 0 130 
Impedance State 

CE Width During RMW tCRW 540 3000 480 3000 430 3000 350 3000 300 3000, 

WE to CE on twc 0 0 0 0 0 

WE to CE off tw 200 180 180 150 150 

WE Pulse Width twp 200 180 180 150 100 

DIN to WE Set Up tow 0 0 0 0 0 

DIN Hold Time tDH 40 40 40 40 40 

CE to Output Display tco 330 280 230 180 130 

Access Time tACC 350 300 250 200 150 

1550 

AC CHARACTERISTICS 

IlPD411-4 UNIT 

MIN MAX 

2 ms 

0 ns 

100 ns 

80 ns 

0 40 ns 

0 ,130 ns 

320 ns 

200 3000 ns 

115 ns 

135 ns 

40 ns 

0 ns 

IlPD411-4 UNIT 

MIN MAX 

320 ns 

2 ms 

0 ns 

100 ns 

80 ns 

0 40 ns 

0 130 ns 

200 3000 ns 

65 ns 

200 ns 

'0 ns 

40 ns 

65 ns 

IlPD411-4 UNIT 

MIN MAX 

320 ns 

2 ms 

0 ns 

100 ns 

80 ns 

0 40 ns 

0 130 ns 

200 3000 ns 

0 ns 

65 ns 

65 ns 

0 ns 

40 ns 

115 ns 

135 ns 
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TIMING WAVEFORMS 
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f£.PD411 

CE 

HIGH 
IMPI'DANCE 

READ CYCLE <D 
~~------------------~y--------------------~~ 
1------------~E --.-.-----..... 

1--------- ~o ----------o~ 
...k-o.,_--+----+ 

UNDEFINED 

--..,.-""~o------------ tACC ______ ---o:~-----+-----i-------

Notes: CD For refresh cycle row and column addresses must be stable tAC and remain 

stable for entire tAH period. 

@ VOO -2V is the reference level for measuring timing of CEo 

@ VSS +2V is the reference level for measuring timing of CEo 

@) :VIHMIN is the reference level for measuring timing of the addresses, es, 
WEand DIN. 

@ VILMAX is the reference level for measuring timing of the addresses, es, 
WEand DIN. 

® VSS +2.0V is the reference level for measuring timing of COUTo 

Q) VSS +O.8V is the reference level for measuring timing of DOUT. 

WRITE CYCLE 

CE 

-------;-------------------------~--~ 
Notes: G) VOO -2V is the reference level for measuring timing of CE. 

@ VSS +2V is the reference level for measuring timing of CEo 

@ V,HMIN is the reference level for me.asuring timing of the addresses. Cs. 
WE and DIN. 

@) VILMAX is the reference level for measuring timing of the addresses, CS, 
WE and DIN. 

READ-MODIFY-WRITE CYCLE 

1--o---------------------tRWC------------------------~ 

tCRW 

CE 

VIHC 

VILC 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

~--_+~------~Lr------------------------~----~ ~--_+---VIH 
Ao-All 
ANOCS 

-----;----~~--------------~J~~------------_t~~lr------r_--VIH. 

-----;----~~----~--------~l~--------------_t--~J~------+_--VIL 

UNDEFINED DOUT -HIGH 
IMPEDANCE 

- - -",,1-... --------tACC _____ --tf----------------+-----r-;.....;.....-+-- VOL 

Note: CD WE must be at VIH until end of teo. 
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~PD411 

70 

60 

~ 50 
E. 
> « 
0 

_0 40 

30 

0 

·50 

·40 

~ ·30 
E. 

I 
_0 

·20 

·10 

0 

14 

13 

~ 
0 12 0 

> 

11 

10 

IOOAV - Ta 

SPEC LIMIT 

r---~ CYCLE TIME _ . 
- 40(} ns ----

25 50 

1 I 
f'.. 
~ 

~ 1,\ 

~ "- 00 

....... '>0 0 C' 
i'..C' 

~ '" "" ~ I " 
- SPEC LIMIT: ·2mA,2AV 

I I i I· I I 

VOH (V) 

Voo - Vss 

75 

1 1 

~ , 

i-- :'( 

~UA~AN~EEO I. ~J 
tJ ~ ~~L ~ OPERATING REGION -

7/' ./J-
'-- ~ I I 

f~ 0("1' V 
,,--'" R 

/ 
If 

- - """ 10(, ~ 
~~'" 

,,/ ~ 

./ 
vy 

·3. ·4 ·5 ·6 ·7 ·8 

Vss (V) 

1.25 

1.0 

~0.75 
o 

E 

0.5 

0.25 

50 

40 

~ 
E. 

30 ...J 
_0 

20 

10 

0 

1000 

100 

! 
u.. 
w 
!f-

lO 

o 

l/ 

f"'.. 

IOOAV - tCY 

I I I I I 
MINIMUM CYCLE TIME f--I--

/ 
1\ 
\ 
\ " tCE = CaNST. 

"" "-
................. - --

4 

NORMALIZED CYCLE TiME 

IOL - VOL 

I I I 
V 

V 
oV V V 

<:I V ~ 0(,1 :;'/ 
/ V 

~ /' 
[b/ 

SPEC LIMIT: 3.2mA,OAV 

• I I I' I I 

j'.... I t'-... r-.... 
~Y,o ' ... : 

r-........ 

C7 

/ 

r--

.......... 
i'-. i'-

SPEC LIMIT: 2 ms 
I 'i... I 

20 40 60 

Ta ("C) 

Power consumption = VDD ~ IDDAV + VSS x ISS' 

Typical power dissiption for each product is shown below. 

mW (TYP.) CONDITIONS 

t.tPD411-E 350 T a = 25° e, tcy = 800ns, teE = 380ns 

t.tPD411 450 Ta = 25° e, tCY = 470ns, teE = 300ns 

t.tPD411-1 450 T a = 25° e, tCY = 470ns, teE = 260ns 

t.tPD411-2 450 Ta = 25° e, tcy = 400ns, teE = 230ns 

t.tPD411-3 550 Ta = 25° e, tcy = 38Ons, teE = 210ns 

t.tPD411-4 660 Ta = 25° e, tcy = 320ns, teE = 200ns 

See above curves for power dissipation versus cycle time. 
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TYPICAL OPERATING 
CHARACTERISTICS 
(Except 411-4) 

POWER CONSUMPTION 

@>IC MASTER 1979 



CURRENT WAVEFORMS 

PACKAGE OUTLINE 
~PD411 0 

©Ie MASTER 1979 

0 100 200 

CE(V) ] I 
ICE (rnA) 

-:1 
n 

120 

80 

100 (rnA) 

40 

IOOON 
0 

40 

20 

ISS (rnA) 0 

-20 

-40 

~----------A----------~ 

~I---
~ __ ~D~ ____ E~ ________ ~ 

ITEM MILLIMETERS 

A 27.43 MAX 

B 1.27 MAX 
C· 2.54 ±0.1 

0 0.42 ± 0.1 

E 25.4 ± 0.3 
F 1.5 ± 0.2 

G 3.5 ± 0.3 
H 3.7 ±0.3 
I 4.2 MAX 
J 5.08 MAX 
K 10.16 ± 0.15 
L .9.1± 0.2 
M 0.25 ± 0.05 

., 
JLPD411 

300 400 500 

\ 

\/ • 

[\ 

-''''---M 

INCHES 

1.079 MAX 
0.05 MAX 
0.10 . 

0.016 
1.0 
0.059 
0.138 
0.145 
0.165 MAX 
0.200 MAX 
0.400 
0.358 
0.009 

SP411·8· 77-GY -CAT 
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NEe 
NEe Microcomputers, Inc. fLPD411A-E 

fLPD411A 
fLPD411A-1 
fLPD411A-2 
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4096·81T DYNAMIC RAMS 
DESCRIPTION The pPD411A Fami~y consists of four 4096 words by 1 bit dynamic N-channel MOS 

RAMs. They are designed for memory applications where very low cost and large bit 
storage are important design objectives. The pPD411 A Family is designed using 
dynamic circuitry which reduces the standby power dissipation. 

Reading information from the memory is non-destructive. Refreshing is easily 
accomplished by performing one read cycle on each of the 64 row addresses. Each 
row address must be refreshed every two milliseconds. The memory is refreshed whether 
Chip Select is a logic high or a logic low. 

FEATURES • Low Standby Power 

• 4096 words x 1 bit Organization 

• A single low-capacitance high level clock input with solid ±1 volt margins. 

• I nactive Power 0.7 mW (Typ.) 

• Power Supply +12, +5, -5V 

• Easy System Interface 

• TTL Compatible (Except CE) 

• Address Registers on the Chip 

• Simple Memory Expansion by Chip Select 

• Three State Output and TTL Compatible 

• 22 pin Plastic or Cerdip Dual-in-Line Package 

• Replacement for INTEL's 21078, TI's 4060 and Equivalent Devices. 

• 4 Performance Ranges: 

ACCESS TIME R/W CYCLE RMWCYCLE REFRESH TlME 

fJ PD411A·E 350 ns 800 ns 960 ns 1 ms 

fJ PD411A 300 ns 470 ns 650 ns 2 ms 

fJ PD411A·l 250 ns 430 ns 600 ns 2 ms 

fJ PD411A·2 200 ns 400 ns 520 ns 2 ms 

PIN CONFIGURATION 
VBB Vss PIN NAMES 

Ag AS AO-All Address Inputs 

AlO A7 
AO-A5 Refresh Addresses 

CE Chip Enable 

A11 A6 CS Chip Select 

CS 
IlPD VDD 

DIN 411A CE 

DIN Data Input 

DOUT Data Output 

WE Write Enable 

DOUT NC VDD Power (+12V) 

AO A5 
VCC Power (+5V) 

VSS Ground 

A1 A4 VBB (Powe. -5V) . 

A2 A.3 
NC No Connection 

VCC WE 

@lIC MASTER 1979 



fLPD411A 
'CE Chip Enable 

A single external clock input is required. All read, write, refresh and read-modify-write 
operations take place when chip enable input is high. When the chip enable is low, the 
memory is in the low powe'r standby mode. No read/write operations can take place 
because the chip is automatically precharging. 

CS Chip Select" 

The chip select termiAal affects the data in, data out and read/write inputs. The data 
input and data output terminals are enabled when chip select is low. The chip select 
input must be low on or before the rising edge of the chip enable and can be driven 
from standard TTL circuits. A register for the chip select input is provided on the chip 
to reduce overhead and simplify system design. 

WE Write Enable 

The read or write mode is selected through the write enable input. A logic high on the 
WE input selects the read mode and a logic low selects the write mode. The WE 
terminal can be driven from standard TTL circuits. The qata input is disabled when the 
read mode is selected. 

AO-A" Addresses 

All addresses must be stable on or before the rising edge of the chip enable pulse. All 
address inputs can be driven from standard TTL circuits. Address registers are pro­
vided on the chip to reduce overhead and simplify system d'esign. 

DIN Data Input 

Data is written during a write or read-modify-write cycle while the chip enable is high. 
The data in terminal can be driven from standard TTL ~ircuits. There is no register on 
the data in terminal. 

DOUT Data Output 

The three state output buffer provides direct TTL compatibility with a fan-out of two 
TTL gates. The output is in the high-impedance (floating) state when the chip enable 
is low or when the Chip Select input is high. Data output is inverted from data in. 

Refresh 

Refresh must be performed every two milliseconds by cycling through the 64 addresses 
of the lower-order-address inputs AO through A5 or by addressing every row within any 
2* -m ill isecond period. Addressing any row refreshes all 64 bits in that rc;>w. 

The chip does not need to be selected during the refresh. If the chip is refreshed during 
a write mode, the chip select must be high. 

*J..LPD411A-E = 1 milrisecond refresh period. 

AO o---~ 

Al 

A2 

A3 
A4 t;)-----i.,. 

A5 

CE~ ""-~ 
TIMING 

GENERATOR 

©IC MASTER 1979 

CELL MATRIX 

64 x 64 

Af) A 7 Ag Ag A 10 All 

-.---no VOO 

~VCC 

~VSS 

~V88 

",--oQ CS 

WE 

FUNCTIONAL DESCRIPTION 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM 
RATINGS* 

fLPD411A 
Operating Temperature ................................ oOe to +70

o
e 

Storage Temperature ............................... -55°e to +150
o

e 
Output Voltage <D ................................. +20 to -0.3 Volts 
All Input Voltages CD ............................... +20 to -0.3 Volts 
Supply. Voltage VDD <D ............................. +20 to -0.3 Volts 
Supply Voltage Vee CD ............................. +20 to -0.3 Volts 
Supply Voltage VsS CD . . . . . . . . . . . ..... . ............. +20 to -0.3 Volts 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.0W 

Note: <D Relative to VBB. 

COMMENT: Stress above those listed under II Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the devi.ce at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTER ISTICS Ta = OOeto 70°C, VDD = +12V ± 10%, Vee = +5V ± 10%, VBB = -5V ± 10%, VSS = OV 

LIMITS 

PARAMETER SYMBOL MIN. TYP. <D MAX. UNIT TEST CONDITIONS 

Input Load Current III 0.01 10 pA VIN = VIL MIN to VIH MAX 

CE Input Load Current ILC 0.01 10 pA VIN = VILC MIN to VIHC MAX 

Output Leakage Current 
ILO 0.01 ±10 pA 

CE = VILC or CS = VIH 
for High I mpedance State Vo = OV to 5.25V 

VOO Supply Current 
100 OFF 50 200 pA CE = - 1.0V to 0.6V 

during CE off 

VOO Supply Current 
IOOON 35 50 mA CE = VIHC, Ta = 25°C 

during CE on 

Average VOO Current Ta = 25
v
C 

pP0411A·E 100 AV 25 40 mA Cycle Time = 800 ns 

pP0411A IODAV 38 55 mA Cycle Time = 470 ns 
pP0411A·l IOOAV 38 I 55 mA Cycle Time = 430 ns 
I1P0411A-2 100 AV 38 55 mA Cycle Time = 400 ns 

VRB Supply Current Q) IBB 5 100 pA 

VCC Supply Current 
ICC OFF 0.01 10 pA CE = VILC or CS = VIH 

during CE off @ 

Input Low Voltage VIL -1.0 0.6 V 

Input High Voltage VIH 2.4 VCC + 1 V 

CE Input Low Voltage V'LC -1.0 0.6 V 

CE Input High Voltage VIHC VOO - 1 VOO VOO + 1 V 

Output Low Voltage VOL 0 0.40 V IOL = 3.2 mA 

Output High Voltage VOH 2.4 VCC V IOH = -2.0 mA 

Notes: CD Typical values are for T a = 25°C and nominal power supply voltages. 
(2) The I BB current is the sum of all leakage currents .. 
@ During CE on VCC supply current is dependent on output loading. 

CAPACITANCE Ta = o°c to 70°C, VDO =1+12V ± 10%, VCC =+5V ± 10%, VBB = -5V ± 10%, VSS = OV 

LIMITS TEST 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

Address Capacitance CAD 6 pF VIN = VSS 

CS Capacitance CCS 6 pF VIN = VSS 

DIN Capacitance CIN 6 pF VIN = VSS 

00UT Capacitance COUT 7 pF VOUT = VSS 

WE Capacitance CWE 7 pF VIN = VSS 

CE Capacitance CCE1 27 pF VIN = VSS 

CCE2 22 pF VIN = VOO 
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fL PD411A 

READ CYCLE 

T a = o°c to lO°C. VDD = 12V ± 10%, VCC = 5V ± 10%, VBB = -5V ± 10%, Vss = OV, unless otherwise noted. 

LIMITS 

IlPD411A·E /lPD411A IlPD411A-l IlPD411A-2 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX UNIT 

Time Between Refresh tREF 1 2 2 2 ms 

Address to CE Set Up Time tAC 0 0 0 0 ns 

Address Hold Time tAH 150 150 150 150 ns 

CE Off Time tcc 380 130 130 130 ns 

CE Transition Time tT 0 40 0 40 0 40 0 40 ns 

CE Off to Output High 
tCF 0 130 0 

Impedance State 
130 0 130 0 130 ns 

Cycle Time tCY 800 470 430 400 ns 

CE on Time i tCE 380 • 3000 300 3000 260 3000 230 3000 ns 

CE Output Delay tco 330 280 I 230 180 ns 

Access Time tACC i 350 300 250 200 ns 

I CE to WE 
, 

IWL 40 40 40 40 ns 

WE to CE on IWC 0 0 0 0 ns 

WRITE CYCLE 

:ra = OU Cto 70°C. VDD = 12V ±10%. VCC = 5V ± 10%, VBB =-5V ± 10"10, VSS=OV, unless otherwise noted. 

LIMITS 

IlPD411A·E .IlPD411A IlPD411A-l IlPD411A-2 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX UNIT 

Cycle Time tCY 800 470 430 400 ns 

Time Between Refresh tREF 1 2 2 2 ms 

Address to CE Set Up Time tAC 0 0 0 0 ns 

Address Hold Time tAH 150 150 150 150 ns 

CE Off Time tcc 380 130 130 130 ns 

I CE Transition Time tT 0 40 0 40 0 40 0 40 ns 

CE Off to Output High 
tCF 0 130 0 

Impedance State 
130 0 130 0 130 ns 

CE on Time tCE 380 3000 300 3000 260 3000 230 3000 ns 

WE to CE off IW 200 180 180 150 ns 

CE to WE tcw 380 I 300 260 230 ns 

DIN to WE Set Up (..1) tDW o : 0 0 0 ns 

DIN Hold Time tDH I 40 40 40 40 ns 

i WE Pulse Width IWP 200 l 180 180 150 1 ns 

Note: CD If WE is low before CE goes high then DIN must be valid when CE goes high. 

READ-MODI FY-WRITE CYCLE 

Ta = o°c to 70°C. VDD = 12V ± 10%. VCC = 5V : 10%. VBB = ·5V ~ 10%. VSS = OV. unless otherwise noted. 

LIMITS 

IlPD411A·E IlPD411A IlPD411A-l IlPD411A-2 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX UNIT 

Read·ModifyWrite (RMW) 
tRWC 960 650 600 520 ns 

Cycle Time 

Time Between Refresh IREF 1 2 2 2 ms 

Address to CE Set Up Time lAC 0 0 0 0 ns 

Address Hqld Time IAH 150 150 150 150 ns 

CE Off Time ICC 380 130 130 130 ns 

CE Transition Time IT 0 40 0 40 O. I 40 0 40 ns 

CE Off to Output High 
01 

I 

Impedance State tCF 0 130 0 130 130 I 0 130 : ns 

CE Width During RMW tCRW 540 3000 480 3000 I 430 I 3000 : 350 3000 ns 

WE to CE on twc 0 0 ! 0 I 0 I ns 

Vir to CE off IW 200 180 180 j 150 I I ns 

WE Pulse Width IWP 200 180 ! 180 . I 150 
I I ns 

DIN to WE Set Up tDW 0 0 o i 0 ns 

DIN Hold Time tDH 40 40 I 40 i I 40 I ns 

CE to Output Delay tco 330 280 ! ! 230 r 180 I ns 

Access Time IACC 350 300 250 I I 200 i ns 

©IC MASTER 1979 

TEST CONDITIONS 

tT = tr = tf = 20 ns 

CL = 50 pF 

Load = 1TTL Gate 

Vref = 2.0 or 0.8 Volts 

TEST CONDITIONS 

tT = tr = tf = 20 ns 

CL = 50 pF 

Load = ITTL Gate 

Vref = 2.0 or 0.8 Volts 

TEST CONDITIONS 

IT = Ir = tf = 20 ns 

CL = 50 pF 

Load = 'lTTL Gate 

Vref = 2.0 or 0.8 Volts 

AC CHARACTERISTICS 
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TIMING WAVEFORMS 

CE 

CE 

AO - All 
ANDCS 

J.LPD411A 

READ AND REFRESH CYCLE CD 
~ _____________________ tCY ____________________ ~~ 

~1.~-----------tCE--------------~ 

WRITE CYCLE 

READ-MODIFY-WRITE CYCLE 

~--------------------tAWC----------------------~~ 

tCAW 

VILC 

~~-t-r------~~r------------------------~~--~ __ --4---v�H 
..... __ 4-__ V I L 

VIL 

----~r_--~t----------------.~--~------------~--~~-----4---VIH 

----~~--~+----------------J~--------------~--~~\----~~---VIL 

UNDEFINED 
DOUT -HIGH 

IMPEDANCE 

- - -1--1-_--~~~~~-t-A-C-C~~~~Jo.--------...,'" ~~-----------------I-----+,;,;;;,;...:.:.;,,;;.;.~---VOL 

Notes: CD For refresh cycle, row and column addresses must be stable tAC and 

remain stable for entire tAH period. 

~ VDD - 2V is the reference level for measuring timing of CEo 

(J) VSS + 2V is the reference level for measuring timing of CEo 

@ VI HMI N is the reference level for measuring timing of the addresses, 

CS, WE and DIN. 

@ VILMAX is the reference level for measuring timing of the addresses, 

CS, WE and DIN. 

@ VSS + 2.0V is the reference level for measuring timing of DOUT· 

(j) VSS + O.8V is the reference level for measuring timing of DOUT· 

® WE must be at VIH until end of tCO· 
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fLPD411A 

IDDAV - Ta 

70 

60 

SPEC LIMIT 

- I-- TYPIDDAV 
CYCLE, TIME _ . --f--_ -too 7s 

30 

25 50 75 

50 

"-040 1'\ 
~ ·30 
.E 
I 

_0 

·20 

"- ["\ 

~ I" 00 , '''>00 ° ,0 
~ 1"'-

~ 
.E 

....J 
_0 

·10 ""-~ 
I ........ ~ 

- SPEC LIMIT: -2mA,2.4V 

~ I I I I -, I 

VDD - VBB 
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13 

~ 
~ 

L.L. 
W 

Q 12 Q 
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10 

·3 -4 -5 -6 ·7 -8 

VBB (V) 

1.25 . 
1.0 

0.5 

0.25 

50 

40 

30 

20 

10 

1000 

100 

10 

0, 

IDDAV - ICY 

I I I I I 
MINIMUM CYCLE TIME ~ 

V I I I 
1\ 

\ I I I 
\ V ICE; CaNST. 

'\. 
['... 

............... -
NORMALIZED CYCLE TIME 

IOL - VOL 

V 
V 

,c, V l/ 
() V ~ oc, ~/ 

V V 
~ V 

.&'" 
SPEC LIMIT: 3.2mA,0.4V 

/- I , , , I 

........... 
~ ~kl 

"-... 

~ 

I--

v 
./ 

f--

........... 
~ 

I 
SPEC LIMIT: 2 ms 

I "l... I 

20 40 
Ta (C) 

60 

Power consumption = VDD x IDDAV + VBB x IBB 

Typical power dissipation for each product is shown below. 

mW (TYP.) CONDITIONS 

pPD411A-E 300mW T a = 25°C, tcy = 800 ns, tCE = 380 ns 

pPD411A 460mW T a = 25
v
C, tcy = 470 ns, tCE = 300 ns 

pPD411A-1 460mW T a = 25°C, tcy = 430 ns, tCE = 260 nOs 

pPD411A-2 460mW T a = 25°C, tcy = 400 ns, tCE = 230 ns 

See curve above for power dissipation versus cycle time. 

©IC MASTER 1979 

TYPICAL OPERATING 
CHARACTER ISTICS 

POWER CONSUMPTION 
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CURRENT WAVEFORMS <D 

1560 

fLPD411A 

~ 
UJ 
U 
> 

15 

10 

5 

o 50 100 150 200 250 300 350 400 450 500 

100 t 
801 

1 60 t I 

TIME Ins) 

-.:~ " ,~ 
30 

<{ 
..s 20 
co 
co 

« 
E 

10 

o 

-10 

20 

10 

30 

UJ 20 
u 

10 

o 

o 50 100 1 50 200 250 300 350 400 450 500 

TIME Ins) 

500 

o 50 100 150 200 250 300 350 400 450 500 

TIME (ns) 

250 
__ ~~~+-__ ~ __ ~ __ -+~~~~I I 

50 100 150 200 300 350 400 450 500 

TIME (ns) 

~:j 
-30 

Note: CD VDD = 12V, VBB = -5.0V, Vee = 5.0V 

• 

• 

• 
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ILPD411A 

IlPD411AC (Plastic) 

ITEM MI LLIMETERS 

A 28.0 Max. 
B 1.4 Max. 
C 2.54 
0 0.50 
E 25.4 
F 1.40 
G 2.54 Min. 
H 0.5 Min~ 
I 4.7 Max. 
J 5.2 Max. 
K 10.16 
L 8.5 

M 025 +0,10 
. -0.05 

~---------A----------~ 

--Ii--
~ __ D ______ E ________ ~ 

IlPD411AD (Cerdip) 

ITEM MI LLIMETERS 

A 27.43 Max. 
B 1.27 Max. 
C 2.54 ± 0.1 
0 0.42 ± 0.1 
E 25.4 ± 0.3 
F 1.5 ± 0.2 

G 3.5 ± 0.3 

H 3.7 ± 0.3 

I 4.2 Max. 
J 5.08 Max. 
K 10.16 ± 0.15 
L 9.1 ± 0.2 
M 0.25 ± 0.05 

©Ie MASTER 1979 

INCHES 

1.10 Max. 
0.025 Max. 
0.10 
0.02 
1.00 
0.055 
0.10 Min. 
0.02 Min. 
0.18 Max. 
0.20 Max. 
0.40 
0.33 

001 +0.004 
. -0.002 

INCHES 

1.079 Max. 
0.05 Max. 
0.10 
0.016 
1.0 
0.059 
0.138 
0.145 
0.165 Max. 
0.200 Max. 
0.400 
0.358 
0.009 

~,. 

PACKAGE OUTLINE 
tLPD411AC/O 

--\~-M 

SP411A-8-77-GY-CAT 

1561 



"-
CD ..... 
:::l 
0. 
E 
o 
() 
o 
"-
() 

~ 

o w 
z 

NEe Microcomputers, Inc. 
ttlEC 

fL PD416 
jL PD416~1 
fL PD416·2 
fL PD416·3 
fL PD416·5 

1562 

16384 x 1 BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 

DESCRIPTION The NEC,uPD416 is a 16384 wOids by 1 bit Dynamic MOS RAM. It is designed for 
memory applications where very low cost and large bit storage are important design 
objectives. 

The ,uPD416 is fabricated using a double-poly-layer N channel silicon gate process 
which affords high storage cell density and high performance. The use of dynamic 
circuitry throughout, including the sense amplifiers, assures minimal power dissipation. 

Multiplexed address inputs permit the J..LPD416 to be packaged in the standard 16 pin 
dual-in-line package. The 16 pin package provides the highest system bit densities and 
is available in either ceramic or plastic. Noncritical clock timing requirements allow 
use of the multiplexing technique while maintaining high performance. 

FEATURES • 16384 Words x 1 Bit Organization 

PIN CONFIGURATION 

• High Memory Density - 16 Pin Ceramic and Plastic Packages 
• Multiplexed Address Inputs 
• Standard Power Supplies +12V, -5V, +5V 
• Low Power Dissipation; 462 mW Active (MAX), 40 mW Standby (MAX) 
• Output Data Controlled by CAS and Unlatched at End of Cycle 
• Read-Modify-Write, RAS-only Refresh, and Page Mode Capability 
• All Inputs TTL Compatible, and Low'Capacitance 
• 128 Refresh Cycles 
• 5 Performance Ranges: 

ACCESS TIME 

,uPD416 

,uPD416-1 

,uPD416-2 

,uPD416-3 

,uPD416-5 

VBB 

DIN 

WRITE 

RAS 

AO 

A2 

A1 

VDD 

300 ns 

250 ns 

200 ns 

150 ns 

120 ns 

Rev/1 

VSS 

eAS 

Vee 

R!W CYCLE RMWCYCLE 

510 ns 575 ns 

410 ns 465 ns 

375 ns 375 ns 

375 ns 375 ns 

320 ns 320 ns 

AO-A6 

CAS 

DIN 

DOUT 

RAS 

WRITE 

VBB 

Vec 

VDD 

VSS 

Address Inputs 

Column Address Strobe 

Data In 

. Data Out 

Row Address Strobe 

Read/Write 

Power (-5V) 

Power (+5V) 

Power (+12V) 

Ground 
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fLPD416 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . O°C to +70°C 
Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-55°C to +150°C 
All Output Voltages <D ................... : .......... -0.5 to +20 Volts 
All I nput Voltages <D. . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. - O. 5 to +20 Volts 

Supply Voltages VDD, VCC, VSS <D ..................... -0.5 to +20 Volts 
Supply Voltages VDD, VCC (2) ........................ -1.0 to +15 Volts 
Short Circuit Output Current .............•............. ~ . . .. 50 rnA 
Power Dissipation ........................................... 1 Watt 

Notes: CD Relative to VBB 
~ Relative to VSS 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and fu nctional operation of the deviCe at these or 
any other conditions above those indicated in the operational sections of th is specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

T a = O°C to 70°C, VDD = +12V ± 10%, VBB = -5V ± 10%, VCC = +5V ± 10%, 
VSS = OV 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

. MIN TYP MAX CONDITIONS 

I nput Capacitance 
CI1 

(AO-A6L DIN 
4 5 pF 

I nput Capacitance 
CI2 8 10 pF I RAS, CAS, WR ITE 

Output Capacitance 
Co 5 7 pF 

(DOUT) 

©IC MASTER 1979 

BLOCK 
DIAGRAM 

Vee 

~, 
~i.~ 

t--o 
WE 

ABSOLUTE MAXIMUM 
RATINGS* 

CAPACITANCE 
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"DC CHARACTERISTICS 
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fLPD416 

Ta = O°C to +70°CQ), VOO = +12V ± 10%, VCC = +5V ± 10%, VSS = -5V ± 10%, VSS = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Supply Voltage VOO 10.8 12.0 13.2 V @ 
Supply Voltage VCC 4.5 5.0 5.5 V @@ 
Supply Voltage VSS 0 0 a V @ 
Supply Voltage VSS - 4.5 -5.0 -5.5 V @ 
I nput High (Logic 1 ) 

I i Voltage, RAS, CAS, 
I 

VIHC ! 2.7 7.0 V @ 
WRITE ! 

Input High (Logic 1) 

I 
I 

Voltage, all inputs 
VIH I 2.4 7.0 V @ 

except RAS, CAS . 

WRITE i I 
Input Low (Logic 0) I VIL I - 1.0 0.8 V 2 
Voltage, all Inputs 

o RAS, CAS cycling; 
35 C A perating v DO urrent 001 ,. I m 

tRC = tRC Min. ® 

Standby VOO Current 1002 1.5 mA 
RAS ~ VIHC, 00UT 
= High Impedance 

Refresh All Speeds 

! 
RAS cycling, CAS = except IlP0416-5 1003 25 mA 

I 
VOO 

VIHC tRC = 375 ns ® 
Current IlP0416-5 1003 27 mA 

I 
Page Mode VOO 

I 
RAS = VI L, CAS 

1004 27 mA cycling;tpc -
Current 

225 ns @ 
! Operating VCC 

I 
RAS, CAS cycling 

I Current ICCl /lA 
tRC = 375 ns~ 

I 
I 

RAS = VIHC, I 
Standby V CC Current ICC2 I -10 10 /lA 00UT = High 

I I i Impedance I ---1 'I 

I 
I RAS cyclin'J, 

Refresh V CC Current ICC3 I -10 10 /lA I CAS VIHC, I 

! tRC 375 ns I 

I i 
I 

RA.S VI L, CAS 
---j 

I Page Mode V CC 
ICC4 I u.A. cycllnfJ 'PC I 

Current 
225 ns ® I 

Operating VSS 
ISSl 200 iJ. A 

RAS, CAS cyclln'J 

Current I IRC 375 ns 

i RAS VIHC, 
Standby VSS 

ISS2 100 iJ.A I [)OUl Hlqh 
Current 

I Impedance 
I 

i RAS cyclin'J, 
Refresh VSS 

ISS3 200 /lA CAS-VIW;' 
Current 

tRC ' 375 ns 

Page Mode VSS 
RAS = VI L, CAS 

ISS4 200 }J.A cycling; 
Current 

tpc = 225.ns 

VSS = -5V, OV <-

Input Leakage 
If( L) -10 10 /lA 

VIN ~ +7V, 

(any input) a II other PinS not 

under test" OV 

Output Leakage IO(L) -10 10 IlA 
00UT is disabled, 

OV ~ VOUT ~ +5.5V 

Output High Voltage 
VOH 2.4 V lOUT" -5 mA@ 

(Logic 1) 

Output Low Voltage 
VOL 0.4 V lOUT" 4.2 mA 

(Logic 0) 

Notes: CD T a is specified here for operation at frequencies to tRC :..0 tRC (min). Operation at higher cycle rates with reduc;:ed 
ambient temperatures and high power dissipation is permissible, however, provided AC operating parameters are met. 
See Figure 1 for derating curve. 

0\ Ail voltages referenced to VSS. " 

@ Output voltage wll swing from VSS to VCC when activated with n,o current loading. For purposes of maintaining 
data in standby mode, VCC may be reduced to VSS without affecting refresh operations or data %etention. However, 
the VOH (min) specification is not guaranteed in this mode. 

@) 1001, 1003, and 1004 depend on cycle rate: See Figures 2, 3 and 4 for I DO limits at other cycle rates. 

® ICCl and ICC4 depend upon output loading. During readout of high level data VCC is connected through a low 
impedance (135!! typ) to data out. At all other times ICC consists of leakage currents only. 
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J'PD416 

~ 
E 
r-

.Z 

U 
w 

70 
a: 

<2- a: 
r-co ~ 

U 

0..: >-
2 ...J 

0-
W 0-
r- 60 ~ 
r- C/) 

Z 
w 0 
co 0 

2 X « 50 «. 
0 1.0 2.0 3.0 4.0 2: 

« 
E 
r-z 
w 
a: 
a: 
~ 
U 

>-
...J 
0-
0-
~ 
C/) 

M 
0 
0 

X 
« 
2: 

50 mA 

40mA 

30 mA 

20 mA 

10mA 

0 

o 

CYCLE RATE (MHzI' = 103 /tRC (ns) 

FIGURE 1 

Maximum ambient temperature versus cycle 
rate for: extended frequency operation. T a 
(max) for operation at cycling rates greater 

than 2.66 MHz (tCYC < 375 ns) is deter­
mined by Ta (max) rOC] = 70 - 9.0 x 
(cycle rate [M Hz] - 2.66), For J.L PD416-5, 

it is T a (max) [0 C] = 70 - 9.0 (cycle rate 

[MHz] - 3.125). 

CYCLE TI ME t RC (ns) 

320 
1000 500 400 300 250 

I I I I I 375 I I 

II 
J.LPD416-

",' 

SPEC LIMIT ~/' 

. . ~(.),~/ 
",' 

./ 
\ - iI""" 

'\.0. r-: ~ ~ 
ceQ/ \~-~ / 

\~-f: 0./ ...(~ ;/...(~~ ;, ~.-
/' ."," 
/' 

,.", 

1.0 2.0 3.0 

CYCLE RATE (MHz) = 103 /tRC (ns) 

FIGURE 3 

4.0 

Maximum I DD3 versus cycle rate for device 
operation at extended frequencies. 

©IC MASTER 1979 

50 rnA 

5~ 
E 40 mA 
r-z 
w 
a: 
a: 
~ 30mA 
u 
>-
...J 
0-
0-
~ 
C/) 20 mA 
v 
o 
o 

X 

~ 10mA 

o 
o 

DERATING CURVES 

CYCLE TI ME tRC (ns) 

320 

1000 500 400 375 300 250 
50 mA I I I I I I I -. 

J.LPD416-5 

40 mA 

30 mA 

20 rnA 

10mA 

o 
o 

SPEC LIMIT 
/ 

/ 

:.\ ' q./ 
<00'/ ,«>.:, 

1><' ~ 
'R .... ~-J..<?/ 

+c,(2;Y' / 
<?\~.1 / 

~~ / 

/~ 
~//' 

/ 
L/ V , , 

" / 

1.0 2.0 3.0 

CYCLE RATE (MHz) = 103 /tRC (ns) 

FIGURE 2 

Maximum I DDl versus cycle rate for device 
operation at extended fr·equencies. 

CYCLE TIME tpc (ns) 

~~ 

,!~ 

4.0 

1000 500 400 300 250 200 

."".-

I I I I 1 I 

SPEC LIMIT 

-' 
-' .. , 

,"i\' ."".-' 
."".-' 

-' ---~-' 

1.0 2.0 3.0 4.0 

CYCLE RATE (MHz) = 10 3 /tRC Ins') 

FIGURE 4 

.-

5.0 

Maximum IDD4 versus cycle rate for device 
operation in page mode. 

160 

6.0 
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fL PD416 
AC Ta = O°Cto +70°C, VDD= +12V ± 10%, VCC= +5V ± 10%, VBB =-5V ± 10%, VSS= OV 

CHARACTE R ISTICS LlMIT$ 

,uPD416 ,uPD416-1 ,uPD416-2 ,uPD416-3 I'PD416-5 TEST 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNIT CONDITIONS 

Random read or write 
510 410 375 I 375 I 320 

! 
ns G) 

cycle time 
tRC i I I 

I Read-write cycle time tRWC 575 465 375 I 375 I 320 i ns ® 
Page mode cycle time tpc 330 275 225 170 I 160 I ns I 

Access tione from ! 200 ! i 
! ! 

® ® AAs tRAC 300 i 250 I 150 
I 

120 ns i 
I Access time from 

! 200 i 165 I I i I I ® @ tCAC 135 I 100 80 ns 
I CAS i 

i Output buffer 

L turn-off delay 
tOFF 0 80 

! 
0 60 0 50 I o i 40 0 35 ns (j) 

I Transition time 
I (rise and fali) 

tT I 3 50 3 50 3 
I 

I 
I 50 3 I 35 3 35 ns © 

RAS precharge time tRP 200 150 120 100 100 ns 

. RAS pulse width tRAS i 300 
! 

10,000 250 10,000 200 32,000 150 32,000 120 10,000 ns 

RAS hold time tRSH 200 I 165 135 100 80 ns 

CAS pulse width tCAS I 200 I 10,000 165 10,000 135 10,000 100 10,000 SO 10,000 ns 

I I , 
I RAS to CAS delay I i -- .-- i I I 

I time tRCD 4U lUO I Jb I 85 I 25 I 65 20 50 I 15 I 40 I ns ® 
CAS to RAS 

-20 -20 -20 -20 0 ns 
precharge time tCRP , 
Row address 

0 0 0 0 0 
set-up time tASR ns 

Row address 
40 35 25 20 I 15 ns 

hold time tRAH I ! I 

Column address 

1 
-10 i -10 I -10 

1-
10 

1 
-10 

1 
ns 

set-up time tASC 
! 

Column address 
90 

[ 
75 55 45 40 I hold time tCAH I 

ns 
i 

Column address hold 

I 
I I I time referenced to tAR 190 160 120 95 80 ns 

RAS 

Read command 
0 0 I 0 0 0 

set-up time tRCS ns 

Read command 
0 o I 0 0 0 

hold time tRCH I ns 
i ! .. 

Write command 
90 75 I 55 45 

! 
40 I hold time tWCH ns 

Write command ! 
I I I I 

80 i hold time tWCR 190 

I 
160 120 95i flS 

referenced 10 RAS : i i· I 

-f-~ I 

I Write command I I I 
I I I 

I 
40 I twp 90 I 75 55 45 I I 

pulse width I i i I 
ns 

I I , 
Write command to 

120 I 60 I I I 

R AS lead time tRWL 100 80 60 ns I 
i 

Write command to 
120 I 100 I 80 I 60 I 

60 ·1 I 
CAS lead time tCWL I ns 

I 

Data-in set-up time tDS 0 0 i 0 0 ! 0 ns ® 
Data-in hold time tDH 90 75 55 45 40 ns ® 
Data-in hold time 

190 160 
referenced to-RAS tDHR 

I 
120 95 80 ns 

CAS precharge time 
i (for page mode tcp 120 100 80 60 

1 
60 ns 

cycle only) 

Refresh period tREF 2 2 2 2 I 2 ms 

WRITE command 
set-up time twcs -20 -20 -20 - 20 ! 0 ns @ 

CAS to WRITE 
140 

1

125 95 
delay tCWD I 70 

i 
80 ns @ 

RAS to WRITE 
'240 200 

delay tRWD 160 120 120 ns @! 

Notes: G) AC measurements assume tT = 5 ns. 

@ V IHC (min) or V IH (min) and V I L (maxi are reference levels for measur;ng timing of input signals. Also. transition times are measured b~tween V IHC or V I H and V I L. 

G) The specifications for tRC (min) and tRWC (min) are used only to indicate cycle time at which proper operation over the full temperature range (O"C .; Ta'; 70°C) 
is assured. 

@) Assumes that tRCD <;; tRCD (maxI. If tRCD is greater than the maximum recomm~nded value shown in this table. tRAC' w,1I increase by the amount that tRCD 
exceeds the values shown_ 

® Assumes that tRCD ~ tRCD (max)~ 
@ Measured with a load equivalent to 2 TTL loads and 100 pF_ 

CD tOFF (maxi defines the time at which the output achi9Ves the open circuit condition and ,s not referenced to output voltage levels. 

® Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (maxi is specified as a refEHence point only. if tRCD is greater than the specified 
tRCD (max) limit, then access time is controlled exclusively by tCAC. 

® These parameters are referenced to CAS leading edge in early write cycles and to WR ITE leading edge in delayed write or read-modify-write cycles. 

@ tWCS. tCWD and tRWD are not re~trictive operating parameters. They are included in the data sheet as electrical characteristics only. If twcs y twcs (min). the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) ;:, tRWD (mini. the cycle ;s;; read-write cyc:e and the ddtd Out will contain data 
read from the selected cell; if neither of the above sets of conditions is satisfied the condition of the data out (at access time) is indeterminate_ 
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fL PD416 

READ CYCLE 

~--------~--------------!RC------~--------------~ 

~-----------------------!RAS---------'~ 

V1HC_ ----.-.,r+----~-" ""'-----t---

ADDRESSES 

RAS 

CAS 

ADDRESSES 

RAS 

CAS 

ADDRESSES 

V 
IHC 

©Ie MASTER 1979 

WRITE CYCLE 

~--------------------tRC------------------------~ 

~------tDHR--------~ 

-----------------OPEN----------------_----

READ-WRITE/REAO-MOOIFY-WRITE CYCLE 

~------__ ------------------'RWC ____ ------------------------~ 

TIMING WAVEFORMS 
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(CaNT.) 
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fL PD416 

"RAS-ONLY" REFRESH CYCLE 

ADDRESSES 

-------------------------------OPEN-----------------------------------

Note CAS = V IHC' WRITE = Don't Care 

PAGE MODE READ CYCLE 

~-------------------------tRAS------------------------~ 

RAS 
V IHC 

VIL~ 

CAS 
V IHC_ 

V IL _ 

V IH _ 

ADDRESSES V 
IL-

WRITE 

RAS 

CAS 

ADDRESSES 

WRITE 

I I 
VOL _ I 

~::~- -rTJ1a'TrJY' ~-rTJW'TrJw+-f-_-~"'------(1 i--J -t-RCf-I-J......,.i.,.,.,.~'1"rr.1/hrTrlW~,..,.,.,W"'f"'J"7JJ 

PAGE MODE WRITE CYCLE 

V IHC_ 

V IL _· 

V IHC_ 

V
IL

_ 

V IH _ 

V 1L _ 

V IHC.~"""''''''''''''''''''''' 
V 1L _ 

V I H- "7'7""*"" _)-~~,.,.,..-.llr;"""~ _}-~~~ ...... LI'''''''''''''''''''' b-I .r---~~~.,.L~.,..,.,.,.,..,..,.,..,.,..,.,~ 

'V 1L_ .. ~~~~--~~--~~~~,~~~~~-'~~~~t,ur~--~~~-T~~~~~~~ 
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, p.PD416 

The 14 address bits required to decode 1 of 16,384 bit locations are multiplexed onto 

the 7 address pins and then latched on the chip with the use of the Row Address 
Strobe (RAS), and the Column Address Strobe (CAS). The 7 bit row address is first 
applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit 
column address is applied and CAS is brought low. Since the column address is not 
needed internally until a time of tCRD MAX after the r~ddress, this mUltiplexing 
operation imposes no penalty on access time as long as CAS is applied no later than 
tCRD MAX. If this time is exceeded, access time will be defined from CAS instead of 

RAs. 

ADDRESSING 

For a write operation, the input data is latched on the chip by the negative going DATA I/O 
edge of WRITE or CAS, whichever occurs later. If WRITE is active before CAS, this 
is an "early WRITE" cycle and data out will remain in the high impedance state 
throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the 
data output will contain the data in the selected cel~er the access time. Data out 
will assume the high impedance state anytime that CAS goes high. 

The page mode feature allows the tlPD416 to be read or written at multiple column PAGE MODE 
addresses for the same row address. This is accomplished by maintaining a low on RAS 
and strobing the new co!umn addresses with CAS. This eliminates the setup and hold 
times for the row address resulting in faster operation. 

Refresh of the memory matrix is accomplished by performing a memory cycle at .each REF R ESH 
of the 128 row addresses every 2 milliseconds or less. Because data out is not latched, 
"RAS only" cycles can be used for simple refreshing operation. 

Either RAS and/or CAS can be decoded for chip select function. Unselected chip 
outputs. will remain in the high impedance state. 

CHIP SELECTION 

In order to assure long term reliability, VBB should be applied first during power 
up and removed last during power down. 

POWER SEQUENCING 

. ©IC MASTER 1979 1569 
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C 

D 

E 

F 

G 

H 
r---'-

I 

J 

K 

L 

M 

14 
I 

ITEM 

A 

B 

C 

0 

E 

F 

G 

H 

I 

J 

K 

L 

M 

2.54 

0.5 

17.78 

1.3 

2.54 MIN. 
I 0.5 MIN. 
r----------.. --

4.05 MAX. 

4.55 MAX. 

7.62 

6.4 

+0.10 
0.25 

-0.05 

~I---
D 

IlPD416D 
(Ceramic) 

MI LLiMETERS 

20.5 MAX. 

1.36 

2.54 

0.5 

17.78 

1.3 

3.5 MIN. 

0.5MIN. 

4.6 MAX. 

5.1 MAX. 

7.6 

7.3 

0.27 

i 0.10 

0.02 

0.70 

0.051 

0.10 MIN. 

0.02 MIN. 
--

0.16 MAX. 

0.18 MAX. 

0.30 

0.25 

0.01 

A E=:~ 
I 'I 

I 
I' 

M 

--1 
E 

INCHES 

0.81 MAX. 

0.05 

0.10 

I 0.02 

0.70 

0.051 

0.14MIN. 

I 0.02 MIN. 

0.18 MAX. 

0.20 MAX. 

0.30 

0.29 

0.01 

SP416-8-78-G Y -CA T 
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NEe 
NEe Microcomputers, Inc. p,PD44316508 

fL PD44316508·1 

~rn~~~~~~illOOW 

1024 BIT CMOS RANDOM ACCESS MEMORY 

DESCR IPTION The jlPD443/6508 is a high speed, ~ow power, silicon gate CMOS 1024 bit static RAM 
organized as 1024 words by 1 bit. In all static states this RAM exhibits the microwatt 
power requirements typical of CMOS. 

Inputs and three state outputare TTL compatible. The basic part operates at 4 to 7 
volts with a +5\1, 25°C access time of 200 ns and supply current of 100 jlA.-Data 
retention is guaranteed to 3V on all parts. 

F EA TU RES • Low Power Operation 
• Excellent Speed Operation 
• TTL Compatible on Inputs and Outputs 
• Static Operation . 
• On-Chip Address Register 
• Replacement for 1M 6508 and Equivalent Devices 
• Available in Standard 16 Pin Ceramic Package 

PIN CONFIGURATION es Vee PIN NAMES 

AO ~1 
AO-Ag Address Input 

CS Chip -Select 
A1 WE WE Write Enable 

A2 Ag VCC Power (+~)V) 

A3 AS 
DI Data Input 

DO Data OJtput 
A4 A7 

DO A6 

GND A5 

©IC MASTER 1979 1571 
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fL P 0443/6508 

DATA IN 

CS 

CELL ARRAY 
32 x 32 

CIRCUITS 

COLUMN DECODE 
AND 

BLOCK DIAGRAM 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. DOe to +70o e ABSOLUTE MAXIMUM 
Storage Temperature ............................... -65°e to +150o e RATINGS* 
Input Voltages .............................. -0.5 to Vee +0.5 Volts 
Output Voltages .............................. -0.5 to Vee +0.5 Volts 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +8 Volts 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

Ta = oOe to +70
c
e; vee = +5V ± 5% DC CHARACTE R ISTICS 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Logical "1" Input Voltage V,H Vee-2.O i V 

Logical "0" Input Voltage V,L 0.8 V 

Input Leakage ',L -1.0 1.0 J..I.A OV';;;V,N';;;Vee 

Logical "1" Output Voltage VOH2 Vee-0.01 V lOUT = 0 

Logical "'" Output Voltage VOHl 2.4 V 10H = -0.2 rnA 

Logical "0" Output Voltage VOL2 GND+O.Ol V lOUT = a 
Logical "0" Output Voltage VOL1 0.45 V 10L = 2.0 rnA . 

Output Leakage '0 -1.0 1.0 J..I.A OV,;;; Vo';;; Vee 

Supply Current ICC 1.0 100 J..I.A V,N = Vee 

LIMITS TEST CAPACITANCE 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

I nput Cap~citance CIN 5.0 7.0 pF 

Output Capacitance COUT 6.0 10.0 pF 
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AC CHARACTERISTICS 

TIMING WAVEFORMS 

©IC MASTER 1979 

fLPD44316508 

LIMITS 

",PD443/6508-1 ",PD443/6508 TEST 
PARAMETER SYMBOL MIN MAX MIN MAX UNIT CONDITIONS 

Access Time From CS tAC I 250 300 ns 

Output Enable Time tEN 180 180 ns 

Output Disable Time tDIS 180 180 ns 

CS Pulse Width (Positive) 150 165 
tr = tf = 20 ns 

tcs ns 

CS Pulse Width (Negative) tcs 250 300 ns Vref = 50% 

Write Pulse Width (Negative) twp 165 165 ns Load = 1 TTL Gate 

Address Set Up Time tADDS 7 '7 ns 

Address Hold Time 90 90 lis 
CL = 50 pF 

tADDH 

Data Set Up Time tDS 165 165 ns 

Data Hold time tDH 0 0 ns 

READ CYCLE 

cs 

AO-Ag 

DATA OUT 

Note: CD The llPD443/6508 output is active when CS is low. 

WRITE CYCLE 

Notes: CD The llPD443/6508 performs a write operation when CS = WE = O. 

~ The write,operation is terminated on the positive edge from CS. 
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fL PD443/6508 
OUTPUT ENABLE 

cs 

OUTPUT 

Note: <D pPD443/6508 output is high impedance when CS = 1 or WE = O. 

I 
I-

1574 

A -----__.-1 f-c-K----1 
! 1- L-.J Ir- I 
I /I 

MILLIMETERS INCHES 

19.9 MAX 0.784 MAX 
1--------1----------------------- -------

1.06 0.042 
1--------+----2~54----- I 0_ 1 0 

I --
0.46 ! 0.10 0.018 2_ 0.004 

...----+--------- --------------
17_78 0_70 

I-------+----~--'-.------- --------------
1. 5 0.059 

I---------+----------~----------

2.54 MIN 0.10 MIN 
1-------1----------+-----------

0.5 MIN 0.019 MIN 
...-----+-----~___t----------

4.58 MAX 0.181 MAX 
----+------1-----------

5.08 MAX 0_20 MAX 
...---~-----------,-+----------

7.62 0.30 

0.25 6.4 
1-------1------+-------

0.25 + 0.10 + 0_0039 
-- 0.05 0.0098 - 0.0019 

TIMING WAVEFORMS 
(CONT.) 

PACKAGE OUTLINE 
MPD443/6508D 

SP443/650S-9-7S-G Y -CA T 

@Ie- MASTER 1979 



NEe 
NEe Microcomputers, Inc. JLPD5101L 

l' PD5101 L·1 

1024 BIT (256x4) STATIC CMOS RAM 

DESCRIPTION The PPD5101L and PPD5101L-1 are very low power 1024 bit (256 words by 4 bits) 
static CMOS Random Access Memories. They meet the low power requirements of 
battery operated systems and can be used to ensure non-volatility of data in systems 
using battery backup power., 

All inputs and outputs of the PPD5101L and PPD5101 L-1 are TTL compatible. Two 
chip enables (CE 1, CE2) are provided, with the devices being selected when CE 1 is 
low and CE2 is high. The devices can be placed in standby mode, drawing 10 J.1A. 
maximum, by driving CE 1 high and inhibiting all addr~ss and control line transitions. 
The standby mode can also be selected unconditionally by driving CE2 low. 

The PPD5101L and PPD5101L-1 have separate input and output lines. They can be 
used in common I/O bus systems through the use of the 00 (Output Disable) pin 
and OR-tying the input/output pins. Output data is the same polarity as input data 
and is nondestructively read out. Read mode is selected by placing a high on the 
R/W pin. Either device is guaranteed to retain data with the power supply voltage as 
low as 2.0 volts. Normal operation requires a single +5 volt supply. 

The PPD5101 Land J1PD5101 L-1 are fabricated using NEC's silicon gate comple­
menta'ry MOS (CMOS) process. 

FEATURES • Directly TTL Compatible - All Inputs and Outputs 

• Three-State Output 

• Access Time - 650 ns (PPD51 01 L); 459 ns (PPD51 01 L-1) 

• Single +5V Power Supply 

• CE2 Controls Unconditional Standby Mode 

• Available in a 22-pin Dual-in-Line Package 

PIN CONFIGURATION A3 vee 

A2 2 'A4 PIN NAMES 
A, 3 R/W 

AO 4 eEl 
01,- 01 4 Data Input 

AO - A7 Address Inputs 
A5 5 00 

AS S 
MPD 

CE2 5101L 

R/W Read/Write Input 

CE,. CE2 Chip Enables 

A7 7 0°4 
00 Output Disable 

GNO 8 01 4 
DO, -.004 Data Output 

VCC Power (+5V) 
DI, 9 003 

DO, 01 3 

01 2 0°2 
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fLPD5101L 
ADDRESS 

BUFfERS 
ROW 

DECODERS 

(DISABLE I 

Operating Temperature ................. . 
Storage Temperature ................ . 
Voltage On Any Pin With Respect to Ground ... . 
Power Supply Voltage .................. . 

CELL ARRAY 
32 ROWS 

32 COLUMNS 

oOe to +70o e 
. -40°C to +125°e 

. -0.3 Volts to Vee +0.3 Volts 

........ -0.3 to +7.0 Volts 
COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional operation of the.device 

at these or at any other condition above those indicated in the operational sections of th is specifi­

cation is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliabi lity. 

*Ta = 25.~C 

Ta = O°C to 70°C; VCC = +5V ± 5%, unless otherwise specified. 

LIMITS 

PARAMETER SYMBOL MIN TYPeD MAX UNIT TEST CONDITIONS 

Input High leakage ILlH0 1 j.J.A VIN = VCC 

Input Low Leakage ILlL@ -1 j.J.A VIN = OV 

Output High Leakage ILOH@ 1 j.J.A CEl = 2.2V, VOUT = VCC 

Output Low Leakage ILOL a> -1 .j.J.A CEl = 2.2V, VOUT = O.OV 

Operating Current ICCl 22 mA 
VIN = VCC Except CEl 

c«0.65V, Outputs Open 

Operating Current ICC2 27 mA 
V IN = 2.2V Except CEl 

c«0.65V, Outputs Open 

Standby Current ICCl a> 10 j.J.A 
VIN = 0 to 5.25V 

CE2:( 0.2V . 

Input Low Voltage VIL -0.3 0.65 V 
Input High Voltage VIH 2.2 VCC V 

Output Low Voltage VOL 0.4 V IOl = 2.0 mA 

Output High Voltage VOHl 2.4 V IOH = -1.0 mA 

Output High Voltage VOH2 3.5 V 'OH'= -100 j.J.A 

Notes: CD Typical values at T a = 25° C and nominal supply voltage. 

@ Current through all inputs and outputs included in 'CCl. 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

I nput Capac itance CIN 4 8 pF VIN OV 
(All Input Pins) 

Output COUT 8 12 pF VOUT OV 

Capacitance 

1576 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 

RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 
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AC CHARACTERISTICS READ CYCLE 
JLPD5101L 

Ta = o°c to 70°C; VCC = 5V±5%, unless otherwise specified 

LIMITS 

PARAMETER SYMBOL 5101L 5101L·1 UNIT TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

Read'Cycle tRC 650 450 ns Input pulse amplitude: 
0.65 to 2.2 Volts 

. Access Time tA 650 450 ns 
Input rise and fall 

Chip Enable (CE1) tC01 600 400 ns times: 20 ns 
to Output 

Chip Enable (CE2) tC02 700 500 ns Timing measurement 

to Output reference level: 

Output Disable to 350 250 
1.5 Volt 

tOD ns 
Output Output load: ITTL 
Data Output to tDF 0 150 0 130 ns 

Gate and CL = 100 pF 
High Z State 

Previous Read Data tOH1 0 0 ns 
. Valid with Respect 

to Address Change 

Previous Read Data tOH2 0 0 ns 
Valid with Respect 
to Chip Enable 

WRITE CYCLE 

Ta = OcC to 70
D

C; VCC = 5V±5%, unless otherwise specified 

LIMITS 

PARAMETER SYMBOL 5101L 5101L·1 UNIT TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

Write Cycle twc 650 450 ns Input pulse amplitude: 

Write Delay tAW 150 130 ns 0.65 to 2.2 Volts 

Chip Enable (CE1) tCW1 550 350 ns Input rise and fall 
to Write times: 20 ns 

Chip Enable (CE2) tCW2 550 350 ns Timing measurement 
to Write reference level: 
Data Setup tDW 400 250 ns 1.5 Volt 

Data Hold tDH 100 50 ns Output load: ITTL 
Write Pulse twp 400 250 I)S Gate and CL = 
Write Recovery tWR 50 50 ns 100 pF 

Output Disable Setup tDS 150 130 

LOW VCC DATA RETENTION Ta =0')Cto70°C 

CHARACTER ISTICS LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

VCC for Data VCCDR +2.0 V CE2 ~ +0.2V 
Retention 

Data Retention ICCDR +10 J.1A VCCDR = +2.0V 

Current CE2 ~ +O.2V 

Chip Deselect tCDR 0 ns· 

Setup Time 

Chip Deselect tR tRcCD ns 

Hold Time 

Note: CD tRC = Read Cycle Time 
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}J-PD5101L 

READ CYCLE 

~------------tRC------------~~ 

ADDRESS 

~~----tC02----~ 

00 
(COMMON 1/0) @ 

DATA -- -------

OUT __ ~-----_-

WRITE CYCLE 

I~··-----------twc------------~ 

ADDRESS 

~-----tCW1----~~ 

CE2 

tCW2 

00 

(COMMON I/O)@ 
tDH 

1578 

Notes: 

DATA DATA IN 
IN STABLE 

tow 

R/W 
twp 

<D Typical values are for T a = 25° C and nominal supply voltage. 
@ 00 may be tied low for separate 1/0 operation. 

@ During the write cycle, 00 is "high" for common 1/0 and 
"don't care" for separate I/O operation. 

DA TA RETENTION 

SUPPL Y VOL TAGE ~V CC! 

CHIP ENABLE ~CE) 0 
ov------ ----------

Notes: .~ 4.75V 
2 VCCDR 
3 V 1H 

4 O.2V 

TIMING WAVEFORMS 

LOW Vee DATA RETENTION 
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TYPICAL OPERATING 
CHARACTERISTICS 

PACKAGE OUTLINE 
JlPD5101LC 

©IC MASTER 1979 

ICC - VCC (Ta) 
25.----,--~~--~~---.--~ 

20r----r--~----1_--~--~ 

- 15r----r---4----1_---1~~ 
« 
.§ 
u 
~ 10 f------+-------j'-

Vee (VI 

VOL - IOl (Tal 
0.6 

0.5 

0.4 

> 
~ 0.3 
0 
> 

0.2 

5V 

15 
IOL (mAl 

tA- Cl 

A 

-8-
o -C- iF:-

ITEM 

A 

8 

C 
0 

E 
F 

G 
H 

K 

L 

.'\~ 

l 

? 
I 
o 
> 

700 

600 

500 

400 ::. 
300 

200 

oL, 

f--"---
~ 

1.0 

j 
a: 
o o. 
u 

1 

~ 

v./ 

0.0 ,r 

p.P05101L 

VOH - IOH (Ta) 

10 

IOH (mAl 

tA - VCC (Ta) 

20 e 

4 

Vee lVI 

'CCDR - Ta 

'o-.J::: 

-eE2 '0.2V -lee ,-;J-
-VI o to Vee ../ -.J~ -;T 

'J~e~ 
.,/ ~ 

L ......::~ 

I 

10 20 30 40 50 60 70 

K 

L 

T" ( el 

A 
0-15 - -

MILLIMETERS INCHES 

28.0 M,lX. 1.10 MdX 
1.4 MdX. 0.025 M"X. 
2.54 0.10 
0.50 . 0.10 0.07 0.004 
25.4 1.0 

1.40 0.055 

2.54 rJllfl. 0.10 Mill 

0.5 Mill 0.07 ~11f1. 

4.7 MdX. 0.18Mdx 

5.2 MdX 0.20 Mdx. 

10.16 0.40 

8.5 0.33 

·010 
0.25 005 0.01 

·0004 

0.00) 

SP51 01 L -8-77 -GY -CAT 

1579 



'-
Q) ..... 
:l 
0-
E 
0 
0 
0 
'-
0 

~ 
() 
W 
Z 

NEe 
NECMicrocomputers, Inc. p,PD444 

~m~[~~~~ffiOOW 

1580 

4K STATIC CMOS RAM 

DESCRIPTION· The ,uPD444 is a 4K Static CMOS RAM, organized as lK x 4. Its use of CMOS 
technology assures extremely low operating and standby power requirements. 

FEATURES • Compatible with 2114L 

• Single +5V Supply 

• Fully Static - No Clocks 

• 300 ns Access Time 

PIN CONFIGURATION As vee 

A5 A7 

A4 AS 

A3 Ag 

AO 1/°1 

A, 1/°2 

A2 1/°3 

es 1/04 

WE 
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NEe Microcomputers, Inc. NEe 
fLPD445L 
,u.PD445L·1 

FULLY DeCODeD ·4096 STATIC CMOS RAM 

DESCRIPTION The J.1PD445L is a very low power 4,096 bit (1024 words by 4 bits) static RAM fabricated 
with NEC's complementary MOS (CMOS) process. It has two chip enable inputs (CE1, 

CE2). Minimum standby current is drawn when CE1 is at a high level, while inhibiting 

all address and control line transitions or, un'conditionally when CE2 is at a low level. 

This device ideally meets the low power requirements of battery operated systems and 

battery back-up systems for non-volatility of data. 

The J.1PD445L uses fully static circuitry requiring no clocking. Output data is read out 

non-destructively by placing a high on the R/W pin and has the same polarity as input 

data. All inputs and outputs are directly TTL compatible. The device has common 

input/output data busses and an 00 (Output Disable) pin for use in common I/O bus 

systems. 

The J.1PD445L is guaranteed to retain data with the power supply voltage as low as 2.0 
volts. 

FEATURES • Single +5V Power Supply 

• Ideal for Battery Operation 
• Low Standby Power for Data Retention 
• Simple Memory Expansion - Chip Enable Inputs 

• Access Time - 650 ns Max. (J.1PD445L) 
450 ns Max. (J.1PD445L-1) 

• Directly TTL Compatible - All Inputs and Outputs 

• Common Data Input and Output 
• Static CMOS - No Clocks Refreshing Required 

• 20 Pin Dual-I n- Line Plastic Package 

PIN CONFIGURATION PIN NAMES 
A3 Vec 

A2 A4 Ao-Ag Address Input 

A1 R/W 00 Output Disable 

AO CE1 R/W Read/Write 

A5 00 
CE1 Chip Enable 1 

CE2 Chip Enable 2 

AE) CE2 1101-1/ 0 4 Data Input/Output 

A7 A8 VCC Power Supply 

GND Ag GND Ground 

1/01 1/04 
OPERATION MODES 

1/02 1/03 
CE1 CE2 00 Chip Output Mode 

0 1 0 Data Out 
Selected 

0 1 1 
High Impedance 

Others Non-Selected 
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JLPD445L 

ADDRESS 
BUFFER 

X­

DECODER 

MEMORY 
CELL 

MATRIX 

64 x 64 

Operating Temperature. . . . ............... -10° e to +70° e 
Storage Temperature. . . .. . .............. -40

0
e to +125°e 

All Output Voltages. . . . .......... -0.3 to Vee +0.3 Volts 
All Input Voltages. . . . . . . . . . . . . . . . . . . . . . -0.3 to Vee +0.3 Volts 
Supply Voltage Vee .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 to +7 Volts 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

Ta = -10 to +70°C; +5V ± 10% 

LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input High Voltage V,H +2.2 VCC V 

Input Low Voltage V,L -0.3 + 0.65 V 

Ou tpu tHigh Voltage VOHl +2.4 V IOH = -1.0 mA 

VOH2 +3.5 V IOH =·100}.LA 

Output Low Voltage VOL 
I 

.;- 0.4 V IOL = +2.0 mA 

Input Leakage 

Current High IUH + 1.0 }.LA VI.= VCC 

Input Leakage 
'LiL - 1.0 I1A V, = OV 

Current Low 

Output Leakage 
'LOH + 1.0 I1A 

Vo = V.CC, 
. Current High CEl = 2.2V 

Output Leakage 
'LOL -- 1.0 }.LA 

Vo = OV, 
Current Low CEl ~ 2.2V 

Outputs Open 
Supply Current ICCl 12 25 mA V I = VCC except 

CEl '" 0.65V 

Outputs Open 
Supply Current 'CC2 16 30 mA V, = 2.2V except 

CEl '" 0.65V 

Standby Current ICCL 40 I1A 
V, = 0 to 5.25V 

Except CE2 '" 0.2V 

1582 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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AC CHARACTERISTICS 

©IC MAS1ER 1979 

READ CYCLE 
Ta = _10°C to +70°C; VCC = +5V ± 10% 

LIMITS 

445L 445L-1 

PARAMETER SYMBOL MIN. MAX MIN MAX 

Read Cycle Time tRC 650 450 

Access Time tA 650 450 

Chip Enable 
600 400 

(CE1) to Output tC01 

Chip Enable 
tC02 700 500 

(CE2) to Output 

Output Enable 
350 250 too to Output 

Output Disable 
tDF 0 150 0 130 

(00) to Floating 

Data Output 
tOH1 0 0 

Hold Time 

Chip Disable 
tOH2 0 0 

to Floating 

Address Rise tr 
300 300 

and Fall Time tf 

WRITE CYCLE 

LIMITS 

445L 445L-1 

PARAMETER SYMBOL MIN MAX MIN MAX 

Write Cycle Time twc 650 I 450 

Address Setup 
tAW 150 130 

Time 

Chip Enable 
(CE1) to Write tCW1 550 350 
End 

Chip Enable 
(CE21 t<;1 Write tCW2 550 350 
End 

Data Setup Time tow 400 250 

Data Hold Time tDH 100 50 

Write Pulse Width twp 400 250 

Address Hold 
Time tWR 50 50 

Output Disable 
Setup Time tDS 150 130 

Address Rise tr 
300 300 

and Fall Time tf 

fLPD445L 

TEST 
UNIT CONDiTIONS 

ns 

ns Input Voltage Levels 

ns 
V = +0.65 to +2.2V 

ns 
Input Rise Time 

20 ns 

Input Fall Time 
ns 

20 ns 

ns 
Timing Measurement 

Reference Level = 

+1.5V 
ns 

Output Load 

ns 
1 TTL + 100 pF 

ns 
. For Address change 
during Chip Enabled 

TEST 
UNIT CONDITIONS 

ns 

ns 
Input Voltage Levels 

V I = +0.65 to +2.2V 

ns' Input Rise Time 
20 ns 

ns Input Fall Time 
20 ns 

ns 
! 

ns Timing Measurement 

ns Reference Level = . 

+1.5V 
ns 

ns 

For Address change 
ns 

during Chip Enabled 

LOW VCC DATA RETENTION 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

VCC for Data Retention VCCDR +2.0 V CE2 ~ +0.2V 

Data Retention Current ICCDR 40 J.lA VCCDR = +2.0V 
CE2 ~ +0.2V 

Chip Deselect Setup Time tCDR 0 ns 

Chip Deselect Hold Time tR tRcCD ns 

Note: CD tRC = Read Cycle Time 
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JLPD445L 

ADDRESS 

00 
ICOMMON 1/0) 

DATA OUT 

ADDRESS 

00 
(COMMON 1/0) 

DATA 
IN 

R/W 

READ CYCLE 

~------------------tRC----------------------~ 

t C01 , 

tOH2 

~~------tC02----------~ 

I '001 
____ ~:---~:.~---- I 

DATA OUT VALID 

.-.----- tDP--

- - -- HIGH IMPEDANCE STATE 

WRITE CYCLE 

~-------------------twc------------------~ 

~----------tCW1----------~ 

~-+_--------tCW2--------------~~ 

tDH~ 

~----- tow ---------L 
--------+-~ ~----------twp--------~ r-------~---------

- .... - - HIGH IMPEDANCE STATE 

LOW VCC DATA RETENTIONG) 

DATA RETENTION MODE--

SUPPLY VOLTAGE (VCC) 

VI~ VCCDR Jt:IH 

CHIP ENABLE (CE2) 

O.2V "'______________________ O.2V 

w-----------------------------
Note <D Applv less than VCCDR to all Inputs for data retention mOd~. 

TIMING WAVEFORMS 
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CAPACITANCE 

PACKAGE OUTLINE 
J.lPD445LC 

@IC MASTER 1979 

LIMITS 
PARAMETER SYMBOL MIN TYP MAX 

Input Capacitance CI 5 8 

Output Capacitance Co 8 12 

~---------------A----------------~ 

ITEM MILLIMETERS INCHES 

A 27.00 1.07 

B 2.07 0.08 

C 2.54 0.10 

0 0.50 0.02 

E 22.86 0.90 

F 1.20 0.05 

G 2.54 MIN 0.10MIN 

H 0.50 MIN 0.02 MIN 

I 4.58 MAX 0.18 

J 5.08 MAX 0.20 

K 10.16 0.40 

L 8.60 0.39 

M 025 +0.10 
. -0.05 

001 +0.004 
. -0.002 

fLPD445L 

TEST 
UNIT CONDITIONS 

pF VI =OV 

pF VO=OV 

SP445L-8-78-GY-CAT 
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NEe 
NEe Microcomputers, Inc. JL PD2101AL 

P. PD2101AL-2 
ILPD2010AL-4 

1586 

1024 BIT (256 X 4) STATIC MOS RAM 
WITH SEPARATE 1/0. 

DESCRIPTION The,uPD2101AL is a 256 word by 4 bit static random access memory requiring no 

clocks or refreshing. It features high speed, low cost, and simplicity of interfacing. 

It is directly TTL compatible in all respects; inputs, outputs, and a single +5V supply. 
Two chip-enables allow easy selection of an individual package when outputs are 
OR-tied. An output disable is provided so that data inputs and outputs can be tied for 
common I/O systems. The output disable function eliminates the need for bidirectional 
logic in a common I/O system. Output data is the same polarity as input data, and 
readout is non-destructive. 

The ,uPD2101AL family of devices offers access times from 450 ns to 250 ns with a 

typical standby mode power dissipation of only 36 roW. 

The use of NEC's N-channel silicon gate MOS process, with its excellent protection from 
contamination, permits the use of a low cost 22 pin plastic package in providing a high 
performance, high reliability MOS circuit at a most cost effective price level. The 

,uPD2101AL is pin-compati~le with the ,uPD5101 CMOS static RAM . 

FEATU RES • 256 x 4 Organizations to Meet Needs for Small System Memories 

• Access Time - 250 to 450 nsec max 

• Directly TTL Compatible - All Inputs and Output 

• Static MOS - No Clocks or Refreshing Required 

• Simple Memory Expansion - Chip Enable Input 

• Low Standby Power - 36 mW typo 

• Low Cost Packaging - 22 Pin Plastic Dual-In-Line Configuration 

• Low Operating Power 

• Three-State Output - OR-Tie Capability 

• Output Disable Provided for Ease of Use in Common Data Bus Systems 

PIN CONFIGURATION A3 vee 
PIN NAMES 

A2 A4 01 1-01 4 DATA INPUT CE2 CHIP ENABLE 2 

A1 3 R/W AO-A7 ADDRESS INPUTS 00 OUTPUT DISABLE 

Ao 4 CEl R/W READ/WRITE INPUT 001-004 DATA OUTPUT 

A5 5 IJPD 00 
CEl CHIP ENABLE 1 'VCC POWER (+5V) 

A6 6 2101AL CE2 OPERATION MODES 

A7 7 0°4 

GNO 8 01 4 

OUTPUT 

eEl CE2 00 CHIP MODE 

0 1 0 Data Out 

01 1 9 0°3 
Selected 

0 1 1 
High 

0°1 013 'Others No-Selected Impedance 

012 0°2 
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fL PD2101AL 

AO 
BLOCK DIAGRAM 

A, • MEMORY 
• CELL • A2 • MATRIX • (256 x 4) A3 • 

A4 

R/W DO, 
01, ~a: 

:::>w 
002 

01 2 
a..u.. 
~u.. 
:::>:::> 003 

01 3 oca 
01 4 

004 
Y-DECODER 

00 .... r--""" >---4 

A5 A6 A7 

Operating Temperature ... . . . . . . . . . . . . . . . . . . . . . .. -10°C to +70o e ABSOLUTE MAXIMUM 
Storage Temperature ................................. -65°e to +125°e RATINGS* 
All Output Voltages .................................. -0.5 to +7 Volts 
All I nput Voltages ................... . . . . . . . . . . - 0.5 to +7 Volts 
Supply Voltage Vee .................................. -0.5 to +7 Volts 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these" or any 
other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

T a = -lO°C to +70°C, VCC = +5V ± 5% 

LIMITS 

PARAMETER. SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS 

Input High Voltage VIH +2.0 VCC V 

Input Low Voltage VIL -0.5 +0.8 V 

Output High Voltage VOH +2.4 V 10H = -100 p.A 

Output Low Voltage VOL +0.4 V " 10L = +2.1 mA 

" Input Leakage Current 
i High ILIH +10 p.A VI = VCC 

Input Leakage Current I 
Low ILIL -10 p.A VI = OV 

Output Leakage I ILOH +10 p.A Vo = +2.4V to VCC 
Current High i 

CE1 = +2.0V 

Output Leakage ILOL i -10 p.A Vo = +O.4V 
Current Low CE1 = +2.0V 

Power Supply Currem ICC1 +60 mA VI = +5.25V 

10 = 0 mA 

Ta = +25°C 
.. 

Power Supply Current ICC2 +70 mA VI = +5.25V 

10 = 0 mA 

T a = _10
0 
C to + 70° C 
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AC CHARACTERISTICS 

STANDBY 
CHARACTER ISTICS 

CAPACITANCE 

1588 

fLPD2101AL 
READ CYCLE 

LIMITS 

2101AL-4 2101AL 2101AL-2 
PARAMETER SYMBOL UNIT 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

Read Cycle Time tRC 450 350 250 ns 

Access Time tA 450 350 250 ns 

Chip Enable to I . 
Output tco I 180 150 130 ns 

Output Disable 
to Output tOD 150 130 120 ns 

Data Output to 
High Z State tDF* 0 i30 0 115 a 100 ns 

Previous Read 
Data Valid After _~ I ! I ! 
,... - .< A 

I vhdnge 01 Addre:;:; I tOH I <+0 I I 40 I I 40 I ns 

*tDF is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first. 

. 0 0 WRITE CYCLE 
Ta =-10 Cto+70 C,VCC=+5V±5% 

LIMITS 

2101 AL-4 2101AL 2101AL-2 
PARAMETER SYMBOL UNIT 

MIN. TYP. MAX. MIN .. TYP. MAX. MIN. TYP. MAX. 

Write Cycle Time twc 450 350 250 ns 

Write Delay tAW 20 20 20 ns 

Chip Enable to 
Write tcw 180 150 130 ns 

Data Setup Time tDW 180 150 130 ns 

Data Hold Time tDH 0 0 0 ns 

Write Pulse Width twp 160 130 120 ns 

Write Recovery I tWR 0 0 0 ns 

Output Disable 
Setup tDS 20 20 10 ns 

Note: OD is a logical 1 for common I/O and "don't care" for separate I/O operation. 

LIMITS 
PARAMETER SYMBOL 

TYP~ 
UNIT 

MIN. MAX. 

VCC in Standby VPD 1.5 V 

2.0 V 
eEl Bias in Standby VCES 

VPD V 

Standby Current Drain IpDl 24 36 mA 

Standby Current Drain IpD2 30 45 mA 

Chip Deselect to 
Standby Time tcp 0 ns 

Standby Recovery 
Time tR tR~ ns 

Notes: 0 Typical values are for T a = 250 C and nominal supply voltage. 

@ tR = tRC (Read Cycle Time). 

LIMITS 
PARAMETER SYMBOL UNIT 

MIN. TYP. MAX. 

Input Capacitance CIN 8 pf 

Output Capacitance COUT 12 pf 

TEST COND ITIONS 

2.0V ..;; VPD ~ 5.25Y 

1.5V";; VPD < 2.0V 

All Inputs = VpDl = 1.5V 

All Inputs = VpD2 = 2.0V 

TEST CONDITIONS 

VI=OV 

VO=OV 
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ILPD2101AL 
READ CYCLE 

.... 1 ... -.---- tRC ... \ 

ADDRESS~ _____________________ ~ 

CE2 

00 
(COMMON I/O) 

DATA -­
OUT __ HIGH-Z 

Notes: CD 00 should be tied low for separate I/O operatio'1. 

@ R/W is high for read operation. 

ADDRESS 

CE2 

00 
(COMMON I/O) 

DATA 

WRITE CYCLE 

..... --------twc----~~ 

tcw-_--, 

Note: 00 is a logical 1 for comma!,) 1/0 and "don't care" for separate I/O operation. 

VCC 

CE 

OV 

Notes: CD 4.75V 

@ 2.0V 

@ 1.5V 

STANDBY MODE 

TIMING WAVEFORMS 

STANDBY WAVEFORMS 

Input Pulse Levels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. +0.8V to +2.0V I ACCON DtTt ONS OF TEST 
Input Pulse Rise and Fall Times. . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 ns 
Timing Measurement Reference Level ............................... 1.5V 
Output Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 TT L + 100 pF 
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TYPICAL OPERATING 
CHARACTERISTICS 

PACKAGE OUTLINE 
tLPD2101AL 

1590 

ICC VS Ta 

50r-~r---~--~--'---~-------

40~--r---t-~~~+---4---J---J 
<:! ~ 3or---II---1~~~==-4----4----l~5.~25~v:J 
u 

~ 
! 
u 
~ 

10~--~~--~--~~--~--~~---1--~ -40 -20 0 20 40 60 SO 
Ta (OC) 

ICC VS Vee 

Vcc (V) 

fLPD2101AL 

f--K--! 

jML-l 
-- -- 0-15° 

~---------A------------

-

L 
I 

ITEM 

A 

G 

I 

MILLIMETERS 

28.0 MAX. 

l.4MAX 

254 

0.50 

25.4 

1.40 

2.54 MIN. 

0.5MIN. 

4.7 MAX. 

5_2 MAX 

INCHES 

1.10 MAX. 

0.Q25 

--o~i-o-

0.02 

1.00 

0.055 

0.10MIN. 

0.02 MIN 
--: -----_._---

0_18 MAX_ 

0.20MAX 

i K ~0_1_6_ 0.40 -
~, 8_5 --0.33"--

[ 
M 0_25 +0_10 0.01 +0.004 

0.05 0_002 SP21 01-'S-77-G Y -CA T 
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NEe Microcomputers, Inc. 
NEe 

fLPD2102AL 
j.LPD2102AL-2 
fL PD2102AL-4 

102481T FULLY DECODED STATIC 
MOS RANDOM ACCESS MEMORY 

DESCR IPTION The tLPD2102AL is a 1024 words by one bit static Random Access Memory requiring 
no docks or refreshing. A family of devices with maximum access times ranging from 
250 ns to 450 ns meet the requirements of microcomputer memory applications where 
speed, low cost and easy interfacing are prime design objectives. 

All tLPD21 02AL inputs and outputs are TTL compatible. A single chip-enable (CE) pin _ 
is provided for selection of an individual device in systems with OR-tied outputs. 
Output data is the same polarity as input data and is nondestructively read out. Only a 
single +5 volt supply is required. I n standby mode, with the supply lowered to 1.5 
volts, power dissipation is reduced to 42 mW max. 

The tLPD2102AL family is fabricated using NEC's N-channel MOS silicon gate process, 
providing excellent contamination protection. This process permits the use of a low cost 
plastic package (16 pin) and enables high performance, highly reliable MOS circuits to 
be produced. 

FEATURES • Access Time - tLPD2102AL-2 - 250 ns Max 
tLPD2102AL - 350 ns Max 
tLPD21 02AL-4 - 450 ns Max 

• Single +5 Volts Supply Voltage 
• Directly TTL Compatible - All Inputs and Output 
• Static MOS - No Clocks or Refreshing Required 
• Low Power - Typically 150 mW 
• Low Standby Power - 42 mW max 
• Three-State Output - OR-TI E Capability 
• Simple Memory Expansion - Chip Enable Input 
• Fully Decoded - On Chip Address Decode 
• I nputs Protected - All I nputs have Protection against Static Charge 
• Low Cost Packaging - 16 Pin Plastic Dual-In-Line Configuration 

PIN CONFIGURATION 
AS A7 

A5 AS 

R/W Ag PIN NAMES 

A1 CE AO-Ag Address Inputs 

A2 DOUT 
R/W Read/Write 

CE Chip Enable 
A3 DIN VCC Power (+5V) 

A4 VCC 

AO GND 
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ILPD2102AL 

Operating Temperature 
Storage Temperature ... 
Voltage On Any Pin .. 

ROW 
SELECTOR 

Note: G) With Respect to Ground 

CELL 
ARRAY 

32 ROWS 
32 COLUMNS 

32 

~Vcc 

--0 GND 

.... -10
oe to 70

0 e 
.. -65°e to +125°e 
-0.5 to +7 Volts <D 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may l:ause permanent 
damage to the device. This is a stress rating only and functional operation of the de~ice at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability 

*Ta = 25°e 

Ta '" -10"e to +70
c
e; Vee'" 5V ± 5% unless otherwise specified. 

LIMITS 

PARAMETER SYMBOL MIN TYP CD MAX UNIT TEST CONDITIONS 

Input Leakage Current 'll ±10 J.lA V,N = 0 to 5.25V 

I/O Leakage Current 'LOH +5 J.lA CE = 2.0V. VOUT = 

+2.4V to VCC 

I/O Leakage Current 'LOL -10 J.lA CE = 2.0V. VOUT '= O.4V 

Power Supply leCl 30 70 mA All Inputs = 5.25V, Data Out 

Current Open 

Inpu·t "Low" Voltage V,L -0.5 +0.8 V 

Input "High" Volt~ge V,H 20 Vec V 

Output" Low" VOL +0.4 V 10L = 2.1 rnA 

Voltage 

Output :'High" VOH 2.4 V· 10H = -100 J.lA 

Note: CD Typical values are for Ta = 25°C and nominal supply voltage 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance C'N 3 5 pf V,N = OV 

Output Capacitance COUT 7 10 pf VOUT = OV 

1592 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 
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AC CHARACTERISTICS 

TIMING WAVEFORMS 

STANDBY 
CHARACTERISTICS 

@IC MASTER 1979 

'READ CYCLE 
Ta = _lOOC to +70°C; VCC = +5V ±5% unless otherwise noted 

LIMITS 

PARAMETER SYMBOL 2102Al-4 2102Al 2102Al-2 

MIN MAX MIN MAX MINIMAX 

Read Cycle tRC 450 350 250 I 
Access Time tA 450 350 250 

Chip Enable to tco 230 180 I 13.0 
Output Time i : I 

Previous Read i tOH1 40 40 
I 

40 
Data Valid in 

I Respect to Address 

Previous Read .tOH2 0 

°1 
0 

Data Valid in 

I Respect to Chip 
Enable I 

WRITE CYCLE 

T a = -10" C to +70" C; V CC = +5V , 5% unless otherwise noted 

lIMIl:S 

PARAMETER SYMBOL 2102Al-4 2102Al 2102Al-2 

MIN MAX MIN 

Write Cycle twc 450 350 

Address to Write tAW 20 20 
I Setup Time i 

Write Pulse Width twp 300 250 

Write Recovery tWR 0 0 
Time I 
Data Setup Time tDW 300 T 250 

Data Hold Time tDH 0 0 

Chip Enable to I tcw 300 250 
Write Setup Time I 

READ CYCLE 
1-0/ oo-----tRC ,/ 

ADDR~""9?'--------=(j)"l" Y 
~r~~~--------------~~1~~----------­

I 

CE ----i------__ , r- t

col I 

~u~"------+I_f--<t~2)y 
~--- tA -; I ---J

i 
tOH2 ~ 

DATA O_U_T _________ X..:!~~------...:~:::..' k= 
r-tOHI~ 

WRITE CYCLE 

MAX 

':"~~ ~, '"~ ~ '":~----
--~"i~ 1./ 

-itA~ f-- I 

RW----------~~ 

DATA 
IN 

DATA CAN 
CHANGE 

Notes CD 2.0 Volts 

~ O.8Volts 

---i tDH 

LIMITS I 

DATA CAN 
CHANGE 

MIN 

250 

20 
i 

180 

0 

180 

0 

180 

PARAMETER TYP MAX I UNIT TEST CONDITIONS 

VCC in Standby 

CE Bias in Standby 

1 

Chip Deselect to Standby ! 
Time. i 
Standby Recovery Time i tR 

CDtRC = Read Cycle Time 

I V 

V : +2.0V " VpD " +5.25V 

! V i +1.5V" VPD < +2.0V 

I iii 
tRcCD T ns 

MAX 

fLPD2102AL 

UNIT TEST CONDITIONS 

ns 

ns 

ns tT = tr = tf = 100 ns 

CL = 100pF 
ns 

Load = 1 TTL Gate 

Vref = 2.0 or 0.8V 
ns 

UNIT TEST CONDITIONS 

ns 

ns 

tT ':' tr = tf = 1 00 ns 
ns 

ns 
CL=100pF 

Load = 1 TTL Gate 

ns Vref = 2.0 or 0.8\1 

ns 

ns 
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p.PD2102AL STANDBY MODE 

VCC·------

CE 

ov- - - - - - --
CD 4.75V 

@ 2.0V 

@ 1.5V 

POWER SUPPLY CURRENT VS 
AMBIENT TEMPERATURE 

45 

40 
1 . .\ 

Vcc MAX._ 

I 
I 

35 

30 
u ""t---'--.,. TYP!CAL 

o :IIIBIII 
o 10 20 30 40 50 60 70 

AMBIENT TEMP. (oC) 

OUTPUT SOURCE CURRENT VS 
OUTPUT VOL'TAGE 

·30 

-25 r\ 
\ 
1\ TYPICAL 

~ ta ; 25°C 

.... 
~ 

VCC MIN.-

5 T I 
N 

~ 
E 
I 

_0 

-20 

-15 

-10 

o 

VOH (VOLTS) 

--------A------~ 14 

i 

~Cf..-..-
'--------E -----____ .... -11 

i 

1594 

POWER SUPPLY CURRENT VS 
SUPPLY VOLTAGE 

30 

25 ~+---+----"to~f--+--+--; 
:1: 
E 20~~-!---:...r~r-:'-+--+--; 

~i51~~~f--+--!--+~~ 
101---+---+--+-----;f--+-__+_-; 

5L-~~~~~~~~ 

1 2 3 4 5 6 

VCC (VOLTS) 

OUTPUT SINK CURRENT VS 
OUTPUT VOLTAGE 

30 

I 
,-H-

25 

/' 
V TYP1ICAL 

/ I 
/ ta 25°8 

I VCC MIN . - -
T I 

o 2 

ITEM MILLIMETERS INCHES 

A 19.4 MAX 076 MAX 

B 081 0.03 

C 254 0.10 

0 0.5 0.02 

E 1778 0.70 

F 1 3 0051 

G 2.54 MIN 010 MIN 

H 05 MIN 0.02 MIN 

I 405 MAX 016 MAX 

J 455 MAX 018 MAX 

K 7.62 0.30 

L 6.4 0.25 

·0.10 
M 0.25 0.01 

0.05 

STANDBY MODE 
TIMING WAVEFORM 

TYPICAL CHARACTERISTICS 

PACKAGE OUTLINE 
fJPD2102ALC 

SP21 02-8-77 -G Y -CA T 
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NEe Microcomputers, Inc. 
NEe 

p.PD2111AL 
fLPD2111AL-2 
fL PD2111AL-4 

1024 BIT (256 x 4) STATIC MOS RAM 
WITH COMMON 1/0 AND OUTPUT DISABLE 

DESCR IPTION The j.lPD2111AL is a 256 words by 4 bits static random access memory fabricated with 
N-channel MOS technology. It uses fully static circuitry and therefore requires no 
clocks or refreshing to operate. The data is read out nondestructively and has the same 

. polarity as the input data. Common input/output pins are provided. 

It is direc~ly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 
Separate chip enable (CE) leads allow easy selection of an individual package when 
outputs are OR-tied. 

All members in the j.lPD2111AL family feature a low stanaby power mode with the 
supply voltage being reduced to +1.5V. 

FEATURES • 256 Words x 4 Bits Organization 

• Common Data Input and Output 
• Single +5V Supply Voltage 

• Directly TTL Compatible - All Inputs and Outputs 

• Static MOS - No Clocks or Refreshing Required 
• Access Time - 250 ns to 450 ns max. 

• Simple Memory Expansion - Chip Enable Inputs 
• Fully Decoded - On Chip Address Decode 

• Inputs Protected - All Inputs have Protection Against Static Charge 
• Low Cost Packaging - 18 Pin Plastic Dual-I n-Line Configuration 
• Three-State Output - OR-Tie Capability 

• Low Standby Power 

PIN CONFIGURATION 
A3 Vcc 
A2 A4 

PIN NAMES 

A1 R/W 
AO-A7 Address Inputs 

OD Output Disable 

AO CE1 R/W ReadlWrite Input 

A5 1/04 CE1 Chip Enable 1 

CE2 Chip Enable 2 

A6 1/03 1/01 - 1/04 Data Input/Output 

A7 1/°2 

GND 1/01 
OPERATION MODES 

OD CE2 
CE1 CE2 OD Chip Output Status 

0 1 0 Data Output 
Selected 

0 1 1 High Z 

Others Unselected State 
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p.PD2111AL 

R/W 

I/O"r--...,.., 

CE, (}---{] 

CE2 (}---{] 

X­
DECODER 

INPUT 
DATA 

CONTROL 

00 [)----I >O-----I-.J 

Operating Temperature. 
Storage Temperature ... 
All Output Voltages .. , 
All Input Voltages .... . 
Supply Voltage Vee ... . 

MEMORY 
CELL 

MATRIX 

256 X 4 

~VCC 

~GND 

-looe to +70o e 
-65°e to +125°e 
-0.5 to +7 Volts 
-0.5 to +7 Volts 
-0.5 to +7 Volts 

COMMENT: Stress alx>ve those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

o reliability. 

~ *Ta = 25°e 

Ta = -10 to +70°C; VCC = +5V ± 5% 

LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input High Voltage VIH +2.0 VCC V 

Input Low Vo,ltage VIL -0.5 +0.8 V 

Output High Voltage 2111AL-4 VOH +2.4 V IOH = -150 ~A 

211.1AL +2.4 V IOH = -200~A 

2111AL-2 

Output Low Voltage VOL +0.4 V 10L =+2.1 mA 

Input Leakage Current High ILIH +10 ~A VI = VCC 

Input Leakage Current Low ILIL -10 ~A VI =OV 

Output Leakage Current High ILOH +5 ~A Vo = +2.4V to VCC 

CE = +2.0V 

Output Leakage Current Low ILOL -10 ~A Vo = +O.4V 

CE = +2.0V 

Power Supply Current 2111AL-4 ICCl 50 mA VI = +5.25V 

21l1AL 55 mA 10 = 0 mA 

2111AL-2 Ta = +25°C 

Power Supply Current 2111AL-4 ICC2 60 rnA VI = +5.25V 

2111AL 65 mA 10=OmA 

2111AL-2 Ta = -10 to +70°C 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* I 

DC CHARACTERISTICS 
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AC 
CHARACTERISTICS 

AC CONDITIONS 
OF TEST 

p.PD2111AL 

READ CYCLE 

LIMITS 

PARAMETER SYM-BOl 2111Al-4 2111Al 2111Al-2 UNIT 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Read-Cycle Time tRC 450 350 250 ns 

Access Time tA 450 350 250 ns 

Chip Enable to tco 310 240 180 ns 
Output 

Output Disable too 250 180 130 ns 
to Output 

Data Output to tDF G) 0 200 0 150 0 130 ns 
_ High Z State 

Previous Read tOH 40 40 40 ns 
Data Valid After 
Change of Address 

Note: G)tDF is with respect to the trailing edge of CE1, CE2, or 00, whichever occurs first. 

WRITE CYCLE 

LIMITS 

PARAMETER SYMBOL 2111Al-4 2111Al 2111Al-2 UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Write Cycle Time twc 270 220 170 ns 
Write Delay tAW 20 20 20 ns 
Chip Enable to tcw 250 200 150 ns 
Write 

Data Setup Time - tow 250 200 150 ns 
Data Hold Time tDH 0 0 0 ns 
Write Pulse Width twp 250 200 150 ns 
Write Recovery tWR 0 0 0 ns 
Output Disable tDS 20 20 20 ns 
Setup 

Note: 00 is a logical 1 for common I/O and "don't care" for separate I/O operation. 

Input Pulse Levels .................................. +0.8V to +2.0V 
Input Pulse Rise and Fall Times ................................ 20 ns 
Timing.Measurement Reference Level ............. : .............. 1.5V 
Output Load ..................................... 1 TT L + 100 pF 

STANDBY Ta=-1O°Cto+70°C 

CHARACTERISTICS 

©IC MASTER 1979 

LIMITS 
PARAMETER SYMBOL 

TYPG) MIN MAX 

VCC in Standby VPD 1.5 

CEl Bias in Standby VCES 2.0 

VPD 

Standby 2111AL-4 
IPD1 

36 

Current Drain 2111AUAL-2 38 

Standby 2111AL-4 
1PD2 

45 

Current Drain 2111AUAL-2 48 

Chip Deselect to tcp 0 

Standby Time 

Standby Recovery tR tRC<V 

Notes: G) Typical values are for T a = 25° C and nominal supply voltage 

@tR = tRC (Read Cycle Time) 

UNIT TEST CONDITIONS 

V 

V 2.0V';;; VPD .;;; 5.25V 

V 1.5V .;;; VPD< 2.0V 

mA 
All Inputs = VPDl = 1.5V 

rnA 
All Inputs = VPD2 = 2_0V 

ns 

ns 
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f'PD2111AL 

READ CYCLE 

1__ tRC -I 
ADDRESS==¥ ________ f= 

00 
(COMMON I/O) 

tA 
DATA -- ------

O"~ HIGH-Z 
UI ---f-------

Notes: G) 00 should be tied low for separate I/O operatio'1. 

@ R/W is high for rend oper3tion. 

WRITE CYCLE 

...... ~---- twc ----~ 
ADDRESS 

tcw-__ ~ 

W 00 
Z (COMMON I/O) 

DATA 

Note: 00 is a logical 1 for common I/O and "don't care" for separate I/O operation. 

STANDBY MODE 

VCC 

CE 

OV --------

1598 

Notes: CD 4.75V 

@ 2.0V 

@ 1.5V 

@ If the standby voltage (VpD) is between 5.25V (VCC Max) 

and 2.0V, then CE must be held at 2.0V Min (VIHl. If the 
standby voltage is less than 2.0V but greater than 1.5V 

(VPD Min), then CE and standby voltag~ust be at least 
the same value or, if they are different, CE must be the 

more positive of the two. CE may be either of CE1 or CE2. 

TIMING WAVEFORMS 

STANDBY WAVEFORMS 
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CAPACITANCE Ta = 2S0C; f = 1 MHz 

PACKAGE OUTLINE 
J-LPD2111ALC 

©IC MASTER 1979 

PARAMETER 

Input Capacitance 

Output Capacitance 

ITEM MILLIMETERS 

A 22.5 MAX. 

B 1.09 

C 2.54 

0 0.50 ± 0.10 

E 20.32 

F 1.2 MIN. 

G 2.54 MIN. 

H 0.5 MIN. 

I 4.05 MAX. 

J 4.55 MAX. 

K 7.62 

L 6.4 

+0.10 
M 0.25 

-0.05 

fLPD2111AL 

LIMITS 
UNIT TEST CONDITIONS SYMBOL 

MIN TYP MAX 

CIN 8 pf VI=QV 

COUT 12 pf Vo =QV 

INCHES 

0.89 

0.04 

0.10 

0.02 

0.80 

0.05 

0.10 MIN. 

0.02 MIN. 

0.16 MAX. 

0.18 MAX. 

0.30 

0.25 

0.01 

SP2111-8-77-GY-CAT 
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NEe 
NEe Microcomputers, Inc. JL PD410 

J' PD410-1 
p,PD41 0-2 
fLPD410-3 
p.PD410-S 

1600 

4096 BIT HIGH SPEED STATIC 
MOS RANDOM ACCESS MEMORY 

DESCR I PTION - The tLPD410 is a very high speed 4K bit static random access memory. It is organized 
as 4096 words by 1 bit per word and fabricated using N channel silicon gate MOS 
technology. 

All signals to the device are TTL compatible except for Chip Enable which is standard 
+12 Volt MOS level. 

Circuit operation starts with the rising edge-of CEo Data islatched and valid until 
falling edge of CEo Address and Chip Select signals are latched on-chip to simplify 
system timing requirements. 

FEATURES • 4096 Words xl Bit Organization 

• Fully Decoded 
• TTL Compatible (except CE) 
• High Speed-Access Time: 80 ns max. 

• Cycle Time: 220 ns min. 
• Static Operation - No Refresh Required 
• Standby Power: 75 mW max. 
• Active Power: 470 mW typo 
• Supply Voltages: VDD = +·12V, VCC = +5V, VBB = -5V 
• Address Registers on the Chip 

• Three State Output 
• Standard 22 Pin Ceramic Dual-in-Line Package 
• Pin Compatible with .uPD411 and Other 4K Dynamic RAMs 

PIN CONFIGURATION Vss Vss 

Ag A8 

A10 A7 

A11 A6 

cs 
-IlPD VDD 

DIN 410. CE 

DOUT (NC) 

AO A5 

A1 A4 

A2 A3 

VCC WE 

Rev/2 
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fLPD410 

CE 

ROW 
DECODER 
AND 
BUFFER 
REGISTER 

MEMORY 
ARRAY 
64x 64 

COLUMN 
DECODER AND 
BUFFER 
REGISTER 

DOUT AO Al A2 A3 A4 A5 

Operating Temperature ................................ O°C to +70°C 
Storage Temperature ................................ -65°C to +150°C® 
All Output Voltages ............................... -0.3 to +20 Volts 1 

All Input Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 to +20 VoltsCD 

Supply Voltage VDD ............. ' . . . . . . . . . . . . . . . . . .. -0.3 to +20 VoltsCD 
Supply Voltage VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 to +20 Volts<U 
Supply Voltage Vss .......... . . . . . . . . . . . . . . . . . . .. .. -0.3 to +20 Volts<U 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. l.0IN 

Note: CD Relative to VSS 

COMMENT: Stress above those listed under "Absolute Maximum Ratifgs" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 
T = OVC to 70v C· VDD = 12V + 5%· VCC = 5V + 5%· VBB = -5V + 5%· VSS = OV a - - -

LIMITS TEST 

PARAMETER SYMBOL MIN MAX UNIT CONDITIONS 

Input Leakage Current III 10 /lA VIN = VILMIN to 
VIHMAX 

CE Input Leakage Current ILC 10 /lA VIN = VILCMIN to 
VIHCMAX 

Output Leakage Current ILO 10 /lA CE = VILC Or 

CS = VIH 

Vo = OV to 5.25V 

VDD Supply Current IDOOFF 200 /lA CE = -1.0V to 0.6V 
during CE off 

VDD Supply Current IDOON 20 mA CE = VIHC 
during CE on 

Average VDD /lP0410 IDOAV 24 mA 

Current /lPD41O-1 IDDAV 32 mA 

/lPD410-2 IOOAV 45 mA Minimum Cycle Time 

/lPD410-3 IDOAV 45 mA 

/lP0410-5 IODAV 45 mA 

VBB Supply Current IBB 100 /lA 

VCC Supply Current ICCOFF 15 mA CE = VILC or 
during CE off .cs=VIH 

Average VCC Current ICCAV 21 mA DOUT = No load 

Input Low Voltage VIL -1.0 0.6 V 

Input High Voltage VIH 2.4 VCC+l V 

CE Input Low Voltage VILC -1.0 0.6 V 

CE Input High Voltage VIHC VOO-l VDD+l V 

Output Low Voltage VOL 0 0.4 V IOL = 3.2 mA 

~t High Voltage VOH 2.4 VCC V IOH = 2.0 mA 

Ta = O°C to 70°C; VDD = 12V ± 5%; VCC = 5V ± 5%; VSS = -5V ± 5%; VSS = OV 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

CONDITIONS MIN TYP MAX 

Address Capacitance CAD 4 6 ·pF VIN = VSS 
CS Capacitance CCS 4 6 pF VIN = VSS 

DIN Capacitance CIN 8 10 pF VIN = VSS 

DOUT Capacitance CoUT 5 7 pF VOUT = VSS 
WE Capacitance CwE 8 10 pf VIN = Vss 
CE Capacitance CcE 18 27 pf VIN = VSS 

©Ie MASTER 1979 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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AC CHARACTERISTICS 

1602 

PACKAGE OUTLINE 
IlPD410D 

T a = O"c 10 70
U
C' VDD = 12V ' 5%' VCC = 5V ' 5%' Vae = -5V + 5%' Vss = OV 

L LIMITS I 
I 410 I 410-1 I 410-2 I 410-3 I 410-6 I 

PARAMETER SYMBOL I MIN I MAX I MINi MAX! MIN I MAX I MIN I MAX I MIN I MAX I UNIT 

I READ. WRITE AND READ-MODIFY-WRITE 

I Addres. to CE lAC 0 0 0 0 0 ns 
i Sel Up Time 

; Address Hold IAH 90 70 50 50 50 ns 
; T,me 

~ CE Off Time ICC 190 140 90 90 90 ns 

I CE Transition tT 0 40 0 40 0 40 0 40 0 40 ns 
! Time 

CE off to Output tCF 0 90 0 90 0 90 0 90 0 90 ns 
High Impedance 

i State 

READ 

I Cycle Time tCY 440 330 220 220 220 ns 

CE on Time tCE 230 2000 170 2000 110 2000 110 2000 110 2000 ns 

I CE Output tco 190 140 90 I 80 70 ns 
L Delay i 
i Access IACC 200 150 100 90 80 ns 
i Time I 

: CE toWE I IWL I 20 I 20 201 20i 20 ns 

I WE to CE on 'Wc 0 0 0 Q Q iiS 

I WRITE' 

Cycle Time tCY 440 330 220 220 220 ns 

L CE on T,me tCE 230 2000 170 2000 110 2000 110 2000 liO 2000 nS 
WE 10 CE off tw 130 100 70 70 70 ns 

CE toWE tew 130 100 70 70 70 ns 

I DIN loWE lOW 0 I 0 0 0 0 ns 
Sel Up 

DIN Hold Time tDH 60 40 20 20 20 ns 

WE Pulse twp 130 100 70 70 70 ns 
Width 

I READ-MODIFY-WRITE 

Read-Modify- IRWC 560 420 I 280 280 280 i ns 
Write (RMW) 

I 
I 

Cycle Time 

CE Widlh ICRW 350 2000 260 2000 170 2000 170 2000 170 2000 ns 
DuringRMW 

WE 10 CE on twc 0 0 0 0 0 ns 

WE 10CE off tw 130 100 70 I 70 70 ns 

WE Pulse twP 130 100 70 I 70 70 ns 
Widlh I 
DIN loWE lOW 0 0 0 

I 
0 0 ns 

Sel Up 

DIN Hold IDH 60 40 20 I 20 20 ns 
Time 

CE 100Ulpul ICO 190 140 90 80 70 ns 
Delay 

Access Time IACC 200 150 100 90 80 

'---------A --------...f 

-lc 
:--------E -,-------1 

ITEM MI LliMETE RS INCHES 

A 27.43 Max. 1.079 Max. 
B 1.27 Max. 0.05 Max. 
C 2.54 ± 0.1 0.10 
D 0.42 ± 0.1 0.016 
E 25.4 ± 0.3 1.0 
F 1.5 ± 0.2 0.059 
G 3.5 ± 0.3 0.138 
H 3.7 ± 0.3 0.145 
I 4.2 Max. 0.165 Max. 
J 5;08 Max. 0.200 Max. 
K 10.16 ± 0.15 0.400 
L 9.1 ± 0.2 0.358 
M 0.25 ± 0.05 0.009 

JL PD410 

TEST 
CONDITIONS 

tT = IOns 

Load = 50 pF + ITTL, 
Ref = 2.0 or 0.8V 

IACC = lAC 
+ ICO + IT 

IT = 10 ns 

IT 10 ns 

Load = 50 pF + ITTL, 
Ref = 2.0 or 0.8V 

IACC = lAC 
+ ICO + IT 

M 
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fLPD410 

READ CYCLE 

CE 

ADDRESS 

ANDCs 

DOUT 

WRITE CYCLE 

tE 

ADDRESS 

AND CS 

DOUT 

-------1--------+--""""'-
HIGH---.-! 

IMPEDANCE 
UNDEFINED 

DIN CAN CHANGE 

IMPEDANCE 

-- - ---.... --------+---~------+----
READ-MODI FY-WRITE C'(CLE 

CE 

ADDRESS 

AND CS 

WE 

~------------------tRWC----------------~~ 
~--------lCRW-------~ ~-----tcc------~ 

DIN CAN CHANGE 

IMPEDANCE 

VIHC 

VILC 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

VIHC 

-+------Il~~---~--~ - - - - - --- VOL 

Notes: G) VDD - 2V is the reference level for measuring timing of CEo 

<i) VSS.+ 2V is the reference level for measuring timing of CEo 

©IC MASTER 1979 

(J) VIHMIN is the reference level for measuring timing of the addresses, 

CS, WE and DIN. 

® VI LMAX is the reference level for measuring timing of the addresses, 

CS, WE and DIN. 

@ VSS + 2.0V is the reference level for measuring timing of DOUT· 

@ VS~ + O.8V is the reference level for measuring timing of DOUT. 

(j) ~ must b~ at VIH until e"nd of tCO· 

TIMING WAVEFORMS 

~ 
Q) 

o+J 
::J-
a. 
E 
0 
() 
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() 

~ 
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W 
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NEe 
NEe Microcomputers, Inc. fLPD2114L 

JLPD2114L-1 
JLPD2114L-2 

1604 

4096 BIT (1024 x 4 BITS) STATIC RAM 

OESCRI PTION The NEC pPD2114L is a 4096 bit static Random Access Memory organized as 1024 
words by 4 bits using N-channel Silicon-gate MOS technology. It uses fully DC stable 

(static) circuitry throughout, in both the array and the decoding, and therefore requires 

no clocks or refreshing to operate and simplify system design. The data is read out 
nondestructively and has the same polarity as the input data. Common input/output 
pins are provided. 

The pPD2114L is designed for memory applications'where high performance, low cost, 
large bit storage, and simple interfacing are important design objectives. The pPD2114L 
is placed in an l8-pin package for the highest pos·sible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 
A separate Chip Select (CS) lead allows easy selection of an individual package when 
outputs are OR-Tied. 

FEATURES • Access Time: Selection from 250-450 ns 

PIN CONFIGURATION 

• Single +5 Volt Supply 
• Directly TTL Compatible - All Inputs and Outputs 
• Completely Static - No Clock or Timing Strobe Required 
• Low Operating Power - Typically 0.06 mW/Bit 
• Identical Cycle and Access Times 
• Common Data Input and Output using Three-State Output 

.• High Density 18-pin Plastic and Ceramic Packages 

• Replacement for 2114L and Equivalent Devices 

A6 VCC PIN NAMES 

A5 A7 . Ao-Ag Address Inputs 

A4 AS WE Write Enable 

A3 Ag CS Chip select 

AO 1/01 
1/0,-1/04 Data Input/Output 

A1 1/°2 
Vee Power (+5V) 

A2 1/03 
.GND Ground 

CS 1/04 

GND WE 
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p.PD2114L 
A3 4r---------i~h_~--~ 

AS 16)---------i)5:==:j 

1101 14}-----...... --~~-----j 

Operating Temperature. 
Storage Temperature 
Voltage on any Pin . 

. Power Dissipation. . 

Note: <D With respect to ground. 

ROW 
SELECTOR 

INPUT 

DATA 

CONTROL 

MEMORY ARRAY 

64 ROWS 
64 COLUMNS 

SENSE SI(VITCH 

__ --~@VCC 

__ ---@GND 

. . - 10° C to +80° C 

. . -65°C to +150°C 
- 0.5· to +7 Volts <D 

1 Watt 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure 10 absolute maximum rating conditions for extended periods may affect device 
rei iabil ity. 

*Ta=25°C 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

Ta = 25'C' f = 1 a MHz CAPACITANCE 
LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input/Output Capacitance CliO 12 pf VI/O = OV 

Input Capacitance CIN 5 pf VIN = OV 

Ta = o°c to 70
C

C; VCC == +5V ± 10% unless otherwise noted. DC CHARACTE R ISTICS 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input load Current 
III 10 J.lA VIN = 0 to 5.5V 

(All Input Pins) . 
I/O leakage I lO 

10 J.lA CS = 2V, V I/O = 0.4 V to V CC 
Current 

Power Supply 
ICCl 65 rnA VIN = 5.5V, 1110 = 0 rnA, 

Current T = 25c C 
a 

Power Supply 
ICC2 70 rnA V'N = 5.5V, 11/0 = 0 rnA, 

Current i T = o°c 
i a 

Input low Voltage Vil -0.5 0.8 ! V 
i 

Input High Voltage VIH 2.0 6.0 
i 

V 

Output low Current 10l 3.2 
r rnA I VOL = OAV 
i 

Output High 
10H -1.0 I rnA VOH = 2.4V, V CC = 4.75V 

Current 

i V OH = 2.2V, V CC = 4.5V 
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fLPD2114L 

AC CHARACTE R ISTICS Ta = O°C to +70°C; VCC = +5V :!: 10~o, unless otherwise noted. 

TIMING WAVEFORMS 

1806 

PARAMETER 

Read Cycle Time 

Access Time 

I Chip'Selection 

to Output Valid 

Chip Selection 

to Output Active 

Output 3-State 

from Deseiection 

Output Hold from 

Address Change-

Write Cyc;le Time 

Write Time 

Write Release 

Time 

Output 3-State 

from Write 

Data to Write 

Time Overlap 

Data Hold from 

Write Time 

Address to Write 

Setup Time 

°OUT 

LIMITS 

2114L 2114l 2114l 

SYMBOL MIN MAX MIN MAX MIN MAX UNIT 

READ CYCLE 

tRC I 250 300 I 450 ns 

tA I 250 300 I 450 ns 

tco 80 100 I 120 ns 

tcx 20 20 20 ns 

tOTO 70 80 100 ns 

tOHA 50 50 50 ns 

WRITE CYCLE 

twc 250 300 450 ns 

tw 120 150 200 ns 

tWR 0 0 0 ns 

70 80 
I 

100 tOTW ns 

tow 120 1'50 200 n:i 

tOH 0 0 0 ns 

tAW 0 0 0 ns 

READ CYCLE G) 
~------------------tRC------------------~~ 

~--------------tA~------------~~ 

tcx 

WRITE CYCLE 
~-----------------twc-------------------~~ 

TEST 

CONDITIONS 

I 

tT = tr -- ti = 10 ns ! 

CL = 100 pf- : 

Load = 1 TT L gate 

Input Levels = 0.8 

and 2.0V i 
I 

Vref=1.5V i 

I 

tT = tr ~ tf = 10 ns 

CL = 100 pF 

Load c. 1 TT L gate 

I I npu t Levels c. 0.8 

and 2.0V 

Vref c. 1.5V 

~------twGD------~ 
------~~~~~I I_~~~-----------------

WE 

°OUT 

a----..... tOTW 

tow-~---~ 

Notes: CD WE is high for Read Cycle 

o tw is measured from the latter of CS or WE going low to 
the earlier of Cs or WE going high. 
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'p.'PD2114L 

NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 

1.2 

ctJ 
r 1.1 
0 
w 
N 
...J 

1.0 <t 
~ 

~ ----- ----100- -CC 
0 
z 0.9 

0.8 
4 4.5 5 5.5 6 

VCC (V) 

NORMALIZED POWER SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

1.2 

u 
!:? 1.1 
0 
w 
N 
...J 

1.0 <t 
~ 
CC 
0 

.------~ 
------

~ 
v---

z 0.9 

0.8 
4 4.5 5 5.5 6 

VCC (V) 

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 

<t 10 
E 
...J 

9 

5 

0.2 0.4 0.6 
VOL (V) 
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ctJ 
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TYPICAL OPERATING 
CHARACTERISTICS 

NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 

1.2 

1.1 

1.0 

l/ 

,/ 
V 

.,,/ 
/ 

~ 
V" 

0.9 

0.8 
o 

1.2 

20 60 80 

NORMALIZED POWER SUPPL Y CURRENT VS. 
AMBIENT TEMPERATURE 

1.1 

1.0 
~~ 

0.9 

0.8 
o 

~ 
~ 
~~ 

t"-... 

20 60 80 

OUTPUT SOURCE CURRENT VS. 

OUTPUT VOLTAGE 

151----VCC = 4.5, 5.0, 5,5-+-----+_~ 

10 . 

5 

o 
2 3 

VOH (V) 

4 

1607 
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PACKAGE OUTLINES 
JlPD2114LC/D 

1608 

C 
D 
E 
F 

G 
H 
I 

J 
K 

L 
M 

ITEM 

A 
B 
C 
D 
E 
F 

G 
H 
I 

J 
K 
L 
M 

~------A------~ 

MPD2114LC (Plastic) 

MILLIMETERS 

23.2 MAX. 
144 
2.54 0.1 
0.45 0.02 
20.32 0.8 
1.2 0.06 
2.5 MIN. 0.1 MIN. 
0.5 MIN. 0.02 MIN. 
4.6 MAX. 0.18 MAX. 
5.1 MAX. 0.2 MAX. 
7.62 0.3 
6.7 0.26 
0.25 0.01 

MPD2114LD (Cerdip) 

MI LLiMETERS INCHES 

23.2 MAX. 0.91 MAX. 
1.44 0.055 
2.54 0.1 
0.45 0.02 
20.32 0.8 
1.2 0.06 
2.5 MIN. 0.1 MIN. 
0.5 MIN. 0.02 MIN. 
4.6 MAX. 0.18 MAX. 
5.1 MAX. 0.2 MAX. 
7.62 0.3 
6.7 0.26 
0.25 0.01 

fLPD2114L 

• 

SP2114L-3-78-GY-CAT 
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NEe Microco-mputers,lnc. 

4096 BIT HIGH SPEED STATIC RAM 

NEe 
p.PD2147 
'fLPD2147-3 

~Jrul~[~~~~illrnW 

'OESCR IPTION The J,LPD2147 is a very high speed, fully. st~tic, NMOS RAM, organized as 4096 x 1. It 
is available inan 18 pin'dual-in-line package. 

FEATURES • Extremely High Speed,-55ns (J.tPD2147-3) 

• Single +5V Supply 

• Fully Static - No Clocking Required 

• Automatic Power-Down 

• Fully TTL Compatible 

PIN CONFIGURATION 
AO vee 
A1 A6 

A2 A7 

A3 AS 

A4 Ag 

,A1O 

DOUT Al1 

WE DIN 

GND es 
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NEe Microcomputers, Inc. 

4096 x 1 STATIC NMOS RAM 

NEe 
p. P 041 04-30 
p.PD4104-32 
p.P04104-33 
J..L P 04104-35 
J.L P04104-36 

[prn~[~~rl~ffirnW 

Dt;SCR IPTION The pPD4104 is a high performance 4K static RAM. Organized as 4096 x 1, it uses a 
combination of static storage cells with dynamic input/output circuitry to achieve high 
speed and low power in the same device. Utilizing NMOS technoiogy, the pPD4104 is 
fully TTL compatible and operates with a single +5V ± 10% supply. 

F EATU RES • Fast Access Time - 85 ns (pPD4104-36) 
• Very Low Stand-By Power - 25 mW Max. 
• Low VCC Data Retention Mode to +3 Volts 
• Single +5V ± 10010 Supply 

'- • Fully TTL Compatible 
CD 
:; • Available in 18 Pin Plastic and Ceramic Dual-in-Line Packages 
0. • 5 Performance Ranges: 
E 
o 
u 
o 
~ 

u 
~ 
() 
W 
Z 

PIN CONFIGURATION 

1610 

pPD4104-30 

pPD4104-32 

I1PD41 04-33 

I1PD41 04-35 

I1PD41 04-36 

A3 

A2 

A, 

AO 

A" 

A,O 

DOUT 

WE 

Vss 

ACCESS TIME 

300 ns 

200 ns 

150 ns 

120 ns 

85 ns 

vcc 

A5 

A4 

A7 

AS 

Ag 

A6 

DIN 

CE 

SUPPLY CURRENT 

R/W CYCLE ACTIVE STANDBY 

460 ns 21 mA 5mA 

310 ns 21 mA 5mA 

260 ns 40mA 5mA 

230 ns 40mA 5mA 

180 ns 40mA 5mA 

PIN NAMES 

AO-A" Address Inputs 

CE Chip Enable 

DIN Data Input 

DOUT Data Output 

VSS Ground 

VCC Power (+5V) 

WE Write Enable 
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P. PD4104 

iIG-All 

64',64 
STORAGE 
ARRAY 

CE 

Operating Temperature. . . . . . . . . . . . 
Storage Temperature (Plastic Package) .. 

(Ceramic Package) . 
Voltage on Any Pin ...... . 
Power Dissipation ...... , .. 
Short Circuit Output Current. 
Note: CD Relative to Vss 
COMMENT: Suess iJbove those listed under "Absolute Maximum Ratings" may cause permanent 

diH113qe to the device. This IS a stress rating only and functional operatlQn of the device at these Or 

,my ollier COndl!lonS above those indicated in the operational sections of this specification is not 

jtn~lied Exposure to ausolute maximum rating conditions, for extended periods may affect device 

letiubiliry 

-
LIMITS 

PARAMETER SYMBOL MIN TYP 

Supply Voltage VCC 4.5 

Supply Voltage VSS 0 

Logic "1" Voltage All Inputs VIH 2.2 

Logic "0" Voltage All Inputs V1L -1.0 

Average VCC PowerI4104-30, 4104-32 ICC1 

Supply Current [4104-33,4104-35,4104-36 ICC1 

Standby VCC Power Supply Current ICC2 

Input Leakage Current (Any Input) IlL -10 

Output Leakage Current IOL -10 

Output Logic "1" Voltage lOUT = -500 j.tA VOH 2.4 

Output Logic "0" Voltage lOUT = 5 rnA VOL 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX 

Input Capac,itance CIN 4 6 

Output Capacitance COUT 6 7 

Notes: CD All voltages referenced to VSS. 

DIN 

DOUT 

MAX 

5.5 

0 

7.0 

0.8 

21 

40 

5 

10 

10 

0.4 

UNIT 

pF 

pF 

UNIT 

V 

V 

V 

V 

rnA 

rnA 

rnA 

j.tA 

j.tA 

V 

V 

O°C to +70o C 
-55°C to +125°C 
-65°C to +150°C 

-1 to +7 Volts CD 

TEST 

1 Watt 
50mA 

CONDITIONS 

All Voltages 

Referenced 

to VSS 

@ 
® 
0 

0).@ 

TEST CONDITIONS 

(j) 
(j) 

@ ICC1 is related to precharge and cycle times. Guaranteed maximum values for ICC1 may 
be calculated by: 

ICC1 [mal = (5tp + 13 (tt - tp )+ 3420) -;- tc 

where tp and tc are expressed in nanoseconds. Equation is referenced to the -3 device, 
other devices derate to the same curve. 

@ Output is disabled (open circuit), CE is at logic 1. 

® All device pins at 0 volts except pin under test at 0";;; V IN ,,;;; 5.5 volts. 

® OV ,,;;; V OUT";;; +5.5V. 

® During power uP. CE and WE must be at VIH for minimum of 2 ms after VCC reaches 
4.5V, before a valid memory cycle can be accomplished, 

(j) Effective capacitance calculated from the equation C = I ~ ~ with t:. V equal to' 3V and 
. VCC nominal. 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

·DC CHARACTERISTICSC!) ® 

CAPACITANCE CD 
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AC CHARACTERISTICS@ (j) 

1612 

STANDBY 
CHARACTERISTICS 

TIMING WAVEFORMS 

! 

I 

JLPD4104 

LIMITS I 
4104-30 I 4104-32 4104-33 I 4104-35 4104-36 I TEST 

PARAMETER SYMBOL MIN1 MAX MIN MAX MIN I MAX I MIN I MAX MIN I MAX I UNIT CONDITIONS 

Read or Write Cycle Time tc 460 : 310 260 230 : 180 I I ns ® 
Random Access tAC i 300! 200 i 150' 120, 85i ns @ 
Chip Enable Pulse Width tCE 300 10,000 200 10,000: 150 ilO,OOO: 120110,000i 85 110,000 ns 

Ch ip Enable Precharge Time I tp 150! 100 I 100 I I 100 : I 85 I ns 

Address Hold Time I tAH 165 110 ; 95 ! 75 : 60 I ns 

Address Set-Up Time tAS a; 01 i a • 0: I 01 ns I 
, 

Output Buffer Turn-Off Delay : tOFF 0; 75 °i 50: : ns 

I 
® 

Read Command Set-Up Time I tRS I a 0 

Write Enable Set-Up Time tws 1- 20 i 1- 20 

Data Input Hold Time 
I I ! I Referenced to CE tDHC 

1 

Data Input-Hold Time T I 1 

Referenced to WE i 
tDIH 25 25 

Write Enabled Pulse Width I 
tww 90 60 

Modify Time tMOD a 10,000 a 10,000 

WE to C E Precharge Lead Time twPL 105 70 

Data Input Set-Up Time tDS a 0 

Write Enable Hold Time I tWH I 225 1 I 150 I 
Transition Time tT 5 50 5 

Read-Modify-Write Cycle Time tRMW 565 380 

Notes: CD All voltages referenced to VSS. 

@ During power up, CE and WE must be at VIH for minimum 

of 2 ms after VCC reaches 4,5V, before a valid memory 

cycle can be accompl ished. 

GJ Measured with load circuit equivalent to 2 TTL loads and 

CL = 100 pF. 

@ If WE follows CE by more than IWs then data out may 

not remain open drcuited. 

® Determined t·y user, Total cycle time cannot exceed tCE 

Ta= O°C to +70
c

C 

4104-E 4104 

50 

PARAMETER SYMBOL MIN MAX MIN MAX 

VCC In Standby 

Standby Current 

Power Supply Fall Time 

Power Supply RIse Time 

Chip Enable Pulse CE Width 

Chip Enable Precharge To 
PO\.l'<.ler Down Time 

"I" Level C E Min Level 

Standby Recovery Time 

VPD 

IpD 

TF 

TR 

TCE 

TpPD 

VIH 

TRC 

3.0 3.0 

3.3 3.3 

100 100 

100 100 

300 200 

150 100 

2.2 2.2 

500 500 

I 
I 

I 

I 

I 

0 0 a ns @ 
0 1 

i 01 0' 
I 

ns @ 
I I 

I ! I ns 

i 
20 I 

I 

20 I 20 I ns 

55 • ! 50 : 45 ! I ns 

o (lo,OOOi a i 10,000 a 110,000 ns ® 
65 ! I 60 I 551 ns ® 
01 ! oj 01 ns 

115 I I 90 I I 65 1 I ns I 
51 50 I 51 50 51 50 ns 

325J I 290 I 235 1 
ns @> 

® Data-in set-up time is referenced to the later of the two falling 

clock edges CE or WE_ 
(j) AC measurements assume tT = 5 ns_ Timing points are taken as 

VIL = O.BV and VIH = 2.2V on the inputs and VOL = O.4V and 
VOH - 2.4V on the output waveform, 

® tc = tCE + tp + 2 tT' 

® The true level of the output in the open circuit condition will 

be determined totally by output load conditions. The output 

is guaranteed to be open circuit within tOFF, 

@> tRMW = tAC + tWPL + tp + 3 tT + tMOD, 

LIMITS 

4104-1 4104-2 4104-3 TEST 
MINI MAX MIN MAX MIN MAX UNIT CONDITIONS 

I V 
->-----

I rnA 

I '" 
"s ~ 

I 
V I 
~s 

POWER DOWN 

Vee 
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J-LPD4104 

CE 

tAS 
VIH­

ADDRESSES Vil -

WE 

VIH­

READ CYCLE 

~-----------------~~----------------~ 

Vll-~ .... ~~ .. ~~~ .. ~~ .. ~~~~~~ .. ~ .. ~~ .... ~~ 

DOUT 

tAC----------~ ____ }:OFF 

VOH-_____________ ,,-_V_A_lI_D--J OPEN--
VOL- _ . 

CE 

tAS 

ADDRESSES VVIH -
Il-

WE VIH-

WRITE CYCLE 

~------------~E------------~I 

Vll-~~~-+~~~~~~~~ .. ~~~~~~~~~~ .. ~~~~ 

DIN 

READ-MODIFY-WRITE CYCLE 

1~-------------tCE--------------~ 

wr VIH -

Vll-

VIH -
VALID DIN Vll-

'AC--=(' tMODj ~~FF 
VOH-

DOUT VALID OPEN-
VOl-

OPEN 

©Ie MASTER 1971 

TIMING WAVEFORMS 
(CaNT.) 
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OPER'ATIONAL 
DESCRIPTION 

JL PD4104 

READ CYCLE 

The selection of one of the possible 4096 bits is made by virtue of the 12 address bits 
presented at the inputs. These are latched into the chip by the negative going edge of 
chip enable (CE). If the write enable (~) input is held at a high level (VIH) while the 
CE input is clocked to a low level (V I L), a read operation will be performed. At the 
access time (tAC), valid data will appear at the output. Since the output is unlatched 
by a positive transition of CE, it will be in the high impedance state from the previous 

. cycle until the access time. It will go to the high impedance state again at the end of the 
current cycle when CE goes high. 

The address lines may be set up for the next cycle" any time after the address hold time 
has been satisfied for the current cycle. 

WRITE CYCLE 

Oata to be written into a selected cell is latched into the chip by the later negative 
transition of CE or WE. If WE is brought low before CE, the cycle is an "Early Write" 
cycle, and data will be latched by CE. If CE is brought l.ow before WE, as in a Read­
Modify-Write cycle, then data will be latched by WE. Two independent timing 

parameters must be satisfied for the data-in hold time; tOHI and tOHC' When the 
cycle is a R/W or R-M-W, tOHC will be automatically satisfied. For a write cycle, both 
parameters must be paid attention to. 

If the cycle is an "Early Write" cycle, the output will remain in the high impedance 
state. For a Read-Modify-Write cycle; the output will be active for the Modify .and 
Write portions of the memory cycle until CE goes high. If WE is brought low after CE 
but before the access time, the state of the output will be undefined. The desired data 

will be written into the cell if data-in is valid on the leading edge of WE, tOH I and 
tOHC are satisfied, and WE occurs prior to CE going high by at least the minimum lead 

time (tWPL)' 

READ-MODIFY-WRITE 

Read and Write cycles can be combined to allow reading of a selected location and then 
modifying that data within the same memory cycle. Data is read at the access time and 
modified during a period defined by the user. New data is written between WE low and 
the positive transition of CEo Data out will remain valid until the rising edge of CEo A 
minimum R-M-W cycle time can be calculated by tRMW = tAC + tMOD + tWPL + tp + 
3 tT; where tRMW is the cycle time, tAC is the access time, tMOD is the user defined 
modify time, twPL is the WE to CE lead time, tp is the CEhigh time, and tT is one 
transition time. 

POWER DONN MODE 

In power down, data may be retained indefinitely by maintaining VCC at +3V. 
However, prior to VCC going below VCC minimum (~4.5V) CE must be taken high 
(VIH = 2.2V) and held for a minimum time period tpPD and maintained at VIH for 
the entire standby p~riod. After power is returned to VCC min or above, CE must be 

held high for a minimum of tRC in order that the device may operate properly. See 
power down waveforms "herein. Any a<;tive cycle in progress prior to power down must 
be completed so that tCE min is not violated. 

©IC MASTER 1979 
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PACKAGE ~PD41 04C/g
UTLI 

N ES 

SP4104-9-7S-GY-CAT 
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NEe 
NEe Microcomputers, Inc. ILPD8108 

1616 

~OO~[~~~~illrnW 

8K BIT STATIC RAM 

OEseR I PTI ON The N EC pPD81 08 is a very high speed 8192 bit static RAM. Organized as 1 K x 8, it 
features a 22 pin dual-in-line package, full TTL compatibility, and a single +5V supply. 

F EATU R ES • 1024 x 8-8it Organization 

• Very Fast Access Time: 85/100/150/200 ns 

• Singl e +5V Power Supply 

• N-Channel Silicon Gate E/D Process 

• 6-Device Static Cell 

• Three State Common I/O 

• Compatible with 8308 and Equivalent Devices 

• Available in a 24 Pin Dual-in-Line Package 

PlN CONF,IGURATION . A7 VCC 

AS AS 

A5 Ag 

A4 NC 

A3 J,lPD CS 
A2 8108 NC 

A1 R/W 

AO I/oa 

1/01 I/Og 

1/02 I/OS 

1/°3 1/05 

Vss 1/°4 

NC: No Connection 

©IC MASTER 1978 



NEe Microc.omputers, Inc. 
NEe 

fLPD2716 

~OO~[~~~~illrnW 
16K ULTRAVIOLET ERASABLE PROM 

. OESCR IPTION The J.LPD2716 is a 16,384-bit Ultraviolet. Erasable and Electrically Programmable Read 
Only Memory. Organized as 2048 words x 8 bits, it operates from a single +5 volt power 
supply, making it ideal for microprocessor applications. It is pin-for-pin compatible 
with the J.LPD2316E, allowing economical changeover to a masked ROM for production 
quantities. 

The J.LPD2716 features fast, simple, one pulse programming, controlled by TTL level 
signals. Total programming time for all 16,384 bits is only 100 seconds. 

FEATURES • Access Time - 450 ns Max 

• 2048 Words x 8 Bits Organization 
• Single +5V Supply . 
• Pin Compatible with J.LPD2316E Masked ROM 
• Fast Programming 
• TTL Level Controls for Reading and Programming 
• Available in a 24 Pin Ceramic Package 

PIN CONFIGURATION A7 Vcc 

AS A8 

A5 Ag 
PIN NAMES 

A4 Vpp 
AO-Ag Addresses 

A3 DE CE/PGM Chi pEnable/Program 

A2 J.LPD A10 OE Output Enable 

A1 2716 CE 00- 0 7 Outputa 

AO °7 
00 Os 
01 °5 
02 °4 

GND 03 

MODE SEL~CTION 

~. 
CE/PGM -MODE OE Vpp Vec OUTPUTS 

Read VIL VIL +5 +5 DOUT 

Standby VIH Don't Care +5 +5 High Z 

Program Pulsed VIL to VIH VIH +25 +5 DIN 

P~ogram Verify VIL VIL +25 +5 DOUT 

Program Inhibit VIL VIH +25 +5 High Z 

©IC MASTER 1979 1617 
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fL PD2716 

v CC 01------1 .. -

G N D 0>------.1 .. -

VppO -

OE OUTPUT ENABLE 
CE/PGM ___ CHIP ENABLE AND 

Ao-AlO 
, ADDRESS 

INPUTS 

PROG LOGIC 

Y 
DECODER 

X 
DECODER 

f 

DATA OUTPUTS 

00-0 7 

OUTPUT BUFFERS 

Y-GATING 

16,384 BIT 

CELL MATRIX 

, 

Operating Temperature ............................... -10°C to +80°C 
- . ° ° Storage Temperature ................................ -65 C to +125 C - '1' All Input Voltages ............................... +6 to-0.3 Volts \.!J - '1' All Output Voltages ...... ; ....................... +6 to -0.3 Volts \.!J " '2" Supply Current Vpp ............................ +26.5 to-0.3 Volts \bI 

Notes: CD With Respect to Ground. 

<V With Respect to Ground During Program. 

COMMENT: Stress above those listed under" Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied Exposure to absolute maximum rating conditions for extended periods may affect device 
reliabil ity. 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

I nput Capacitance CIN 4 6 pF VIN =: OV 

Output Capacitance COUT 8 12 pF VOUT =: OV 

Note: CD Th is parameter is only sampled and is not 100% tested. 

The recommended erasure procedure is to illuminate the window with a ultraviolet 
lamp which has a wavelength of 2537 angstroms (A): The distance should be one inch 
from the window to the lamp. Erasure time will be from 19 to 45 minutes depending 
on the type of ultraviolet lamp. The amount of time required can be expressed as the 
total amount of ultraviolet energy incident to'the window, expressed in watt-seconds 
per square centimeter. The J.LPD2716 requires an integrated dosage (ultraviolet intensity 
x exposure time) of 15 watt-seconds/cm2. This erase energy includes sufficient guard­
band to ensure complete erasure of all bits. 

1618 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

CAPACITANCE <D 

ERASURE OPERATION 
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READ OPERATION 

DC CHARACTERISTICS 

AC CHARACTERISTICS 

TIMING WAVEFORMS (j) 

®Ie MASTER 1979 

Ta =0°Cto+70C;VCC=5V±5%; CD Q) ;vpp=VCC±0.6V@ 

LIMITS TEST. 
PARAMETER SYMBOL MIN TYP~ MAX UNIT CONDITIONS 

Input Load Current III 10 JlA VIN = 5.25V 

Output Leakage Current ILO 10 JlA VOUT = 5.25V 

Vpp Current IPPl CV 12 mA Vpp = 5.85V 

VCC Current (Standby) ICCl CV 10 25 mA CE = VIH, OE = VIL 

VCC Current (Active) ICC2® 57 100 mA CE=CE=VIL 

Input Low Voltage VIL -0.1 0.8 V 

Input High Voltage VIH 2.0 VCC+ 1 V 

Output Low Voltage VOL 0.45 V IOL = 2.1 mA 

Output High Voltage VOH 2.2 V IOH =-400JlA 

Ta = o°c to +70'C; vcc = 5V ! 5% CD (3); Vpp = VCC! 0.6V @ 

LIMITS TEST ® 
PARAMETER SYMBOL MIN TYP@ MAX UNIT CONDITIONS 

Address to OutPut Delay tAce 450 ns CE=OE=VIL 

CE to Output Delay tCE 450 ns OE = VIL 

Output Enable to Output Delay tOE 140 ns CE = VIL 

Output Enable High to OutPut Float tDF 0 100 ns CE = VIL 

Address to OUtput H'old tDH 0 ns CE = OE = VIL 

Notes: CD VCC must be applied simUltaneously or Iilefore Vpp and removed simultaneously or 

after Vpp. 

® Vpp may be connected directly to VCC except during programming. The supply 

current would then be the sum of ICC and IPP1. 

@ The tolerance of 0.6V allows the use of a clriver circuit for switching the Vpp 

supply pin from VCC in read to 25V for programming. 

@ Typical values are for T a = 25
c
C and nominal supply voltages. 

® This parameter is only sampled and is not 100% tested. 

® AC Test Conditions: Output Load: 1 TTL gate and CL = 100 pF 

InpL:t Rise and Fall Times: ~20 ns 

ADDRESSES 

Input Pulse Levels: 0.8V to 2.2V 

Timing Measurement Reference Level: 

Inputs: 1 V and 2V 

Outputs: O.8V and 2V 

ADDRESSES 

VALID ~X'---_ 
fE ------......j.-... 
~ ... ~ 

6E ........ -----4-------. 

.il ® 

tOF 

OUTPUT ------~~~----_+~~~ VALID OUTPUT 
HIGH Z 

Notes: G) 6E may be delayed up to tAce - tOE after the falling edge of fE without impact on tACC. 

o tOF is specified from 6E or CE. whichever occurs first. 
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fLPD2716 
Initially, and after each erasure, all bits of the IlPD:?716 are in the "1" state. Information is introduced by 
selectively programming "0" into the desired bit locations. A programmed "0" can only :~.' changed to a "1" 
by UV erasure. 

The IlPD2716 is programmed by applying a 50 ms, TTL programming pulse to the CE/PGM pin with the CE 
input high and the VPP supply at 25V ± 1 V. Any location may be programmed at any time - either 
individually, sequentiallY,or randomly. The programming time for a single bit is only 50 ms and for all bits 
is approximately 100 seconds for the IlPD2716. 

CAUTION: The VCC and VPP supplied must be sequenced on and off such that VCC is applied simultane­
ously or before Vpp and removed simultaneously or after Vpp to prevent damage to the IlPD2716. The 
maximum allowable voltage during programming which may be applied to the Vpp with respect to ground is 

+26V. Care must be taken when switching the Vpp supply to prevent overshoot exceeding the 26V maximum 
specification. For convenience in programming, the IlPD27l6 may be verified with tile Vpp supply at 25V ± 
lV. During normal read operation, however, Vpp must be at Vec. 

T a ~ 25°C 7. 5 C; VCC ~ SV + So;, W; VPP = 25V ± 1V W @ 

I LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Current (for Any Input) III 10 /lA VIN = 5.25V/0.45 

VPP S·upply Current I IPPl I I 12 mA I CE/PGM = VIL 
I 

'I I VPP Supply Current During I I I CE/PGM = VIH I I . I IpP2 30 mA 
I Programming Pulse I 
i VCC Supply Current ICC 100 mA 

l Input Low Level VIL -0.1 0.8 V 

l Input High Level VIH 2.0 VCC+ 1 V 

Ta ~ 2SoC ± SoC; VCC = SV ± 5%(2); VPP = 25V ± lV W @ 

LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNITS CONDITIONS@) 

Address Setup Time tAS 2 J,ls 

OE Setup Time tOES 2 J,ls 

Data Setup Time tDS 2 J,lS 

Address Hold Time tAH 2 J,ls 

OEHoid Time tOEH 2 J,ls 

Data Hold Time tDH 2 J,ls 

Output Enable to Output Float Delay tDF 0 120 ns CE/PGM = VIL 

Output Enable to Output Delay tOE 120 ns CE/PGM = VIL 

Program Pulse Width tpw 45 50 55 ms 

Program Pulse Rise Time tPRT 5 ns 

Program Pulse Fall Time lPFT 5 ns 

Notes: CD NEC Microcomputer's standard product warranty applies only to devices programmed 

to specifications described herein. 

® VCC must be applied simultaneously or before Vpp and removed simultaneously or 
after Vpp. The J,lPD2716 must not be inserted into or removed from a board with VPP 
at 25 ± lV to prevent damage to the device. 

@ The maximum allowable voltage which may be applied to the VPP pin during pro­
gramming is +26V. Care must be taken when switching the VPP supply to prevent 

overshoot exceeding this 26V maximum specification. 

@ AC Test Conditions: 

VCC .......................... SV ± 5% I nput Pulse Levels .......... O.BV to 2.2V 

Vpp .......................... 25V ± lV Input Timing Reference Level. .... lV and 2V 

Input Rise and Fall Times (10% to 90%) ..... 20 ns Output Timing Reference Level .. O.SV and 2V 

PROGRAM 

ADDRESSES 

CE/PGM ---------'1 
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VERIFY 

DATA IN 
STABLE 

ADD N+m 

PROGRAMMING 
OPERATION 

DC CHARACTERISTICS G) 

AC CHARACTERISTICS G) 

TIMING WAVEFORM 

SP2716-9-78-GY -CA T 
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NEe 
NEe Microcomputers, Inc. 

I£PB40s-e 
p,PB42S 
I£PB42S-E 

4096-BIT BIPOLAR nLPROGRAMMABLE 
READ ONLY MEMORY 

DESC R IPTION The J,LPB405 and J,LPB425 are highr speed, electrically programmable, fully decoded 
4096-bit TTL read only memories. On-chip address decoding, four chip enable inputs; 
and open-collector outputs allow easy expansion of memory capacity. The J,LPB405 
and J,LPB425 are fabricated with logic level zero (low); logic level one (high) can be 
electrically programmed into the selected bit locations. The same address inputs are 
used for both programming and reading. 

F EATU RES • 512 Words X S Bits Organization (Fully Decoded) 

PIN CONFIGURATION 

@IC MASTER 1179 

• TTL Interface 

• Fast Read Access Time: 70 ns max. (J,LPB425) 

• Medium Power Consumption: 600 mW TYP. 

• Four Chip Enable Inputs for Memory Expansion 

.• Open-Collector Outputs (J,LPB405)fThree-State Outputs (J,.tPB425)· 

• Ceramic 24-Lead Dual In-Line Package 

• Fast Programming Time: 200 lIs/bit TYP. u 
• Compatibility with: Intersil's IM5605/5625 (both in programming and as a ROM), W 

Z 
Harris' HPROM HM-76401764l and Equivalent Devices (as a ROM). 

• A.I.M. (Avalanche Induced Migration) Technology 

A7 VCC 

A6 AS 

A5 NC 

A4 CE l 

A3 J,LPB CE2 

A2 405/ CE3 

A, 425 CE4 

AO Os 

°1 °7 

°2 06 

°3 °5 
GND °4 

NC: No Connection 
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fA- PB4051425 
Chip Enable logic is defined by: 

CEl CE2 CE3' CE4 

0 0 1 1 

All other combinations 

Where: CE' = 0 denotes chip selected 
CE' = 1 denotes chip deselected 

Programming 

CE' 

0 

1 

A iogic one can be permanently programmed into a selected bit location in accordance 
with the programming procedures specified. First, the desired word is selected by the 
eight TTL address inputs. The four Chip Enable inputs must be set so that CE' is a 
logical one. Secondly, a train of high current programming pulses is appiied to the 
desired output. After the sensed voltage indicates that the selected bit is in the logic 
one state, an additional pulse train is applied, and programming is complete. 

Reading 

To read the memory, the four Chip Enable inputs must be set so that CE' is a logical 
zero. The outputs then correspond to the data programmed in the selected words. 
When the four Chip Enable inputs are set so that CE' becom~s a logical one, all the 
outputs will be high (floating) . 

4096 BIT 
(64 X 64) 

MEMORY CELLS 
.A.RR!'.Y 

OUTPUT 
BUFFER t-----{)Ol 

Operating Temperature .............................. -25°C to +75°C 
Storage Temperature .............................. ~65°C to +150°C 
All Output Voltages ............................... -0.5 to +5.5 Volts 
All Input Voltages ................................ -0.5 to +5.5 Volts 
Supply Vottage VCC .... ' ........................... -0.5 to +7.0 Volts 
Output Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*T = 25°C a 
1622 . 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 
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DC CHARACTER ISTICS 

AC CHARACTERISTICS 

PACKAGE OUTLINE 
J,LPB405D 
J,LPB425D 

©IC MASTER 1979 

,."PB405/425 
Ta = (fc to +65°C, VCC = 4.75V to 5.25V 

PARAMETER 
LIMITS 

TEST CONDITIONS SYMBOL 
MIN. TYP. MAX. UNIT 

Input High Voltage V IH 2.0 V 

Input Low Voltage V1L 0.8 V 

Input High Current IIH 40 /.LA VI = 2.7V 

Input Low Current -IlL 0.5 mA VI=O.4V 

Output Low Voltage VOL 0.45 V to = 16 mA 

Output Leakage Current IOFF1 40 /.LA Vo =5.25V 

Output Leakage Current -IOFF2 40 /.LA Vo = O.4V 

Input Clamp Voltage -VIC 1.3 V II =-12 mA 

Power Supply Current ICC 120 160 mA All Inputs Grounded 

Output High VoltageQ) VOH 2.4 V 10 = -2.4 mA 

Output Short Circuit CurrentC0 -ISC 15 60 mA VO=OV 

NOTE: (j) App1icable to /.LPB425D only. 

LIMITS 

PARAMETER SYMBOL ",PB405·E/425-E I ",PB425 UNIT TEST CONDITIONS 

MIN. TYP. MAX MIN. TYP. MAX. 

Address Access Time tAA 100 40 70 ns 

Chip Enable Access Time tACE 70 35 ns 

Chip Enable Disable Time tDCE 70 35 ns 

Notes: CD Output Load: See Figure 1 

® Input Waveform': O.OV for low level and 3.0V for high level, less than 10 ns for both rise and fall 
times. 

® Measurement References: 1.5V for both inputs and outputs 

@ CL in Figure 1 includes jig and probe stray capacitances. 

Vec 

300n 

,....------,--+------<) 01 (DUT) 

! 
CL T15 PF 

600n 

I 

J, 
Figure 1 

E 

ITEM MILLIMETERS INCHES 

33.5 MAX. 1.32MAX. 

2.78 0.11 

2.54 0.1 

0.46 0.018 

27.9' 1.1 

1.5 0.059 

2.54 MIN. 0.1 MIN. 

0.5 MIN. 0.019 MIN. 

4.58 MAX. 0.181 MAX. 

5.08 MAX. i 0.2 MAX. 

15.24 I 0.6 

13.5 0.53 

0.25~:~ I 0.01~::: 1 
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fL PB405/425 
It is imperative that this specification be rigorously observed in order to correctly pro­
gram the pPB405 and pPB425. NEe will not accept responsibility for any device 
found to be defective if it were not programmed according to this specification. 

A typical programming operation is performed by first sensing, then programming, 
then sensing again to see if the word to be programmed has reached the desired 

state. 

Sensing is accomplished by forcing a 20 rnA current into the selected location via the 
output. The pPB405 and pPB425 are disabled in accordance with the truth table on 
page 2. The sense measurement is to ensure that the voltage required to force this 
20 rnA current is less than the reference voltage. If this condition is satisfied, then that 
bit location is in the logic "1" (high) state. 

Programming is accomplished by forcing a 200 rnA current into the selected bit via the 
output. This current pulse is applied for 7.5 ps and then the location is sensed before 
a second programming current pulse is applied. This process is continued until that 
location is altered to the "1 tt state. A bit is judged to be programmed when two 
successive sense readings 10 ps apart with no intervening programming pulse, pass the 
limit. When this condition has been met, four additional pulses are applied and the 
pulse train, then the sense current is terminat~d .. 

CHARACTERISTIC LIMIT UNIT NOTES 

Ambient Temperature 25 ± 5 °c 

Programming Pulse 

Amplitude 200 ± 5% mA 

Clamp Voltage 28 + 0% - 2% V 

Ramp Rate (both in Rise 
and in Fall) 70 MAX. V/J.l.S 

Pulse Width 7.5 ± 5% J.l.S 15V point/ 
150n load. 

Duty Cycle 70% MIN. 

Sense Current 

Amplitude 20 ± 0.5 mA 

Clamp Voltage 28 + 0% - 2% V 

Ramp Rate 70 MAX. V/J.l.S 15V point/ 
150n load. 

Sense Current Interruption 
before and after address 
change 10MIN. J.l.S 

Programming V CC 5.0 + 5% - ()O/O V 

Maximum Sensed Voltage 
for programmed "1" 7.0 ± 0.1 V 

Delay from trailing edge of 
programming pulse before 
sensing output voltage 0.7 MIN. J.l.S 

Additional Pulse Train 

~ 28V Clamp 

200 rnA Program Pulse 

100 rnA Point 

-~~ 
• 20 rnA Sensing (before P.) 

7.0V Ref. 

" 20 rnA Sensing (after P.l 

, GND 

Output Voltage Sensing 

Figure 2. Typical Output Voltage Waveform 
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NEe 
NEe Microcomputers, Inc. J.LPB406 

fLPB406-E 
fL PB426 
J.L PB426-E 

DESCRIPTION 

4096·BIT BIPOLAR TTL PROGRAMMABLE 
READ ONLY MEMORY 

The tIPB406 and tIPB426 are high speed electrically programmable fully decoded 
4096-bit TTL read only memories. On-chip address decoding, two chip enable inputs 
and open-collector/three-state outputs allow easy expansion of memory capacity. The 
tIPB406 and tIPB426 are fabricated with logic level zero (low); logic level one (high) 

can be electrically programmed into the selected bit locations. The same address 
inputs are used for both programming and reading. 

FEATURES • 1024 Words X 4 Bits Organization (Fully Decoded) 

PIN CONFIGURATION 

©IC MASTER 1979 

• TTL Interface 

• Fast Read Access Time: 70 ns MAX. (tIPB406/426) 

• Medium Power Consumption: 500 mW TYP. 

• Two Chip Enable Inputs for Memory Expansion 

• Open-Collector Output (tLPB406/406-E)!Three-State Outputs (tLPB426/426-E) 

• Ceramic 1S-Lead Dual In-Line Package 

• Fast,Programming Time: 200 tIs/bit TYP. 

• Compatibility with: Intersil's IM56S06/56S26 (both in programming and as a ROM), 
Harris' HPROM HM-7642/7643 and Equivalent Devices (as a ROM) 

• A.I.M. (Avalanche Induced Migration) Technology 

A6 VCC 

A5 A7 

A4 AS 

A3 Ag 

AO 0, 

A, 02 

A2 °3 
CE, °4 

GND CE2 

Rev/' 
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JLPB4061426 
Programming 

A logic one can be permanently programmed into a selected bit location by using 
special equipment (programmer). First, the desired word is selected by the ten address 
inputs in TTL levels. Either or both of the two chip enable inputs must be at a logic 
one (high). Secondly, a train of high current programming pulses is applied to the 

. desired output. After the sensed voltage indicates that the selected bit is in the logic 
one state, an additional pulse train is applied, then is stopped. 

Reading 

To read the memory, both of the two chip enable inputs should be held at logic zero 
(low). The outputs then correspond to the data programmed in the selected words. 
When either or both of the two chip enable inputs are at logic one (high), all the 
outputs will be high (floating). 

4096 BIT 
(64 X 64) 

MEMORY CELLS 
ARRAY 

• • • • • • • 

WORD DECODER 

ADDRESS BUFFER 
ADDRESS 
BUFFER 

IOUTPUT I 
t---t ...------4J 01 

BUFFER I 

OUTPUT 
BUFFER 

OUTPUT 
BUFFER 

OUTPUT 
BUFFER 

CHIP 
ENABLE 

02 

03 

°4 

Operating Temperature .............................. -25°C to +75°C 
Storage Temperature ......... " ...................... -65°C to +150°C 

All Output Voltages ............................... -0.5 to +5.5 Volts 
All Input Voltages ................................ -0.5 to +5.5 Volts 
Supply Voltage VCC . . • . . . . . . . .. . . . . . . . . . . . . . . . . .. -0.5 to +7.0 Volts 
Output Currents ........... '.' . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those'indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

OPERATION 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 
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DC CHARACTERISTICS 

AC CHARACTERISTICS 

©IC 

PACKAGE OUTLINE 
~PB406D 
~PB426D 

MASTER 1979 

It PB406I426 

Ta = o°c to +65°C, VCC = 4.75V to 5.25V 

LIMITS 
~ 

PARAMETER SYMBOL ,UNIT TEST CONDITIONS 
MIN. TYP. MAX. 

Input High Voltage V IH 2.0 V 

Input Low Voltage V IL 0.8 V 

Input High C,urrent IlL 40 p.A VI = 2.7V 

tnput Low Current -IlL 0.5 rnA VI = 0.4V 

Output Low Voltage VOL 0.45 V 10 = 16 rnA 

Output Leakage Current IOFF1 40 p.A Vo =5.25V 

Output Leakage Current -IOFF2 40 p.A Vo = 0.4V 

Input Clamp Voltage -VIC 1.3 V II = -12 mA 

Power Supply Current ICC 100 150 mA All Inputs Grounded 

Output High Voltage(!) VOH 2.4 V 10 = -2.4 mA 

Output Short Circuit Current0 -ISC 15 ' 60 mA VO=OV 

NOTE: CD Applicable to p.PB426D on.ly. 

Ta = 25°e, Vee = 5.0V 

LIMITS 

PARAMETER SYMBOL jlPB406-E/426-E jlPB406/426 UNIT TEST CONDITIONS 

MIN. TYP. MAX_ MIN. TYP. MAX. 

Address Access Time IAA 100 40 70 ns 

Chip Enable Access Time lACE 70 40 ns 

Chip Enable Disable Time IDCE 70 40 ns 

Notes.: Q) Output Load: See Figure 1. 
@ Input Waveform: O.OV for low level and 3.0V for high level, less than,10 ns for both 

rise and fall times. 
@ Measurement References: 1.5V for both inputs and outputs. 

@ eL in Figure 1 includes jig and probe stray capacitances. 

vcc 

300n 

_-----+------"-0 01 (OUT) 

1 
CL T 15pF 

600n 

I 

th 
Figure 1 

~--~------A-------------.~I 

I MILLIMETERS I INCHES 

i 23.2 MAX I 0.91 MAX 

1.44 
I 

0.055 

0.1 

0.45 0.02 

20.32 0.8 

1.2 0.05 

2.5MIN. 0.1 MIN. 

0.5 MIN. , 0.02 MIN 

4.6 MAX. 0.18 MAX 

5.1 MAX. 0.2 MAX. 

7.62 0.3 

6.7 0.26 I 

I 0.25 I 
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fL PB406/426 
It is imperative that this specification be rigorously observed in ord~r to correctly pro­
gram the pPB406 and pPB426. NEC will not accept responsibility for any device 
found to be defective if it were not programmed according to this specification. 

A typical programming operation is performed by first sensing, then programming, 
then sensing again to see if the word to be programmed has reached the desired 
state. Either or both of the two chip enable inputs must be at a logic one (high). 

Sensing is accomplished by forcing a 20 rnA current into the selected location via the 
output. The sense measurement is to ensure that the voltage required to force this 
20 mA current is less than the reference voltage. If this condition is satisfied,then 
tha.t bit location is in the logic "1" (high) state. 

Programming is accomplished by forcing a 200 rnA current into the selected bit via the 
output. This current pulse is applied for 7.5 ps and then the location is sensed before 
a second programming current pulse is applied. This process is continued until that 
iocation is aitered to the "1" state. A bit is judged to be programmed when two 
successive sense readings 1 0 ps apart with no intervening programming pulse, pass the 
limit. When this condition has been met, four additional pulses are applied and the 
pulse train, then the se'nse current is terminated. 

CHARACTERISTIC' LIMIT UNIT NOTES 

Ambient Temperature 25 ± 5 °c 
Programming Pulse 

Amplitude 200 ± 5% mA 

Clamp Voltage 28 + 0% - 2% V 

Ramp Rate (both in Rise 
and in Fall) 70 MAX. .V/J,lS 

Pulse Width 7.5 ± 5% J,lS 15V point/ 
150n load. 

Duty Cycle 70% MIN. 

Sense Current 

Amplitude 20 ± 0.5 mA 

Clamp Voltage 28 + 0% - 2% V 

Ramp Rate 70 MAX. V/J,lS 15V point/ 
150n load. 

Sense Current Interruption 
before and after address 
change 10MIN. J,lS 

Programming V CC 5.0 + 5% - 0% V 

Maximum Sensed Voltage 
for programmed" 1" 7.0 ± 0.1 V 

Delay from trailing edge of 
programming pulse before 
sensing output voltage 0.7 MIN. J,lS 

Additional Pulse Train . _ 28V Clamp ----- ---

~£V1f\Jl 
=~~~~~~~:: ::~:am Pulse 

. 
-::::::=..:::-- 20 mA Sensing (Before P) 

I 7.5 J,lS . ----.., ....... 7;OV Ref. 

10 ;s- I .~ ~"':"'" 20 mA Sensing (After P) 
O 7 MIN -- ~ ---10J,ls " . J,lS . 'GND . 

~ 
Output Voltage Sensing 

Figure 2 - Typical Output Voltage Waveform 
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NEe Microcomputers, Inc. 

8192 BIT BIPOLAR TTL PROGRAMMABLE 
READ ONLY MEMORY 

NEe' 
fLPB417 

DESCRIPTION TheMPB417 isa high speed, electrically programmable, fully decoded 8192-bitTTL 
read only memory. On-chip address decoding, two chip enable input and three-state 
outputs allow easy expansion of memory capacity. The MPB417 is fabricated with logic 
level zero (low); logic level one (high) can be electrically programmed into the selected 
bit locations. The same address inputs are used for both programming and reading. 

FEATUR ES • 1024 Words x 8 Bits Organization {Fully Decoded) 

• TTL Interface 
• Fast Read Access Time: 200ns Max. 
• Power Dissipation: 500 mW Typ. 
• Two Chip Enable I nputs for Memory Expansion 
• Three-State Outputs . 
• Fast Programming Time: 200 Ms/bit Typ. 
• Direct Replacement for 2708 and Equivalent Devices (as a ROM) 
• Available in Plastic and Ceramic 24 Pin Packages 

PIN CONFIGURATION A7 vee 
A6 A8 

A5 Ag 

A4 NC 

A3 CE 

A2 J,lPB NC 

A1 417 
NC 

Ao 08 

01 07 

02 06 

03 05 

GND 04 

NC: No Connection 

©IC MASTER 1979 1629 
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fL PB417 

Programming 

A logic one can be permanently programmed into a selected bit location by using 
special equipment (programmer). First the Chip Enable CE must be a logical one in 
order to disable the outputs; Second, the desired word is seiected by the ten address 
inputs in TTL levels. Third, a train of high current programming pulses is applied to 
the desired output. After the sensed voltage indicates that the selected bit is in the 
logic one state, an additional pulse train is applied, then is stopped. 

Reading 

To read the memory, the Chip Enable input must be a logical zero. The outputs then 
correspond to the data programmed in the selected words. When the Chip Enable input 
is a logical one, all the outputs will be disabled (floating). 

I 
I 

4096 BIT 
(64 X 128) 

MEMORY CELLS 
ARRAY 

WORD DECODER 

ADDRESS BUFFER 

~ . I I 
== v u IlrLC eM BUFFER t---------{ 01 ~ ~11'LTlnl rx rn _II OUTPUT r-. 

::::::::: == -
1 I 

-;-
• MUL TIPLEXERJ----i OUTPUT t--+-----{ 
~ BUFFER r----' 

~{:f-d::=:r 
-.-

• MULTIPLEXER~ OUTPUT t--+-----{ 
--.! BUFFER ~ 

II II 
OUTPUT 

• MULTIPLEXERt---- BUFFER t--+-----{ 

~ t---' 

ADDRESS 
BUFFER· 

I 

CHIP 
ENABLE 

08 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -25°C to +75°C 
Storage Temperature ....... : ........................ -65°C to +150°C 
All Output Voltages ................................ -0.5 to +5.5 Volts 
All Input Voltages ............................... -0.5 to +5.5 Volts 
Supply Voltage VCC ........................ . . . . .. -0.5 to + 7.0 Volts 
Output Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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DC CHARACTERISTICS 

PACKAGE OUTLINES 
MPB4J7C/D 

©IC MASTER 1979 

T a = 0° to +65°C; V CC = 4.75 to 5.25V 

LIMITS 

PARAMETER SYMBOL MIN TYP 

Input High Voltage VIH 2:0 

Input Low Voltage VIL 

Input High Current IIH 

I nput Low Current -IlL 

Output Low Voltage VOL 

Output Leakage Current IOFF1 

Output Leakage Current -IOFF2 40 

Input Clamp Voltage/ -VIC 

Active Power Supply Current ICCA 100 

Output High Voltage VOH 2.4 

1--------- A -------~ 

~PB417C (Plastic) 
ITEM MILLIMETERS INCHES 

A 33 MAX 1.3MAX 

2.53 10.1 

C I 2.54 0.1 

0 0.5; 0.1 0.02 ± 0.004 

27.94 1 1.1 

F L 1.5 0.059 

I G I 2.54 MIN i 0.1 MIN r--t-;: 
! 0.02 MIN H I 0.5 MIN 

5.22 MAX O.20SMAX 

5.72 MAX O.22SMAX 

lS.24 0.6 

L 13.2 0.52 
"----r---

M 0.2S+0.1O 
0.01 

+0.004 
-O.OS '0.0019 

ITEM MILLIMETERS INCHES I 
A 32.S MAX 1.28 MAX I 
B 2.28 0 . .09 I 
C 2.S4 0.1 

r-- .-. i 
i __ D __ i ___ 0_.5_±_0._1_~ ____ ~ 
i E I r--=- .. 

G 

27.94 

1.20MIN 

3.2MIN 

1.0 MIN 

~. 4.2MAX 

J S.2MAX 
f---c- .. - .. ----1--------1 

K 15.24 
r--~-----_+--------~ 

L 13.9 r--- ----1----------1 
M 0.30 ± 0.1 

'---'-------"-----~ 

MAX UNIT 

- V 

0.8 V 

40 JlA 

0.3 mA 

0.45 V 

40 JlA 

JlA 

1.3 V 

140 mA 

V 

}LPB417 

TEST 
CONDITIONS 

VI = 2.7V 

VI = 0.4V 

10= 3.2 mA 

Vo = 5.25V 

Vo = O.4V 

II =-12 mA 

All Inputs Grounded 

10 =-1.0 mA 
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JL PB417 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Address Access Time tAA 200 ns 

Chip Enable Access Time tACE 120 ns 

Chip Enable Disable Time tDCE 120 ns 

Notes: <D Output Load: See Figure 1. 
(2) Input Waveform: O.OV for low level and 3.0V for high level, less. than 10 ns 

for both rise and fall times. 
Q) Measurement References: 1.5V for both inputs and outputs. 
@ CL in Figure 1 includes jig and probe stray capacitances.. 

Vee 

I 
...---...... -----() 0, (OUT! 

Figure 1 

It is imperative that this specification be rigorously observed in order to correctly 
program the pPB417. NEe will not accept responsibility for any device found to be 
defective if it were not programmed according to this specification. 

CHARACTE RISTIC 

Programming Pulse 
Amplitude 
Clamp Voltage 
Ramp Rate (both in Rise 
and in Fall) 
Pulse Width 

Duty Cycle 

Sense Current 
Amplitude 
Clamp'Voltage 
Ramp Rate 

Sense Curreht Interruption 
before and after address 
change 

Delay from trailing edge of 
programming pulse before 
sensing output voltage 

LIMIT 

25 ± 5 

200 ± 5% 
28+ 0%- 2% 

70 Max. 
7.5 ± 5% 

70% Min. 

20 ± 0.5 
28+0%- 2% 
70 Max. 

10Mm, 

7.0 ± 0.1 

0.7 Min. 

UNIT 

mA 
V 

V!/1S' 

/1S 

mA 
V 
V!/1S 

/1s 

V 

/1s 

NOTES 

15V point! 
150Q load. 

15V point! 
150&1 load. 

CD A bit is judged to be programmed when two successive sense readings 10 JjS apart with no 
intervening programming pulse, pass the limit. When this condition has been met, four 
additional pulses are applied and the pulse train, then the sense current is terminated. 

Additional Pulse Train _ ~ 28V Clamp 

~ n nn-n ~~::~:m:;::~B:~~:PI 
. r."~~~ u u \.. ==:-~:-7.0V Ref. 

. 10 IlS '" "20 mA Sensing (After PI 
071lsM1N. -"lOlls, , 

'. ~ 'GND 

Output Voltage Sensing 

Figure 2 - Typical Output Voltage Waveform 
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NEe 
NEe Microcomputers, Inc. J'PD2316E 

FULLY DECODED 16,384 BIT MASK 
PROGRAMMABLE READ ONLY MEMORY 

OESCR IPTION The NEC tlPD2316E is a high speed 16,384 bit mask programmable Read Only Memory 
organized as 2048 words by 8 bits. The tlPD2316E is fabricated with N-channel MOS 
technology. 

The inputs and outputs are fully TTL compatible. The device operates with a single +5V 
power supply. The three chip select inputs are programmable. Any combination of 
active high or low level chip select inputs can be defined and desired chip select code is 
fixed during the masking process. 

F EA TU R ES • Access Time 450 ns Max 
• 2048 Words x 8 Bits Organization 
• Single +5V ±10% Power Supply Voltage 
• Directly TTL Compatible - All Inputs and Outputs 
• Three Programmable Chip Select Inputs for Easy Memory Expansion 
• Three-State Output - OR-Tie Capability 
• On-Chip Address Fully Decoded 
• All Inputs Protected Against Static Charge 
• Direct Replacement for 2316E 
-. Available in 24-pin plastic or ceramic packages 

PIN CONFIGURATION A7 vee 

As AS 

A5 Ag 

A4 eS3 

A3 eS1 PIN NAMES 

A2 tlPD 
A10 

A1 2316E 
eS2 

AO D7 

AO - A10 Address Inputs 

01- 0 8 Data Outputs 

CS 1 - CS3 Programmable Chip Select Inputs 

DO D6 

D1 D5 

D2 D4 

GND D3 

©IC MASTER 1979 1633 
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fLPD2316E 
00 01 02 03 04 05 06 D7 

~vcc 

AlO 

Ag 

AS 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

Operating Temperature. 
Storage T emperatu re .. 
Voltage on Any Pin ... 

Note: G) With Respect to Ground. 

~GNO 

CHIP 
SELECT 
PROG. 

CS1 
16,384 BIT 

CELL MATRIX CHIP 
SELECT 
INPUT CS2 

BUFFERS 

CS3 

· . . . . . . . . . . .. -10
0
e to +70

0
e 

· . . . . . . . . . .. -65°e to +125°e 
· . . . . . . .. -0.5 to + 7.0 Volts CD 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
impiied. Exposure to absolute maximum rating conditions for extended periods may affect device 
rei iabil ity. 

*Ta = 25°e 

T a = -10° C to + 70" C; V CC = +5 ± 5% unless otherwise noted. 

LIMITS 

PARAMETER SYMBOL MIN TYP CD MAX UNIT TEST CONDITIONS 

Input Load Current III +10 /lA VIN = VCC 
(All Input Pins) -10 /lA VIN = OV 

Output Leakage Current ILOH +10 /lA Chip Deselected, VO= VCC 

Output Leakage Current ILOL -20 /lA Chip Deselected, Vo = OV 

Power Supply Current ICC 70 120 mA 

Input "Low" Voltage VIL -0.5 0.8 V 

Input "Hiltl" Voltage VIH +2.4 VCC + 1.0V V 

Output "Low" Voltage VOL 0.4 V IOL = 2.1 mA 

Output "High" Voltage VOH +2.4 V IOH =-400/lA 

Note: 0 Typical values for T a = 25" C and nominal supply voltage. 
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CAPACITANCE 

AC CHARACTERISTICS 

TIMING WAVEFORMS 

©IC MASTER .1979 

JLPD2316E 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input CIN 5 10 pf All Pins Except Pin 

Capacitance Under Test Tied to AC 
Ground 

Output COUT 10 15 pf All Pins Except Pin 

Capacitance Under Test Tied to AC 
Ground 

Ta = -10°C to +70°C; VCC = +5V ± 5% unless otherwise specified. 

PARAMETER 

Address to Ou tpu t 
Delay Time 

Chip Select to Output 
Enable Delay Time 

Chip Deselect to Output 
Data Float Delay 
Time . 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

LIMITS 

SYMBOL MIN TYP MAX 

tA 450 

tco 120 

tDF 10 100 

DAT~~ r~iJTI7T!7T1TI77J7T/7,",~ 
OUTPUT ! ~ OUTPUT HIGH IMPEDANCE 

. f.L/LJ.i/L/L/LJLlLiLJLlLi 

UNIT TEST CONDITIONS 

ns tT = tr = tf = 20 ns 

Vref in = 1 V, 2.2V 
ns 

V ref out == 0.8V, 2V 

ns Output LOAD = 1 TTL 
GATE 

CL=100pf 
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A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

~------------A---------~ 

~ Ht, ; 
~ Bt:: --11.-

~~~ ____ D _____ E __________ ~ 

ITEM 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 
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pPD2316EC (Plastic) 

MILLIMETERS INCHES 

33 MAX 1.3 MAX 

2.53 0.1 

2.54 0.1 

0.5 ± 0.1 0.02 ± 0.004 

27.94 1.1 

1.5 0.059 

2.54 MIN 0.1 MIN 

0.5 MIN 0.02 MIN 

5.22 MAX 0.205 MAX 

5.72 MAX 0.225 MAX 

15.24 0.6 

13.2 0.52 

025 +0.10 +0.004 
. -0.05 0.01 -0.0019 

~PD2316ED (Ceramic) 

MILLIMETERS INCHES 

32.5 MAX 1.28 MAX 

2.28 0.09 

2.54 0.1 

0.5 ± 0.1 0.02 ± 0.004 

27.94 1.1 

1.20 MIN 0.047 MIN 

3.2MiN 0.126 MIN 

1.0 MIN 0.04 MIN 

4.2 MAX 0.165 MAX 

5.2 MAX 0.205 MAX 

15.24 0.6 

13.9 0.55 

0.30 ± 0.1 0.012 ± 0.004 

PACKAGE OUTLINE 
IlPD2316EC/D 

SP231SE-9-78-GY -CAT 
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NEe 
NEe Microcomputers, Inc. fLPD2332 

FULLY DECODED 32,768 BIT MASK 
PROGRAMMABLE READ ONLY MEMORY 

DESCRIPTION The NEC J,LPD2332 is a Fully Decoded 32,768 Bit Mask Programmable Read-Only 
Memory organized as 4,096 Words by 8 Bits. The J,LPD2332 has two chip select inputs 
and the combination of "High"/"Low" levels of these inputs is mask-programmable. 

The J,LPD2332 is fabricated with sophisticated N-channel MOS technology and 
features high speed and TTL compatibility for simple interface with bipolar circI,Jits. 

F EATU R ES • 4096 Words'x 8 Bits Organization 
• Directly TTL Compatible - All Inputs and Outputs 
• Fully Static (No Clock or Refresh Required) 
• Single +5V Power Supply 
• High Speed ~ Access Time 450 ns Max. 
• Three-State Output - OR-Tie Capability 
• Two Programmable Chip Select Inputs for Easy Memory Expansion 
• N-Channel MOS Technology 
• Pin Compatible with TI TMS4732 
• 24 Pin Plastic or Ceramic Dual-in-Line Package 

PIN CONFIGURATION A7 vee 

AS AS 
PIN NAMES· 

AS A9 
Ao - A11 Address Inputs 

A4 eS2 
01- Os Data Outputs 

CS1 - CS2 Programmable Chip Select Inputs 

A3 eS1 

A2 J.LPD A10 When ordering the I1PD2332, specify a chip 

A1 
2332 

A11 select combination of CS 1 and CS2 from the 
following. 

AO Os 

°1 °7 
CS2 CS1 

°2 Os 0 0 

0 1 

°3 Os 0 
GND °4 
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J.L PD2332 

Operating Temperature 
Storage Temperature ...... . 
Suppfy Voltage On Any Pin 

Note: <D With Respect to Ground 

CELL MATRIX 
(4096 x 8) 

CHIP 
SELECT 
PROG. 

-VCC 
-GND 

COMMENT: Stress above those listed under" Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

'- reliability. 
Q) 

'5 *Ta = 25°C 
a. 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

5 Ta =-10°C to +70°C; Vcc = +5V ± 5% unless otherwise specified DC CHARACTE RISTICS 
(.) 
o 
'-
(.) 

~ 

o 
w 
z 

LIMITS 

PARAMETER SYMBOL MIN. TYP.<D MAX. UNIT 

Input Load Current 
III 10 p.A 

(All Input Pins) 

Output Leakage Current ILOH +10 p.A 

Output Leakage Current ILOL -10 p.A 

Power Supply Current ICC 55 110 rnA 

Input "Low" Voltage VIL -0.5 0.8 V 

Input "High" Voltage VIH 2.0 VCC +1.0V V 

Output "Low" Voltage VOL 0.45 V 

Output "High" Voltage VOH 2.2 V 

Note: CD Typical Values for Ta = 25"C and nominal supply voltages. 

LIMITS 
PARAMETER SYMBOl MIN. TYP. MAX. 

Input Capacitance CIN 10 

Output Capacitance COUT 15 

Ta = -10°C to +70°C, VCC = +5V ± 5% unless otherwise specified. 

LIMITS 
PARAMETER SYMBOL MIN. TYP. 

Address to Output Delay Time tA 

Chip Select to Output Enable Delay Time tco 

Chip Deselect to Output Data Float Delay Time tDF 0 

Output Hold Time tOH 20 

1638 

TEST CONDITIONS 

CS = 2.2V (Deselected) V OUT = V CC 

CS = 2.2V (Deselected) VOUT = OV 

All inputs 5.25V D~ta Out Open 

IOL = 2.0 rnA 

IOH =-l00p.A 

CAPACITANCE 

UNIT TEST CONDITIONS 

pF 
All pins Except Pin Under 

Test Tied to AC Ground 

pF 
All Pins Except Pin Under 

Test Tied to AC Ground 

AC CHARACT~ R ISTICS 

MAX. UNIT TEST CONDITIONS 

450 ns tT = tr = t f = 20 ns 

150 ns CL = 100 pF 

150 ns Load = ITTL gate 

ns VIN = 0.8 to 2V 

Vref Input = 1.5V 

V ref Output = 0.45/2.2V 

©IC MASTER 1979 



TIMING WAVEFORMS 

PACKAGE OUTLINE' 
~PD2332C/D 

©tC MASTER 1979 

ADDRESS 

PROGRAMMABLE 
CH IP SE LECTS 

VO~ 
DATA 

OUTPUT 

I ~·-------A------~ 

I 

i : 
Hfl : : : 
~ B r:= ~D'-- --l C E~-------­

~PD2332C (Plastic) 

ITEM MILLIMETERS INCHES 

A 33 MAX 1.3MAX 

B 2.53 0.1 

C 254 0.1 

0 0.5 ± 0.1 0.02± 0.004 

E 27.94 1.1 

F 1.5 0.059 

G 2.54 MIN 0.1 MIN 

H 0.5 MIN 0.02 MIN 

I 5.22 MAX 0.205 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.6 

L 13.2 0.52 

0.25 +0.10 +0.004 
M 

-0.05 0.01 -0.0019 

~---------------A-------~~ 

~PD2332D (Ceramic) 

ITEM MILLIMETERS INCHES 

A 32.5 MAX 1.28 MAX 

B 2.28 ' 0.09 

C 2.54 0.1 

0 0.5 ±0.1 0.02 ±0.004 

E 27.94 1.1 

F 1.2DMIN 0.047 MIN 

G 3.2 MIN 0.126 MIN 

H 1.0 MIN 0.04 MIN 

I 4.2 MAX 0.165 MAX 

J 5.2 MAX 0.205 MAX 

K 15.24 0.6 

L 13.9 0.55 

M 0.30 ± 0.1 0.012 ± 0.004 

J.L PD2332 

SP2332-8-77 -G Y -CAT 
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FULLY DECODED 65,536 BIT MASK 
PROGRAMMABLE READ ONLY MEMORY 

OESCR I PTION The NEC J.lPD2364 is a high speed 65,536 bit mask programmable Read Only Memory 
organized as 8,192 words by 8 bits. The J.lP D 2364 is fabricated with N-channel MOS 

technology. 

The inputs and outputs are fully TTL compatible. This device operates with a single 
+5V power supply. The chip select input is programmable. Any of active high or low 
level chip select input can be defined and desired chip select codeis'fixed during the 
masking process. 

F EA TU RES • 8,192 Words x 8 Bits Organization 
• Directly TTL Compatible - All Inputs and Outputs 
• Single +5V Power Supply 
• High Speed - Access Time 450 ns Max. 
• Three-State Output - 0 R-Tie Capability 
• One Programmable Chip Select Input for Easy Memory Expansion 

• On-Chip Address Fully Decoded 
• All Inputs Protected Against Static Charge 
• Pin Compatible with MK36000 
• Available in 24 Pin Ceramic Dual-in-Line Package 

PIN CONFIGURATION A7 VCC PIN NAMES 

A6 AS 
AO - A12 Address Inputs 

A5 Ag 

A4 A12 
01- Os Data Outputs 

A3 CS 
CS Programmable Chip Select Input 

A2 J.lPD AlO 

A1 2364 
Al1 

AO Os 

01 07 

02 06 

03 05 

GND 04 
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ILPD2364 

AI2 __ 

AO ffi 
0 
0 

Al ~ 
9 

A2 

A3 

A4 

AS 

A6 ffi 
0 CELL MATRIX 0 

A7 ~ (4096 X SI 
0 

AS 

A9 

AlO 

All 

Operating Temperature ..... 
Storage Temperature .. . . . 
Supply Voltage On Any Pin .... 

Note: G) With Respect to Ground. 

CHIP 

SELECT 
PROG 

CHIP 

SELECT 

INPUT 

BUFFERS 

--- Vcc -- GND 

-CS-

-10°C to+70°C 
.. -65°C to +125°C 
-0.5 to +7.0 Volts(D 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent­
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta=25°C 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

Ta = -10°C to +70°C; Vcc = +5V t 5% unless otherwise sp~ified. DC CHARACTE RISTICS 

LIMITS 

, PARAMETER SYMBOL MIN TYPG) MAX UNIT TEST CONDITIONS 

Input Load Current 
III 

+10 IJA VIN = VCC 
(All Input Pins) -10 IJA VIN = OV 

Output Leakage Current ILOH +10 IJA Chip Deselected, Vo = VCC 

Output Leakage Current ILOL -10 IJA Chip Deselected, Vo = OV 

Povver Supply Current ICC 160 mA 

Input "Low" Voltage VIL -0.5 0_8 V 

Input "High" Voltage VIH 2.0 VCC + 1.0 V 

Output "Low" Voltage VOL 0.45 V IOL = 2.0 mA 

Output "High" Voltage VOH 2.2 V IOH = -l00/JA 

Note: (j) Typical Values for Ta = 25°C and nominal supply voltages. 

CAPACITANCE 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITlbNS 

Input Capacitance CIN 10 pF All Pins Except Pin Under 
Test Tied to AC Ground 

Output Capacitance COUT 15 pF All Pins Except Pin Under 
Test Tied to AC Ground 

©IC MASTER 1979 1641 
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AC CHARACTERISTICS 

TIMING WAVEFORMS 

PACKAGE OUTLINE 
IJPD2364D 

1642 

fLPD2364 
T a = _10° C to +10°C, VCC = +5V ± 5% unless otherwise specified. 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Address to Output tA 450 ns tT = tr = tf = 20 ns 
Delay Time 

Chip Select to Output tco 150 ns CL = 100 pF 
Enable Delay Time 

Chip Deselect to Output tDF 0 150 ns Load = ITIL gate 
Data Float Delay Time 

Output Hold Time tOH 20 ns VIN = 0.8 to 2V 

Vref Input = 1.5V 

Vref Output = 0.8 to 2.0V 

ADDRE~ ~~~I ~f~'CO~~~,. ~Ii ~f. ~b~'DF~I~'~~ 
PROGRAl\1~1ABLE 

CHIP SE LECTS 

" -~I· - 'A "~I --=--~'---J.oH 
DATA 

OUTPUT 

ITEM 

A 

B 

C 

b 

E 
F 

G 

H 

I 

J 

K 

L 

M 

'OH 

MILLIMETERS 

30.78 Max 

1.42 

2.54 

0.46 ± 0.8 

27.94 

1.02 

3.2 Min 

1.02 

3.23 

4.25 Max 

15.24 

14.93 

0.25 ± 0.05 

K .I 
L 

'~ 
M--lf-

INCHES 

1.21 Max 

0.06 

0.10 

0.018 ± 0.03 

1.10 

0.04 

0.13Min 

0.04 

0.13 

0.17 Max 

0.60 

0.59 

0.010 ± 0.002 

SP2364-9-78-GY-CAT 
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65,536 BIT CCO MEMORY 

DESCR IPTION The JLP03064 is a high speed, dynamic, 65,536 bit Charge Coupled Oevic,e (CGO) 
memory. It is organized as 65,536 x 1 in 16 addressable blocks of 4096 bits each. 
Operating clock frequency is from 1 MHz to 5 MHz. 

With the exception of the two clocks and chip enable, all inputs are TTL compatible. 
The use of only two clocks simplifies system design. 

The JLP03064 is packaged in a standard, 16 pin dual-in-line with 400-mil centers. 

FEATURES • High Speed: Latency Time at 5 MHz (max) - 820JLs 
Read or Write Cycle (min) - 200 ns 
Read, Modify, Write Cycle (min) - 300 ns 

• Fully TTL Compatible Except <P1, <P2, and CE 

• Low Power Operation: 260 mW Qperating (Typical at 5 MHz) 

• Two-Phase CCO Clocks 

25 mW Recirculating (Typic,al at 1 MHz) 
<1 mW Standby (Typical) 

PIN CONFIGURATION VBB Vcc 

01 CE 

DO R/W 

A3 CS 

A2 ct>1 

A1 ct>2 

AO NC 

Vss Voo 
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ABBREVIATIONS OF COMPANY NAMES 

AD Analog Devices Mon08i1 Monosil 
AMD Advanced Micro Devices MOS MOS Technology 
AMI American Microsystems, Inc. Mostek Mostek 
Arnperex Amperex Electronics Corp. Motorola Motorola Semiconductor 
Analoglc Analogic Corp. National National Semiconductor 

NCR NCR Corp., Microelectronics Division 
BeCkman Beckman Instruments, Helipot Division NEC America NEC America 
BEl BEl Electronics NEC Micro NEC Microcomputers 
Burr-Brown Burr-Brown Research Nitron Nitron 

Cermetek Cermetek 
Nortec Nortec Electronics 
Noyonlcs Novonics 

Cherry Cherry Semiconductor NPC Nucleonic Products Co. 
CMA Consumer Microcircuits of America 
Cybernetic Cybernetic Micro Systems OEI Optical Electronics, Inc. 

Data Genera' Data General 
OKI OKI Semiconductor 

Datel Datel Systems Panasonic Panasonic, Matsushita Electric Corp. 
DOC Data Devices Corp" Photo Therm Photo Therm 
Delco Delco Electronics Plessey Plessey Semiconductors 
Dionics Dionics Inc. PM. Precision Monolithics, Inc. 

EA Electronic Arrays Raytheon Raytheon Semiconductor 
EMM/Semi EMM Semi, RCA RCA Solid State Division 

Div. of Electronic Memories & Magnetics Reticon Retlcon 
Essex Essex International RIFA RIFA 
Exar Exar Integrated Systems Rockwell Rockwell Microelectronic Devices 

RTC Real Time Corp. 
Fairchild Fairchild 

Sanken Sanken Electric Ferranti Ferranti Electric 
Fujitsu Fujitsu Sanyo Sanyo Electric 

SGS SGB-Ates Semiconductor 
GI General Instrument Siemens Siemens 

Signetics Signetics (Philips) 
Hams Harris Semiconductor Silicon G Silicon General 
Hitachi Hitachi America Ltd. Siliconlx Siticonix 
Holt Holt Inc. Silicon S,s. Silicon Systems, Inc. 
Hughes Hughes Aircraft Solid State Products Silltronics Silitronics 
Hybrid Sya Hybrid Systems SMC Standard Microsystems 
HyComp HyComp . Solitron Solltron Devices 

IMI International Microcircuits, Inc. 
Sprague Sprague Electric Company 
Supertex Supertex, Inc. 

'ntech/FYI Intech/Function Modules Inc. SSM Solid State Microtechnology for Music 
Intel Intel SSS Solid State Scientific 
Interdesign Interdesign Synertek Synertek 
'ntersil Intersi! 

, IPI Integrated Photomatrix, Inc. Telaria Telaris 
TeledyneC Teledyne Crystalonics 

Lambda Lambda Electronics TeledyneP Teledyne Philbrick 
LSI LSI Computer Systems TeledyneS Teledyne Semiconductor 

Telelunken AEG-Telefunken 
Maruman Maruman Integrated Circuits TI Texas Instruments 
Master Logic Master Logic TMX TMX 
Matrox Matrox Electronics Systems Toshiba Toshiba 
Micro Net Micro Networks Trans-Data Trans-Data 
Micropac Micropac Industries TRW TRW 
Micro Power Micro Power Systems 
Micro Tech Microcircuits Technology Unltrode Unitrode 

Mite' Mitel Semiconductor Western Western Digital 
Mitsublshi Mltsubishi Electric Co. 
MMI Monolithic Memories, Inc. %ilog Zilog 



Field-Programmable 
Read-Only Memories 

DESCRIPTION 

Raytheon's 29000 Series of Field-Programmable Read-Only' 
Memories includes most of the popular PROM configurations 
in both standard and power-switched versions. The power­
switched devices (SPROMs) were originated by Raytheon 
to reduce overall power dissipation in large PROM arrays. 
This technique takes advantage of the non-volatile nature 
of PROMs by removing power when a particular device is 
not being used in the system. Unlike previous power~ 
switching schemes, which employed external transistors and 
resistors, the SPROM includes all power-switching circuitry 
on the same chip as the r.lemory. Moreover r the power­
switch is activated by the same Chip Select (CS) input 
that is used to address a standard' PROM; thus, in most 
cases, SPROMs can be directly substituted for standard 
devices without system redesign. 

All Raytheon 29000 Series PROMs and SPROMs are 
manufactured with nichrome fuses and Low-Power Schottky 
technology. The devices are shipped with all bits in the 
HIGH (logical ONE) state. To achieve a LOW state in a 
given bit position, the nichrome link is fused open by 
passing a short, high-current pulse through the link. All 
29000 Series devices are programmed using the same pro­
gramming technique. (See page 3.) 

ORDERING INFORMATION 

Configuration Package o to +75°C 
(Words x Bits) (No. of Pins) Output DIP 

256x 4 16 OC 29660DC 
TS 29661 DC 

256 x 8 20 OC 29600DC 
TS 29601 DC 

512 x 4 16 OC 29610DC 
TS 29611 DC 

512 x 8 20 OC 296200C 
TS 29621 DC 

24 OC 29624DC 
TS 29625DC 

1024 x 8 24 OC 29630DC 
TS 29631 DC 

24 OC 29634DC 
TS 29635DC 

" 29000 Series 

FEATURES 

• Low-Power Schottky technology 

• Highly reliable nichrome fuses 

• Three-state and open-collector versions 

• PROM and SPROM versions of most configurations 

• Typical SPROM "OFF" power is 25% of standard power 

• SPROMs feature guaranteed access times and full V CC 
tolerance under power-switched conditions 

• All devices use same programming techniques (generic~ 

• All devices available in both commercial (0 to 75°C) and 
military (-55 to +125°C) versions 

• All devices are industry standard pin-out 

Part Numbers 

PROMs SPROMs 

-55 to +125°C o to +75°C -55 to +125°C 
DIP DIP DIP 

29660DM 29662DC 296620M 
29661 OM 29663DC 29663DM 

29600DM 29602DC 29602DM 
29601 OM 29603DC 29603DM 

29610DM 29612DC 29612DM 

29611 DM 29613DC 29613DM 

29620DM 29622DC 29622DM 

29621 OM 29623DC 29623DM 
29624DM 29626DC 29626DM 

29625DM 296270C 29627DM 

29630DM 29632DC 29632DM 
29631 OM . 29633DC 29633DM 
29634DM 29636DC 29636DM 
296350M 29637 DC 29637DM 

Note: For 883B processing, add the letter "B" to the basjc part number, e.g., 29660DMB. 

~AYTHEO~ 
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29000 Series PROM's 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage temperature. . . . . 
Temperature (ambient) under bias 
Supply voltage to ground potential 

(continuous) . . . . . . 

-65 to +150
0
C 

-55 to +125°C 

. -0.5 to +7V 

DC input voltage (address inputs) -0.5 to +5.5V 
DC voltage applied to outputs 

during program~ing 26V 
Output current into outputs during 

programming . . . . . . . 125 mAo DC voltage applied to outputs 
(except during programming) . -0.5V to +VCC max DC input voltage (chip select input - pin) . -0.5 to +33V 

DC input current. . . . . . . . . -30 to +5 mA 

OPERATING RANGE 

29000XC TA =Oto+75°C V CC = q.OV ±5% Commercial 

29000XM T A = -55 to + 1 25° C V CC = 5.0V ±10% Military 

COMMON ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (unless otherwise noted) 

Parameter Description Test Conditions Min. Typ. Max. Units 

VOH V CC = MIN, IOH = 2.0 mA 

(tri -state Output HIGH voltage 2.4 Volts 

only) VIN = V IH or V ll 

VCC= MIN IOl = 8 mA 0.4 

Val Output lOW voltage Volts 

VIN = V IH or V,l 'Ol=16mA 0.5 

V ,H Input HIGH level 
Guaranteed input logical HIGH 
voltage for all inputs 2.0 Volts 

V1l Input L.OW level Guaranteed input logical lOW 
0.8 Volts voltage for all inputs 

III Input lOW current Vee = MAX, VIN = O.4V -60 -250 IlA 

'I Input HIGH current Vee = MAX, VIN = 2.7V 10 pA 

I, Input HIGH current Vec= MAX, VIN = 5.5V 1.0 mA 

'I 
(program Input HIGH current Vee = MAX, VIN = 4.5V 1.0 mA 
pin only) 

'se 
(tri-state Output short circuit current Vec = MAX, V OUT = O.OV -12 -35 -85 mA 
only) 

V, I nput clamp voltage Vee = MIN, liN = 18 mA -1.5 V 

Vo = 4.5V 100 , 

leEX Output leakage current 
Vce = MAX 

Vo = 2.4V 40 IlA 
Ves = 2.4V 

Vo = O.4V -40 

Note: 1. Typical limits are at Vee = 5.0V and T A = 25° C 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

2 
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AC TEST CONDITIONS 

OUTPUT u---+----....---.....--UTEST POINT 

Figure 1. AC Test Circuit 

PROGRAMMING INSTRUCTIONS 

GENERAL 

The device is manufactured with all outputs high in all 
storage locations. To make an output low at a particular 
wcrd, a nichrome fusible link must be opened. This pro­
cedure is called programming. 

PROGRAMMING DESCRIPTION 

to select a particular link for programming, the word 
address is presented with TTL levels on AO through AN, 
a VCC of 5.50V is applied or left applied, and the program 
pin and the output to be programmed is taken to an 
elevated voltage to supply the required current to the 
fuse. The outputs must be programmed one at a time, 
since internal decoding circuitry is capable of sinking only 
one unit of programming current. 

OTHER CHIP SELECT INPUTS 

On some devices, additional Chip Select Inputs are present. 
These may be high, lowor open during programming~ When 
checking that an output is programmed (which is called 
verification) these inputs must be "on" to activate the 
device. Since they must be lion" during verification and 
the state is irrelevant during programming, the simplest 
procedure is to activate them during the entire pro.cedure. 

TIMING 

The programming procedure involves the use of the program 
pin (a chip select) and the output pin. In order to guarantee 
that the output transistor is off before increasing the voltage 
on the output pin, the program pin's voltage pulse must 
come before the output pin's programming pulse and leave 

~AYTHEO?J 
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29000 Series PROM's 

,---------------- JOV 
AO - AN - ... ----------------1.5V 

~rl'------------------------------.. oV 

cs --+-----------~"-"---_1IP""_---1.5V 

KEY TO TIMING DIAGRAMS 
WAVEFORM INPUTS OUTPUTS 

MUST BE Will BE 
STEADY STEADY -- MAY CHANGE Will BE 
FROMHTOl CHANGING 

FROMHTOl 

JJ1IIJ MAY CHANGE . Will BE 
FROM l TO H CHANGING 

FROM l TO H 

--- DON'T CARE, CHANGING 
ANY CHANGE STATE 
PERMITTED . UNKNOWN 

]H[ DOES NOT CENTER LINE 
APPLY IS HIGH IMPEDANCE 

OFF STATE 

Figure 2 Switching Waveforms 

after the output pin's programming pulse. 100 ns delay is 
adequate. The programming pulse applied to the output 
pin and program pin must have a 50 to 70 microsecond 
rise time. See Figure 3. 

It is recommended that only one programming pulse be 
applied for each bit to be programmed. 

TIL HIGH 
ADDRESS X 

TIL lOW ~----'l""--------
90%_...-~ 

Vpp TR 

TTL lOW 10% 

VOUT 
TTL lOW .......... .,.." 

STROBE TIL HIGH ----_....,. 

TIllOW -----------

T R 0.4V1ps ± 15% 
Tpp 95 ± 1~9' 
T p 11JS min., /ljAs max. 

TDl ao± l~s 
T D2 100 ns min. 

Vpp = 27V 

VOUT = 20V 

NOTE: OUTPUT LOAD = 0.2 mA DURING 6.0V CHECK 
OUTPUT LOAD = 12 mA DURING 4.2V CHECK 

Figure 3. Programming Timing 

3 
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29000 Series PROM's 

VERIFICATION 

After programming a device, it can be checked for a low 
output by turning all chip selects on; To guarantee operation 
at minimum and maximum Vee, current and temperature, 
the device must sink 12 mA at 4.20V Vee and 20 mA at 
6.0V Vee at room temperature. 

r 'pp 
vpp 

I Q 

I w 
w ~ 
U w ~ 

ADDRESS > CD « 
0 a: w ~ (!) 0 

0 
a: 
0. 

NOTE: THE lN4001 DIODE PROTECTS THE INPUT OF THE 
7402 FROM THE HIGH PROGRAMMING VOLTAGES. 

Figure 4. Suggested Implementation of the Verification Circuitry 

BOARD PROGRAMMING 

Units may be programmed at the board level by bringing 
the program pin of each package to the card connector. 
To program a particular package II A", the program pin of 
package A and one output of package A, which mayor 
may not be "OR" tied to other packages, are taken to the 
required programming voltage. An alternate procedure is 
to tie the enabl.e and outputs together as required by the 
system function and only apply VCC to the device to be 
programmed. The number of units soldered on a board 
should be consistent with expected programming yields 
to avoid rework. 

4 
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STROBE 

FOR PROPER THRESHOLD ADJUSTMENT, 
INSERT A 2N4!M GERMANIUM TRANSISTOR 
WITH COllECTOR AND EMITTER SHORTED 
SO THAT IT LOOKS LIKE A DIODE IN SERIES 
WITH PIN 7 OF THE 7402 TO GROUND. 

HIGH = PASS 
LOW = FAIL 

UNPROGRAMMABLE UNITS 

Visual inspection at 200X prior to encapsulation, test fuses 
and decoding circuitry tests are used to guarantee a high 
programming yi.eld of the device in the field. However, 
because of random defects, it is impossible to guarantee 
that a link will open without actually programming it. 
UNITS RETURNED TO RAYTHEON AS UNPROGRAM­
MABLE MUST BE ACCOMPANIED BY A COMPLETE 
DEVICE TRUTH TABLE WITH THE LOCATION WHICH 
COULD NOT BE PROGRAMMED, OR WHICH FALSELY 
PROGRAMMED, CLEARLY INDICATED. 

C[AYTHEO~ 
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29000 Series PROM's 

PROGRAMMING PARAMETERS - Do not test these limits or you may program the device 

Parameter Description 

Ipp Current program pin during 
programming, before and after 
fuse has blown 

lout Current into output during 
programming before the fuse has 
programmed 

lout Current into output during 
programming after the fuse has 
programmed 

TR Rise time of program pulse applied 
to the data out or program pin 

VCCP VCC required during programming 

IOLV 
1 Output current required during 

verification 

IOLV 
2 Output current required during 

verification 

MOC Maximum duty cycle during 
automatic programming of program 
pin and output pin 

Vpp Required programming voltage on 
program pin 

Vout Required programming voltage on 
output pin 

IL Required current limit of the power 
supply feeding the program pin and 
the output during programming 

Tpp Required coincidence among the 
program pin, output, address and 

V CC for programming 

TO Required time delay between 
1 disabling the memory output and 

application of the output 
programming pulse 

TO Required time delay between removal 
2 of programming pulse and enabling 

the memory output 

~AYTHEO?J 
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Test Conditions Min. 

VCC = 5.50V 
Vout = 5.0V to 25V 
Vpp = 4.50V 

Vpp = 27V 

Vpp = 27V, VCC = 5.50V 
Vout = 9.0V 

Vout = 20V 

Vpp = 27V Vout = 20V 

VCC = 5.50V 

0.34 

5.40 

Both chip enables low 11 

TA = i5°C, VCC = 4.2V 

Both chip enables low 0.19 

Tp -
TC 

27 

20 

Vpp = 33V 
Vout = 26V 150 

VCC = 5.50V 

80 

Measure at 10% levels 70 

Measure at 10% levels 100 

Typ. Max. 

0 

77 

0.1 

16 

0.1 

0.4 0.46 

5.50 5.60 

12 13 

0.2 0.21 

25 

27 33 

20 26 

95 110 

80 90 

Units 

mA 

mA 

mA 

mA 

rnA 

Vips 

V 

mA 

mA 

% 

V 

V 

mA 

ps 

ps 

ns 

5 
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29000 Series PROM's 

TRUTH TABLES 

Raytheon can program devices at our facility from Raytheon 
truth table forms (see page 8). For, customers desiring to 

make their own forms, an example is shown below: 

EXAMPLE FOR XS DEVICES: 

OUTPUTS 

WORD PIN 14 13 12 11 9 S 7 6 
NUMBER Os 07 06 05 04 03 ~ 01 

0 H H H L H L L L 
L H L H H H H L 

Last L H H H H H H H 

EXAMPLE FOR X4 DEVICES: 

OUTPUTS 

WORD PIN 9 10 11 12 
NUMBER 04 03 02 01 

0 H H H L 
1 L H L H 

Last L H H H 

Note: A high voltage on the data out lines is signified by an "H". A low voltage on the data out lines is 

signified by an ilL". The word number assumes positive logic on the address pins, so for example, 

word 511 = HHHHHHHHH. 

PAPER TAPE FORMAT 

Truth tables can also be sent to Raytheon in an ASCI I tape 
format. Information can be sent to us by air mail or TWX 
910-379-6481. The tape reading equipment at Raytheon 
only recognizes AS.CII characters S, 8, P, N, F, and E and 
interprets them as: 

S Start 

8 8egin a word 

P High data 

N Low data 

F Finish a word 

E End of tape 

All other characters such as carriage returns, line feeds, etc. 
are ignored so that comments and spaces may be sent in the 
data field to improve readability. Comments, however, 
should not use the characters ·S, 8, P, N, F, and E. Word 
addresses must begin with zero and count sequentially to 

the highest address. 

6 

1650 

In order to assist the machine operator in determining 
where the heading information stops and the data field 
begins, 25 bell characters or rubout characters should 
precede the start of the truth table. Any type of 8 level 
tape (paper, mylar, fanfold, etc.) is acceptable. Channel 1 
is the most significant bit and channel 8 (parity) is ignored. 
Sprocket holes are located between channels 3 and 4. 
Note that the order of the outputs between characters 
8 and F is: 

not 

A typical list of characters and their machine interpretations 
are shown on page 7. 

~YTHEO!1 
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29000 Series PROM's 

PAPER TAPE FORMAT (Cont.) 
The required heading information at the beginning of the tape is as follows: 

Customer name and phone ____________ Truth table number ________ ---'-__ _ 

Customer TWX number Number of truth tables __________ _ 

Purchase order number Total number of parts _---,,--_______ _ 

Raytheon part number Number of parts of each truth table ______ _ 

Customer symbolized part number 25 bell or rubout characters_-:-'--______ _ 

EXAMPLE FOR X 4 DEVICES 

BLARNEY ELECTRONICS 408-735-8140 
TWX 911-338-9225 
P0142 
29662 
0431 
12 
1 
3 
3 

BNNNPF 
BNNNNF 

BNNNNF 
BNPNPF 

BNPNPF 
BNNPPF 

.... .. ..... ... .. . ... .. .... .. .. . .......................................... ... . .... . .. ... . .... . .... .......... . . .......... .......... ......... . .......... .. .. . 

I DATA FIELD (H = HIGH VOLTAGE, L = LOW VOLTAGE) 

[

BEGIN DATA FIELD 

, ! .. r FINISHED DATA FIELD etc 

B P P N P F BPPPPF BPNNPF' 

04 03 0201 

WORDO WORD1 

EXAMPLE FOR X 8 DEVICES 

BLARNEY ELECTRONICS 408-735-8140 
TWX 911-338-9225 
P0142 
29601 
etc. 

BPNNNF 

WORD2 WORD N 

BNNNPPPNPF 
BNNNNNNNF 

BNNNNPPPPF 
BNNNPPPNPF 

BNPPPNPNF 
BPPPPPPPPF 

.... .. ..... ... . .. ... .. .... .. . .. .......................................... ... . .... .. . ... . .... ..... .......... . . .......... .......... .......... . ........... .. .. . 

r 
BEGIN DATA FIELD 

[

DATA FIELD (H = HIGH VOLTAGE, L = LOW VOLTAGE) 

__ t FINISHED DATA FIEL.D 

~ -...... 

BNPPPF 
BPPPNF 

BNNNNNNNF 
BNPPNPNNNF 

B P P P N P P N P F BPPPPPPPPF BPNPPPNNPF _ ~c_ BPPNPPNNNF 

Os 0706 Os 04 03 02 01 

WORDO WORD1 WORD2 WORD N 

~AYTHEO!1 
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29600 29601 256 x 8 PROM--

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

SV 
Parameter Description Test Conditions 2SoC 2SoC Com'l Mil Units 

ICC Power supply current 90 - 130 130 mA 

tAA Address access ti me CL = 30 pF 50 70 75 90 ns 
RL = 300n to VCC 

tEA Enable access time and 20 35 40 50 ns 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 20 35 40 50 ns 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

~ PIN OUT INFORMATION BLOCK DIAGRAM 

8 

1652 

Vee A7 A6 A5 CS2 _CS1 08 

20 19 18 17 16 15 14 

2 3 4 5 6 

AO A1 A2 A3 A4 01 02 

Pin 15 IS also the programming pin (pp). 

07 

13 

8 

03 

AO 
Al 
A:; 
A6 
A7 

06 °5 

12 11 
A2 

A3 

A4 

9 10 

04 GND 

CSI 
15 

CS2 
16 

I OF 32 
DECODER 

4 

5 

32 x 64 
MEMORY 
MATRIX 

I OF 8 
MULTIPLEXERS 

(8) 

OUTPUT 
DRIVERS (8) 

_NMIII:J"..nCCr-CC 
00000000 

t[AYTHEO:pJ 
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256 x 8 SPROM 29602 29603 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

5V 
Parameter Description Test Conditions 25°C 25°C Com'l Mil 

ICC Power supply current 29602 20 ·30 30 
es = 2.4V 

29603 30 45 45 

es = 0.4v 110 170 170 

tAA Address access ti me eL = 30 pF 40 55 60 75 
RL = 300n to Vee 

tEA Enable access time and 40 55 60 75 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 15 25 30 40 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

PiN OUT INFORMATION BLOCK DIAGRAM 

CEAYTHEO~ 
©IC MASTER 1979 

Units 

mA 

mA 

mA 

ns 

ns 

ns 
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29610 29611 512 x 4 PROM 

POWER AND AC CHARACTERISTICS OVER OPERATIN'G RANGE (Unless otherwise noted) 

Typical Maximum 

SV 

Parameter Description Test Conditions 2SoC 2SoC Com'l Mil Units 

lee Power s4,pply current 90 - 130 130 mA 

tAA Address access ti me eL = 30 pF 30 50 55 70 ns 

RL = 300n to Vee 

tEA Enable access time and 15 25 30 40 ns 

600n to GNO 

tER Enable recovery time (16 mAload) Note 1 15 25 30 40 ns 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

a: PIN OUT INFORMATION BLOCK DIAGRAM 

10 

1654 

Vee A7 A8 CS 01 02 03 

16 15 14 13 12 11 10 

3 4 5 6 

A6 A5 A4 A3 AO A1 A2 

Pin 13 is also the programming pin (pp). 

04 

9 

8 

GND 

A8 14 
15 

A7 1 1 OF 32 
A6--2!..1 DECODER ~----. 
A5 3 
A4-~::.tI 

32 x 64 
MEMORY 
MATRIX 

4 ... - ..... ---..... 
A3------------------~ 
A2 7 
Al 6 
AO 5 

cs----

1 OF 16 
MU L TIPLEXE RS 

(4) 

OUTPUT 
DRIVERS (4) 

12 11 10 

~YTHEO~ 
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512 x 4 SPROM 29612 29613 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

5V 
Parameter Description Test Conditions 25°C 25°C Com'l Mil Units 

ICC Power supply current 29612 20 30 30 mA 
es = 2.4V 

29613 30 45 45 mA 

es = 0.4V 90 130 130 mA 

tAA Address access ti me eL = 30 pF 35 55 60 75 ns 
RL = 300n to Vee 

tEA Enable access time and 40 55 60 75 ns 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 15 25 30 40 ns 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

PIN OUT INFORMATION 

cs 
Vee A7 A8 (Ps) 0, 02 03 

16· 15 14 13 12 11 10 

2 3 4 5 6 

A6 A5 A4 A3 AO A1 A2 

Pin 13 is also the programming pin (pp). 

tEAYTHEO?,J 
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04 

9 

8 

GND 

BLOCK DIAGRAM 

14 .... - ... 
A8-~15" 
A7 1 1 OF 32 
AS 2 DECODER ..-----. 
AS 3 
A4 -----:=-1 

32 x 64 
MEMORY 
MATRIX 

4 ... - .... --.. 
A3----------------~~ 
~ 7 
Al 6 
AO 5 

1 OF 16 
MU LTIPLEXERS 

(4) 

OUTPUT 
DRIVERS (4) 

12 11 10 9 

11 

1655 
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29620 29621 512 x 8 PROM 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

SV 
Parameter Description Test Conditions 2SoC 2SoC Com'l Mil Units 

lee Power supply current 90 - '155 155 mA 

tAA Address access time eL == 30 pF 50 60 65 80 ns 
RL = 300n to Vee 

tEA Enable access time and 20 25 30 40 ns 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 20 25 30 40 ns 

Note 1. 300[2 resistor opened for tEA and tER measurements between HIGH and OFF states. 

iP. PIN OUT INFORMATION BLOCK DIAGRAM 

12 

1656 

Vee AS A7 A6 A5 CS 

20 19 18 17 16 15 

3 4 6 

Ao Al A2 A3 A4 01 

Pin 15 IS also the programming pin. 

Pin 1 is marked for orientation. 

08 

14 

02 

07 06 05 

13 12 11 

8 9 10 

03 04 GND 

AO -----;:~ 
Al -----.... 
A5 1 1 OF 64 
A6 17 DECODER 
A7 18 
AS 19 .... _ .... 
A2------------------~ 

A3------------------~ 

A4------------------~ 

64 x 64 
MEMORY 
MATRIX 

1 OF S 
MU L TlPLEXERS 

(8) ... - ........ - .... 

CS _~15"<l1 
OuTPUT 

DRIVERS (S) 

678911121314 

.-C"JC"")"IC!tU"'ltcr-o:;) 
CJCJCJCJCJCJCJCJ 

~YTHEO~ 
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512' x 8 SPROM 29622 29623 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless. otherwise noted) 

Typical Maximum 

SV 
Parameter Description Test Conditions 2SoC 2SoC Com'l 

ICC Power supply current 29622 20 - 30 
es = 2.4V 

29623 30 - 45 

es = O.4V 90 - 155 

tAA Address access time eL = 30 pf 55 65 70 

RL = 300n to Vee 

tEA Enable access time and 55 65 70 
600n to GND 

tER Enable recovery time (16 rnA load) Note 1 20 25 30 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

PIN OUT INFORMATION 

ES 
Vee A3 A7 A6 A5 (PS; 08 07 06 05 

20 1 9 1 81 7 1 6 1 5 14 1 3 1 2 11 

BLOCK DIAGRAM 

AO ----:~ 
A1 ----='-1 
A5 1 1 OF 64 
A6 17 DECODER 
A7 18 
A8 19 .... _ ... 
,A2------------------~ 

A3------------------~ 

A4------------------~ 

Mil Units 

30 

45 

155 

85 

85 

40 

64 x 64 
MEMORY 
MATRIX 

1 OF 8 
MULTIPLEXERS 

(8) 

rnA 

rnA 

rnA 

ns 

ns 

ns 

... - ...... - ... 
2 3 4 6 

Pin 15 IS also the programming pin. 

Pin 1 is marked or orientation. 

CiAYTHEO~ 
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8 9 10 

CS 15 
(PS) -----'-~ 

OuTPUT 
DRIVERS (8; 

678911121314 

_NMV.LJ.")CDr-CC 
00000000 

13 

1657 
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29624 29625 512 x 8 PROM 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

5V. 
Parameter Description Test Conditions 25°C 25°C Com'l Mil Units 

ICC Power supply current 110 - 170 170 mA 

tAA Address access ti me CL == 30 pF 35 55 60 75 ns 
RL = 300n to Vee 

tEA Enable access time and 20 25 30 40 ns 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 15 20 25 35 
! 

ns 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

Ci PIN OUT INFORMATION BLOCK DIAGRAM 

24 23 22 21 20 19 18 17 16 15 14 13 

2 3 4 5 6 7 8 9 10 11 12 

Pin 20 is also the programming pin. 

Pin 1 is marked for orientation. 

14 

1658 

A3 -----::4~ 

A4 - 3 1 OF 64 
A5 - 2 DECODER ...-----, 
A6 ----=-1~ 
A7 - 23 
AS ---!;.:~ ... _-. 
AO------------------~ 

Al------------------~7~ 
.A2--------___________ 6~ 

CSI -----4~ .... -, 
CS2 ---::;~ 
CS3 ----,.P-t! 

CS4 ----:.~~-" 

64 x 64 
MEMORY 
MATRIX 

1 OF S 
MULTIPLEXERS 

(S) 

OUTPUT 
DRIVERS (S) 

9 10111314151617 

-NMvL()tOr-...CC 
00000000 

~YTHEO~ 
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512 x·8 SPROM 29626 29627 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

5V 
Parameter Description Test Conditions 25°C 25°C Com'l 

lee Power supply current 29626 20 - 30 
Disabled 

29627 30 - 45 

Enabled 110 - 170 

tAA Address access ti me eL = 30 pF 40 60 65 
RL = 300n to Vee 

tEA Enable access time and 40 60 65 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 15 20 25 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

PIN OUT INFORMATION 

24 23 22 21 20 19 18 17 16 15 14 13 

2 345 6 

Pin 20 is also the programming pin. 

Pin 1 is marked for orientation. 

t[AYTHEOFJ 
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8 9 10 11 12 

BLOCK DIAGRAM 

A3 -----" .... 

A4 - 1 OF 64 
A5 - DECODER ..... ----. 
A6 ----= ... 
A7 -
AS --=~ ... - ... 
AO------------------~ 

Al------------------~ 

A2------------------~ 

(~11 ~1 ---4~~ri rr-~ 
(PS21 CS2 -~19~ 
(PS31 CS3 ----:-18:::-1 
(PS41 CS4 -----:~ .... -" 

Mil Units 

30 

45 

170 

80 

80 

35 

64 x 64 
MEMORY 
MATRIX 

mA 

mA 

mA 

ns 

ns 

ns 

1 OF S 
MULTIPLEXERS 

(S) 

OUTPUT 
DRIVERS (S) 

9 10111314151617 

_N("I')~LnCO"""'C:C 
00000000 

15 

1659 
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29630 29631 1024 x 8 PROM 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

SV 
Parameter Description Test Conditions 25°C 2SoC Com'l Mil Units 

lee Power supply current 120 - 170 170 mA 

tAA Address access ti me eL = 30 pF 45 65 70 90 ns 
RL = 300n to Vee 

tEA Enable access time and 20 30 35 45 ns 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 15 25 30 40 ns 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

ru a: PIN OUT INFORMATION BLOCK DIAGRAM 

24 23 22 21 20 19 18 17 

234 5 6 8 

Pin 20 is also the programming pin. 

Pin 1 is marked for orientation. 

16 

1660 

16 15 14 13 

9 10 11 12 

A4--"--I 
A5--'" 
AS --"'--I 1 0 F 64 
A7 DECODER 
A8-~-I 
Ag---= ... ... - .... 
AO------------______ ~8~ A1 __________________ ~7~ 

A2--------__________ ~S~ A3 __________________ ~5~ 

CS1--~~"'-""" 
CS2 -~=<lIII 
CS3-~"""" 
CS4 -----"----tL-_, 

64 X 128 
MEMORY 
MATRIX 

1 OF 16 
MULTIPLEXERS 

(8) 

_NM~r.n CO"""c::c 
00000000 

r£AYTHEO~ 
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1024 x 8 SPROM 29632 29633 
POWER AND AC CHARACTEHISTICS OVER OPERATING RANGE (Unles$ otherwise noted) 

Typical Maximum 

5V 
Parameter Description Test Conditions 25°C 25°C Com'l 

lee Power supply current 29632 20 - 30 
Disabled 

29633 30 - 45 

Enabled 110 - 170 

tAA Address accesr ti me eL = 30 pF 50 70 75 
RL = 300n to Vee 

tEA Enableacc~ss time and 50 70 75 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 15 25 30 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

PIN OUT INFORMATION 

24 23 22 21 20 19 18 17 16 15 14 13 

23456 

Pin 20 is also the programming pin. 

Pin 1 is marked for orientation. 

~AYTHEO::J 
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8 9 10 11 12 

BLOCK DIAGRAM 

A4 
AS 
AS 1 OF 64 

A7 1 DECODER 

As 23 
Ag 22 

AO 
A1 
A2 
A3 

IPS1) CS1--';'~""'-"" 
IPS2) CS2 ----:O':::.c1II 
(PS3) CS3 -~ ....... 
(PS4) CS4 ---:'~L...._~ 

8 
7 
6 
S 

Mil Units 

30 mA 

45 mA 

170 mA 

95 ns 

95 ns 

40 ns 

64 X 128 
MEMORY 
MATRIX 

1 OF 16 
MULTIPLEXERS 

(8) 

.-NC"')VLnc.or-CXl 
00000000 

17 

1661 
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29634 29635 1024 x 8 PROM 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Uniess otherwise noted) 

Typical Maximum 

SV 
Parameter Description Test Conditions 2SoC 2SoC Com'l Mil Units 

ICC Power supply current 120 - 170 170 mA 

tAA Address access ti me eL = 30 pF 45 65 70 90 ns 
RL = 300n to Vee 

tEA Enable access time and 20 30 35 45 ns 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 15 25 30 40 ns 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

a: PIN OUT INFORMATION BLOCK DIAGRAM 

Vcc A8 A9 NC CS NC 

24 23 22 21 20 19 

2 3 4 . 5 6 

A7 A6 A5 A4 A3 A2 

Pin 20 is also the programming pin. 

Pin 1 marked for orientation. 

18 

1662 

NC 08 07 

18 17 16 

8 9 

A, AO 01 

At 
A5 
A6 
A7 
As 
A9 

06 05 04 

Ao 
15 14 13 A1 

A2 
A3 

10 11 12 

02 03 GND 

cs 

4 
3 
2 1 OF 64 
1 DECOOER 
23 
22 

8 
7 
6 
5 

20 

64 X 128 
MEMORY 
MATRIX 

1 OF 16 
MULTIPLEXERS 

(8) 

OUTPUT 
ORIVERS 

(8) 

-NMV..ntOr-co 
00000000 

~AYTHEO~ 
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1024 x 8 SPROM 29636 29637 
POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

SV 
Parameter Description Test Conditions 25°C 2SoC Com'l, Mil Units 

ICC Power supply current 29636 20 - 30 30 mA 
Disabled 

29637 30 - 45 45 mA 

Enabled 110 - 170 170 mA 

tAA Address access ti me CL = 30 pF 50 70 75 95 ns 
RL = 300n to Vee 

tEA Enable access time and 50 70 75 95 ns 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 15 25 30 40 ns 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

PIN OUT INFORMATION 

CS 
VCC A8 A9 NC (PS) NC NC 08 07 06 05 04 

24 23 22 21 20 19 18 17 16 1 5 14 13 

3 4 5 6 

Pin 20 is also the programming pin. 

Pin 1 marked for orientation. 

©IC MASTER 1979 

8 9 10 11 12 

BLOCK DIAGRAM 

A4 __ 4-::-1 

A5--:-3 -I 
A6-~2 .... 10F64 
A1 1 DECODER 
A8-~23'"t1 
Ag _--=-=22 .... ... _ .. 

64 X 128 
MEMORY 
MATRIX 

8 
AO 1 10F16 :J -----------~6:-1 MU L TIPLEX ERS 

A3 5 (8) 

OUTPUT 
DRIVERS 

(S) 

-NM.qLnc.or-c:o 
00000000 

19 

1663 



29660 29661 256 x 4 PROM 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

SV 

Parameter Description Test Conditions 2SoC 2SoC Com'l 

lee Power supply current 90 - 130 

tAA Address access time eL = 30 pF 45 60 70 
RL = 300n to Vee 

tEA Enable access time and 20 30 35 
600n to GND 

tER Enable recovery time (16 mA load) Note 1 20 30 35 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

PIN OUT INFORMATION 

Vee A7 CS1 CS2 01 02 03 

16 15 14 13 12 11 10 

2 3 4 5 6 7 

A6'" A5 A4 A3 AO A1 A2 

Pin 13 is also the programming pin. 

20 

1664 

Pin 1 is marked for orientation. 

04 

9 

8 

GND 

BLOCK DIAGRAM 

A7 15 
1 

A6 2 1 OF 32 
A5 ---=-1 DECODER 1------./ 
A4--..:.: ..... 
A3 _----:.4 ..... 

A2------------------~ 
A1------------------~ 

AO------------------~ 

CS2 _----.:.1~3:)11 

CS1 _---:.1..:..(4 ::11 .... __ 

Mil Units 

130 

80 

40 

40 

32 x 32 
MEMORY 
MATRIX 

1 OF 8 

mA 

ns 

ns 

ns 

MUl TlPlEXERS 
(4) 

OUTPUT 
DRIVERS (4) 

12 11 10 9 

Q::AYTHE03'] 
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256 x 4 SPROM 29662 29663 

POWER AND AC CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Typical Maximum 

SV 
Parameter Description Test Conditions 2SoC 2SoC Com'l 

lee Power supply current 29662 20 - 30 
es = 2.4V 

29663 30 - 45 

es = O.4V 90 - 130. 

tAA Address access ti me eL = 30 pF 
RL = 300n to Vee 

35 55 60 

tEA Enable access time and 40 55 60 
600n to GND 

tER Enable recovery time (16 mAload) Note 1 15 25 30 

Note 1. 300n resistor opened for tEA and tER measurements between HIGH and OFF states. 

PIN OUT INFORMATION BLOCK DIAGRAM 

A7 15 
1 

AS 2 1 OF 32 
~ -----"3-- DECO DE R 1----,[/ 

A3 4 

CS1 eS2 
Vee A7 (PS1) (PS2) 01 02 03 04 

A2----~------------~ 
16 15 14 13 12 11 10 9 

Al------------------~ 
AO------------------~ 

2 3 4 5 6 8 

A6 A5 A4 A3 AO A1 A2 GND 
(PS21 CS2 __ 13-01 

Pin 13 is also the programming pin. ips 1 ) Csl -----:.14.:.o1L--__ 

Pin 1 is marked for orientation. 

~AYTHEO~ 

©IC MASTER 1979 

Mil Units 

30 rnA 

45 rnA 

130 rnA, 

75 

75 

40 

32 x 32 
MEMORY 
MATRIX 

1 OF 8 

ns 

ns 

ns 

MU L TlPLEXE RS 
(4) 

OUTPUT 
DRIVERS (4) 

12 11 10 9 

21 

1665 
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SPROM Applications 

1024 x 16 BIT PROM ARRAY EXAMPLE USING 256 x 4 SPROMs 

" 
-

r---"'CS 

~ > AO-A7 

I I V 29662 

...------1 r----- cs 

AOORESS f--------I) AO - A]-

V 29662 

t-:-----+I cs 

"\ At! - A7 

~ 29662 

J-----<NCS 
AS- 10F4 hl I Ag As 

~-_--~IIIII -~~ _______ r ______ r ___ ~ ___ ~ ___ ~~~ __ ~: '------------------+-+-~-- 05 - 08 

0, - 0. 

~' ~ AO - A7 f-----) AO A7 

rY 29662 V 29662 

r----- cs t-:--~ cs 
Ag A8 1.0-....,... __ 

I T r 
: I 

I I ~~: 2:~2 .-1 __ > ..... : ':~2 I ~A81....--.....,.... __ 

I I ->- r 
I 
I 
I 

~,o 
TYPICAL POWER DISSIPATION Ag A81....--....,....~ 

f-
Without Power Switching: 

16 devices X 450 mW /device = 7.2 watts 

With Power Switching (29662): 
4 devices X 450 mW/device = 1.8 watts 

12 devices X 100 mW/device 1.2 watts 

Total Power = 3.0 watts 

r 

---.) AO - A7 
r----v· /' 29662 

) AO- A7 
r----, v/' 29662 

t-:-----+i cs J----.,cs 

r -t 

II 
----.> At! A7 

v 29662 

I------~fs 

r 
.> AO A7 

r----·v;.' 29662 

1------tCs 

" '\ AO A7 

- ----v 29662 

) AO A7 
r----·v / 29662 

J---~"'Cs J---~"'Cs 

t 

256 x 48 BIT CLOCKED PROM APPLICATIONS USING 256 x 4 SPROMs 

Ao-A7 _________ ~1 

CS 

CS~ 
x ~-A7==X~ ________ ~ 

CLK---

OUTPUTS -----( 

4EA~ )ER~ / \ 
<.ZZ« ~)} ~<( »)~ 

TYPICAL POWER DISSIPATION 

Without Power Switching: 

12 devices X 450 mW/device = 5.4 watts 

With Power Switching (29662 and 50% duty cycle clock): 

\'"----
X ~ _________ ~X~ ____ _ 

/ \'-------.J( 

~---tJU.J»)~~--«« 

(0.5 X 12 devices X 450 mW/device) + (0.5 X 12 devices X 100 mW/device) = 3.3 watts 

With Power Switching (29662 and 20% duty cycle clock): 

(0.2 X 12 devices X 450 mW/device) + (0.8 X 12 devices X 100 mW/device) = 2.04 watts 

~AYTHE03l 22 
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"I need to know if this device exists, and if there are 
any alternate sources. Where do I start?" 

• Memory IC • CMOS 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If youre spending hours to solve a problem similar 
to the one above, youre behind the times ... 

It only takes a few seconds with uTHE MASTER~' 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 
~c 

I ~ q [Jf,7' 

.~ 

ellE:) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

. . . alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section. . . a complete 
part numbering gUide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor - etc. 

uTi» 
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DESCRIPTION FEATURES 
The Signetics 2613 is a high speed, 4096 bit 
static random access memory. Utilizing the 
Signetics n-channel, si-gate Mini-MOS tech­
nology to achieve high performance and 
high bit density, the 4096x 1 organization of­
fers a cost effective solution for designer 
needs. 

The 2613 is fully static (access time=cycle 
time), all input and outputs are TIL compati­
ble. and it has a single +5V supply. It is 
manufactured in the industry standard pinout 
18 pin package. 

• Typical access time SOns 
• Power dissipation 0.1 mW Ibit typical 
• 3-state TTL compatible output 
• All inputs TTL compatible 
• Fully static operation 
• Identical access & cycle times 
• High output impedance during write 
• Single +5V power supply 
• Standard 18-pln DIP 

ORDERING CODE (See Package Section for further information) 

PACKAGES 

Ceramic DIP 

Cerdip 

Plastic DIP 

BlOCK DIAGRAM 

(11) 

ROW 
SELECT 

150ns 

2613·151 

2613-15F 

2613-15N 

D -------1 >---..... 

1668 

ACCESS TIME 

200ns 

2613-201 

2613-20F 

2613-20N 

CEll ARRAY 
64 ROWS 

64 COLtMIS 

250ns 

2613-251 

2613-25F 

2613-25N 

COlUMN 1/0 CIRCUITS 

COLUMN SELECTOR 

AS Al0 Al1 

450ns 

2613-451 

2613-45F 

2613-45N 

Q 

2813 

LOGIC SYMBOL 

6 

17 

16 

15 

14 

13 

'2 AU 

vee = Pin 18 
GND = Pin 9 

10 11 

Q 

PIN DESIGNATION 

SYMBOL DESCRIPTION 

Ao-Al1 Address inputs 

CS Chip select 
(active LOW) input 

WE Write enable 
(active LOW) input 

0 Data input 
Q Data output (3-State) 
GND Ground (OV) 

VCC Power supply (+5V) 

PIN CONFIGURATION 
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DESCRIPTION 
The Signetics 2614 is a high speed, 4096 bit 
static random access memory. Utilizing the 
Signetics n-channel, si-gate Mini-MOS tech­
nology to achieve high performance and 
high bit density, the 1024 x 4 organization 
offers a cost effective solution for designer 
needs. 
The 2614 is fully static (access time = cycle 
time), all input and outputs are TTL c.ompati­
ble, and· it has a single +5V supply. It is 
manufactured in the industry standard pinout 
18 pin package. 

FEATURES 

• Typical access time of 80ns 
• Power dissipation of 0.1mW/bit 

typical 
•. 3-state TTL compatible output 
• All inputs TTL com,patible 
• Fully static operation 
• Identical access & cycle time 
• Single +5V power supply 
• Standard 18-pin DIP 

ORDERING CODE (See Packages Section for further information) 

PACKAGES 
150ns 

Ceramic DIP 2614-151 

Cerdip 2614-15F 

Plastic 2614-15N 

BLOCK DIAGRAM 

(3) 
A4 ----~I...A.':~-~ 

(2) 
AS ----,---,--~>--___t 

~ ~(1~) -----~~===1 

A7 ~(17~)----D~===1 
~ ~(16_)~ ___ ~~ __ ~ 

ROW 
SELECT 

Ag (~lS~) --,-------i~===t __ J 
001 ( _14_) ___ --. >-_-----1 

002 _(13_)_~r-~>-+--; 
INPUT 
DATA 

(12) CONTROL 
003 ---+-+------1 >-+-----1 

(11) 
D04 --'-+--t-t--~ >--+--; 

CS( -S)---+---<:4r--"", 

_ (10) 
WE ---+----a......-tI 
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ACCESS TIME 

200ns 250ns 

2614-201 2614-251 

2614-20F 2614-25F 

2614-20N 2614-25N 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN I /0 CIRCUITS 

COLUMN SELECT 

1!!IIIbCI 

450ns 

2614-451 

2614-45F 

2614-45N 

2614 

LOGIC SYMBOL 

vee = Pin 18 
GND = Pin 9 

A7 

AS 

Ag 

Cs 
WE 

001 14 

002 13 

003 12 

004 a 

PIN DESIGNATION 

SYMBOL 

AO-A9 
CS 

D01-D04 
GND 
V 

NAME & FUNCTION 

Address inputs 

Chip select 
(active LOW) input 

Write enable 
(active LOW) input 

Input / Output port (3-State) 
Ground (OV) 

. Power supply (+5V) 

PIN CONFIGURATION 
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DESCRIPTION 
The Signetics 2616 is a 16,384-bit static 
MOS read-only memory organized as 2048 
words by 8 bits. This ROM is designed for 
memory applications where high perfor­
mance, large bit storage, and simple inter­
facing are important design objectives. 

The inputs and outputs are fully TTL com­
patible. This device operates with a single 
5V power supply. The three chip select 
inputs are programmable. Any combination 
01 active high or low level chip select inputs 
can be defined by the designer and the 
desired chip select logic level is fixed during 
the masking process. These three program­
mable chip select inputs, as well as OR-tie 
compatibility on the outputs, facilitates easy 
memory expansion. 

1670 

2616, 2616 1 

2616-F,I,N .2616-1 - F,I,N 

The 2616 read-only memory is fabricated PIN CONFIGURATION 
with n-channel silicon gate technology. 
This technology provides the designer with F,I,N PACKAGE 
high performance, easy-to-use MOS cir­
cuits. Only a single 5V power supply is 
oeeded and all devices are directly TTL 
compatible. 

FEATURES 
• Single 5V power supply 
• Guaranteed 350/450ns access time 
• Directly TTL compatible-all inputs and 

outputs 
• Three programmable chip select inputs 

for easy memory expansion or no con­
nection option 

• Three-state output-OR-tie capability 
• Fully decoded-on chip address decode 
• Inputs protected-all inputs have protec­

tion against static charge 

BLOCK DIAGRAM 

0, O2 0 3 O. 0 5 O. 0, 0, 

A. 

A, 

A2 

A, 

A. 
w 
0 

As 0 
u 
w 

Ao 
0 

ci 
::J 16,384 BIT A, a: CELL MATRIX 
::s:: 

A. 
.... 
.e 

A. 

A,. 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

Temperature range 
TA Operating 
TSTG Storage 

Supply voltage to ground potential 
Applied voltage 

Input 
Output 

PD Power dissipation 

!ii.!JlDliCS 

CHIP 
SELECT 
PROD. 

CS,ICS, 

CS2ICS. 

CS'!cs3 

RATING UNIT 

°C 
o to 70 

-65 to 150 
-0.5 to 7 V 

V 
-0.5 to 7 
-0.5 to 7 

1 W 
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16,384 BIT STATIC MOS ROM (204818) 2616 2616 1 

2116-F,I,N • 2616-1 - F,I,N 

DC ELECTRICAL CHARACTERISTICS TA = O°C to 70°C, Vee = 5.0V ± 5% unless otherwise specified 

PARAMETER TEST CONDITIONS 
LIMITS 

UNIT 
Min Typ Max 

Input voltage2 V 
V,L Low -0.5 0.8 
V,H High 2.2 Vee 

. Output voltage Vee = 4.75V V 
VOL Low IOL = 1.6mA 0.4 
VOH High IOH = -100,uA 2.4 Vee 

III Input load current Vee = 5.25V, OV::; V,N::; 5.25V 10 ,uA 

ILO Output leakage current Chip deselected, VOUT = O.4V to Vee 10 ,uA 

lee Supply current Output unloaded, 115 rnA 
TA=25°C, Vee=5.25V, V'N=Vee 

Capacitance3 T A = 25° C, f = 1.0MHz, all pins except pF 
pin under test tied to ac ground 

C'N Input 7 

Co Output 10 

AC ELECTRICAL CHARACTERISTICS TA = O°C to 70°C, Vee = 5.0V ± 5%, Output load = 1 TTL load and 100pF, 
Input transition time = 20ns, Timing reference levels: Input = 0.8V and 2.2V, 
Output = O.4V and 2.4V unless otherwise specified. 

2616 
PARAMETER 

Min Typ Max Min 

tAee Address access time 450 
teo Chip select delay 200 

tOF Chip deselect delay 200 

tOH Previous data valid after 20 20 
address change delay 

NOTES 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation Qfthe device 
at these or at any other condition above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

2. Input levels that swing more negative than -O.SV will be clamped and may cause 
damage to the device. 

3. This parameter is periodically sampled and is not 100% tested. 

TIMING DIAGRAM 

~~~UTS-:":'HI:-;:G77H--+-~---<lIIi)~y.:~m~ 
IMPEDANCE 

2616-1 

Typ 

Si!lnotics 
@IC MASTER 1979 

Max 
UNIT 

350 ns 
150 ns 
150 ns ' 

ns 
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32,7' 8 ali STATiC MOS R"M (408618) 

OBJECTIVE SPEC I FICA TION 

DESCRIPTION 
This ROM is designed for memory applica­
tions where. high performance, large bit 
storage, and simple interfacing are impor­
tant design objectives. 

The two chip select inputs are program­
mable. Any combination of active high or 
low level chip select inputs can be defined 
by the designer and the desired chip select 
logic level is fixed during the masking pro­
cess. These two programmable chip select 
inputs, as well as OR-tie compatibility on 
the outputs, facilitates easy memory expan­
sion. 

The 2632 Read Oniy Memory is fabricated 
with n-channel silicon gate technology. 
This technology provides the designer with 
high performance, easy-to-use MOS cir­
cuits. 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

Temperature range 
TA Operating 
TSTG Storage 
PD Power dissipation 

Applied voltage 
Input 
Output 
Supply voltage to 
ground potential 

FEATURES 
• Guaranteed 450ns address time 
• Completely TTL compatible 
• Single +5V power supply 
• 3-state output-OR-tie capability 
• Fully decoded-on chip address decode 
• Inputs protected-all inputs have protec­

tion against static charge 

RATING UNIT 

°C 
0° to +70 

-65° to +150 
1.2 W 

V 
-0.5 to +7 
-0.5 to +7 

-0.5 to +7 V 

0> NOTE 

Cf) ,1. Stresses above those listed under "Absolute Maximum Ratings" may cause perma­
nent damage to the device. These are stress ratings only. Functional operation of this 
device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

BLOCK DIAGRAM 

Ag 

1672 

32,768 BIT 
CELL MATRIX 

PROGRAM­
MABLE 

CHIP 
SELECT 
INPUT 

BUFFERS 

---0 VCC 

---0 GND 

2632 
2632-F,I,N 

PIN CONF'GURATION 

F,I,N PACKAGE 

Vec 

A8 

Ag 

CS2 ICS2 INC 

CS1/CS1INC 

Al0 

Al1 

08 

°1 07 

02 06 

°5 
GND °4 
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OBJECTIVE SPECIFICATION 2632-F,I,N 

DC ELECTRICAL CHARACTERISTICS TA = O°C to +70°C, Vee = 5.0V ± 5%, unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Inputvoltage 
VIL low2 

VIH High 

Output voltage 
VOL low IOL =·1.6mA 
VOH High IOH = -1OOIoLA 

III Input load current OV ::; VIN ::; 5.25V 

ILO Output leakage Chip deselected VOUT = +O.4V 
to Vee 

lee Supply current Output unloaded T A = 25°C, 
VIN = Vee 

Capacitance3 T A = 25°C, f = 1 MHz, all pins 
except pin under test 

tied to ground 
CIN Input 
COUT Output 

NOTES 
2. Input levels that swing more negative than -0.5 will be clamped and may cause 

damage to the device 
3. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS TA = O°C to + 70°C, Vee = 5V ± 5%, Output 

LIMITS 

Min Typ 

-0.5 
2.2 

2.4 

Max 

O.B 
Vee 

0.4 
Vee 

10 

10 

BO 

7 
10 

load = 1 TTL load and 100pF, Input transition time = 20ns, Timing 

reference levels: Input = O.BV and 2.2V, Output = O.4V 

and 2.4V unless otherwise specified. 

LIMITS 
PARAMETER 

Min Typ Max 

tAee Address access time 450 
teo Chip select delay 200 
tDF Chip deselect delay 200 
tOH Previous data valid after 20 

address change delay 

TIMING DIAGRAM 

©IC MASTER 1979 

UNIT 

V 

V 

loLA 

loLA 

rnA 

pF 

UNIT 

ns 
ns 
ns 
ns 
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85,538 BIT STATIC MOS ROM (8192X8) 

OBJECTIVE SPECIFICATION 

DESCRIPTION 
This ROM is designed for memory applica­
tions where high performance, large' bit 
storage, and simple interfacing are impor­
tant design objectives. 

The chip select input is programmable. 
Active high or active low level chip select 
input can be defined by the designer and the 
desired chip select logiC level is fixed during 
the masking process. The programmable 
chip select input, as well as OR-tie compati­
bility on the outputs, facilitates easy memo­
ry expansion. 

The 2664 Read Only Memory is fabricated 
with n-channel silicon gate technology. 
This technology provides the deSigner with 
high performance, easy-to-use MOS cir­
cuits. 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

Temperature range 
TA . Operating 
TSTG Storage 
Po Power dissipation 

Applied voltage 
Input 
Output 

Supply voltage to 
ground potential 

NOTE 

FEATURES 
• Guaranteed 450ns access time 
• Completely TTL compatible 
• One +5V power supply 
• 3-state output-OR-tle capability 
• Fully decoded-on chip address decode 
• Inputs protected-all inputs have protec­

tion against static charge 

RATING UNIT 

°C 
0° to +70 

-65° to +150 
1.5 W 

V 
-0.5 to +7 
-0.5 to +7 
-0.5 to +7 V 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause perma­
nent damage to the device. These are stress ratings only. Functional operation of this 
device al these or any other conditions above those indicated in the operational 
sections of this specification is not implied and exposure 10 absolute maximum rating 
conditions for extended periods may affect device reliability. 

BLOCK DIAGRAM 

1674 

65,536 BIT 
CELL MATRIX 

----0 vcc 

----0 GND 

PROGRAM­
MABLE 

CHIP CS/CS/NC 
SELECT 
INPUT 

BUFFER 

2114 
2664-F,I,N 

PIN CONFIGURATION 

F,I,N PACKAGE 

VCC 

A8 

A9 

A12 

CS /CS/NC 

Al0 

A11 

°8 

°7 

°2 06 

Os 

GND 04 
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15,531 III STITIC MOS ROM (8112i8) 

OBJECTIVE SPECIFICATION 

DC ELECTRICAL CHARACTERISTICS T A = O°C to +70°C. Vee = 5.0V ± 5%, unless otherwise specified. 

LIMITS 
PARAMETER TEST CONDITIONS 

Min Typ 

Input voltage 
VIL Low2 -0.5 
VIH High 2.2 

Output voltage 
VOL Low' -IOL = 1.6mA 

VOH High IOH = -100J.LA 2.4 

III Input load current OV ::; VIN ::; 5.25V 

ILO Output Leakage Chip deselected, VOUT = +0.4V 
to Vee 

lee Supply current Output unloaded T A = 25°C, 
VIN = Vee 

Capacitance3 T A = 25°C, f =1 MHz, all pins 
except pin under test tied to ground 

CIN Input 
COUT Output 

NOTES 

2_ Input levels that swing more negative than -0_5V will be clamped and may cause 
damage to the device_ 

3_ This parameter is periodically sampled and is not 100% tested_ 

AC ELECTRICAL CHARACTERISTICS TA = O°C to +70°C, Vee = 5.0V ± 5%, Output load =1 TTL load 

and 100pF, Input transition time = 20ns, Timing reference levels: 

tAee 
teo 
tDF 
tOH 

TIMING DIAGRAM 

©IC MASTER 1979 

Input = 0.8V and 2.2V, Output = 0.4V and 2.4V unless otherwise 

specified. 

LIMITS 
PARAMETER 

Min Typ Max 

Address access time - 450 
Chip select delay 200 
Chip deselect delay 200 
Previous data valid after 20 
address change delay 

!ii!JllbCS 

2664-F,I,N 

UNIT 
Max 

V 
0.8 
Vee 

V 
0.4 

Vee 

10 J.l.A 

10 J.LA 

150 mA 

pF 

7 
10 

UNIT 

ns 
ns 
ns 
ns 
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OBJECTIVE SPECI FICATION 

DESCRIPTION 
The 2690 is fabricated with double-poly n­
channel silicon gate technology for high 
performance and high functional density. It 
uses a single transistor dynamic storage cell 
and dynamic circuitry to achieve high speed 
and low power dissipation. 

The unique design of the 2690 allows it to be 
packaged in the industry standard 16-pin in­
line package, which provides the highest 
system bit densities and is compatible with 
widely available automated handling equip­
ment. 

The use of the 16-pin package is made 
possible by multiplexing the 14 address bits 
(required to address one of 16,384 bits) into 
the 2690 on 7 address input pins. The two 7-
bit address words are latched into the de­
vice by the 2 TTL clocks, Row Address 
Strobe (RAS) and Column Address Strobe 
(CAS), Non-critical clock timing require­
ments allow use of the multiplexing tech­
nique while maintaining high performance. 

The memory cell requires refreshing for 
data retention. This is most easily accom­
plished by performing a RAS only cycle at 
each of 128 row addresses every 2ms. 

BLOCK DIAGRAM 

WRITE 

CLOCK 
iiAi GENERATOR 

NO.1 

• MULTIPLEXED 
CLOCK 

GENERATOR 

...-----I t 

CAS-~"" H CLOCK 
GENERATOR -- NO.2 

~ 
AI 

AS 

A4 MUX 
ADDRESS 

A3 INPUT 
BUFFERS r--

A2 (7) 

Al 

Ao 
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2690-2-F,I,N • 2690-3-F,I,N .269O-4-F,I,N 

FEATURES PIN CONFIGURATION 
• Access time: 

2690-2: 1SOns 
2690-3: 200ns 
2690-4: 250ns 

• Read- and write cycle time: 
2690-2: 375ns 
2690-3: 375ns 
2690-4:· 410ns 

• Low power: 
Operating: 462mW (max) 
Standby: 20mW (max) 

• ±10% power supply margins 
• On-chip latches for actdress and data In 

F,I,N 

• Output data controlled by CAS and un­
latched at end of cycle to allow 2-
dimensional chip &eJection and extended 
page boundary 

*F = Cerdip 
I = Ceramic 
N = Plastic 

• Page mode addressing 
• RAS only refresh 

PIN DESIGNATION 

• Common 110 capability using "early 
write" operation 

PIN NO. 

5-7, • All Inputs TTL compatible 
• 3-state TTL compatible output 10-13 

15 

2 

14 

4 

3 

1 

9 

8 

16 

~ I I WRITE 
] 1 I CLOCKS -

1 1 
I J 

I 
I 

DATA I I IN 
BUFFER I 

--r) INHIBIT J 1 I DATA 

LATCH .1 OUT 1 I - RELEASE I BUFFER r 

• 
DUMMY CELLS 

I 
I MEMORY ARRAY 

I .. ROW 121 

r-.I DECODER ROW la-SENSE-REFReSH AMPS 
1: 121 LINES 

I 

I 
MEMORY ARRAY I 

DUMMY CELLS 

SYMBOL NAME" FUNCTION 

ArrA6 Address inputs 

CAS Column address strobe 

DIN Data in 

Dour Data out 

RAS Row address strobe 

WRITE Read/write input 

Vss Power (-5V) 

Vcc Power (+5V) 

Voo Power (+12V) 

Vss Ground 

-.Voo 
_VCC 

-VIS 

-VBB 

DATA IN 
(DI'" 

DATA OUT 
(DQUT) 

Ed ~E: I 
"'L~~T 

DATA 
INIOUT . ~ 

_____ 64-CClLUMN _____ 

• SELECT LINES 

~ MUX I AO-~I "'1 COLUMN DECODERS 
SWITCH I 101'64 

I AI 
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4091 BIT DYNAMIC RAM (409111) 4027 2;4027 1/4027 4 

4027-2/4027-3/4027-4-F,I,N 

DESCRIPTION FEATURES PIN CONFIGURATION 
The 4027 is fabricated with n-channel sili­
con gate technology for high performance 
and high functional density, and uses a 
single transistor dynamiC storage cell and 
dynamic circuitry to achieve high speed and 
low power diSSipation. 

The unique design ofthe4027 allows itto be 
packaged in the industry standard l6-pin 
dual inline package, which provides the 
highest system bit densities and is com path .. 
ble with widely available automated han­
dling equipment. 

The use of the 16-pin package is made 
possible by multiplexing the 12 address bits 
(required to address 1 of 4096 bits) into the 
4027 on 6 address input pins. The two 6-bit 
address words are latched into the device by 
the 2TTL clocks, Row Address Strobe 
(RAS), and Column Address Strobe (CAS)~ 
Non-critical clock timing requirements al­
low use of the multiplexing technique while 
maintaining high performance. 

The Single transistor dynamic storage cell 
provides high speed along with low power 
dissipation. The memory cell requires re­
freshing for data retention, and this is most 
easily accomplished by performing a read 
cycle at each of the 64 row addresses every 
2ms, or by performing a RAS only cycle. 

BLOCK DIAGRAM 

• All inputs including clock TTL compatible 
• On chip latches for address, chip select 

and data In 
• 3-state TTL compatible output 
• Output data Is latched and valid into next 

cycle 
• Access time: 

4027-2: 150ns 
4027-3: 200ns 
4027-4: 250ns 

• Read and write cycle time: 
4027·2: 320ns 
4027-3: 375ns 
4027 -4: 375ns 

• Low power: 
Operating: 462mW 
Standby: 27mW 

• RAS only refresh (no dummy cycles re­
quired) 

• Page mode addressing 
• ±10% power supply margins 

1" 
GE~~~;;OR I 

NO.1 I 

r . WRITE 
CLOCKS 

F,I,N PACKAGE 

-v 00 

-v CC 

_v SS 

-v BB 

VSS 

CAS 

DOUT 

cs 

I 1 t ENABLE 

MU~T~~~KXED I 
GENERATOR 

I t ROW 

~4 ",OOK h ENABLE 
GENERATOR 

-_ NO.2 

1 

I CHIP ;ELECT l...TI. 
INPUT --' 

BUFFER CHIP SEL COLUMN 
ENABLE 

I MULTIPLEXED I 
DECODER I 

ADDRESS 

b : I 
INPUT I ! BUFFERS (6) 

(10F64ROWj 
I 
I 64 ROW 
I LINES 
I i ROW I • I I 

COLUMfol I I 
32 COLUMN I 

(1 OF 32 SELECT LINES I 
COLUMN) i I 

(MULTIPLEXED) 
I---'~ 

! 
I 

T~ 
I 
I 
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DATA 
IN 

BUFFER 

RESET 
DATA 

ENABLE OUT 
BUFFER 

DUMMY CELLS 

MEMORY ARRAY 

." 1 
64 SENSE-REFRESH AMPLIFIERS 

DATA IN/DATA OUT GATING 

f 
MEMORY ARRAY 

DUMMY CELLS 

I-

I&ATA E 

II~/OUI 

_ ....... 
10F2 
DATA 
BUS 

0 ATA IN 
DIN) ( 

DATA OUT 
(DOUT) 

SELECT 

"'-r-

, 
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FEATURES 

• Full line of bipolar RAMs 

• Military and commercial temperature ranges 

• On-chip address latches 

• 2 port memories 

• Read-while-write memory 

• PNP inputs for low current 

• Schottky clamped 

• TTL compatible 

RAM QUICK SELECTION GUIDE 

RAM PACKAGE TEMPERATURE RANGE 

DESCRIPTION 

The 828XXX family of bipolar RAMs offers one of the widest 
selection of memories available in the industry. Along with 
all the standard RAMs, special features have been integrated 
on many devices enhancing their application effectiveness. 
8uch features as address latches, output latches, 2 port 
memories and 8 and 9 bit outputs allow this family to answer 
almost every need. 

Also, both commercial and military temperature ranges are 
available. For commercial range (O°C to + 75°C) specify 
N828XXX, and for military range (- 55°C to + 125°C) specify 
8828XXX. 

OUTPUT11 
POWER/BIT SPECIAL 

ORGANIZATION SIZE PINS TYPE10 OOC to + 75°C - 55°C to + 125°C LOGIC TYPE (typ) FEATURES 

8x4 32 24 F,N N82812 T OC 8500~W 2 PORT RAM 
N828112 T , TS 

16x4 64 16 F,N N82825 882825 8 OC 6250~W 8CRATCH PAD RAM 
N74889 854889 T OC 
N748189 8548189 8 T8 
N310'1A 83101A 8 OC 

32x2 64 16 F,N N82821 T OC 7800~W READ WHILE WRITE 
RAM 

256 x 1 256 16 F,N N82816 882S16 T T8 1500~W FA8T RIW CYCLE 
N82817 882817 T OC 

N828116 T T8 

I N828117 T OC 
N748200 8548200 8 T8 
N748201 8548201 8 T8 
N748301 8548301 8 OC 

64x9 ?76 28 I, N N82809 882809 T OC 1302~W 9 81T OUTPUT 

1024 x 1 1024 16 F,N N82810 882810 8 OC 586~W 
N82811 882811 8 T8 

N828110 8 OC • TAA =30ns MAX 
N828111 8 T8 
N93415A 8 OC F8C PIN OUT8 
N93425A 8 T8 

256x8 2048 22 F N8X350 88X350 C 110 329~W ADDRE88 LATCH 
N828208 C 110 

256x9 2304 24 F,N N828210 C 11O 29~W 

256x9 2304 24 F,N N82S212 C ·110 282~W 9 81T OUTPUT 

4096 x 1 4096 18 I N828400 B OC 146~W 
N828401 TS 

NOTES 
1. All voltage values are with respect to network ground terminal. 
2. All typical values are at Vee=5V, TA=25°C. 
3. Test each input one at a time. 
4. Measured with the logic low s~ed. Output sink current is supplied through a resistor to Vee. 
5. Measured with V1H applied to CEo 
6. lee is measured with the write enable and memory enable input grounded, all other inputs at 4.5V, and the outputs open. 
7. Minimum required to guarantee a Write into the slowest bit. 
8. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a 2-minute warm-up. 
9. For more detailed specifications, see Signetics data sheet. 

10. Package type: N = Plastic, F = Cerdip, I = Ceramic 
11. Output definition: OC = Open-collector, TS = 3-state, T = transparent, B = Blanking, C = Common 
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DC ELECTRICAL CHARACTERISTICS8, 9 N grade (COM) : O°C~TA~ + 70°C,4.75V~Vcc~5.25V 
5 grade (MIL) : - 55°C~TA~ + 125°C, 4.5V~Vcc~5.5V 

PARAMETER' TEST CONDITIONS 
N grade (COM) S grade (MIL) 

UNIT 
Min Typ2 Max Min Typ2 Max 

Input voltage V 
Vil Low Vcc=Min 0.85 0.8 
VIH High Vcc = Max 2.0 2.0 
VIC Clamp3 Vcc=Min, IIN= -18mA -0.8 -1.2 -0.8 -1.2 

Output voitage Vcc=Min V 
Val Low4 

10l= 16mA 0.35 0.45 0.30 0.50 
VOH High IOH=10.3mA 2.4 
VOH High IOH=-5.2mA 2.4 

Input current3 Vee= Max 
II At VIN Max VIN =5.5V 1 1 rnA 
III Low VIL =0.45 V -10 -100 -10 -250 ,.,A 
IIH High VIN=2.7V 1 25 1 25 ',.,A 

Output currentS 

10lK Leakage VIH = 2V, Vo = 5.5V 1 40 1 50 jJA 
10(OFF) Hi-Z state Vcc = Max, Vo= 5.5V 1 40 1 100 ,.,A 

VIH = 2V,Vo= 0.4V -1 -40 -1 -100 
los 5hort circuit Vcc= Max, Vo= OV -30 -100 -30 -100 rnA 

Capacitance Vcc= 5.0V pF 
CIN Input VIN=2.0V 5 5 
Cour Output Vour =2.0V 8 8 

ADDITIONAL ELECTRICAL CHARACTERISTICS8,·9 N grade (COM) : O°C~TA~ + 75°C, 4.75V~Vcc~5.25V 
S grade (MIL) : - 55°C~TA~ + 125°C, 4.5V~Vcc~5.5V 

DEVICE 
TAA(Max) Tct:<Max) 
N S N S 

825121112 40 30 

82525 50 60 35 35 

3101A 35 50 17 25 

74589 50 60 35 35 

745189 35 50 17 25 

82521 50 50 

82516/17 50 70 40 40 

825116/117 40 25 

745200/201 
50 70 35 45 1301 

82509 45 80 30 50 

82510111 45 70 30 45 

825110/111 35 25 

934151425 45 30 

8252081210 60 35 

8X350 75 95 35 40 

825212 45 35 

825400/401 45 30 

UNIT5 ns ns 
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TwP(Min)7. 
N S 
45 

30 30 

25 30 

30 30 

25 30 

25 

30 40 

25 

40 50 

35 50 

35 50 

25 

35 

40 

40 50 

40 

35 

ns 

WRTcycle(Mln) ~(Max)6 
N S N S 
65 160 

40 50 . 105 120 

25 40 105 120 

40 50 105 120 

25 40 . 110 110 

45 130 

55 70 115 120 

25 ~15 

50 60 130 130 

45 70 190 200 

45 75 155 170 

40 155 

45 155 

60 185 

45 55 185 185 

60 185 

45 155 

ns rnA 

MEMORY TIMING DEFINITIONS 

T AA Delay between beginning of valid 
Address (withChip "Enable low) and 
when Data Output becomes valid. 

T CE Delay between beginning of Chip 
Enable low (with Address valid) and 
when Data Output becomes valid. 

T Wp Width of Write Enable pulse. 

WRT CYCLE Defines the minimum amount of 
time required to perform a write. 
This is the sum of T wp(min) plus the 
minimum address set-up (T WSA) and 
hold (T WHA) time. 
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ETICS GENERIC BIPOLAR PROM FA 

FEATURES 

• Largest generic PROM family 

• PNP Inputs for low input current 

• Compatible pin configurations for upward expansion 

• On-chip output latches 

• . Schottky and Low-Power Schottky PROMs 

• 3-state and open-collector outputs 

• Fully TTL compatible 

• Reliability proven Ni-Cr fuses 

DESCRIPTION 

The 828XXX-series generic PROM family offers a wide selec-

PROM QUICK SELECTION GUIDE 

tion of memory size and organization. The 4-bit wide PROMs 
range in capacity from 256 words to 2048 words and are 
packaged in a space saving 16 or 18-pin package. The 8-bit 
PROMs range in organization from 32 x 8 to 2048 x 8 and are 
available in a wide selection of package sizes. All PROMs 
have the same programming specifications allowing a single 
programmer to program the entire family. 

The family also provides low current PNP inputs, both 
8chottky and low~power 8chottky clamping, on-chip latches, 
and open-collector or 3-state outputs. All PROM fuse links 
store a low and are programmed to a high. 

The entire family is available in both commercial and military 
temperature ranges. For commercial range (O°C to + 75°C) 
specify N828XXX, or for military range (- 55°C to + 125°C) 
specify 882XXX. 

PROM PACKAGE TEMPERATURE RANGE OUTPUT OUTPUT POWER/BIT 
ORGANIZATION SIZE PINS TYPE· O°C to + 75°C - 55°C to + 125°C TYPE LATCH (typical) 

32x8 256 16 F,N N82823 882823 OC NO 1300",W 
N828123 8828123 T8 NO 

256x4 1K 16 F,N N828126 8828126 OC NO 500",W 
N828129 8828129 T8 NO 

512x4 2K 16 F, N N828130 I 8828130 OC NO 3OO",W 
N828131 I 8828131 T8 NO 

1024 x 4 4K 18 F,N N828136 8828136 OC NO 130",W 
N828137 8828137 T8 NO 

2048 x 4 8K 18 I N828184 8828184 OC NO 50",W 
N828185 8828185 T8 NO 

256x8 2K 24 F,N N828114 8828114 T8 YE8 330",W 
512x8 4K N828115 8828115 T8 YE8 165",W 

512x8 4K 22 F N828146 8828146 OC NO 155",W 
N828147 8828147 T8 NO 

512x8 4K 24 F, N N828140 8828140 OC NO 170",W 
N828141 8828141 T8 NO 

1024x 8 8K 24 F, N N828180 8828180 OC NO 85",W 
N828181 8828181 T8 NO 

1024 x 8 8K 24 F, N N828182 8828182 OC YE8 85",W 
N828183 8828183 T8 YE8 

1024x8 8K 24 F, N N82L8180 882L8180 OC NO 37",W 
N82L8181 882L8181 T8 NO 

2048 x 8 16K 24 I N828190 8828190 OC NO 40",W 
N828191 8828191 T8 NO 

* N = Plastic, F = Cerdip, I = Ceramic 
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N82S231S82S23 
N82S1231S82S123 

@IC MASTER 1979 

N82S 126/S82S 126 
N82S129/S82S129 

N82S 140/S82S 140 
N82S141/S82S141 

t 

N.C. ~ No Connection 

PIN CONFIGURATION 

N82S130/S82S130 
N82S131/S82S131 

N82S180/S82S180 
N82S181/S82S181 

24·PIN t GENERIC 

N82LS180/S82LS180 
N82LS1811S82LS1iu 

N82S190/S82S190 
N82S191/S82S191 

! 
N82S182/S82S182 
N82S 1831S82S183 

GNO 

N82S184/S82S184 
N82S185/S82S185 

N82S1141S82S114 
N82S1151S82S115 

II 82S115 PIN CONNECTION 

N82S146/S82S 146 
N82Si47 1S82S 141 
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DC ELECTRICAL CHARACTERISTICS1 N82SXXX : O°C4itTA .... + 75°C, 4.75V~Vcc~5.25V 
S82SXXX : - 55oc.;.TA~ + 125°C, 4.5V~Vcc4it5.5V 

COMMERCIAL 
PARAMETER TEST CONDITIONS 

Min Typ2 Max 

I~put voltage3 

VIL Low 0.85 
VIH High 2.0 

VIC Clamp5 IIN= -18mA -0.8 -1.2 

Output voltage3 

1°·45 VOL Low louT=9.6mA 
VOH High (3-state) CE1 = low, 10UT= - 2mA, CE2 = low, 2.4 

CE2 = high, CE4 = high, high stored 

Input current 

IlL Low VIN =0.45V -100 

IIH High VIN =5.5V 40 

Output current 

10LK Leakage (open collector) ~1 = high, VOUT= 5.5V, CE2 = high, 40 
CE3 = low, CE4 = low 

10(oFF) Hi-Z state (3-state) CE1 = high, VOUT = 0.5V, CE2 = high, -40 
CE3 = low, CE4 = low 

CE1 = high, VOUT= 5.5V, CE2 = high, 40 

Short Circuit (3-state)5, 6 

CE3 = low, CE4 = low 
los VOUT=OV -20 -70 

Icc 23/123 65 77 
126/129 105 120 

114/11511821183/190/191 130 175 
130/131 120 140 

140/141/180/181 140 175 
146/147 115 155 
136/137 105 140 
184/185 80 120 

LS180/LS181 60 80 
Capacitance Vcc =5.0V 

CIN Input VIN=2.0V 5 
COUT Output VouT=2.0V 8 

NOTES ON NEXT PAGE 
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MILITARY 

Min Typ2 Max 
UNIT 

V 
0.80 

2.0 
-0.8 -1.2 

1 1°.
50 I 

V 

2.4 

JJA 
-150 

50 

60 /JA 

-60 /JA, 

60 /JA 

-15 -85 mA 

65 85 mA 
105 125 
130 185 
120 140 
140 185 

165 
105 140 
80 130 
60 85 

pF 
5 
8 
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NEllCS GENERIC BIPOLAR P~Wc"._. 

AC ELECTRICAL CHARACTERISTICS R1 = 470Q, R2 = 1kQ, cL = 30pF 

N82SXXX : O°C~TA~ + 75°C, 4_75V~Vcc~5_25V 

S82SXXX : - 55 °C~T A~ + 125 DC, 4_5V~V cc~5_5V 

TO FROM 
COMMERCIAL MILITARY 

PARAMETER PART TYPES 
Min Typ2 Max Min Typ2 Max 

231123 35 50 35 65 
126/129 35 50 35 70 

114/115/1821183 35 60 35 90 
130/131 40 50 40 70 
140/141 4Q 60 40 90 

TAA 146/147 OUTPUT ADDRESS 30 45 30 75 
136/137 40 60 40 80 
180/181 50 70 50 90 
184/185 70 100 70 125 
1901191 50 80 50 100 

LS180/181 100 175 100 225 

23/123 25 35 25 40 
126/129 15 25 15 35 

TCE 114/115/140/141/180/181/1821183/190/191 
CHIP ENABLE 

20 40 20 50 
130/131/146/147/136/137 OUTPUT 20 30 20 40 

'184/185 30 40 30 60 
LS180/181 35 60 35 80 

23/123 25 35 25 40 
126/129 15 25 15 35 

TCD 114/115/140/141/180/181/1821183/190/191 
CHIP DISABLE 

20 40 20 50 
130/131/146/147/136/137 OUTPUT 20 30 20 40 

184/185 30 40 30 60 
LS180/181 35 50 35 70 

Setup and hold time4 

TCDS Setup time OUTPUT CHIP ENABLE 40 50 
TCDH Hold time 10 0 10 0 

TAOH Hold time4 OUTPUT ADDRESS 0 -10 5 -10 

Pulse width4 

Tsw Strobe 30 20 40 20 

Latch time4 

TSL Strobe 60 35 90 35 

Delatch time4 

TDL Strobe 30 35 

TIMING DIAGRAMS 

TRANSPARENT READ LATCHED READ4 
......... ,__---+3.0V 

, + 3.0V 
STR~~~ _______________ OV 

r-:...---------------- +3.0V ---+-....... ?---......... ---Ir...,.~--+3.0V 
~.:..Ay ""'._5V ________ 

ov 
CE 
------1--.,,----_ .. ,__--+ 3.0V 

--+----'··~-~f--.. ''I'~~--ov 
CE 

----1--' 1'-----'1 '----ov 
CE 

Output Latches Not Used Output Latches Used 

NOTES 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at V CC = 5.0V, T A = + 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Applies only to the 82S114/115/1821183. 
5. Test one pin at a time. 
6. Duration of short-circuit should not exceed 1 second. 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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DESCRIPTION 
The 828100 (tri-state outputs) and t~e 
828101 (open collector outputs) are Bipolar 
Programmable Logic Arrays, containing 48 
product terms (AND terms), and 8 sum 
terms (OR terms). Each OR term controls an 
output function which can be programmed 
either true active-high (Fp). or true active­
low (FP). The true state of each output 
function is activated by any logical combi­
nation of 16-input variables, or their com­
plements, up to 48 terms. Both devices are 
field programmable, which means that 
custom patterns are immediately available 
by follo\AJing the fusing procedure outlined 
in this data sheet. 

The 828100 and 828101 are fully TTL com­
patible, and include chip-enable control for 
expansion of input variables, and output 
inhibit. They feature either open collector or 
tri-state outputs for ease of expansion of 
product terms and application in bus­
organized systems. 

Both devices are available in commercial 
and military temperature ranges. For the 
commercial temperature range (00 C to 
+75°C) specify N828100/101,I or N, and for 
the military temperature range (-55° C to 
+125°C) specify 8828100/101,1. 

FPLA EQUIVALENT LOGIC PATH 

I" 

~---------Jl 

REXT 

>---f >--'-.... F p. F p' 

(51 

LOGIC FUNCTION 

Typical Product Term: 
Po = 10 • 11 • i;. 15 • ~ 

Typical Output Functions: 
Fo = (CE) + (Po + P1 + P2 ) @ 8 = Closed 

, Fa = (CE) + (Po· p,. fi';) @ 8 ~ Open 

NOTE 

For each of the 8 outputs. either the function Fp 
(active-high) or F p (active low) is available. but not 
both. The required function polarity is programmed 
via link (S). 

1684 

FEATURES 
• Field programmable (NI-Cr link) 
• Input variables: 16 
• Output functions: 8 
• Product terms: 48 
• Address acceu time: 

5825100/101-80ns Max 
N825100/101-50ns Max 

• Power dlulpatlon: 600mW typ 
• Input loading: 

5825100/101: -50J.'A Max 
N825100/101: -100J.'A Max 

• Chip enable Input 
• Output option: 

825100: Trl~st8te 
82S101: Open coiiector 

• Output disable function: 
Trl-state-HI-Z 
Open collector-HI 

APPLICATIONS 
• CRT display systems 
• Random logic 
• Code conversion 
• Peripheral controllers 
• Function generators 
• Look-up and decision tables 
• Microprogramming 
• Address mapping 
• Character generators 
• Sequential controllers 
• Data security encoders 
• Fault detectors 
• Frequency synthesizers 

LOGIC DIAGRAM 

• o 47 

11-.-clD-+--+----------+-

I 15--1..a1>--+-+---------+--

• FIXED CONNECTION 

828100-I,N .• 82S101-I,N 

PIN CONFIGURATION 

*1 = Ceramic 
N = Plastic 

I,N PACKAGE* 

tOpen during normal operation 

TRUTH TABLE 

MODE Pn CE Sr ? f(Pn) 

Disabled 
(828101 ) 

X 1 X 
Disabled 
(828100) 

1 a Yes 
0 0 

Read 
X 0 No 

Fp F* P 

1 1 

Hi-Z Hi-Z 

1 0 
0 1 

0 1 
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825100 (I 5 ) "25101 (0 C J 

82S100-I,N • 82S101-I,N . 

ABSOLUTE MAXIMUM RATINGS1 THER..,AL RATINGS 

RATING 
PARAMETER UNIT 

Min Max 

COM-
TEMPERATURE Mlll- MER-

TARY CIAL 
Vee Supply voltage +7 Vdc 
VIN Input voltage +5.5 Vdc 
VOUT Output voltage +5.5 Vdc 
liN Input currents -30 +30 rnA 
lOUT Output currents +100 mA 

Temperature range °C 
TA Operating 

N82S 100/101 0 +75 

Maximum 
junction 175°C 150°C 

Maximum 
ambient 125°C 75°C 

Allowable thermal 
rise ambient 
to junction 50°C 75°C 

S82S100/101 -55 +125 
TSTG Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS N82S1oo/101: 0° S TA S +75°C, 4.75V S Vee S 5.25V. 

S82S100/101: -55°C S TA S +125°C, 4.5V S Vee S 5.5V 

PARAMETER TEST CONDITIONS UNIT 

Input voltage3 V 
VIH High Vee =Max 2 2 
VIL Low Vee = Min 0.85 0.8 
Vie Clamp3.4 Vee = Min. liN = -18mA -0.8 -1.2 -0.8 -1.2 

Out out voltage Vee = Min V 
VOH High 182S10Q)3,5 IOH = -2mA 2.4 2.4 
VOL Low3 ,6 IOL = 9.6mA 0.35 0.45 0.35 0.50 

Input current J.1A 
Ul IIH High VIN = 55V <1 25 <1 50 0 

hL Low VIN = O.45V -10 -100 -10 -150 ;:: 
Q) 
C 

Output current Vee = Max C) 

IOLK Leakage7 VOUT = 5.5V 40 60 pA U5 
10(OFF) Hi-Z state (82S10Q)7 VOUT = 5.5V 40 60 pA 

VOUT = 0.45V -1 -40 -1 -60 
los Short circuit (82S10Q)4.8 VOUT = OV -20 -70 -15 -85 mA 

lee Vee supply·current9 Vee = Max 120 170 120 180 mA 

Capacitance 7 Vee = 5.0V pF 
CIN Input VIN = 2.0V 8 8 
COUT Output VOUT = 2.0V 17 17 

AC ELECTRICAL CHARACTERISTICS R1 = 470n, R2 = 1 kH, CL = 30pF 

N82S100/101: O°C S TA S +75°C, 4.75V S Vee S 5.25V 

S82S1oo/101: -55°C S TA S +125°C, 4.5V S Vee S 5.5V 

N82S100/101 S82S100/101 
PARAMETER TO FROM 

Min Typ2 Max Min Typ2 Max 
UNIT 

Access time ns 

TIA Input Output Input 35 50 35 80 
TeE Chip enable Output Chip enable 15 30 15 50 

Disable time ns 

Teo Chip disable Output Chip enable 15 30 15 50 

NOTES on following page. 
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NOTES 

1 Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
deVice This IS a stress rating only. and functional operation of the device of these or any other 
condition above those indicated in the operation of the device specifications is not implied. 
All tYPical values are at Vee'" SV. TA = 2SoC. 
All voltage values are with respect to network ground terminal 

4 Test one at the time. 
S Measured with Vil applied to CE and a logic high stored 
6 Measured with a programmed logic condition for which the output test is at a low logic level. Output 

sink current IS applied thru a resistor to Vee. 
Measured with: VIH applied to CE 
Duration of short circuit should not exceed 1 second 
Icc IS measured with the chip enable input grounded. all other inputs at 4.SV and the outputs open 

TEST LOAD CIRCUIT 

'5V 

F. -!fl' R C L 

% _ r (INCLUDES 

F, 

• • SCOPE AND JIG 
CAPACITANCE I 

TIMING DIAGRAM 

READ CYCLE 
_--------------------- -3.0V 

INPUT 1.5V ~ _____________________________________ OV 

_----- -3.0V 

'-___________ J~~-----------OV 

_------~-----~ .. -VOH 
F.·F, 

TIMING DEFINITIONS 
Delay between beginning of Chip 
Enable low (with Address valid). 
an,d when Data Output becomes 
valid. 
Delay between when Chip Enable 
becomes high and Data Output is 
in off state (Hi-Z or high). 

TIA Delay between beginning of valid 
Input (with Chip Enable low) and 
when Data Output becomes valid. 

1686 

_"5'- ) 
82S100-I,N .82S101-I,N 

VOLTAGE WAVEFORM 

INPUT PULSES 

9,Y----'1 

~----~- ~ 10". 

~------ ~ 
..!!... ... 

Measurements: All circuit delays are measured at the 
+l.SV 'eve' of inputs and outputs. 
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BIPOLAR FIELD' PROGRAMMABLE GATE ARRAY (ISI9) 82S)02 (0 C) 82S103 (T S ) 

828102-I,N .828103-I,N 

DESCRIPTION 
The 828102 and 828103 are Bipolar pro­
grammable ANDINAND gate arrays, con­
taining 9 gates sharing 16 common inputs. 
On-chip input buffers enable the user to 
individually program for each gate either 
the True (1m), Complement (i;), or Don't 
Care (X) logic state of each input. In addi­
tion, the polarity of each gate output is 
individually programmable to implement 
either AND or NAND !ogic functions. 

Alternately, if desired, ORINOR logic func­
tions can also be realized by programming 
for each gate the complement of its input 
variables, and output (DeMorgan theorem). 

Both devices are field-programmable, 
which means that custom patterns are 
immediately available by following the fus­
ing procedure outlined in this data sheet. 

The 828102 and 828103 include chip­
enable control for output strobing and in­
hibit. They feature either open collector or 
tri-state outputs for ease of expansion of 
input variables and application in bus­
organized systems. 

Both devices are available in the commer-

FEATURES 
• Field programmable (Ni-Cr link) 
• 16 input variables 
• 9 output functions 
• Chip enable Input 
• 1/0 propagation delay: 

N82S102l103: 35ns max 
882S102l103: SOns max 

• Power dissipation: 600mW typ 
• Input loading: 

N82S102l103: -100J.'A max 
88281021103: -150J.'A ma" 

• Output options: 
828102: Open collector 
828103: Tri-state 

• Output disable function: 
828102: Hi 
828103: Hi-Z 

• Fully TTL compatible 

APPLICATIONS 
• Random logic 
• Address decoders 
• Code detectors 
• Peripheral selectors 
• . Fault monitors 
• Machine state decoders 

cial and military temperature ranges. For LOGIC DIAGRAM 

PIN CONFIGURATION 

*' = Ceramic 
N = Plastic 

I,N PACKAGE* 

Vee 

I .. (Ie) 

113(10) 

thecomme~jalrange(0°Cto+75°C)spec~ .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

fy N828102/103, lor N, and for the military 0 
range (-55 0 C to +125 0 C) specify • 

_____ ... __ 8 

8828102/103, I. 10-~1I>-+-t---------I-

'15 ..... ..a1>-+-..... -------+-

F8 

F·1 

FO 

• FIXED CONNECTION 

For each of the 9 outputs, either the function Fp (active high) or Fp (active low) is available, but not both. 
The ·required function polarity is user programmable via fuse (S!. 

Ii!lRItiCI 
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ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vee 8upply voltage 
VIN Input voltage 

Output voltage 
VOH High (828102) 
Vo Off-state (828103) 
liN Input current 
lOUT Output current 

Temperature range 

I 

TA Operating 
N8281 02/1 03 
8828102/103 

I TSTG Storage 

EQUIVALENT LOGIC PATH 

I 
I 
I I 
I I 

~~ 
11.~1 

.~ 

The Field Programmable Gate Array con­
sists of 9 gates with individually program­
mable inputs and outputs. 

The inputs to each gate can be programmed 
either True (1m), Complement (1m), or Don't 
Care via corresponding links (j) and (k). The 
outputs of each gate can be programmed 
active-high (Fp) or active-low (F~) via corre­
sponding links (8). Thus, each gate provides 
either of 2 output logic functions in terms of 
external input logic variables Xm as defined 
below (positive logic): 

At S == Open: 
Fp = CE + (Xo. X1 • X2 • .... Xm) = Yp 

At S = Closed: 
Fp = 6E + (Xo + )(1 + )(2 + .... Xm) = YP 
m = 0, 1, 2, ..... 15 

,J 1 
I IF ...... 

1 FIELD I ' PROGRAMMABlE 

'M: ::''iv ! Vo'" 

~T~:· ________________ 'J~ 
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RATING 

+7 
+5.5 

+5.5 
+5.5 
±30 
+100 

o to +75 
-55 to +125 
-65 to +150 

Vee 

Vee Ce 
IS) 

p = 0,1,2, ..... 8 

9 
I 
I 

UNIT 

Vdc 
Vdc 
Vdc 

rnA 
rnA 
°C 

and where Xm = 1m. ;;:;;, Don't Care, as as­
signed by programming polarity of inputs 
10- 115. 

When CE = low, all gates are enabled, and 
F~ = Fp giving yp = Yp. 

PROGRAMMABLE LOGIC 
FUNCTIONS 
All internal links of virgin FPGAs are intact. 
Therefore, as shown in the Equivalent Logic 
Path, all symbolic switches are initially 
closed. Selective programming (opening) of 
links (J), (K), and (8) enables the user to 
assign input and output polarities to each 
gate for implementing NAND, NOR, AND, 
OR logic functions without changing the 
routing of input and output wires. This is 
shown in the following diagrams for a typi­
cal gate in terms of 2 input variables, which 
can be readily extended up to 16. 

82S102-I,N .82S103-I,N 

OR 

:=D-':=D-, 
J K L X_~I~ r., K t'F~ r-- z 

v-\'. 1 I S = SHORT -=- CE 

OR 

:=0-, :=U--' 
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BIPOLAR FIELD PROCBIlI.ABlE CIlIE IlBBAY (1619) 82S102 (0 C ) 821103 (I 1 ) 

DC ELECTRICAL CHARACTERISTICS N82S1 02/1 03: O°C:S TA:S +75°C, 4.75V::; Vee:S 5.25V 

S82S102/103: -55°C:S TA:S +125°C, 4.5V:S Vee:S 5.5V 

82S102-I,N .82S103-I,N 

PARAMETERl TEST CONDITIONS 
N82S1 0211 03 S82S1 0211 03 

UNIT Min Typ2 Max Min 

Input voltage 
Vil Lowl Vee = Min 0.85 

VIH Highl Vee = Max 2.0 2.0 

Vie Clamp1,3 Vee = Min, liN = -18mA -0.8 -1.2 

Output voltage Vee = Min 
VOL LOw1,4 10l = 9.6mA 0.35 0.45 

. VOH High (82S103)1,5 10H = -2mA 2.4 2.4 

Input current 
III Low VIN = 0.45V -10 -100 

IIH High VIN = 5.5V <1 25 

Output current Vec = Max 
10lK Leakage (82S 102)6 VOUT = 5.5V 1 40 
10(OFF) Hi-Z state (82S103)6 VOUT = 5.5V 1 40 

VOUT = 0.45V -1 -40 
los Short circuit (82S103)3,7 VOUT = OV -20 -70 -15 

Icc Vee supply currentS Vec = Max 120 170 

Capacitance Vee = 5.0V' 
CIN Input VIN = 2.0V 8 
COUT Outputs VOUT = 2.0V 15 

AC ELECTRICAL CHARACTERISTICS Rl = 4700, R2 = 1kO, Cl = 30pF 

N82S1 02/1 03: O°C:S TA:S +75°C, 4.75V:S Vec :S 5.25V 

S82S1 02/1 03: -55°C:S TA:S +125°C, 4.5V:S Vce:S 5.5V 

PARAMETER TO FROM 

Access time 
TIA Input Output Input 20 35 
TCE ' Chip enable Output Chip enable 15 30 

Disable time 
TCD Chip disable Output Chip enable 15 30 

NOTES 
1. All voltage values are with r;espect to network ground terminal. 
2. All typical values art~at Vee = SV, TA = 2SoC. 
3. Test each output one at a time. 
4. Measured with a programmed logic condition for which the output under test is at a low logic level. 

Output sink current is supplied through a resistor to Vee. 
S. Measured with VIL applied to OE' and a logic high at the output. 
6. Measured wi.th VJH applied to CE. 
7. Duration of short circuit should not exceed 1 second. 
8. Icc is measured with the chip enable input grounded. all other inputs at 4.SV and the outputs open. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORM 

Typ2 Max 

V 
0.8 

-0.8 -1.2 

V 
0.35 0.50 

p.A 
-10 -150 
<1 50 

1 60 p.A 
1 60 p.A 

-1 -60 
-85 rnA 

120 180 rnA 

pF 
8 
15 

UNIT 

ns 
20 55 
15 45 

ns 
15 45 

_------------------,.3.0V 
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~
CC 

F. R, 

F. C l 
R, I (INCLUDES 

SCOPE AND JIG 
':' ':' CAPACITANCE) 

~------------------------------------~ 

,..----+3.0V 
~----------__J+_--------w 

,---------------------~~VOH 

All inputs: tr = tf = Sns (10% to 90%) 
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OBJECTIVE SPECIFICATION 

DESCRIPTION 
The 82S104 (open collector outputs) ,and 
the 82S 105- (tri-state outputs) are bipolar, 
programmable state machines of the Mealy 
type. They contain logic AND-OR gate ar­
rays with user programmable connections 
which control the inputs of on-chip State and 
Output registers. These consist respective­
ly of 6 as. and 8 Of edge triggered. clocked 
SIR flip-flops. with asynchronous Preset op­
tion. All flip-flops are unconditionally preset 
to "'" during power turn on. 

The AND array combines 16 external inputs 
I 0-15 with 6 internal inputs 00-5 fed back 
from the State register to form up to 48 Tran­
sition terms (AND terms). All Transition 
terms can include True. False. or Don't Care 
states of the controlling variables, and are 
merged in the OR array to issue next-state 
and next-output commands to their respec­
tive registers on the Low to High transition of 
the Clock pulse. Both True and Complement 
Transition terms can be generated by op­
tional use of the internal input variable (C) 
from the Complement array. Also, if desired, 
the Preset input can be converted to Output­
Enable function; as an additional user 
programmable option. 

Both devices are available in commercial 
and military temperature ranges. For the 
commercial temperature range (O°C to 
+75°C) specify N82S104/105. I or N. and 
for the military temperature range (-55°C 
to + 125 ° C) specify S82S 104/105, I. 

FEATURES 
• Field programmable (NI-Cr link) 

TRUTH TABLE (Output Control) 

x 
+10 

x 
x 

+10 

NOTES 

INPUT 
OPTION 

PR O.E. 

1. Positive Logic: 

H 

aS 

H/Hi-Z 

Os 

S/R=TO+T1 +T2 , .. T47 
Tn"" C • (10 • ;1 • ;2·· J • (PO • P 1 

.. P5) 

C, 1m, Ps = High, Low or Don't C:,,:a:....re_-:---:-:-
2. Either Preset (active-High) or Output Enable (active­

LOW) are available, but not both. The desired function is 

a user programmable option. 
3, tdenotes transition from Low to High level. 
4. R = S = High is an illegal input condition, 

TRUTH TABLE (All flip-flops) 

INPUT 
OPTION 

VCC PR O_E, 

H ~~~ 
L X 

+5V L X. 

L X 

L X 

i X x 

CK 

X 

J 
T 

r 
T 

x 

• 16 Input variables BLOCK DIAGRAM 

82S104-I,N • 82S105-I,N 

PIN CONFIGURATION 

I = Ceramic 
N= Plastic 

R 

X 

L 

L 

H 

H 

x 

S 

X 

L 

H 

L 

H 

X 

STATE OUTPUT 
REGISTER REGISTER 

aS OF 

H H· 

aS OF 

L L 

H H 

INDET. INDET. 

H H 

• 8 output functions ..---------------------------------.-, 
• 48 transition terms 
• 6-BIT state register 
• 8-BIT output register 
• Transition complement array 
• Positive edge trigger clock 
• Programmable asynchronous preset or 

output enable 
• Power-on preset to all "1" of Internal 

Registers 
• 90 Ns maximum 1/0 delay 
• 6SOmW power dissipation (typical) 
• TTL compatible 
• SINGLE +5V supply 1 0- 15 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
'. Timing generators 
• Sequential circuits 
• Elevator controHera 
• Security locking syetems 

1680 

48 

48 AND GATES 

o 
6-81T 
STATE 

REGISTER 

R 

NOTE: 1, P, N, F, and PiE are user progral\lllll!lbie connections_ 

Si!llDtiCS 
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BIPOLAR FIELD PROGRAMIIABI E 
LOGIG· SEQII!NCER 

825]04 (0.C.)112S105 (Iii 

OBJECTIVE SPECIFICATION 82S104-J,N • 82S105-I,N 

ABSOLUTE MAXIMUM RATINGS1 THERMAL RATINGS 
RATING COM· 

PARAMETER 
Min Max 

UNIT TEMPERATURE MILI- MER-
TARY- CIAL 

VCC Supply voltage +7 Vdc Maximum 
VIN Input voltage +5.5 Vdc junction 175°C 150°C 
VOUT Output voltage +5.5 Vdc Maximum 
liN Input currents -30 +30 rnA ambient 125°C 75°C 
lOUT Output currents +100 rnA Allowable thermal 

Temperature range °c rise ambient 
TA Operating to junction 50°C 75°C 

N82S104/105 0 +75 
S82S104/105 -55 +125 

TSTG Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS N82S104/105: 0° ~ TA ~ +75°C. 4.75V ~ VCC ~ 5.25V 

S82S1041 105: _55°C ~ TA·~ +125°C. 4.5V ~ VCC ~ 5.5V 

PARAMETER TEST CONDITIONS 

Input voltage3 

VIH High VCC = Max 
VIL Low VCC = Min 
VIC Clamp3,4 VCC = Min. liN = -18mA 

Output voltage VCC = Min 
VOH High (82S105)3,5 10H = 2mA 
VOL Low3,6 10L = 9.6mA 

Input current 

IIH High VIN = 5.5V 
IlL Low VIN = 0.45V 

IlL Low (CK input) VIN = 0.45V 

Output current VCC = Max 

10LK Leakage? VOUT = 5.5V 

IO(OFF) Hi-Z state (82S 1 05)2 VOUT = 5.5V 
VOUT = 0.45V 

lOS Short circuit (82S 105)4,5 VOUT = OV 

ICC V CC supply current9 VCC = Max 

Capacitance? VCC = 5.0V 

CIN Input VIN = 2.0V 

COUT Output VOUT = 2.0V 

NOTES 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only, and functional operation of the 

device of these or any other condition above those indicated in the operation of the 

device specifications is not implied. 

2. All typical values are at Vee = 5V. TA = 25°e. 
3. All voltage values are with respecf to network ground terminal. 

4. Test one at a time. 
5. Measured with VIL applied to O.E. and a logic high stored, or with VIH applied to PRo 

6. Measured with a programmed logic condition for which the input is at a low logiC level, 

and VIL applied to PR/o.E. Output sink current is supplied thru a resistor to Vec' 

7. Measured with: VIH applied to PR/O.E .. 
8. Duration 01 short circuit should not exceed 1 second. 
9. lee is measured with the PR/O.E. input grounded, all other inputs at 4.5V and the 

outputs open. 

lii!)lotiCli 
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N82S104/105 S82S104/105 
Min Typ2 Max Min Typ2 Max 

UNIT 

V 
2 2 

0.85 0.8 
-0.8 -1.2 -0.8 -1.2 

V 
2.4 2.4 

0.35 0.45 0.35 0.50 

JLA 
<1 25 <1 50 
-1.0 -100 -10 -150 
-50 -250 -50 -350 

40 60 JLA 
1 40 60 JLA 

-1 -40 -1 -60 
-20 -70 -15 -85 rnA 

120 170 120 180 rnA 

pF 

8 8 
10 10 
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OBJECTIVE SPECIFICATION 82S104-I,N • 82S105-I,N 

AC ELECTRIC CHARACTERISTICS Rl = 4700, R2 = 1kO, CL = 30pF 

en 
o 

PARAMETER 

Clock pulse 

TCKH Clock High 

TCKL Clock Low 

TCKP Period 

Set up time 

I 
TIS1 Input 

TIS2 Input (through 
Com'plement array) 

T S v -Power on preset 

TpRS Preset 
I 

Hold time 

TIH Input 

Propagation delay 

TCKO Clock 

TOE Output enable 

TOO Output disable 

TSRE State register enable 

TSRO State register disable 
TpR Preset 
TpPR Power-on preset 

NOTE 

1. All typical values are at Vcc = 5V. TA = 25°C. 

:;:: TEST LOAD CIRCUIT 
Q) 
c 
0) 

en Vcc 

OUT 

1,5 0---. 

CK 0---. GND 

1692 

N82S104/105: O°C ::5 TA::5 +75°C, 4.75V ::5 VCC ::5 5.25V 
S82S104/105: -55°C ::5 TA::5 +125°C, 4.5V ::5 VCC::5 5.5V 

TO FROM 

CK- CK+ 
CK+ CK-
CK+ CK+ 

CK+ 

J 
Input± 

CK+ Input± 

CK - VCC+ 
CK- PR-

Input± CK+ 

Output± CK+ 
Output- O.E.-
Output+ O.E.+ 
Output± 10+ 
Output± 10-
Output+ PR+ 
Output+ VCC+ 

+5V 

FO R, 

F, 
R2 I Ct. 

-= - (INCLUDES . 
- SCOPE AND JIG 

CAPACITANCE) 

N82S104/105 S82S104/105 
Min Typ1 Max Min Typ1 Max 

UNIT 

ns 
10 10 

·10 10 1 
65 65 

ns 
40 I 40 

I 70 70 , , I 
10 I 10 I 

-10 -10 

ns 
-15 -15 

ns 
25 25 
25 25 
25 25 
50 50 
50 50 
50 50 
70 70 

VOLTAGE WAVEFORM 

INPUT PULSES 

~ ----' 

~----

Measurements: All circuit delays are measured at the 
+ 1.5V level of inputs and outputs, unless otherwise speci­
fied. 
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OBJECTIVE SPECIFICATION 82S104-I,N • 82S10S-I,N 

TIMING DIAGRAMS 

SEQUENTIAL MODE 

-v ,.---------- +3V 

10-15 .....:J{\_1.5_V ________ ..-JX 1.5V __________ OV 

r- TIH _tTIS -1 
CK ______ "_1_.5..,V1 \1.5V· l ... f~1~.5_V~~~~~~ ::V 

_I-TCKH --1- TCKL-I 
1'4 TCKP - .. I 

.F0-7 --------~-T-C-:-;~II\\ - - - -1~~~i.;..~1-.-5-V-_~~~~~~ :: 
--------.... +3V 

1.5V\ . ,_1_.5_V ______ OV 

~I 
O.E. 

ASYNCHRONOUS PRESET 

~------------'-----------------1~15 -:i .. 1_.5_V ___________________________ _ 

+3V 

OV 

b==-TCKP -I ~ __ ....... ___ +3V 

CK ____ 1_.5V/ L __ ~:l '\ 1.5V f. 1.5V ~ ov r- TIS ~TCKO_ \-TCKH_r=TCKL:!j 
FO-7 _______ 1._5\1.,)( 11

:- I I '\:;-- :: 
~ ~ r-TCKo-l tTPR ___ ,,_ 

__________ 1_.5_V..,~ ~~_1._5V ____________ ___ 

PR 

+3V 

OV 
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E 
smcle SEQ' HE ER -
OBJECTIVE SPECIFICATION TIMING DIAGRAMS (Co nt' d) 

DIAGNOSTIC MODE 

82S 104-I,N • 82S 10S-I,N 

1694 

'.-.5 ~_1._5V _________________________ _ 

r-------, 
..,- 8.0V -'- 8.0V 

__ - __________ ~I \~t----------
10 -VI '.sv •. sv I' '\ 
--"'~------------~'I ~'-----------

CK 
INTERNAL 

STATEAEG. 

b:T"~ I 1 _d 1\,---1.5V _~I __ r- T,S =1- TCKH ~. I 

+3V 

OV 

+10~ 

+3V 

OV 

+3V 

OV 

VOH 
-l--;~--l--X-I---~N;- --1---------
----------- -------------------~ I ~ TSRE -I 1-TSRD;j 

00-5 

F0-5 
---------[F-n]-----I---1-.5V .. ~ ~ ~~'-.5V--[F-n+-'I:: 

f+'CK~ 
O.E. ----------------------------------------------------

OV 

I 

POWER-ON PRESET 

+~ j "SV

OV 
VCC. ~--T-~--~--I--------------------------------------------

F~l Bv"sv IFnl=' •. SV \ -I~+:-- :: 

1 I. TCKP -tTCKO
•

1 

. . I .. sv t . '\ .. sv , •. sv \ 

CK --I--------'I~TCKH--.. .. '-- ov 

.• TVS • 

+3V 

+3V 

'SVX 10-15 ________________ ..J~ 1"-
r-- TIS 

I X,--"S_V _ 

-r--- Too-I 
OV 
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OBJECTIVE SPECIFICATION 

MEMORY TIMING DEFINITIONS 
T CKH Width of input clock pulse. 

T CKL Interval between clock pulses. 

T CKP Clock period. 

TIS 1 Required delay between beginning 
of valid Input and positive transition 
of clock. 

TIS2 Required delay between beginning 
of valid Input and positive transition 
of clock, when using optional Com­
plement Array (two passes neces­
sary through the AND array). 

TVS Required delay between V CC (after 
power-on) and negative transition of 
clock preceding first reliable clock 
pulse. 

TpRS Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock pre­
ceding first reliable clock pulse. 

TIH Required delay between positive' 
transition of clock and end of valid 
Input data. 

T CKO Delay between positive transition' of 
clock and when Outputs become 
valid (with PR / O.E. low). 

©IC MASTER 1979 

82S104-I,N • 82S105-I,N 

TOE Delay between beginning of Output 
Enable Low and when Outputs be­
come valid. 

TOO Delay between beginning of Output 
Enable. High and when Outputs are 
in the off state. 

T SRE Delay between input 10 transition to' 
Diagnostic mode and when the Out­
puts reflect the contents of the 
state Register. 

T SRD Delay between input 10 transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 

T PR Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 

TpPR Delay between VCC (after power­
on) and when Outputs become 
preset at II 1 " . 

1695 
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DESCRIPTION 
The 828106 (Open collector outputs) and 
828107 (3-state outputs) are bipolar Pro­
grammable ROM Patches organized as 48 
words by 8 bits, addressed via a 16 bit 
programmable address comparator. Each 
word can be assigned a unique address 
code, Po, within a 64K (216) address range by 
programming the comparator inputs High, 
Low, or Don't care via True/Complement 
input buffers. 

The contents of each word are also pro­
grammable, and are enabled to the active­
High Patch outputs only when a pro­
grammed address is detected, which causes 
the Flag output to go Low. For a/l unpro­
grammed addresses, the device outputs 
remain High (828106) or Hi-Z (828107) while 
the Flag output remains High. The Flag is 
open collector to allow wire-ANDing for 
expansion .to more than 48 patch words. 

The 828106 and 828107 are fully TTL com­
patible and can be programmed in the field 
by following the fusing procedure outlined 
in this data sheet, or by means of commer­
cially available equipment. 

Both devices are available in commercial 
and military temperature ranges. For the 
commercial range (O°C to +75°C) specify 
N8281 06/107, I or N, and for the military 
temperature range (-55° C to + 125° C) speci­
fy 8828106/107, I. 

1696 

FEATURES 
• Field programmable (NI-Cr link) 
• Address Inputs: 16 
• Data Outputs: 8 
• Patch Words: 48 
• Address access time: . 

8828106/107-100ns Max 
N828106/107-70ns Max 

• Power dissipation: 600mW typ 
• Input loading: 

8828106/107: -1S0,uA Max 
N828106/107: -100ILA Max 

• Open collector Flag 
• Output option: 

828106: Open collector 
828107: 3-state 

• Output disabled state 
3-state-Hi-Z 
Open collector-Hi 

APPLICATIONS 
• ROM data modifications 
• Memory address trap 
• Digital filter 
• Interrupt request/vector 

generator 
• Data security encoder 

LOGIC DIAGRAM 

ADDRESS 
COMPARATOR 

(Pn) 

(48) 

• (48) 

AN 

(32) 

STORAGE 
MATRIX 
(48 X 8) 

TIC 

B 
U 
F 
F 
E 
R 
S 

82S106 (0 C ) 1828101 (I 8 ) 

828106-I,N .828107-I,N 

PIN CONFIGURATION 

'I = Ceramic 
N= Plastic 

I,N PACKAGE* 

tOpen during normal operation 

TRUTH TABLE 

? 
Flag 

FO-7 
AN= PN 828106 828107 

NO 1 1 Hi-Z 

YE8 0 8tored Data 

1m 

(16) 

>----~---FO-7 

O.C . 

JOo---t__-_ FLAG 
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82S106-I,N .82S107-I,N 

ABSOLUTE MAXIMUM RATINGS1 . THERMAL RATINGS 

RATING COM-
PARAMETER UNIT 

Min Max 
TEMPERATURE MILI- MER-

TARY CIAL 

Vee Supply voltage +7 Vdc 
VIN Input voltage +5.5 Vdc 
VOUT Output voltage +5.5 Vdc 
liN Input curren~s -30 +30 mA 
lOUT Output currents +100 mA 

Temperature range °C 
TA Operating 

N82S106/107 0 +75 

Maximum 
junction 175°C 150°C 

Maximum 
ambient 125°C 75°C 

Allowable thermal 
rise ambient 
to junction 50°C 75°C 

S82S1 06/1 07 -55 +125 
TSTG Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS N82S106/107: 0° ::; TA::; +75°C, 4.75V::; Vee::; 5.25v 

S8251 06/107: -55°C::; TA::; +125°C, 4.5V::; Vee::; 5.5V 

N82S106/107 S82S 1 06/107 
PARAMETER TEST CONDITIONS 

Min Typ2 Max Min Typ2 
UNIT 

. Max 

Input voltage3 V 
VIH High Vee = Max 2 2 
Vil Low Vee = Min 0.85. 0.8 
Vie Clamp3,4 Vee = Min, liN = -18mA -0.8 -1.2 -0.8 -1.2 

Output voltage Vee = Min V 
VOH High (82S107)3,5 10H = ~2mA 2.4 2.4 
VOL Low3,6 (FO-7) 10l = 9.6mA 0.35 0.45 0.35 0.50 
VOL Low3,6 (Flag) 10l = 4.8mA 0.35 0.45 0.35 0.50 

Input current fLA 
IIH High VIN = 5.5V <1 25 <1 50 
III Low VIN = 0.45V -10 -100 -10 -150 

Output current Vee = Max 
10lK Leakage7 VOUT = 5.5V 40 60 fLA 
10(OFF) Hi-Z state (82S107)7 VOUT = 5.5V 40 60 fLA 

VOUT = 0.45V -1 -40 -1 -60 

los Short circuit (82S107)4,8 VOUT = OV -20 -70 -15 -85 mA 

lee Vee supply current9 Vee = Max 120 170 120 180 mA 

Capacitance7 Vee = 5.0V pF 
CIN Input VIN = 2.OV 8 8 
COUT Output VOUT = 2.OV 17 17 

AC ELECTRICAL CHARACTERISTICS Rl = 4700, R2 = 1 kO, Cl = 30pF 

N82S106/107: O°C ::; TA ::; +75°C, 4.75V ::; Vee::; 5.25V 
S82S106/107: -55°C::; TA::; +125°C, 4.5V::; Vee::; 5.5V 

N82S1 06/1 07 S82S106/107 
PARAMEtER TO FROM UNIT 

Min Typ2 Max Min Typ2 Max 

Access time ns 
TIA Address Output· Input 45 70 45 100 

TFl Enable Flag Input 40 70 40 100 

NOTES on following page. 

119M 11:1 
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NOTES 

1. Stresses above those listed under "Absolute Maximum' Ratings" may cause 
permanent aamage to the device. This is a stress rating only, and functional operation 
of the device of these or any other condition above those indicated in the operation of 
the device specification is not implied. 

2. All typical values are at Vcc == 5V, TA == 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at the time. 

TEST LOAD CIRCUIT 

'5V 

82S106-I,N .82S107-I,N 

5. Measured with the Patch enabled (AN == PN) and a logic high stored. 
6. Measured with a programmed logic condition for which the output under test is at a 

low logic level when the Patch is enabled (AN = PN). Output sink current is applied thru 
a resistor to Vee. 

7. Measured with the Patch disabled (AN"" PN). 
8. Duration of short circuit should not exceed 1 second. 
9. Ice is measured with all inputs at 4.5V and the outputs open. 

VOLTAGE WAVEFORM 

INPUT PULSES 

~-----n
OR. 

R C l '_ J (INCLUDES 
- - SCOPE AND JIG 

CAPACITANCE) 

TIMING DIAGRAM 

READ CYCLE 

'~_1._5V ____ A_N_-_P_N _____ ..,.,).( 'N I P N ~" 

I F'''~ VOH 

-- VOL 

,------------------------.-VOH 

TIMING DEFINITIONS 
Delay between latest Address vari­
able change and when Data Output 
becomes stable. 

Delay between latest Address vari­
able change and when Flag output 
becomes stable. 

1898 
..ILl 

Measurements: All circuit delays are measured at the 
+1.5V level of inputs and outputs. 
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BIPotA.FIELD PROSRAIIMABLE 821116 (0 C )1821117 (T S ) 
ROM PilCH (1614818) 

82S106-I,N .82S107-I,N 

TYPICAL APPLICATION 

i----------------i 8 
1 FO-7 1-----,1'----

12 1 FPRP 1 
1 1 ------r--.-. 10-11 (82S107) 1 
1 1 
: FLAG ~-------I 
1 1 I VCC ------------------ I 

I 
I .. 
I 

4KX8 ROM CE 
! 

AO-11 
(3-STATE) 

12 V 00-7 
I 

/'8 

ADDRESS 
DOUT 

FPRP PROGRAM TABLE 

PRODUCT TERM 

INPUT COMPARATOR INPUT 
ADDRESS "1 "1 "1 -1--;-1 

NO. ----r----- - r-r--r----
5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 

750 0 - - - - l H H H l H l H l l l l 

5FE 1 - - - - l H l H H H H H H H H l 

OA4-0A7 2 - - - - l l l l H l H l l H - -, 110 

PATCH SPECIFICATIONS 

~ 

750 

5FE 

OA4 

OA5 

OA6 

OA7 

ACTIVE lEVEL 

~ 

A9 

7F 

- T --1- -,- -r- -'--T -"T--
HI H'H'H'H'H,H, H f- _.L._..l _ _ ' __ '_...)_..J _ ..l __ 

OUTPUT FUNCTION 

r- 7-;6 f5 1';- r 3 :2-'1:0-
A . A . A . . A . A A A A A A A 

A . A A . A . . 
UNUSED I A" Do I Ao 0, _______ L.1..: ______ :J 

Since Patch inputs 1,2"5 are unused, they are programmed Don't Care (-), and left open in the circuit. 
Note however that 10 and I, are programmed as (-) in P-term 2 because they define an address block of 4 
memory locations. 

EXPANSION 

SYSTEM ADDRESS BUS 

74S138 
AO-13 AO-11 

Rp 

VCC 

DATA BUS 

When more than 48 memory locations need to be patched, several devices 
can be paralleled by wire-ANDing the Flag outputs. 

©tc MASTER 1979 

AO-11 

OUTPUT 
DATA 

A9 

7F 

B4 

1699 
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DESCRIPTION 
The 82LS 180 and 82LS 181 are field pro­
grammable, which means that custom pat­
terns are immediately available by following 
the fusing procedure given in this data 
sheet. The standard 82LSl80 and 82LS181 
are supplied with all outputs at logical low. 
Outputs are programmed to a logic high lev­
el at any specified address by fusing a Ni-Cr 
link matrix. 

These devices include on-chip decoding 
and 4 chip enable inputs for ease of memory 
expansion. They feature either open collec­
tor or 3-state outputs for optimization of 
word expansion in bused organizations. 

The 82LS180 and 82LS181 are available in 
both the commercial and military tempera­
ture ranges. For the commercial tempera­
ture range (DOC to +75°C) specify 
N82LS1801 181, F or N, and for the military 
temperature range (-55°C to +125°C) 
specify S82LS1801 181, F. 

BLOCK DIAGRAM 

A4 

AODfIESS 
LINES 

Ai 

IT I I 
I 1:64 DE· I 
I CODER I 
I I 
I u.. 

Ao 
A1 

A2 

A3 

~1 
CE2 
CE3 
CE.t 
~ "' 1 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC Supply voltage 

Y,N Input voltage 
Output voltage 

VOH High (82LS 180) 
Vo Off-state (82LS181) 

Temperature range 
TA Operating 

N82LS180/181 
S82LSl80/181 

TSTG Storage 

1700 

FEATURES 
• Address access time: 

N82LS180/181: 175ns max 
S82LS180/181: 225ns max 

• Power disslpalion: 37#lW/blt typ 
• Input loading: 

N82LS180/181: -100#lA max 
S82LS180/181:-150#lAmax 

• On-chip address decoding 
• Output options: 

82LS 180: Open collector 
82LS181: 3-state 

• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

APPLICATIONS 
• Prototyplng/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• Control atore 
• Random logic 
• Code conversion 

MX128I1ATRIX 

~-----------------1 
1:16 1:16 1:16 1:16 1:16 1:16 1:16 1:16 
IIUX IllUX IIUX MUX IllUX IllUX IllUX IIUX 

I I I I I I I I 

I I I I I , I r 

OUTPUT LINES 

RATING UNIT 

+7 Vdc 

+5.5 Vdc 
Vdc 

+5.5 
+5.5 

°c 

o to +75 
-55 to +125 
-65 to +150 

82[1181 (0 C )/82[1181 (J S ) 

82LS180-F,N.82LS181-F,N 

PIN CONFIGURATION 

GND 

OF ... Cerdip 
N -"Plastic 

F,N PACKAGEo 

Vee 

@IC MASTER 1979 



8182 BII BIPBLAR PRO" (102418) 82L8180 (0 C ) 182[8181 (I 3 ): 

82LS180-F,N.82LS181-F,N 

DC ELECTRICAL CHARACTERISTICS N82LS180/181: O°C~ TA ~ +75°C, 4.75V ~ vcc ~ 5.25V 
S82LS180/181: -55°C ~ TA ~ +125°C, 4.5V.s VCC ~ 5.5V 

N82LS180/181 S82LS180/181 
PARAMETER TEST CONDITIONS 

Min Typ2 Max Min Typ2 Max 

Input voltage 

VIL Low .85 .80 

VIH High 2.0 2.0 

VIC Clamp liN = -18mA -0.8 -1.2 -0.8 -1.2 

Output voltage 

VOL Low lOUT = 4.8mA 0.45 0.5 

VOH High (82LS 181) CE1 = low, lOUT = -1mA, 
CE2 = low, 2.4 2.4 

CE2· = high, C~4 = high, 
high stored 

Input current 

IlL Low VIN = 0.45V -100 -150 

IIH High VIN = 5.5V 40 50 

Output current 

10LK Leakage (82LS 180) 
CE1 = CE2 = HIGH 

VOUT = 5.5V 40 60 

to(OFF) Hi-Z state (82LS 181) CE3 = CE4 = LOW VOUT = 0.5V -40 -60 

VOUT = 5.5V 40 60 

lOS Short circuit (82LS 181) 
CE1 = CE2 = LOW, 

VOUT =OV -10 -70 1 -10 -85 
CE2 = CE3 = HIGH 

ICC V CC supply current 60 80 60 85 

CapaCitance VCC = 5.0V 

CIN Input VIN = 2.0V 5 5 

COUT Output VOUT = 2.0V 8- 8 

AC ELECTRICAL CHARACTERISTICS R 1 = 1 kQ, R2 = 2kQ, CL = 30pF 

PARAMETER 

Access time 

TAA 
TCE 

Disable time 

TCD 

NOTES 

1_ Positive current is defined as into the terminal referenced. 
2. Typical values are at Vcc = 5.0V, TA = +25°C. 

©IC MASTER 1979 

N82LS180/181: O°C ~ TA::; +75°C, 4.75V ::; VCC::; 5.25V 
S82LS180/ 181: -55°C::; TA ~ +125°C, 4.5V ::; VCC 5.5V 

N82LS180/181 S82LS180/181 
TO FROM 

Min Typ2 Max Min Typ2 Max 

Output Address 100 175 100 225 
Output Chip enable 35 60 35 - 80 

Output Chip disab~e 35 50 35 70 

~nDliG!i 

UNIT 

V 

V 

ILA 

ILA 

ILA 

ILA 

rnA 

rnA 

pF 

UNIT 

ns 

ns 

1701 



DESCRIPTION 
The 82$2708 is field programmable. which 
means that custom patterns are immediate­
ly available by following the fusing proce­
dure given in this data sheet. The standard 
8282708 is supplied with all outputs at log i­
c::allow. Outputs are programmed to a logic 
high level at any specified address by fusing 
a Ni-Cr link matrix. 

This device includes on-chip decoding and 
1 chip enable input for ease of memory 
expansion. it features tri-state outputs for 
optimization of word expansion in bused 
organizations. 

The 8252708 is available only in the 

military temperature range. For the 
military temperature range (-55° C to 
+125°C) specify 88282708. 

APPLICATIONS 
• Prototyplng/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• Control store 
• Random logic 
• Code conversion 

1702 

FEATURES 
• Add ..... acceu time: 

88282708: 90ns max 
• Power dissipation: 8S"W/blt typ 
• Input loading: 

882S2708:-1SO"Amax 
• Chip enable Input 
• On-chlp address decoding 
• No separate fusing pins 
• Unprogrammed outputs are low level 
• Pin for pin replacement for 2708 EROM 
• Fully TTL compatible 

BLOCK DIAGRAM 

A.Q-r------1 

ADDRESS 
LINES 

AeQ-..L.-..----I 

PIN CONFIGURATION 

F PACKAGE* 

OF = Cerdip 

NC = No connection 

~o---------------~,--r-,--r-~-r~~ 
A,o---------t 
A,~--------------..... 
A,o---------------~~~~~~~~~~ 

CE --[]I 

0, 0, 0, O. 0, O. 0, 0, 

OUTPUT LINES 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

VCC 8upply voltage +7 

VIN. Input voltage +5.5 

Output voltage 
VOH High +5.5 
Vo Off-state +5.5 

Temperature range 
TA Operating 

88282708 -55 to +125 

TSTG 8torage -65 to +150 

8282708-F 

UNIT 

Vdc 

Vdc 

Vdc 

°C 
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a 82 HI I "AI Pia 1 (102418) 8282 ;08 (T S ) 
, 8282708-F 

DC ELECTRICAL CHARACTERISTICS 88282708: -55°C ~ TA ~ +125°C, 4.5V ~ Vcc ~ 5.5V 

S82S2708 
PARAMETER TEST CONDITIONS1 

Min Typ2 Max 
UNIT 

Input voltage V 
VIL Low .80 
VIH High 2.0 
VIC Clamp liN = -18mA -0.8 -1.2 

Output voltage V 
VOL Low lOUT = 9.6mA 0.5 
VOH High lOUT = -2.0mA, CE = Low, 2.4 

High stored 

Input current JJ.A 
hL Low VIN = 0.45V -150 

, hH High VIN = 5.5V 50 

Output current 
10(OFF) Hi-Z state CE = High, VOUT = 0.5V -60 JJ.A 

CE = High, VOUT = 5.5V 60 
los Short circuit VOUT = OV -15 -85 rnA 

lee Vec supply current 140 185 rnA 

CapaCitance Vee = 5.0V pF 
CIN Input VIN = 2.0V 5 
COUT Output VOUT = 2.0V 8 

AC ELECTRICAL CHARACTERISTICS R1 = 4700, R2 = 1kO, CL = 30pF 

S82S2708: -55°C ~ TA ~ +125°C, 4.5V ~ Vec ~ 5.5V 

S82S2708 
PARAMETER TO FROM UNIT 

Min Typ2 Max 

Access time ns 
TAA Output Address 50 90 
TCE' Output Chip enable 20 50 

Disable time ns 
TCD Output Chip disable 20 50 

NOTES 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are Vee = 5.0V, TA = +25°C. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORM 

Vee 
+3.0V 

Ao Vee 
OV 

A, 
A3 ,--------- +3.0V 
A. eHIP ENABLE 1.8V 
At 
AI 
At 
A, ...,.----- VOH 
A. 
A. 0, -0. 1.8V 1.8V 

Cl 
'--_______ rI _______ VOL 

Allinputl: tr == tl == !5n. (1Q111a to 900/0) 

©IC MASTER 1979 
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'" !iupertex inc. 
5M745188/288 
MM745188/288 

SUPER HIGH SPEED 256 BIT TTL PROGRAMMABLE READ ONLY MEMORY 

FEATURES 

• Electrically Programmable-Fuse Link 

• High Speed-Schottky clamped . 

• Address Access-15 ns max. 

• Enable Access-1 0 ns max. 

• OTL/TTL Compatible 

• Board Leve! Programming 

DESCRIPTION 

These are super high speed Schottky TTL programmable 

read-only Memories, organized in 32 word by 8 bit 

configuration. They are fully TTL input/output compatible 

and operate over. commercial and military voltage and 

temperature ranges. The logic levels are " zero"S when low 

and "one"s when high. It can be electrically programmed in 

selected bit locations. All the address inputs can be used for 

Preliminary January 1979 

Pin-Outs 

8 
< 

0; () 
() 

~ 1\.1 C; ~I 
0 w ~g ~ 1\.1 .;. .;. 

0 .;. -' J;> 
w w w 

0 tT! .1\.1 
» 

.;. 1\.1 

0 Q) :::: k (J'1 

0 "'./ 0 J;> 
Q) 0 

Gl (Xl co 0 
Z -.J 
0 

They are both available in open collector (SM 74S188 .~nd 

MM 74S188) and tri-state (SM 74S288 and MM 74288) 

output versions. 

APPLICATIONS 

>< programming and reading. 
Q) 

High Speed Logic Substitution and High Speed Program­

mable Logic Array 

i ELECTRICAL CHARACTERISTICS 
a. 
::s 

(J) 
Symbol 

tAA 

tEA, tER 

ICC 

Parameter 

Address Access Ti me 

Enable Access Time 

Enable Recovery Time 

Power Supply Current 

Min Typ 

10 

7 

90 

Max Units Conditions 

15 ns Operating Ranges: 
SM 7 4S 188/288 

O°C to 75°C 5V ± 5% 

10 ns 
MM74S188/288 

-55°C to 125°C 5V ± 10% 

130 mA VCC = Max, All inputs grounded, 

outputs open. 

1225 Bordeaux Drive • Sunnyvale, California 94086 • (408) 744-0100 • TWX910-3399388 
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'" §upertex· inc. SM82S190/191 
MM82S190/191 

16,384 BIT TTL PROGRAMMABLE READ-ONLY MEMORY 

FEATURES 

• Fast Access Times: 40 nsec typical 

• Temperature compensating for wide range of operation 

• Low Voltage Programming 

~ Board Level Programming 

.• Highly reliable fuses for·ultra-fast programming 

• Pin for Pin replacement of I ndustry Standard 

• Fully TTL compatible. 

GENERAL DESCRIPTION 

These are Memories organized in 2048 word by 8 bit 
configuration. The 82S190/191 are field programmable 
devices. This means that the desired patterns are available 
by following the programming procedure. These PROM's 
are shipped in unprogrammed forms. They have Low's in all 
locations. The Logical High is achieved by blowing open the 
fuses at the selected locations. After fusing, the state of the 
programming is irreversible. 

OPERATING RANGES AND ACCESS TIMES 

Preliminary January 1979 
Pin-Outs 

These PROM's use a Supertex Proprietary Schottky Tech­
nology. This innovation makes it possible to produce a very 
small cell size. The design also incorporates advanced circuit 
and decoding·techniques which contribute to the fast access 
times. 
These devices are available with Open Collector 82S190 and 
Tri-State 82S191 outputs. Both of them are available in the 
commercial and military ranges .. 

SM82S190/SM82S191 
MM82S190/MM82S191 

O°C to +75°C 
-55°C to +125°C 

VCC = 5.0V ± 5% 
VCC = 5.0V ± 10% 

tAA (typ.) = 40 nsec 
tAA (typ.) = 50 nsec 
tEA (typ.) = 20 nsec 

APPLICATIONS 

Microprogramming, Hardwired Algorithms, Control Store, 
Random Logic, Code Conversion, and Sequential 
Controllers. 

1225 Bordeaux Drive • Sunnyvale, California 94086 • (408) 744-0100 • TWX910-3399388 
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'" fiupertex inc. CM3200 
32,i68 BIT STATIC CMOS READ-ONLY MEMORY 

FEATURES 

.4096 x 8 Organization 

.• All Inputs and Outputs TTL Com-

patible 

• Fully Static-No clocks or refresh 

• Single 5V Power Supply 

.3-State Outputs for OR-ties 

• I ndustry Standard Pin Con-

figuration .. ,Pin Compatible with 

Intel 2708, Intel 83168, TMS 2708 

A7 

A6 

A5 

A4 

Preliminary December 1978 

24-Pin Ceramic and Plastic 

Dual-in- Line Packages 

(Top View) 

'Iil' Vcc 

2 23 A8 

3 22 A9 

4 21 • CS20r CS2 

• Maximum Access Time ... 450 ns 

-------Mi-Ili-mum--C-y.Gl-e--T-ime--o;-.450 ns 

• Two programmable Chip Select 

Inputs 

• Low power CMOS Technology 

A3 

A2 

A1 

5 I II 1020 CS1 or CSl 

6 19 Al0 

>< 
(1) 
1:: 
Q) 
c.. 
:l 
en 

7 18 All 
• Typical Operating Power Dis-

sipation ... 10mW/MHz 
• Typical Standby Power Dissipa­

tion ... 50 uW total or 1.5 nW/bit 
AO 

01 

8 17 08 

9 16 07 

DESCRIPTION 

The CM3200 is a 32,768 bit read-only memory organized 
in 4096 word by 8 bit configuration. Low power, low cost 
CMOS technology and advanced circuit design makes the 
CM3200 ideal for microprocessor based or battery 
operated systems. The device operates at high speed and 
interface simply with TTL circuits, does not require any 
clock input, and yet consumes very little operating or 
standby power. 

All inputs can be driven directly by Series 74 TTL circuits 
or 4000 series CMOS circuits without any external 
components. Each output can drive one standard TTL 
load. The data outputs are three-state and allows multiple 
devices or-tied on a common bus. Two TIL compatible 
chip select inputs allow easier memory expansion. 

The CM3200 is designed for high density asynchronous 

CS1 

CS2--"""""------__ 

AO-A6 

CHIP. SELECT LOGIC 

Y 
ADDRESS 
BUFFER 

X 

ADDRESS 
BUFFER 

Y DECODE 

X DECODE 

02 10 15 06 

03 11 14 05 

VSS 12 13 04 

fixed Memory applications such as look-up logic tables 
and microprogramming. Industry standard pin out con­
figuration makes it very easy to replace four 8K EPROMS, 
two 16K ROMS or one 32K ROM for lower power 
dissipation and lower cost. 

The CM3200 is available in 24-pin dual-in-line plastic or 
ceramic packages. 

The 12 address inputs are decoded on-chip and selects one 
of 4096 word of 8 bit data. Each of the two chip select 
inputs are programmable to be either active high or active 
low level. When both chip select inputs are active, the 
eight outputs are enabled. When either chip select input is 
not active, all the eight outputs are in a high-impedance 
state. 

DATA OUTPUTS 

01-08 

OUTPUT BUFFERS 

Y GATING 

4096 X 8 MEMORY MATRIX 

+--VCC 

4----VSS 

1225 Bordeaux Drive - Sunnyvale, California 94086 - (408) 744-0100 - TWX910-3399388 

1706 (§)IC MASTER 1979 



· '" §upertexinc. CM3200 

32,768 BIT STATIC CMOS READ-ONLY MEMORY 

Electrical Characteristics, TA = O°C to 70°C, VCC = 5 V ± 5% (unless otherwise noted) 
---

Parameter Test Conditions Min Max 

VOH High Level output voltage VCC=4.75V IOH =-200 uA 2.4 VCC 

VOL Low-level output voltage VCC =4.75V IOL = 2 mA 0.4 

11 Input current VCC 5.25V VIN = 5.2.5V 10 

IOL Output leakage current VO=O.4V to VCC Chip deselected ±10 

ICG Supply current from V CC VCC = 5.25V output not loaded 10 

Ci I nput capacitance 
VO= OV TA = 25°C 
f = 1 MHz 10 

Co Output capacitance 
VO=OV TA = 25°C 
f = 1 MHz 10 

-

VI H High level input voltage 2.0 VCC 

V1 L Low level input voltage VSS 0.65 

Switching characteristics, TA = O°C to 70°C, VCC = 5V ± 5%, 1 series 74 TTL load, CL =100 pF 

tACC 

tco 

tOH 

tDF 

tCY 

Parameter Min Max 

Address Access Time 450 

Chip Select Time 200 

Previous Output Valid after address change 50 

Chip Deselect Time 200 

Cycle Time 450 

read cycle timing 

Address 
W\!VJ=~I .. _=_tCY ==y!~:_=_tCY ==~ l1Hil Addresses Valid ~~ Addressed VaHd ~ 

Chip 
Select 
Inputs 

01-08 

wiwNwNN i.l 'M fiJ1yvvvwvvvt------fI .... I----t-A"'""C-C----I---~-I I 

I tOH --t l---t 
J.... tACC -.t-----...,l _ .................... __ .....!.I~---L 

". 

VOL --- HI-Z ----~ 
". 

HI-Z-

*High Impedance 

Unit 

V 

V 

uA 

uA 

mA 

pF 

pF 

V 

V 

Units 

ns 

ns 

ns 

ns 

'ns 

1225 Bordeaux Drive • Sunnyvale, California 94086 • (408) 744-0100 • TWX910-3399388 
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SCHOTTKYt 
PROMS 

SERIES 54S/74S, 54LS/74LS 
PROGRAMMABLE READ-ONLY MEMORIES 

• Titanium-Tungsten (Ti-W) Fuse Links for Fast, 
Reliable Low-Voltage Programming 

• Full Decoding and Chip Select Simplify 
System Design 

• Fast Chip Select to Simplify System Decode 

• Choice of Three-State or Open-Collector 
Outputs 

TYPE NUMBER (PACKAGES) 
! I BIT SIZE 

I -55°C to 125°C , aOe to 70cC 
, 

(ORGAN!ZATION) 
I I I 

SN54S452(J) * SN74S452(J.N)* 16.384 bits 

SN54S453(J) * SN74S453(J.N) * 2048W x 8 B 

SN54S454(J) SN74S454(J.N) 8192 bits 

SN54S455(J) SN74S455(J.N) 2048W x 4 B 

SN54S476(J) SN-74S476(J,N) 4096 bits 

SN54S477(J) SN74S477(J.N) 1024W)( 4 B 

SN54S478(J) SN74S478(J.N) 8192 bits 

SN54S479(J) SN74S479(J,N)- 1024 W x 8 B 

SN54LS478(J)* SN74LS478(J.N)* 8192 bits 

SN54LS479(J)* SN74LS479(J.N)* 1024W x 8 B 

SN54S2708(J) SN74S2708(J.N) 8192 bits 

SN54S3708(J) SN74S3708(J.N) 1024W x 8 B 

'S454, 'S455 

AD G 1 

AD F 2 

AD E 3 

ADD 4 

ADA 5 

AD B 6 

ADe 7 

AD K B 

GND 9 

18 vee 

17 AD H 

16 AD 1 

15 ~DJ 

14 00 1 

13 DO 2 

12 00 3 

11 D04 

10 ~ 

I 
i 

• P-N-P Inputs for Reduced Loading on 
System Buffers/Drivers 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

TYPICAL PERFORMANCE 
OUTPUT 

CONfIGURAT!ON 
ACCES:; TIMES POWER 

ADDRESS SELECT DISS!PA nON 

three-state 
50 ns 

open-collector 
20 ns 625mW 

three-state 
45 ns 

open-collector 
20 ns 625mW 

three-state 
40 ns 

open-collector 
20 ns 475mW 

three-state 
45 ns 

open-collector 
20 ns 625mW 

three-state 
80 ns 

open-collector 
35 ns 350mW 

three-state 
45 ns 

open-collector 
20 ns 625mW 

'S476, 'S477 

AD G 1 

AD F 2 

AD E 3 

AD D 4 

AD B 6 

AD e 7 

51 8 

GND 9 

18 Vee 

17 AOH 

16 AD I 

15 AD J 

14 DO 1 

13 00 2 

12 003 

11 004 

10 S2 

'S452, 'S453 
'S478, 'S479 

'LS478, 'LS479 'S2708, 'S3708 

AD H 1 [j) 
ADG 2c:;i 
AD F 3~: 

AD E 4 C: 
AD D 5C 
AD e 6CI 
ADB7q'~ 
AD A ad! 

~~:,~ai 
D03 11 q 
GND 12 ' 

24 Vee 

023 AD 1 

t::J 22 AD J 

:J21 AD K 

b20 $1 

b '952 

P1853 

17 00 a 
16 007 

15006 

14 DO 5 

13 DO 4 

AD H 

AD G 2 

AD F 3 

AD E 4 

ADO 

AD e 6 

ADB 

ADA 

DO 1 9 

DO 2 10 

DO 3 11 

GND 12 

17 008 

16007 

15006 

14 005 

13004 

• EI9Ctrical parameters for the 'S452, 'S453, 'LS478, 'LS479 are design goals only. 

DESIGN GOAL 
This document provides tentative infor­
mation on • product in the developmental 
shiga. Taxal lnalrum .. " r_vet the right 
to Change or dilcontinue this product 
without notice. 

1708 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

AD H 

ADG 

AD F 

AD E 

ADD 

ADe 

ADB 

ADA 

DOl 

002 

003 

GND 

1 b 24 Vee 

2 rl§ I 0, 23 AD I 

3 I P 22 AD J 

4 ! P 21 ~e 

5~' p205 

6 I I' 19 NC 7 18 NC 

• I nOD. I:U, ~:~~: 
11 14 DO 5 

12 ' 13 DO 4 

tlntegrated Schottky-Barrier diode-
clamped transistor is patented bV Texas 
Instruments. U. S. Patent Number 
3,463.975. 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY ME"MORIES 

description (continued) 
Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure 

specified. All P,ROM's, except the :5287 and '5387 are supplied with a low-logic-level output condition stored at each 
bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at selected 

locations. The procedure is irreversible; once altered, the output for that bit location is permanently programmed. 

Outputs never having been altered may later be programmed to supply the opposite output level. Operation of the unit 

within the recommended operating conditions will not alter the memory content. 

Active level(s) at the chip-select input(s) enables all of the outputs. An inactive level at any chip-select input causes all 

outputs to be off. 

The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can 
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the. TTL totem-pole output. 
The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 

schematics of inputs and outputs 
'S188. 'S287, "5288, 'S387, 'S470, 'S471 , 

'S472, 'S473, '5474, '8145 

EaUIV ALENT OF 
EACH INPUT 

Vee --- --~---~--

IN PUT --..--.t ........ 

'S188, '$387, 'S470 
S743, 'S475 

TYPICAL OF 
ALL OUTPUTS 

OUTPUT 

'S287, 'S288, 'S471, 
'S472, 'S474 

TYPICAL OF 
ALL OUTPUTS 

Programming circuit not shown Programming circuit not shown 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) 7V 
5.5V 

. ... 5.5V 
-55

u
C to 125°C 

I nput voltage ..... 
Off-state output voltage 
Operating free-air temperature range: 

Storage temperature range 

SN54S' Circuits 
SN74S' Circuits . OUC to 70°C 

-65°C to 150°C 

recommended conditions for programming the 'S188, 'S287, '8288, 'S387, 'S470 through 'S475 

SN54S', SN14S' 
UNIT 

MIN NOM MAX 

Supply voltage, Vee (see Note 1) 
Steady state 4.75 5 5.25 

llt 
V 

Program pulse 10 10.5 

Input voltage 
High level, VIH 2.4 5 

V 
Low level, VIL 0 0.5 

Termination ~f all outputs except the one to be programmed 
See load circuit 

(Figure 11 

Voltage applied to output to be programmed, VO(pr) (see Note 2) 0 0.25 0.3 V 

Duration of Vee programming pulse Y (see Figure 2 and Note 3) 98 100 103 ItS 

Programming duty cycle 25 35 % 

Free-air temperature 0 55 "e 

t Absolute maximum ratings. 

NOTES: 1. Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
2. The 'S188, 'S288, 'S470, 'S471, 'S472, 'S473, 'S474, and 'S475 are supplied with all bit locations containing a low logic level, and 

programming a bit changes the output of the bit to high logic level. The 'S287 and 'S387 are supplied with all bit outputs at a high 
logic level, and programming a bit changes it to a low logic level. 

3. Programming is guaranteed if the pulse applied is 98 #s In duration. 
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SE'RIES 54S/14S 
PRO'GRAMMABLE READ-ONLY MEMORIES 

step-by-step programming procedure for the 'S188, '8287, 'S288, 'S387, 'S470 through 'S475 
1. Apply steaay-state supply voltage (Vee = 5 V) and address the word to be programmed. 

2. Verify that the bit location needs to be programmed. If not, proceed to the next bit. 

3. If the bit requires programming, disable the outputs by dpplying d high-logic-level voltage to the chip-select 
input(s). -

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 3.9k!'2 
and apply the voltage specified in the table to the' output to be programmed. Maximum current out of the 
programming output is 150 rnA. This current flows from the programmer into the PROM output. 

5. Step Vee tal 0.5 V nominal. Maximum supply current required during programming is 750 mAo 

6. Apply a low-logic-level voltage to the chip-select input(s). This should occur between 1 ps and 1 ms after Vee has 
reached its 10.5-V level. See programming sequence of Figure 2. 

7. After the X pulse time is reached, a high logic level is applied to the chip-select inputs to disable the outputs. 

8. Within 1 ps to 1 ms after the chip-select input(s) reach a high logic level, Vee should be stepped down to 5 Vat 
which level verification can be accomplished. 

9. The chip-select input(s) may be taken to a low logic level (to permit program verification) 1 /.Is or more after Vee 
reaches its steady-state value of 5 V. 

10. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a 
bit. 

NO fE: Onlv one programming attempt per bit IS recommended. 

1710 

5V 

I 
OUTPUT --.1 3.9 kl1 

LOAD CIRCUIT FOR EACH OUTPUT 
NOT BEING PROGRAMMED OR FOR 
PROGRAM VERI FICATION 

FIGURE 1 - LOAD CIRCUIT 

VERIFY' f- Y + 3Y TYPICAL , 

NEED T:..tH r· 1 VERIFY PROGRAM , ~ 10~V 
PROGRAM ,I· REMOVE VCC TO 

V ~ 4 (REDUCE AVERAGE --:- 5V 
CC POWER 

'- '---OV 
1 ",S to 1 ms ~ 1 "'S to 1 ms 

I ~X~ I 

APPLY 
VO(pr) 

REMOVE 
VO(pr) 

FIGURE 2 - VOLTAGE WAVEFORMS FOR PROGRAMMING 

4PTEXASINSTRUMENTS 
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SERIES 54S174S 
PROGRAMMABLE READ-ONLY MEMORIES WITH3-STATE OUTPUTS 

recommended operating conditions 

PARAMETER 
'8287, '8471 'S288 'S472, 'S474 

MIN NOM MAX MIN NOM MAX MIN NOM 
UNIT 

MAX 

Supply voltage, Vee 
Series 54S 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 
Series 74S 4.75 5 5.25 4.75 

V 
5 5.25 4.75 5 5.25 

High-level output current, 10H 
Series-54S -2 -2 -2 

Series 74S -6.5 
mA 

-6.5 -6.5 

low-level output current, 10l 16 20 12 mA 

Operating free-air temperature, T A 
Series 54S -55 125. -55 125 -55 125 

. Series 74S 0 70 0 70 
°e 

0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54S' SN74S' 

TYP+ TYPt MIN MAX MIN MAX 

VIH High-level input voltage 2 2 

Vil low-level input voltage 0.8 0.8 

VIK Input clamp voltage Vee = MIN, II = -18 mA -1.2 -1.2 

VOH High-level output voltage 
Vee = MIN, VIH = 2 V, 

2.4 3.4 2.4 3.2 
Vil = 0.8 V, 10H = MAX 

Val Low-level output voltage 
Vee = MIN, VIH = 2V, 

0.5 0.5 
Vil = 0.8 V, 10l = MAX 

10ZH 
Off-state output current, Vee = MAX, VIH = 2 V, 

50 
high-level voltage applied Va = 2.4 V 

50 

IOZl 
Off-state output current, Vee = MAX, VIH=2V, 

-50 
low-level voltage applied Va = 0.5 V 

-50 

II 
Input current at maximum 

Vee = MAX, VI = 5.5 V 1 1 
input voltage 

IIH High-level input current Vee = MAX, VI = 2.7 V 25 25 

III low-level input current -Vee = MAX, VI = 0.5 V -250 -250 

lOS Short-circuit Output current ~ Vee = MAX -30 -100 -30 -100 

Vee = MAX, 'S287 100 135 100 135 

Chip select(s} at 0 V, 'S288 80 110 80 110 
ICC Supply current 

au tpu ts open, 'S471 110 155 110 155 

See Note 4 'S472, 'S474 120 155 120 155 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 
ta(ad) (ns) tatS) (ns) tpxz (ns) 

TYPE TEST CONDITIONS 
Access time from Access time from Disable time from 

address chip select (enable time) high or low levet 

MIN TYP:j: MAX MIN TYP+ MAX r.'IlN TYP+ MAX 

SN54S287 42 75 15 40 12 40 

SN74S287 el = 30 pF for 42 65 15 35 12 35 

SN54S288 ta(ad) and tat'S) 25 50 12 30 8 30 

SN74S288 5 pF for tpxz; 25 40 12 25 8 20 

SN54S471 Rl = 300 n; 50 80 20 40 15 35 

SN74S471 See Figure 2, 50 70 20 35 15 30 

SN54S472,SN54S474 Page 13 55 85 20 45 15 40 

SN74S472.SN74S474 55 75 20 40 15 35 

I For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAli typical values are at VCC 5 V, T A ~ 25"C. 

UNIT 

V 

V 

V 

V 

V 

J.l.A 

J.l.A 

mA 

J.l.A 

J.l.A 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

~Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second . 
• An SN54S2S7 in the W package operating at free air temperatures above lOS" C requires a heat sink that provides a thermal resistance from 

case to free air, AIICA, of not more than 42"C/W. 
NOTE 4: The typical values of ICC shown are with all outputs low. 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

'S188 "S387, '8470 'S473, 'S475 
PARAMETER 

MIN NOM 
UNIT 

MAX MIN NOM MAX MIN NOM MAX 

I Series 54S 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 
Supply voltage, Vee I Series 74S 4.75 5 5~25 4.75 5 5.25 4.75 

V 
5 5.25 

High-level output voltage, VOH 5.5 5.5 5.5 V 

Low-level output current, IOL 20 16 12 mA 

l Series 54S -55 125 -55 125. -55 125 
Operating free-air temperature, T A °e 

I Series 74S 0 70 0 . 70 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP:j: MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage Vee = MIN, I, = --18 mA -1.2 V 

Vee = MIN, 
VOH = 2.4 V 50 

IOH High-level output current VIH = 2 V, 
VOH = 5.5 V 

p.A 

VIL = 0.8 V 
100 

VOL Low-level output voltage 
Vee = MIN, V'H = 2 V, 

0.5 V 
VIL = 0.8 V, IOL == MAX 

II Input current at maximum input voltage Vee = MAX, VI=5.5V 1 mA 

IIH High-level input current Vee= MAX, VI = 2.7 V 25 . p.A 

IlL Low-level input current Vee = MAX, VI = 0.5 V -250 p.A 

Vee = MAX, 'S188 80 110 

ehip select(s) at 0 V, 'S387 100, 135 
lee Supply current 'mA 

Outputs open, 'S470 110 155 

See Note 4 '5473; 'S475 120 155 

switching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 

ta(S> 
tpLH 

ta(ad) 
Access time from 

Propagation delay time, 

Access time from low-to-high-Ievel out-
TYPE TEST CONDITIONS chip select UNIT 

address put from chip select 
(enable time) 

(disable time) 

MIN TYP:j: MAX MIN TYP:j: MAX MIN TYP:j: MAX 

SN54S188 25 50 12 30 12 30 ns 

SN74S188 25 40 12 25 12 25 ns 

SN54S387 
eL = 30 pF. 

42 75 15 40 15 40 ns 

SN74S387 
RLl '"' 300 1'2, 

42 65 15 35 15 35 ns 

SN54S470 
RL2 = 600 12, 

50 80 20 40 15 35 ns 

SN74S470 
See Figure 1, 

50 70 20 35 15 30 ns 

SN54S473, SN54S475 
Page 13 

55 85 20 45 15 40 ns 

SN74S743,SN74S475 55 75 20 40 15 35 ns 

t For conditions shown as MI N or MA X, use the appropriate value specifi~ under recommended operating conditions .. 

lA11 typical values are at VCC 5 V, T A 25°C. 
+A SN54S3S7 in the W package operating at free-air temperatures above 10SoC requires a heat sink that provides a thermal resistance from 

case-to free-air, R(}CA, of not more than 42°C/W. 

NOTE 4: The typical values of ICC shown are with all outputs low. 
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SCHOTTKyt 
PROM'S 

SERIES 54S/745 
PROGRAMMABLE READ-ONLY MEMORIES 

• Titanium-Tungsten (Ti-W) Fuse Links for • 
Fast, Low-Voltage, Reliable Programming 

• All Schottky-Clamped PROM's Offer: • 
Fast Chip Select to Simplify System Decode 
Choice of Three-State or Open-Collector Outputs 
P-N-P Inputs for Reduced Loading on 
System Buffers/Drivers 

TYPE NUMBER (PACKAGES) BIT SIZE 

-55"C to 12S"C O"C to 70"C (ORGANIZATION) 

SN54S188(J, WI SN74S188(J, N) 256 bits 

SN54S288(J, WI SN74S288(J, NI (32 W x 8 BI 

SN54S287(J, WI SN74S287(J, N) 1024 bits 

SN54S387(J, WI SN74S387(J, N) (256W x 4 B) 

SN54S470(J) SN74S470(J, N) 2048 bits 

SN54S471 (J) SN74S471 (J, N) (256 W x 8 BI 

SN54S472{J) SN74S472(J, N) 4096 bits 

SN54S473(JI SN74S473(J, N) (512 W x 8 BI 

SN54S474(J. WI SN74S474IJ, N) 4096 bits 

SN54S475(J. W) SN74S475(J, N) (512Wx8B) 

Full Decoding and Chip Select Simplify 
System Design 

Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

OUTPUT 
TYPICAL PERFORMANCE. 

CONFIGURATION 
ADDRESS POWER 

ACCESS TIME DISSIPATION 

open-collector 
25 ns 400mW 

three-state 

three-state 
42 ns 500mW 

open-collector 

open-collector 
50 ns 550mW 

three-state 

three-state 
55 ns 600mW 

open-collector 

three-state 
55 ns 600mW 

open-collector 

256 BITS 1024 BITS 2048 BITS 4096 BITS '4096 BITS 
(32 WORDS BY 8 BITS) (256 WORDS BY 4 BITS) (256 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) 

'5474. '5475 'S188, '8288 'S287. 'S387 '5470. '5471 '5472. '5473 

001 1( Vee AD G 1l )16 Vee AD A 1 20 Vec 

007 7( S AD F 7[ )15 AD H AD B 2 19 AU H 

DO 3 3l )14 AD E AD E 3[ )14 52 Aoe 3 1. AOG 

DO 4 4< )13 AD 0 AD 0 4< 113 S 1 AD 0 4 17 AD F 

DO 5 ·5( 117 AD C AD A 5, 117 DO 1 16 S 7 

DO 661.,. )11 AD B AOB 6<, '111 DO] DO 1 6 15 §1 

DO 1 1<... )10 AD A AOC 1: 110 DO 3 14 008 

Gill 0 BI.,. '19 DOB GNO 8, '19 D04 13 DO I 

DO 4 9 12 006 004 9 

11 005 GND10 

Pin assignments for all of these memories are the ~me for all packages. 

description 

20 vcc 

19 AD I 

l' AD H 

11 AD G 

16 AD F 

15 S 
14 DO 8 

13 DO 1 

12 006 

11 DO 5 

.,," 'fi.' I '.:.~2' Vcr AOl. '1 I :~>13 AQ! 

.e') II . [) n NC 

AOf 4 1 ~'11 ·S1 

'00' I t>Xl" 
AD r 6 i ' " ::>.. >J >1854 

r..) 17 008 

1':1 006 

GHO 12 

These monolithic TTL programmable read-only memories (PROM's) feature titanium-tungsten (Ti-W) fuse links with 
each link designed to program with a 100 microsecond pulse. These PROM's offer considerable flexibility for upgrading 
existing designs or improving new designs as they feature full Schottky clamping for improved performance, 
low-current MaS-compatible p-n-p inputs, choice of bus-driving three state or open-collector outputs, and improved 
chip-select access times. 

The high-complexity 2048- and 4096-bit 20-pin PROM's can be used to significantly improve system density for 
fixed memories as all are offered in dual-in-line packages having pin-row spacings of 0.300 inch. 

PRELIMINARY DATA SHEET: 
Supplementary data may be 
published at a later date. 

©IC MASTER 1979 
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SERIES 54S/74S, 54LS/74LS 
PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 

recommended operating conditions 

'S452* 

PARAMETER 'S47S, 'S270S '5454, 'S476 'LS47S* UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

54 Family 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 
Supply voltage, Vee V 

74 Family 4.75 5 5.25 4.75 5 5.25 4.75 5 5.25 

54 Family -2 -2 :-2 
High-level output current, 10H mA 

74 Family -3.2 -3.2 -1.6 

54 Family 
~ 

12 16 4 
Low level output current, 10l mA 

74 Family 12 16 8 

54 Family -55 125 -55 125 -55 125 
°e Operating free-air temperature range 

74 Family (j 70 0 70 0 70 

electrical characteristics over recommended operating free-air temperature. range (unless otherwise noted) 

'S452* , 'S454 

PARAMETER TEST CONDITIONSt 'S47S, 'S270S 'S476 'LS47S* 

MIN TYPt MAX MIN lYPt MAX MIN TYPt MAX 

VIH High-level input voltage 2 2 2 

Vil low-level input voltage 0.8 0.8 

VIK Input clamp voltage Vee = MIN, 11= -18 mA -1.2 -1.2 

VOH High-level output voltage 
Vee = MIN, VIH=2V, 

2.4 3.1 2.4 3.1 2.4 
Vil = 0.8 V, 10l = MAX 

Vee = MIN, VIH = 2 V, 54 Family 0.5 0.5 
Val low-level output voltage 

Vil = 0.8 V, 10l = MAX 74 Family 0.5 0.5 

10ZH 
Off-state output current, 

Vee = MAX, VIH = 2 V, VO=2.4V 50 50 
high-level voltage applied 

IOZl 
Off-state output current, 

Vee = MAX, VIH = 2 V, Va = 0.5 V -50 -50 
low-level voltage applied 

II 
Input current at maximum 

Vee = MAX, VI = 5.5 V 1 1 
input voltage 

IIH High-level input current Vee = MAX, VI = 2.7 V 2~ 25 

III low-level input current Vee = MAX, VI = 0.5V -250 -250 

Short-circu it 54 Family -15 -100 -15 -100 -10 
lOS 

output current§ 
Vee = MAX 

74 Family -20 -100 -20 -100 -10 

54 Family 125 185 95 140 
lee Supply current Vee = MAX 

74 Family 125 175 95 140 

tFor conditions shown as MIN or MAX, use the appropriate value specified under reco~mended operating conditions. 
tAli typical value\s are at Vee = 5 V, T A = 25°e. 
§ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

swi~ching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 

ta(ad) tats) tpxz 

Access time from. 

0.8 

-1.2 

3.1 

0.5 

0.45 

50 

-50 

1 

25 

-250 

-100 

-100 

70 

70 

TYPE TEST CONDITIONS 
Access time from chip 

Disable time 
select (enable time) address 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

'S452* 50 20 20 

'S454 el = 30 pF for 45 20 20 

541=amily ta(ad) and ta(s), 40 75 2Q 40 20 40 
'S476 

eL = 5 pF for 74 Family Rl = 300.n 40 60 20 30 20 30 

'S478, 'S2708 
54 Family tpxz' 45 90 20 50 20 50 

74 Family See Note 3 45 70 20 40 20 40 

'lS478* Rl = 600.n 80 35 35 

UNIT 

V 

V 

V 

V 

V 

p.A 

p.A 

mAo 

p.A 

IJ.A 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 
NOTE 3: Load Circuits are shown 10 Figure 2, page 13, section 4 of The BIpolar M,crocomputer Components Data Book, December 1977. 

• Electrical parameters for 'S452, 'S453, 'LS478, 'LS479 are design goals only. 
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SERIES 54S/74S, 54LS/74LS 
PROGRAMMABLE READ-ONLY MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 

recommended operating conditions 

'S453 * 

PARAMETER '$479, '$3708 

MIN NOM MAX 

54 Family 4.5 5 5.5 
Supply voltage, Vee 

74 Family 4.75 5 5.25 

High-level output voltage, VOH 5.5 

54 Family 12 
Low level output current, IOL 

12 74 Family • 
54 Family -55 125 

Operating free-air temperature range 
74 Family 0 70 

'S455, 'S477 'LS479* UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.5 5 5.5 

4.75 5 5.25 4.75 5 5.25 
V 

5.5 5.5 V 

16 4 
mA 

16 8 

-55 125 -55 125 
"e 

0 70 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

'S453*, 'S455 
PARAMETER TEST CONDITIONSt 'S4 79, 'S3708 'S477 'LS479* UNIT 

MIN TYP:j: MAX MIN TYP:j: MAX MIN TYP:j: MAX 

V,H High-level input voltage I 2 2 2 V 

V,L Low-level input voltage 0.8 0.8 0.8 V 

V,K Input clamp voltage Vee = MIN, 1,= -18 mA -1.2 -1.2 -1.2 V 

Vee = MIN, V,H = 2 V, Vo = 2.4 V 50 50 50 
IOH High-level output current 

V,L = 0.8 V Vo = 5.5 V 100 100 100 
p.A 

VOL Low-level output voltage 
Vee = MI~, V,H = 2 V, 54 Family 0.5 0.5 0.5 

V 
V,L = 0.8 V, 'OL = MAX 74 Family 0.5 0.5 0.45 

" 

Input current at maximum 
Vee = MAX, V, = 5.5 V 1 1 1 mA input voltage 

I'H High-level input current Vee = MAX, V, = 2.7 V 25 25 . 25 p.A 

I,L LOW-level input current Vee = MAX, V, = 0.5 V -250 -250 -250 p.A 

lee Supply current 
54 Family 125 185 95 140 70 

Vcc = MAX 
74 Family 

mA 
125 175 95 140 70 

t For conditions shown as MiN or MAX, use the appropriate value specified under recommended operat.ing conditions. 

:j:AII typical values are at Vee = 5 V, T A = 25°e. ' 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

ta(ad) ta(s) tPLH 

Access time from Access time from chip 
Propagation delay 

TYPE TEST CONDITIONS time, low-to-high-Ievel UNIT 
.address select (enable time) 

output from chip select 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 
'S453* 50 20 20 ns 
'S455 45 20 20 ns 

'S477 
54 Family CL=30pF, 40 75 20 40 20 40 

See Note 4 ns 74 Family 40 60 20 30 20 30 

'S479, 'S3708 
54 Family 45 90 20 50 20 SO 
74 Family ns 

45 70 20 40 20 40 
'LS479* 80 35 35 ns 

NOTE 4: Load circuits are shown in Figure 1, page 13, section 4 of The Bipolar Microcomputer Components Data Book, December 1977. For 

'LS479 R L 1 = 600 nand R L2 = 1.2 kn. F or all other devices R L 1 = 300 nand R L2 = 600 n • 

• Electrical parameters for 'S452, 'S453, 'LS478, 'LS479 are design goals only. 
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SERIES SN54S/74S, SN54LS/74LS 
PROGRAMMABLE READ-ONLY MEMORIES 

recommended conditions for programming* 

PARAMETER MIN TYP MAX UNIT 

Steady-state supply voltage, V CC 4.5 5 5.5 V 

VIH 2.4 5 
Address input voltage V 

VIL 0 0.5 

S3 and S4 input voltage (where appropriate) VIH 2.4 5 V 

Voltage at all outputs except the one to be programmed 0 0.5 V 

'Voltage, VCC(pr) 5.75 6 6.25 V 

Supply voltage programming pulse (see Figure 1) Pulse width, tw 1000 2000 /.IS 

Duty cycle 25 35 % 

S,51 or S2 programming pulse (see Figure 1) 
Voltage, VS(pr) 9.75 10 11 

'V 
VIL C 0.5 

Voltage. Vo(pr) 16.75 17 17.25 V 

Rise time, tr 10 50 /.IS 
Output programming pulse (see Figure 1) 

Pulse width, tw 98 100 1000 /.IS 

VIL 0 0.5 

Free-air temperature, T A 0 55 °c 

step-by-step programming instructions (see Figure 1) 
1. Address the word to be programmed, apply 5 V ± 10% to Vee ~nd active levels to all chip select (S and 5) inputs. 
2. Verify the status of a bit location by checking the output level. 
3. Increase Vee to VeC(prl with a minimum current capability of 200 milliamperes. 

4. Apply VS(pr) to all the S inputs. II :s;;; 5 mA. 
5. Connect all outputs, except the one to be programmed. to a logic low level (0 :s;;; V I L :s;;; 0.5 V). Only one bit is 

programmed at a time. 

6. Apply the output programming pulse for at least 98 microseconds. Minimum current capability of the programming 
supply should be 200 milliamperes . 

.7. After terminating the output pulse, disconnect all outputs from V I L conditions. 
8. Reduce the voltage at S inputs to VIL. 

9. Reduce Vee to steady-state voltage and verify output status. 

10. Repeat Steps 3 thru 9 for each bit location that requires programming. Only one programming attempt per bit is 
recommended. 

11. Verify accurate programming of every word after all words have been programmed using Vee values of 4.5 and 
5.5 volts. 

AODRESS 
INPUTS ~~::~~~~~~;r--''" 

I , 1 1 Vil 
I I. tw _, I 

Verify I I I • 

oulpul ---4 :-- :---t Ve .. ly programm.ng ,tatu':1;: 1- - -:- - - - vCC!pr) 

Vce 1 I Steady._ 
PROGRAMMING I I 

PULSE : I I: - - - - - - 0 V 

I'O~ ......- ~,--I'O 
I 1 I 
'I 1 : 1 _ 

~;~lsg-IEe=-rJ: i :\-------VS(prl 

PROGRAMMING 1 : 
PULSE 1 

I' 1 I I VIL 
'I _Iw-- II 

I O--j~ 1 ! -jiUO 

: ----:-------VO(prl OUTPUT 
PROGRAMMING 
PULSE : .-' ----VOL 

I -, 
- - - - - - -' - Vil 

FIGURE 1-TIMING DIAGRAM AND VOLTAGE WAVEFORMS 

FOR PROGRAMMING SEQUENCE 

NOTE 5: The output to be programmed may be forced to zero volts after the transition to V o(pr) at the 5 input has begun . 

• Electrical parameters for the '5452, '5453, 'L5478, 'L5479 are design goals only. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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TYPES SN54LS668, SN54LS669, SN14LS668, SN14LS669 
SYNCHRONOUS 4-81T UP/DOWN COUNTERS 

BULLETIN NO. DL-S 12517, APR IL 1977-REVISED NOVEMBER 1977 

'LS668 ... SYNCHRONOUS UP/DOWN DECADE COUNTERS 
'LS669 •.. SYNCHRONOUS UP/DOWN BINARY COUNTERS 

SERIES SN54LS' ... J OR W PACKAGE 

Programmable Look-Ahead Up/Down 
Binary/Decade Counters 

SERIES SN14l.S' ... J OR N PACKAGE 
(TOP VIEW) 

• Fully Synchronous Operation for Counting OUTPUTS 
and Programming 

~ __ ~~A ______ __ 

• Internal Look-Ahead for Fast Counting 

• Carry Output for n-Bit Cascading 

• Fully Independent Clock Circuit 

• Buffered Output s 

TYPICAL MAXIMUM 

CLOCK FREQUENCY 
TYPE 

COUNTING COUNTING 

UP DOWN 

'LS668, 'LS669 35MHz 35 MHz 

TYPICAL 

POWER 

DISSIPATION 

100mW 
~----~v~------J 

DATA INPUTS 

positive logic: see description 

descri ption 

1718 

These synchronous presettable counters feature an internal carry look-ahead for cascading in high-speed counting 
applications. The 'LS668 are decade counters and the 'LS669 are 4-bit binary counters. Synchronous operation 
is provided by having all flip-flops clocked simultaneously so that the outputs chan~ coincident with each other 
when so instructed by the count-enable inputs and internal gating. This mode of operation helps eliminate the output 
counting spikes that are normally associated with asynchronous (ripple-clock) counters. A buffered clock input 
triggers the four master- slave flip-flops on the rising (positive-going) edge of the clock waveform. 

These counters are fully programmable; that is, the outputs may each be preset to either level. The load input circuitry 
allows loading with the carry-enable output of cascaded counters. As loading is synchronous, setting up a low level at 
the load input disables the counter and causes the outputs to agree with the data inputs after the next clock pulse. 

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous app~ications without additional 
gating. Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count enable 
inputs (p and f) must be low to count. The direction of the count is determined by the level of the up/down input. 
When the input is high, the counter count$ up; when low, it counts down. Input f is fed forward to enable the carry 

output. The carry output thus enabled will produce a low-level output pulse with a duration approximately equal to the 
high portion of the QA output when counting up and approximately equal to the low portion of the QA output when 
counting down. This low-level overflow carry pulse can be used to enable successive cascaded stages. Transitions at the 
enable P or f inputs are allowed regardless of the level of the clock input. All inputs are diode-clamped to minimize 

transmission-line effects, thereby simplifying system design. 

These counters feature a fully independent clock circuit. Changes at control inputs (enable P, enable T, load, up/down) 
that will modify the operating mode have no effect until clocking occurs. The function of the counter (whether 

enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable setup and ~old times. 

The 'LS668 and 'LS669 are completely new designs. Compared to the original 'LS168 and 'LS169, they feature 
O-nanosecond minimum hold time, reduced input currents IIH and IlL' and all buffered outputs. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES SN54LS668, SN54LS669, SN74LS668, SN74LS669 
SYNCHRONOUS 4-BIT UP/DOWN COUNTERS 

reco.mmended o.perating co.nditio.ns 

SN54lS668 
SN54lS669 

MIN No.M MAX, 

Supply voltage, VCC 4.5 5 5.5 

Hiqh-Ievel output current, 10H -400 

low-level output current, IOl 4 

Clock frequency, f Clock 0 25 

Width of clock pulse, tw(clock) (high or low) 25 

Data inputs A, B, C, 0 20 

Setup time, tsu 
Enable P or T 20 

load 25 

Up/Down 30 

Hold time at any input with respect to clock, th 0 

Operating free-air temperature, T A. -55 125 

SN74lS668 
SN74lS669 UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

-400 !J.A 

8 mA 

0 25 MHz 

25 ns 

20 

20 
ns 

25 

30 
0 ns 

0 70 °c 

electrical characteristics o.ver recommended o.perating free-air temperature range (unless o.therwise no.ted) 

SN!i4lS668 SN74lS668 

PARAMETER TEST Co.NDITlo.NS SN54lS669 SN74lS669 UNIT 

MIN TYP MAX MIN TYP MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.7 0.8 V 

VIK Input clamp voltage VCC = MIN, II = -18mA -1.5 -1.5 V 

VOH High-level output voltage 
VCC= MIN, VIH=2V, 

2.5 3,4 2.7 3.4 V 
VIL = VIL max, IOH = -400 IJA 

VCC = MIN, IOL = 4 mA 0.25 0.4 0.25 0.4 
VOL low-level output voltage VIH = 2 V, V 

Vil = VIL max 
10L = 8 mA 0.35 0.5 

Input current A,B,C,D,P,U/D 0.1 0.1 

II at maximum Clock, T VCC= MAX, VI = 7 V 0.1 0.1 mA 

input voltage Load 0.2 0.2 

A, B, C, 0, P, UfO 20 20 

IIH 
High-level 

Clock, T VCC = MAX, VI=2.7V 20 20 !J.A 
input current 

Load 40 40 

low-level 
A,B,C,D,P,UfD -0.4 -0.4 

III Clock, T VCC = MAX, VI=0.4V -0.4 -0.4 mA 
input current 

Load -0.8 -0.8 

lOS Short-circuit output current Vee = MAX -20 -100 -20 -100 mA 

ICC Supply current VCC= MAX 20 34 20 34 mA 

switching characteristics, Vee = 5 V, T A = 25°e 

PARAMETER 
FROM TO. 

TEST Co.NDITIo.NS 
(INPUT) 

MIN TYP MAX UNIT 
(OUTPUT) 

fmax 25 32 MHz 

tPLH 
Clock 

Rippl~ 26 40 
ns 

tPHl carry 40 60 

tpLH Any 
CL = 15pF, 

18 27 
Clock Rl = 2 kH ns 

tPHL a 18 27 

tPlH 
Enable T 

Ripple 11 17 
ns 

tPHL carry 29 45 

tPLH Ripple 22 35 
Up/Down ns 

tpHL carry 26 40 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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Manufacturers 

This section describes microprocessors from 32 manufacturers. First, there is the 
"Master Selection Guide" for microprocessors. A complete survey, it covers all 
major areas of information needed to choose a microprocessor for a particular 
application. Next is the "System Components" section. Arranged alphanumerically 
by microprocessor, it shows all the available peripheral devices that work with a 
particular microprocessor. Finally, there is a "General Purpose" section describing 
devices that can be used in different microprocessor systems, not necessarily with 
one family. 

Those manufacturers and page numbers listed below in BOLD PRINT, are provid­
ing detailed information on the latest and' most significant products. 

INDEX TO MICROPROCESSOR SECTION 

Pages Start On: Manufacturers Pages Start On: 

Advanced Micro Devices 1721 Mostek 1734 

American Microsystems Inc. 1721,1764 Motorola Semiconductor 1735,1956 

Data General 1723 National Semiconductor 1737,2015 

Essex 1723 . NEe Microcomputers 1740,2051 

Fairchild Semiconductor 1724,1862 Panasonic 1743 

Fujitsu 1726 Raytheon Semiconductor 1743 

General Instrument 1727 RCA 1743 

-Harris Semiconductor 1728,1918 Rockwell 1743 

, Hitachi 1728 Signetics 1744,2275 

Hughes 1729 Solid State Scientific 1746 

Intel 1730,1934 Standard Microsystems 1746 

Intersil 1732 Synertek 1747 

Mitel Semiconductor 1733 Texas I nstru ments 1747 

Mitsubishi 1733 Toshiba - 1750 

Monolithic Memories, Inc. 1733 Western Digital 1750 

MOS Technology 1734 Zilog 1750 

1720 @Ie MASTER 1979 
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MICROPROCESSORS 
Manufacturer 
Model 
For Detailed Data See: 
General Structure 

Type 
No. of Devices per CPU 
CPU Size (Pins) 
Supply Voltage 
CPU Power, Dissipation (mw) 

Architecture 
Data Word Size (bits) 
Instruction Word Size (bits) 
Directly Addressable Instruction 

Words (No.) 
Clock Frequency 

(Hzl ext. phases required) 
Register to Register Add Time 

(p.sec! data word) 
No: of Registers 

Arithmetic 
Index 
General Purpose 

Return Stack Size (No. x bits) 

Interrupts 
Type 

Direct Memory Access 
BCD Arithmetic (Hardware) 
Microprogrammable 
Extended Temp. Range Available 

Devices, 
See System Components: 

,Hardware Support 
Processor Cards 

(CPU system on a card) 
Prototyping System (Hardware & 

software development system) 
In-System Emulator 

(Tests system in place) 
Software Support 

(from this manufacturer) 
Resident Assembler 
Cross Assembler 
Simulator 
High Level Language 
Programs 

Debug 
Diagnostic 
Edit 

User Library 
(>25 programs from user) 

Delivery Start (Qtr.-Year) 
Alternate Sources 

Comments 

AMD 
AM2901/ AM2901 A 

4-Bit Slice 
TTL 

Varies 
40 
5 

925 

Multiple of 4 
User defined 

User defined 

to 10 MHz/I phase 

0.125/0.145 

o 
o 
17 

4x4, 5x5 (2909); 
17x17 (2930) 

Optional (2914) 

Vectored 
Optional (2940) 

No 
Yes 

2900 

Yes 

Yes 

Yes 

Yes 
AMDASM 

No 
Yes 

Yes 
Yes 
Yes 

No 
3 Otr. 75 

Fairchild, Motorola, 
MMI, National, NEC, 
Raytheon, Signetics 

AMD 
AM2903 

4-Bit Slice 
TTL 

Varies 
48 
5 

1750 

Multiple of 4 
User defined 

User defined 

to 10 MHz/I phase 

0.145 

o 
o 

17 (expandable) 
4x4,5x5(2909); 

17x17 (2930) 
Optional (2924) 

Vectored 
Optional (2940) 

No 
Yes 

2900 

Yes 

Yes 

Yes 

Yes 
No 
No 
Yes 

Yes 
Yes 
Yes 

Yes 
4 Otr. 77 

Fairchild, Motorola 
National 

Hardware multiple and 
divide; normalize; parity. 

Tinted column indicates additional data is provided on the page noted. 

©IC MASTER 1979 

MASTER SELECTION GUIDE 

AMD 
9080A 

8-Bit CPU 
NMOS 

40 
±5,12 

830 

8 

8,16,24 

65K 

to 4 MHz/2 phase 

2 (2 MHz clock) 

o 
6 

External RAM 

Standard 
Vectored 8 Level 

Standard 

Yes 
No 

8080 

No 

No 

No 

No 
No 
No 
No 

No 
No 
No 

No 
3 Oir. 75 

Intel, Mitsubishi, 
National, NEC, 

Raytheon, Signetics 
Priority interrupts with 

Intel 8214. 

Future 

64x4 RAM, l024x'8 ROM, 
Timer, Touch Switch 
Input, Fluorescent 

'Display Driver On.chip; 

1721 



MASTER SELECTION GUIDE 

MICROPROCESSORS (cont) 
Manufacturer AMI AMI 
Model S2150/A S2200/A 
For Detailed Data See: 

General Structure 4-Bit Microcomputer 4-Bit Microcomputer 

Type NMOS NMOS 

No. of Devices per CPU 
CPU Size (Pins) 40 40 
Supply Voltage 9 9 
CPU Power Dissipation (mw) 250 250 

Architecture 
Data Word Size (bits) 4 (8-Bit 110 Bus) 4 (8-Bit 110 Bus) 

Instruction Word Size (bits) 8 8 
Directly Addressable Instruction 

Words (No,) 8K 8K 
Clock Frequency 

(Hz! ext. phases required) 850 kHz/1 phase 850 kHzll phase 
Register to Register Add Time 

\,usec; data word) 5 5 
No. of Registers 

Arithmetic 1 
Index 2 2 
Generc:! Purpose 2 

Return Stack Size I(No. x bits) 3x10 5x10 
Interrupts None 3 
Type Maskable, 2 level priority 
Direct Memory Access 

. BCD Arithmetic (Hardware) No No 
Microprogrammable No No 
Extended Temp. Range Available Yes Yes 

Devices 
See System Components: 2000 2000 

Hardware Support 
Processor Cards 

(CPU system on a card) Yes (Emulator) Yes (Emulator) 
Prototyping System (Hardware & 

software development system) Yes Yes 
In-System Emulator 

Q) (Tests system in place) Yes Yes 
:2 Software Support ::s (from this manufacturer) 
(!) Resident Assembler No No 
c: Cross· Assembler Yes Yes 
0 

Simulator += Yes Yes 
0 High level Language No No Q) 

Q) Programs 
en Debug Yes Yes 
L.. Diagnostic Yes Yes 
(],) ..... Edit Yes Yes en 
CO User Library 
~ (>25 pro rams from user) Macro's Macro's 

Delivery Start (Qtr.-Year) 4 Qtr. 78 1 Otr. 79 
Alternate Sources Future Future 

Comments 80x4 RAM, 1536x8 ROM, 128x4 RAM,2048x8 ROM, 
Timer, Touch Switch ADC-8-Bit, 8 Channel, Same 

Fluorescent Display Driver additional features as 2150 
on-chip 

Tinted column indicates additional data is provided on the page noted. 
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MICROPROCESSORS (cont) 

Comments 

Tinted column indicates additional data is provided on the page noted. 
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Data General 
mN601 

32K 

8.3 MHz/2 

2.4 

Micro Nova 

Yes 

Yes 

No 

Software compatible with 
Nova 3 minicomputer 

Essex 
SX2000 

4 

lK 

to 500/0 

16 

SX200 

No 

Yes 

Yes 

No 

No 

1723 
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MASTER SELECTION GUIDE 

MICROPROCESSORS (cont) 

Clock Frequency 
(Hz/ ext. phases re ired) 

Register to Register Add Time 
(p,sec! data word) 

No. of Registers 
Arithmetic 

Return Stack Size (No. x bits) 

m Co 
Hardware Support 

Processor Cards 
(CPU on a card) 

Prototyping System (Hardware & 
software development system) 

lace) 
Software Support 

(from this manufacturer) 
Resident Assembler 

Comments 

65K 

2 MHz! 0 phase 

2 

F8 

Yes 

Yes 

Yes 

64 bytes of RAM in CPU 
1024 or 2048 bytes of 

ROM in PSU, 
Programmable Timer. 

Tinted column indicates additional data is provided on the page noted. 

1724 

Hardware multiply and 
divide; normalize; parity. 
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MICROPROCESSORS 
Manufacturer 
Model 
For·Detailed Data See: 

Hardware Support 
Processor Cards 

(CPU m on a card) 

Software Support 
(from this manufacturer) 
Resident Assembler 

Alternate Sources 

Comments 

Fairchild 
3880 

2K EPROM 

4 MHz! 0 phase 

2 

Yes 

Yes 

Yes 

EPROM program 
storage. 

Tinted column indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

Comments 

Fairchild 
Macrologic Bipolar 

to 14 MHz!l 

0.10 

Yes 

Yes 

No 

No 

Hardware stack with 9406, 
la-Bit sequencer with 9408. 

Tinted cotumn indicates additional data is provided on the page noted. 

1726 

Fairchild 
Macrologic CMOS 

Multiple of 4 

to 4.9 MHz (15'1)!1 

0.08605v) 

Macro c CMOS 

No 

No 

No 

No 

No 

Fujitsu 
MBM6800/MBM6802 

8 

65K 

1-2 MHz (2 hasel 

1 (2 MHz clock) 

2 

6800 

No 

No 

No 

No 

No 

AMI, Fairchild, Motorola, 
Hitachi 

6802 has 6800, 6810, 
and 6875 on-chip. 
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MICROPROCESSORS (cont) 
Manufacturer Fujitsu Fujitsu 
Model MBM8048 MBM8049 
For Detailed Data See: 
General Structure 8·Bit Microcomputer 8-Bit Microcomputer 

Type NMOS NMOS 

No. of Devices per CPU 1 1 

CPU Size (Pins) 40 40 
Supply Voltage 5 5 
CPU Power Dissipation (mw) 300 350 

Architecture 
Data Word Size (bits) 8 8 
Instruction Word Size (bits) 8, 16 8, 16 

Directly Addressable Instruction 
. Words (NoJ 4K 4K 

Clock Frequency 
(Hz! ext. phases required) 6 MHz/O phase 6 MHz/O phase 

Register to Register Add Time 
(p,sec/ data word) 2.5 2.5 

No. of Registers 
Arithmetic 16 16 
Index 0 0 
General Purpose 64 128 

Return Stack Size (No. x bits) 8x16 8xI6 
Interrupts Yes Yes 
Type Dual, 1 level, Vectored Dual, 1 level, Vectored 
Direct Memory Access No No 
.BCD Arithmetic (Hardware) Yes Yes 
Microprogrammable No No 
Extended Temp. Range Available No No 

Devices 
See System Components: 8048 8049 

Hardware Support 
Processor Cards 

(CPU system on a card) No No 
Prototyping System (Hardware & 

software development system) No No 
In-System Emulator 

(Tests system in place) No No 
Software Support 

(from this manufacturer) 
Resident Assembler No No 
Cross Assembler No No 
Simulator No No 
High level language No No 
Programs 

Debug No No 
Diagnostic No No 
Edit No No 

User library 
(>25 programs from user) No No 

Delivery Start (Qtr.·Year) 1 Otr. 79 1 Otr. 79 
Alternate Sources AMD, Intel, NEC Intel 

Signetics 

Comments 

Tinted column indicates additional data is provided on the page noted. 
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General Instrument General Instrument 
CP·1600/A LP·8000 

CP·1610 
16-Bit CPU 8-Bit CPU 

NMOS PMOS 
1 1 

40 40 
-3,5,12 -12,5 

750 50J 

16 8 
10,20,30 8,16,24 

65K 65K 

4 MHz/2 phase 600 kHz/ 1 phase 

3.0 10.0 

0 1 
0 0 

8 48 
Standard lx8 or RAM 

_ External RAM Standard 

Vectored, Multilevel Vectored, 1 level 

Standard No 

No Yes 

No No 

1600 8000 

Yes Yes 

Yes Yes 

Yes No 

Yes Yes 

Fortran IV Fortran IV 

Fortran IV Fortran IV 

No No 

Yes Yes 

Yes Yes 

Yes Yes 

No No 
3 Otr. 74 2 Otr. 75 

None 

CP-1600 3.6 JLsec add time 
with 3.3 MHz clock. 

CP-I6IO 6 JLsec add time 
with 2.0 MHz clock. 
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MASTER SELECTION GUIDE 

MICROPROCESSORS 
Manufacturer 
Model 
For Detailed Data See: 

Architecture 
Data Word Size (bits) 

Directly Addressable Instruction 
Words (No.) 

Hardware Support 
Processor Cards 

(CPU on a card) 

Comments 

General Instrument 
PIC 1650 

512 

1 MHz! 0 phase 

4 

1650 

No 

Yes 

Yes 

Stand alone controller. 

Tinted column indicates additional data is provided on the page noted. 

1728 

Hitachi 
HD46800/46802 

65K 

1-2 MHz/2 

2 (1 MHz clock) 

6800 

Yes 

Yes 

Yes 

DMA through HALT and 
three state control. 

6802 has 6800, 6810 and 
6875 on-chip. 
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MICROPROCESSORS (cont) 
Manufacturer Hitachi Hitachi 
Model HMCS42 HMCS43/43C 
For Detailed Data See: 
General Structure 4-Bit Microcomputer 4-Bit Microcomputer 

Type PMOS 

No. of Devices per CPU 1 
CPU Size (Pins) 28 
Supply Voltage -10 
CPU Power Dissipation (mw) 100 

Architecture 
Data Word Size (bits) 4 
Instruction Word Size (bits) 10 
Directly Addressable Instruction 

Words (No.) 512 
Clock Frequency 

(Hz! ext. phases required) 100 kHz/O phase 

Register to Register Add Time 
(usec! data word) 10 

No. of Registers 
Arithmetic 1 
Index 0 
General Purpose 32 

Return Stack Size (No. x bits) 2x9 
Interrupts None 
Type 

Direct Memory Access None 
BCD Arithmetic (Hardware) Yes 
Microprogrammable No 
Extended Temp. Range Available No 

Devices 
See System Components: HMCS40 

Hardware Support 
Processor Cards 

(CPU system on a card) No 
Prototyping System (Hardware & 

software development system) Yes 
In-System Emulator 

(T ests system in place) Yes 
Software Support 

(from this manufacturer) 
Re,sident Assembler No 
Cross Assembler Fortran IV 

Simulator No 
High level Language No 
Programs 

Debug No 
Diagnostic No 
Edit No 

User Library 
(>25 programs from user) No 

Delivery Start (Qtr.-Year) 2 atr. 78 
Alternate Sources 

Comments 

Tinted column indicates additional data is provided on the page noted. 

©IC MASTER 1979 

PMOS/CMOS 
1 

42 
-10/5 

15012 

4 
10 

1024 

100 kHz/O phase 

10 

'2 

0 

80 
3xlO 

Yes 

Dual 

None 

Yes 

No 
No 

HMCS40 

No 

Yes 

Yes 

No 
Fortran IV 

No 

No 

No 

No 
No 

No 
1 Otr. 78 

MASTER SELECTION GUIDE 

Hitachi Hughes 
HMCS44/45 HCMP1802CI 

HCMP1802 
4-Bit Microcomputer 8-Bit CPU 

PMOS CMOS 
1 1 

42/54 40 
-10 4t06/3to12 

150 8@5V/40@ lOV 

4 8 
10 8,16,24 

2048 65K 

600 kHz/O phase 0-6.4 MHz/O phase 

20 2.5 (6.4 MHz clock) 

2 1 

0 0 
160 32 

2x12 External RAM 

Yes Standard 

Dual 1 level 

None' Standard (on·chip) 

Yes No 

No No 

No - 55°C to 125°C Standard 

HMCS40 1800 

No Yes 

Yes Yes 

Yes Yes 

No Yes 

Fortran IV Fortran IV, Timesharing 

Fortran IV Yes 

No No 

No Yes 

No Yes 

No Yes 

No No 

1 Otr. 77 3 atr. 77 
RCA,SSS 
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MICROPROCESSORS (cont) 
Manufacturer Intel Intel 
Model 3000 4004 
For Detailed Data See: 
General Structure 2-Bit Slice 4-Bit CPU 

Type TTL PMOS 
No. of Devices per CPU >2 1 
CPU Size (Pins) 28 and 40 16 
Supply Voltage 5 15 (or -10,5) 

CPU Power Dissipation (mw) 800 450 
Architecture 

Data Word Size (bits) Multiple of 2 4 
Instruction Word Size (bits) 8, 16 
Directly Addressable Instruction 

Words (No.) 512 (Microinstructions) 4K 
Clock Frequency 

(Hz! ext. phases required) to 6 MHz! 1 phase I 500 to 740 kHz/2 phase 
Register to Register Add Time I 

(p,s,ec! data word) 0.15 (16 bits) 10.8 
No. of Registers 

Arithmetic 2 1 
Index 0 0 
General Purpose 11 16 

Return Stack Size (No. x bits) None 3x12 
Interrupts Optional None 
Type 8 Level Priority (3214) 
Direct Memory Access No None 
BCD Arithmetic (Hardware) No Yes 
M icroprogrammab Ie Yes No 
Extended Temp. Range Available - 55°C to 125°C - 40°C to 85°C 

Devices 
See System Components: 3000 4004/4040 

Hardware Support 
Processor Cards 

(CPU sys!em ~~ a card) No Yes 
Prototyping System (Hardware & 

software development system) Yes Yes 
In-System Emulator 

(Tests system in place) Yes No 
Software Support 

(from this manufacturer) 
Resident Assembler No Yes 
Cross Assembler CROMIS Microassembler Fortran IV 
Simulator No Fortran IV 
High Level Language No No 
Programs 

Debug No Yes 
Diagnostic No Yes 
Edit No Yes 

User Library 
(>25 programs from user) No Yes 

Delivery Start (Qtr.-Year) 3 Otr. 74 2 Otr. 71 
Alternate Sources Signetics Hitachi, National 

Comments 

Tinted column indicates additional data is provided on the page noted. 
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Intel Intel 
4040 8008 

4-Bit CPU 8-Bit CPU 
PMOS PMOS 

1 1 
24 18 

15 (or -10, 5) -9,5 
1000 420 

4 8 
8, 16 8,16,24 

4K 16K 

500 to 740 kHz/2 phase ~~0~~z/2 phase 

10.8 12.5 

1 1 
0 0 
24 6 

7x12 7x14 
Standard Standard 

Vectored, 1 level Vectored, 8 level 

None 
Yes No 
No No 

- 55°C to 85°C - 55°C to 85°C 

4004!4040 8008 

Yes Yes 

Yes Yes 

Yes No 

Yes Yes 

Fortran IV Fortran IV 

Fortran IV Fortran IV 

No PLI M (Fortran IV) 

Yes Yes 
Yes Yes 
Yes Yes 

-

Yes Yes 
4 Otr. 74 1 Otr. 72 

None None 

8 level interrupts with 
8214 Priority Interrupt IC. 
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MICROPROCESSORS (coni), 
Manufacturer 
Model 
For Detailed Data See: 

Architecture 
Data Word Size (bits) 

Directly Addressable Instruction 
Words (No.) 

uired) 

in 
Software Support 

(from this manufacturer) 
Resident Assembler 

Alternate Sources 

Comments 

Intel 
8021 

8 

lK 

3 MHz/O phase 

10 

8048 

Yes 

Yes 

Yes 

Yes 

Signetics 

Software 
subset of 8048. 

Intel 
8022 

2K 

• 

3 MHz/O phase 

10 

8048 

No 

Yes 

Yes 

On-board A/ D. 
Software subset of 8048. 

Tinted column indicates additional data is provided on the page noted. 
'\ 
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Intel 
8049 

4K 

11 MHz/O phase 

1.36 

8048 

Yes 

Yes 

Yes 

8039 uses external ROM. 
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MASTER SELECTION GUIDE 

MICROPROCESSORS (cont) 

8080 

Yes 

Yes 

Yes 

Comments 

TInted column indicates additional data is provided on the page noted. 
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Intersil 
IM6100 

6100 

Yes 

Yes 

No 

Executive PDP·8, 
Instruction Set 

©IC MASTER 1979 



MICROPROCESSORS (cont) 
Manufacturer Mitel Mitsubishi 
Model MD46802 M5l8080A 
For Detailed Data See: 

General Structure 8-Bit CPU 8-Bit CPU 

Type CMOS NMOS 

No. of Devices per CPU 1 1 
CPU Size (Pins) 40 40 

Supply Voltage 5 ±5,12 

CPU Power Dissipation (mw) 10 780 

Architecture 
Data Word Size (bits) 8 8 

Instruction Word Size (bits) 8, 16, 24 8,16,24 

Directly Addressable Instruction 
Words (No,) 65K 65K 

Clock Frequency 
(Hz! ext. phases required) 0-6 MHz! 0 phase 2 MHz/2 phase 

Register to Register Add Time 
(fJ:sec! data word) 1 (2 MHz clock) 2 (2 MHz clock) 

No. of Registers 
Arithmetic 2 1 
Index 1 (I6-Bit) 0 
General Purpose 0 6 

Return Stack Size (No. x bits) RAM External RAM 
Interrupts Standard Standard 
Type Vectored, Multilevel 
Direct Memory Access Optional Standard 
BCD Arithmetic (Hardware) Yes Yes 
Microprogrammable Yes No 
Extended Temp. Range Available Yes No 

Devices 
See System Components: 6800 8080A 

Hardware Support 
Processor Cards 

(CPU system on a card) Yes Yes 
Prototyping System (Hardware & 

software development system) Yes Yes 
In-System Emulator 

(Tests system in place) Yes No 
Software Support 

(from this manufacturer) 
Resident Assembler No Yes 
Cross Assembler No Yes 
Simulator No Yes 
High level language No Pl/M 
Programs 

Debug No Yes 
Diagnostic No Yes 
Edit No Yes 

User Library 
(> 25 programs from user) No Yes 

Delivery Start (Qtr.-Year) 1 Otr. 79 2 Otr. 75 
Alternate Sources AMI, Motorola AMD, Intel, National 

Comments Timer on-chip 128 bytes RAM 
on-chip. 

Tinted column indicates additional data is provided on the page noted. 
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NEC, Signetics, TI 

MASTER SELECTION GUIDE 

Mitsubishi Monolithic Memories 
M5l8085 2901A 

8-Bit CPU 4-Bit Slice 

NMOS TTL 
1 Varies 

40 40 

5 5 

600 925 

8 Multiple of 4 

8,16,24 User defined 

65K User defined 

3 MHz! 0 phase to 10 MHz/I phase 

1.3 0.145 

1 0 
0 0 

7 17 
External RAM 4x4, 5x5 (2909) 

Standard 

Vectored, 4 Level 

Standard None· 

Yes No 

No Yes 

No -'55°C to 125°C 

8085A 2900 

Yes No 

Yes No 

Yes No 

Yes Yes 

Yes No 

Yes No 

Pl/M No 

Yes No 
Yes No 

Yes Yes 

Yes No 

2 Otr. 78 1 Otr. 79 
AMD, Intel, NEC AMD, Fairchild, Motorola, 

National, NEC, Raytheon, 
Signetics 

8080A compatible with 
multiplexed bus operation. 
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MASTER SELECTION GUIDE 

MICROPROCESSORS (conI) 
Manufacturer Monolithic Memories MOS Technology 
Model 67000 6500 
For Detailed Data See: 
General Structure 4-Bit Slice 8-Bit CPU 

Type TTL NMOS 
No. of Devices per CPU 1 
CPU Size (Pins) 40 40 or 28 
Supply Voltage 5 5 
CPU Power Dissipation (mw) 900 200 

Architecture 
Data Word Size (bits) Multiple of 4 8 
Instruction Word Size. (bits) 8 8,16,24 
Directly Addressable Instruction 

Words (No,) 65K 
Clock Frequency 

(Hz/ ext. phases required) o to 10 MHz!1 phase to 2 MHz!1 phase 
Register to Register Add Time I 

(p,sec/ data word) 0.085 typo (6701) 1 
No. of Registers 

Arithmetic 0 1 
Index 0 2 
General Purpose 17 0 

Return Stack Size (No. x bits) lx8 (67110) External RAM 
Interrupts 67116 Standard 
Type 16 Vectored Vectored. 2 Level 
Direct Memory Access No Optional 
BCD Arithmetic (Hardware) No Yes 
Microprogrammable Yes No 
Extended Temp. Range Available -55°C to 125°C - 55°C to 85°C 

Devices 
See System Components: 67000 6500 

Hardware Support 
Processor Cards 

(CPU system on a card) No Yes 
Prototyping System (Hardware & 

software development system) No Yes 
In-System Emulator 

(T ests system in place) No Yes 
Software Support 

(from this manufacturer) 
Resident Assembler No Yes 
Cross Assembler Fortran IV Fortran IV 
Simulator No Fortran IV 
High Level Language No No 
Programs 

Debug No Yes 
Diagnostic No Yes 
Edit No No 

User Library 
(>25 programs from user) No No 

Delivery Start (Qtr.-Year) 4 Otr. 75 3 Otr. 75 
Alternate Sources Rockwell, Synertek 

Comments RAM on-chip. DMA based on a stopping 
CPU, but address bus 

connections are not 3 state. 

Tinted column indicates additional data is provided on the page noted. 
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Mostek Mostek 
F8 (MK3850) MK3870/MK3872 

8-Bit CPU 8-Bit CPU 
NMOS NMOS 

1 1 
40 40 

5, 12 5 
600 300 

8 8 
8, 16, 24 8,16,24 

65K 2K/4K 

2 MHz!O phase 4 MHz! 0 phase 

2 2 

1 1 
2 2 

65 65 
lx8 or RAM lx8 or RAM 
Standard Standard 

Vectored, 1 Level/PSU Vectored, 1 Level 
Optional (MK3854) None 

Yes Yes 
No No 

- 40°C tQ 85°C 

F8 F8 

Yes Yes 

Yes Yes 

Yes Yes 

Yes Yes 
Fortran IV Fortran IV 

Timesharing No 
No No 

Yes Yes 
Yes Yes 
Yes Yes 

No No 
3 Otr. 75 IOtr.77 

Fairchild, SGS Fairchild, Motorola 

64 bytes of RAM in CPU One chip microcomputer. 
1024 bytes of ROM in PSU Programmable hardware, 

programmable timer. timer on-chip. 
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MICROPROCESSORS (coni) 
Manufacturer Mostek Motorola 
Model MK3880 (l80) MC290l/A 
For Detailed Data See: 

General Structure 8-Bit CPU 4-Bit Slice 

Type NMOS TTL 
No. of Devices per CPU 1 Varies 
CPU Size (Pins) 40 40 
Supply Voltage 5 5 
CPU Power Dissipation (mw) 1100 925 

Architecture 
Data Word Size (bits) 8 Multiple of 4 

Instruction Word Size (bits) 8,16.24,36 9 
Directly Addressable Instruction 

Words (No.) 65K 
Clock Frequency 

(Hz! ext. phases required) 2.5 MHz!2 phase (4 MHz opt.) to 10 MHz/l phase 
Register to Register Add Time 

(p,sec! data word) 1.6 (2.5 MHz dock) 0.125/0.145 
No. of Registers 

Arithmetic 1 0 
Index 2 0 
General Purpose 14 17 

Return StJlck Size (No. x bits) External RAM 4x4 (MC2900) 

Interrupts Standard Optional 
Type Vectored, Multilevel Vectored 
Direct Memory Access MK3883-DMA Optional 
BCD Arithmetic (Hardware) Yes No 
Microprogrammable No Yes 
Extended Temp. Range Available - 55°C to 125°C 

Devices 
See System Components: 180 2900 

Hardware Support 
Processor Cards 

(CPU system on a card) Yes No 
Prototyping System (Hardware & 

software development system) Yes No 
(n-System Emulator 

(T ests system in place) Yes No 
Software Support 

(from this manufacturer) 
Resident Assembler Yes No 

Cross Assembler Fortran IV No 
Simulator Timesharing No 

High level language PlI. No 

Programs 
Debug Yes No 

Diagnostic Yes No 

Edit Yes No 

User library 
(>25 programs from user) No No 

Delivery Start (Qtr.-Year) 2 Otr. 76 3 Otr. 76 

Alternate Sources NEC, lilog AMD, Fairchild, National, 
NEG, Raytheon, Signetics 

Comments 8080A Software compatible 
with additional instructions. 
Vectored priority interrupt 

in peripheral devices. 

Tinted column indicates additional data is provided on the page noted. 
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Motorola Motorola 
MC2903 MC3870 

4-Bit Slice 8-Bit CPU 

TTL NMOS 
Varies 1 

48 40 

5 5 

1750 300 

Multiple of 4 8 
User defined 8, 16, 24 

User defined 2K 

to 10 MHz!I phase 4 MHz! 0 phase 

0.145 2 

0 1 

0 2 
17 (expandable) 65 
4x4,5x5(2909); 1x8 or RAM 

17x17 (2930) 
Optional (2924) Standard 

Vectored Vectored, 1 level 

Optional (2940) None 

No Yes 

Yes No 

- 55°C to 125°C 

2900 F8 

No Yes 

No Yes 

No Yes 

No Yes 

No Fortran IV 

No No 

No No 

No Yes 

No Yes 

No Yes 

No No 

1 Otr. 79 ·4 Otr. 77 

AMD, Fairchild, National Fairchild, Mostek 

Hardware multiply and One chip microcomputer. 
divide; normalize; parity. Programmable hardware, 

timer on-chip. 
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MASTER SELECTION GUIDE 

MICROPROCESSORS 

Comments 

Motorola 
MC6801(E) 

6800 

Yes 

Yes 

Yes 

DMA through HALT. 
128x8 RAM, 2048x8 ROM. 

Tinted column indicates additional data is provided on the page noted. 
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Motorola 
MC10800 

Multiple of 4 

o to 6 MHz!1 phase 

10800 

No 

No 

No 
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MICROPROCESSORS (cont) 
Manufacturer, 
Model 
For Detailed Data See: 
General Structure 

Type 
No. of Devices per CPU 
CPU Size (Pins) 
Supply Voltage 
CPU Power Dissipation (mw) 

Architecture 
Data Word Size (bits) 
Instruction Word Size (bits) 
Directly Addressable Instruction 

Words (No.) 

Clock Frequency 
(Hz! ext. phases required) _ 

Register to Register Add Time 
(p,sec! data word) 

No. of Registers 
Arithmetic 
Index 
General Purpose 

Return Stack Size (No. x bits) 
-Interrupts 
Type 

Direct Memory Access 
BCD Arithmetic (Hardware) 
Microprogrammable 
Extended Temp. Range Available 

Devices 
See System Components: 

Hardware Support 
Processor Cards , 

(CPU system on a card) 
Prototyping System (Hardware & 

software development system) 
In-System Emulator 

(T ests system in place) 
Software Support 

(from this manufacturer) 
Resident Assembler 
Cross Assembler 
Simulator 
High Leve I Language 

Programs 
Debug 
Diagnostic 
Edit 

User Library 
(>25 programs from user) 

Delivery Start (Qtr.-Year) 

Alternate Sources 

Comments 

Motorola 
MC68000 

IS-Bit CPU 
NMOS 

S4 
5 

1000 (typJ 

16 
IS, 32,48, 64,80 

IS MB 

8 MHz/O phase 

0.5 

8 
16 (32-Bit) 

,8 

External RAM 
Standard 

Vectored, Multilevel 
Standard (on-chip) 

Standard 
No 

Future 

68000 

Future 

Future 

Future 

Yes 
Fortran IV 

Future 
Pascal, Fortran IV 

Yes 
Yes 
Yes 

No 
2 Otr. 79 

General purpose register 
machine, supports memory 

to memory operations. 

Tinted column indicates additional data is provided on the page noted. 
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National 
INS40D4 (FIPS) 

4-~t CPU 

PMOS 

16 
15 (or -10,5) 

450 

4 
8, 16 

4K 

500 to 740 kHz/2 phase 

10.8 

o 
IS 

3x12 
None 

None 
Yes 
-No 

4004/4040 

No 

No 

No 

No 
No 

No 
No 

No 
No 
No 

No 
3 Otr. 75 

Intel 
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MASTER SELECTION GUIDE 

MICROPROCESSORS (cont) 

Comments 

TInted column indicates additional data is provided on the page noted. 
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MICROPROCESSORS (cont) 
Manufacturer National National 
Model INS2650 INS8080A 
For Detailed Data See: 

General Structure 8-Bit CPU 8-Bit CPU 

Type NMOS NMOS 

No. of Devices per CPU 1 1 

CPU Size (Pins) 40 40 
Supply Voltage 5 ±5,12 

CPU Power Dissipation (mw) 525 780 
Architecture 

Data Word Size (bits) 8 8 
Instruction Word Size (bits) 8,16,24 8,16,24 

Directly Addressable Instruction 
Words (No.) 32K 65K 

Clock Frequency 2 MHz/2 phase 
(Hz! ext. phases required) o to 1.25 MHz/l phase (2.6 & 3 MHz opt.) 

Register to Register Add Time 
(p,sec! data word) 4.8 2 (2 MHz) 

No. of Registers 
Arithmetic 0 1 
Index 0 0 
General Purpose 7 6 

Return Stack Size (No. x bits) 8x15 External RAM 
Interrupts Standard Standard 

~Type Vectored Vectored, Multilevel 
Direct Memory Access Standard Standard 
BCD Arithmetic (Hardware) Standard Yes 
Microprogrammable No No 
Extended Temp. Range Available No -40° to 85°C - 55° to 125°C 

Devices 
See System Components: 2650 8080 

Hardware Support 
Processor Cards 

(CPU system on a card) Yes Yes 
Prototyping System (Hardware & 

software development system) Yes Yes 
In-System Emulator 

(T ests system in place) Yes Yes 
Software Support 

(from this manufacturer) 
Resident Assembler Yes Yes 
Cross Assembler Fortran IV, PDP-II Yes 
Simulator Fortran IV No 
High level language Pl,uS Basic (llU 

Programs 
Debug Yes Yes 
Diagnostic Yes Yes 
Edit Yes Yes 

User library 
(>25 programs from user) No No 

Delivery Start (Qtr.-Year) 3 Otr. 76 
Alternate Sources Signetics AMD, Intel, Mitsubishi, 

NEC, Signetics, TI 

Comments Hardware and software 
support thru 

independent company. 

Tinted column indicates additional data is provided on the page noted. 
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National National 
INS8900 ISP-8A (S~/MP) 

16-Bit CPU 8-Bit CPU 

NMOS NMOS 

1 1 
40 40 

±5,12 5 
420 

8 or 16 8 

16 8, 16 

65K 65K 

2 MHz/ 1 phase 4 MHz/O phase 

8 7 

4 1 

2 4 

4 3 "-

10x16 Software Stack 

Standard Standard 

Vectored, 6 level Vectored 

Optional Standard 

Standard Standard 

No No 

- 55°C to 85°C - 55°C to 85°C 

INS8900 SC/MP 

Yes Yes 

Yes Yes 

No Yes 

Yes Yes 

Fortran IV Fortran IV, Timesharing 

No No 

Basic Tiny Basic 

Yes Yes 

Yes Yes. 

Yes Yes 

Yes Yes 

3 Otr. 77 1 Otr. 76 

None Signetics 
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MASTER SELECTION GUIDE 

MICROPROCESSORS (cont) 
Manufacturer National National National NEC Micro 
Model MM5781/82 MM5799 MM57140 ,uCOM-42 
For Detailed Data See: 
General Structure 4-Bit CPU 4-Bit Microcomputer 4-Bit Microcomputer 4-Bit Microcomputer 

Type PMOS PMOS PMOS PMOS 
No. of Devices per CPU 1 1 1 1 
CPU Size (Pins) 28 28 28 42 
Supply Voltage 8.5 8.5 8.5 10 
CPU Power Dissipation (mw) 150 150 125 300 

Architecture 
Data Word Size (bits) 4 4 4 4 
Instruction Word Size (bits) 8 8 8 10 

Directly Addressable Instruction , 
Words (No.) 2K to 16K 1536 (internal) 630 (internal) 1920 

Clock Frequency 
(Hz/ ext. phases required) 400 kHz/ a phase 400 kHz! 0 phase 280 kHz/ a phase 200 kHz! 1 phase 

Register to Register Add Time 
(,usec/ data word) I 10 10 I 14 I 10 

No. of Registers 
Arithmetic 0 a a 1 

Index 0 0 0 0 
General Purpose 3 3 3 96 

Return Stack Size (No. x bits) 2xll 2xll 2xll 4xll 
Interrupts Standard None None Yes 
Type 1 level Dual 

Uirect Memory Access None None None None 

BCD Arithmetic (Hardware) Yes Yes Yes Yes 

Microprogrammable No No No No 

Extended Temp. Range Available No 
Devices 

See System Components: 5781/82 5799 5799 JLCOM-4 
Hardware Support '. 

Processor Cards 
(CPU system on a card) Yes No No Yes 

Prototyping System (Hardware & 
software development system) Yes Yes Yes Yes 

In-System Emulator 
(Tests system in place) Yes Nd No 

, Software Support 
(from this manufacturer) 
Resident Assembler No No No No 
Cross Assembler Yes Yes Yes 8080/Fortran IV 
Simulator Yes Timesharing No 
High Level language No No No No 
Programs 

Debug Yes Yes Yes No 

Diagnostic Yes Yes Yes No 

Edit Yes Yes Yes Yes 

User Library 
(>25 programs from user) No No No No 

Delivery Start (Qtr.-Year) 4 Otr. 75 2 Otr. 76 1 Otr. 77 1 Otr. 77 

Alternate Sources None None None None 

Comments 2 chip calculator based. 1 chip calculator based 1 chip calculator 
system, expandable RAM, system, expandable RAM, based system, expandable 

ROM, I/O. I/O. I/O. 

Tinted column indicates additional data is provided on the page noted. 
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MICROPROCESSORS (coni) 
Manufacturer Panasonic Raytheon Semi 
Model MN1400 29:10 
For Detailed Data See: 
General Structure 4-Bit Microcomputer 4-Bit Slice 

Type NMOS TIL 
No. of Devices per CPU 1 Varies 
CPU Size (Pins) 28/40/64 40 
Supply Voltage 5 5 
CPU Power Dissipation (mw) 500 925 

Architecture 
Data Word Size (bits) 4 Multiple of 4 
Instruction Word Size (bits) 8 9 
Directly Addressable Instruction 

Words (No.) 768 or 1024 (internal) User defined 
Clock Frequency 

(Hz! ext. phases required) 0-300 kHz! 0 phase to 10 MHz!l pbase 
Reester to Register Add Time 

sec! data word) 10 0.125 
No. of Registers 

Arithmetic 0 
Index 0 
General Purpose 17 

Return Stack Size (No. x bits) 4x4 (2909) 
Interrupts Optional 
Type 
Direct Memory Access Optional 
BCD Arithmetic (Hardware) No No 
Microprogrammable No Yes 
Extended Temp. Range Available None - 55°C to 125°C 

Devices 
See System Components: 1400 2900 

Hardware Support 
Processor Cards 

(CPU system on a card) Yes 
Prototyping System (Hardware & 

software development systeml No 
In-System EmUlator 

(Tests system in place) No 
Software Support 

(from this manufacturer) 
Resident Assembler No No 
Cross Assembler Yes Yes 
Simulator Yes No 
High level language No No 
Programs 

Debug Yes No 
Diagnostic Yes No 
Edit Yes No 

User library 
(>25 programs from user) No No 

Delivery Start (Otr.·Year) 4 Otr. 77 10tr. 76 
Alternate Sources None AMD, Fairchild, Motorola, 

National, NEC, Signetics, 
MMI 

Comments Microassembler on 
timeshare. 

Tinted column indicates additional data is provided on the _ pag~ noted. 

©IC MASTER 1979 

MASTER SELECTION GUIDE 

RCA Rockwell 
CDP1802C/CDP2802 PPS-4/1 

8-Bit CPU 4-Bit CPU! Microcomputer 

CMOS PMOS 

1 1 
40 28/40/42/52 

4 to 6/3 to 12 -15 (or -6.5 to 11) 

8 @ 5V!40 @ 10V 200 

8 4 
8,16,24 8, 16 

65K Various 

0-6.4 MHz! 0 phase 

2.5 (6.4 MHz clock> 

1 1 
0 0 
32 1 

Externai RAM 
Standard 

1 level 
Standard (on-chip) 

No No 
No No 

- 55°C to 125°C Standard 

1800 PPS-4, PPS-8 

Yes 

Yes Yes 

No Yes 

Yes Yes 
Fortran IV, Timesharing 

Yes Yes 

No No 

Yes Yes 
Yes Yes 

Yes Yes 

No 
1 Otr. 76 2 Otr. 76 

Hughes,SSS 

I-chip parallel 
microcomputer, several 

memory options and 
instruction sets. 
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MICROPROCESSORS (conI) 
Manufacturer Rockwell Rockwell 
Model PPS-4/2, PPS·4 PPS·8 
For Detailed Data See: 
General Structure 4·Bit CPU 8·Bit CPU 

Type PMOS PMOS 
No. of Devices per CPU 1 .1 
CPU Size (Pins) 42 42 
Supply Voltage 17(or -12,5) 17 (or -12,5) 
CPU Power Dissipation (mw) 225 225 

Arc h itecture 
Data Word Size (bits) 4 8 
Instruction Word Size (bits) 8, 16 (Multifunction instr,) 8, 16, 24 (Multifunction instr.) 
Directly Addressable Instruction 

Words (No.) 4K 16K 
Clock Frequency (PPS-4l 256 kHz/2 phase (PPS 8/2) 189 kHz/O phase 
~/ ext. phases required) WPS-4/2) 199 kHz / a or 2 phase (PPS-8) 256 kHz/2 ohase 

Register to Register Add Time (PPS·8j2) 5 
(p.Sec! data word) 5 (PPS-8) 4 

No. of Registers 
Arithmetic . a 1 
Index 0 a 
General Purpose 3 6 

Return Stack Size (No. x bits) 2x12 32x8 
Interrupts Standard PPS-4 Standard -
Type 1 Level 3 Level 
Direct Memory Access None Ootional DMA Controller 
BCD Arithmetic (Hardware) No No 
Microprogrammable No No 
Extended Temp. Range Available -55°C to 125°C - 55°C to 125°C 

Devices 
See System Components: PPS·4, PPS·8 PPS-4, PPS-8 

Hardware Support 
Processor Cards 

(CPU system on a card) Yes Yes 
Prototyping System (Hardware & 

software development system) Yes Yes 
In·System Emulator 

(Tests system in place) Yes Yes 
Software Support 

(from this manufacturer) 
Resident Assembler Yes Yes 
Cross Assembler Fortran IV, Timesharing Fortran IV, Timesharing 
Simulator Yes Yes 
High Leve I L!:mguage No No 
Programs 

Debug Yes Yes 
Diagnostic Yes Yes 
Edit Yes Yes 

User library _ 
(>25 programs from user) Yes No 

Delivery Start (Otr.·Year) PPS·4 3 Otr. 72 PPS-8 1 Otr. 75, 
PPS-4/2 3 Otr. 75 PPS-8/22 Otr. 76 

Alternate Sources 

Comments The PPS-4/2 is a 2 chip clock, 
direct disolay drive. exoanded 
I/O on CPU chio; 128-4 RAM, 
2048x8 ROM, 16 1/0 oorts on 
seO;jr;jte memory-II 0 chip. 

Tinted column indicates additional data is provided on the page noted. 
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Rockwell Signetics 
R6500 N3000 

8-Bit Microcomputer 2-Bit Slice 

NMOS TTL 
1 -

28 or 40 28 and 40 

5 5 
700 800 

8 Multiple of 2 
8,16,24 >18 

to 65K 512 

I 1 and 2 MHz/O-2 phase to 6 MHz! 1 phase 

1 

1 2 
2 a 
a 10 

1x8 None 

Standard Optional 

2 Level 8 Level Priority 

Ootional No 
Yes No 

No Yes 

No No 

6500 3000 

Yes No 

Yes No 

Yes No 

Yes No 
Yes No 
Yes No 
No No 

Yes No 

Yes No 

Yes No 

No No 

3 Otr. 77 3 Ok 75 
MaS Technology, Synertek Intel 

Bus comoatible IJses 74S182 for 
with 6800. Look-Ahead Carry. 
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MICROPROCESSORS (cont) 
Manufacturer 
Model 
For Detailed Data See: 
General Structure 

Type 

No. of Devices per CPU 
CPU Size (Pins) 
Supply Voltage 
CPU Power Dissipation (mw) 

Architecture 
Data Word Size (bits) 
Instruction Word Size (bits) 
Directly P.ddressable Instruction 

Words (No.) 

Clock Frequency 
(Hz! ext. phases required) 

Register to Register Add Time 
(psec! data word) 

No. of Registers 
Arithmetic 
Index 
General Purpose 

Return Stack Size (No. x bits) 
Interrupts 
Type 

Direct Memory Access 
BCD Arithmetic (Hardware) 
Microprogrammable 

Extended Temp. Range Available 
Devices 

See System Components: 
Hardware Support 

Processor Cards 
(CPU system on a card) 

Prototyping System (Hardware & 
software development system) 

In-System Emulator 
(Tests system in place) 

Software Support 
(from this manufacturer) 
Resident Assembler 
Cross Assembler 
Simulator 
High level language 
Programs 

Debug 
Diagnostic 
Edit 

User library 
(>25 programs from user) 

Delivery Start (Otr.-Year) 
Alternate Sources 

Comments Any of the general 
purpose registers can be 
used as an index register; 

Tinted column indicates additional data is provided on the page rioted. 
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Signetics 
8021 

8-Bit Microcomputer 

NMOS 

28 
5 

150 

8 
8, 16 

lK 

3 MHz/O phase 

10 

16 
o 

64 
8xI6 
None 

No 
Yes 
No 

8048 

Yes 

Yes 

Yes 

. Yes 

No 

No 
No 

Yes 
Yes 
Yes 

No 
4 Otr. 78 

Intel 
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MASTER SELECTION GUIDE 

MICROPROCESSORS (cont) 
Manufacturer SMC SSS 
Model SMC9980 SCP18D2l/SCP1802 
For Detailed Data See: 
General Structure 16-Bit CPU 8-Bit CPU 

Type NMOS- CMOS 
No. of Devices per CPU 1 1 
CPU Size (Pins) 40 40 
Supply Voltage ±5,12 4-6/4-12 
CPU Power Dissipation (mw) 1000 4 (a? 5V/60 @ 10V 

Architecture 
Data Word Size (bits) 8 8 
Instruction Word Size (bits) 16,32,48 8, 16,or24 
Directly Addressable Instruction 

Words (No.) 16K bytes 65K 

Ciock Frequency 3.2 MHz! 1 phase (l) 
(Hi/ ext. phases required) 2-3 MHz/ phase 6.4 MHz!I phase 

Register to Register Add Time 
(p,sec! data word) 8.8 (2 MHz clock) 5/2.5 

No. of Registers 
Arithmetic 16 
Index 15 
General Purpose 16 (in memo",) 32 

Return Stack Size (No. x bits) None External RAM 

IntElrrupts Standard 1 

Type Vectored, 6 level Vectored 
Direct Memory Access Standard On-chip 
BCD Arithmetic (Hardware) No No No 
Microprogrammable No No Np 
Extended Temp. Range Available Future - 55°C to 125°C std. 

Devices 
See System Components: 9900 1800 

Hardware Support 
Processor Cards 

iCPU system on a card) No Yes 
Prototyping System (HardWare & 

software development system) No Yes 
In-System Emulator 

(J) (T ests system in place) No Yes 
"0 Software Support 
::l (from this manufacturer) 

(!J Resident Assembler No Yes 
C Cross Assembler No Yes 
0 

:;:::: Simulator No No 
(.) 

High Level Language No Yes Q) 

Q) Programs 
en Debug No Yes 
~ Diagnostic No Yes. (J) 
+-' Edit No Yes en 
ell User Library 
~ (>25 programs from user) No No 

Delivery Start (Qtr.-Year) 2 Otr. 79 3 Otr. 77 
Alternate Sources AMI, SMC Hughes, RCA 

Comments 8-Bit data bus, MIL version available. 
, I6-Bit internal op. 4 Otr. 78. 
Software compatible 

TM9900. 

Tinted column indicates additional data is provided on the page noted. 
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MICROPROCESSORS (cont) 
Manufacturer Synertek Texas Instruments 
Model Sy6500 SBP0400A/SBP0401A 
For Detailed Data See: 
General Structure 8-Bit CPU 4-Bit Slice 

Type NMOS 12L 

No. of Devices per CPU 1 
CPU Size (Pins) 40 or 28 40 
Supply Voltage 5 200 rnA at 0.85V 
CPU Power Dissipation (mw) 200 170 

Architecture 
Data Word Size (bits) 8 9 (Microinstruction Select) 
Instruction Word Size (bits) 8,16,24 
Directly Addressable Instruction 

Words (No.) 65K (512 Microinstructions) 
Clock Frequency 

(Hz/ ext. phases required) to 2 MHz/I phase to 2 MHz/ 1 phase 
Register to Register Add Time 

(p.sec/ data word) 1 0.5 (2 MHz clock) 
No. of Registers 

Arithmetic 1 2 
Index 2 0 
General Purpose 0 8 

Return Stack Size (No. x bits) External RAM None 
Interrupts Standard Optional 
Type Vectored. 2 Level Optional 
Direct Memory Access Optional Standard 
BCD Arithmetic (Hardware) Yes Microprogrammable 
Microprogrammable No (512 Microinstructions) 
Extended Temp. Range Available - 55°C to 85°C - 55°C to 125°C 

Devices 
See System Components: 6500 SBP400 

Hardware Support 
Processor Cards 

(CPU system on a card) Yes No 
Prototyping System (Hardware & 

software development system) Yes Yes (hardware) 
In-System Emulator 

(Tests system in place) Yes No 
Software Support 

(from this manufacturer) 
Resident Assembler Yes No 
Cross Assembler Fortran IV Fortran microa!;sembler 
Simulator Fortran IV No 
High Level Language No No 
Programs 

Debug Yes No 
Diagnostic Yes No 
Edit No No 

User Library 
(>25 programs from user) No No 

Delivery Start (Qtr.-Year) 4 Otr. 75 1 Ofr. 75 
Alternate Sources MOS Technology, None 

Rockwell 

Comments DMA based on a stopping Current drain can be set 
CPU, but address bus from 0.001 to 200 rnA. 
connections are not 

3 state. 

Tinted column indicates additional data is provided on the page noted. 
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MASTER SELECTION' GUIDE, 

Texas Instruments Texas Instruments 
SBP9900A SN54/74LS481 

16-Bit CPU 4-Bit Slice 
12L TTL-LS 

1 
64 48 

500 rnA 5 
500 1000 

16 Multiple of 4 

16,32,48 11 

32K Multiple of 4 Bits 

0-3 MHz/ 1 phase 0-9 MHz/ 1 phase 

4.67 0.11 

16 2 
15 0 

16 16 
None None 

Standard Optional 

Vectored, 16 Levels 
Yes Standard 

No Yes 

No Yes 

- 55°C to 125°C Standard -55°C to 125°C 

9900 54/74LS481 

Yes Yes 

Yes Future 

Yes No 

Yes No 

Yes No 

Timesharing No 

Fortran, Cobol No 

Yes No 

Yes No 

Yes No 

Yes No 

1 Otr. 77 1 Otr. 78 

None None 

Software compatible 24780 Micro- and 
with 990 minicomputer. M3cro- instructions. 
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MASTER SELECTION GUIDE 

MICROPROCESSORS (coni) 
Manufacturer Texas Instruments Texas Instruments 
Model SN74S481 TMS1000/1200 
For Detailed Data See: 
General Structure 4-Bit Slice 4-Bit Microcomputer 

Type TTl-S PMOS 

No. of Devices per CPU 1 
CPU Size (Pins) 48 28 or 40 

Supply Voltage 5 9 or 15 

CPU Power Dissipation (mw) 2000 65/90 
Architecture 

Data Word Size (bits) Multiple of 4 4 
Instruction Word Size (bits) 8 
Directly Addressable Instruction 

Words (No.) IK 
Clock Frequency 

(Hz! ext phases required) I 0-15 MHz/1 phase I 300 kHz!O phase 

Register to Register Add Time 
(tA-sec! data word) 0.06 34 (350 kHz clock) 

No. of Registers 
Arithmetic 2 1 
Index 0 0 
General Purpose 16 1 

Return Stack Size (No. x bits) None IxlO 
Interrupts Optional None 

Type 

Direct Memory Access Standard None 
BCD Arithmetic (Hardware) Yes Microprogrammable 
Microprogrammable Yes Yes 
Extended Temp. Range Available Future 

Devices 
See System Components: 74S48I 1000 

Hardware Support 
Processor Cards 

(CPU system on a card) Yes No 
Prototyping System (Hardware & 

software development system) Future Yes 
In·System Emulator 

(Tests system in place) No Yes 
Software Support 

(from this manufacturer) 
Resident Assembler No Yes 
Cross Assembler No Timesharing 
Simulator No Timesharing 
High level language No No 
Programs 

Debug No Yes 
Diagnostic No Yes 
Edit No Yes 

User library 
(>25 programs from user) No 

Delivery Start (Otr.·Year) 4 Otr. 77 I Otr. 75 
Alternate Sources None None 

Comments 24780 Micro- and A 64 pin version, TMS-I099/ 
Macro- instructions. SE-I, permits use of external 

PROM, RAM or ROM for 
program development. 

Tinted column indicates additional data is provided on the page noted. 

1748 

Texas Instruments Texas Instruments 
TMS1000C/TMS1200C TMS1070/1270 

4-Bit Microcomputer 4-Bit Microcomputer 

CMOS PMOS 

1 1 

28 or 40 28 or 40 

3-6 15 
10 tLW (typ.l 100 

4 4 
8 8 

IK lK 

I 1 MHz 300 kHz/O phase 

34 (350 kHz clock) 

1 1 

0 0 

1 1 
IxlO IxlO 

I200C provides pseudo- None 
interrupt capability 

None None 

Microprogrammable Microprogrammable 

Yes Yes 
Future Yes 

1000 1000 

Yes No 

Yes Yes 

Yes No 

Yes Yes 
Timesharing Yes 
Timesharing Yes 

No 

Yes Yes 

Yes Yes 

Yes Yes 

3 Otr. 78 4 Otr. 75 
None None 

3 level subroutine 
nesting, 32 term output 

35V output drive capability. 

PLA. TMSI099C/SE·3 for 
Orogram development. 
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MICROPROCESSORS (coni) 
Manufacturer Texas Instruments 
Model TMSll00/1300 
For Detailed Data See: 
General Structure 4-Bit Microcomputer 

Type PMOS 
No. of Devices per CPU I 
CPU Size (Pins) 28 or 40 
Supply Voltage 9 or 15 
CPU Power Dissipation (mw) 90 

Architecture 
Data Word Size (bits) 4 
Instruction Word Size (bits) 8 
Directly Addressable Instruction 

Words (No.) 2K 
Clock Frequency 

(Hz/ ext. phases required) 300 kHz/O phase 
Register to Register Add Time 

(,usec/ data word) 34 (350 kHz clock) 
No. of Registers 

Arithmetic 1 
Index 0 
General Purpose 1 

Return Stack Size (No. x bits) lxl0 
Interrupts None 
Type 

Direct Memory Access None 
BCD Arithmetic (Hardware) Microprogrammable 
Microprogrammable Yes 
Extended Temp. Range Available Yes 

Devices 
See System Components: 1000 

Hardware Support 
Processor Cards 

(CPU system on a card) No 
Prototyping System (Hardware & 

software development system) Yes 
In-System Emulator 

(Tests system in place) Yes 
Software Support 

(from this manufacturer) 
Resident Assembler Yes 
Cross Assembler Yes 
Simulator Yes 
High Level Language No 
Programs 

Debug Yes 
Diagnostic Yes 
Edit Yes 

User Library 
(>25 programs from user) 

Delivery Start (Otr.-Year) 4 Otr. 75 
Alternate Sources None 

Comments A 64-pin version, TMSI098/ 
SE-2 permits use of external 

PROM/RAM/ROM for 
program development. 

Tinted column indicates additional data is provided on the page noted. 
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Texas Instruments 
TMS8080A 

8-Bit CPU 

NMOS 
1 

40 
±5,12 
1500 

8 
8,16,24 

65K 

2 MHz/2 phase 

2 

1 
0 
6 

Extern=31 RAM 
Standard 

Vectored, 8 Level 

Standard 

Yes 
No 
ND 

8080 

No 

No 

No 

No 
Timesharing 
Timesharing 

No 

Yes 
Yes 
Yes 

No 
2 otr. 75 

AMD, Intel, National, 
NEC, Signetics 

MASTER SELECTION . GUIDE 

Texas Instruments Texas Instruments 
TMS9900 TMS9940 

16-Bit CPU I6-Bit Microcomputer 

NMOS NMOS 
1 1 . 

64 40 
±5,12 5 

1000 1000 

16 16 

16,32,48 16,32,48 

65K bytes/32K words lK 

3 MHz/4 phase 5 MHz/I phase 

4.67 

16 16 
15 15 

16 (in memory) 16 
None 

Standard Standard 

Vectored, 16 Level Masked, Prioritized, 
Vectored 

Standard 

No Yes 

No 12 XOPs 

- 25°C to 85°C No 

9900 9900 

Yes 990/4 Yes 

Yes Yes 

No Yes 

Yes Yes 

Yes Fortran IV 

Timesharing Yes 

Fortran, Cobol Basic. Pascal 

Yes Yes 

Yes 
./ 

Yes 

Yes Yes 

Yes Yes 

2 otr. 76 1 otr. 79 

AMI AMI 

Instructions include TMS9900 comoatible with 
hardware multiply and divide 128 bytes RAM 2K bytes ROM 
and are software compatible 16-Bit instruction set. 

with 990 minicomputers. 
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MASTER SELECTION GUIDE 

MICROPROCESSORS (cont) 
Manufacturer Texas Instruments Texas Instruments 
Model TMS99BO TMS9985 
For Detailed Data See: 
General Structure 16·Bit CPU 16-Bit CPU 

Type NMOS NMOS 
No. of Devices per CPU 1 1 
CPU Size (Pins) 40 40 
Supply Voltage -+-5,12 5 
CPU Power Dissipation (mw) 1000 600 

Architecture 
Data Word Size (bits) 8 8 or 16 
Instruction Word Size (bits) 16,32,48 16,32,48 
Directly Addressable Instruction 

Words (No.) 16K bytes 65K 
Clock Frequency 2-3 MHz/ 5 MHz! 

(Hz! ext. phases iequiied) phase 1 phase 
Register to Register Add Time 

(p,sec/ data word) 8.8 (2 MHz) 2.4 
No. of Registers 

Arithmetic 16 16 
Index 15 15 
General Purpose 16 (in· memory) 16 

Return Stack Size (No. x bits) None N/A 
Interrupts Standard 6 
Type Vectored, Vectored, 

6 level Prioritized 
Direct Memory Access Standard Yes 
BCD Arithmetic (Hardware) No Yes 

Microprogrammable No No 
Extended Temp. Range Available Yes 

Devices 
See System Components: 9900 9900 

Hardware Support 
Processor Cards 

(CPU system on a card) No Yes 
Prototyping System (Hardware & 

software development system) Yes Yes 
In·System Emulator 

(T ests system in place) No Yes 
Software Support 

(from this manufacturer) 
Resident Assembler Yes Yes 
Cross Assembler Timesharing Yes 

Simulator Timesharing Yes 

High level language Fortran, Cobol Pascal, Fortran 
Programs 

Debug Yes Yes 
Diagnostic j Yes Yes 
Edit Yes Yes 

User library 
(>25 programs from user) Yes No 

Delivery Start (Qtr.-Year) 4 Otr. 76 4 atr. 78 
, Alternate Sources AMI, SMC AMI 

Comments 8-Bit data bus, 
16-Bit internal 
op. Software 
compatible 
TMS9900. 

Tinted column indicates additional data is provided on the page noted. 

1150 

Toshiba 
TLCS·12A 

12-Bit CPU 

PMOS 

1 
36 

-+-5 

800 

12 
12,24 

4K 
1.2 MHz! 
o phase 

13 

0 
0 
7 

Yes 

Optional 
No 

No 

TLCS-12 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 
Yes 
Yes 

Yes 
2 Otr. 74 

None 

Western Digital Western Digital Western Digital lilog 
MP1600 CP1600 WD40 lBO 

16-Bit CPU 8-Bit CPU 4·Bit 8-Bit CPU 
Microcomputer 

NMOS NMOS PMOS NMOS 

3 3 1 1 

40/ device 40/ device 28 or 40 40 

-+-5, 12 -+-5, 12 -8,5 5 

600 600 1100 

16 8 or 16 4 8, 16 

15 15 10,20 8, 16, 24, 32 

65K (84 Micro· 
65K instructions) 400 or 512 65K 

3.3 MHz! 3.3 MHz! 100 kHz! 2.5 MHz!1 phase 
4 phase 4 phase o phase (4 MHz opt.) 

0.3 (8-Bit) 
2.7 0.606-Bit) 60 1.6 (2.5 MHz clock) 

4 0 4 1 

2 0 0 2 

2 26 5 14 

External RAM External RAM lxl0 External Ram 

Standard Standard None Standard 

Vectored Vectored, Vectored, 
4 level Multilevel 

Standard Standard No Z80-DMA 

Standard Micro- Yes Yes 
programmable 

Yes Yes No No 

. No No No - 55°C to 125°C 

1600 1600 WD40 Z80 

Yes Yes No Yes 

Yes Yes No Yes 

No Yes Yes Yes 

Yes No No Yes 

No Timesharing, No Fortran IV 
PDP·l1 

No Timesharing, No Timesharing 
PDp·ll 

No No No Pl/Z 

Yes Yes No Yes 

Yes Yes No Yes 

Yes Yes No Yes 

No No No No 
1 Otr. 75 3 Otr. 75 3atr.77 1 Otr. 76 

None None None Mostek, NEC 
Can cross A 64·pin version, 8080A Software 

assemble and CR2872 permits compatible. 
simulate with use of external 
DEC PDP-l1. PROM, RAM or 

ROM for program 
development. 
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MASTER SELECTION . GUIDE 

MICROPROCESSOR-System Components 

FLR1Ction Device Source Line Function Device Source Line Function Device Source lile 

This section presents the major microprocessor Fa 
system devices organized into system groups, ie F8, 

(Cont'd.) Macrologic Bipolar (Cont'd.) 

6800; 8080, etc. It includes those RAM's, ROM's and Program Storage Unit (Cont'd.) Microprogram Sequencer (Cont'd.) 
PROM's which are unique to a system. It omits most 3856 Fairchild 940811 t Fairchild (1893) 
general purpose memories as they are listed in the (1867,1871) 9408AII t Fairchild (1893) 
Memory section. Similarly, buffers, line drivers, 3856A Fairchild 

Arithmetic Logic Register-Stack 
transceivers, UART's, etc. are covered briefly here as (1867,1871) 
they are presented in depth in the Digital and Interface 38T56 Fairchild 

9405C Fairchild (1893) 

sections. (1867,1871) 940SAC Fairchild (1893) 

3857 Fairchild 940511 t Fairchid (1893) 
p.COM-4 

(1867,1873) 70 9405AM t Fairchild (1893) 

Microcomputer 10 38T57 Fairchild Data Path Switch (for closing data path loops around 130 

p.C0M-42 NEC Micro (2051) (1867,1873) arithmeticllogic networks such as 9405) 

p.PD548 NEC Micro (2051) MK3851 Mostek 9404C Fairchild (1893) 
p.COM-43 NEC Micro (2059) Microcomputer (1 chip) 9404M t Fairchild (1893) 
p.PD546 NEC Micro (2059) 3870 Fairchild Data Access Register (performs memory address 
p.PD553 NEC Micro (2059) (1863, 1867) arithmetic) 
p.PD650 NEC Micro (2059) 38E70 Fairchild (1864) 9407C Fairchild (1893) 
p.C0M-44 NEC Micro (2059) 3872 Fairchild 940711 t FairchId (1893) p.PD547 NEe Micro (2059) 3874 Fairchild 
p.PD552 NEe Micro (2059) 3876 Fairchild 80 Buffer (16x4 First-In First-Out Memory. See also 
p.PD651 NEe Micro (2059) IIC3870 Motorola (1998) Memory-FIFO's) 

20 MK3870 Mostek 9403C Fairchild 140 
p.COM-45 NEe Micro (2059) MK3872 Mostek (1893,1896) 
p.PD550 NEe Micro (2059) 940311 t Fairchild 
p.PD554 NEC Micro (2059) Direct Memory Access 

(1893, 1896) 
p.PD652 NEe Micro (2059) 3854 Fairchild 

p.COM-46 NEC Micro (1867,1873) Buffer (64x4 First-In First-Out Memory. See also 

p.PD551 NEC Micro MK3854 Mostek Memory-FIFO's) 

Evaluation Devices Peripherallnput/Output Interface 9423C Fairchild 

p.PD555 NEe Micro (2055) 3861 . Fairchild (1893,1896) 

p.PD556 NEC Micro (2065) . (1867,1874) 90 942311 t Fairchild 

386111 t Fairchild (1893, 1896) 

COP400 (1867,1874) Data Encryption, 4 device set 150 
3871 Fairchild 9414-1 Fairchild 

Microcontroller (with ROM) 30 (1867,1874) 9414-2 Fairchild 
COP410L National MK3861 Mostek 9414-3 Fairchild 

(2034,2044) MK3871 Mostek 9414-4 Fairchild COP411L National 
(2036,2044) Analog input. MUX, A/D converter Display Controller 

COP420 National (2044) MP21 Burr-Brown (659) 9412C Fairchild 
COP420C National (204O) Dynamic Memory Interface 9412M t Fairchild 
COP420L National (2038) 3852 FairchHd 100 
COP421 National (2044) (1867,1871) 

Program Stack (16x4 LIFO memory) 
9406C Fairchild (1893) COP421C National (2040) MK3852 Mostek 

COP421L National (2038) 40 940611 t Fairchild (1893) 160 

COP440 National (2044) Static Memory Interface 
CRC Generator/Checker (See also Interface-Error 

COP444L National (2044) 3853 Fairchild 
Checking Circuits) 

Microcontroller (extemal ROM) 
(1867,1871) 

9401C Fairchild 3853M t FairchHd 
COP402 National (1867,1871) (1893,1894) 

(2044,2045) MK3853 Mostek 940111 t Fairchild 
COP402L National (2045) (1893, 1894) 
COP402M National (2045) Development System 9411C FairchHd 

FORMUlATOR Fairchild 110 (1893, 1894) Development System (1865,1875) 
COP4OOPDS National (2042) 941111 t Fairchild 

PEP Fairchild (1866) (1893,1894) 170 

Fa HMCS-40 RAM (16x4) Write-while-Read (See also 
Dig~al-TIL-Memories) Central ProceSSing Unit 50 

3850 FairchHd 
Microcomputer,4-Bit 9410C Fairchid (1893) 

(1867,1871) 
HCMS42 Hitachi 941011 t Fairchild (1893) 

3850M t Fairchild (1871) 
HMCS43 Hitachi 
HMCS43C Hitachi 

F8 Fairchild (1871) 
HMCS44 Hitachi 

Macrologic CMOS 
MK3850 Mostek 

HMCS45 H~achj Arithmetic Logic Register Stack 
Program Storage Unit F4705BC Fairchild 

3851 Fairchild Macrologic Bipolar F4705BM t Fairchild 
(1867,1871) 

Data Path Switch (for closing data path loops around 3851A Fairchild (1867) Microprogram Sequencer 
3851M t Fairchild 60 9408C FairchHd (1893) 120 arithmeticllogic networks such as the F4705) 

(1867,1871) 9408AC Fairchild (1893) F4704BC Fairchild 180 

(Continued) (Continued) F4704BM tFairchild 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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MICROPROCESSOR-System Components (Cont'd) 

Function Device Source Une Function Device Source Une Function Device Source Une 

Macrologic CMOS (Cont'd.) M380 (Cont'd.) PPS-4, PPS-8 (Cont'd.) 

Data Access Register (performs memory address RAM/ROM/I/O General Purpose Input/Output (GPIIO) (Coot'd.) 
arithmetic) M381 SGS 11696 Rockwell 

F4707BC Fairchild RAMII/O Interval Timer 
F4707BM t Fairchild M383 SGS 60 11049 Rockwell 

Microprogram Sequencer ROMII/O Keyboard/Printer Controller (KPC) 
F4708C Fairchild M382 SGS 10815 Rockwell 
F4708M t Fairchild 

Parallel/Serial First-In First-Out Memory (FIFO) (See INS8900 Printer Controller (PC) 

also Memory-FIFO's) 
10789 Rockwell 120 

F4703BC Fairchild CPU RC7000 Rockwell 

I F"03BM t FO,,",, I INS8900 
National I V",,, Do' Maw Pm'" C""tr~l" (VPCI 

Program Stack (16x4 LIFO Memory) 10 Interface latch Elements (llE) 10736 Rockwell 

F4706BC Fairchild DP8301 National 15380 Rockwell 

F4706BM t Fairchild CMOS Clock Parallel Data Controller (PDC) (for PPS-8, PPS-8/12) 

Programmable Bit Rate Generator (See also 
MM74C04 National 10453 Rockwell 

Digital-CMOS-Miscellaneous-Bit Rate Generator) Erasable PROM: See Memory PROMS Serial Data Controller (SDC) 
F4702BC Fairchild 10930 Rockwell 
F4702BM t Fairchild PPS-4, PPS-8 

Telecommunications Data.lnterface (includes modem) 
HD4702·2 Harris (1926) 130 
HD4702·9 tHarris (1926) CPU (for PPS-4) 70 10371 Rockwell 

HD4702A·2 t Harris (1926) 12660 Rockwell RAM (256x4) (for PPS-4, PPS-4/2) 

HD4702A·9 Harris (1926) 20 ROM-RAM (for PPS-4) 10432 Rockwell 

RAM (16x4, clocked) Write-while-Read (See also A07XX Rockwell RAM (512x4) (for PPS-4, PPS-4/2) 

Digital-CMOS-Memories) 
A08XX Rockwell 10932 Rockwell 

F4710BC Fairchild A20XX Rockwell 
RAM (256x8) (for PPS-8, PPS-8/2) 

F4710BM t Fairchild Microcomputer(PPS-4/1 ) 10809 Rockwell 
RAM (16x4} (See also Memory-RAM's) 

MM75 Rockwell 
MM76 Rockwell 4K RAM Interface 

F4725BC Fairchild 
MM76l Rockwell 10929 Rockwell 

F4725BM t Fairchild 
MM76El Rockwell 80 ROM (1024x8) 

RAM (256xl) (See also Memory-RAM's) MM77 Rockwell A05XX Rockwell 140 
F4720C Fairchild MM77l Rockwell 
F4720M t Fairchild 30 MM78 Rockwell ROM (2048x8) 

RAM (256X4) (See also Memory-RAMS) MM78l Rockwell A52XX Rockwell 

F4726BC Fairchild MM7899 Rockwell ROM (4096x8) 

F4726BM t Fairchild CPU Evaluation Circuit (for PPS-4/1) A66XX Rockwell 

ROM (256X8) (See also Memory-ROMS) A7699 Rockwell ROM (8192x8) 

F4735BC Fairchild CPU (for PPS-4/2) A88XX Rockwell 

0.> F4735BM t Fairchild 11660 Rockwell 

"0 ROM-RAM (for PPS-4/2) 90 
SBA 

::l MicroNOVA A17XX Rockwell 
CD 

Sequential Boolean Analyzer 
CPU CPU (for PPS-8) SBA GJ 

C MN601 Data General 11806 Rockwell SBA Development Device 0 MICRON OVA Data General ..... CPU (for PPS-8/2) SBA-l GJ 150 
(,) 110 Transceiver 40 12806 Rockwell 
0.> MN629 Data General SBP0400 
0.> 

ROM-RAM (for PPS 8/2) 

en I/O Transceiver Buffer A21XX Rockwell CPU, 4-Bit Slice 
MN636 Data General Bus Interface Circuit (BIC) SBP0400AC TI "-

0.> Memory Bus Transceiver, Octal 10738 Rockwell SBP0400AM tTl ..... 
en MN634 Data General Clock Generator (ClK) (for PPS-4, PPS-8) 100 SBP0401AC TI 
(\j 

~ 
Intelligent I/O Controller 10706 Rockwell SBP0401AM tTl 

MN603 Data General Direct Memory Access Controller (DMA) (for PPS-8) 4-Bit Slice Control Element 

Memory Address Driver 10817 Rockwell SN54S482 tTl 

MN633 Data General SN74S482 TI 
Display Controller (DC) 

RAM (4096xl) .50 10814 Rockwell SC/MP 
MN606 Data General Floppy Disk Controller (FDC) (for PPS-8) 

Sense Amplifier (for MN606) 10936 Rockwell Microprocessor 

MN506 Data General SC/MP National 160 
General Purpose Keyboard and Display Control (2029,297) 

M380 
(GPKD) INS8060 National 

10788 Rockwell 110 (2029,297) 
CPU General Purpose Input/Output (GPIIO) ISP-8A1500 National 

M38 SGS 10696 Rockwell ISP-8A1600 National 
M380 SGS (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MICROPROCESSOR-System Components (Cont'd) 

Function Device Source Une Function Device Source 

SC/MP (Cont'd.) Z80 (Cont'd.) 

Microprocessor (Conl'd.) Counter Timer Circuit (Cont'd.) 
SC/MP Signetics (2314) Z80-CTC Zilog 
1SP-8A/600 Signetics (2314) Direct Memory Access Controller 

8-Bit 1/0 Port MK3883 Mostek 
INS8212 National Z80-DMA Zilog 

Analog Input, Multiplexer, AID Converter ParaliellnputlOutput Controller 
MP20 Burr-Brown (659) MK3881 Mostek 
MP22 Burr-Brown (659) Z80-PI0 Zilog 
INS8292 National 

Serial Input/Output Controller 
Bit Programmable 1/0 10 MK3884 Mostek 

INS8254 National Z80-S10 Zilog 

UART Analog Input, Multiplexer, AID Converter 
INS8280 National MP20 Burr-Brown (659) 

Programmable Communication Interface (USART. See MP22 Burr-Brown (659) 

also Interface Transmitters-Receivers) 
1000 INS8251 National 

Programmable Peripheral Interface Microcomputer 
INS8255 National TMS1000 TI 

ROM/RAM and I/O TMS1070 TI 

INS2656 National 20 TMS1100 TI 
TMS1200 TI 

RAM(128x8) and 110 TMS1270 TI 
INS8154 National TMS1300 TI 
ISP-8A1650 National 

Microcomputer (CMOS) 
ROM BASIC Interpreter 

MC141000 Motorola (1956) 
INS8295 National 

MC141200 Motorola . (1956) 

SX200 TMS1000c TI 
TMS1200C TI 

Microcomputer I/O Expander 
SX200 Essex TMS1024 TI 

TLCS-12 
TMS1025 TI 

Capacitive Input 
CPU TMS1976 TI 

T3190 Toshiba Arithmetic Processor 
Input/Output Control Unit 30 TMS1018 TI 

T3218 Toshiba Program Development Device (uses external memory) 
Memory Control Unit TMS1098 TI 

T3216 Toshiba TMS1099 TI 

Erasable PROM Program Development Device (uses extemal memory), 
T3181 Toshiba CMOS 

RAM (128x4) MC141099 Motorola (1956) 

T315l Toshiba TMS1099C TI 

WD40 1400 

Microcontroller Microcomputer 

CR1872 Western MN1400 Panasonic 
MN1402 Panasonic 

Prototyping Device 40 MN1403 Panasonic 
CR2872 Western 

MN1405 Panasonic 

Z80 MN1430 Panasonic 

Microcomputer, external memory 
j Note: the 6500, 6800 and 8080 peripheral circuits are MN1498 Panasonic 

compatible with the Z80 series. 
Microcomputer, evaluator 

I CPU MN1499 Panasonic 
3880 Fairchild 
MK3880 Mostek 1600 
/!PD780 NEC Micro (2069) 
IlPD780-1 NEC Micro (2069) See also 1600 below. 
Z80-CPU Zilog CPU 

I Coonter lrn" C''''' 50 CP1600 GI 
MK3882 Mostek CP1600A GI 

(Continued) CP1610 GI 

t Military Temperature Range (- 55° to 125°C) * Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Lile FlIlction Device Source Li1e 

1600. (Cont'd.) 

Dual 01 A Converter (two 10-bit pulse-width modulated 
outputs) 

DAC1600 GI 

18 Channel Analog Multiplexer 110 
MUX1600 GI 

InputlOutput Buffer 
IOBl680 GI 

ROM (2048x8), Graphics 

60 R03-9503 GI 

ROM (2048x10), Graphics 
R03-9501 GI 
R03-9502 GI 

1600 

See also 1600 above. 

CPU,8-Bit 120 
CP1651 Westem 
CP1661 Westem 

CPU, 16-Bit 
MP1651 Westem 

70 MP1661 Westem 

General Purpose Input/Output 
CP1851 Westem 

Microm 
CP1631 Westem 

Direct Memory Access Controller 130 
DM1881 Western 
DMl883 Westem 

Floppy Disc Controller /T ransmitter 

80 INSl771 National 
INS1781 National 
INS1791 National 
FDl771 Westem 
FD1781 Westem 
FD1781-01 Western 
FD1791 Westem 140 

Asynchronous/Synchronous Transmitter IReceiver 
(ASTRO) (See also Interface-Serial 
Transmitters-Receivers) 

INS1671 National 
COM1671 SMC 

90 UC1671 Westem 
UC1971 Western 

1SS0 

Microcomputer 
PIC1650 GI 
PIC1645 GI 150 
PIC1655 GI 
PIC1670 GI 

Microcomputer Development Device 
PIC1664 GI 

100 1800 

CPU 
HCMP1802 tHughes 
HC~P1802C tHughes 
CDP1802 tRCA 
CDP1802C tRCA 
CDP1804 tRCA 160 
CDPl804C tRCA 
SCP1802 tSSS 

(Continued) 
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Ie MASTER 

. MICROPROCESSOR-System Components (Cont'd) 

Function Device Source Line Function Device Source Une Function Device Source Une 

1800 (Cont'd.) 1800 (Cont'd.) 2650 (Cont'd.) 

CPU (Cont'd.) ROM (512x8) (See also Memory-ROM's) System Memory Interface (RAM, ROM, I/O) (Cont'd.) 
SCP1802L tSSS HCMP1831 tHughes 2656 Signetics 

8-Bit Input/Output Port 
HCMP1832 tHughes 

Quad Transceivers (See also Interface-Line CDP1831 tRCA HCMP1852 tHughes 
CDP1832 tRCA Transceivers) 

CDP1852 tRCA 
SCP1831 tSSS N8T26 AMD 

SCP1852 tSSS 
SCP1832 tSSS 70 MC8T26A Motorola 130 

4-Bit Buffer/Separator (for memory interface) MC8T28 Motorola 
ROM (1024x8) (See also Memory-ROM's) 

HCMP1856 tHughes HCMP1833 tHughes 
DS8T26A National 

CDP1856 tRCA 10 HCMP1834 tHughes 
DS8T28 National 

SCP1856 tSSS CDP1833 tRCA 
N8T26 Signetics 

Programmable I/O Interface 

I I 
CDP1834 tRCA 

I 
N8T28 Signetics 

I I 
CDP1851 tR'CA SCP1833 tSSS Development System 

I Multiply-Divide Circuit I SCP1834 tSSS I TWIN Signetics (2315) 

I CDP1855 tRCA I I ROM (2048x8) (See also memory-ROMs) I I I 
HCMP1835 tHughes 2900 

Color Generator 
CDP1862 tRCA 2000 Microprocessor, 4-Bit Slice 

Programmable Tone Generator AM2901C AMD 

CDP1863 tRCA' Microcomputer 80 AM2901M tAMD 140 
52000 AMI (1765) AM2901AC AMD 

TV Interface (PAL) 20 52000A AMI (1765) AM2901 AM tAMD 
CDP1864 tRCA S2150 AMI AM2903C AMD 

Latch/Decoder Memory Interface S2150A AMI AM2903M tAMD 
CDP1866 tRCA S2250 AMI F2901AC Fairchild (1893) 
CDP1867 tRCA . S2250A AMI F2901AM t Fairchild (1893) 
CDP1868 tRCA Development System 9409 Fairchild (1893) 

4-Bit Bus Buffer/Separator (for I/O interface) MDC AMI (1853) F2903C Fairchild 

HCMP1857 tHughes F2903M t Fairchild 

CDP1857 tRCA 2650 9413 Fairchild 150 

SCP1857 tSSS Microprocessor 2901AC MMI 

N-Bit Decoder (for I/O interface) 30 INS2650A National 90 2901AM tMMI 

HCMP1853 tHughes INS2650A·1 National MC2901C Motorola 

CDP1853 tRCA 2650A Signetics (2302) MC2901M tMotorola 

SCP1853 tSSs 

I 
2650A·1 Signetics (2302) MC2901AC Motorola 

I 26508 Signetics (2302) MC2901AM tMotoroia 
4-Bit Latch with 1 of 4 Decoder 

2650B·1 Signetics (2302) MC2903C Motorola 
HCMP1858 t Hughes MC2903M tMotoroia 
CDP1858 tRCA Hex Buffers/Inverters (See also 

IDII2901AC National (286) 
SCP1858 tSSS Digital-TIL-Buffersllnverters 8T95, 8T96, 8T97, 8T98) 

IDII2901AII t National (286) 160 MC8T95 Motorola 
4-Bit Latch with dual 1 of 4 Decoders MC8T96 Motorola IDM2900AC-1 National 

HCMP1859 tHughes MC8T97 Motorola 100 IOM2900AM-1 t National 
CDP1859 tRCA 40 MC8T98 Motorola IlP82901 A NEC Micro 
SCP1859 tSSS N8T95 Signetics (2295) AM2901C Raytheon 

UART S8T95 t Signetics (2295) AM2901M t Raytheon 

HCMP1854 tHughes N8T96 5ignetics (2295) AM2901AC Raytheon 

CDP1854 RCA S8T96 t Signetics (2295) AM2901AM t Raytheon 
CDP1854A tRCA N8T97 Signetics (2295) N2901A Signetics (2279) 
SCP1854 tSSs S8T97 t Signetics (2295) N2901-1 Signetics 

N8T98 Signetics (2295) 
Video Display Controller S8T98 tSignetics (2295) Look-Ahead Carry Generator 170 

HCMP1861 t Hughes AM2902C AMD 
CDP1861 tRCA Bidirectional Port, Latched 110 AM2902M tAMD 

N8T31 Signetics (2290) 
MC2902C Motorola RAM (32x8) (See also Memory-RAM's) 50 

HCMP1824 t Hughes Programmable Communication Interface MC2902M t Motorola 

CDP1824 tRCA INS2651 National IDM2902C National 

SCP1824 tSSS 2651 Signetics (2304) IDM2902M t National 

IlP82902A NEC Micro 
RAM (128x8) (See also Memory-RAM's) Multi-Protocol Communications Circuit (includes SDLC, 

CDP1823 RCA BiSync) AM2902C Raytheon 

INS2652 National AM2902M t Raytheon 
RAM (256x4) (See also Memory-RAM's) 2652 Signetics (2306) Microprogram Controller 180 HCMP1822 tHughes 2652·1 Signetics (2306) 

CDP1822 RCA AM29l0C AMD 

SCP1822 tSSS 
Programmable Peripheral Interface 120 AM291OM tAMD 

INS2655 National F2910C Fairchild 
RAM (1024xl) (See also Memory-RAM's) 60 2655 Signetics (2308) F2910M t Fairchild 

CDP1821 RCA 
System Memory Interface (RAM, ROM, I/O) 9420 Fairchild 

RAM (1024x8) (See also Memory-RAMs) INS2656 National MC2910C Motorola 
CDP1825 RCA (Continued) MC2910M t Motorola 

t Military Temperature Range (_55' to 125'C) * Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

MICROPROCESSOR-System Components (Cont'd) 

Function Device Source li1e Function Device Soorce Lile FIJ1ction Device S<uce Lile 

2900 (Cont'd.) 2900 (Cont'd.) 2900 (Conrd.) 

Microprogram Sequencer 8-Bit Parallel I/O Port Bus Transceivers (See also Interface-Une 
AM2909C AMD AM2950C AMD Transceivers) (Cont'd.) 

AM2909M tAMD AM2950M tAMD 2917AC MMI 

AM2911C AMD AM2951C AMD 2917AM tMMI 

AM2911M tAMD AM2951M tAMD MC2905C Motorola 

F2909C Fairchild Priority Interrupt Encoder, Vectored 70 MC2905M t Motorola 

F2909M t Fairchild AM2914C AMD MC2906C Motorola 

F2911C Fairchild AM2914M tAMD 
MC2906M tMotoroia 140 

F2911M t Fairchild F2914C Fairchild MC2907C Motorola 

9419 Fairchild F2914M 'tFairchiid MC2907M t Motorola 

9421 Fairchild 10 9424 Fairchild MC2915AC Motorola 
MC2915AM tMotoroia 

2909C MMI Priority Interrupt Expander (for 2914) MC2916AG Motorola 
2909M tMMI AM2913C AMD MC2916AM t Motorola 
2911C MMI AM2913M tAMD MC2917AC Motorola 
2911M tMMI 

Priority Encoder MC2917AM t Motorola 
MC2909C Motorola 

IDM29902C National 80 1lPB2905A NEG Micro 
MC2909M t Motorola 

IDM29902M tNational ,u>B2906A NEC Micro 150 
MC2911C Motorola ,JIB2907A NEG Micro 
MC2911M tMotorola Program Control Unit (performs machine level 

1lPB2915A NEC Micro 
IDM2909AC National addressing functions) ~16A NEC Micro 
IDM2909AM tNational 20 AM2930C AMD ,JIB29HA NEC Micro 
IDM2911AG National AM2930M tAMD AM2905C Raytheon 
IDM2911AM t National Programmable Multiplexer, 10~nputs, four 10x8 field AM2905M t Raytheon 

IlPB2909A NEG Micro programmable arrays, four 8:1 addressable AM2906C Raytheon 

IlPB29tlA NEG Micro multiplexers, four outputs AM2906M t Raytheon 

AM2909C Raytheon 29693C Raytheon AM2907C Raytheon 

AM2909M t Raytheon 29693M t Raytheon 90 AM2907M t Raytheon 160 

AM2911C Raytheon Bus Transceivers (See also Interface-Line 
AM2915AC Raytheon 

AM2911M t Raytheon Transceivers) 
AM2915AM t Raytheon 

AM2905C AMD 
AM2916AC Raytheon 

Quad D Flip-Flop with Two Output Ports AM2916AM tRaytheon 
AM2919C AMD 30 AM2905M tAMD 

AM2917AC Raytheon 
AM2919M tAMD AM2906C AMD 

AM2917AM t Raytheon 
2919C MMI AM2906M tAMD 

2919M tMMI AM2907C AMD 8-lnput Multiplexer, with control storage 
AM2907M tAMD AM2922C AMD 

Clock Generator and Driver AM2915AC AMD AM2922M AMD 
AM25LS2525C AMD AM2915AM tAMD 100 Quad D Register with both Standard and Three-State 170 
AM25LS2525M tAMD AM2916AC AMD Outputs (See also Digital-TIL-FIip-FIops) 
AM2925C' AMD AM2916AM tAMD AM2918C AMD 
AM2925M tAMD AM2917AC AMD AM2918M tAMD 

Control Store Sequencer 
AM2917AM tAMD AM29LS18C AMD 

N8X02 Signetics (2280) 40 
F2905C Fairchild AM29LS18M tAMD 
F2905M t Fairchild 2918C MMI 

DMA Address Generator F2906C Fairchild 2918M tMMI 
AM2940C AMD F2906M t Fairchild 29LS18C MMI 
AM2940M tAMD F2907C Fairchild 29LS18M tMMI 

DMA Address Generator/Programmable 
F2907M t Fairchild 110 MC2918C Motorola 180 

Timer /Counter 
F2915AC Fairchild MC2918M t Motorola 

AM2942C AMD 
F2915AM tFairchild ~18A NEC Micro 
F2916AC Fairchild AM2918C Raytheon AM2942M tAMD F2916AM t Fairchild AM2918M t Raytheon 

Status and Shift Control Unit F2917AC Fairchild 

AM2904C AMD F2917AM t Fairchild Quad-Gated Flip-Flop 

AM2904M tAMD 50 9415 Fairchild IDM29908G National 

9416 Fairchild IDM29908M t National 
16-Way Branch Control Unit (use with 2909) 9417 Fairchild Octal D-type Flip-Flop, three state 

AM29803AG AMD 9425 Fairchild 120 IDM29901G National 
AM29803AM tAMD 9426 Fairchild IDM29901M t National 190 
IDM29803G National 9427 Fairchild 
IDM29803M tNational 2905C MMI 

Octal D-Type Flip-Flop, Clear and Clock enable, 

2905M tMMI 
-Three-State 

One-of-Etght Decoder, with Polarity Control, AM2920C AMD 
Three-State 2906C MMI 

AM2920M tAMD 
AM2921C AMD 2906M tMMI 

AM2921M tAMD 
2907C MMI PROM (32x8) (See also Memory-PROM's) 
2907M tMMI AM29750AC AMD 

Next Address Control Unit (use with 2911) 60 2915AC MMI AM29750AM tAMD 
AM29811AG AMD 2915AM tMMI 130 AM29751AC AMD 
AM29811AM tAMD 2916AC MMI AM29751AM tAMD 
IDM29811C National 2916AM tMMI iDU29750AG Natiooa/ 200 
IDM29811M t National (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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MICROPROCESSOR-System Components (Cont'd) 

Function Device Source Une Function Device Source Line Function Device Source Une. 

2900 (Cont'd.) 3000 (Cont'd.) 54/74LS481, 54/74S481 

PROM (32x8) (See also Memory-PROM's) (Cont'd.) Look-Ahead Carry Generator 
(Cont'd.) 

IDM29750AM t National 3003 Intel Field Programmable Logic Array (Cont'd.) 
IDM29751AC National M3OO3 tlntel SN54S331 tTl 

I 
IDM29751AM t National Multimode Latch Buffer SN74S331 TI 

PROM(256x4) (See also Memory-PROMs) 3212 Intel FIFO (See also Memory-FIFO's) 
AM29760AC AMD M3212 tlntel SN74S225 TI 

AM29760AM tAMD Development System Erasable PROM (512x8) (See also Memory-PROM's) 
AM29761AC AMD Intellec liDS Intel (1950) 70 SN54S472 tTl (1708) 
AM29761AM tAMD SN74S472 TI (1708) 
IDM29760C National 4004/4040 ~ 

10 
RAM 1256x4) (See also Memory-RAM's) 

IDM29760M t Nationai 
SN54S208 tTl 

/

130

1 

CPU IDM29761C National 
HD35404 Hitachi SN74S208 TI 

IDM29761M t National 
4004 Intel I 15781/82 I I RAM (16x4) Two output ports I 4040 Intel I I I 

AM29704C AMD INS4004 National 
Microprocessor AM29704M tAMD Clock Generator MM5782 National AM29705C AMD 4201 Intel 

AM29705M tAMD INS4201 National Control ROM (2048x8) 
IDM29704AC National MM5781 National 
IDM29704AM t National 20 Programmable General Purpose 110 

ROM (Calculator ROM) 4265 Intel 80 IDM29705AC National MM57135 National 
IDM29705AM t National Programmable Keyboard/Display Device MM57136 National 

RAM (16x4) (See also Memory-RAM's) 4269 Intet 
Shift Register Memory (1024-Bit) 

AM29700C AMD Standard Memory and I/O Interlace MM57126 National 140 
AM29700M tAMD 4289 Intel 

AM29701C AMD INS4008 National RAM Interlace 

INS4009 National MM5785 National 
AM29701M tAMD 
AM29702C AMD 10-Bit Shift Register/Output Expander 5799 
AM29702M tAMD HD35403 Hitachi 
AM29703C AMD 30 4003 Intel Microprocessor 
AM29703M tAMD INS4oo3 National 90 MM5799 National 
IDM29702C National Erasable PROM (256x8) (See also Memory-PROM's, MM57109 National 
IDM29702M t National 1702A) MM57140 National 
IDM29703C National 4702 AMD Printer Interlace 
IDM29703M t National 4702A Intel MM5788 National 
IDM29903C NatlOnai INS4702 National 

Oscillator, Decoder, Driver 
RAM (256xl) (See also Memory-RAM's) 320-Bit RAM and 4-Bit Output Port DS8664 National 150 

AM29720C AMD HD35402 Hitachi 
AM29720M tAMD 4002 Intel 

RAM Interlace 

AM29721C AMD 40 I NS4oo2 National 
MM5785 National 

AM29721M tAMD Shift Register Memory (1024-Bit) 
RAM (256x4) (See also Memory-RAM's, 2101 series) 100 

ROM (1024x8) (See also Memory-ROM's) 4101 Intel MM57126 National 

AM29882C AMD ROM (256x8) and 4-Bit I/O Port 6100 -AM29883C AMD HN35600 Hitachi 
4001 Intel CPU, 12-bit 

3000 INS4001 National HM6100 tHarris 

Central Processing Element, 2-Bit slice ROM (1024x8) and I/O Ports 
(1918,1923) 

HM6100A Harris (1918) 
3002 Intel HN35800 Hitachi 

HM6100c tHarris (1918) 
M3002 tlntel 4308 Intel 

IM6100A Intersil 160 
N3002 Signetics ROM (2048x8) (See also Memory-ROM's, 2316A) IM6100C Intersil 
S3002 t Signetics 4316A Intel 110 

Bidirectional Bus Driver 
Microprogram Control Unit 50 

54/7 4LS481, 54/74S481 HD6432·2 tHarris (737) 
3001 Intel h.~2·9 Harris (737) 
M3OO1 tlntel 4-Bit Microprocessor Slice HD6432A·2 tHarris (737) 
N3OO1 Signetics SN54LS481 ttl HD6432A·9 Harris (737) 
S3OO1 t Signetics SN74LS481 TI Bus Driver; Latching, Three-State 

Parallel Bidirectional Bus Driver SN74S481 TI HD6431·2 tHarris (733) 
3216 Intel Control Element (for next address generatorS) HD6431-9 Harris (733) 
M3216 tlntel SN54S482 ttl HD6431A·2 tHarris (733) 170 
3226 Intel SN74S482 TI HD6431A·9 Harris (7331. 
M3226 tlntel 

Reid Programmable Logic Array Bus Separator/Driver(Octal organized as 4 pairs of 
Interrupt Control Unit 60 SN54S330 ttl bus separators) 

3214 Intel SN74S330 TI 120 HD6433-2 tHarris (741) 
M3214 tlntel (Continued) (Continued) 

t Military Temperature Range (_55' to 125'C) • TYPIcal Values 

Bold face indicates additional data is provided on the page noted. :, 
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MASTER SELECTION GUIDE 

MICROPROCESSOR-System Components (Cont'd) 

F~ Device Source Une Function Device Source Une Function Device Source Une 

6100 (Cont'd.) 6500 (Cont'd.) 6800 (Cont'd.) 

Bus Separator/Driver(Octal organized as 4 pairs of CPU (Cont'd.) CPU (Cont'd.) 
bus separators) (Cont'd.) R6504 Rockwell F6800 Fairch~d 

HD6433-9 Harris (741) R6505 Rockwell (1886,1888) 
HD6433A-2 t Harris (741) R6506 Rockwell F68AOO Fairchild (1887) 
HD6433A-9 Harris (741) R6507 Rockwell F68BOO FairchHd (1887) 130 

One-of·Eight Decoder/Driver, Latched R6512 Rockwell 70 F6809 Fairchild (1887) 

HD6440-2 tHarris (745) R6513 Rockwell F68A09 Fairchild (1887) 

HD6440-9 Harris (745) R6514 Rockwell F68B09 .Fairch~ (1887) 

HD6440A-2 tHarris (74S) R6515 Rockwell MBL6800E Fujitsu 

HD6440A-9 Harris (745) 10 SY6500 Synertek MBL6800H Fujitsu 

Hex BufferlDriver, Three-State SY6500/1 Synertek MBL6800N Fujitsu 

HD6495-2 tHarris SY6503 Synertek HD46800 Hitachi 

HD6495-9 Harris SY6504 Synertek HD468AOO Hitachi 

HD649SA-2 tHarris. (749) SY6505 Synertek MC6800 Motorola (2002) 

HD649SA-9 HarriS (749) SY6506 Synertek MC6800M t Motorola (2002) 140 

IM6100M t Intersil SY6512 Synertek 80 MC68AOO Motorola (2002) 

SY6513 Synertek MC68BOO Motorola (2002) 
Peripheral Interface Element SY6514 Synertek MC6809 Motorola (2OOS) 

HD6101-2 tHarris SY6515 Synertek MC68A09 Motorola (200S) 
HD6101-5 Harris MC68B09 Motorola (2005) 
HD6101A-2 tHarris 20 RAM, ROM, 1/0 and Interval Timer 
HD6101A·9 Harris MCS6530 MaS 

CPU (internal clock, 128x8 RAM) 

HD6101C-9 Harris MCS6532 MaS 
S6802 AMI (1785) 

IM6101A Intersil R6530 Rockwell 
F6802 Fairchild 

IM6101AM t Intersil R6532 Rockwell 
(1887,1888) 

SY6530 Synertek 
F68A02 Fairchild (1887) 150 

Universal Asynchronous Receiver-Transmitter (UART) F68B02 Fairchild (1887) 
(See also Interface-Serial Transmitters-Receivers) RAM(128x8), I/O, and Timer 90 MBL6802N Fujitsu 

HD6402-2 tHarris (1930) R6532 Rockwell MBL6802E Fujitsu 
HD6402-9 Harris (1930) SY6532 Synertek MBL6802H Fujitsu 
HD6402A-2 tHarris (1930) HD46802 Hitachi 
HD6402A-9 HarriS (1930) 30 Analog Input, Multiplexer, AID Converter 

MC6802 Motorola (199S) 
HD6402C-9 HarriS (1930) MP21 Burr-8rown (6S9) 

HD6403-2 tHarris Asynchronou~ Communications Interface Adapter 
CPU(CMOS,internal clock, 128x8 RAM) 

HD6403-9 Harris R6551 Rockwell 
MD46802A tMitel 

IM6402 Intersil SY6551 Synertek 
MD46802AE Mitel 

IM6402M t Intersil CPU (External Clock) 160 
CRT Controller IM6403 Intersil S6809 AMI (1789) 

IM6403M t Intersil R6545 Rockwell F6809E Fairchild (1887) 

Memory Extension, DMA, Interval Timer, Controller 
SY6545 Synertek 100 F68A09E Fairchild (1887) 

(MEDIC) Mini-Floppy Disc Controller F68B09E Fairchild (1887) 

IM6102A Intersil 40 R6542 Rockwell MC6809E Motorola (200S) 

IM6102AM t Intersil RAM(128x8), ROM, 1/0, and CounterlTimer 
MC68A09E Motorola (2005) <6 

20-Bit 1/0 Port R6531 Rockwell 
MC68B09E Motorola (2005) ':g~~ 

IM6103 Intersil SY6531 Synertek Microcomputer; Clock, Timer, RAM, ROM, I/O 
:::J 
C) 

IM6103M t Intersil Peripheral Interface Adapter 
S6801 AMI (1784) 

Programmable Bit Rate Generator (See also MCS6520 MaS 
F6801 Fairchild (1887) 170 c:: 

0 
Digital-CMOS, Bit Rate Generator) MCS6522 MaS 

MC6801 Motorola 
+J' 

HD6405-2 tHarris (1926) R6520 Rockwell Microcomputer (External clock); RAM, ROM, Timer, 0 

HD6405-9 HarriS (1926) R6522 Rockwell 110 1/0 (]) 

HD640SA-2 t Harris (1926) SY6520 Synertek F6801E Fairchild (1887) Q) 

HD640SA-9 Harris (1926) 50 SY6522 Synertek MC6801E Motorola C/)' 

Microcomputer (External ROM); RAM, Clock, Timer, 
~ 

6500 ROM (2048x8) (See also Memory-RaM's) 
R2316A Rockwell 1/0 

Note: The 6500 series is bus compatable with 6800 R2316B Rockwell F6803 Fairchild 

series devices SY6540 Synertek MC6803 Motorola (1993) 

CPU SY6541 Synertek Microcomputer (EPROM); RAM, Clock, Timer, I/O 180 

MCS6502 MaS MC68701 Motorola 

MCS6503 MaS 6800 Priority Interrupt Controller 
MCS6504 MaS Note: The 6800 series is bus compatible with 6500 M8472 Fujitsu 
MCS6505 MaS series devices. MC6828 Motorola 
MCS6506 MaS MC8507 Motorola 
MCS6512 MaS CPU 120 

MCS6514 MaS 60 S6800 AMI Analog Input, Multiplexer, AID Converter 

MCS6515 MaS (1n6,1780) MP21 Burr-Brown (659) 

R65OO/1 Rockwell S6800M tAMI (1780) Hex Buffers/lnverters (See also 
R6502 Rockwell S68AOO AMI (1780) Digital-TIL-Buffers/lnverters 8T95, 8T96, 8T97 , 8T98) 
R6503 Rockwell S68BOO AMI (1780) MB485 Fujitsu 190 

(Continued) (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 
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MICROPROCESSOR-System Components (Cont'd) 

Function Device Source line Function Device Source line Function Device Source line 

6800 (Cont'd.) 6800 ~Cont'd.) 6800 (Cont'd.) 

Hex Buffers/Inverters (See also Synchronous Serial Data Adapter (SSDA) (Cont'd.) Peripheral Interface Adapter, (PIA) (Cont'd.) 
Digital-TIL.Buffers/lnverters 8T95, 8T96, 8T97, 8T98) F68A52 Fairchild (1887) F6821 Fairchild 
(Cont'd.) F68852 Fairchild (1887) (1887,1889) 

MB486 Fujitsu MBL6852E Fujitsu 70 F68A21 Fairchild (1887) 
MB487 Fujitsu MBL6852H Fujitsu F68821 Fairchild (1887) 
MB488 Fujitsu MBL6852N Fujitsu MBL6820E Fujitsu 
MC6885 Motorola HD46852 Hitachi MBL6820H' Fujitsu 
MC6886 Motorola MC6852 Motorola (1973) MBL6820N Fujitsu 140 
MC6887 Motorola MC6852M t Motorola (1973) MBL6821E Fujitsu 
MC6888 Motorola 

MC68A52 Motorola (1973) MBL6821H Fujitsu 
Triple Bidirectional Bus Switch (also MC3449) 10 MC68852 Motorola (1973) MBL6821N Fujitsu 

MC6881 Motorola HD46821 Hitachi 
Synchronous Receiver/Transmitter (USRT, See also 

100 

HD468A21 Hitachi Clock, 2 phase (MC6870/71 from Motorola Interface-Serial Transmitters-Receivers) MC6820 Motorola Component Products Dept., Franklin Park, IL) 

I 
52350 AMI (634) MC6821 Motorola (1991) I MB8867 Fujitsu 

MC6821M t Motorola (1991) I I HD26501 Hitachi I I AsynCltronous Communications interface Adapter I 
MC6870 Motorola (ACIA) MC68A21 Motorola (1991) 

MC6871 Motorola S6850 AMI (1818) MC68821 Motorola (1991) 150 

MC6875 Motorola S6850M tAMI (1818) Bus Transceiver, (The 6880 is also called 8T26 and 

Clock Buffer 
S68A5O AMI (1818) the 6889 the 8T28, See Interface-Transceivers) 

MPQ6842 Motorola 20 
568850 AMI (1818) MB424 Fujitsu 
F6850 FairchHd MC6880 Motorola 

CRT Controller (1887,1891) MC6889 Motorola 
F6845 Fairchild (1887) F68A5O Fairchild (1887) 
HD46502 Hitachi F68850 Fairchild (1887) 90 Erasable PROM (1024x8) See Memory-PROMs, 
HD46505 Hitachi MBL6850E Fujitsu 1024x8 
MC6845 Motorola (1983) MBL6850H Fujitsu Memory Controller, p.P to 16K dynamic RAM(2 Device 
MC6845M tMotoroia (1983) MBL6850N Fujitsu Set) 
MC68A45 Motorola (1983) 

HD46850 Hitachi MC3480 Motorola 160 
MC68845 Motorola (1983) 

HD468A50 Hitachi MC3482 Motorola 
SY6545 Synertek 

MC6850 Motorola (1977) RAM (128x8) (See also Memory-RAM's) Digital Modulator (for differential phase shift keying 30 MC6850M t Motorola (1977) 56810 AMI (1790) system) MC68A5O Motorola (1977) S6810A AMI (1790) F6862 Fairchild MC688SO Motorola (1an) 56810M tAMI (1794) MC6862 Motorola (1966) SY6551 Synertek 100 S68A10 AMI (1794) 
DMA Controller Advanced Data Link Controller 568810 AMI (1794) 

F6844 Fairchild (1887) S6854 AMI (1826) F6810 Fairchild 
HD46504 Hitachi 568A54 AMI (1826) (1887,1888) 
MC6844 Motorola (1985) 

F6854 Fairchild (1887) F68A10 Fairchild (1887) 170 
MC6844M t Motorola (1985) 

F68A54 Fairchild (1887) F68810 Fairchild (1887) 
MC68A44 Motorola (1985) 

F68854 Fairchild (1887) HM46810 Hitachi MC68B44 Motorola (1985)" 40 
F6856 Fairchild HM468Al0 Hitachi 

Floppy Disc Controller (1887,1892) MCM681 0 Motorola 
F6843 Fairchild (1887) MBL6854 Fujrtsu MCM681OM tMotorola 
HD46503 Hitachi HD46854 Hitachi 110 MCM68A10 Motorola 
MC6843 Motorola (1987) MC6854 Motorola (1971) MCM68Bl0 Motorola 

Modem MC68A54 Motorola (1971) ROM, 110, Timer 
F6860 Fairchild MC68854 Motorola (1971) S6846 AMI (1817) 
F6862 Fairchild 

General Purpose Interface Ada~ter (IEEE 488 bus) F6846 Fairchild 180 
MC6860 Motorola (1887,1890) 
MC6860L Motorola (1968) S68488 AMI (1834) 

F68488 Faif'chHd MBL6846 Fujitsu 
MC6862 Motorola (1966) 50 

(,887:,890) HD46846 Hitachi 
Programmable Timer MBL68488 Fujitsu MC6846 Motorola (1981) 

S6840 AMI (1813) HD68488 Hitachi MC6846M t Motorola (1981) 
F6840 Fairchild MC68488 Motorola (1975) 120 MC68A46 Motorola (1981) 

(1887,1890) 
MC68488M t Motorola. (1975) MC68846 Motorola (1981) 

F68A40 Fairchild (1887) 
F68840 Fairchild (1887) 

MC68A488 Motorola (1975) ROM, I/O, Timer (CMOS) 

MBL6840 Fujitsu MC68B488 Motorola (1975) MD46846A tMitel 

HD46840 Hitachi HEF4738 Signetics MD46846AE Mitel 190 

MC6840 Motorola (1989) Peripheral Interface Adapter, (PIA) ROM (1024x8) (See also Memory-ROM's) 
MC6840M t Motorola (1989) 60 56820 AUI (1802) F6830 Fairchild 
MC68A40 Motorola (1989) 56821 . AMI F68308 Fairchild 
MC68840 Motorola (1989) (1798,1802) (1887,1889) 

Synchronous Serial Data Adapter (SSDA) S6821M tAMI (1798) F68A308 Fairchild (1887) 
S6852 AMI (1822) S68A21 AMI (1798) 130 F688308 Fairchild (1887) 
F6852 Fairchild S68821 AMI (1798) HD46830 Hitachi 

(1887,1891) F6820 Fairchild (1887) MCM65308 Motorola 
(Continued) (Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MICROPROCESSOR-System Components (Cont'd) 

Function Device Source Line Function Device Source 

6800 (Cont'd.) 8008 

ROM (1024x8) (See also Memory-ROM's) (Cont'd.) CPU 

MCM68A30A Motorola (1530) 8008 Intel 

MCM68B30A Motorola 8-Bit I/O Port (See listing under 8080) 
MCM68A308 Motorola (1530) 8212 Intel 
MCM68B308 Motorola IlPB8212 NEe Micro (2172) 

ROM (2048x8) (See also Memory-ROM's) 
S6831 AMI Bidirectional Bus Driver (See listing under 8080) 

(1215,1806) MB425 Fujitsu 

S6831 A AMI M8426 Fujitsu 

(1215,1806) 10 8216 Intel 

56831B AMI 8226 Intel 

(1215,1806) IlPB8216 NEe Micro (2184) 

F68316 Fairchild IlPB8226 NEC Micro (2184) 

(1887,1889) Analog input, MUX, AID converter 

F68A316 Fairchild (1887) MP20 Burr-Brown (659) 

F68B316 Fairchild (1887) Programmable Interval Timer (See listing under 8080) 
F68317 Fairchild 8253 Intel 
MC6832 Motorola ,...PD8253 NEe Micro (2221) 
MCM68A316 Motorola PrQgrammable Peripheral Interface (See listing under 

ROM (4096x8) (See also Memory-ROMs) 20 8080) 
MCM68A332 Motorol~ 8255A Intel 

IlPD8255 NEC Micro (2229) 
Development System 

/lPD8255A-5 NEe Micro (2229) 
MDC AMI (1853) 

Keyboard Display Controller (See listing under 8080) 

8X300 8279 Intel 

Priority Interrupt Control. (See listing under 8080) 
Microprocessor 8214 Intel 

N8X300 Signetics (1982) IlPBS214 NEe Micro (217S) 
saX300-1 t Signetics (2282) 
saX300-2 t Signetics (2282) 

Decoder, 1 of 8 (See listing under 8080) 
8205 Intel 

I/O Port, Synchronous, Field Programmable Address 
N8T32 Signetics (2291) 

Programmable Communication Interface (See listing 
under 8080) 

SST32 t Signetics (2291) 30 8251 AMD 
N8T33 Signetics (2291) 8251 Intel 
SST33 t Signetics (2291) IlPD8251 NEe Micro (2204) 

I/O Port, Asynchronous, Field Programmable Address 
8048 NST35 Signetics (2291) 

SST35 t Signetics (2291) '8-Bit Microcomputer (Mask Programmed ROM) 
N8T36 Signetics (2291) 8048 AMD 
SST36 tSignetics (2291) MBL8048 Fujitsu 

I/O Port, Latched Bidirectional MBL8049 Fujitsu 

N8T31 Signetics (2290) 8021 Intel (1936) 
8048 Intel (1934) 

Bus Expander, Addressable 40 S049 Intel (1935) 
N8T39 Signetics (2292) IlPDS021 NEe Micro (2085) 

Transparent Bus Expander IlPD8048 NEC Micro (2098) 

N8T58 Signetics (2294) IlPD8049 NEC Micro (2104) 
8021 Signetics 

RAM, Static (256x8) 8048 Signetics (2310) 
N8X350 Signetics (1678) 

8-Bit Microcomputer (Erasable PROM) 

8000 IlPD8741 NEC Micro (2090) 
8748 Intel (1934) 

Logic Processor 8748-4 Intel (1934) 

LP8000 GI IlPDS748 NEC Micro (2098) 
8748 

Clock Generator 
Signetics 

LP1030 GI 
8-Bit Microcomputer (External ROM) 

8035 AMD 
Input/Output Buffer 50 8035 Intel (1934) 

LP1010 GI 8035-4 . Intel (1934) 

Memory Interface 8039 Intel (1935) 

LP1000 GI 
8039-6 Intel (1935) 

IlPD8035 NEC Micro (2098) 
Program Memory (1024x8) IlPD8039 NEC Micro (2104) 

LP6000 GI 8035 Signetics (2310) 

t Military Temperature Range (-55' to 125'C) * Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Line Function Device Source lli: 

8048 (Cont'd.) 

8-bit Microcomputer (Mask Programmed ROM, 
on-board AID) 

8022 Intel (1937) 

PROM (Erasable), I/O 120 
8755A Intel (1946) 

60 j!PD8755A NEe Micro (2269) 

RAM, 110, Timer 
8155 AMD 
8155 Intel (1945) 
8155-2 Intel (1945) 
8156 Intel (1945) 
8156-2 Intel (1945) 

1lPD8155 NEC Micro (2164) 

IlPD8156 NEC Micro (2164) 
130 

ROM, I/O 
70 8355 AMD 

8355 Intel (1946) 
8355-2 Intel (1946) 

IlPD8355 NEC Micro (2269) 

Universal Peripheral Interface (Slave Microprocessor) 
8041 AMD 
8041 Intel (1939) 
8741 Intel (1939) 

1lPD8041 NEe Micro (2090) 
140 

I/O Expander for 8048 family 
80 8243 AMD 

8243 Intel 

IlPD8243 NEC Micro (2199) 
8243 Signetics (2313) 

Analog Input, Multiplexer, A/D Converter 
MP21 Burr-Brown (659) 
MP22 BIII'-Brown (659) 

Bidirectional Bus Driver. See 8216, 8226, etc. under 
8080 150 

M8425 Fujitsu 
M8426 Fujitsu 
8216 Intel 
8226 Intel 

90 IlPB8216 NEC Micro (2184) 

IlPBS226 NEe Micro (2184) 

Programmable Communication Interface (USART) See 
8251, etc. under 8080. 

8251 AMD 
8251 Intel 160 

IlPD8251 NEC Micro (2204) 

Decoder, 1 of 8. See 8205, etc. under 8080. 
8205 Intel 

CRT Controller. See 8275, etc. under 8080. 
100 

8275 Intel (1942) 

Floppy Disc Controller. See 8271, etc. under 8080. 
8271 Intel (1940) 

IlPD372 NEC Micro 

Keyboard/Display Controller; See 8279, etc. under 
8080. 170 

~-Bit I/O Port. See 8212, etc. under 8080. 
8212 Intel 
IlPB8212 NEC Micro (2172) 

110 Priority Interrupt Control. See 8214, etc. under 8080. 
8214 . Intel 
IlPB8214 NEC Micro (2178) 

Programmable Interrupt Controller. See 8259, etc. 
under 8080. 

8259 Intel 
8259-5 Intel (Continued) 180 
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Ie MASTER 

MICROPROCESSOR-System Components (Cont'd) 

Function Device Source line Function Device Source line Function Device . Source Una 

8048 (Cont'd.) 8080 (Cont'd.) 8080 (Cont'd.) 

Programmable Interrupt Controller. See 8259, etc. Bus Driver (See also Digital-Misc., Bus Drivers; System nming Controller' 
under 8080. (Cont'd.) Interface-Line Drivers) 9513 AMD 130 

p.PD8259 NEe Micro (2244) INS8202 National Decoder, 1 of 8 (See also Digital-TIL-Decoders, 3222, 
p.PD8259-5 NEe Micro (2244) INS8203 National 74LS138, etc.) 

Programmable Interval Timer. See 8253, etc. under Bidirectional Bus Driver (See also AM25LS138G AMD 

8080. Digital-Miscellaneous-Bus Drivers, Interface-Une AM25LSl38M tAMD 

8253 AMD Transceivers.) 8205 Intel 

8253 Intel 3216 AMD DM74LS138 National 

p.PD8253 NEe Micro (2221) M3216 tAMD 70 INS82LS05 National 

3226 AMD 
SN74LS138 TI 

Programmable Peripheral Interface. See 8255, etc. 10 
M3226 tAMD Display Controller 

under 8080. 
8216 AMD INS8247 National 140 

8255A AMD M8216 tAMD 
I 
I INSS,.. Na ... 

8255A Intel 8226 AMD 
p.PD8255 

Programmable Direct Memory Access Controller 
NEe Micro (2229) 

I M8226 tAMD I 8257 AMD I 
I /iPD8255A·S NEe Micro i2229j MB425 Fujitsu I I 9517C AMD I I 

SDLC Protocol Controller. See 8273, etc. under 8080. MB426 Fujitsu 

I~ 
9517M tAMD 

8273 Intel (1941) 8216 Intel 8257 Intel 

p.PD379 NEC Micro 8226 Intel 8257-5 Intel 

Development System 
M8216 tlntel 

I 
INS8257 National 

M5L8216 Mitsubishi p.PD8257 NEe Micro (2236) 
InteRec liDS Intel (1950) 20 

M5L8226 Mitsubishi I Cassette Controller 150 

8080 DP3216 National p.PD371 NEC Micro 
DP3226 National 
DP8216 National 

CRT Controller 
See also Z80 8275 Intel (1~2) 

CPU 
DP8226 National DP8350 National 
DP8304 National (793,238,297) 8080A AMD DS8833 National 

9080AC AMD INS8277 National 
DS8835 National 90 

9080AM tAMD INS8208 National Data-Encrylion Device (encrypts and decrypts data 
8080A Intel INS8216 National according to NBS standard) 
8080A-l Intel INS8226 National 8294 Intel 

8080A-2 Intel p.PB8216 NEe Micro (2184) Dynamic RAM Controller 160 
M8080A tlntel )lPB8226 NEC Micro (2184) 8202 Intel (1938) 
M5L8080A Mitsubishi 30 

Floppy Disc Controller 
INS8080A National (238) Clock Generator and Driver 

8224C AMD I 8271 Intel (1940) 
INS8080A·1 National (238) INS1791 National 

I INS8080A·2 National (238) 8224M tAMD I 
8224 Intel )lPD372 NEG Micro 

)lPD808OAF NEe Micro (2119) 
M8224 tlntel 100 Keyboard Encoder (See also Interface-Keyboard )lPD808OAf.1 NEe Micro (2119) 

IlPD808OAf.2 NEe Micro (2119) M5L8224 Mitsubishi Encoders) 

MSM3901 OKI 
DP8224 National INS8244 National 

8080A Signetics (2312) 
INS8224 National INS8245 National 

)lPB8224 NEe Micro (2188) INS8246 National 170 
TMS8080A TI 

SN54LS424 tTl Keyboard Display Controller 
Universal Peripheral Interface(Slave Microprocessor) 40 SN74LS424 TI 8279 AMD 

8041 AMD 
Asynchronous Communication Element 8279-5 AMD 

8041 Intel (1939) 
DP8250 National 827.9 Intel 

8741 Intel (1939) 
(2018,297) 8279-5 Intel 

p.PD8041 NEe Micro (2090) 
INS8250 National (2018) 110 M5L8279 Mitsubishi 

)lPD8741 NEe Micro (2090) p.PD369 NEG Micro 
M5L8279-5 MitSllJishi 

I/O Expander for 8041/8741 TR1983 Western 
)lPD8279 NEe Micro (2260) 

8243 AMD 
IlPD8279-5 NEe Micro (2260) 

8243 Intel 
Programmable Communication Interface (USART) General Interface Circuit (for DMA or interrupt 180 

8243 Signetics (2313) 
(See also Interface-Transmitters,Receivers) exchanges) 

9551C AMD )lPC6001 SMC 
Analog Input, 3¥4 Digit DVM with multiplexed output 50 9551M tAMD 

ADC3701 National 8251 AMD GPIB Talker/Listener Interface 

INS8294 National 8251 Intel 8291 Intel (1943) 

8251A 8-Bit I/O Latch (see also Digital-CMOS and TIL, 
Analog input, MUX, AID converter Intel 

MP20 Burr-Brown (659) 
M8251 tlntel 120 Latches) 

MP22 Burr·Brown (659) 
INS1671 National INS82C06 National 

ADC0816 National 
INS1971 National 8-Bit I/O Port 

(1073,1074,1084) 
INS8251 National 3212 AMD 

INS8292 National 
)lPD8251 NEC Micro (2204) M3212 tAMD 190 
flPD8251 A NEe Micro (2204) 8212C AMD 

Arithmetic Processing Unit 2651 Signetics (2304) 8212M tAMD 
9511C AMD 60 8251 Signetics MB471 Fujitsu 
9511M tAMD TMS550i TI (Continued) 

t Military Temperature Range (_55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MASTER SELECTION GUIDE 

MICROPROCESSOR-System Components (Cont'd) 

Function Device Source Une Function Device Source Une Function Device Source Une 

8080 (Cont'd.) 8080 (Cont'd.) 8080 (Coht'd.) 

8-Bit 110 Port (Cont'd.) System Controller and Bus Driver (Cont'd.) ROM (1024x8) (See also Memory-ROM's 2308) 
8212 Intel 8228 Intel 9208 AMD 
M8212 tlntel M8228 tlntel 8308 Intel 
M5L8212 Mitsubishi 8238 Intel 70 M58730 Mitsubishi 
DP8212 National M5L8228 Mitsubishi IlPD2308 NEC Micro 
INS8212 National DP8228 National ROM (2048x8) (See also Memory-ROM's 2316A) 
IlPB8212 NEe Micro (2172) DP8238 National 8316A AMD 
SN54S412 ttl INS8228 National 8316E AMD 
SN74S412 TI INS8238 National 9216 AMD 140 

8-Bit I/O Port, B~irectional 10 IlPB8228 NEe Micro (2193) 8316A Intel 

DP8213 National IlPB8238 NEe Micro (2193) M58731 Mitsubishi 

Multifunction I/O Controller, (asynchronous SN74S428 TI MM2316A National 

SN74S438 TI MM8316A National 
communications interface, 1/0 buffers, interrupt 

TIM8228 TI 80 MM8316E National 
control, interval timers) 

TIM8238 TI p.PD2316A NEC Micro 
TMS5501 TI p.PD2316E NEC Micro (1633) 

Priority Interrupt Control RAM(128x8), ROM(2048x8), I/O 
ROM(4096x8) (See also Memory-ROMs) 

AM25LS2513C AMD DP8356 National 
MM8332 National 

AM2914C AMD RAM (128x8) with 16-Bit I/O IlPD2332 NEe Micro (1637) 
AM2914M tAMD 20 INS81£4 National 150 
8214 Intel TMS4732 TI 
M8214 tlntel Erasable PROM (256x8) (See also Memory-PRaM's, 

IlPB8214 NEe Micro (2118) 1702A series) ROM(8192x8) (See also Memory-RaM's) 
8702A AMD MM8364 National 

Programmable Interrupt Controller 8702A Intel MM8364E National 
9519C AMD 

M5L1702A Mitsubishi 90 IlPD2364 NEe Micro (1640) 
9519M tAMD 
8259 Intel 

MM1702AQ National ROM, BASIC Interpreter 

8259-5 Intel IlPD454 NEC Micro EA3280 EA 

INS8259 National Erasable PROM(512x8) (See also Memory-PROMs, INS8298E National 

p.PD8259 NEe Micro (2244) 2704) Floating Point Arithmetic 
30 2704 AMD FP708 Novonics '160 

flPD8259-5 NEe Micro (2244) S2704A AMI Development System 
Programmable Interval Timer Erasable PROM (1024x8) (See memory-PROM's Intelee MDS Intel (195~) 

8253 AMD 2708) 
8253 Intel 8085A 
INS8253 National RAM (256x4) (See' also Memory-RAM's 2101, 2111 

IlPD8253 NEe Micro (2221) series) 100 Many devices for the 8080 are also suitable for the 

Programmable Peripheral Interface 
8101 AMD 8085 
8111 AMD CPU 9555C AMD 8101A-4 Intel 8085A AMD 9555M tAMD 

8255A Intel 
8111A-4 Intel ·8085A Intel (1944) 40 

M8255A tlntel 
INS74C920 National 8085A-2 IOtel (1944) 

M5L8255 Mitsubishi 
MM8101A-4 National M5L8085 Mttsubishi 

INS8254 National 
MM8111A-4 National flPD8085A NEe Micro (2133) 

INS8255 National JlPD2101Al NEe Micro (1586) 170 

IlPD8255 NEe Micro (2229) IlPD2111 NEe Micro (1595) 
PROM (Erasable), I/O 

p.PD8255A-5 NEe Micro (2229) RAM (1024x1) (See also Memory-RAM's 2101A 110 8755A Intel (1946) 
2655 Signetics (2308) series) p.PD8755A NEe Micro (2269) 
8255 Signetics 8102A-4 AMD RAM, 110, Timer 

SDLC Protocol Controller 8102A-4 Intel 8155 AMD 
8273 Intel (1941) 50 M8102A tlntel 8155 Intel (1945) 
INS1933 National M58751 Mitsubishi 8155-2 Intel (1945) 
IlPD379 NEC Micro MM2102A National 8156 Intel (1945) 
SD1933 Western p.PD2102AL NEe Micro (1591) 8156-2 Intel (1945) 

Multi-Protocol Communications Controller (SDLC, RAM (4096x1) (See also Memory-RAM's 2107, 5280 IlPD8155 NEe Micro (2164) 
180 

ADDCP, BiSync, DDCMP) series) 
IlPD8156 NEe Micro (2164) 

2652 Signetics (2306) MB81 07 Fujitsu 120 
2652-1 Signetics (2306) 8107B-4 Intel ROM,I/O 

Advanced Protocol Controller (SDLC, ADCCP) M58755 Mitsubishi 8355 AMD 

INS8283 National MM5270 National 8355 Intel (1946) 

JlPD411 NEe Micro (1547) 8355-2 Intel (1946) 
Synchronous Receiver/Transmitter (BiSync, SDLC) 60 TMS4060' TI IlPD8355 NEe Micro (2269) 

IlPD379 NEC Micro Analog Input, Multiplexer, AID Converter RAM: 16K and larger, See Memory-Static or 
System Controller and Bus Driver Dynamic RAMs MP21 Burr-8rown (659) 

8228C AMD 
8228M tAMD ROM (256x8) (See also Memory-RaM's 1302) Bidirectional Bus Driver. See 8216, 8226, etc. under 

8080. 190 
8238C AMD 8302 Intel 

8216 Intel 
8238M tAMD MM5213 National 130 

8226 Intel 
(Continued) DP8302 National uPB8216 NEe Micro (2184) 

t Military Temperature Range (_55' to 125'C) • Typical Values 
(Continued) 
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MICROPROCESSOR-System Components (Cont'd) 

Function Device Source Line Function Device Source line Function Device Source li1e 

808SA (Cont'd.) 808SA (Cont'd.) 9900 (Cont'd.) 

Bidirectional Bus Driver. See 8216, 8226, etc. under RAM (1024x8) (See also: Memory-RAMs) Clock Generator and Driver (4-phase for 9900) 
8080. (Conl'd.) 8185 Intel (Cont'd.) 

f.lPB8226 NEe Micro (2184) Development System TIM9904 TI 

Programmable Communication Interface (USART) Intellec lOS Intel (19SO) Bubble Memory Controller 
8251 AMD TMS9916 TI 120 
8251 Intel 8086 TMS9922 TI 
f.lPD8251 NEe Micro (2204) 

Many devices for the 8080 are also suitable for the 
CRT Controller 

Decoder, 1 of 8. See 8205, etc. under 8080. 8086 
TMS9927 TI 

8205 Intel DMA Controller 
CPU, 16-bit 70 

S9911 AMI Programmable Direct Memory Access Controller. 10 8086 Intel (1947) 
8257 AMD TMS9911 TI 

8257 Intel 

I 

Octal Latch, Non-Inverting 
Floppy Disc Controller 

8257-5 Intel 8282 Intel (1948) TMS9909 TI 
f.lPD8257 NEe Micro (2236) I Octal Latch, Inverting Data Selector/Multiplexer (See also 

1 Cassette Controller 1 8283 intei (1948) 1 DigHal-TTL-Multiplexers 74LS251) 1301 
f.lPD371 NEC Micro Clock Generator IlPB74LS251 NEe America 

CRT Controller. See 8275, etc. under 8080. 8284 Intel (1948) SN54LS251 ttl 

8275-5 Intel (1942) Octal Bus Transceiver, Non-Inverting 
SN74LS251 TI 

8286 Intel (1948) 
TIM9905 TI 

Floppy Disc Controller. See 8271, etc. under 8080. 
8271 Intel (1940) 20 Octal Bus Transceiver, Inverting 80 

GPIB Controller 

IlPD372 NEC Micro 8287 Intel (1948) 
TMS9914 TI 

Keyboard Display Controller-See listing under 8080 Bus Controller 
Priority Encoder (See also Digital-TTL-Miscellaneous, 

8-Bit 1/0 Port. See 8212, etc. under 8080. 8288 Intel (1948) 
Priority Encoder, 74LS148) 

SN74LSl48 TI 
MB471 Fujitsu Programable Interrupt Controller TIM9907 TI 140 
8212 Intel 8259A Intel 
f.lPB8212 NEe Micro (2172) Priority Encoder, 8-Line to 3-Line, three state 

Development System SN74LS348 AMD 
Priority Interrupt Control. See 8214, etc. under 8080. Intalec MDS Intel (1950) SN74LS348 TI 

8214 Intel TIM9908 ~ TI 
IlPB8214 NEe Micro (2178) 9080-See 8080 Series Programmable Systems Interface (interrupt 

Programmable Interrupt Controller. 30 prioritization, I/O control and interval timing) 
8259 Intel 9440 59901 AMI (1844) 
8259-5 Intel TMS9901 TI 
Il-PD8259 NEe Micro (2244) CPU, 16-Bit 

i 90 

Synchronous Communication Controller (Bi-Sync and 
f.lPD82Sg.s NEe Micro (2244) 9440C Fairchild (1903) SDLC) 150 

Program:r.able ~nterva~ T:mer 9440M t Fairchild (1903) 59903 AMI (1848) 
8253-5 AMD Memory Control Unit TMS9903 TI 
8253-5 Intel 9441C Fairchild Asynchronous Communication Controller (UART) (See 
Il-PD8253 NEe Micro (2221) also Interface-Serial Transmitters-Receivers) I/O Control Unit 

Programmable Peripheral Interface. 9442C Fairchild 59902 AMI (1846) 
8255A-5 AMO 40 TMS6011 TI 
8255A-5 Intel 9900 TMS9902 n 
IlPD8255A NEC Micro 8-Bit Addressable Latch 

SOLC Protocol Controller. See 8273, etc. under 8080. Microprocessor SN54LS259 tn 
8273 Intel (1941) S9900 AMI (1840) SN74LS259 TI 160 
Il-PD379 NEC Micro 59980 AMI (1851) TIM9906 TI 

S9981 AMI (1851) 
GPIB Talker/Listener Interface SMC9980 SMC 100 Programmable Communications Register(CRU),I/O 

8291 Intel (1943) SBP9900AE TI Expander 

ROM(2048x8) and 1/0 SBP9900AC TI SBP9960C TI 

Il-PD83SS NEe Micro (2269) SBP9900AM ttl 
SBP9960M tTl 

Erasable PROM, 1/0 50 
TMS9900 TI Interrupt Controller ITimer 
TMS9980A TI SBP9961C TI 

8755A Intel (1946) 
TMS9981 TI SBP9961M ttl 

/lP087S5A NEe Micro (2269) 
TMS9985 TI Octal Fiber -Optics Serial Transmitter, Expandable 

Universal Peripheral Interface(slave microprocessor) 
Microcomputer, 16-Bit SBP9962C n 170 

8041 • AMD 
8041 59940 AMI (1850) SBP9962M tTl 

Intel (1939) 
8741 Intel (1939) TMS9940 TI 110 Serial Rber Optics TranSmitter, with expandable octal 

Il-PD8041 NEe Micro (2090) Microcomputer, 16-Bit(Erasable PROM) demultiplexer 

f.lPD8741 NEe Micro (2090) TMS9940E TI SBP9963C TI 

I/O Expander Clock Generator and Driver (4-phase for 9900) SBP9963M 

8243 AMD 60 S9904 AMI SBP9963M ttl 

8243 Intel SN54LS362 ttl 8-bit Parrallel Byte Multiplier 
Il-PD8243 NEe Micro (2199) SN74LS362 TI SBP9708C TI 
8243 Signetics (2313) (Continued) (Continued) 

t Mlhtary Temperature Range (_55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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MICROPROCESSOR-System Components (Cont'd) 

Function Device Source Line Function Device Source 

9900 (Cont'd.) 58840 (Cont'd.) 

8-bit Parrallel Byte Multiplier (Cont'd.) Microcomputer Evaluator 

SBP9708M tTl M58842 Mitsubishi 

Memories: See Memory: PROMs, RAMs (Dynamic or 68000 
Static), and ROMs 

6800 devices are suitable for the 68000 
10800 Microprocessor, 16-bit 

Arithmetic logic Unit, 4-Bit Slice 
MC68QOO Motorola 

MC10800 Motorola General Purpose 
Microprogram Control Function 

Analog Input, Multiplexer, A/D Converter MC10801 Motorola 
MP20 Burr-8rown (659) 

Memory Interface MP21 Burr-Brown (659) 
MC10803 Motorola 10 MP22 Burr-Brown (659) 

Timing Function, 4 Phase Analog Input, Multiplexer, AID (Analog to Pulse Width 
MC10802 Motorola Output) 

4-Bit Bidirectional Translator with latch 
~9708 Fairchild (944) 

MC10804 Motorola Analog Output, D/A Converter, latched Input 
NE5018 Signetics (808) 

5-Bit Bidirectional Translator with latch 
MC10805 Motorola Analog Output, Dual D/ A Converter 

MP10 Burr-8rown (659) 
5-Bit ECl Transceiver with latch MP11 Burr-Brown (659) 

MC10807 Motorola 
Arithmetic Processor 

Dual Address Register(32x9 Stack) . 9511 AMD 
MC10806 Motorola 20 9511-4 AMD 

Multibit Shifter(16-Bit Programmable Shifter) 
MM57109 National 

MC10808 Motorola 
TMS10.18 TI 

Arithmetic Processor, 4 function ASCII Floating Point 
Memories (See Digital-ECl-Memories and Computations 
Memory-PROMs/ROMs) CY-450 Cybernetic 

14500 Bubble Memory Controller 
TMS9923 TI 

CPU, l-Bit, Industrial Control Unit Sequence Controller 
MC14500B Motorola (2009) 57110 tMMI 

latch,8-Bit 67110 MMI 

MC14597BA t Motorola Display Controller (Dot), lED and Keyboard Interface 
MC14597BC Motorola MTX-A1 Matrox 

MC14598BA tMotorola 30 Display Controller (Segment), Keyboard Interface 
MC14598BC Motorola MTX-Bl Matrox 
MC14599BA t Motorola 

Control Sequencer (to control fetch sequence of 
MC14599BC Motorola microinstructions) 

141000: See 1000 series 
N8X02 Signetics (2280) 

CRT Controller 
DP8350 National 

67000 (793,238,297) 

Microcontroller 
CRT Processor 

5701 tMMI 
SFF96364 NPC 

6701 MMI CRT Processor, with external sync. 
SFF96366 NPC 

Microprogram Control Unit 
57110 tMMI CRT Video Display Controller, Video Generator 

CRT8002 SMC 67110 MMI 

FIFO Memory (64x4) (See also Memory-FIFO's) 40 
CRT Video Timer-Controller, Programmable 

57401 tMMI (1472) 
HD46505 Hitachi 
CRT5027 ·SMC 

67401 MMI (1472) TMS9927 TI 
Multiplier (8x8) CRT Video Timer-Controller, Programmable Interface 

57588 tMMI CRT5037 SMC 
67558 MMI (495) 

Direct Memory Access( 16-Bit) 

58840 DM1883 Westem 

Priority Interrupt Controller 
Microcomputer, 4-bit, with 8-bit AID MC6828 Motorola 

MP58840 Mitsubishi (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Ie MASTER 1979 

MASTER SELECTION GUIDE 

Line Function Device Source Li1e 

General Purpose (Cont'd.) 

Priority Interrupt Controller (Cont'd.) 
MC8507 Motorola 

Floppy Disc Controller/Transmitter (IBM 3740 
compatible} 

50 HD46503 Hitachi 
INS1771 National 
IlPD372 NEC Micro 110 
T3444A Toshiba 
FD1771 Western 
FD1781 Western 
FD1781411 Westem 
FD1791 Westem 

Floppy Disc Controller, Two-Sided 
T3444D Toshiba 

Single/Double Density Floppy Disc Controller 
IlPD765 NEC Micro (2146) 

Cassette Controller 120 
60 HD46502 Hitachi 

IlPD371 NEC Micro 
T3444B Toshiba 

Printer Controller, for 5x7 dot matrix printer 
CY-480 Cybernetic 

Plasma Display Controller and ASCII Keyboard 
Interface 

CY-3oo Cybernetic 

Synchronous Serial Data Adapter 
F6852. Fairchild 130 

70 (1887,1891) 
MC6852 Motorola (1973) 

Asynchronous Communication Interface Adapter 
S6850 AMI (1818) 
S6850M . tAMI (1818) 
568ASO AMI (1818) 
5688SO AMI (1818) 
F6850 Fairchild 

(1887,1891) 
F68ASO Fairchild (1887) 140 

. MC68SO Motorola (19n) 

80 MC68ASO Motorola (1m) 
MC688SO Motorola (1m) 

General Purpose Interface Adapter (IEEE488 Bus) 
HEF4738 Signetics 

TV Interface (64x64 color segments display) 
M58741 Mitstilishi 

TV Sync Generator (PAL) 
2621 Signetics (2300) 

TV Sync Generator (NTSC) 150 
2622 Signetics (2300) 

90 Peripheral Interface Adapter 
56820 AMI (1802) 
56821 AMI 

(1798, 1802) 
56821M tAMI (1798) 
S68A21 AMI (1798) 
568821 AMI (1798) 
F6820 Fairchild (1887) 
F6821 Fairchild 160 

(1887,1889) 
F68A21 Fairchild (1887) 
F68821 Fairchild (1887) 

100 MCS6520 MOS 
MCS6522 MOS 
MC6820 Motorola 
MC6821 Motorola (1991) 

(Continued) 
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MICROPROCESSOR-System Components (Cont'd) 

Function Device Source Line 

General Purpose (Cont'd.) 

Peripheral Interface Adapter (Cont'd.) 
MC68A21 Motorola (1991) 
MC68B21 Motorola (1991) 
SV6520 Synertek 
SV6522 Synertek 

Video Display Generator 
S68047 AMI (1830) 
F6847 Fairchild (1887) 
HD46847 Hitachi 
MC6847 Motorola (1979) ,10 

Universal Video Interface 
2637 Signetics 

I I 
Programmable Video Interface Controller 

I 2636 Signetics (2301) 

I Video Interface Controller (reads p.P formatted data, I I 
supplies graphic signals to modulator) 

MCS6560 MaS 

Addressable Peripheral Driver 
NE590 Signetics (807) 
NE591 Signetics (807) 20 

Sound Generator 
AY3-8910 GI 
AY3-8912 GI 
ICM7219 Intersil 
SN76477 TI 

See slso Interface-Error Checking Circuits Keyboard 
Encoders, Une Circuits, Memory and Peripheral 
Drivers, Serial Transmitters/Receivers; 
Memory-EAROMs, FIFOs, UFOs, PLAs, PROMs, 
RAMs, ROMs 30 

t Military Temperature Range (-55' to 125'C) • Typical Values 

Bold face indicates additional data is provided on the page noted. 
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"I need to know if this device exists, and if there are . 
any alternate sources. Where do I start?" 

• Memory IC • CMOS 
• RAM • 250 Nanoseconds. 
• Static • 5 Volts 
• l024xl 

If you're spending hours to solve a problem similar 
to the one above, youre behind the times ... 

It only takes a few seconds with HTHE MASTER~' 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 

(liE) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

... alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section ... a complete 
part numbering gUide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 
applications note? Who is my closest 
distributor - etc. 



AMII~ Selection Guide 

The AMI S6800 Microcomputer Systems Family 

Part No. Description Power Supplies Input/Output Packages 

S6800 8-Bit Microprocessor (1.0MHz Clock Rate) +5V TTL 40 Pin SB 
S68AOO 8-Bit Microprocessor (1.5MHz Clock Rate) +5V TTL 40 Pin SB 
S68BOO 8-Bit Microprocessor (2.0MHz Clock Rate) +5V TTL 40 Pin SB 
S6801 8-Bit Microcomputer +5V TTL TBA 
S6802 1024 Bit (128x8) Microprocessor TTL 40 Pin 
S6809 High Performance Monolithic Microprocessor +5V TTL TBA 
S6810A 1024 Bit (128x8) Static Read/Write Memory 24 Pin C, P 

(450ns Access Time) 

I 
+5V DTL/TTL "40 Pin C, P 

S6810A-l 1024 Bit (128x8) Static Read/Write Memory 
/24 Pin C, P (350ns Access Time) +5V TTL/CMOS 

S68AIO 1024 Bit (128x8) Static Read/Write Memory 
(360ns Access Time) +5V TTL 24 Pin SB 

S68BI0 1024 Bit (128x8) Static Read/Write Memory 
(250ns Access Time) +5V TTL 24 Pin SB 

S6820 Peripheral Interface Adapter (PIA) +5V TTL 40 Pin 

S6821 Peripheral Interface Adapter (PIA) +5V TTL 40 Pin 

S68A21 Peripheral Interface Adapter (PIA) +5V TTL/CMOS 40 Pin SB 

S68B21 Peripheral Interface Adapter (PIA) +5V TTL/CMOS 40 Pin SB 
S6831A 16,384 Bit (2048x8) ROM +5V TTL 24 Pin P, E, C 
S6831B 16,384 Bit (2048x8) ROM +5V TTL 24 Pin P, E, C 
S6834 4096 Bit (512x8) EPROM +5V, -12V Three-State 24 Pin C 
86840 Programmable Timer +5V TTL 28 Pin 
S6846 NM08 Combination ROM, I/O, Timer +5V TTL 4{} Pin P, C 

86850 Asynchronous Communication Interface Adapter +5V TTL 24 Pin S, E, P 
S68A50 Asynchronous Communication Interface Adapter +5V TTL 24 Pin SB 
S68B50 Asynchronous Communication Interface Adapter +5V TTL 24 Pin SB 
86852 . Synchronous Serial Data Adapter (SSDA) +5V TTL 24 Pin C, P 
S6854 Advanced Data Link Controller +5V TTL 24 Pin C, P 
S68A54 Advanced Data Link Controller +5V TTL 24 Pin C, P 
S68047 Video Display Generator +5V TTL 40 Pin P, S 
S68488 General Purpose Interface Adapter (GPIA) +5V TTL 40 Pin P 

The AMI S9900 Microcomputer Systems Family 

Part No. Description Power Supplies Input/Output Packages 

S9900 16-Bit Single Chip Microprocessor +12V, ±5V TTL 64 Pin Package 

S9901 Programmable Systems Interface Circuit +5V TTL 40 Pin Package 
S9902 Asy,nchronous Communications Controller (ACC) +5V TTL 18 Pin Package 
S9903 Synchronous Communications Controller (SCC) +5V TTL 20 Pin Package 
S9940 16-Bit Single Chip Microcomputer +5V~ TTL 18 Pin Package 
S9980 16-Bit Single Chip Microcomputer +5V TTL 40 Pin Package 
S9981 16-Bit Single Chip Microcomputer +5V TTL 40 Pin Package 

(P) = Plastic Package, (E) = Cer-DIP Package, (C) = Ceramic Package, (S) = SLAM Package, (SB) = Side Brazed Package 
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AMII® S2000 Single-Chip Microcomputer Family 

S2000 Single·Chip Microcomputer Family 

AMI's 82000 family of single-chip microcomputers of­
fers a wide range of capability to the user seeking flexi­
ble, adaptable system(s) at low cost. The 82000 family 
provides the ideal solution to appliance and industrial/ 
process-control applications. With versatile keyboard­
oriented inputs, and outputs which can drive either 
LED or fluorescent displays directly, the 82000 family is 
designed specifically to minimize system parts count· 
and cost. 
Table I. S2000 Family Features 

82000 82150 82200 82400 

ROM (x8) 1K 1.5K 2K 4K 
RAM (x4) 64 80 128 128 
Interrupts - - 3 3 
AID CONV (8 Channel) - - 8-Bit 8-Bit 
Counter ITimer 750/760 750/760 8-Bit 8-Bit 
Max Subroutine Levels 3 3 5 5 
Instructions 51 51 . 59 59 
Cycle Time (Jls) 4.5 4.5 4.5 4.5 
High Voltage 
(Fluoresce!)t Display S2000A S2150A S2200A S2400A 
Drive Version) 

The 82000 family provides the advantages of computer 
architecture to low cost, minimum-parts-count display/ 
keyboard oriented control systems. 
S2000/2150 Features 

o 1024 x 8 Program ROM On-Chip; Externally 
Expandable to 8192 x 8 - S2000 

o 1536 x 8 Program ROM On-Chip; Externally 
Expandable to 8192 x 8 - S2150 

,0 64 x 4 Scratchpad RAM On Chip - S2000 

o 80 x 4 Scratchpad RAM On-Chip - S2150 

o 13 Outputs and Inputs, Plus 8 Bi-Directional 
Three-State Lines 

o Touch Cont~olTM Capacitive Touchplate .Interface 

o Seconds Timer for Both 60Hz and 50Hz Lines 

o 7 -Segment Decoder and LED Display Drivers 
On Chip 

o Single 9.0 Volt Supply 

. 0 Fast 4.5JLs Execution Cycle 

o Three-Level Subroutine Stack 

0' TTL-Compatible Outputs 

o Reset, Test, and Single Step Modes 

o Access to All Internal Registers and Memory 
for Debug and Test 

D Crystal Input for Accurate Clocking - S2150 

D Low Power RAM Retention, 20JLA/Bit Typ @ 

4V - S2150 

©IC MASTER 1979 

S2000A/2150A Vacuum Fluorescent Display 

The S2000A/2150A are identical to the 82000/2150 but 
provide high voltage fluorescent display capability. The 
output buffer drive (VDD) is changed to a vacuum 
fluorescent drive (VFD) and typically tied to 32 volts. 
The Do through D7 and Ao through A4 are changed from 
LED drivers (nominal 5 volts) to vacuum fluorescent 
drivers (nominal 26 volts). 
S2200/2400 Features 

The 82200/2400 provide a quantum jump in chip 
features beyond the 82000. In addition to all the 
features the 82000 offers, the 82200 gives the added 
flexibility of interrupts and the sophistication of an on­
chip A/D or D/A converter capable of multiplexing 8 
channels. of analog data making it suitable for a wide 
range of applications. 

D 2048 x 8 Program ROM On Chip Expandable 
to 8192 x 8 - S2200 

0 4096 x 8 Program ROM On-Chip; Externally 
Expandable to 8192 x 8 - S2400 

D 128 x 4 Scratchpad RAM On Chip 

D RAM Save Power Down Mode IMask Option) 

[J Two-Level Maskable Priority Interrupt 
System with Provision for Software Interrupt 

D Programmable 8-Bit Timer/Event Counter On 
Chip 

0 13 Outputs, 9 Inputs, Plus 8 Bi-Directional 
Three-State Lines 

D Touch Control™ Capacitive Switch Interface 

D 7 -Segment Display Decoders and LED Drivers 

D TTL-Compatible Outputs 

D Single + 9V Power Supply 

D 4.5JLs Cycle Time 

0 59 Instructions - 52 Single Byte and Single Cycle 

D 3-Level Subroutine Stack 

D 2-Level Interrupt Stack 

0 Built-In Production Test Mode 

0 Single-Step Capability 

0 Power-Fail Detect, RAM Keep-Alive and 
Power-On Reset Circuitry 

D 8-Bit A/D Converter (Up to 8 Channels) 

D D/A Converter Capability (Mask Option) 

0 Up to 256 General Purpose Flags 

D 6 Special Flags 

D Table Look-Up Capability 

D S2200A/2400A Vacuum Fluorescent Display 
Capability 
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AM\I~ 82000 FAMILY 

52000 Family 
I S2000 I S2000A I S2150 I S2150A I S2200 S2200A S2400 S2400A 

Product 
Characteristics 
ROM (Bytes) 
RAM (Nibbles) 

iK 
64 

1K 
64 

1.5K 
80 

1.5K 2K 2K 4K 4K 
80 128 128 128 128 

AID Converter (8-Bit) 
Timer 

- YES YES YES YES 

Interrupts 
Power Fail Detect 
High Voltage Outputs 
Crystal Clock Option 
TouchControl Inputs 
Levels of Subroutine 
# of Flags 
Power-Down 

50/60Hz 50/60Hz 50/60Hz 

= I, 

50/60Hz PROG 8BITPROG BBlTI PROG 8BIT PROG BBlT 
- 3 3· 3 3 

, -. I YES YES, YES I YES 
- YES I YES ,- YES - YES 

RAM Option 
D/A Converter Option 
Zero - Crossing 

Detect 
Cycle Time (jtSec) 
Instructions - Total 

Single Cycle & Byte 

Development Support 

Microcomputer 
Development Center 
Logic Analyzer 

YES 
3 
2 

YES 

4.5 
51 
49 

YES 

YES 

YES 
3 
2 

YES 

4.5 
51 
49 

YES 

YES 

YES 
YES 

3 
2 

YES 

YES 

4.5 
51 
49 

YES 

YES 

YES 
YES 

3 
2 

YES 

YES 

4.5 
51 
49 

YES 

YES 

YES 
YES 

5 
262 
YES 

YES 
YES 

4.5 
59 
52 

YES 

YES 

YES 
YES 

5 
262 

YES 

YES 
YES 

4.5 
59 
52 

YES 

YES 

YES 
YES 

5 
262 
YES 

YES 
YES 

4.5 
59 
52 

YES 

YES 

YES 
YES 

5 
262 
YES 

YES 
YES 

4.5 
59 
52 

YES 

YES 
Hardware Emulator #2150 #2150A #2150 #2150A #2400 #2400A I #2400 #2400A 

52000 Family Support 
The S2000 single-chip microcomputer family, unlike many 
microprocessors, does not leave the designer or industrial 
OEM uns.upported. The S2000 Family features a proven array 
of development aids: 

Microcomputer Development Center fMDCl - AMI's MDC is 
a fully equipped, dual-floppy disk-based microcomputer 
development facility, complete with FDOS-II Floppy-Disk­
Operating and File Management System. Controlled from its 
CRT terminal, MDC provides instant access to program and 
data files resident on removable diskettes. 

Development Software - The MDC's software includes self­
diagnostics and a comprehensive Text Editor and PROM pro­
grammer package that support S2000 software development. 
In addition, S2000 software includes a MACRO Assembler, 
Loader, and Instruction Simulator. 

Cross-Assemblers editor and simulator debug - Available on 
a major timesharing service. 

Logic Analylzer - The MDC-140 Logic Analyzer is an ad~ 
vanced debug tool connected as a peripheral device of the 
AMI Microcomputer Development Center ·(MDC). Features 
include: 

- Captures 1024 Events of 40 Parallel Inputs 
- Captures Data Under Control of Programmable Start on 

Data Content 
- Delay of - 1024 to + 54K Clock Periods 
-Setup and Display of Captured Dat.a Under Control of MDC 

Software 
- Display Format is User-Definable; Captured Data Can Be 

Displayed in a Mix of Hex, Octal, Binary, ASCII and Special 
Formats for Support of S6800, S6820, S2000, 8080, etc. 

- Four Clock Sources 
-Input Voltage Range = - 15 to + 15 volts 
- Adjustable Input Thresholds 
- Data-Dependent Output for Triggering an Oscilloscope 

SES-2150fAIISES-2400fA) - The SES-2150/2400 Emulator 
boards are pin-for-pin substitutes for S2000 microcomputer 
family chips. The Emulator Boards use conventional UV 
erasable PROMs for program storage. 
In addition, a specialized module is used to provide emulation 
of the S2150A/S2400A high voltage vacuum fluorescent 
display drivers. 

Customer Assistance - AMI's S2000 Family Applications 
Engineering Staff is readily available for consultation regard­
ing any aspects of S2000 Family usage. The AMI staff is also 
available to discuss any special modifications to the S2000 for 
high volume applications. 
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AMJI@ 82000 FAMILY 

S2000 Family Instruction Set Summary 

The 82000 and 82150 contain 51 instructions, all single Nearly all 82000/2150 instructions are common to the 
byte, with 49 that are single cycle. The 82200 and 82400 entire family, which allows the programmer to develop 
contain 59 instructions, of which 52 are single cycle and. software expertise and easily move up the S2000 pro-
single byte. duct line. 

, Register Instructions 

S2ooo/2150 

LAIX 
LAB 
LAE 
XAB 
XABU 
XAE 
LBE Y 
LBZ Y 
LBF Y 
LBEP Y 

S2200/2400 

LA! X 
LAB 
LAE 
XAB 
XABU 
XAE 
LBE Y 
LBZ Y 

SRB 
RRB 
LMDI X + 
RAR 
XAK 
LANG 
LNMA 
MOD 
RBIN 

RAM Instructions 

S2000/2150 S2200/2400 

LAM y* LAM y* 
XC y* XC y* 
XCI y* XCI y* 

XCD y* XCDY* 

STM·Z STM Z 
RSM Z RSM Z 

LMA 
STMI Z + 
RSMI Z + 

Input/Output Instructions 

S2000/2150 S2200/2400 

INP IND 
OUT OUT 
DISN DISN 

DISB DISB 
MVS MVS 
PSB P8H 
PSL PSL 
EUR 

INK 
+ 8 bits in the second byte of an instruction. 

X-ACC, 0~X~15; (In S2000/2150 Select I and K Inputs also) 
BL-ACC 
E-ACC 
BL-ACC 
BU -ACC, (IN S2150, BITS 2, 1, AND 0; IN OTHERS, BITS 1 AND 0 ONLY) 
ACC-E 
Y -BU, E-BL, O~Y ~3 
Y -BU, O-BL, O~Y ~3 
Y -BU, I5-BL, O~Y ~3. 
Y -BU, E + I-BL, O~Y ~3 
I-BA 
O-BA 
X(6)-BA, X(5 - 4)-BU, X(3 - o)-BL 
ACC(I)-ACC(I -1), ACC (O)-CARRY, CARRY -ACC(3) 
KSR-ACC 
ACC-AR (3 - 0), RAM-AR(7 - 4) 
ACC-NR(3 - 0), RAM-NR (7 - 4), THEN NR-BIN 
ACC-MOD(3 - 0), RAM-MOD(7 - 4) 
BIN(3 - 0)- ACC; BIN(7 - 4)- RAM 

RAM-ACC,BU Ell Y -BU 
RAM-ACC, BU Ell Y-BU 
ACC - RAM, BL + 1-BL, BU Ell Y - BU SKIP IF BL = 0 (AFTER 
INCREMENT) 
ACC - RAM, BL - 1-BL, BU Ell Y - BU SKIP IF BL = 0 (BEFORE 
DECREMENT) 
I-RAM BIT Z, 0~Z~3 
O-RAM BIT Z, 0~Z~3 
ACC-RAM 
I-RAM BIT Z, 0~Z~255, (RAM BANK 1) 
O-RAM BIT Z, 0:5Z:5255, (RAM BANK 1) 

D3-DO-ACC, D7-D4-RAM 
ACC-D3-DO, RAM-D7-D4 (NOT LATCHED) 
ACC - SEGMENT DECODER- DISPLAY LATCH - D6-DO, 
CARRY - DISPLA Y LATCH - D7 
ACC-DISPLAY LATCH-D3-DO, RAM-DISPLAY LATCH-D7-D4 
A-LINE MASTER STROBE LATCH-A LINES 
PRESET HIGH [BLl-MASTER STROBE LATCH 
PRESET LOW [BLl-MASTER STROBE LATCH 
(EUROPEAN) SET 50/60Hz AND DISPLAY LATCH POLARITY 
K3-KO-ACC, K7-K4-RAM 

*Assembled code contains complement of those arguments (the assembler does it automatically). 
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S2000 FAMILY 

52000/52150 and 52200/52400 Instruction Set Summary 

Program Control Instructions 

S2000/2150 I S220012400 
PP X* PP X* 

JMP X JMP X 

JMS X JMS X 

RT RT 
RTS RTS 
NOP NOP 

RTI 
TLU 

IF PREVIOUS INSTRUCTION =PP, X-PPR (O::5X::s15) 
IF PREVIOUS INSTRUCTION = PP, X - PBR (0::5 X::5 7) 
JUMP TO LOCATION X, X-LR (0::5X::515) 
EXCEPT IF PREVIOUS INSTRUCTION = PP 
JUMP TO SUBROUTINE AT X, LR + 1-L STACK, PR- P STACK, 
X-LR. 15-PR EXCEPT IF PREVIOUS INSTRUCTION = PP 
L STACK-LR. P STACK-PR 

. L STACK - LR, P STACK - PR, SKIP INSTR. 
NO OPERATION 
RETURN FROM INTERRUPT, RESTORE REGISTERS 
IF PREVIOUS INSTRUCTION WAS A PP, DO A TABLE LOOK-UP 
SEQUENCE: 

PC+ I-STACK 
RAM - PC(3 - 0), ACC - PC(7 - 4), PPR(3 - 2)- PC(9 - 8) 
ROM(7 - 4)- RAM, ROM(3 - 0)- ACC 
STACK-PC. 

IF PREVIOUS INSTRUCTION WAS NOT A PP, DO AN INDEXED 
SUBROUTINE CALL: 

PC+ I-STACK 
RAM-PC(3- 0), ACC-PC(7 - 4) 

Skip Instructions (Skip 1 Non·PP Instruction) (RAM -= Memory at BU,BL) 

82000/2150 I 82200/2400 

SZC SZC 
SZM Z SZM Z 
SZK SZK 
SBE SBE 
SAM SAM 
SZI 
SOS 

TF1 
TF2 

SZMI Z + 
SKFL X + 

SKIP IF CARRY = 0 
SKIP IF RAM BIT Z = 0, 0::5Z::53 
SKIP IF K BIT(S) = 0, (BIT(S) IN LAST LA!) 
SKIP IF BL = E 
SKIP IF ACC = RAM 
SKIP IF I BIT(S) = O. (BIT(S) IN LAST LAn 
SKIP IF SF = 1, O-SF. (SF = 'SECONDS' FLAG OUTPUT OF +50/+60 
COUNTER) 
SKIP IF FLAG 1 = 1 
SKIP IF FLAG 2 = 1 
SKIP IF RAM BIT = 0, (IN RAM BANK 1) 0::5 Z ::5 255 
SKIP IF FLAG = 1 

Arithmetic and Logical Instructions 

82000/2150 82200/2400 

ADCS ADCS 
ADIS X ADIS X 
ADD ADD 
AND AND 
XOR XOR 
STC STC 
RSC RSC 
CMA CMA 
SF1 
RF1 
SF2 
RF2 

SFLG X+ 
RFLG X+ 

+ 8 bits in the second byte of an instruction. 

RAM + ACC + CARRY -ACC + C, SKIP IF SUM ::515 
X + ACC-ACC, SKIP IF SUM ::515, CARRY UNALTERED 
ACC + RAM-ACC, CARRY UNALTERED 
ACC & RAM-ACC 
ACC $ RAM - ACC 
I-CARRY 
O-CARRY 
15 - ACC-ACC (LOGICAL l's COMPLEMENT ACC) 
I-FLAG 1 
O-FLAG 1 
I-FLAG 2 
O-FLAG 2 
I-FLAG X 
O-FLAG X 

·Assembled code contains complement of those arguments (assembler does it for you). 
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AM I S200012150 Detailed, Block Diagram 

ADDRESS/CONTROlliNES 
AO. .11 AND A12/RAM POWER 

INTERNAL 
CONTROLS \ ..... ----

VGG - lOGIC 
VFO or VOO ; OUTPUT BUFFERS 
Vss - GROUND 

'S2150 -11 BITS 
S2000 - 10 BITS 

16 

S20001S2150 Pin Configuration 

(GRO) Vss 
O2 
°1 
DO 

ROMS 

EXT 
(P.C. MSB) A12 

A11 
A10 
Ag 

AS 
VoolVFo 

A7 

A6 
A5 

A4 
AJ 
A2 

• Al 
(P.C. lSB) AO 

OAT AlSEGMENT LINES 
(3STATE) 

OJ 
04 
05 
b6 
0 7 
SYNC 

RUN 

KS 
K4 
K2 
Kl 
VGG (+9V) 

IS AND TIMER 

14 

12 

11 
KREF TOUCH CONTROL 

ClK* 
POR 
STATUS* 

*May be used for crystal input on S2150/2150A 
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S2000 FAMILY 

TOUCH KEY 

CONTROL SWITCH 

K1,2.4.8 11.2.4.8 
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Pin Descriptions - 52000/2150 

PIN NO. 

1 

29 

12 

4 - 2, 
40 - 36 

20 - 13 
11 - 7 

5 

6 

35 

34 

22 

23 

21 

24 

30 - 33 

25 - 28 

NAME 

VSS 

VGG 

VDD (S2000) 
VFD (S2000A) 

no - D7 

AO - A12 

ROMS 

EXT 

SYNC 

RUN 

CLK 

STATUS 

KREF 

Kl, K2 
K4, K8 

II, 12, 
14, 18 

DESCRIPTION 

Most negative power-supply input. Typically grounded. 

Most positive power-supply input. Typically + 9V. 

Power supply input for all output buffers. Typically tied to V GG or to a + 5V supply. 
Power supply input for HV drive. Typically + 32V 

D Lines for input and output. Output during instructions OUT, DISN, DISB. Input 
during INP. Float at reset time or after an MVS instruction; or if RUN pin is low; 
or after a PSL with BL = 14. Display Latch outputs (DISN, DISB) can be inverted 

I using EUR. 

I A Lines for addressing and control. Changed by MVS as set up by PSH/PSL. 
When external program ROM is used, these lines output the contents of the 
Program Counter during the first half of each instruction cycle. 

ROM source control. Tied to a logic 1 or 0 to indicate internal ROM only, or inter­
nal plus external. Tied to SYNC to override Bank 0 with an' external program, and 
to inverted SYNC to verify internal ROM contents. 

Active"-low strobe output for D Lines. Generated by an OUT instruction during 
time T7.* 

Synchronization output for external devices or for external ROM control. 
Continuous square wave, low in Tl and T3, high in T5 and T7.* fCLK -;. fSYNC = 4 
for S2000, 8 for S2150. 

Run/Wait control for prototyping and single-step testing. Logic 1 to run, logic 0 to 
wait with D Lines floating. 

Power-On-Reset. Needs only an external capacitor, typically .05 microfarad. A pull­
up to V GG (I5J,tA nominal) is provided internally. 

On-chip oscillator connection. Runs at - 850kHz when connected to V SS through 
47pf and to V GG through 30kO on the S2000. Crystal control possible; consult AMI. 

Monitors internal status for special designs. Logic 1 vs. logic 0 indicates: (during 
Tl)* n Lines floating or not floating; (T3) BL equal or not equal to 13 for mUltiplex 
control; (T5) Carry is 1 or 0; (T7) Next instruction will or won't be skipped. On the 

. S2150 a mask option allows use as a crystal oscillator pin. 

K .Lines voltage comparator reference input. Typically + 3.0V, supplied by an 
external resistor divider. 

K Lines, tested by SZK instruction. Any combination of these lines, selected by 
the last executed LAI instruction, are gated into the signal input of the voltage 
comparator. Un selected K Lines are discharged to Vss, at 160J,tA typical. 

I Lines, with internal pull-ups of 100J,tA nominal. Any combination of these lines, 
selected by the last executed LAI instruction (S2000, S2150), are gated into a 
common node tested by the SZI instruction. 18 also clocks a seconds timer whose 
output is tested using SOS. 

*Tl is the first quarter-cycle following the falling edge of the SYNC output. T3 is the second. T5 is the third. and T7 is the fourth. 

1770 @IC MASTER 1979 



AMII@, 82000 FAMILY 

5200012150 

Absolute Maximum Ratings (All voltages measured with respect to V ss) 

Storage Temperature ................................................................. -55°C to + 125°C 
Operating Temperature ..................................... , ..... : ........................ O°C to + 70°C 
Operating Temperature (special request) ............................................... " .. - 40°C to + 85°C 
Maximum Positive Voltage ...................................................... ~ . . . . . . . . . . . . . . . .. + 18V 
Maximum Negative Voltage ...................................................................... - 0.3V 
Maximum Output Currents ................................ ! ...................... (See "Conditions" below) 
IDD Supply Current (depends on output loads) ........... '.......................................... + 75mA 
Total Average Power Dissipation ..................................... '......................... + 700m W 

5200012150 

Electrical Characteristics 
(Vss = OV, VGG = + 7.5V to + 10.0V, VDD = 5V*, TA = O°C to + 70°C, fSYNC = 125kHz to 225kHz) 

Parameter Min. Typ. Max. Units 

INPUTS Kl thru K8 
Low Level 0 KREF-0.5 V 
High Level KREF+ 0.5 VGG V 

INPUTS II thru 18, POR 
/ 

Schmitt-trigger 
, Low Level 0 1.7 V 

High Level 5.3 VGG V 

INPUTS ROMs, RUN 
Low Level 0 0.8 V 
High Level 3.5 VGG 

INPUTS Do thru D7 
Low Level 0 0.8 V 
High Level- Program 5.0 VGG V 
High Level - Data 3.5 VGG V 

OUTPUTS Ao thru A3 
High Level 3.5 *VDD V 
Low Level 0 0.8 V 

OUTPUTS A4 thru A12 
EXT, SYNC, & S 
High Level 3.5 *VDD V 
Low Level 0 0.6 V 

OUTPUTS Do thru D7 
High Level 3.5 *VDD V 
Low Level 0 1.0 V 

IGG Supply Current 28 50 rnA 

L\RAM RAM "Keep Alive" 20 ILA/Bit 
30 ILA/Bit 

NOTE 1: There is an internal pull-up of l00~ nominal (t5/!A nominal on POR) from each of these inputs to V GG' 

·V DD may be connected to V GG if single power supply operation is desired. 

··At VGG~8.5VDC 
~ Available only on S2150/S2150A. 

©IC MASTER 1979 

Conditions 

2.8 < KREF < 3.2V 

(Note 1) 

1= -5mA** 
1= + 25mA** 

1= - 5mA** 
1= +5mA** 

1= -5mA** 
1= + 12mA** 

VRAM= 4.0V 
VRAM =9.0V 
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82000 FAMILY 

S2000A/S2150A 

Preliminary Electrical Specifications 

Absolute Maximum Ratings (All voltages measured with respect to Vss) 

Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to + 125°C 
Operating Temperature ................................................................... O°C to + 70°C 
Operating Temperature (special request) ....... :........................................ - 40°C to + 85°C 
Maximum Positive Voltage, VFD, Ao-A4~ Do-D7 .......................... " ......... " ................ + 33V 

All other pins ............ '.' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 18V 
Maximum Negative Voltage, any pin ........... , ........................................... ~ ....... - 0.3V 
Maximum Output Currents ......................................................... (See Conditions below) 
Source Current, any pin ............................................................... " .......... -lOrnA 
Total Average Power Dissipation ......... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 700m W 
Rate of Rise of VFD .................•......................................................... 1.6V /msec. 
Maximum Voltage at VFD with respect to VGG ....................................................... + 22V 

S2000A/S2150A 

Electrical Characteristics - Specifications noted only for parameters which change from the S2000/2150 to the 
S2000A/2150A. 
(Vss = OV, VGG = 7.5 to 10.0V, VFD = VGG + 22V, TA = O°C to + 70°C. fSYNC = 125kHz to 225kHz) 

Parameter Min. Typ. Max. Units Conditions 

OUTPUTS Do thru D7. Ao thru A4 
High Level -3.5 rnA VOUT = VFD - 6V** 
Low Level 

I I 
0.6 V 1= 25OIlA** 

OUTPUTS I A5 thru A 12, EXT. I I 
SYNC, & STATUS 
High Level 3.5 V 1= - 5mA** 
Low Level I 0.6 V 1= + 5mA** 

IGG Supply Current 28 50 rnA No Loads 

NOTE 1: Thf! output buffers for lines A5-A 12 are supplied from V GG' 
.NOTE 2: The high voltage parts. when biased with normal VFD• are not TTL-compatible; when using external program ROM, it 

is necessary to interpose buffers. 
NOTE 3: When applying power, VFD must rise with or after VGG at a rate not to exceed 1.6V/msec. 
"At VGG~8.5VDC 
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n ~ ~:'~T" J:!> 
AO·AI2 00. 07 -.::: t, 

... /'.::... ...::""'::... '" ~ CONVERTER 

2 2 

1\ 

U 
N (S) 

l SELECTOR j I P.C. STACK BINARY ....: 
(5-LEVELj (ll) TIMERI 

I'r-V EVENT ... 
~lLJ "r~ to. 

V ROM 
S2200lA MOD flAGS 

(21t) ""'" ... (S) (5) 

S2400/A 
PROGRAM COUNTER LATCHES INTERRUPT I (13) I (4K) I 7·SEG. DECODER ~ LOGIC 

ROMS 

RUN 

POR 

...:: ~ 

...LJ... 

I 
E (4) 

E STACK 
(2· LEVEL) a: 

g IA [ (12Sx4) 

~ lATCH I RAM u 

c 

1 ~ .... ::.. 

i;:... 

ACC STACK 
(2·LEVEL) 

'--
DECODER [ 

BL(4} 
~ 

8L STACK 
(2· LEVEL) 

CARRY 

Il1 
(1) 

BA, SU 
(l) 

SA,BU STACK ~ 

(2·LEVEl) 

~ ADDER 
(4) 

-y 
~ 

l' 

Ace (4) I 
A tf 
'{ 

CONTROL 
LOGIC 

""" I (2· LEVEL} 

r---

B 
.: 

ClKiXTAl 

STATUS/XTAl 

EXT 

SYNC 

S22001S24 00 

E 
IC 

LED DRIV 
VGG _. LOG 
Voo - OU TPUT BUffERS 

S2200AlS2 400A 
FLU ORES 
VGG - LOG 

CENT DRIVE 
IC 
ORESCENT 
S 

VFD - FLU 
DRIVE BIA 
Vss - GRO UNO 

52200/2400 Block Diagram 

For applications such as pulse width measurement, in­
terval timing and event counting, the 82200/2400 has an 
8-bit binary down-counter which counts 256 distinct 
states. The number of states (1 to 256) is controlled by 
the (Modulo-) N Register. 
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Another register, the MOD Register, controls the selec­
tion of inputs and outputs for the Programmable Counterl 
Timer, as well as the Display Latch output polarity and 
the voltage comparator's noninverting-input source. 
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~MII® 82000 FAMILY 

82200/2400 

Absolute Maximum Ratings (All voltages measured with respect to V ss) 

Storage Temperature ................................................................. - 55°C to + 125°C 
Operating Temperature ................................................................... O°C to + 70°C 
Operating Temperature (special request) ................................................. - 40°C to + 85°C 
Maximum Positive Voltage ...................................................... ; ................. + 18V 
Maximum Negative Voltage ............ ' ............ '.' ......................... " ................. - 0.3V 
Maximum Output Currents .......................................................... (See Conditions p. 12) 
IDD Supply Current (depends upon output loads) ................................................... + 75mA 
Total Maxim urn Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 700m W 

Electrical Characteristics 
(Vss = OV, VGG = + 7.5V to + 10.0V; VDD = + 5V*, TA = O°C to + 70°C, fSYNC = 125kHz to 225kHz) . 

Parameter Min. Typ. 

INPUTS Ko thru K7 
Low Level 0 
High Level KREF+0.5 

INPUT KREF' 0 

INPUTS Ko thru K7 
For AID Conversion 0 
Logic Low Level 
Logic High Level 3.5 

INPUT POR 
Low Level (POR Reset) 0 
High Level 1/2 VGG 
Power Fail 
- No Interrupt 
-Interrupt VGG+ 1 

INPUTS ROMs, RUN 
Low Level 0 
High Level 3.5 

INPUTS Do thru D7 
Low Level 0 
High Level 4.5 

OUTPUTS Ao thru A3 
High Level 3.5 
Low Level 0 

OUTPUTS A4 thru A12 
EXT, SYNC, & S 

High Level 3.5 
Low Level 0 

OUTPUTS Do thru D7 
High Level 3.5 
Low Level 0 

IGG Supply Current 

IRAM 
RAM "Keep Alive" 

Current 

*V DD may be connected to V GG if single power supply operation is desired. 
**At VGG~8.5VDC 

28 

20 

Max. 

KREF- 0.5 
VGG 

2/3 VGG 

2/3 VGG 
0.8 

1.0 
VGG 

VGG 

0.8 
VGG 

0.8 
VGG 

*VDD 
0.8 

*VDD 
0.6 

*VDD 
1.0 

50 

Note 1: There is an internal pullup of lOOILA nominal from each of these inputs to VGG• 
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Units Conditions 

V For Touch-
V Control and 
V Keyswitch 

Inputs 
V 

For AID 
V Conversion 
V As Logic Inputs 
V 

V 
V 

V 
V 

(Note 1) 
V 
V 

V 
V 

'V 1= - 5mA** 
V. 1= + 25mA** 

V 1= -5mA** 
V 1= + 5mA** 

V 1= -5mA** 
V 1= + 12mA** 

rnA 

itA/Bit VRAM =4.0V 
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AMII® 82000- FAMILY 

S220DA/S2400A Preliminary Electrical Specifications 

Absolute Maximum Ratings (All voltages measured with respect to V ss) 

Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to + 125°C 
Operating Temperature ................................................................... O°C to + 70°C 
Operating Temperature (special request) ................................. ' ............... - 40°C to + 85°C 
Maximum Positive Voltage, VFD, Ao-A4' Do-D7 ....................................................... + 33V 

All other pins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 18V 
Maximum Negative Voltage ... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3V 
Maximum Output Currents ............................ ~ ............................. (See Conditions below) 
Source Current, any pin .............................................. '.' . ... . . . . . . . . . . . . . . . . . . . . . .. - lOrnA 
Total Average Power Dissipation .....................•.... ',' ........•.... ". . . . . . . . . . . . . .. . . . . . .. + 700m W 
Rate of Rise of VFD ..................................................... ~ ..................... 1.6V/msec. 

Electrical Characteristics - Specifications noted only for parameters which change from the S2200/2400 to the 
S2200A/2400A 
(Vss = OV, VGG = 7.5 + 10.0V, VFD = VGG + 22V, TA = O°C to + 70°C. fSYNC = 125kHz to 225kHz) 

Parameter Min. Typ. Max. Units Conditions 

OUTPUTS Do thru D7, Ao'thru A4 
High Level - 3.5 rnA VOUT = VFD- 6V·· 
Low Leve1 0.6 V 1=2501£1\·· 

OUTPUTS A5 thru A12, EXT, 
SYNC, & STATUS 
High Level 3.5 V 1= -5mA·· 
Low Level 0.6 V 1= +5mA·· 

IGG Supply Current 28 50 rnA ,No Loads 

"At VGG~8.5VDC 
NOTE 1: The output buffers for lines A5-A12 are supplied from V GG-

NOTE 2: The high voltage parts, when biased with normal VFD, are not TTL-compatible; when using external program ROM, it is necessary 
to interpose buffers. 

NOTE 3: When applying power, V FD must rise with or after V GG at a rate not to exceed 1.6V Imsec. 

S2200A Typical Microwave/Standard Oven Application 
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MEAT PROBE 

OVEN TEMPERATURE SENSOR 

STIRRER 
MAGNETRON 

SROWN 
SPKR FREO. 
SPKR STATE 

DOOR INTERLOCK 

.10Y 'llV 

+V 

AS 

-'Ii 
A7 
AS 
JIg 

K7 

FLUORESCENT DISPLAY 

• AO 
AMI 

I S2200A 

~ 
A4 

K, 
1(2 

1(3 

K. 

TOUCHCOIITROL TM KEYBOARD 

MAGNETRON & 
• VACUUM flUORESCENT 

FILAMENTS 
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S6800 Systems Family Description 

S6800 Microcomputer Systems 

The AMI S6800 

The AMI S6800 Microprocessing Family hardware 
includes a microprocessor, ROM and RAM mem­
ories, and data input/output circuits. These com­
ponents may be assembled in a building block 
manner into a very simple microcomputer system 
or into any, of progressively more complex sys­
tems, which can be used in many general or special 
purpose applications. The important feature of 
the 86800 family is that within any system all 
components are directly compatible in signal func­
tions, circuit performance characteristics, and logic 
levels. All operate on a single +5V power supply. 

It remains to the user to integrate the microcom­
puter into his own large system and to program it 
for a specific task. The task may be either simple 
or complex and either general in purpose or high­
ly specialized for one application. " 

To facilitate system design and programming, AJ.\1I 
will provide a comprehensive set of reference 
documents, design and programming aids, a pro­
gram library, and other applications support. For 
example, AMI will make available a comprehensive 
hardware and software reference manual, a 86800 
program assembler, and a simulator. Such design 
and programming support is a continuing and ex-
panding effort at AMI. ' 

S6800 - 8-Bit Microprocessor 

The S6800/S68AOO/868BOO is an 8-bit parallel 
processor with the ability to address up to 65K 
bytes of memory and execute instructions in two 
microseconds. It is manufactured using N-channel 
MOS technology and operates on a single +5V 
power supply. All inputs and outputs are TIL 
compatible. The MPU has six internal registers, 
four types of vectored interrtipts and 72 basic 
instructions. The basic instructions can be used in 
different addressing modes to save instr~ction 
execution time and memory space. 

1776 

Another important advantage that the S6800/ 
S68AOO/S68BOO has to offer in comparison with 
any other microcomputer system is input/output 
versatility. In any computer system, large or small, 
the CPU internal functions are determined by its 
architecture and the user usually has little oppor­
tunity or need to alter them. On the other hand, 
the I/O configuration is almost always determined 
by the user and subject to change as peripherals 
are added or other system alternations are intro­
duced. 

S68AI0/S68BI0 - 1024' Bit (128x8) Static 
ReadIWrite Memory 

The S68AIO and 868BI0 are static ReadIWrite 
memories designed and organized to be compatible 
with the S68AOO and 868BOO microprocessors. 
Interfacing to the S68AIO and S68BIO consists 
of an 8-bit bi-directional data bus, seven address 
lines, a single ReadIWrite control line, and six 
chip enable lines, four negative and two positive. 

For ease of use, the 868AI0 and S68BIO are 
totally static memories requiring no clocks or cell 
refresh. The S68AIO and 868BIO are fabricated 
with N-channel silicon gate depletion load tech­
nology to be fully DTLmL compatible with only 
a single +5 V power supply required. The data, ad­
dress and control line organization and functions 
of the S68AIO and S68BIO match those of the 
:MPU. 

S68A21/S68B21- Peripheral Interface Adapter 
(PIA) 

The 868A21/S68B21 are peripheral interface 
adapters that provide the univeral means of inter­
facing peripheral equipment to the S68AOO and 
S68BOO Microprocessing Units (MPU). These 
devices are capable of interfacing the MPU to 
peripheral through two 8-bit bi-directional pe­
ripheral data "buses and four control lines. No ex­
ternal logic is required for interfacing to most 
peripheral devices. 
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S6800 Systems Family Description. 

The functional configuration of the PIA is pro­
grammed by the MPU during system initialization. 
Each of the peripheral data lines can be, pro­
grammed to act as an input or output, and 'each 

- of the four control/interrupt lines may be pro­
grammed for one of several control modes. This 
allows a high degree of flexibility in the overall 
operation of the interface. 

The PIA interfaces to the S68AOO/S68BOO MPUs 
with an 8-bit bi-directional data 'bus, three chip 
select' lines, two register select lines, two interrupt 
request lines, read/write line, enable line and reset 
line. These signals in conjunction with the S68AOO/ 
S68BOO VMA output permit the MPU to have 
complete control over the PIA. VMA may be util­
ized to gate the input signals to the PIA. 

86831/A/B/C - 16,384 Bit (2048x8) 
Read Only Memory 

The S6831/ AIB/C is a 16,384-bit Read Only Mem­
ory organized 2K words by 8 bits. This ROM has 
been designed to supply large bit storage, high per­
formance memory for microprocessors and other 
demanding applications with simple interface re­
quirements. The device will operate from a single 
+5V power supply and is manufactured with N­
channel silicon gate depletion load technology. 
This device is available in all common high-density 
ROM pinouts. 

S6834 - 4096 Bit (512x8) Erasable and 
Electrically Reprogrammable ROM 

The 86834 is a high-speed, static, 512x8 bit, eras­
able and electrically programmable read only 
memory designed for use in bus-organized sys­
tems. Both input and output are TIL compatible 
during both read and write modes. Packaged in a 
24-pin hermetically sealed dual in-line package, 
the bit pattern can be erased by exposing the chip 
to an ultra-violet light source through the trans­
parent lid, after which a new pattern can be writ­
ten. The device has +5V and -12V power supplies 
and is processed using a mature P-channel process. 
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868A50/868B50 - Asynchronous Communication 
Interface Adapter (ACIA) 

The S68A50/S68B50 Asynchronous Communica­
tion Adapter (ACIA) provides the data formatting 
and control to interface serial asynchronous data 
communications to bus organized systems such as 
the S68AOO/S68BOO Microprocessing Units. 

The S68A50/S68B50 includes select enable, read/ 
write, interrupt and bus interface logic to allow 
data transfer over an 8-bit bi-directional data bus. ' 
The parallel data of the' bus system is serially trans­
mitted and received by the asynchronous data in­
terface, with proper formatting and error check­
ing. The functional configuration of the ACIA is 
programmed via the data bus during system in­
itialization. Word lengths, clock division ratios 
and transmit control through the Request-to-Send 
output may be programmed. For modem opera­
tion three control lines are provided. 

, 

Basic 86800 Microcomputer System 

In a basic system built with the S6800 components 
the S6800/S68AOO/S68BOO Microprocessor is sup­
ported by over 1K bytes of memory and controls' 
one input/output interface circuit. The 1024-byte 
ROM is used to store the operating program, the 
128-byteRAM provides working storage for the 
MPU, and the Peripheral Interface Adapter (PIA) 
provides two independently programmable 8-bit 
input/output ports for communicating with two 
peripheral devices. . 

The S6800 system is bus oriented. Eight lines 
from the data bus and 16 more lines make up the 
address bus. The MPU controls the bus and all 
other devices - the memories and the PIA -
attach to the busses and wait for instructions from 
the MPU to supply or receive data. 
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S6800 Systems Family Description 

The basic system is a complete microcomputer, 
which can be used for a large variety of applica­
tions. It is simple but versatile, because it can be 
easily reprogrammed by changing the ROM. The 
user must provide only the two-phase clock signal 
source, a power-up/restart circuit, and a single 
+5V power supply to complete the hardware. 

Expanding the 86800 8ystem 

The basic system can be altered or expanded in 
many different ways. For example, the 868A50/ 
S68B50 Asynchronous Communication Interface 
Adapter (ACIA) can be substituted for the PIA, 
to enable the microcomputer to interface with a 
telecommunications modem. Or, additional mem­
ory can be added - either RAM or ROM - to ex­
pand the processing capability of the MPU. In 
general, the system can be expanded in a modular 
manner', by adding onto the bus as many as ten 
devices out of the 86800 family. These can be 
any combination of memory or input/output in-, 
terface circuits. In this manner a system of nearly 
any complexity and configuration can be assem­
bled. (Systems with more than ten devices on the 
bus require the addition of address and data bus 
buffers to operate at full speed.) 

By building a microcomputer from the 86800 
family of devices, advantage is taken of the com­
patibility of the devices. They all conform to the 
bus discipline, all are compatible in load levels, 
and the entire system runs on a common system 
clock. In effect you eliminate most all circuit de­
sign, save for the simple clock and power-up/re­
start circuits. Because you are dealing with only 
a small number of integrated circuits, circuit lay-

, out is simple. and the entire microcomputer can 
be located on a single circuit card. 

In some special purpose applications you may need 
to attach your own interface devices to the bus. 
As a result, more circuit design will be required, 
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but you will find the 86800 MPU easy to work 
with. It has features that allow it to be used in 
many different systems. For example, by using 
the Halt, Three-State Control, and Data Bus En­
able lines, you can easily design a direct memory, 
access system in which either the MPU or a peri­
pheral device can read or write in to the RAM and 
utilize the bus on a priority basis. You can also 
design a multiprocessor system in which several 
:rvlPUs can be attached to the same bus and share 
processing assignments as well as memory space. 

86800 Input/Output 

One of the most important advantages that any 
86800 system has to offer is its input/output ver­
satility. 

In a S6800 system the MPU relegates most of the 
I/O control to such I/O interfaces as the PIA or 
ACIA. Each of these circuits is programmable and 
can interface with peripheral devices without di;. 
rectly involving the MPU. For example, the MPU 
can preprogram a PIA to either output data to the 
MPU or to receive it. Thereafter, the PIA circuits 
assume all functions of interfacing with the periph­
erals and the MPU never has to look at the inter­
face until service is required. It must service inter­
rupts from the PIA, but never needs to wait for 
input data to become available or for output data 
to be accepted. This relieves the MPU of its I/O ' 
functions, makes it more efficient in its primary 
task of data processing, and significantly increases 
system throughput. 

The I/O interfaces and memory are both located 
. in the same address space with the S6800 system. 

The MPU can access any I/O device the same as a 
memory location - with address lines, instead of 
separate I/O control lines. Therefore, it can manip­
ulate data in the I/O interface registers with the 
same programmed instructions as it uses for mem­
ory locations. This adds flexibility and increases 
system efficiency .. 
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S6800 Systems Family Description 

The 86800 Instruction Set complements the above 
I/O addressing capability with specific instructions 
that can be used to access memory as well as liD 
circuit registers and perform directly various man­
ipulations on the data. 

86800 Instruction Set 

The 86800 MPU has a set of 72 basic instructions. 
These include binary and decimal arithmetic func­
tions as well as logical, shift, rotate, load, store, 
branch, interrupt, and stack manipulation func­
tions. Most of the instructions have several varia­
tions and most can be used with several memory 
addressing modes. The total complex of instruc­
tions available to the programmer is actually 197. 

An instruction can be from one to three bytes long, 
depending on the addressing mode used with the 
instruction. The first byte always contains the 
operation code, which designates the kind of op­
eration the MPU will perform. In single byte in­
structions no memory address is required, because 
the operation is performed on one of the internal 
MPU registers. In multiple byte instructions the 
second and third byte can be the operand, or a 
memory address for the operand. 

A noteworthy feature of the S6800MPU is that 
some of the instructions can operate directly on 
any memory location. In other computer systems 
it is common that the processor fetches an operand 
from memory, stores it in the accumulator, then 
executes the operation in the ALU and finally 
writes the result back into the memory. The 86800 
is able to accomplish the same with only a single 
instruction, because it operates with any external 
location in the same manner as with an internal 
register. For example, it can directly increment or 
decrement the contents of a memory location. 
Because the MPU addresses I/O devices just like 
a memory location, it can do the same with regis-
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ters inside the PIA or ACIA. The ASL,. ASR, LSR, 
and ROL are other examples of instructions which 
operate in this manner. 

MPU Registers 

Accumulators A and B - Two .separate 8-bit ac­
cumulators that are used to hold operands and re­
sults of operations in the ALU. 

Index Register - A 16-bit register used for memory 
address storage in Indexed Addressing operations. 

Program Counter - A 16-bitregister that holds the 
current program instruction address. Once the in­
itial program starting address is loaded into the 
program counter, it is incremented under control 
of the MPU hardware. 

Stack Pointer - A 16-bit register used for storage 
of the next available location in an external push­
down/pop-up stack. 

Condition Code Register - An 8-bit register that 
stores certain results of operations in the ALU. 
These bits are used as testable conditions for the 
conditional branch instructions. In addition, one 
bit position stores the interrupt mask bit and the 
two high order bits are unused. . 

Memory Register 

External Stack - The MPU uses a push-down/pop­
up stack that can be located anywhere in RAM and 
be of any convenient size. It is accessed with the 
stack pointer address and has several uses. First, it 
always stores the MPU register contents following 
an interrupt and return addresses during subrou­
tine execution. Second, it can also be used by the 
programmer to store data during program execu­
tion. 
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DATA 

ACCUM A 

ACCLJM 8 

I STACK PTR HR STACK PTR LR 

INDEX HR INDEX LR 
, 

I I 

(391 

TSC A1S Al4 Al3 Al2 All A10 A9 AS A7 A6 AS A4 A3 A2 ill AO 

BLOCK DIAGRAM 

FEATURES 

Eight-Bit Parallel Processing • 
Bi-Directional Data Bus 
Sixteen-Bit Address Bus - 65536 Bytes • 
of Addressing 
72 Instructions - Variable Length 
Seven Addressing Modes -:- Direct, Relative, • 
Immediate, Indexed, Extended, Implied and 
Accumulator • 
Variable Length Stack 
Vectored Restart 
2 Microsecond Instruction Execution • 
Maskable Interrupt Vector • 

S6800/S68AOO/S68BOO 

8-BIT 
MICROPROCESSOR 

1361 DBE GNO 1. 40 RESET 
HALT 2 39 TSC 

1331 DO III 3 38 
1321 

Dl i"FfCl 37 _2 
1311 VMA 02 36 OBE 
1301 

03 NMt 35 
1291 

04 BA 34 R!W 
(281 D5 Vee 33 DO 
(271 AD S6800 01 D6 32 
(261 

07 Al S68AOO 31 02 
A2 S68BOO 30 03 
A3 29 D4 
A4 28 05 
A5 27 os 
A6 26 07 
A7 25 A15 
A8 24 A14 
A9 23 A13 

A10 22 A12 
All 21 GNO 

PIN CONFIGURATION 

Separate Non-Maskable Interrupt - Internal 
Registers Saved in Stack 
Six Internal Registers - Two Accumulators, 
Index Register, Program Counter, Stack Pointer 
and Condition Code Register 
Direct Memory Access (DMA) and Multiple 
Processor Capability 
Clock Rates - S6800 - 1 .0 MHz 

S68AOO - 1.5 MHz 
S68BOO - 2.0 MHz 

Simple Bus Interface Without TTL 
Halt and Single Instruction Execution Capability 

ADVANCED PRODUCT DESCRIPTION 
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S88OOIS88AOOIS68BOO 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Vee 
Input Voltage VIN - 0.3 to + 7.0V 

Operating Temperature Range TA 
Industrial Temperature Range 
Military Temperature Range 
.Storage Temperature Range Tstg 

ELECTRICAL CHARACTERISTICS 
(Vee • S .OV, ± S%, VSS· 0, TA unless otherwise noted.) 

SYMBOL CHARACTERISTICS MIN 

VIH Input High Voltage (Normal Operating Levels) Logic VSS + 2.0 
VIHe ¢l, ¢2 Vee - 0.6 

VIL Input Low Voltage (Nonnal Operating Levels) Logic VSS - 0.3 
VILC ¢1, ¢2 VSS - 0.3 

lIN Input Leakage Current 
(YIN = 0 to S.2SV, Vee = Max) Logic· -
(VIN = 0 to S.2SV, Vec = O.OV) ¢1, ¢2 -

ITSI Three-State (Off State) Input Current 00- 07 -
VIN = 0.4 to 2.4V, Vce = Max AO - AlS, R/W -

VOH Output High Voltage 
(ILOAO = - 20S,uAdc, VCC = Min) 00-07 VSS + 2.4 
(ILOAD = - 14S,uAdc, Vec = Min) AO - AlS, 

R/W, VMA VSS + 2.4 
(I LOAD = - 100,uAdc, Vce = Min) BA VSS + 2.4 

VOL Output Low Voltage -
(ILOAO = 1.6mAdc, VCC = Min) 

Po Power Dissipation -

CIN Capacitance # 
(VIN = 0, TA = 25°C, f = 1.0 MHz) <1>1 -

<1>2 -

DO-D7 -

Logic Inputs -

COUT AO - A15, R/W, VMA -

f Frequency of Operation S68AOO 0.1 
S68BOO 0.1 

Clock Timing (Figure 1) S68AOO 0.666 
tCYC Cycle Time S68BOO 0.50 

PW¢H Clock Pulse Width <1>1. ¢2 - S68AOO 230 
Measured at VCC - 0.6V <1>1. <1>2 - S68BOO 180 

tur Total ¢ 1 and ¢2 Up Time S68AOO 600 
S68BOO 440 

t<l>r. t<l>f Rise and Fall Times 5.0 
Measured between VSS + 0.4 and VCC - 0.6 

td Delay Time or Clock separation 0 
Measured at VOV:;: VSS + 0.6V 

*Except IRQ and NMI, which require Kn pullup load resistor for wire-OR capability at optimum operation. 
ICapacitances are periodically sampled rather than 100% tested. 
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TVP 

-
-
-
-

1.0 
-

2.0 
-

-

-

-

0.5 

-

-

10 
6.5 
-

-

-
-

-
-

-
-

-

-

oOe to + 700e 
_40oe to +"8~ 

-ssoe to + 125°C 
-ssoe to + 1 sooe 

MAX UNIT 

Vee Vdc 
Vee +0.3 

VSS+O.8 Vdc 
VSS + 0.4 

,uAdc 
2.5 
100 

10 ,uAdc 
100 

·Vdc 
-

. -
-

VSS + 0.4 Vdc 

1.0 W 

pF 
35 
70 

12.5 
10 

12 pF 

1.5 MHz 
2.0 
10 
10 ,us 

9500 ns 
9500 

- ns 
-

100 ns 

9100 ns 
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READ/WRITE TIMING 

S6800 
Symbol Parameter Min. Typ. 

tAO Address Delay 

C ~ 90pF 100 
C = 30pF 

t ACC Peripheral Read Access Time 
tAC = tUT - (tAo + toSR) 

tosR Data Setup Time (Read) 100 

tH Input Data Hold Time 10 30 

tH Output Data Hold Time 10 25 

tAH Address Hold Time 
(Address, R/W, VMA) 

tEH Enable High Time for 
DBE Input 470 

toow Data Delay Time (Write) 

Processor Controls 
tpcs Processor Control 

Setup Time 

tpcr; tpcr Processor Control 
Rise and Fall Time 

tBA Bus Available Delay 

tTSE Three-State Enable 

t TSO Three-State Delay 

ti5BE Data Bus Enable Down 
Time During 411 Up Time 

tOBEr' Data Bus Enable 

tOBEr Rise and Fall Times 

I_ 'cVC---1 

t .. -- 'UT-----i I----
t,:~ I"~, 

~·d 

--
~ 
c( Vov 

l(')r 

FIGURE 1 CLOCK TIMING WAVEFORM 
771229 

1782 

Max. 

300 

575 

200 

, 

S8800/S88AOO/S88BOO 

S68AOO S68800 
Min. Typ. Max. Min. Typ. Max. 

180 150 
165 135 

360 250 

60 40 

10 10 

10 25 10 25 

10 I 75 10 75 

280 220 

165 200 160 

200 200 

100 100 

270 270 

40 40 

270 270 

150 70 

25 25 

Measurement point for.pI and.p2 are shown below. 
Other measurements are the same as for MC6800. 

/ Stlft of Cycle 

FIGURE 2 READ/WRITE TIMING WAVEFORM 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

877235 
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S6800/S68AOO/S68BOO 

,-- START CYCLE 

91 ------------~~I 

92 . 

I--_......:::........,_I----------------------------I .... _~ 2.4V 
R/w 

----------~~~~ 
ADDRESS---------2;::v.*~~II'IiO::::::;;tII!J.~----------------1i~~ 

FROMMPU __________ -J~~~~~~~ __ ------~------------------~~~ 
VMA 

DATA FROM ________________________________ ....:2;!.O~V~~~~~F=tt~ 
MEMORY OR 

PERIPHERALS 0.8 V -===--.,.....;~;;;;;;.I-F-

677220 ~OATA NOT VAllO 

READ DATA FROM MEMORY OR PERIPHERALS 

91 

92 
O.4V 

R/W O.4V 

2.4V 
AODRESS 

FROM MPU OAV 

2.4V 
VMA 

2.4V 

DATA FROM 
MPU 

DBE = 92 

677221 

~ OATANOTVALIO 

WRITE DATA IN MEMORY OR PERIPHERALS 
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Features 

• Expanded 86800 instruction set 

• Object code compatible with 86800 

• 8ingle chip or expandable to 65K words. 

• 2K bytes of ROM 

• 128 bytes of RAM (64 bytes retainable) 

• 31 parallel I/O lines 

• Internal Clock/Divide-by-Four mask option 
(86801) 

• External Clock/Divide-by-One mask option 
(86801E) 

• TTL compatible inputs and outputs 

• Interrupt capability 

• Hardware Multiply 

Block Diagram 

1784' 

A7 071/0 28 ..... -...-.J 
A& Os I/O 27 ..... -~ 
As Os I/O 26 ..... -~ 

A4 ~ 110 25 ..... -~ 

AJ DJ 110 24 ~-...-.J "~~~~T 
A2 ~ 110 23 __ 

A, 0,1/022 ..... --+1 
Ao Do 110 21 ..... -~ 

RfW os ..... ----1 

AISI/O 20 

A141/0 19 

A131/O 18 

A121/0 11 I/O PORT 
A11I/0 16 NO.4 

A'OI/O 15 
Ag I/O 14 

As I/O 13 

86801 

MICROCOMPUTER 
UNIT (MCU)* 

General Description 

The' 86801 MCV is an 8-bit microcomputer system 
which is expandable, using the 86800 microprocessor 
family. The 86801 MCV is object code compatible with 
the 86800 instruction set with improved execution 
times of key instructions plus several new 16-bit and 
8-bit instructions. The 86801 MCV can operate single 
chip or be expanded to 65K words. The 86801 MCV is 
TTL compatible and requires one + 5.0 volt power sup­
ply. The 86801 MeV has 2K bytes of ROM and 128 
bytes of RAM on board. In addition, the 86801MCV 
has on board serial and parallel I/O and three 16 stage 
timer function. 

*Availanll' lsi Quar!t'r 1979 

6800 
CENtRAL PROCESSING UNIT 

I/O PORT 
,NO.1 

.... -~I/OOTIN 

..... -~IIOITOUT 

.... 4-~ I/O 2 T/R 

............. --. I/O 3SCLK 

~-f-III~1/04SI0 

I/O 5 

I/O 6 

I/O 7 

1108 
I/O 9 

I/O 10 

I/O 11 

I/O 12 

ADVANCED PRODUCT DESCRIPTION 
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Features 

o On-Chip Clock Circuit 

o 128 x 8 Bit On-Chip RAM 

o 32 Bytes of RAM Are Retainable 

o . 8oftware-Compatible with the 86800 

o Expandable to 65K Words 

86802 

MICROPROCESSOR 
WITH CLOCK AND RAM 

General Description 

o 8tandard TIL-Compatible Inputs and Outputs 

The 86802 is a monolithic 8-bit microprocessor that 
contains all the registers and accumulators of the 
present 86800 plus an internal clock oscillator and 
driver on the same chip. In addition, the 86802 has 
128 bytes of RAM on board located at hex addresses 
0000 to 007F. ·The first 32 bytes of RAM, at hex 
addresses 0000 to 001 F, may be retained in a low 
power mode by utilizing Vee standby, thus facilita­
ting memory retention during a power-down situation. o 8-Bit Word 8ize 

o 16-Bit Memory Addressing· 

o Interrupt Capability 

Typical Microcomputer Block Diagram 

COUNTERI 

:rIMER liD 

PARAllEl 

liD 

S6846 

CSO 

DO - 07 

AD - AID 

CSI 

VMA 

CLOCK 

R/W 

DO - 07 

AO - AI5 

''cc 

iRfi 

MR 

VMA 

, . The 86802 is completely software compatible with the 
86800 as well as the entire 86800 family of parts. 
Hence, the 86802 is expandable to 65K words. When 
the 86802 is interfaced with the 86846 ROM - I/O -
Timer chip, as shown in the Block Diagram below, a 
basic 2-chip microcomputer system is realized. 

S6802 

MPU. RAM 

CLOCK 

8·BIT MPU 

Vee 

STANDBY 

RES 

HALT 

~ 

Pin Configuration 

vss 40 RESET 

RAiT 39 XTAL 

IVIR 38 EXTAL 

fRO 37 

VMA 36 RE 

NMI 35 Vee STANDBY 

BA 34 RiW 

Vee 33 DO 

AD 32 DI 
RE 

128 BYTES RAM 

R/W ON BOARD CLOCK 
NMI ~ Al 10 31 02 

A2 11. 30 D3 
DO - 07 

BA A3 12 29 D4 

A4 13 28 D5 
XTAl 

A5 14 27 D6 

AD - AI5 EXTAl A6 15 26 .07 

A7 16 25 A15 

A8 17 24 A14 

A9 18 23 AI3 

AID 19 22 AI2 

21 
BLOCK DIAGRAM OF A TYPICAL COST EFFECTIVE MICROCOMPUTER. THE MPU IS THE CENTER OF THE MICROCOMPUTER SYSTEM AND IS 
SHOWN IN A MINIMUM SYSTEM INTERFACING WITH A ROM COMBINATION CHIP. IT IS NOT INTENDED THAT THIS SYSTEM BE LIMITED TO 

All 20 Vss 

THIS FUNCTION BUT THAT IT BE EXPANDABLE WITH OTHER PARTS IN THE S6800 MICROCOMPUTER FAMIL Y. 

This is advance information and specifications are subject to change without notice 

IJ 
ADVANCED PRODUCT DESCRIPTION 
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S6802 

Absolute Maximum Ratings 

Supply Voltage . ~ .......................................................... -0.3V to + 7.0V 
Input Voltage ............................................................ -0.3V to + 7.0V 
Operating Temperature Range .................................................. O°C to + 70°C 
Storage Temperature Range ............................................ ~ ... -55°C to + 150°C 
Thermal Resistance .............................................................. 70°C/W 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at these or any other condition above those indicated in the opera­
tional sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

D.C. Electrical Characteristics (Vee = 5.0V ± 5%, VSS = 0, TA = O°C to +70°C unless otherwise noted.) 

Symbol Parameter Min. Typ. Max. Unit 

Logic, EXtal Vss +2'.0 - Vcc V 
Vrn Input High Voltage 

Reset Vss +4.0 - Vcc 
VIL Input Leakage Voltage Logic, EXtal, Reset Vss -0.3 - Vss_+ 0.8 V 

lIN In pu t Leakage Current Logic * -
I 

1.0 2.5 JJ.A 
(VIN = 0 to 5.25V, Vcc = Max) 

VOH Output High Voltage V 
(ILOAD = - 205JJ.A, Vcc = Min) DO-D7 Vss +2.4 - - V 
(ILOAD = -145JJ.A, Vec = Min) AO-A15, R/W, VMA,E Vss +2.4 - - V 
(ILOAD = - 100JJ.A, Vec = Min) BA Vss +2.4 - - V 

VOL Output Low Voltage - - Vss + 0.4 V 
(ILOAD = 1.6mA, Vcc = Min) 

PD** Power Dissipation - 0.600 1.2 W 
I 

CIN I Capacitance 11= I pF 
I (VIN = 0,TA=25°C,f=1.0MHz DO-D7 I - I 10 12.5 

Logic Inputs, EXtal - 6.5 10 
COUT AO - A15, R/W, VMA - - 12 pF 

Clock Timing (Vcc = 5.0V ± 5%, Vss = 0, TA = O°C to +70°C unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit 

f Frequency of Operation Input Clock-7-4 0.1 - 1.0 MHz 

fXtal Crystal Frequency 1.0 - 4.0 

tCYC C~cle Time 1.0 - 10 JJ.s 
PW¢Hs Clock Pulse Width 450 - 4500 ns 

PW<t>L Measured at 2.4 V 
t¢ Fall Time - - 25 ns 

Measured between Vss + OAV and Vss -2AV 

*Except IRQ and NMI, which require 3Kfl pullup load resistors for wire-OR capability at optimum operation. Does not include 
EXtal and Xtal, which are crystal inputs. 

**In power-down mode, maximum power dissipation is less than 40mW. 
fCapacitances are periodically sampled rather than 100% tested . 

• 
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Read/Write Timing (Figures 1 through 5; Load Circuit of Figure 3). 

(Vcc = 5.0V ± 5%, Vss = 0, TA = O°C to + 70°C unless otherwise noted.) 

Symbol Parameters 

tAD Address Delay 

tACC Peripheral Read Access Time tACC = tut - tDSR) 

tDSR Data Setup Time (Read) 

tH Input Data Hold Time 

tAH Address Hold Time (Address, R/W, VMA) 

tDDW Data Delay Time (Write) 

Processor Controls: 
tpcs Processor Control Setup Time 

tpcr, tpcf Processor Control Rise and Fall Time 

(Measured between 0.8V and 2.0V) 

Figure 1. Read Data From Memory or Peripherals 

RIW 

ADDRESS?'iiir~~~;::::--~~~--------------r11~~ 
FRDMMPU~~~~~~~1-_______________ -ttf~ 

-_I-4-_____ I ACC ____ --+_ 

DATA FROM 2.DV-=...I--~=~ ...... 
MPU-----------------~~~~~~~~~ 

OR PERIPHERALS D.8V 

~ DATA NOT VALID 

Figure 2. Write Data In Memory or Peripherals 

2.4V 

R/W 

ADDRESS-""?d~~~::----=~II!!!!!!!"'-----t-----------t~~ 

FROMMPU __ ~~~~~~~~----4_---------_4~~ 

DATA 
FROM MPU -------------+--.....:~~~~ ...... _O_AT_A_V_AL_ID_+_r 

~ DATA NOT VALID 

,l§>1C MASTER 1979 

86802 

Min. Typ. Max. Unit 
- - 270 ns ' 
- - 530 ns 

100 - - ns 
10 - - ns 
20 - - ns 
- 165 225 ns 

200 - - ns 
- - 100 ns 

Figure 3. Bus Timing Test load 

4.75V 

TEST POINT 0-........ -+-.... - ... 

C = 13DpF FOR DO - 07. E 

MM06150 
OR EOUIV. 

MM07000 
OR EUUIV. 

= 9DpF FOR AD - A15. RMi. 'AND VMA 

= 3DpF FOR SA 

R = 11.7K.QFORDD-D7.E 

= 16.5K.Q FOR AD - A15. R/W. AND VMA 

= 24K.Q FOR BA 
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AMJI$ 
Figure 4. Typical Data Bus Output Delay 
Versus Capacitive Loading 

600 I 
500 

~ 'OH = - 205 f,JA MAX @ 2.4V 

'--'Ol = 1.6mA MAX@0.4V 

j 400 

~Vee= 5.0V 
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I 

w 
::E 
i= 300 
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.L..---~ I 
100 
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........, 
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I 
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I 

l 

1 

: 

I I 

86802 

Figure 5. Typical Read/Write, VMA, and Address Ou.tput 
Delay Versus Capacitive Loading 
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500 
'OH = -145/.IA MAX @ 2.4V I 

- '0 L = 1.&mA MAX @ O.4V 
1 

400 
E 
w 
~ 
i= 300 
> 
0:( 
...I 
W 

200 CI 

r- Vee = 5.0V 

r-- TA = 25°e 

I 

J-.-.- ----
ADDRESS. VMA -

.......---~ : --- R/W 
,.,.."...--.....- ---~ .----~ 

100 
i I i ! I ! I I I I 
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Cv LOAD CAPACITANCE (pF) 

Figure 6. S6802 Expanded Block Diagram 
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MEMORY READY 3 

ENABLE 31 

lIESff,40 

m·MASKABLE INTERRUPT 6 

iiID 2 

iNfEliRupf REQUEST 4 
XTAL 39 

EXTAL 38 

BUS AVAILABLE 1 

VAllO MEMORY ADDRESS 5 

READtWRifr J4 

Vee = PIN., 35 
Vss = PIN I, 21 

AI5 AI4 A13 AI2 All AID A9 A8 
25 24 23 22 2D 19 18 17 

26 27 28 29 30 31 32 33 
07 06 D5 04 03 D2 01 00 

CL LOAD CAPACITANCE (pF) 

A 7 A6 A5 A4 A3 A2 A 1 AD 
16 15 14 13 12 11 10 
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Features 

• Upward source compatible with 86800 

• Bus compatible with 86800 family 

• 2MHz Bus operation 

• Pin-out compatible with 86800/86802 

• On-chip Oscillation/Clock Driver 

,. TTL compatible I/O 

• 3 priority Interrupts 

• Fast Interrupt - Cuts Response Time 

• Interrupt acknowledge allows vectoring by device 

• Memory Ready 8ignal for slow memory 

• +5V Power 8upply 

• Expandable to 64 K words 

General Description 

The 86809 is a monolithic microprocessor that contains 
all the registers of the 86800 plus an additional clock 
oscillator and driver on chip. 

The 86809 gives the user 8- and 16-bit word capability, 
while retaining software compatibility with the basic 
86800 family. Four 8-bit-wide registers and five 16-bit­
wide ones process the data, with ,the 8-bit accumulators 
supplying routing computation. 

The 86809 is compatible with the complete set of 86800 
peripheral and memory devices. It is designed for the 
middle and high end of the microprocessor scale. 

·Available 1st Quarter 1979 

.@IC MASTER 1979 

'S6809 

HIGH PERFORMANCE 
MICROPROCESSOR* 

Block Diagram 

A15 A14 A13 A12 A11 Alo Ag As 
25 24 23 22 20 19 18 17 

STACK 
POINTER 

USER 
STACK 

POINTER 

X·INOEX 
REGISTER 

Y·INDEX 
REGISTER 

INSTRUCTION 
DECODE 

AND 
CONTROL 

26 27 28 29 30 31 32 33 
D7 06 ~ 04 03 02 01 Do 

PRELIMINARY PINOUTS 

A7 A6 As A4 A3 A2 A1 Ao 
16 15 14 13 12 11 10 9 

PROGRAM 
COUNTER 

STACK 
POINTER 

USER 
STACK 

POINTER 

X·INDEX 
REGISTER 

Y·INDEX 
REGISTER 

DIRECT 
PAGE 

REGISTER 

ACCUMULATOR 
B 

CONDITION 
CODE 

REGISTER 

ALU 

ADVANCED PRODUCT DESCRIPTION 
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Features 

o Organized as 128 Bytes of 8 Bits 

o Static Operation 

OBi-Directional Three-State Data Input/Output 

o Six Chip Enable Inputs (Four Active Low~ 
Two Active High) 

o Single 5-Volt Power Supply 

o TTL Compatible 

o Maximum Access Time = 450ns for S6810A 
350ns for S6810A - 1 

Block Diagram 

ADI231 

AIIW 

A21211 

AlUOI 

A4/191 

MI1SI 

116011 

REAO/ fl61 
WRITE 

EllUl 

EO 1101 

nl151 

[41141 

DOll 

nOli 

m (24) 

GNO Vee I+SV) 

1790 

S681 OAlS681 OA·1 

128x8 STATIC 
READ/WRITE MEMORY 

General Description 

The 86810A is a static 128 x 8 Read/Write Memory 
designed and organized to be compatible with the 
86800 Microprocessor. Interfacing to the S6810A 
consists of an 8-Bit Bidirectional Data Bus, Seven 
Address Lines, a single Read/\Vrite Control lhle, and 
six Chip Enable lines - four negative and two positive. 

For ease of use, the S6810A is a totally static memory 
requiring no clocks or cell refresh. The S6810A is 
fabricated with N-channel silicon gate depletion mode 

'technology to be fully DTL/TTL compatible with 
only a single +5 volt power supply required. 

Pin Configuration 

/2100 

13101 

/4102 GNO 24 Vee 

/5103 00 ZJ AO 

/6104 
01 n AI 

III 05 

18106 
02 21 A7 

19101 03 20 Al 

04 S6810A 19 A4 

05 1 S6810A -1 18 AS 

11 A6 

16 RIW 

E,O 10 15 f5 

fi 11 14 E4 

Ei 12 13 E3 

ADVANCED PRODUCT DESCRIPTION 
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AMII~ S6810A/S6810A-1. 

Absolute Maximum Ratings 

NOTES: 

1. Permanent device damage may occur i'f ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

2. This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields, however, it is 
advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this 
high-impedance circuit. 

Supply Voltage VCC ......................................................... - 0.3 to +7.0V 
Input Voltage VIN ............................................ ;............... - 0.3 to +7.0V 
Operating Temperature Range TA ............ o •••••••••••••••••••••••••••••••••• O°C to +70°C 
Storage Temperature Range Tstg ............................................. ~ 55°C to +150°C 

DC (Static) Characteristics 

Vcc = 5.0V ± 5%; TA = O°C to +70°C unless otherwise noted 

Symbol Parameter Min. Typ. Max. Unit Condition 

Vrn Input High Voltage 2.0 - 5.25 V 

VIL Input Low Voltage - 0.3 - 0.8 V 

lIN Input Current (An, R/W, En, En) - - 2.5 J.1.A 
(VIN = 0 to 5.25V) I 

VOH Output High Voltage (IOH = 205 J.1.A) 2.4 - - V 

VOL Output Low Voltage (IOL = 1.6mA) - - 0.4 I V 

ILIH Output Leakage Current (DO - D7) - - 10 J.1.A 
(Vo = 2AV, E = 0.8V, E = 2.0V) 

ILOL Output Leakage Current (DO - D7) - - 10 J.1.A 
(Vo = OAV, E = 0.8V, E = 2.0V) 

Icc Supply Current 
(Vee = 5.25V, TA = O°C) 
S6810A - - 80 . mA 
S6810A -1 - - 80 mA 

CIN Input Capacitance* - - 7.5 pF f=1.0MHz~ TA =25° C 

COUT Output Capacitance* - - - - f=I.0MHz, TA =25° C 

*This parameter periodically sampled rather than 100% tested. 

AC (Dynamic) Characteristics 

Vee = 5.DV ± 5%, TA = O°C to +70°C 

Symbol Parameter Min. Max. Unit 

tAS Address Setup Time 20 - ns 

tAH Address Hold Time 0 - ns 

tes Chip Enable Pulse Width S6810A 230 - ns 
S6810A -1 180 - ns 

©IC MASTER 1979 1791 



AMJI~ S6810A/S6810A-1 

Read Cycle 

(All timing with low input pulse 0.8V, high input pulse 2.0V, tr = tf= 20ns, Load of Figure 1) 

Symbol 

tCYC (R) 

tDD 

tAcc 

Write Cycle 

Parameter 

Read Cycle Time 

Outpu t Disable Delay Time 

Read Access Time 

Read to Select Delay Time 

S6810A 
S6810A -1 
S6810A 
S6810A -1 
S6810A 
S6810A -1 
S6810A 
S6810A -1 

Min. 

450 
350 
10 
10 
-
-

o 
o 

Max. 

-
-

-
-

450 
350 
-

Unit 

os 
os 
os 
os 
os 
os 
os 
os 

(All timing with low input pulse 0.80, high ioput pulse 2.0V, tr = tf = 20ns, Load of Figure 1) 

Symbol Parameter Min. Max. Unit 

S6810A 450 - os 
tCYC (W) Write Cycle Time 

S6810A -1 ,350 - os 
S6810A 300 - os 

twp Write Pulse Width 
S6810A -1 250 - os 
S6810A 190 - os 

tDS Data Setup Time 
S6810A -1 150 - os 

" S6810A 0 - os 
twcs Write to Select Delay Time 

S6810A -1 0 - os 

Figure 1. AC Test Load 

9 s.0V 

: RL = 2.Sk 

TEST POINT..... Lot MMD6150 
~ DREQUIV 

130pF*;:~ ~> 11.7k ~7 . 
~> -~ 

~ ~z~:~~~ 

~~ 

1176162 

"Includes Jig Capacitance 
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AHI® 
Timing Characteristics 

Figure 2. Read Cycle Timing 

2.4V 

ADDRESS 

O.4V 

2.4V-----lI--~_-----__ 

CHIP SElECT 
O.4V-~;""J 

READIWRITE 
O.4V 

2.4V --10"-

O.4V -----.---:~------~ 

1116160 D DON'T CARE 

Physical Dimensions 

090 MIN 

PIN 1 IDENTIFIER 

.'t.--'-_.r 13 

I· '!1 'I 200 MAX 1-- 595_ -, r-- .020 MIN 575· 

MARKINGS 
ON LID 

SURFACE 
ONl y 

~:J 
,nJ--::': 

-...1 i 
J 1--15 MAX 
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S6810A/S6810A-1 

Figure 3. Write Cycle Timing 

.... ---- leye (W) ------I.., 
2.4V '-............. 

ADDRESS 

O.4V 

CHIP SElECT 

O.4V 

2.4V 

CHIP SELECT 

2.4V 

READ/WRITE 

O.4V ........... ojIII.-------......... iioiioi .............. 

::: ~::::::. ;;;;. ....... ,;;;;; ... iK'E_t_DS ____ t
D
_" K= 

1176161 o DON'T CARE 

Ordering Information 

Order No. 
No. 

Package Temp. 
Description Pins Range 

S6810AP 40 Plastic o -70°C NMOS 128 x 8 Static 
RAM, TAA =450ns Max 

S6810A 24 Ceramic 0- 70°C NMOS 128 x 8 Static 
RAM, TAA =450nsMax 

S6810A-1P 24 Plastic o -70°C NMOS 128 x 8 Static 
RAM, TAA =350ns Max 

S6810A-1 24 Ceramic 0-70°<; NMOS 128 x 8 Static 
RAM, TAA =350ns Max 
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Features 

o Organized as 128 Bytes of 8 Bits 

o Sta,tic Operation 

o Bidirectional Three-State Data Input/Output 

o Six Chip Enable Inputs (Four Active Low, 
Two AGtive High) 

o Single 5 Volt Power Supply 

o TTL Compatible 

o Maximum Access 'Time: 
-360ns for S68AIO 
-250ns for S68BIO 

BI.ock Diagram 

AO 1231 

Al 1221 

A21211 

A31201 

A4 (I91 

A51181 

A6!171 

READ! 1161 
WRITE 

E3 (13) 

~1151 

E4114) 
0112) 

Ei 1111 

1794 

111 1241 
GNO Vee 1+5V) 

S68A 10/568810 

128 X 8 STATIC 
READ/WRITE MEMORY 

General Description 

The S68A10 and S68BIO are static 128x8 Read/Write 
Memories designed and organized to be compatible 
with the S68AOO and S68BOO Microprocessors. Inter­
facing to the S68AIO and S68BIO consists of an 8-bit 
bidirectional data bus, seven address lines, a single 
Read/Write control line, and six chip enable lines, 
four negative and two positive. 

For ease of use, the S68AIO and S68BIO are a totally 
static memory requiring no clocks or cell refresh. The 
S68AIO and S68BIO are fabricated with N-channel 
silicon gate depletion load technology to be fully 
DTL/TTL compatible with only a single +5 volt power 
supply required. 

Pin Configuration 

GNO 24 Vee 

00 23 AO 

01 22 Al 

(2) 00 
02 21 AI 

(3) 01 03 20 A.l 

(4) 02 04 S68A 10 19 A4 

ISI03 S68810 05 18 AS 
16104 

11) 05 
17 A6 

(8106 16 R'W 

19107 EO 10 15 E5 

[i 11 14 E4 

E2 12 13 E3 

AC Test Load 

Rl = 2.5k 

MMD6150 
TEST POINT 

OR EQUIV 

130pF· 

MM01000 
OR EOUIV 

":" ":" 
·'ncludes jIg CapacItance 
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S68A 101$68810 

Absolute Maximum Ratings 

Supply Voltage -O.3V to +7.0V 
Input Voltage -0.3V to +7.0V 
Operating Temperature Range 
Industrial Temperature Range 
Military Temperature Range 
Storage Temperature Range 

DC Characteristics (V CC = +5.0V ± 5%, V SS = 0, T A = 0° C to +70° C unless otherwise noted.) 

Symbol Parameter Min. Typ. Max. Units Conditions 

lIN Input Current 2.5 MAdc VIN = OV to 5.25V 
(An' R/W, CSn ' CSn) 

VOR Output High Voltage 2.4 Vdc IOH = - 205MA 

VOL Output Low Voltage 0.4 Vdc IOL = l.OmA 

ILO Output Leakage Current 10 MAdc CS = O.SV or CS = 2.0V, VOUT = O.4V 
(Three -State) to 2.4V 

ICC Supply Current SO mAdc V CC = 5.25V, all other pins grounded, 
TA = O°C 

AC Characteristics 
Read Cycle (VCC = +5.0V ±5%, VSS = 0, TA = O°C to +70°C unless otherwise noted.) 

S6SAI0 S6SBI0 

Symbol Parameter Min. Max. Min. Max. 'Units 

tcyc(R) Read Cycle Time 360 250 ns 

tacc Access Time 360 250 ns 

tAS Address Setup Time 20 20 ns 

tAH Address Hold Time 0 0 ns . 
tDDR Data Delay Time (Read) 220 ISO . ns 

tRCS Read to Select Delay Time 0 0 ns 

tDHA Data Hold from Address 10 10 ns 

tH Output Hold Time 10 10 ns 

tDHW Data Hold from Write 10 60 10 60 ns 

Write Cycle (VCC = +5.0V ±5%, VSS = 0, TA = O°C to +70°C unless otherwise noted.) 

S6SAI0 S6SBI0 

Symbol Parameter Min. Max. Min. Max .. Units 

tcyc(W) Write Cycle Time 360 250 ns 

tAS Address Setup Time 20 20 ns 

tAH Address Hold Time 0 0 ns . 

tcs Chip Select Pulse Width 250 210 ns 

twcs Write to Chip Select Delay Time 0 0 ns 

tDSW Data Setup Time (Write) SO 60 ns 

tH Input Hold Time 10 10 ns 
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AMJI~ S68A1 O/S68B1 0 

Read Cycle Timing 

14--------------- teyelR) -------------~ 

ADDRESS 

GS 2.0V 
O.BV 

tDDR 

2.nV 
CS o.av 

tRGS 

2.0V 
RIW 

DATA OUT -------------< 

~DON.TCARE 
Note: CS and CS can be enabled for consecutive read cycles provided R/W remains at VIH. 

Write Cycle Timing 

.,.--------------- t'.iclWJ---------------l-.. ~1 

ADDRESS 

14--------·C:5-------..... I4-- tAH 

2.0V 

CS 

O.BV 

R/W 
O.BV 

t..---.. tDSW~ tH ~r-~ 
.. ,," _r~~:::::-:~------D-AT-A-IN-S-TA-B-LE------~~ 

1796 

~DON.TCARE 

Note: CS and CS can be enabled for consecutive write cycles provided R/W,is strobed to VIH before or 
coincident with the Address change, and remains high for time tAS' 
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AC Test Load 

Rl = 2.5k 

TEST POINT o-............ ~o-...... MMD6150 
OR EaUIV 

130pP 

-lncludesJtg Capacitance 
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MMD7000 
DR EaUIV 

S68A 1 0/S6881 0 

Physical Dimensions 

.OS5 

.040 

PIN 1 IDENTIFIER 

--~-.200 MAX . 

. 020 MIN. 

1~t---L_l:.!:.2_1-__ ...r13 

L·595. ~i 
.575~ 

.590 

MARKINGS 
ON LID 

SURFACE 
ONl Y 

[

.S10

J 
-f~. f-.012 

.008 

15' MAX 
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Features 

0 8 -Bit Bidirectional Data Bus for 
Communication with the MPU 

0 Two Bidirectional8-Bit Buses for Interface 
to Peripherals 

0 Two Programmable Control Registers 

0 Two Programmable Data Direction Registers 

0 Four Individually-Controlled Interrupt Input 
Lines: Two Usable as Peripheral Control 
Outputs 

0 Handshake Control Logic for Input and 
Output Peripheral Operation 

0 High-Impedance Three-State and Direct 
Transistor Drive Peripheral Lines 

0 Program Controlled Interrupt and 
Interrupt Disable Capability 

0 CMOS Compatible Peripheral Lines 

Block Diagram 

1798 

S6821/S68A21/S68B21 

Peripheral Interface Adapter (PIA) 

39CA2 

2 PAO 

3' PAl 

S PAl 

1 PA~ 

I!I PA6 

General D8scription 

The S68A21/S68B21 are peripheral Interface Adapters 
that provide the universal means of interfacing peripheral 
equipment to the S68AOO and the S68BOO Microprocessing 
Units (MPU). This device is capable of interfacing the MPU 
to peripherals through two 8 -bit bidirectionl,lJ. peripheral 
data buses and four control lines. No external logic is re­
quired for interfacing to most peripheral devices. 

The functional configuration of the PIA is programmed 
by the MPU during system initialization. Each of the pe­
ripheral data lines can be programmed to act as an input 
or output, and each of the four control/interrupt lines may 
be. programmed for one of several control modes. This 
allows a high degree of flexibility in the overall operation 
of the interface. 
The PIA interfaces to the S68AOO/S68BOO MPUs with an 
eight- bit bidirectional data bus, three chip select lines, two 
register select lines, two interrupt request lines, read/write 
line, enable line and reset line. These signals, in conjunction 
with the S68AOO/S68BOO VMA output, permit the MPU 
to have complete control over the PIA. VMA may be uti­
lized to gate the input signals to the PIA. . 

Absolute Maximum Ratings 

Supply Voltage ................ -O.3V to +7.0V 
Input Voltage ................. -O.3V to +7.0V 
Operating Temperature Range ........ O°C to +70°C 
Storage Temperature Range ....... -55°C to +150oC 

Pin Configuration Physical Dimensions 

GNO I. 40 CAl 

PAO 39 CA2 

PAl 38 iliOA 
PA2 31 IROB 

PA3 36 RSO 

3S RSI 

PAS 34 REID 

S6821 
3J DO 

32 01 

PSO 10 S68A21 31 02 
PSI 11 30 OJ 

S68821 29 04 

28 OS 

21 06 

26 01 

2S E 

24 CSI 

23 CS2 

22 CSO 

21 RIW 

877255 

n' r PIN lIDEN~';~ER 

3 ~38 

: ~~~ 
2.060 6 35 

MA/X j D iJ 
11 30 
12 29 
13 28 
14 J27 
15 ~26 
16 J25 
17 )24 
18 23 
19 22 
20e J21 

1.-.595--1 
.575 

.020 M~N. ,:l .200 MAX. 
.090 MIN. 

.012 15MAX·~D 

.008 
.610 
.590 
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AMI@ S6821/S68A21/S68B21 

Electrical Characteristics (Vee = +5.0V ±5%,. VSS = 0, TA = oOe to +70o e unless otherwise noted~) 

Symbol Parameter Min. Typ. Max. Units Conditions 

VIH Input High Voltage VSS+2.0 VCC Vdc 

VIL Input Low Voltage VSS- 0.3 VSS+0.8 Vdc 

lin Input Leakage Current R/W, Reset, RSO, RS1, CSO, CS2, 1.0 2.5 J..LAdc Yin = OVdc to +5.25Vdc 
CS1, CAl, CB1, Enable 

ITSI Three-State (Off State) Input Current DO-D7, PBO-PB7, CB2 2.0 10 J..LAdc Yin = O.4Vdc to 2.4Vdc 

IIH Input High Current PAO-PA7, CA2 - 200 -400 J..LAdc VIH = 2.4Vdc 

IlL Input Low Current PAO-PA7, CA2 -1.3 -2.4 mAdc VIL = O.4Vdc 

VOH Output High Voltage 
DO-D7 VSS+2.4 Vdc ILoad = - 205J..LAdc 

Other Outputs VSS+2.4 Vdc ILoad = - 200J..LAdc 

VOL Output Low Voltage 
DO·D7 V SS+O.4 Vdc ILoad = 1.6mAdc 

Other Outputs V SS+O.4 Vdc ILoad = 3.2mAdc 

IOH Output High Current (Sourcing) 
DO-D7 - 205 JiAtlc VOH = 2.4Vdc 

Other Outputs -100 J..LAdc 
PBO -PB7 , CB2 -1.0 - 2.5 -10 mAdc Vo = 1.5Vdc, the current 

for driving other than TTL, 
e.g., Darlington Base 

ILOH Output Leakage Current (Off State) IRQA, IRQB 1.0 10 J..LAdc VOH = 2.4Vdc 

PD Power Dissipation 550 mW 

Cin Capacitance 
DO-D7 12.5 pF Yin = 0, TA = +25°C, 

-- PAO-PA7, PBO-PB7, CA2, CB2 10 pF f = 1.0MHz 
Enable, R/W, Reset, RSO, RS1, CSO, CS1, CS2, CAl, CB1 7.5 pF 

Cout IRQA, IRQB 5.0 pF 

Note: The PAO-PA7 Peripheral Data lines and the CA2 Peripheral Control line can drive two standard TTL loads. In the input mode, the 
internal pullup resistor on these lines represents a maximum of 1.5 standard TTL loads. 

Bus Timing Test Loads 

LOAD A 
WO-D71 

LOAD C 
(CMOS LOADI 

TEST POINT O~---l" 31JpF 

I 
817257 

©IC MASTER 1979 

LOAD B 
liRO ONL YI 

TEST POINT 0-------;. 

LOAD D 

5_0V 

3k 

(PAO-PA7, PSO-PB7, CA2, CB21 

TEST POINT 0-'"+---4 ............... 

C=40pF R = 12k 
ADJUST Rl SO THAT II = 3_2mA 
WITH VI = 0_4V AND Vee = 5.25V 
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S6821/S68A21/S68B21 

A.C. (Dynamic) Characteristics Loading = 30pF and one TTL load for PAO-PA7, PBO-PB7, CA2, CB2 
= 130pF and one TTL load for DO-D7, IRQA, IRQB 

(VCC = +5.0V ±5%, TA = O°C to +70°C unless otherwise noted.) 

Read Timing Characteristics (Figure 1) 

Timing Characteristics (Vee = + 5.0V ± 50/0, Vss = 0, TA = O°C to + 70°C unless otherwise noted,) 

86821 868A21 868821 
8ymbol Parameter Min. Max. Min. Max. Min. Max. Units Conditions 

tpD8U Peripheral Data Setup Time 200 135 100 ns 

tpDH Peripheral Data Hold Time 0 I 0 0 ns 

tCA2 
Delay Time, Enable Negative Transition 1.0 0.670 0.5 .p.S 
to CA2 Negative Transition 

tR81 
Delay Time, Enable Negative Transition 1.0 , 0.670, 0.5 ItS 

I to CA2 Positive Transition I ! I I 
I Rise and Fa)) Times for CAl and CA2 

t r , tf 
J 

1.0 1.0 1.0 
Input Signals 

p.S 

tR82 
Delay Time from CAl Active Transition 2.0 1.35 1.0 p.S 
to CA2 Positive Transition 

tpDw 
Delay Time, Enable Negative Transition 1.0 0.670 0.5 p.S 
to Peripheral Data Valid I I 
Delay Time, Enable Negative Transition 

I 
Vcc - 30% Vcc; 

tCM08 to Peripheral CMOS PAO-PA7, CA2 2.0 1.35 1.0 p.S 

Data Valid Figure 6, Load C 

tCB2 
Delay Time, Enable Positive Transition 1.0 0.670 0.5 p.S 
to CB2 Negative Transition 

tDC 
Delay Time, Peripheral Data Valid to 20 20 20 ns 
CB2 Negative Transition 

tR81 
Delay Time, Enable Positive Transition 

1.0 0.670 0.5 p.S 
to CB2 Positive Transition 

PWCT 
Peripheral Control Output Pulse Width, 

550 550 550 ns 
CA2/CB2 

t r , tf I Rise and Fall Time for CBl and CB2 1.0 I 1.0 1.0 I 
Input Signals 

p.S 

tR82 
Delay Time, CBl Active Transition to 

2.0 1.35 1.0 p.S 
CB2 Positive Transition 

tIR Interrupt Release Time, IRQA and IRQB 1.6 1.1 0.85 p.S 

tR83 Interrupt Response Time 1.0 1.0 1.0 p.S 

PW1 Interrupt Input Pulse Width 500 500 500 ns 

tRL Reset Low Time* 1.0 0.66 0.5 p.S 

*The Reset line must _be high a minimum of 1.0l'S before addressing the PIA. 

Peripheral Data Setup Time 
(Read Mode) 

PAO·PAl ~ 2.0V 
PBO.P87 __ ---.J ~O.8:.;..V _______ _ 

tpD5U r--
___ --t;1r--2.

4V
---""'\\ 

ENABLE . '---

811259 

1800 

CA2 Delay Time 
(Read Mode; CRA-5 = CRA-3 = 1, CRA-4 = 0) 

ENABLE 

CA2 

* Assumes part was deselected during the previous E pulse. 

817260 
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AMJI® S6821/S68A21/S68821 

Bus Timing Characteristics (Vee = + 5.0V ± 5%, Vss = OV, TA = O°C to + 70°C unless otherwise noted.)' . 

Read 

S6821 S68A21 S68821 
Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

tcycE Enable Cycle Time 1.0 0.666 0.50 JA.S 

PWER Enable Pulse Width, High 0.45 0.280 0.22 JA.S 

PWEL Enable Pulse Width, Low . 0.43 0.280 0.21 JA.S 

tAS 
Setup Time, Address and Rrw Valid to 160 140 70 ns 
Enable Positive Transition 

tDDR Data Delay Time 320 220 180 ns 

tR Data Hold Time 10 10 10 ns 

tAR Address Hold Time 10 10 10 ns 

tEr, tEf Rise and Fall Time for Enable Input 25 25 25 ns 

Write 

S6821 S68A21 868821 
Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

tcycE Enable Cycle Time 1.0 0.666 0.50 JA.S 

PWER Enable Pulse Width, High 0.45 0.280 0.22 JA.S 

PWEL Enable Pulse Width, Low 0.43 0.280 0.21 JA.S 

tAS 
Setup Time, Address and R/W Valid to 160 140 70 ns 
Enable Positive Transition 

tnsw Data Setup Time 195 80 60 ns 

tR Data Hold Time 10 10 10 ns 

tAR Address Hold Time 10 10 10 ns 

tEr, tEf Rise and Fall Time for ·Enable. Input 25 25 25 ns 

CA2 Delay Time Peripheral Data and CB2 Delay Times 
(Read Mode; CRA-5::: 1, CRA-3 = CRA-4 = 0) (Write Mode; CRB-5 = CRB-3 = 1, CRB-4 = 0) 

ENABLE ENABLE 

(' 

I,. If 

CAl PBO·PBI 

CA2 

''''~=r-AS2 2.4V 

O.4V 

CB2 
871263 

877261 CB2 Note:CB2 goes low as a result of the positive transition of Enable. 

Peripheral CMOS Data Delay Times CB2 Delay Time 
(Write Mode: CRA-5 = CRA-3 = 1, CRA-4 = 0) (Write Mode; CRB-5 = CRB-3 = 1, CRB-4 = 0) 

ENABLE 
ENABLE 

ICMOS 

PAO·PAI 

877262 
CA2 ____ -J. 

CB2 

r- IRSl
' 

~ _____ ..J2/1 
871264 
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CB2 Delay Time 
(Write Mode; CRB·5 = 1, CRB·3 = CRB.4 = 0) 

ENABLE ~ \ 

~ I '-T~( ............................................. --

~ ::: 
I,. If 

CBl 

CB2 

ICB21 IRsr--J 2.4V ~ 

~~I 
877265 * Assumes part was deselected during any previous E pulse. 

RESET low Time 

877167 

~I~ ... _: .... _ ..... _ .. t .R_L~1r-
REm 10~ -f 

*The Reset line must be a VIH for a minimum of 1.0J,lS 
before addressing the PIA. 

Bus Write Timing Characteristics 
(Write Information into PIA) 

ENABLE 

DATA BUS 

877269 

Peripheral Control Output Pulse Width 

877211 

1802 

CA2 
CB2 

S6821/S68A21/S68821 

IRQ Release Time 

8))~66 

Bus Read Timing Characteristics 
(Read Information from PIA) 

871268 

Peripheral Data Hold Time 
(Read Mode) 

;~~:~'i __ ~:~ """ 
ENABLE 08~ .......... ____ ..... 

877270 

Interrupt Pulse Width and IRQ Response 

PWI 

CAl. C 

CB1. C 

A2 

B2 X 2.0V X O.8V 

~ IROB 

IRS3' 

877272 
* Assumes I nterrupt Enable Bits are set. 
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Application Information 

Initialization 

A low reset line has the effect of zeroIng all PIA regis­
ters. This will set PAO-PAT, PBO-PB7, CA2 and CB2 
as inputs, and all interrupts disabled. The PIA must 
be configured during the restart program which fol­
lows the reset. 

Register Addressing 

There are six locations within the PIA accessible to 
the MPU data bus: two Peripheral Registers, two Data 
Direction Registers, and two Control Registers. Selec­
tion of these locations is controlled by the RSO and 
RSI inputs together with bit 2 in the Control Register, 
as shown in Table 1. 

Table 1. I nternal Addressing 

Control 
Register Bit 

RSI RSO CRA-2 CRB-2 Location Selected 

0 0 1 X Peripheral Register A 

0 0 0 X Data Direction Register A 

0 1 X X Control Register A 

1 0 X 1 Peripheral Register B 

l' O_ X 0 Data Direction Register B 

1 1 X X Control Register B 

X = Don't Care 

Data Direction Registers (DDRA and DDRB) 

The two Data Direction Registers allow the MPU to 
con trol the direction of data through each correspond­
ing peripheral data line. All Data Direction Register 
bits set at "0" configure the corresponding peripheral 
data line as an input; all "1 's" result in an output. 

Control Registers (CRA and CRB) 

The two Control Registers (CRA-and CRB) allow the 
MPU to control the operation of the four peripheral 
control lines, CAl, CA2, CBl and CB2. In addition, 
they allow the MPU to enable, the in terrupt lines and 
monitor the status of the interrupt flags. Bits Othrough 
5 of the two registers may be written or reaq by the 
MPU when the proper chip select and register select 
signals are applied. Bits 6 and 7 of the two registers 
are read only and are modified by external interrupts 
occurring on control lines CAl, CA2, CBl or CB2. 
The format of the control words is shown in Table 2. 

©IC MASTER 1979 

S6821/S68A21/S68821 

Table 2. Control Word Format 

7 6 5 I 4 I 3 2 1 I 0 

CRA IRQA1 lRQA2 CA2 Control DDRA CAl Control 
Access 

7 6 5 I 4 I 3 2 I I 0 

CRB IRQBI IRQB2 CB2 Control DDRB CBI Control 
Access 

Data Direction Access Control Bit (CRA -2 and 
CRB-2) - Bit 2 in each Control Register (CRA 
and CRB) allows selection of either a Peripheral 
Interface Register or the Data Direction Register 
when the proper register select signals are applied to 
RSO and RSl. 

Control of CAl and CBI Interrupt Input Lines 
(CRA-O, CRB~O, CRA-I and CRB-I) - The two lowest 
order bits of the con trol registers are used to control 
the interrupt input lines CAl and CBl. Bits CRA-O 
and CRB-O are used to enable the MPU interrupt sig­
nals IRQA and IRQB, respectively. Bits CRA-l and 
CRB-l-determine the active transition of the interrupt 
input signals CAl and CBI (Table 3). 

Control of CA2 and CB2 Peripheral Control Lines 
(CRA-3, CRA-4, CRA-5, CRB-3, CRB-4 and CRB-5) 
- Bits 3, 4 and 5 of the two control registers are used 
to control the CA2 and CB2 Peripheral Control lines. 
These bits determine if the control lines will be an· 
interrupt input or an output control signal. If bit 
CRA-5 (CBR-5) is low, CA2 (CB2) is an interrupt 
input line similar to CAl (CBl) (Table 4). When 
CRA-5 (CRB-5) is high, CA2 (CB2) becomes.an out-
put signal that may be used to control peripheral 
data transfers. When in the output mode, CA2 and 
CB2 have slightly different characteristics (Tables 5 
and 6). 

Interrupt Flags (CRA-6, CRA-7, CRB-6 and CRB-7) 
- The four interrupt flag bits are set by active transi­
tions of signals on the four Interrupt and Peripheral 
Status lines when those lines are programmed to be 
interrupt inputs. These bits cannot be set directly 
from the MPU Data Bus and are reset indirectly by a 
Read Peripheral Data Operation on the appr9priate 
section. 

1803 
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AMJI® S6821/S68A21/S68821 

Table 3. Control of Interrupt Inputs CA 1 and CB1 

CRA-l CRA-O Interrupt Input CAl Interrupt Flag CRA-7 MPU Interrupt Request 
(CRB-l) (CRB-O) (CBl) (CRB-7) IRQA (IRQB) 

0 0 .j, Active Set high on .j, of CAl (CBl) Disabled - IRQ remains high 

0 I .j, Active Set high on .j, of CAl (CBI) Goes low when the interrupt 
flag bit CRA-7 (CRB-7) goes 
high 

1 0 t Active Set high on t of CAl (CBl) Disabled - IRQ remains high 

1 1 

I 
t Active Set high on t of CAl (CBI) Goes low when the interruot 

I I I 
I flag bit CRA-7 (CRB-7) go~s 

high . 

Notes: 
1. t indicates positive transition (low to high). 
2. i indicates negative transition (high to low). 
3. The Interrupt flag bit CRA-7 is cleared by an MPU Read of the A Data Register, and CRB-7 is cleared by an MPU Read of the 

B Data Register. 
4. If CRA-O (CRB-O) is low when an interrupt. occurs (Interrupt disabled) and is later brought high, IRQA (IRQB) occurs on 

the positive transition of CRA-O (CRB-O). 

Table 4_ Control of CA2 and CB2 as Interrupt Inputs 
CRA-5 (CRB-5) is Low 

CRA-5 CRA-4 CRA-3 Interrupt Input 
(CRB-5) (CRB-4) (CRB-3) CA2 (CB2) 

0 0 0 .j, Active 

0 0 1 !- Active 

0 I 0 t Active 

0 1 I t Active 

Notes: 
, ~ 1. t indicates positive transition (low to high). « 2. ~ indicates negative transition (high to low). 

Interrupt Flag CRA-6 MPU Interrupt Request 
(CRB-6) IRQA (IRQB) 

Set high on t of CA2 (CB2) Disabled - IRQ remains high 

Set high on t of CA2 (CB2) Goes low when the interrupt 
flag bit CRA-6 (CRB-6) goes 
high 

Set high on t of CA2 (CB2) Disabled - IRQ remains high 

Set high on t of CA2 (CB2) Goes low when the interrupt 
flag bit CRA-6 (CRB-6) goes 
high 

3. The Interrupt flag bit CRA-6 is cleared by an MPU Read of the A Data Register and CRB-6 is cleared by an MPU Read of the 
B Data Register. \ 

4. Ir"CRA-3 (CRB-3) is low when an interrupt occurs (Interrupt disabled) and is later brought high, IRQA (IRQB) occurs on 
the positive transition of CRA-3 (CRB-3). 
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Basic System Configuration 

The Microprocessing Unit (MPU) may be configured 
with a Read Only Memory (ROM), Random Access 
Memory (RAM), a Peripheral Interface Adapter (PIA), 
restart circuitry and clock circuitry to form a mini­
mum functional system (Figure 16). Such a system can 
easily be adapted for a number of small scale applica­
tions by simply changing the content of the ROM. 

Two -Phase Clock Circuitry and Timing - The MPU 
requires a two-phase non-overlapping clock which 
has a frequency range as high as 1MHz. In addition to 
the two phases, this circuit should' also generate an 
enable Signal E, and its complement E, to enable 
ROMs, RAMs, PIAs and ACIAs. This Enable signal 
and its complement are obtained by ANDing ¢2 and 
VMA (Valid Memory Address) .. 

S6821/S68A21/S68821 

RAM, ACIA and PIA without the use of special TTL 
select logic. This is accomplished by simply wiring the 
address lines A13, A14 to the Enable or chip select 
lines on the memories and PIA. This permits the de­
vices to be addressed as follows: 

Device 

RAM 
PIA 
ROM 

A14 

o 
o 
1 

A13 

o 
1 
1 

Hex Addresses 

0000-007F 
.2004-2007 (Registers) 
6000-63FF 

Other addressing schemes can be utilized which use 
any combination of two of the lines A10 through 
A14 for chip selection. 

Peripheral Control - All control and timing for the 
peripherals that are connected to the PIA is accom­

Chip Selection and Addressing - The minimum system plished by software routines under the control of the 
configuration permits direct selection of the ROM, MPU. . 

Figure 16. Minimum System Implementation 

877258 
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TWO PHASE t-V_M ..... A ..... 02 _________ -----, 

CLOCK 

N t ROM 

01 02 VMAr-:-:::-:'::-__ --=~ ... '\J S6831 I.lA,L...I-__ 

~ OBE 
A 13 t----+--....--1 f-----+ E E 

E RES 

CA1~1 CA2..... TO 

PERI:'AH.~RAL 
PAD·PA1 ~ 

I J *-:' RES RESTART 
TSC 

AO-A9 AO-A9 ~ ADA9 00-01 s=oo.01 

A 14 ~~~-I r-------- E E 

MPU 

PlA. 

S68A21 

-..l\ S68821 S6821 
S68A21 
S68821 

~00-01 

AO·Al 

A2 

A13 

A14 

~ 
0:-- HALT R/W ~~~-I 1----+-.-----1 

RIW 

~ AD-A6 0001 ~ 00·01 

'--------,l~ E RAM E r--<>Vcc 

:8, '-----.tE 

'------+IE 
, Vcc 

DATA BUS 00-07 

--V RSO·RSI 

~ CSO 

~ CSI 

1---+ CS2 
~ RIW 

PBo·pa7 ~} TO 

cal ~ PERI:'~.~RAL 
LJ., 00·07 ca2 ..... 

-,I TR1iA TROB 
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Features 

o Single + 5 V Power Supply 

o Directly TIL Compatible Inputs 

o Three-State TIL Compatible Outputs 

o Three Programmable Enables 

o Access Time: 450ns Maximum 

o S6831A: Intel 23J6A Pin Compatible 

o S6831B: 2716 EPROM Pin Compatible 

o Low Power: Supply Current is 80mA Maximum 

S6831A/B 

16,384 BIT (2048x8) 
STATIC NMOS ROM 

General Description 

The AMI 6831 family of 16,384 bit mask program­
mable Read-Only-Memories offers fully static opera­
tion with a single + 5V power supply. The device is 
fully TTL compatible on all inputs and three-state 
outputs. The three enables are mask programmable, 
the active level is specified by the user. 

The S6831 family is available in two pin configurations. 
One of these, the S6813A, is the pin configuration of 
a popular ROM: the Intel 2316A. The second pin 
configuration, the S6813B, is pin compatible with the 
2708 and 2716 EPROMs. Software developed in 
EPROMs can be put in low cost ROM for high volume 
production. 

The device is organized as 2048 words by 8 bits, a con­
figuration particularly suitable for microprocessors. 
The S6831 family is manufactured with an N-channel 
silicon gate depletion load technology. 

Block Diagram Logic Symbol Pin Configurations 

Ea t, tl 
'w'':t 

A9 

AO "0 
Pin CompatiblE' with: 

AO 
01 

AMD AM9217 

AI AI AO OJ EA EA2316A/8316A 
GI RO-3-8316 

A] 
ADDRESS 00 o· INTEL 2316A/8316A 

A3 DE CODE R 16384 A] 
AI 0\ MOSTEK MK31000 

OAIVER ARRAV 0, NATIONAL MM2316A A4 A3 AJ 06 NEC IlPD2316A 
AS ° 1 01 SYNERTEK SY2316A 
A6 

A4 

OJ AI EO 
AS 

A6 f1 

A6 
D, . 

GOO EJ 

A) 
0\ 

AI 

A8 ADDRESS , A8 °6 

A9 
DECODER 
DRIVER 0, 

Al0 A9 vee 

Al0 
>8 

Pm Compatible with: 
AI A9 

A~D AM9218 
Eo EA EA2316EI8316E 

E, CHIP 
fO 

F'SC 68316E 
SE LEeT GI RO·3·9316 

El DECODE R' AI INTEL 2316EI8316E 

Pin Names MOTOROLA MCM68316E 
MOSTEK MK·34000 

01 NATIONAL MM2316E 
NEC ~PD2316E 

AO - AlO Address Inputs 00 06 SIGNETICS 2616 
"00 0, Dl OJ 0, 01 06 0, 

01 
SYNERTEK SY23168 

0 0 -07 Data Outputs 
'PROGRAMMABlE CHIP"SElECTS 

EO-E2 Chip Select Inputs 
GOO OJ 

Vee +5V Power Supply 
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S6831A1B 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ........................... ,.................. -10° C to 80° C 
Storage Temperature ....................................................... -65°C to 150°C 
Output or Supply Voltage ...................................................... - 0.5V to 7V 
Input Voltage ............................................................... - 0.5V to 5.5V 
Power Dissipation ................................................................... 1 W 

*Comment: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these or at any other condition above those indicated in the opera­
tional sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

D.C. Characteristics: Vcc = +5V ± 5%; TA = O°C to +70°C 

Symbol Parameter Min. Typ. Max. Units Conditions 

VOL Output LOW Voltage 0.4 V IOL' = 2.1 rnA 

VOH Output HIGH Voltage 2.4 V IOH = -100pA 

VIL Input LOW Voltage -0.5 0.8 V 

Vrn Input HIGH Voltage 2.0 Vcc V 

ILl Input Leakage Current 10 pA VIN = 0 to 5.25V 

ILO Output Leakage Current 10 pA VOUT = 0.4 to 2.4 V, 
Chip Deselected 

70 I rnA Vcc = Max. TA = 25°C 
Icc Power Supply Current 

80 rnA Vcc = Max. TA = O°C 

Capacitance: f = 1.0 MHz; TA = 25° C 

Symbol Parameter Min .. Typ. Max. Units Conditions 

CIN Input Capacitance 7.5 pF VIN = OV 

COUT Output Capacitance 10 pF VO,DT = OV 

A.C. Characteristics: Vcc = +5V ± 5%; TA = O°C to +70°C 

Symbol Parameter Min. Typ. Max. Units Conditions 

tCYC Read Cycle Time 450 ns 

tAA Address Access Time 450 ns See Test Circuit 

tAE Enable Access Time 200 ns & Waveforms 

tOFF Output Disable Time 10 150 ns 

Propagation Delay Fron,l Chip Enable Propagation Delay from Address Inputs 

>t= :'::: >$ 
C='M~ _______ _ 
~ 
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S6831AJB 

A.C. Test Conditions 

Output Load ........... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 TTL Gate and CL = 100 pF 
Input Pulse Levels ............................................................. 0.8 to 2.4V 
Input Rise and Fall Times (10% to 90%) ................................................ 20 ns 

Timing Measurement Reference level 

Input ....................... " ............................................... IV and 2.2V 
Output .............. " ...................... , .............................. 0.8V and 2.0V 

Custom Programming 

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address 
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows 
and may be on paper tape, punched cards or other media readable by AMI. 

Position 
1 
2 

3,4 

5,6,7,8 

9, ... ,N 

N+l, N+2 

Example: 

NOTES: 

Description 
Start of record (Letter S) 
Type o( record 
0- Header record (comments) 
1- Data record 
9 - End of file record 
Byte Count 
Since each data byte is represented as two hex characters, the byte count must be multiplied 
by two to get the number of characters to the end of the record. (This includes checksum and 
address data.) Records may be of any length defined in each record by the byte count. 
Address Value 
The memory location where tbe first data byte of this record is to be stored. Addresses should 
be in ascending order. 
Data 
Each data byte is represented by two hex characters. Most significant character first. 
Checksum 
The one's complement of the additive summation (without carry) of the data bytes, the address, 
and the byte count. 

Sl13000049E9F10320F0493139F72000F5EOF00126 
S9030000FC 

>c: 

"E"E ~ 00 _ ~ 

~~ ~ ~ 8 
~~ ::s "0 ::s 
cfo8~ ~ 
~~.& ~ .§ ~ 
~~ ~ ~ '" ..c 
00E-4 ~ 00 0 Co) 

IIA~, 1 \A 
Sl13000049E9F10320F0493139F72000F5EOF00126 

1. Only positive logic formats for EO, El, E2 are accepted. 1 = VHIGH; 0 = VLOW 
2. A "0" indicates the chip is enabled by a logic O. 

A "1" indicates the chip is enabled by a logic 1. 
3. Paper tape format is the same as the card format above except: 

a. The record should be a maximum of 80 characters. 
b. Carriage return and line feed after each record followed by another record. 
c. There should NOT be any extra line feed between records at all. 
d. After the last record, four (4) $$$$ (dollar) signs should be punched with carriage return and line feed indicating end of file. 
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S6834 

ERASABLE AND 
ELECTRICALLY REPROGRAMMABLE 

READ ONLY MEMORY 

Features 

o On-Board Programmability 
o Fast Ac.cess Time - 57 5ns Typ. 
o Pin Configuration Similar to the S6830 1K x 

8 Bit ROM 
o High Speed Programming - Less than 1 Minute 

for All 4096 Bits 
o Programmed with R/W, CS and VPROG Pins 
o Completely TTL Compatible - Excluding the 

VPROG Pin 
o Ultraviolet Light Erasable - Less than 

10 Minutes 
o Static Operation - No Clocks Required 
o Three-State Data I/O 
o Standard Power Supplies +5V and -12V 
o Mature P-Channel Process 

Block Diagram 

AD 

Al 

A2 
A3 

A4 

A5 

A6 
A7 

AS 

GSD 
AW OR CSI 

VPAOG 

-
-
-
-
-
-
.-
-
-

-
-
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f--
f--
f--
f--
f--

f--
f--
f--

r--
r--

VCC 

I 

X DECODER 

Y DECODER 

CONTROL 
LOGIC 

t 

GND 

I I 

L 
64,64 BIT , PROM ARRAY 

L 
Y GATING , 

SENSE AMPLIFIERS 
3·STATE 

INPUT/OUTPUT 
BUFFERS 

0001020304050607 

General Description 

TheS6834 is a high speed, static, 512 x 8 bit, erasable 
and electrically programmable read only memory de­
signed for use in bus-organized systems. Both input 
and output are TTL compatible during both read and 
write modes. Packaged in a 24 pin hermetically sealed 
dual in-line package the bit pattern can be erased by 
exposing the chip to an ultra-violet light source through 
the transparent lid, after which a new pattern can be 
written. 

Pin Configuration 

GNO 24 Ao 

DO 23 AI 

01 22 A2 

02 21 A3 

03 20 A4 

04 19 As 

05 18 As 

06 17 A7 

07 16 Aa 

VGG 10 15 CS 

VPROG 11 14 RIW 

Vee 12 13 Vee 

Typical Applications 

0 ROM Program Debugging 
0 Code Translation 
0 Microprogramming 
0 Loo k -u p Tables 
0 Random Logic Replacement 
0 Programmable Waveforms 
0 Character Generation 
0 Electronic Keyboards 
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86834 

DC (STATIC) CHARACTERISTICS (V CC = +5.0V ± 5%, V GG = -12.0V ± 5% T A = 0 - 70uC unless otherwise noted). 

SYMBOL CHARACTERISTIC MIN MAX UNIT 

VIL INPUTVQLTAGE WW 0.8 V 

VIH INPUT VOLTAGE HIGH VCC -2.25 Vcc to .3 V 

VOL OUTPUT VOLTAGE WW 0.4 V 
10L = 1.6 rna 

VOH OUTPUT VOLTAGE HIGH 2.4 V 

IOH = 200J.,LA 

III INPUT LEAKAGE CURRENT 10 pa 

I 
ILO 

I 
OUTPUT LEAKAGE CURRENT 

I I 
20 I 

pa 

CS=5V 

I IGG V GG SUPPLY CURRENT 45 I rna 

I ICC Vee SUPPLY CURRENT 

I 
50 

I 
rna 

Po POWER DISSIPATION 750 mw 

NOTE: ProgJ;am input VpROG may be tied to VCC during the Read. 

AC (DYNAMIC) CHARACTERISTICS (Loading is as shown in Figure 1 unless otherwise noted). 

SYMBOL CHARACTERISTIC MIN 
MAX 

UNIT (6834) (6834-1) 

TACC ACCESS TIME 575 750 ns 

TCO CHIP SELECT TO 300 400 ns 
OUTPUT DELAY 

TOO CHIP DESELECT TO 250 325 ns 
OUTPUT DELAY 

PROGRAM CHARACTERISTICS (R/W Gnd' Program pulse rise and fall time (10% to 90%) are both at Ips max}, 

SYMBOL CHARACTERISTICS MIN MAX UNIT 

TAS ADDRESS SET UP TIME 10 ps 

Tess CHIP SELECT SET UP TIME 10 ps 

TDS DAT A SET UP TIME 10 ps 

TAH ADDRESS HOLD TIME 10 ps 

TCSH CHIP SELECT HOLD TIME 10 ,ps 

TDH OAT A HOLD TIME 10 ps 

TpWL PROG RAM PULSE WIDTH 3 5 ms 
LOW 

TpWH PROGRAM PULSE WIDTH 500 ps 

HIGH 

VPROG* PROGRAM AMPLITUDE -55 -50 V 

IpROG PROGRAM CURRENT 35 rna 

TWS WRITE SET UP TIME 10 ps 

TWH WRITE HOLD TIME 5 ps 

TRS READ SET UP TIME 10 ps 

*Note that in the WRITE mode the MIN value of VPROG should not be exceeded and that chip select, address, and data 
lines may remain at TTL level, as in the READ mode. 
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AMJI$ 
TEST CONDITIONS 

TYPE 1 
INPUT 

+5V ~5% 

+5V 

READ CYCLE TIMING WAVEFORMS 

DATA 

THREE STATE 
IHIGH ZI 

v; - - - - - - -- - ~-~- - - ~ 

-t.cc--_~I 

PROGRAMMING CYCLE TIMING WAVEFORMS 

86834 

'-----

IHI ZI 

RIW 
IF--~--------------------------------------~,-~~'-----------------------------

cs 

DATA 

tPWH 

.. ____ t~L __ --__ ~ 

FIRSt PULSE 

READ/PROGRAM/READ CYCLE TIMING WAVEFORM 

RIW 

~ --~--------~----------------------~, ~------------------~----------~~-----------

DATA 

VpROG 

REAl) 
MODE 

©IC MASTER 1979 

~-------~r----------

--------~r---------

PROGRAM MODE 
READ 
MODE 
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AMII~ 
CONTROL FUNCTION TRUTH TABLE 

CS R/W VPROG 

0 0 VPROG 

0 1 Vee 

1 X X 

OPERATION 
Initially, and after each erasure, all bits of the 6834 are in the 
logic "0" state (output 0 volts). Data is stored by selectively 
programming a logic "1" into tpe desired bit locations. The R/W 
input (pin 14) is used to select the desired mode of operation. 
When the R/W input is at logic "0" the chip is in the write 
enable mode of operation. The outputs (01 -08) are disabled 
(floating) with the corresponding pins becoming the data inputs 
(01 ~ DIN 1 etc.). The word address is selected in the same 
manner as in the read ,mode. Data to be programmed are pre­
sented 8 bits in parallel and after the address and data are set 
up a programming pulse (Vp -50 volts) is applied. VPROG 
electrically writes the data into the memory array. Writing may 
be inhibited by deselecting the chip with the CS input at a 
logic "1" duri~g the write cycle. This feature allows true "on 
board" programming in bus organized systems where the R/W 
and VPROG inputs are common and the device to be pro­
grammed is selected by means of the chip select input as during 
read operations. 

INTERF ACE DESCRIPTION 

Pin Label 

S6834 

MODE OUTPUTS 

Write Active Data Inputs 

Read Active 

Standby Floating 

The amount of program energy required to insure memory 
retenti09/may be defined as a function of the number of 
program pulses (N) times the program pulse width (tpw) 
(N x tpw ~ 60 msec). This means if a 3 ms pulse is used, 20 
program pulses are required, and if a 5 ms pulse is used 12 pro­
gram pulses are required. 

The read operation is accomplished by a logic "1" at the R/W 
input with the program input connected to V SS pOtential. 
True data (data out = data in) is valid after the address is stable. 
The .CS input will disable (float) the outputs when at a logic 
"1" to allow or tie capability. 

Erasure is accomplished by exposing the array to a high inten­
sity ultra-violet light source (such as, Ultra-Violet Products, Inc. 
Lamp Model S52 or WS-54) for a period of 7 to 10 minutes. 
The clear optical lid should be approximately one inch away 
from the lamp tubes. 

Function 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

DO 
DI 
D2 
D3 
D4 

Data Lines - with the R/W line selected for Read (VIH), the Data Lines (DO through D7) 
are set to renect the contents of the selected memory location. When the R/W line is set for 
Write (V IL), the Data Lines are input to the addressed location of the 6834 when VpROG is 
present. The Data Bus output drivers are three-state devices that remain in the high impedance 
(oft) state when CS is in the VIH state uf when R/W is in the V1L state. 

(8) 
(9) 

(14) 

(15) 

(I I) 

(24) 
(23) 
(22) 
(21) 
(20) 
(19) 
(18) 
(17) 
(I 6) 

181~ 

D5 
D6 
D7 

R/W 

cs 

VPROG 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 

Read/Write - When this input line is set to VIH, the device is in the Read mode, a low (VIL) 
signal puts it into the Write mode. 

Chip Select - This input line must be set to VIL for a Read or Write operation to be per· 
formed. When it is High (V IH) the output data bus is set to a high-impedance three-state 
condition and disables the Write operation. 

Program - In the Write mode, a programming pulse (-SOV dc) at this input causes the 
data at the Data Lines to be stored in the selected address. This pin should be tied to Vee for 
normal Read operations. 

Address Lines - These lines select the 8 bit word in memory for Read or Write operation 
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86840 

PROGRAMMABLE TIMER 

Features 

o Operates from a Single 5 Volt Power Supply 
o Fully TTL Compatible 
o Single System Clock Required (Enable) 
o Selectable Prescaler on Timer 3 Capable of a 

4MHz Input 
o Programmable Interrupts (IRQ) Output to 

MPU 
o Readable Down Counter Indicates Counts to 

Go to Time-Out 
o Selectable Gating for Frequency or Pulse­

Width Comparison 
o RESET Input 
o Three Asynchronous External Clock and Gate/ 

Trigger Inputs Internally Synchronized 
o Three Maskable Outputs 

Block Diagram 

IRO 

BUNES 

CSI 

~ 11 
- Vss Vee RESET in CJ OJ G2 C2 02 

©Ie MASTER 1978 

General Description 

The S6840 is a programmable subsystem component 
of the S6800 "family designed to provide variable 
system time jntervals. 

'The S6840 has three 16-bit binary counters, three 
corresponding control registers and a status register. 
These counters are under software control and may 
be used to cause system interrupts and/or generate 
output signals. The S6840 may be utilized for such 
tasks as frequency measurements, event counting, 
interval measuring and similar tasks. The device may 
be used for square wave generation, gated delay sig­
nals, single pulses of controlled duration, and pulse 
width modulation as well as system interrupts. 

ENABLE 
(SYSTEM ,',2) 

Gi Ci 01 

Pin Configuration 

10 

11 

12 

13 

14 

2B 

27 

26' 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

ADVANCED PRODUCT DESCRIPTION 
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56840 

Absolute Maximum Ratings 

Supply Voltage Vcc ........................................................ - 0.3 to +7.0V 
Input Voltage VIN .......................................................... - 0.3 to +7.0V 
Operating Temperature Range TA ............................................... O°C to +70°C 
Storage'Temperature Range Tstg ............................................. - 55°C to +150°C 
Thermal Resistance e JA ......................................................... 82.5° CjW 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is 
advised that normal. precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-
impedance circuit. . 

Electrical Characteristics (Vee = 5.0V ± 5%, Vss = 0, TA = O°C to +70°C unless otherwise noted) 

Symbol Characteristic 

VIH Input High Voltage 

VIL Input Low Voltage 

lIN In pu t Leakage Curren t 

ITSI Three-State (Off State) 
I Input Current DO-D7 
I 

I VOH I Output HIgh Voltage 
DO D7 -

Other Outputs 

VOL Output Low Voltage 

ILOH Output Leak~ge Current 
(Off State) 

PD Power Dissipation 

CL"J 
I 

Input Capacitance 

I 

COUT I Output Capacitance 

i 

Bus Timing Characteristics 
Read (See Figures 1 and 7) 

Symbol Characteristic 

teYCE Enable Cycle Time 

DO-D7 
01- 03, IRQ 

IRQ 

DO - D7 
All Others 

IRQ 
01,02,03 

PWEH Enable Pulse Width, High 

PWEL Enable Pulse Width, Low 

Min. 

I Vss +2.0 
Vss - 0.3 

1.0 

2.0 

ss +24 I 

Vss +2.4 

I 
I 1.0 

i 

! 
I 

Min. 

1.0 
0.45 
0.43 

tAS Setup Time, Address and RjW valid to enable 
positive transition 16p 

tDDR Data Delay Time 

tH Data Hold Time 10 

tAH Address Hold Time 10 

tEr, tEf Rise and Fall Time for Enable input 

1814 

Condition 

Vss +0.8 I pA I 
2.5 I pA I VIN=O to 5.25V 

I 

! 
I 

I VIN ~ 0.4 to2.4V I 10 pA 
I I V 

I I 205 A 
I I 

I 
LOAD= - P 

I ILOAD = - 200pA 

. I V 

I VSS +0.4 I ILOAD = 1.6mA 
Vss +0.4 I i ILOAD = 3.2mA 

1 

10 pA 
I 
I VOH = 2.4V 

550 mW j 
pF i V~1\J=O, TA=25°C, 

12.5 1.0MHz 
7.5 

pF 
5.0 VIN=O, TA=25°C, 
10 f = 1.0MHz 

Max. Unit Condition 

1.0 ps 

4.5 ps 
ps 

ns 
320 ns 

ns 
ns 

25 ns 
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AMII® 
Bus Timing Characteristics (Continued) 
Write (See Figures 2 and 7) 

Symbol Characteristic 

tCYCE Enable Cycle Time 

PWEH Enable Pulse Width, High 

PWEL Enable pu.lse Width, Low 

Min. 

1.0 
0.45 
0.43 

- tAS Setup Time, Address and R/W valid to enable 
positive transition 160 

tDSW Data Setup Time 195 

tH Data Hold Time 10 

tAH Address Hold Time 10 

tEr, tEf Rise and Fall Time for Enable input 

AC Operating Characteristics 

Symbol Characteristic Min. 

tr, tf Input Rise and Fall Times 
C, G and Reset 

PWL Input Pulse Width Low (Figure 3) 
C, G and Reset tCYCE +tsu+thd 

PWH Input Pulse Width High (Figure 4) 
C,G "tCYCE +tsu +thd 

tsu Input Setup Time (Figure 5) 
(Synchronous Mode) C, G and Reset 200 

C3 (-;-8 Prescaler Mode only) 

thd Input Hold Time (Figure 5) 
(Synchronous Mode) C, G and Reset 50 

C3 (78 Prescaler Mode only) 

tco Load A TTL 

tcm Load C MOS 

tcmos Load C CMOS 

tm Interrupt Release Time 

*tr and tf ,;;; 1 x Pulse Width or 1.0ps, whichever is smaller. 

Table 1. Register Selection 

S6840 

Max. Unit Condition 

10 118 

4.5 IlS 

IlS 

ns 
ns 
ns 
ns 

25 ns 

Max. Unit Condition 

1.0* IlS 

ns 

ns 

ns 

ns 

700 ns VOH=2.4V 
450 ns VOH=2.4V 
2.0 IlS VOH=0.7VDD 
1.6 IlS 

REGISTER OPERATIONS 
SELECT INPUTS 

RS2 RS1 RSO RNV = 0 R/W= 1 

0 0 0 CR20 = 0 WRITE CONTROL REGISTER #3 NO OPERATION· 

CR20 = 1 WRITE CONTROL REGISTER #1 

0 0 1 WRITE CONTROL REGISTER #2 READ STATUS REGISTER 

0 1 0 WRITE MSB BUFFER REGISTER READ TIMER # 1 COUNTER 

0 1 1 WRITE TIMER # 1 LATCHES READ LSB BUFFER REGISTER 

1 0 0 WRITE MSB BUFFER REGISTER READ TIMER #2 COUNTER 

1 0 1 i WRITE TIMER #2 LATCHES READ LSB BUFFER REGISTER 

1 1 0 WRITE MSB BUFFER REGISTER READ TIMER #3 COUNTER 

1 1 1 WRITE TIMER #3 LATCHES READ LSB BUFFER REGISTER 
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Figure 1. Bus Read Timing Characteristics 
(Read Information from PTM) 

ENABLE 

DATA BUS 

Figure 3. Input Pulse Width Low 

~--PWL--__ 

O.BV 

Figure 5. Input Setup and Hold .Times 

ENABLE 

1 
O.BV 

tOJ 

~ thd 

20V 

O.BV 

Figure 7. fRQ Release Time 

ENABLE 

1816 

Figure 2. Bus Write Timing Characteristics 
(Write Information into PTM) 

f4----lcv'E-----i~ 

ENABLE 

RS, CS, R!W 

DATA BUS 

FigUl:e 4. Input Pulse Width High 

56840 

§g-1= ~ Gl·GJ 

PWH .. 

Figure 6. Output Delay 

ff'" \~ 
~ r-'-'-'-

ENABLE 

xt 2'W 

Dl·DJ 

O.4V -----

~O'4V 
I~--, ---IIR-----j)-.-1-2.4-V~---
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56846 

ROM-I/O-TIMER 
Features General Description 

o 2048x8-Bit Bytes of Mask-Programmable ROM The 86846 combination chip provides the means, in 
conjunction with the 86802, to develop a basic 2-chip 
microcomputer system. The 86846 consists of 2048 
bytes of mask-programmable ROM, an 8- bit bidirec­
tional data port with control lines, and a 16-bit pro­
grammable timer-counter. 

o 8-Bit Bidirectional Data Port for Parallel 
Interface Plus Two Control Lines 

o Programmable Interval Timer-Counter 
Functions . 

o Programmable I/O Peripheral Data, Control 
and Direction Registers 

o Compatible with the Complete S6800 Micro­
computer Product Family 

o TTL· Compatible Data and Peripheral Lines 

o Single 5 Volt Power Supply 

Block Diagram 

RW Ri\V 
AND 

TIMING 
RESET CONTROL 

00 

01 

02 

03 DATA 
BUS BIDIRECTIONAL DATA BUS 

04 BUFFERS 
05 

06 

07 

COUNTER· 
TIMER 

CSO· CONTROL 
CSI· REGISTER 

AD 

AI 

A2 CHIP 
SELECT, 

A3 MODE 
A3 AND 

A5 ADDRESS 
INPUTS 

A6 AND COUNTER· 
A7 LOGIC TIMER 
A8 lS8 

A9 REGISTER 

AID 

All 

VSS -.. COUNTER· 
VCC -.. 2048 TIMER 

BYTE MSB 
ROM REGISTER 

"MASK PROGRAMMABLE 

©IC MASTER 1979 

This device is capable of interfacing with the 86802 
(basic 86800, clock and 128 bytes of RAM) as well as 
the 86800 if desired. No external logic is required to 
interface with most peripheral devices. 

The 86846 combination chip may be partitioned into 
three functional operating sections: programmed stor­
age, timer-counter functions, and a parallel I/O port. 

Pin Configuration 

INTERRUPT 
OUTPUT IRO VSS 

A7 A9 39 

A& AID 38 

AS RST 37 

A4 IRO 3& 

CSO 

RNi CPl 34 

PERIPHERAL COMPOSITE 00 AD :13 
CONTROL STATUS 
REGISTER REGISTER 01 AI 32 

10 02 • S6846 A2 31 
ROM 

II 03 I/O A3 30 
TIMER 

13 05 P7 28 

14 06 P& 27 
CPI 

CP2 
P4 25 

17 CTG P3 24 
PPO 

PPI 18 eTC P2 23 

PP2 PI 22 
PP3 

PP4 

PP5 

PP& 

PP7 

ADVANCED PRODUCT DESCRIPTION 
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Features 
o 8 Bit Bidirectional Data Bus for 

Communication with MPU 

o False Start Bit Deletion 

o Peripheral/Modem Control Functions 

o Double Buffered Receiver and Transmitter 

o One or Two Stop Bit Operation 

o Eight and Nine-Bit Transmission with 
Optional Even and Odd Parity 

o Parity, Overrun and Framing Error Checking 

o Programmable Control Register 

o Optional-:-1, -:-16, and -:-64 Clock Modes 

o Up to 500,000 bps Transmission 

Absolute Maximum Ratings 
Supply Voltage .... ~ . . . . . . . . . .. - O.3V to +7.0V 
Input Voltage ................. -O.3V to +7.0V 
Operating Temperature Range ........ O°C to +70°C 
Storage Temperature Range ....... - 55°C to +150°C 

Block Diagram 

eTX .:.;,;141-+-_________ ----t 

S6850/S68A50/S68B50 

Asynchronous Communication 
Int,rface Adapter (ACIA) 

General Description 
The S68A50/S68B50 Asynchronous Communications 
Interface Adapter (ACIA) provides the data formatting 
and control to interface serial asynchronous data com­
munications to bus organized systems such as the 
S68AOO /S68BOO Microprocessing Units. , 

The S68A50/S68B50 includes select enable, readj 
write, interrupt and bus interface logic to allow data 
transfer over an eight-bit bidirectional data bus. The 
parallel data of the bus system is serially transmitted 
and received by the asynchronous data interface, with 
proper formatting and error checking. The functional 
configuration of the ACIA is programmed via the data 
bus during system initialization. Word lengths, clock 
division ratios and transmit control through the Re­
quest to Send output may be programmed. For modem 
operation three control lines are provided. . 

Pin Configuration 
...------, 

TXO 

TRANSMIT 
OATA 

REGISTER 

1--___ -+1_61 TXD 
(81 

eso 
CSI (101 

ill (9) 

RS (11) 

RIW (13) 

00 (22) 

01 
(211 

02 (201 

03 
(19) 

04 (18) 

05 (11) 

(16) 
06 

(15) 
07 

SElECT 
& 

RIW 
CONTROL 

DATA 
BUS 

BUFFERS 

CRX .:,:::(3)+--____ ---------1 

77677 

1818 

Vec = PIN 12 
GROUND = PIN 1 

t--___ -+(;.;c.;.:24) m 

t--_______ +1=23)OCO 

1--_____ +-'(5::.,.) m 

t--+---+-_-+1=2) RXO 

877253 

Physical Dimensions 

.090 MIN 

PIN 1 IDENTIfiER 

14 MARKINGS 
ON LID 

SURfACE 
ONLY 

11 13 

Lm : 
575--1 

r~J 
n~: -/'LWMA~f 
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AMJI® S6850/S68A5OIS68B50 

, Electrical Characteristics (Vee = +5.QV ±5%, VSS = 0., TA = Qoe to +70o e unless otherwise noted.) 

Symbol Parameter Min. Typ. Max. Units I Conditions 

VIH Input High Voltage (normal operating level) VSS+2.0 VCC Vdc 
I 

VIL Input Low Voltage (normal operating level) V s:s: -0.3 VSS+O.S Vdc 1 

lIN Input Leakage Current R/W, ES, CSO, CS1, CS2, Enable I 1.0 2.5 pAdc . VIN = OVdcto 5.25Vdc 

ITSI Three-State (Off State) Input Current DO-D7 2.0 10 JiAdc VIN = OAVdc to 2AVdc 

VOH Output High Voltage (all outputs except IRQ) J I 

DO-D7 I VSS+2A : Vdc ILOAD = - 205pAdc, 

-I I 
Enable Pulse Width <25Jis 

I 
Tx Data, RTS VSS+2.4 Vdc ILOAD = -100JiAdc, 

, Enable Pulse Width <25ps 

VOL Output Low Voltage (Enable pulse width < 25ps) VSS+OA Vdc ILOAD = 1.6mAdc, 
i Enable Pulse Width <25ps 

ILOH Output Leakage Current (Off State) IRQ 1.0 10 pAdc I VOH = 2.4Vdc 

PD Power Dissipation 300 525 
I mW 

CIN 1 Input Capacitance 

I 

DO-D7 10 
I 

12.5 . pF 
E,Tx,CLK,Rx Clk,R/W,RS,Rx Data, 

CSO,CS1,CS2,RXD,CTS,DCD,CTX,CRX t 7.0 7.5 ; pF VIN = 0, TA = 25°C, 

COUT Output Capacitance RTS,Tx Data 10 I pF f = 1.0MHz 
IRQ i 5.0 i pF 

PWCL Minimum Clock Pulse Width, Low -;-16, -;-64 Modes 600 I I ns 

PWCH Minimum Clock Pulse Width, High -;-16, -;-64 Modes 600 ! ns 

fC Clock Frequency -:-1 Mode 500 ! kHz 
-;-16, -:-64 Modes SOO . ! kHz 

tTDD ' Clock-to-Data Delay for Transmitter 1.0 ps 
I I 

RDSU ecelve a a e up Ime o e i 
ns R D t S t T 1 M d 500 

tRDH Receive Data Hold Time -;-1 Mode. 500 ns 

tIR Interrupt Request Release Time 1.2 JiS 

tRTS· Request-to-Send Delay Time i 1.0 
1 

ps 

tr,tf Input Transition Times (Except Enable) j 1.0* j 
ps I 

*1.0p or 10% of the pulse width, whichever is smaller. 

Bus Timing Characteristics (Vce = +5.QV ±5%, VSS = Q,TA = QOC to +7QoC unless otherwise noted.) 

Read 

S68A50 S68B50 
Symbol Parameter Min. Max. Min. Max. Units 

tcycF Enable Cycle Time 0..666 0..50. f.1.S 

PWEH Enable Pulse Width, High 0..28 25 0..22 25 f.1.S 

PWEL Enable Pulse Width, Low 0..28 0..21 f.1.S 

tAS 
Setup Time, Address and R/W Valid 140. 70. ns 
to Enable Positive Transition i 

tDDR Data Delay Time 220. 180. ns 

tH Data Hold Time 10. 10. ns 

tAH Address Hold Time 10. 10. 1 ns 

tEr, tEf I Rise and Fall Time for Enable Input 25 25 ns 
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Write 

Symbol Parameter 

tcycE Enable Cycle Time 

PWEH Enable Pulse Width, High 

PWEL Enable Pulse Width, Low 

tAS 
Setup Time, Address and R/W Valid 
to Enable Positive Transition 

tDSW Data Setup Time 

tH Data Hold Time 

tAH Address Hold Time 

tFr' tEf Rise and Fall Time for Enable Input 

Bus Timing Test Loads 
LOAOA 

100·07. RTS. T. DATAl 

~.OV 

RL" 2.~' 

TEST 'OINT 0--..... --+ ............. :RM~~~~ 

MM07000 
OR EGUIV 

C '1300F FOR 00·07 R· IUkilFOR 00·07 
• JOpF FOR RTSANOhOATA • 2.knFoR'ii'TSANOT. DATA 

Expanded Block Diagram 

! 

S6850/S68A50/S688so 

S68A50 
Min. 

0.666 

0.28 

0.28 

140 

80 

10 

10 

Max. 

25 

25 

LOAD 8 
lilI'iiONLVI 

TEST'OINT 0----..... 

~.OV 

3k 

S68B50 
Min. Max. Units 

0.50 fJS 

0.22 25 fJS 

n '>1 ;":'8 v.~.L 

70 ns 

60 ns 

10 ns 

10 ns 

25 ns 

TRANSMIT CLOCK' ------------------.,~ 

117252 

1820 

ENABLE " ----, 

REAOIWRITE 13 

CHI. SElECT I 10 

~9 

REGISTER SElECT II 

00 Z2 

01 21 

0220 

0319 

O' 18 

O~ 17 

06 16 

07 I~ 

DATA 
BUS 

BUFFERS 

VOO ·PIN 12 
Vss ,PIN I 

i RAN~Jr.I;I-: 
DATA 

REGISTER 

STATUS 
REGISTER 

CONTROL 
REGISTER 

RECEIVE 
DATA 

REGISTER 

1------_ 6 TRANSMIT DATA 

14----.-----1. CLEAR·TO·SEND 1---___ --1 

7lNTERRUPTREDUEsT 

'-------...--------- 23 DATA CARRIER bEfEtr 

t----i---+-------- ~ REQUEST·TOSEND 

RECEIVE 
SHIfT 

REGISTER 
1+----+-- 2 RECEIVE DATA 

RECEIVE CLOCK l ------------------.1 
'---_ .... 

©IC MASTER 1979 



Figure 1. Clock Pulse Width, Low State 

Tx CLK 

Rx CLK 

Figure 3. Transmit Data Output Delay 

Tx eLK '\~O.8V -----/;­

-r "'" r-
Tx DATA --------J!t 

Figure 5. Receive Data Hold Time 
(-7-1 Mode) 

Rx CLK 

Rx DATA 

Figure 7. Bus Read Timing Characteristics 
(Read Information from ACIA) 

.... ---lcycE-----+-! 

lAS 

ENABLE 

RS, CS, R/W 

DATA BUS 
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S6850/S68A5OIS68B50 

Figure 2. Clock Pulse Width, High State 

Tx CLK 
or 

Rx CLK 

PWCH __ ~ 

Figure 4. Receive Data Setup Time 
(-7-1 Mode) 

~
2.0V 

Rx DATA . 

_~O~.8V ________________ __ 

f.
tRDSU 

Rx CLOCK 

O.8V -----

Figure 6. Request-to Send Delay and 
Interrupt- Request Release Times 

ENABLE 

Figure 8. Bus Write Timing Characteristics 
(Write Information into ACtA) 

14----lcycE-----+i 

ENABLE 

RS, CS. R/W 

DATA BUS 
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Features 

o Programmable Interrupts from Transmitter, 
Receiver, and Error Detection Logic 

o Character Synchronization on One or Two 
Sync Codes 

o External Synchronization Available for 
Parallel- Serial Operation 

o Programmable Sync Code Register 

o Up to 600kbps Transmission 

o Peripheral/Modem Control Functions 

o Three Bytes of FIFO Buffering on Both 
Transmit and Receive 

o Seven, Eight, or Nine Bit Transmission 

o Optional Even and Odd Parity 

o Parity, Overrun, and Underflow Status 

Block Diagram 

1822 

DATA BUS 
110 

ADDRESS/CONTROL 
AND INTERRUPT 

SELECT AND CONTROL 

'S6852 

SYNCHRONOUS SERIAL 
DATA ADAPTER (SSDA) 

General Description 

The S6852 Synchronous Serial Data Adapter provides 
a bi-directional serial interface for synchronous data 
information interchange. It contains interface logic for 
simultaneously transmitting and receiving standard 
synchronous communications characters in bus organ­
ized systems such as the S6800 Microprocessor 
systems. 

The bus interface of the S6852 includes select, enable, 
read/write, interrupt, and bus interface logic to allow 
data transfe~ over an 8 -bit bi -directional data bus. 
The parallel data of the bus system is serially trans­
mitted and received by the synchronous data interface 
with synchronization, fill character insertion/deletion, 
and error checking. The functional configuration of 
the SSDA is programmed via the data bus during 
system initialization. Programmable control registers 
provide control for variable word lengths, transmit 
control, receive control, synchronization control, and 
interrupt control. Status, timing and control lines 
provide peripheral or modem control. 

Typical applications include floppy disk controllers, 
cassette or cartridge tape controllers, data communica­
tions terminals, and numerical control systems. 

PERIPHERAL! 
MODEM 

. CONTROL 

RECEIVE 
DATA 

TRANSMIT 
DATA 

Pin Configuration 

ADVANCED PRODUCT DESCRIPTION 
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Maximum Ratings 

Supply Voltage ......................... . 
Input Voltage ................... . 
Operating Temperature Range 
Storage Temperature Range 
Thermal Resistance· ....... . 

S6852 

-0.3V to +7.0V 
-0.3V to +7.0V 

. . . . . . . . . . oOe to +70o e 
............... - 55°e to +150o e 
. . . . . . . . . . . . . . . . . . . .. +70°C/W 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is 
advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high­
impedance circuit. 

Electrical Characteristics (Vee = +5.0V ±5%, VSS = 0, TA = O°C to 70°C unless otherwise noted.) 

Symbol Parameter 

VIH Input High Voltage 

VIL Input Low Voltage 

lin Input Leakage Current Tx Clk, Rx Clk, Rx Data, Enable, 
Reset, RS,R/W,CS, DCD,CTS 

ITSI Three·State (Off State) Input Current DO-D7 

VOH Output High Voltage DO-D7 

I Tx Data, DTR, TUF 

I 
VOL 

i 
Output Low Voltage 

ILOH Output Leakage Current (Off State) IRQ 

PD Power Dissipation 

Cin Input Capacitance DO·D7 
i 

Other Inputs 

Cout i Output Capacitance Tx Data, SM/DTR, TUF, IRQ 

PWCL : Minimum Clock Pulse Width, Low 

PWCH Minimum Clock Pulse Width, High 

fC Clock Frequency 

tRDSU Receive Data Setup Time 

tRDH Receive Data Hold Time 

tSM Sync Match Delay Time 

tTDD Clock -to -Data Delay for Transmitter 

tTUF Transmitter Underflow 

tDTR DTR Delay Time 

tIR Interrupt Request Release Time 

tRes Reset Minimum Pulse Width 

tCTS CTS Setup Time 

tDCD DCD Setup Time 

tr , tr Input Rise and Fall Times (except Enable) 

*1.0ps or 10% of the pulse width, whichever is smaller. 

Figure 1. Clock Pulse Width, Low-State 

Tx Clk 
OR 

Rx Clk 
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k---PWCl------II~ 
I 

O.BV 

Min. Typ. Max. Units 

VSS + 2.0 Vdc 

VSS + 0.8 Vdc 

1.0 2.5 J.1Adc 

2.0 10 pAdc 

VSS+2.4 Vdc 

VSS + 2.4 

VSS + 0.4 Vdc 

1.0 10 J.1Adc 

300 525 mW 
I 12.5 pF 
I 
I 7.5 

10 I pF 
5.0 I 

700 ns 

700 ns 

600 kHz 

350 ns 

350 ns 

1.0 ps 

1.0 J.1s 

1.0 ps 

1.0 ps 

1.2 J.1S 

1.0 ps 

200 ns 

500 ns 

1.0* ps 

Figure 2. Clock Pulse Width, High-State 

Tx Clk 
OR 

Rx Clk __ -..oJ 

2.0V 

Conditions 

Yin = OVdc to 5.25Vdc 

Yin = O.4Vdc to 2.4Vdc, 
Vec = 5.25Vdc 

ILoad = - 205pAdc, 
Enable Pulse Width <25ps 
I Load = -100pAdc, 
Enable Pulse Width <25ps 

ILoad = 1.6mAdc, 
Enable Pulse Width <25ps 

VOH = 2.4Vdc 

Yin = 0, TA = 25°C, 
f = 1.0MHz 

Yin = 0, TA ~ 25°C, 
f = 1.0MHz 

Figure 1 

Figure 2 

Figure 3, 7 

Figure 3 

Figure 3 

Figure 4 

Figure 4, 6 

Figure 5 

Figure 5 

Figure 6 

Figure 7 

0.8V to 2.0V 
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AMJI® 
Bus Timing Characteristics 

Read 

Symbol Parameter 

tcycE Enable Cycle Time 

PWEH Enable Pulse Width, High 

PWEL Enable Pulse Width, Low 

tAS Setup Time, Address and R/W valid 
to Enable positive transition 

tODR Data Delay Time 

tH Data Hold Time 
t • TT Address Hold Time VAn 

tEr, tEf Rise and Fall Time for Enable input 

Write 

Symbol Parameter 

tcycE Enable Cycle Time 

PWEH Enable Pulse Width, High 

PWEL Enable Pulse Width, Low 

tAS Setup Time, Address and R/W valid 
to Enable positive transition 

tDSW Data Setup Time 

tH Data Hold Time 

tAH Address Hold Time 

tEr, tEf Rise and Fall Time for Enable input 

Figure 3. Receive Data Setup and Hold Times and Sync 
Delay Time 

SYNC MATCH 

n = NUMBER OF BITS IN CHARACTER 

[S'S] = DON'T CARE 

Min. 

1.0 

0.45 

0.43 

160 

10 

10 

Min. 

1.0 

0.45 

0.43 

160 

195 

10 

10 

S6852 

Typ. Max. Unit Gonditions 

ps 

25 ps 

ps 

ns Figures 
8 and 10 

320 ns 

ns 

I I ns I 

25 ns 

! 
I Typ. Max. Unit Conditions 

ps 

25 ps 

ps 

ns Figures 
9 and' 10 

ns 

ns 

ns 

25 ns 

DO 

------/ \'---

I .... ~ ____ ~1 RxClk ____ ~ 
PERIOD, 

@IC MASTER 1979 



Figure 4. Transmit Data Output Delay and Transmitter 
Underflow Delay Time 

Ix 
Clk 

)_0.8_V ------If''' \-----

Tx 
DATA 

TUF 

~ I~ I 

-~::: .1 

t TUF --J. 
I 

IF --I· 
n ~ NUMBER OF BITS IN CHARACTER ~ 

Figure 6. Clear-To-Send Setup Time 

O.BV 
Tx Clk 

"1 i 

TXClkHIGH~ 
PERIOD ' 

r-
Tx DATA >f 00 

Figure 8. Bus Read Timing Characteristics 
(Read Information from SSDA) 

ENABLE 

RS, CS, R/W 

DATA BUS 
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S6852· 

Figure 5. Data Terminal Ready and Interrupt Request 
Release Times 

ENABLE 
I _0._8V ______________ _ 

DTR 

2.0Vp 

I r'''" 
~I xr----~:~ -

: ! 

:..-.....-tIR---1 

I )r--w-

Figure 7. Data Carrier Detect Setup Time 

"'"~ O.BV 

Rx Clk 

c 
Rx DATA ~'" 00 0.8V 

Figure 9. Bus Write Timing Characteristics 
(Write Information into SSDA) 

~---tcycE-------l~ 

. ENABLE 

RS, Cs, R/W 

DATA BUS 
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Features 

o S6800 Compatible 
o Protocol Features 

o Automatic Flag Detection and 
Synchroniza tion 

o Zero Insertion and Deletion 
o Extendable Address, Control and Logical 

Control Fields (Optional) 
o Variable Word Length Info Field - 5, 6, 7, 

or 8-bits 
o Automatic Frame Check Sequence Genera­

tion and Check 
o Abort Detection and Transmission 
o Idle Detection and Transmission 

o Loop Mode Operation 
o Loop Back Self-Test Mode 
o NRZ/NRZI Modes 

Block Diagram 

S68541S68A54 

ADVANCED DATA 
LINK CONTROLLER 

o Quad Data Buffers for Each Rx and Tx 
o Prioritized Status Register (Optional) 
o MODEM/DMA/Loop Interface 
o MIL-STD-883, Class Band C Devices Available 

General Description 

The S6854 ADLC performs the complex MPU/data 
communication link function for the "Advanced Data 
Communication Control Procedure" (ADCCP). High 
Level Data Link Control (HDLC) and Synchronous 
Data Link Control (SDLC) standards. The ADLC pro­
vides key interface requirements with improved soft­
ware efficiency. The ADLC is designed to provide the 
data communications interface for. both primary and 
secondary stations in stand-alone, polling, and loop 
configurations. 

Pin Configuration 

CHIP SELECT \ ___ E 

r--I------« OCO 

• .-----.------« RxC 

.-----""'"--.:...-, 

28 -ill 

27 _OCO 

LOOP ON -LINE 
CONTROl/OTR 

DATA 
BUS 

00-07 

1826 

Vss PIN I 
Vee PIN 14 

r-~==~~---l-~====~~::====~~~ l'" O=OP=O-::-N -;-:":lIN=E =CO=NT=R=O LiOTR 
L-_~_~_~~Jr-----~RTS 

"-------« RESET 

ROSR ..-------' 

TxO 

iRa 

RESET- 8 

cs- 9 

RSO- 10 

RS 1-11 

RIW- 12 

E-13, 

14 

26 

24 TOSR 

23 ROSR 
S6854 

22 _00 

21-01 

20 -02 

19-03 

18 -04 

17 -05 

16 -06 

15-07 

ADVANCED PRODUCT DESCRIPTION 
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S68541S68A54 

Absolute Maximum Ratings* . 

Supply Voltage ........................................................... -0.3V to +7.0V 
Input Voltage .............. ' .......................................... ~ . .. -0.3V to +7.0V 
Operating Temperature Range .................................................. 0° C to +70° C 
Industrial Temperature Range ................................................ -40°C to +85°C 
Military Temperature Range ................................................ -55°C to +125°C 
Storage Temperature Range :............................................... - 55° C to + 150° C 
Tpermal Resistance ............................................................. +70°C/W 

*This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is 
advised that normal precautions be taken to avoid application of any voltage higher than maximum rated 'voltages to this high­
impedance circuit. 

Electrical Characteristics (Vee = 5.0V ± 5%, Vss = 0, TA = O°C t070°Cunless otherwise noted.) 

Symbol Parameter Min. Typ. Max. Unit Conditions 

Vrn Inpu t High Voltage Vss +2.0 Vdc 

VIL Input Low Voltage Vss+0.8 Vdc 

lIN Input Leakage Current 1.0 2.5 pAdc VIN =0 to 5.25Vdc 
All Inputs Except DO - D7 

ITSI Three-State (Off State) 2.0 10 pAdc VIN =0.1 to 2AVdc 
In pu t Current Vee = 5.25Vdc 

DO-D7 

VOH Output High Voltage Vdc 
DO-D7 Vss+2A ILOAD =- 205pAdc 

All Others Vss +2.1 ILOAD =-100pAdc 

VOL Output Low Voltage Vss+OA Vdc ILOAD =1.6mAdc 

ILOH Output Leakage Current 1.0 10 pAdc VOH =2AVdc 
(Off State) IRQ 

PD Power Dissipation 850 mW 

CIN Capacitance pF VIN = 0, TA =25°C, 

DO-D7 12.5 f = 1.0MHz 

All Other Inputs 7.5 

COUT pF 
IRQ 5.0 
All Others 10 
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S6854/S68A54 

S6854 S68A54 

Symbol Parameter Min. Max. Min. Max. Unit Conditions 

PWCL Minimum Clock Pulse Width, Low 700 450 ns 

PWCH Minimum Clock Pulse Width, High 700 450 ns 

fC Clock Frequency 0.66 1.0 MHz 

Receive Data Setup Time 
--- _._---_._-- r----

tRDSU 250 200 ns 

tRDH Receive Data Hold Time 120 100 nS 

tR'lli Request-to-Send Delay Time 680 460 ns 

tTDD Clock-to-Data Delay for Transmitter 460 320 ns 

tFD Flag Detect Delay Time 680 460 ns 

tIYrR DTR Delay Time I 680 460 I ns 
---------r---,-------------------------------

I I I tLOC I Loop On-Line Control Delay Time I I 680 460 ns 

tRDSR RDSR Delay Time 540 400 ns 
-- --_._------

tTDSR TDSR Delay Time 540 400 ns 

tlR Interrupt Request Release Time 1.2 0.9 /J.s 
-------------

tRES Reset Minimum Pulse Width 1.0 0.65 /J.s 

t r, tr Input Rise and Fall Times 
Except Enable 

1.0* 1.0* /J.s O.BV to 2.0V 

*1.0/J.s or 10% of the pulse width, whichever is smaller. 

Bus Timing Characteristics (Vcc = 5.0V ± 5%, Vss = 0, TA = oOe to +70o e unless otherwise noted.) 

Read 
S6854 S68A54 

I 

Symbol Parameter Min. Max. Min. Max. Unit 

tcYC Enable Cycle Time 1.0 0.666 /J.S 
------.-~- ------_ .. __ .. -----,"'- ---------------

PWEH Enable Pulse Width, High 0.45 0.28 /J.s -_._._-------_._-----_._----- .-_.- -----------------,-------- -- ------t--------------- --- -----------
PWEL Enable Pulse Width, Low 0.43 0.28 /J.s -_.- -

tAS Setup Time, Address and R/W Valid to Enable 160 140 ns 
positive transition 

tDDR Data Delay Time 320 220 ns 

tH Data Hold Time 10 10 ns 

tAH Address Hold Time 10 10 ns 

tEr, tEf Rise and Fall Time for Enable input 25 25 ns 

Write 

tcYCE Enable Cycle Time 1.0 0.666 /J.s 

PWEH Enable Pulse Width, High 0.45 0.28 /J.S 
--------

PWEL Enable Pulse Width, Low 0.43 0.28 /J.s 

tAS Setup Time, Address and R/W Valid to Enable 160 i40 ns 
positive transition 

tDSW Data Setup Time 195 80 ns 

tH Data Hold Time 10 10 ns 

tAH Address Hold Time 10 10 ns 

tEr, tEf Rise and Fall Time for Enable input 25 25 ns 
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~I® S68541S68A54 

Figure 1. Bus Timing Test loads 

LOAD A 
(00·01 ill, IxO, ROSR, TOSR 

flAG OET, LOOP ON·lINE CONTROL/OTR) 

TEST POINT 

C = 130pF FOR 00·07 
= 30pF FOR OTHERS 

5.0V 

• Rl = 2.5k 

~~ 

MMC6150 
OR EOUIV 

~~MM01000 
OR EOUIV. 

TEST POINT 

LO·AO B 
(iRfi ONLV) 

R = l1.1k~! FOR ·00.01 
= 24k~' FOR OTHERS 

Figure 2. Receiver Data Setup/Hold, Flag Detect and loop On-Line Control Delay Timing 

RxC 

5.0V 

• 3k 

I"~' 

~
-.. pWcH--1 

\ 20V~ 
...... f-----PWCl • I I-o.-av-----

RxO -------------,~_'""'"- 1 ...... I---------tROH------;;-,=---i:L~·:~ 

~ 

CONTROL 

: ~~w 

-------------------~.-----tF-O-~--~~2~.4~~V=--~:_J~'.~~~O_.4_V ________ _ 

,_t ~'"'O-.4-V----------------
I lOC 

Figure 3. Transmit Data Output Delay and Request to Send'Delay Timing 

I..--PWCH----t.~JI 

TxC 2.0Vf\ 
rO~.8_V ____________ _{ 
1 .... C-----PWCl---:-::-2.4;:-:V---1·~1 

hO X 
__________ ~ __________ ~ ________ --J ~-----------------------------_ 

t O.4V 
....-- TOO--'~2.4V 

l~tRTS ~.I 
RTS 

Figure 4. TDSR/RDSR Delays, I RQ Release Delay, RTS and DTR Delay Timing 

,~ \ / 
JO.8V 

\ RTS 

.. tATS • i~::~ 
OTR ; 

I .. tOTA 
_i O.4V 2.4V 

iRa 
j / 
I 

.. 
''" ~'" • 

TOSR 
ROSR 

• tROSR ~ 0.4V 
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Features 

o 32 x 16 (512 total) Alphanumeric Two Color 
Display on Black Background with Internal 
or External Character Generator ROM. 

o Two Semigraphics Modes with Display 
Densities Ranging from 64 x 32 to 64 x 48 in 
8 and 4 Color Sets Respectively, plus Black. 

o Full Graphics Modes with Display Densities 
Ranging from 64 x 64 to 256 x 192 in 2 and 
4 Colors. ' 

o Full NTSC Compatible Composite Video with 
Choice of Interlaced and Non-interlaced 
Display Versions. 

o Provides Microprocessor Compatible Interface 
Signals. 

o Generates Display Refresh RAM Addresses. 
o NMOS Device, Single 5V Supply, TTL 

Compatible Logic Levels. 

o Color Set Select Pin Can Give 8 Color Displays 
in Full Graphics Mode. 

Block Diagram 

General Description 

S68047 

VIDEO DISPLAY 
GENERATOR 

TheS68047 Video Display Generator (VDG) is de­
signed to produce composite video suitable for display 
on a standard American NTSC compatible black/white 
television or color televison or monitor. 

There are three major types of display which the 
S68047 can generate. These include an alphanumerics 
mode of which there are two types, each with normal 
or inverted video; a semigraphics mode of which there 
are also two types; and full graphics mode of which 
there are eight types. 

Alphanumeric Modes 

The alphanumeric modes, internal and external, enable 
the S68047 to display a matrix of 32 x 16 (512 total) 
characters. The internal mode utilizes an on-chip 64 
ASCII character ROM to display each character ilia 
5 x 7 dot matrix font. In the external alphanumeric 

Pin Configuration 

MPU ADDRESS BUS MPU DATA BUS 

+5 

~ 
CC 

3K 
... VC 

5·50 
pF 

1830 

+5 OV 
Q 

VOG 

TIMING 
& 

CONTROL 

PARALLEL TO 
SERIAL SHIFT REGISTER 

VIDEO 4 CHROMA ENCOOER 

1-0----1 

! ~ t-----

~ ~' 
12 

A/G 

GM2 

GMI 

GM4 

CSS 

~ 

vee 

cc 

GM4 

GMI 
REFRESH 

RAM AlG 

INV 34 Vss 

6-12 
33 A9 

32 AID 

B-V 10 31 All 

R-V II 30 A4 

CHROMA BIAS 12 29 A3 

CSS 13 28 A2 

iNf/EXT 14 27 VIOEO CLOCK (VCl 

A/s 15 26 AI 

07 

06 17 

05 

04 

03 

ADVANCED PRODUCT DESCRIPTION 
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General Description (Continued) 
mode, an external memory is required, either ROM or 
RAM, which is used to display the 32 x 16 character 
matrix with each character located within an 8 x 12 dot 
matrix of customized font. Switching between internal 
and external alphanumerics modes and normal and 
inverted video can be accomplished on a character 
by character basis. 

Semigraphic Modes 

The two semigraphic modes, semigraphic 4 (SG4) 
and semigraphic 6 (SG6), subdivide each of the 512 
(32 x 16) character blocks of 8 x 12 dots each into 
2 x 2 and 2 x 3 smaller blocks respectively. In SG4 
each block is created from 4 x 6 dots and in SG6 each 
block consists of 4 x 4 dots. In addition the SG4 and 
SG6 modes can each be displayed in 8 and. 4 colors 
plus black. 

. Display switching from alphanumerics to semigraphics 
modes or vice versa during a raster display is called 
minor mode switching and can take place on a charac­
ter basis. 

Graphics Modes 

The eight full graphics modes are divided into two 
major groups, 4 color and 2 color. The 4 color graphics 
provide 4 display densities ranging from 64 x 64 for 
Graphics 0 through to 128 x 192 elements for Graphics 
6. The 2 color graphics also provide 4 display densities 
ranging from 128 x 64 for Graphics 1 through to 256 
x 192 elements for Graphics 7. The latter display has 
the highest density of the eight graphics modes. The 
amount of display memory increases proportionately 
with increasing density of display to a maximum of 6K 
bytes for Graphics 7. Switching between either the 
alphanumeric modes or semigraphics modes and any 
of the full graphics modes is called major mode switch­
ing. Major mode switching can only occur at the end 
of every twelfth raster line scan. 

868047. 

. can utilize a standard American NTSC compatible TV 
or monitor for such a purpose. Applications are ex­
tremely broad ranging from educational systems, video 
games, small low cost business/home computers to pro­
cess control monitors and medical diagnostic displays. 

The different modes of operation permit various cost/ . 
display presentation tradeoffs. The alphanumerics 
modes allow use of the TV screen as a video teletype 
at the most limited level of operation. Only 512 bytes, 
one for each character, need to be stored, each byte 
being a minimum of six bits wide per the ASCII 
code. If video inversion switching or alpha to semi­
graphics switching is required per eharacter then two 
extra bits are required in the display RAM as shown 
in Flg .. J: The semigraphics modes each offer an inter­
mediate range of graphics densities with tradeoffs in 
density versus color. Typical semigraphics display 
capabilities are' bar graphs, charts, mini displays, etc . 
which with minor mode switching to alphanumerics 
modes allow annotation or captioning' of the resultant 
display. The various graphics mode~ provide g~eatl'r 
density displays with greatl'r freedom of display prps­
entations. The tradeoffs in increasing density are wit h 
increasing display memory size andeolor versus den­
sity. A minimum Graphics 0 provides a display dpnsity 
of 64 x 64 (4096) elements. each plpmpnt heing ('om­
posed ofa matrix or 12 (4 x 3l dots wit h a selp('t ion or 
four colors per elempnt. Since paeh of thp eVl'n 
numhered 4 color graphics modes map two hit s of t hp 
data word to one picture plemerit, each data word or 
memory provides four pict ure elements. Thus 
Graphics 0 requires 4096/4 = 1024 hytes of display 
RAM, Graphics 2 requires 8192/4 = 2048 and so on. 
Graphics 1, like all the odd numhered 2 color graphics 
modes, maps one bit of data word to one picture ple­
ment. Each data word therefore maps eight elements. 
Graphics 1 density of 128 x 8 (8192) elements therefore 
requires 8192/8 = 1024 bytes of display RAM and 
Graphics 7, the densest display, requires 49, 15218 = 
6144 bytes of RAM. At the higher density graphics 
displays, the rate of change of elements approaches the 

Applications maximum dot frequency of 6MHz. This video rate 
taxes the capabilities of most commercially available 

Anywhere data can be more usefully presented graph- television sets and thus the quality of the display 
ically on a CRT and for a minimum cost, the VDG in . system (television or monitor) should be commensurate 
conjunction with a microprocessor based controller with the highest video rate to be used. 

Electrical Specifications 
Absolute Maximum Ratings 

Supply Voltage ..................................................................... 7.0V 
. Input Voltage ............................................................. - O.3V to +7.0V 
Operating Temperature ........................................................ O°C to 70°C 
Storage Temperature ....................................................... - 65°C to 150°C' 
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AMJI® S68047 

DC (Static) Characteristics (Vee = 5.0V ± 5% ; TA = 25°C, unless otherwise specified). 

Symbol Parameter Min. Typ. Max. Unit Conditions 

Vrn Input Voltage High 2.0 Vee V 

Vrn Input Voltage High 4.0 Vee V 
(Color Clock only) 

VII. Input Voltage Low -0.3 +0.6, V 

lIN Input Leakage Current VIN = 0 - 5.25V; 
(all inputs) 1.0 2.5 p.A Vec = OV 

IL(TS) Tri-State Output I I 10 p.A Vee = 5.25V; MS = OV; 
A -A = 04-2.4 I Leakage Current (0 11) 

1 0 , "Lak n " 

VIN V 

I utput e age Current 10 p.A VIN = 2.4V: Vee = OV 
(HS, FS, RP) 

VOH Output Voltage High 2.4 V IOH = -100tlA (HS, FS, RP); 
(AO - All, IiS, FS, RP) OtlA (Ao - All); CL = 30pF 

VOL Output Voltage Low 0.4 V IOL = 1.6mA (HS, FS, RP); 
(AO - Ail, HS, FS, RP) OmA (Ao - All); CL = 30pF 

Icc Vee Supply Current 45 mA Vee = 5V; TA = 25°C 

CIN Input Capacitance 10 pF VIN = 0, TA = 25°C; 
f= 1.0MHz 

COUT Output Capacitance 12 pF VIN = 0, TA = 25°C; 
f = 1.0MHz 

AC Electrical Characteristics (Vee = 5.0V ± 5%; TA = 0 - 70°C except where noted). 

Alpha Internal Mode (Figure 1) 
, , , , 

Symbol Parameter Min. Typ. Max. Unit Conditions 

fvc Video Clock Frequency 5.6 6.0 6.4 MHz 
-

tch Character Time 1.43 1.33 1.25 }.ts 

tAec Acc~ss-Time of External 
Refresh RAM 0.7 }.ts 

# 

tdot Dot Time 178 166 156 ns 

Alpha External Mode (Figure 1) 
NOTE: All parameters are the same as in Alpha, Internal Mode except tACC 

Access-time of Refresh 
tAce RAM + Access-time of , 0.7 }.ts 

External ROM 

Semigraphics Mode (Figure 1) 

tpic Picture Elemen t Duration 

NOTE: All other parameters are the same as in Alpha Internal A/ode, 
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Color Sub-carrier Input 

Symbol Parameter 

fcc Frequency 

tr Rise Time 

tf Fall Time 

PWcc Pulse Width 

VIL Zero Level 

Vrn One Level 

DR Duty Ratio 

Figure 1. Refresh RAM Interface Timing 

VIDEO CLOCK (~')l) 

AD - All 

00 - 07, CSS 
AIS, INV, iNf/EXT 

LATCH DATA 
(Internal to the chip) 

V, R-V, B-V 

DOT BEING 
DISPLAVED 
(FUll ALPHA) 

PICTURE ELEMENT 
BEING DISPLAYED 
(SEMIG RAPHICS) 

Composite Video Timing (Figure 2 ) 

Symbol Parameter 

tSYNC Sync duration 

tfp Front Porch duration 

tBLANK Horizontal Blank Duration 

t rs , tfs Rise time and Fall time of 
Horizontal Sync 

trY, tfv Rise time and Fall time of 
Horizontal Blank 

©IC MASTER 1979 

Min. 

4.0 

40% 

Min. 

i 

1 

568047, 

Typ. Max. Units Conditions 

3.579545 MHz 

±10 Hz 

10 ns 

10 ns 

140 I ns 

0.6 V 

V 

50% 60% 

Typ. Max. Units Conditions 

4.888889 J.1s 

1.536508 J.1S .~ « 
11.44 J.1S 

I 250 ns 

i 

t 
340 ns 
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Features 

o Single or Dual Primary Address Recognition 
o Secondary Address Capability \ 
o Complete Source and Acceptor Handshakes 
o Programmabie Interrupts 
o RFD Holdoff to Prevent Data Overrun 
o Operates with DMA Controller 
o Serial and Parallel Polling Capability 
o Talk-Only or Listen-Only Capability 
o Selectable Automatic Features to Minimize 

Software 
o Synchronization Trigger Output 
o S6800 Bus Compatible 

Block Diagram 

.J 
""'1 

'HANOSHAKE 

DATA 10 
0101·0108 

NOTE 1: 

TVP 16 PLACES 

L-____________________ ~ __________ -+_V~ 

S68488 

GENERAL PURPOSE 
INTERFACE ADAPTER 

General Description 

The S68488 GPIA provides the means to interface be­
tween the IEEE488 standard instrument bus and the 
S6800. The 488 instrument bus provides a means for 
controlling and moving data from complex systems of 
multiple instruments. 

The S68488 will automatically handle all handshake 
protocol needed on the instrument bus. 

Pin Configuration 

V~ 

OMA GRANT 2 

CS 3 

A"SE 4 

R/W 5 

DO 

01 

02 9 

03 10 S68488 

06 13 

07 14 

OMA REOUEST 15 

OAV 16 

OAC 17 

RFO 18 

RESET 19 

*The 3·wire handshake described is the subject 
of patents owned by Hewlett-Packard Co. 

ADVANCED PRODUCT DESCRIPTION 
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Functional Description 

The IEEE 488 instrument bus standard is a bit-parallel, 
byte -serial bus structure designed for communiation 
to and from intelligent instruments. Using this stand­
ard, many instruments may be interconnected and 
remotely and automatically controlled or pro­
grammed. Data may be taken from, sent to, or trans­
ferred between instruments. A bus controller dictates 
the role of each device by making the attention line 
true and sending talk or listen addresses on the instru­
ment bus data lines; those devices which have matching 
addresses are activated. Device addresses are set into 
each GPIA from switches or jumpers on a PC board 
by a microprocessor as a part of the initialization 
sequence. 

When the controller makes the attention line true, 
instrument bus commands may also be sent to single 
or multiple GPIAs. 

Information is transmitted on the instrument bus 
data lines under sequential control of the three hand­
shake lines. No step in the sequence can be initiated 

S68488 

until the previous step is completed. Information 
transfer can proceed as fast as the devices can respond, 
but no faster than the slowest device presently ad­
dressed as active. This permits several devices of dif­
ferent speeds to receive the same data concurrently. 

The GPIA is designed to work with standard 488 bus' 
driver les (83448As) to meet the complete electrical 
specifications of the IEEE488 bus. Additionally, a 
powered-off instrument may be powered-on without 
disturbing the 488 bus. With some additional logic, 
the GPIA could be used with other microprocessors. 

The 868488 GPIA has been designed to interface be­
tween the 86800 microprocessor and the complex 
protocol of the IEEE488 instrument bus. Many 
instrument bus protocol functions are handled auto:. 
maticallyby the GPIA and require no additional MPU 
action. Other functions require minimum MPU 
response due to a large number of internal registers 
conveying information on the state of the GPIA and 
the instrument bus. 

Figure 1. 
DATA BYTE GENERAL 

DATA BUS TRANSFER INTERFACE 
(B LINES) CONTROL MANAGEMENT 

DAV DAC ATN m 

J I orr RFD iFc SRO E01 

<= I 1 
" " ..--

..--

..-- v 

..-- 1\ 

--------- 1 --- ~1 ~vll vI v 
DEVICE A DEVICE B DEVICE C 

ABLE TO TALK. ABLE TO TALK ONL Y ABLE 
LISTEN. AND AND LISTEN TO LISTEN 

CONTROL e.§ .• DIGITAL e.g .• SIGNAL 
e.g .• CALCULATOR MUL TlMETER GENERATOR 

DEVICE D 
S68488 ABLE TO TALK 

AND LISTEN 

S6B02 

J 
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AIMII® 868488 

Maximum Ratings 

Supply Voltage ........................................................ -0.3Vdc to +7.0Vdc 

Input Voltage ......................................................... -0.3Vdc to +7.0Vdc 

Operating Temperature Range ............................................. ;.... O°C to +70°C 

Storage Temperature Range ............ ' .................................... -55°C to +150°C 

Thermal Resistance ............................................................ +82.5° C/W 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields, however, it is 
advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high­
impedance circuit. 

E!ectrical Characteristics (Vee = 5.0V ±5%, VSS = 0, 1'A = oOe to +70c C unless otherwise noted) 

Symbol Parameter Min. Typ. Max. 

VIH Input High Voltage VSS + 2.0 
I Vee 

VIL Input Low Voltage VSS - 0.3 ,VSS + 0.8 

lIN Input Leakage Current 1.0 2.5 

ITSI Three -State (Off State) 
Input Current DO-D7 2.0 10 

VOH Output High Voltage 
DO-D7 VSS + 2 . .4 

VOL Output Low Voltage I 
I I 

DO-D7 
I 

VSS + 0.41 
IRQ VSS + 0.4; 

I I I I ILOH Output Leakage Current __ 
I (Off State) IRQ 1.0 10 

~ower Dissipation 600 

. CIN Input Capacitance DO -D7 12.5 
All Others 7.5 

Figure 2. Source and Acceptor Handshake 

0101.0108 ~'---_____ -JX,-___ SOURCf 
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OAV ___ --, 

RFO 

OAe 

SOURCE 

VALID 

All ROY I S~::: All 

I I NONE I I " r-I --Ro-Y ACCEPTOR 

SOME ROY I I Ace ALL Ace 

I II rrmL---_ACCEPTOR 

I I 
DATA 

TRANSFER 
BEGIN 

DATA 
TRANSFER 

END 

Unit Conditions 

Vdc 

pAdc VIN = 0 to 5.25V 

pAdc VIN = 0.4 to 2.4V 

Vdc 
I 

Iload = - 205pA 

I 

Vdc 
I 

Iload = 1.6mA 
Iload = 3.2mA I 

I 
pAdc VOH = 2.4Vdc 

mW 

pF VIN = 0, 
TA=25°C, 
f = 1.0MHz 
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Figure 3. Bus Read Timing Characteristics 
(Read Information from GPIA) 

Figure 4. Bus Write Timing Characteristics 
(Write Information .into GPIA) 

S68488 

1-4-___ lcyeE ----'--l~ 
~--- IcyeE ------1~ 

ENABLE 
ENABLE 

AS. CS. R/W RS. CS. R!W 

___ &_' ~_IH _IAH_ 

2.0V 
DATA BUS O.BV 

DATA BUS 

Figure 5. Output Bus Timing 

-d" ~'"O ---,-1_\1. 02.·SDVV· DAII. DAC. RFO. EOI. ATN __ --r 11: _ 
i 

ENABLE \'-----

T/RI. T/R2 t'"'' "1-
A.C. Time Values 

Symbol* Parameter Min. T¥p. Max. Unit Conditions 

Tl Settling Time for Multiple Message SH ~2 jls** 

t2 Response to ATN SH,AH,T,L ~200 ns 

T3 Interface Message Accept Time t AH >0 # 
t4 Response to IFC or REN False T,TE, L, LE <100 jlS 

t5 Response to ATN • EOI PP ~200 ns 

* Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values spe~ifled 
by an upper case T indicate the minimum time that a function must remain in a state before exiting. 

** If three -state drivers are used on the DIO - DA V and EOI lines, Tl may be: 
(1) ;;?:1100ns ~~. 
(2) Or ;;?:700ns if it is known that within the controller ATN is driven by a three-state driver. <C ... 
(3) Or ;;?:500ns for all subsequent bytes following the first sent after each false transition of ATN [the first byte must be sent 

in accordance with (1) or (2)]. 

t Time required for interface functions to accept, not necessarily respond to interface messages. 

~ Implementation dependent. 

MPU bus clock rate - The current 6800 bus clock is ~ IMHz but part should operate at 1.5MHz (design goal), with appropriate 
settling times (T1). 
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September 1978 

Features 

o Reduces Software Effort 

o Easy Source Code Manipulation 

o Instant Program Corrections 

o Full Debug Package 

o Allows Calls to Machine-Language Subroutine 
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SFT27100 

MOC BASIC INTERPRETER 

General Description 

The MDC BASIC Interpreter (SFT27100) operates with 
AMI's MDC-IOO Microcomputer development system to 
provide an easy to use high level language for perform­
ing computation and control functions in the MDC. 

MDC BASIC (supplied on floppy disk) is used to edit, 
translate, debug and execute user-written ASCII source 
programs in read/write memory (RAM). Each B.LA .. SIC 
statement is translated irom its ASCII format and then 
executed by the BASIC interpreter on a line-by-line 
basis .. Because the interpreter executes each line, the 
need to translate to machine code is avoided. This 
approach eases source code manipulation, because it is 
always in memory, and allows instant revision of the 
program w hen errors are detected. 

ADVANCED PRODUCT DESCRIPTION 
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SFT27100 

Functional Description 

MDC BASIC operates in two modes. In program mode each statement is preceded by a line number. This causes 
the source statement to be stored in memory for later execution. Statements are stored in increasing order 
based upon the line number. If no line number precedes the statement, it is executed immediately without being 
placed in memory. This latter mode, known as "direct" .or "immediate", is a means of rapidly gaining solutions to 

. problems where complexity is not great enough to require a program solution. In addition, all control commands 
are entered in direct mode. 

These commands specify actions which alter the status of the user's program; for example, they direct the 
retrieval, storing and execution on programs. Program statements are summarized in Table 1; control commands 
are sqmmarized in Table 2. 

The BASIC interpreter is loaded in RAM from $20 to $3000.MDC BASIC relies on the intrinsic functions of the 
MDC-100 for all I/O. 

Table 1 

ABS - ABSolute value function 
ASC - string to ASCII decimal functions 
ATAN - arc tangent function 
CHR$ - decimal ASCII to string function 
CLOSEFILE - close open file verb 
CNO (N)- change closed OLD to NEW 
COS - COSine function 
OAT A - internal data list statement 
DEF FNA (X) - built in function 
DIGITS - numeric display precision 
DIM - reserve array storage statement 
END - end BASIC program statement 
EOFF (N) - test end of file function 
EXP (X) - EXPonential base e function 
FOR - loop control statement 
GOTO - unconditional transfer statement 

- GOSUB - subroutine call statement 

Table 2 

ATTACH -
FILETABLE - display file table verb 
LIB (N) - display disk directory verb 
LINE - set display width verb 

©IC MASTER 1979 

INPUT - request input statement 
INT - integer function 
LEFT$ - extract substring function 
LEN - length of string function 
LET - assignment statement 
LOG (X) - log base 1 0 function 
MID$ - extract substring function 
NEXT - close FOR loop statement 
ON - case statement for GOSUB, GOTO 
OPEN FILE - open data file 
PEEK - display memory function 
POKE - modify memory function 
pas - current print POSition function 
PRINT - output statement 
READ - read from DATA list statement 
REM --'- REMark (comment) statement 
RESTORE - rewind DATA list statement 

LOAD - fetch binary program file from disk 
PATCH - return to FDOS verb 
PORT - change control port verb 
RUN - begin execution of program 

RESTR (N) - rewind file statement 
RETURN - return from GOSUBcall 
RIGHT$ - extract substring function 
RND - RaNDom number function 
SGN - SiGNum function. 
SIN - SINe function 
STOP - halt execution statement 
STRING - set global string length verb 
STR$ ~ convert numeric to string function 
SQR - SQuaRe root function 
TAB - print space to column function 
TAN - TANgent function 
TRACEOFF - cease line trace verb 
TRACEON - initiate line trace verb 
VAL - convert string to numeric function 
USER - call machine language routine 

SCRATCH - delete current program 
TRACEOFF - cease line trace verb 
TRACEON - initiate line trace verb 
NEW - delete current program verb 
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Features 

o IS-Bit Instruction Word 

o Full Minicomputer Instruction Set Capability 
including Multiply and Divide 

o Up to 65,536 Bytes of Memory 
o 3.3MHz Speed 
o Advanced Memory-to-Memory Architecture 

o Separate Memory, I/O and Interrupt-Bus Struc-
tures 

o 16 General Registers 
o 16 Prioritized Interrupts 
o Programmed and DMA I/O Capability 
eN-Channel Silicon-Gate Technology 

Block Diagram 

~ 
UCTIOI'J INSTR 

DEC ODE 

CONTROL ~ CON TROl 

r ClOCK------J 
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-

I Cl I 
I ,,,",,. II co UNTE R 

AND 
REGISTERS 

~ 

AlU AND 
REGISTERS 

DATA 

INTERRUPT 

~ 
RESET. CO NO. 
INTERRUPT 
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16·81T MICROPROCESSOR 
General Description 

The'S9900 microprocessor is a single-chip 16-bit cen­
tral processing unit (CPU) produced using N-channel 
silicon-gate MOS technology. The instruction set of the 
S9900 includes the capabilities offered by full minicom­
puters. The unique memory-to-memory architecture 
features multiple register files, resident in memory, 
which allow faster response to interrupts and in­
creased programming flexibility. The separate bus 
structure simplifies the system design effort. AMI pro­
vides a compatible set of MOS memory and support cir­
cuits to be used with an S9900 system. The system is 
fully supported by software and complete prototyping 
systems. 

ADDRESS 

t 
ADDRESS 
REGISTER 

CRU 
CONTROL 

T 
CRU 

Pin Configuration 

641Hiilii 63 Mi'MEN 
62 REAQY 

61 WE 

60 CRUCL. 

5;9 Vee 

~8 ~ NC 

S7U NC 

56"UIS 

010 

09 

ADVANCED PRODUCT DESCRIPTION 
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89900 

S9900 Electrical and Mechanical 'Specifications 

Absolute Maximum Ratings Over Operating Free-Air Temperature Range (unless otherwise noted)* 

Supply Voltage, V cc (See Note 1). ....................... -.................................. -O.3V to +20V 
Supply V oltage, V DD (See Note 1) .............................. ',' .......................... - O.3V to + 20V 
Supply Voltage, V ss (See Note 1) ...................... .' ..............•.................. '.' - O.3V to + 20V 
All Input Voltages (See Note 1) ............................................................ -O.3V to +20V 
Output Voltage (with Respect to V ss)· ........................................................ - 2V to + 7V 
Continuous Power Dissipation." ................................................................... + 1.2W 
Operating Free-Air Temperature Range ..................................................... O°C to + 70°C 
Storage Temperature Range ............................................•............... - 55°C to + 150°C 

·Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Under absolute maximum ratings voltage values are with respect to the most negative supply, VBB (substrate), unless otherwise 
noted. Throughout the remainder of this section, voltage values are with respect to V 55' 

Recommended Operating Conditions 

Symbol Parameter Min. Nom. Max. Unit Conditions 

VBB Supply voltage -5.25 -5 -4.75 V 

Vee Supply voltage 4.75 5 5.25 V 

VDD Supply voltage 11.4 12 12.6 V 

VSS Supply voltage 0 V 

VIH High -level in put voltage (all in pu ts except clocks) 2.2 2.4 Vee+ 1 V 

VIH(<p ) High -level clock input voltage I VDD-2 VDD V 

VIL Low -level input voltage (all inputsexcept clocks) -1 0.4 0.8 V 

VIL(<P ) Low-level' clock input voltage -0.3 0.3 0.6 V 

TA Operating free -air temperature 0 70 °e 

Timing Requirements Over Full Range of Recommended Operating Conditions (See Figures 1 and 2) 

Symbol Parameter Min. Nom. Max. Unit Conditions 

te( <p ) Clock cycle time 0.3 0.333 0.5 ps 

tr( <p ) Clock rise time 10 12 ns 

tf(<P ) Clock fall time 10 12 ns 

tw(<p ) Pulse width, any clock high 40 45 100 ns 

t<plL, <P2H Delay time, clock 1 low to clock 2 high (time between clock pulses) 0 5 ns 

tcP2L, <p3H Delay time, clock 2 low to clock 3 high (time between clock pulses) 0 5 ns 

t<p3L, <p4H Delay time, clock 3 low to clock 4 high (time-between clock pulses) 0 5 ns 

t<p4L, <PIH Delay.time, clock 4 low to clock 1 high (time between clock pulses) 0 5 ns 

t<plH, <P2H Delay time, clock 1 high to clock 2 high (time between leading edges) 70 80 ns 

t<p2H, <p3H Delay time, clock 2 high to clock 3 high (time between leading edges) 70 80 ns 

t<p3H, <P4H Delay time, clock 3 high to clock 4 high (time between leading edges) 70 80 ns 

t<p4H, <PIH Delay time, clock 4 high to clock 1 high (time between leading edges) 70 80 ns 

tsu Data or control setup time before clock 1 30 ns 

th Data hold time after clock 1 10 ns 
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Minimum S9900 System . 

12 BITS ADDRESS BUS 15 BITS 
\r----.~--------------_. ~--------------~ r----------------, r-----------~_, 

8 
BITS 

IN 

BiTS 
OUT 

Maximum S9900 System. 
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INPUT 
INTERFACE 

40911 BITS 

INTERRUPT 
INTERFACE 

15 
INTERRUPTS 

16 

AO·AU 

f---------~ CRU IN 

f-----------I CR U a UT 

1-<4-------------------! C R IJ C L~. 

INTERRUPT CODE 

INTERRUPT REOUEST 

DBIN ~-----~ 

WEI------H 

CLOCK GENERATOR 
S9904 

ADDRESS BUS 

CRUIN 
CRUOUT 
CRUCLK 

S9900 
CPU 

OATABUS 

--l>- BUFFER 

59900 
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WI® 

Architecture 

Registers and Memory 

HOLD 
HOLDA 

LOAD 

WE 

READY 

WAIT 
MEMEN 

OBIN 
RESET 

lAO 

OU 015 

The S9900 employs an advanced memory-to-memory 
. architecture. Blocks of memory designated as 
workspace replace internal-hardware registers with 
program-data registers. The memory word of the 
S9900 is 16 bits long. Each word is also defined as 2 
bytes of 8 bits. The instruction set of the S9900 allows 
both word and byte operands. Thus, all memory loca­
tions are on' even address boundaries and byte instruc­
tions can address either the even or odd byte. The 
memory space is 65,536 bytes or 32,768 words. The 
word and byte formats are shown below. 

MSB LSB 

\ 0 \112\3\4\516171819110111b21131141151 
SIGN 
BIT 

I v 
MEM.ORY WORD (EVEN ADDRESS) 
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INTREQ ICOIC] AD AI4 

CRUOUT 

MSB LSB MSB LSB 

1011 J 2\3141516\71819110111112b3b4115\ 
SIGN SIGN 
BIT BIT 
~------~vr----------~A~------~V~----------~I 

EVEN BYTE ODD BYTE 

The S9900 memory map is shown in Figure 8. The first 
32 words are used for interrupt trap vectors. The next 
contiguous block of 32 memory words is used by the ex­
tended operation (XOP) instruction for trap vectors. 
The last two memory words, FFFC16 and FFFE16, are 
'used for the trap vector of the LOAD signal. The re­
maining memory is then available for programs, data, 
and workspace registers. If desired, any of the special 
areas may also be used as general memory. 
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Features 

• N -channel Silicon-Gate Process 

• 9900 Series CRU Peripheral 

• Performs Interrupt and I/O Interface Functions 
- 6 Dedicated Interrupt Input Lines 
,- 7 Dedicated I/O Ports 
- 9 Ports Programmable as Interrupts or I/O 

• Easily Stacked for Interrupt and I/O Expansion 

• Interval and Event Timer 

• Single 5V Supply 

Figure 1. Block Diagram 

CRU 
INTERFACE 

Figure 2. 9900/9980 System 
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PROGRAMMABLE 
SYSTEMS 

INTERFACE 

il.ffi 
iNT2 
INTI 
INT4 
!Nt!> 
INT6 

S9901 

Programmable Systems 
Interface Circuit 

General Description 

The S9901 Programmable Systems Interface is a 
multifunctioned component designed to provide low 
cost interrupts and I/O ports in a 9900/9980 micro­
processor system. It is fabricated with N -channel 
silicon -gate technology and is completely TTL 
compatible on all inputs including the power supply 
(+5V) and single-phase clock. Figure 1 is a block 
diagram of the S9901. The Programmable Systems 
Interface provides a 9900/9980 system with interrupt 
control, I/O ports, and a real-time clock as shown in 
Figure 2. 

S9901 Pin Configuration 

RSTl Vcc 
CRuaUT so 
CRUClK PO 

CRUIN PI 

CE SI 
INT7/PIS 

S2 iNTS/PI4 
INT9JP13 INTS INn/PIS 
INT10/PI2 

INH INT8!P14 INTliiPil 
INT12!Pl0 INTJ INT91P1l 
iNTf3/PS INTlO/P12 
INTI4/PS ~ 

INT15/P7 iN'fi'fEQ INTn'm 

Itl INT121Pl0 

IC2 rNm7JI§ 
P6 

INTl4/PS P5 .ICI 
P4 ICO P2 
P3 
P2 Vss S3 

PI INTI 54 
PO 

INT2 INT1S/P7 

P6 Pl 

P5 P4 

ADDRESS BUS 

MEMORY 

S9960/9980 
CPU 

DATA BUS 

ADVANCED PRODUCT DESCRIPTION 
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AMlI® 89901 

S9901 PIN ASSIGNMENTS AND FUNCTIONS 

SIGNATURE PIN I/O DESCRIPTION 

INTREQ 11 OUT INTERRUPT Request. When active (low) INTREQ indicates that an enabled interrupt has 
bt;en received. INTREQ will stay active until all enabled interrupt inputs are removed. 

ICO (MSB) 15 OUT Interrupt Code lines. ICO-IC3 output the binary code corresponding to the highest priority 
IC1 14 OUT enabled interrupt. If no enabled interrupts are active ICO-IC3 = (1, 1, 1, 1). 
IC2 13 OUT 
IC3 (LSB) 12 OUT 

CE 5 IN Chip Enable. When active (low) data may be transferred through the CRU interface to the 
CPU. CE has no effect on the interrupt control section. 

SO 39 IN Address select lines. The data bit being accessed by the CRU interface is specified by the 5-
S1 36 IN bit code appearing on SO-S4. 
S2 36 IN 
S3 25 IN 
S4 24 IN 

CRUIN 4 OUT CRU data in (to CPU). Data specified by SO-S4 is transmitted to the CPU by CRUIN. When· 
CE is not active CRUIN is in a high-impedance state. 

- CRUOUT 2 IN CRU data out (from CPU). When CE is active, data present on the CRUOUT input will be 
sampled during CRUCLK and written into the command bit specified by SO-S4. 

CRUCLK 3 IN CRU Clock (from CPU). CRUCLK specifies that valid data is present on the CRUOUT line .. 

RST1 1 IN Power Up Reset. When active (low) RST1 resets all interrupt masks to "0", disables the 
clock, and programs all I/O ports to inputs. RST1 has a Schmitt-Trigger input to allow im-
plementation with an RC circuit as shown in Figure 6. 

VCC 40 Supply Voltage. +5V nominal. 

VSS 16 Ground-Reference. 

¢ 10 System clock (¢3 in S9900 system, CKOUT in S9980 system). 

INT1 17 IN Group 1, interrupt inputs. When active (low) the signal is ANDed and its corresponding mask 
-lNT2 18 IN bit and if enabled sent to the interrupt control section. INT1 has highest priority. 
003 9 IN 
INT4 8 IN 
INT5 7 IN 
006 6 IN 

INT7/P15 34 I/O Group 2, programmable interrupt (active low) or I/O pins (true logic). Each pin is individually 
. INT8/P14 33 1/0 programmable as an interrupt, an input port, or an output port. 

INT9/P13 32 1/0 
INT10/P12 31 I/O 
INT11/P11 30 I/O 
IN'T12/P10 29 I/O 
INT13/P9 28 110 
INT14/P8 27 110 
INT15/P7 23 1/0 

PO 38 110 Group 3, I/O _ports (true logic). Each pin is individually programmable as an input port or an 
P1 37 110 output port. 
P2 26 110 
P3 22 I/O 
P4 21 110 
P5 20 I/O 
P6 19 I/O 
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S9902 

Asynchronous Communications Controller (ACC) 

Features 

. • 5 - to 8 -Bit Character Length 
• 1, 1 1/2, or 2 Stop Bits 
• Even, Odd, or No Parity 
• Fully Programmable Data Rate Generation 
• Interval Timer with Resolution from 64 to 

16,320 ps 

• Fully TTL Compatible, Including Single 
Power Supply. 

Figure 1. Block Diagram 

CE 
SO-S4 

CPU 
IIF 

INT 

S9902 ACC IN A S9900 SYSTEM 

SERIAL 
SYN· J 

CHRONOUS I 
IIF 
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General Description 

The S9902 Asynchronous Communication Controller 
(ACC) is a peripheral device for the S9900 family 
of microprocessors. The ACC provides an interface 
between the microprocessor and a serial asynchronous 
communication channel, performing the timing 
and data serialization and deserialization, thus facili­
tating the control of the asynchronous channel by the 
microprocessor. 

Figure 2. Pin Configuration 

iNl' 

DSR XOUT 

RIN 

S9902 

RfS ACC 

CTS 
RIN 

OSR 

CTS CRUOUT 

RTS vss 

XOUT 

S9902 ACe IN A S9980 SYSTEM 

11 

VCC 

CE 

CRUCLK 

so 

S1 

S2 

53 

S4 

MEMORY 
ifF 

ADVANCED PRODUCT DESCRIPTION 
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AMlI® S9902· 

S9902 Pin Description 

Table 1 defines the 89902 pin assignments and describes the function of each pin as shown in Figure 2. 

Table 1 

8ignature Pin 1/0 Description 

INT 1 0 Interrupt - when active (low), the INT output indicates that at least one 
of the interrupt conditions has occured. 

XOUT 2 0 Transmitter serial data output line - XOUT remains inactive (high) when 
89902 is not transmitting. 

RIN 3 I Receiver serial data input line - RCV - must be held in the inactive (high) 
state when not receiving data. A transition from high to low will activate 
the receiver circuitry. 

CRUIN 4 0 8erial data output pin from 89902 to CRUIN input pin of the CPU. 

RT8 5 0 Request-to-send output from 89902 to modem. This output is enabled 
by the CPU and remains active (low) during transmission from the 89902. 

CT8 6 I Clear-to-send input from modem to 89902. When active (low), it enables' 
the transmitter section of 89902. 

D8R 7 I Data set ready input from modem to 89902. This input generates an in-
terrupt when going On or Off. 

CRUOUT 8 I Serial data input line to 89902 from CRUOUT line of the CPU. 

Vss 9 I Ground reference voltage. 

84 (L8B) 10 I 
83 11 I 
82 12 I 
81 13 I Address bus 80 -84 are the lines that are addressed by the CPU to select a 
80 14 I particular 89902 function. 

CRUCLK 15 I CRU Clock·. When active (high), 89902 from CRUOUT line of the CPU. 

(j) 16 I TTL Clock. 

CE 17 I Chip enable - when CE is inactive (high), the 89902 address decoding is 
inhibited which prevents execution of any 89902 command function. 
CRUIN remains at high-impedance when CE is inactive (high). 

Vee 18 I 8upply voltage (+5V nominal). 

Device Interface CP U Interface 

The relationship of the ACC to other components in 
the system is shown in Figures 4 and 5. The ACC is 
connected to the asychronous channel through level 
shifters which translate the TTL inputs and outputs 
to the appropriate levels (e.g., R8-232C, TTY current 
loop, etc.). The microprocessor transfers data to- and 
from the ACC via the Communication Register Unit 
(CRU). 

The ACC interfaces to the CPU through the Communi­
cation Register Unit (CRU). The CRU interface con­
sists of five address-select lines (80-84), chip enable 
(CE), and three CRU control lines (CRVIN, CRUOUT, 
and CRUCLK). When CE becomes active (low), the 
five seJect lines address the CR V bit being accessed. 
When data is being transferred to the ACC from the 
CPU, CRUOUT ;contains the valid datum which is 
strobed" by CRUCLK. When ACC data is being read, 
CRUIN is the datum output by the ACC. 
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59903 

SYNCHRONOUS 
COMMUNICATIONS CONTROLLER 

Features 

o Versatile CRU interface to synchronous and 
asynchronous serial devices for the S99XX 
series of microprocessors 

o DC to 250 KBPS data rate, half- or full­
duplex 

o Dynamic character length selection 
o Line protocols include BI-SYNC, SDLC, and 

HDLC, as well as others 
o Programmable-polynominal CRC generation 

and detection 
o Interface to un clocked or NRZI data with 32x 

clocks 
o Two programmable sync registers 
o Interval timer 164J-ts to 16.32msl on chip 
o Automatic zero insert and delete for SDLC 

and HDLC 
[] Single +5V supply, 20-pin DIP, all in"puts 

and outputs TTL compatible 
eN-channel Silicon-Gate technology 

Block Diagram 

I 

General Description 

The S9903 is a versatile device which provides the 
system designer with a wide range of capabilities in 
synchronous and asynchronous communications control. 
The S9903 operates in a multi-mode configuration that 
allows a broad range in the degree of active participa­
tion required in the control of high-speed serial com­
munications. Most synchronous data-link control pro­
tocols can be supported through software control of 
sync and fill characters, timing, CRC generation and 
detection, etc. Established protocols such as BI-SYNC, 
SDLC. and HDLC are implemented directly in hard­
ware, with others implemented through various com­
binations of hardware and software. 

Universal applicability is further assured through the 
capability for dynamic character length selection from 
5- to 9-bit data words plus parity. Definition and opera­
tion of all communications control is under software 
control and as such make upgrading to another pro­
tocol simply a matter of changing software with no 
hardware changes required. 

Pin Configuration 

I - - - -. - 14-----'----------==--DSR 

1m 

CRUCLK 

CRUOUT 

__ C-RU-IN-----t 9~/~0 
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TRANSMIT 
CONTROL 

RECEIVE 
I CONTROL 

m INT Vee 

XOUT CE 

RIN 

CRUIN CRUClK 

m so 

ffi SI 

~ S2 

CRUOUT 53 

Vss 54 

SeT SCR 

ADVANCED PRODUCT DESCRIPTION 
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SIGNATURE PIN 

INT 1 

XOUT 2 

RIN 3 

CRUIN 4 

RTS 5 

CTS 6 

DSR 7 

CRUOUT 8 

VSS 9 

SCT 10 

SCR 11 

S4(L8B) 12 
83 13 
82 14 
Sl 15 
80(M8B) 16 

CRUCLK 17 

iF 18 

CE 19 

VCC 20 

1/0 

OUT 

OUT 

IN 

OUT 

OUT 

IN" 

IN· 

IN 

IN 

IN 

IN 

IN 
IN 
IN 
IN 
IN 

IN 
. IN 

IN 

IN 
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S9903 PIN ASSIGNMENTS AND FUNCTIONS 

DESCRIPTION 

Interrupt - When active (low), the INT output indicates that at least one of the interrupt 
conditions has occurred. 

Transmitter ~rial data output line. 

Receiver serial data input line. 

Serial Data Output line from 89903 to CRUIN input line of the CPU. 

Request to 8end 'output from 89903 to modem. This output is enabled by the CPU and re­
mains active (low) during data transmission from 89903. 

Clear-to-send input from modem to 89903. When active (low), it enables the transmitter 
section of the 89903. 

Data Set Ready input from modem to 89903. This input generates an interrupt when going 
On or Off. 

8erial data input line to 89903 from CRUOUT line of the CPU. 

Ground Reference Voltage 

Transmit clock - Transmitter data is shifted out on one-to-zero transitiohof 8CT. 

Receiver clock - Receiver serial data (RIN) is sampled at zero-to-one transition of 8CR. 

Address bus 80-84 are the lines that are addressed by the CPU to select a particular 89903 
function. 

CRU Clock. When active (high), 89903 samples the input data on CRUOUT line. 

TTL Clock 

Chip Enable - When CE is inactive (high), the 89903 address decoding is inhibited. CRUIN 
remains at high impedance when CE is inactive (high). 

8upply voltage (+5V nominal) 

S9903 see. IN A S9900 SYSTEM S9903 see IN A S9980 SYSTEM 

SERIAL 
. SYN· { 
CHRONOUS 

IfF 
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SERIAL 
SYN· { 

CHRONOUS 
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Features 

o 16-Bit Instruction Word 
o Minicomputer Instruction Set Including 

Multiply and Divide 
[] 2048 Bytes of ROM on Chip 
o 128 Bytes of RAM on Chip 
o 16 General Purpose Registers 
'L..; 4 Prioritized Interrupts 
o On Chip Timer/Event Counter 
C 32 Bits General Purpose I/O 
C 256 Bits I/O Expansion 
[J Multiprocessor Syst.em Interface 
[J Single 5 Volt Power Supply . 
C Power Down Capability for Low Stand-by 

Power 
N -Channel Silicon Gate MOS 

Block Diagram 

CONTROL MEMORY (ROMIRAMI 
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S9940 

MICROPROCESSOR 

General Description 

The 89940 is a single-chip, 16-bit microcomputer con­
taining a CPU, memory (RAM and ROM), and exten­
sive I/O. The instruction set of the 89940 is a subset of 
the 89900 instruction set and includes capabilities of­
fered by minicomputers. The unique memory-to-memory 
architecture features multiple register files, resident 
in the RAM. which allow faster response to interrupts, 
and increased programming flexibility. The memory 
consists of 128 bytes of RAM and 2048 bytes of ROM. 
The 89940 implements four levels of interrupts, in­
cluding an internal decrementer which can be pro­
grammed as a timer or an event counter. All members 
of the 89900 family of peripheral circuits are compati­
ble with the 89940. 

Pin Configuration 

ADVANCED PRODUCT DESCRIPTION 
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Features 
o Hi-Bit Instruction Word 
o Full Minicomputer Instruction Set Capability 

Including Multiply and Divide 
o ,Up to 16,384 Bytes of Memory 
o 8-Bit Memory Data Bus 
o Advanced Memory-to-Memory Architecture 
o Separate Memory, 1/0, and Interrupt-Bus Struc-

tures 
o 16 General Registers 
o 4 Prioritized Interrupts, 
o Programmed and DMA 1/0 Capability 
DOn-Chip 4-Phase Clock Generator 
o 40-Pin Package 
ON-Channel Silicon-Gate Technology 

The S9980A and the S9981 although very similar, have 
several differences which are: 

1. The S9980A requires a V BB supply (pin 21) while 
the S9981 has an internal charge pump to generate 
V BB from Vee and V DD· 

Block Diagram 

INTERRUPT 

. ~ r-. 
+ RESET, CONO. 

INTERRUPT 
PROGRAM 

INSTRUCTION COUNTER 
DECODE ANO 

REGISTERS 

ALU AND 
REGISTERS 

CONTROL ...... CONTROL ~ 
I 
I 

LATCH AND 
MUL TlPLEX 

CLOCK 

I 
DATA 
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S9980A/S9981 

16·BIT MICROPROCESSOR 

2. The S9981 has an optional on-ch~p crystal oscillator 
in addition to the external clock mode of the 
S9980A. 

3. The pin-outs are not compatible for DO-D7, INTO­
INT2, and ¢3. 

Description 
The S9980A/S9981 is a software-compatible member of 
AMI's 9900 family of microprocessors. Designed t,o 
minimize the system cost for smaller systems, the 
S9980A/S9981 is a single-chip 16-bit central processing 
unit (CPU) which has an 8-bit data bus, on-chip clock, 
and is packaged in a 40-pin package (see Figure 1). The 
instruction set of the S9980A/S9981 includes the capa­
bilities offered by full minicomputers and is exactly the 
same as the 9900·s. The unique memory-to-memory ar­
chitecture features multiple register files, resident in 
memory, which allow faster response to interrupts and 
increased programming flexibility. The se"parate bus 
structure simplifies the system design effort. 

Pin Configuration 

AODRESS 
9980A 9981 

t iiOLii 40 MEMEH MEMEN 

HOLDA 39 READY READY 

AODRESS 
lAO 38 WE WE 

REGISTER A13/CRUOUT 37 CRUCLK CRUCLK 

A12 36 Voo Voo 

All 35 Vss I Vss 

AID 34 CKIN CKIH 

&9 33 07 OSCOUT 

A~ 32 06 D7 

A7 10 31 05 D6 

A6 11 30 D4 D5 

A5 12 29 D3 D4 

0\4 13 28 D2 D3 

CRU 
A3 14 27 Dl D2 

CONTROL 
A2 15 26 DO Dl 

t 
Al 16 25 liT 0 DO 

AD 17 24 liT 1 INT 0 

CRU 
OBI! 18 23 lIT 2 liT 1 

CRlIN 19 22 ;:;J liT 2 

Vss 20 21 v. ol 

ADVANCED PRODUCT DESCRIPTION 
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AMJI® S9980AlS9981 

S9980AlS9981 Electrical and Mechanical Specifications 
Absolute Maximum Ratings Over Operating Free-Air Temperature Range (unless otherwise noted)· 

Supply voltage, V cc (see Note 1) .•......................... ~ ................................ ' - 0.3V to 15V 
Supply voltage, Voo (see Note 1) ............................................................ - 0.3V to 15V 
Supply voltage, VBB (see Note 1)(99BOA only) ................................. ~ .............. -- 5.25V to OV 
All input voltages (see Note 1) . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . .. - O.3V to 15V 
Output voltage (see Note 1) • • • • • • • • • • • • . . • • • • • . . . • • • • . . . . • • • • . . . . • • . . . • • • • . . . . . • . . • . . . • . . . . . .. - 2V to 7V 
Continuous power dissipation .................................................................... + 1.4W 
Operating free~air temperature range ......................................................... ooe to 70°C 
Storage temperature range .......... ; ........ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 150°C 
·Stresses beyond thoseiisted under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTE 1: Under absolute maximum ratings voltage values are with respect to V SS. . 
Recommended Operating Conditions 

Symbol Parameter Min. Nom. Max. Unit Conditions 

VBB Supply voltage (99BOA only) - 5.25 -5 -4.75 V 

Vcc Supply voltage 4.75 5 5.25 V 

Voo Supply voltage 11.4 12 12.6 V 

Vss Supply voltage 0 V 

VIH High-level input voltage 2.2 2.4 VCC+ 1 V 

VIL Low-level input voltage -1 0.4 O.B V 

TA Operating free-air temperature 0 20 70 °e 

Electrical Characteristics Over full Range of Recommended Operating Conditions (unless other­
wise noted) 

Symbol Parameter Min. Typ.* Max. Unit Conditions 

I Data bus during DBIN I I ±75 ! V I = V ss to V cc 
WE, MEMEN, DBIN 

Input current 
during HOLDA ±75 /lA V I = V ss to Vee 

~ny other inputs ± 10 

VOH High-level output voltage 2.4 V 

VOL Low-level output voltage 
0.5 Io=mA 

0.65 V Io=3.2mA 

IBB Supply current from VBB (99BOA only) 1 rnA 

Icc Supply current from V cc 
50 60 

rnA 
ooe 

40 50 70°C 

100 Supply current from Voo 
70 BO 

rnA 
O°C 

65 75 70°C 
" 

CI 
Input capacitance (any inputs except 

15 pF 
f = 1MHz, unmea-

data bus) sured pins at V SS 

COB Data bus capacitance 25 pF 
f = 1MHz, unmea-
sured pins at V SS 

CO 
Output capacitance (any output except 15 pF f = IMHz, unmea-
data bus) sured pins at V SS 

-All typical values are at TA - 25°C and llominal voltages. 
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AMI MICROCOMPUTER' SYSTEMS 
. MICROCOMPUTER DEVELOPMENT CENTER 

An intelligent stand-alone software debugging station, 
serving completely the combined needs of the design 
engineer and the programmer. It consists of a 86800 
based CRT/keyboard microcomputer terminal, a dual 
drive floppy disk memory, and an optional hard copy 
printer. 

AMI Microcomputer 
Development Center 

A program in development, (or in 'operation) can be 
viewed on the CRT and· edited on the keyboard. Pro­
gram files can be assembled and stored in the floppy 
disk memory, under control of the disk memory 
operating system software. The modular bus oriented 
card cage in the CRT terminal provides versatile 
facilities for developing and testing- 6800 hardware. 

CRT/Keyboard Terminal Floppy Disk Memory 

o Capability for generating 256 unique ASCII input 0 IBM 3740 data format compatible 
characters 

o 12-inch diagonal CRT display - 25 lines of 80 
characters 

,0 16K bytes of user available RAM, expandable to 
48K 

o Full cursor and editing controls 

o Special function controls 

o Peripheral interconnects 

Logic Analyzer 

o General-purpose logic analyzer 

o Plugs into MDC-l00 

o Trace memory hold 1024 steps 

o All patterns 40 channels wide 

o Two separate event qualifiers 

o Data-dependent clock 

o Outbound trigger 

@IC MASTER 1979 

o Data storage capacity of 256,256 bytes per 
diskette 

o Fully supported by FDOS-II Disk Operating and 
File ,Management System software 

Optional Matrix Printer 

o 132 column 

o Dot matrix, impact printing 

o 120 or 180 characters per second 

S2000 Support 

82000 Designers can use the DEV-2000 Development 
Board to provide a direct link between the MDC and 
the user's prototype. As stand-alone systems, the 
82000 designer can use the capabilities of either the 
low-cost 8E8-2000 hardware emulatoI." - which is a~ 
pin-for-pin substitute for an 82000 microcomputer chip, 
and contains its own EPROM memory - or the 
TE8-82000 functional go/no-go tester. 
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AMI® 
MOC Hardware Capabilities 
The AMI MDC is a multifunction development center 
that single-handedly satisfies -your requirements for 
software development, hardware development, and 
prototype checkout. The MDC can also double as a 
stand-alone communications terminal, a general pur­
pose data processing system, or as an incoming parts 
tester. 

Software Development - write, debug and operate 
S6800 and S2000 programs on the CRT terminal, us­
ing its internal RAM and the dual drive floppy'disk for 
storage. The MDC comes with a full complement of 
support software, including the FDOS-II Disk 
Operating and File Management System, a Text 
Editor, an Assembler, Debugger, Trace, Telecom­
munications and Utilities. 

Hardware Development - breadboard such cicruitry 
as interfaces or memories right on the MDC wirewrap 
prototyping board and plug into the CRT terminal card 
cage to operate with the MDC's S6800-based central 

MOe Software Capabilities 
The AMI MDC offers total -facilities for rapidly 
developing applications and systems software. The en­
tire MDC software system is at the user's instant 
disposal - a few simple keystrokes are needed to in­
stantly access and execute any program. The FDOS-II 
disk based operating system provides complete system 
resource control to the programmer. 

FDOS-JI Disk Operating and File Management 
System - contains a resident module for bootstrap­
ping the floppy disk memory and for disk I/O handling. 
It also contains an executive that performs all of the 
disk memory command line interpretations. file 
management and operational functions of the dual disk 
system. In addition. there are utility I/O and EPROM 
programming routines in FDOS-II. 

The Text Editor :- program provides the means for 
rapidly creating, examining and modifying stored files. 
The total capability of MDC's Text Editor exceeds that 
of many large minicomputer systems, and includes 
such features as storing searches and string substitu­
tions. 

The Symbolic Assembler - translates assembler 
language statements into executable machine 
language code. In conjunction with FDOS-II Operating 
and File Management Systems, assembling has been 
reduced to a series of simple operator keystrokes. 
Results of the assembly, automatically stored on disk, 
are immediately available for reference or execution. 
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processor in solving development problems. Use the 
control panel type functions of the CRT terminal for 
single step, stop-on-address, display, alter, and other 
similar program operations. The bus oriented card 
cage, position interchangeable plug-in card modules, 
and an extender card provide the flexibility to make 
hardware development easy. There is also a complete 
keyboard control led PROM programmer within the 
CRT terminal. ' 

Prototype Checkout - with the advantages of a real­
time test environment, rapid test program retrieval, 
single or multiple step execution, and hardware as well 
as software breakpoints. the checkout of prototype 
82000 and 86800 circuitry is easy and efficient. 

Stand-alone Communications Terminal - the CRT ter­
minal has both RS-232 and current loop interfaces, sup­
ported by telecommunications firmware, for operation 
as a general purpose stand-alone intelligent terminal. 

MDC's Extensive Debug Program - effectively 
automates the functions of a computer control panel. 
Given control by simply pressing the DEBUG key or 
via program traps, Debug immediately responds with 
the display of machine and program status. Addition 
functions include: 

Register/data display and modification 
Instruction/subroutine step 
User definable debug macros 
Snapshot debug data of a running program 
Breakpoints (stop-on-address compare) 
Comment and header line displays 

MDC's Trace Package - gives Debug the ability to 
display a trace of machine register contents, instruc­
tion mnemonics and operands before execution of any 
instruction or subroutine in the user's program. 
Microprocessor debugging has never been made 
easier. 

MDC's Test Programs - are a set of self-test and 
diagnostics which verify that the hardware associated 
with the MDC is operating correctly. The programs 
are also helpful in isolating malfunctioning com­
ponents. The program for testing the basic hardware is 
resident in EPROM and is activated by the keyboard 
TEST key. 
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Microcomputer Development Center 

Features 

0 Intelligent Terminal Based 

0 Compact System 

0 Interactive Software 

0 S6800/S2000 Family 

0 Self -Test Firm ware 

0 Integral PROM Programming 

'The AMI MDC is a complete Microcomputer 
Development Center which couples the ease of. 
use of the intelligent terminal with the modularity 
required in today's environment. The system pro­
vides immediate access to 'a sophisticated resident 
Micromonitor, an extensive debug program, as 

. well as communications and self-test programs. 

MDC 100 

This' configuration of AMI's Microcomputer 
system incorporates the intelligent terminal and 
dual floppy disk drives to form a full development 
center for software and hardware development 
and prototype check-out. The powerful support 
software includes the FDOSII Disk Operating 
and File Management System, a Text Editor, an 
Assembler, Debugger, Trace, Telecommunica-
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tions and Utilities. Through the Operating Sys- ~ 

tern, the MDC 100 can·be quickly configured to 
assemble and/or compile and debug programs for 
AMI's S6800 or S2000 Families of micropro­
cessors. An integral EPROM Programmer allows 
the MDC System to be used to quickly and ef­
ficiently transfer programs from the expandible 
RAM Storage (16K supplied) to permanent 
storage. 

MDC 102 

The MDC 102 couples the MDC 100 with a 
highly efficient Dot' Matrix printer to provide 
the hard copy necessary for off -line program 
evaluation. The printer is the MDC 202, one of 
three printer options offered in the MDC Series. 
The MDC 202 features 120cps print speed with 
132 character print columns using a 7 x 7 Dot 
Matrix. 

MDC 104 

The MDC 104 is an 'AMI Microcomputer Devel­
opment Center configuratiqn which adds the 
powerful prototyping tool of the Logic Analyzer 
to the development capabilities of t:Qe MDC 100. 
The Analyzer is indispensable when isolating crit- . 
ical timing errors and hardware/software se­
quence discrepancies during the final integration, 
phases of prototype development. 
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The MDC Logic Analyzer is a hardware/software 
system for capturing and displayirig up to 40 
parallel signals from an external digital system 
which is being tested or debugged. The MDC 
Logic Analyz_er is especially general in its display 
formatting which can be user-defined. With 40 
signal inputs plus a clock, it can be used with most 
microprocessor and peripheral ICs without re­
quiring personality modules. 

The hardware of the Logic Analyzer allows cap­
turing up to 1024 events of 40 parallel inputs, 
programmable data-dependent start and clock 
signals, and a trigger for an external oscilloscope 
or counter. The two starting qualifiers, the de­
pendent clock, and the trigger may each consist 
of the 40 input signals in any combination of 1, 
0, or "don't care" sta~es. 

The end of the capturing process may be delayed 
up to 65K clock pulses from the start. User 
inputs may be from -15 to +15 volts with ad­
justable thresholds at frequencies up to 10MHz 
for TTL signals. 

1856 

The software package provided links the capa­
bilities of the MDC 100 and the Logic Analyzer. 
It provides completely user-defined formatting 
and display of captured data and data-dependent 
qualifiers with user-defined fields displayed in bi­
nary, hexadecimal, octal, ASCII, or user-defined 
signal names. A special disassembly mode is 
available for 6800/6802 instruction mnemonics 
and operands. 

Forrp,ats may be saved on and -read from floppy 
disk files and modified dynamically. A set of 
pre -defined formats are provided for use with 
the pinouts of theS6800 microprocessor family 
a..'1d 82000 microcomputer. 

The Logic Analyzer consists of trace RAM, con­
trollogic, power supply, an interface card for the 
MDC, a comparator/probe control card, user 
clock and trigger leads, 40 channels of probes 
(separately or in one clip) and interconnecting 
cables. The unit is available as an optional item 
to be added to existing systems as the MDC 140. 
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MDC 106' 

As an all inclusive Development Center the MDC 
106 offers total design support. The powerful 
MDC 100 system with a Dot Matrix printer and 
the Logic Analyzer provide a complete develop­
ment package for integrating software and hard-

SES SERIES 

STATIC EMULATOR MODULES 

Features 

o Full Microcomputer Emulation 

o Erasable Program'Memory 

o Fully -Tested Operational System 

o System Socket Compatible 

The SES Series of boards provide pin-for-pin 
emulation of single-chip microcomputers. The 
board offers the full operational capabilities of 
the single -chip microcomputer coupled with the 
flexibility of board level design. The Series in­
corporates on -board Erasable PROM to provide 
ease of program modification in prototype 
environment. 
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ware. The MDC 106 offers the tools necessary' to 
move rapidly through software development and 
debug to full hardware analysis and debug for 
rapid development of microcomputer-based 
products. 

SES 2000/2000A 

The SES 2000 is an emulator board for the pop­
ular 82000 single-chip microcomputer. This 
board level unit is configured to plug directly 
into the system socket that would normally hold 
the mask programmed 82000. Through the use 
of the SES 2000, system hardware and program 
configurations can be quickly and efficiently 
accomplished in the prototype stages. The board 
is also suited for integration into preproduction 
systems allowing full freedom of modification 
through memory changes in standard EPROMs. 
For systems utilizing the S2000A, which is capa­
ble of driving high voltage vacuum fluorescent 
displays, the SES 2000A provides the system 
emulation of the S2000A. Program implemen­
tation and functional operation is the same as 
that found in the SES 2000. 
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SES 2150/2150A 

The 8E8 2150 provides full emulation for the 
82150. This system unit incorporates an ex­
panded EPROM' on-board to match the .1.5K 
byte ROM memory capabilities of the single­
chip microcomputer. 

The 8E8 2150A broad level system allows the 
implementation and emulation of the high volt­
age version of the 82150 and the 82150A. All 
the features' of the 8ES 2000 series are offered 
in this unit to assist in prototype and prepro­
duction development. 

1858 

SES 2400/2400A 

An advanced emulator board capable of emulat­
ing the functions of the 82200 and the 82400 
single -chip microcomputers. Full functional 
capabilities are provided including D / A and A/D 
input/output functions. On-board EPROM pro­
vides a full compliment of user-modifiable pro­
gram memory. 

The SE8 2400A emulator board provides the 
high voltage interface necessary to emulate the 
S2200A and the 82400A single-chip. micro­
computers. 
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EVK SERIES 

MICROCOMPUTER BOARDS/KITS 

Features 

0 Expandable to 4K Bytes ROM 

0 Expandable to 2K Bytes EPROM 

0 Expandble to lK Bytes RAM 

0 EPROM Programming for S6834 

0 Expandable to 3 PIA's = 58 1/0 Lines 

0 TTY Current Loop or RS232 Interface 

0 ROM Subroutine Program Library 

0 Selectable DMA Mode 

General Description 

The EVK Series Board.is a single PCB, hard­
ware/software system that can be used as a 
general purpose microcomputer. It allows 
system, development using a functionally 
compatible system and reduced develop­
ment time. With this system the basic 6800 
family of parts can also be evaluated. The 
10-1/2"x12" card has two edge connectors, 
one for the MPU Bus and one for the I/O. 
The EVK 300 is a fully assembled and tested 
board, while the EVK 200, EVK 100 and 
EVK 99 are in kit form. All kits are .fully 
expandable to EVK 300 capabilities. 

EVK Capabilities 

TTY 
ROM RAM EPROM PIA Ct:RR 

LOOP 

2K 512 -
r:VK 99 

byt!'s hytl's 1 ~ 

2K 512 
r:VK 100 

byt!'s hyt!'s 
- - ~ 

4K IK 512 
EVK 200 

byt!'s byt!'s byt!'s :J ~ 

4K IK 2K 
EVK 300 

byt!'s byt!'s byt!'s :3 ~ 

*A:vII 6800 Tiny HASIC 

Series Block Diagram 

lMHl 
ClOCI( 

ROM 
SUB·ROLTIl\E 

PROG. LIBRARY 

~ 

~ 

~ 

TOTALLY 
Bt:FFERED 
MPL LINES 

~ 

~ 

~ 

~ 

SGL RESTART 
+5V ADDRESS 
P.S. SELECTION 

~ ~ 

~ ~ 

~ ~ 

~ ~ 

r-----, 
I 4KBYTES I 

---t ROM I 
t 56831 I L ____ ..J 

SELECT· 
ABLE Il\TERVAL TIl\Y 

DMA MODE TIMER BASIC 

~ ~ 

~ ~ *~ 

- A high l!'v!'1 int!'rpr!'tiv!' languag!, d!'riwd from th!' standard Dartmouth HASH', Furnish!'d to EVK 300 us!'rs at no ('harg!' upon submittal of warranty r!'gistration. 

ADVANCED PRODUCT DESCRIPTION 
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System Specifications 
All of the S6800 microprocessor lines are available at 
the bus edge connector and are buffered to allow 40mA 
of drive capacity for expanding the development 
system. The standard system clock is adjustable from 
300kHz to 1MHz by using the potentiometers on the 
board. An optional 1MHz crystal may be selected to 
control the accuracy for those applications requiring 
critical timings. 

An on-board interval timer gives 1ms and 100jls timing 
marks for general use and for EPROM programming. 
Three types of DMA operation are possible using the 
EVK Board: Halt Processor, Cycle Steal or Multiplexing. 

Memory 
Memory and I/O addresses are assigned to the upper 
8K bytes of the available memory space. (See memory 
map for address assignments.) This gives the system 
developer the flexibility to use the remaining 56K 
bytes as he wishes. All of the memory and I/O on the 
board may be disabled externally by an edge connector 
line called MEMORY DISABLE, leaving the MPU free 
to operate totally in an external memory. 

The S6830 ROMs contain the Prototype Operating 
Library (PROTO) and a ROM Subroutine Library (RS)3. 
An optional Assembler/Disassembler (M/AD) S6831 
ROM is available to operate with PROTO. The 2K of 
EPROM locations may also be used for program 
verification. 

The RAM is assigned to the upper 1K of available 
memory space. The PROTO and (RS)3 programs re­
quire about 256 bytes of this RAM so the rest is 
available for general programming. With all restart 
vectors automatically assigned to the upper memory 
addresses, restart vectoring is forced from a set of 16 
switches. This allows the restart address to be vec­
tored to any 'memory location. 

Specifications ' 

1860 

Power 
with EPROMs 

System Clock 

Word Size 
Instruction 
Data 

Memory Addressing 
RAM 

EPROMs 
ROM 
I/O 

Bus Structure 
16 Address 
8 Data 
6 Control 

+5VDC @ 3.5A 
-12VDC @ 150mA 

1MHz ±.1% 

8, 16 or 24 bits 
8 bits 

Low 0000-7DFF 
High FCOO-FDFF 
Fixed FEOO-FFFF 
EOOO-E3FF, E400-E7FF 
E800-F7FF 
F800-FBFF 

EVK Series 

The RAM has further been divided into two 512 byte 
sections such that the upper 512 bytes remain fixed in 
the assigned address block and the lower 512 bytes are 
moveable through a sw.itch selection option. 512 bytes 
of RAM are relocatable to the lowest address space to 
take advantage of the S6800's direCt addressing mode. 
This is only recommended if no external memory is 
added. When adding external memory, it is advisable 
to use the RAM in the upper address space and the ex­
ternal memory as the low addresses. 

110 
An S6850 ACIA is used to provide a 20mA current loop 
interface to a TTY or RS232 terminal. A 20m A current 
loop interface and an EIA RS232 interface are both 
available on the board. A bit rate generator allows 
operation using any of the standard communication 
frequencies (see table) so a large variety of terminal 
types can be used. 

Three S6820 PIAs allow up to 58 I/O lines, giving flex­
ibility in I/O through the parallel interfaces. 

EPROM Programming 
Unique to the AMI EVK Board is the ability to pro­
gram S6834 EPROMs (512 x 8) on the board. The pro­
gramming software can program an EPROM from any 
memory location, RAM, ROM or EPROM. It can verify 
a word and. if desired, change a single bit in the 
EPROM, provided that the change is from LOW to 
HIGH. 

Software 
The EVK Board Software is comprised of a TTY 
Operating Program (PROTO) and is supported by a 
ROM Subroutine Library (RS)3. 

Parallel I/O 

Interrupts 

Timer 
Input 
Mode 

Physical Characteristics 
Width 
Height 

Connectors 
Bus - 1/0 

up to 58 lines 

Vectored via software 

IMHz or async adjustable 
Continuous' 

10.5 in. 
12.0 in. 

86-pin - Stanford Ap­
plied Engineering SAC-
43D/1-2 or equivale.nt, 2 
sets. 
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The only filing system de­
signed especially for the elec­
tronics e.ngineer. Instant 
retrieval and organization of 
data sheets and catalogs. 

The Cadillac of individualized 
catalogs for the electronic 
parts distributor, featuring 
solely his lines and services. 
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F8/3870 • F6800 • 9440 
MICROFLAME BIT SLICE 

FAIRCHILD MICROCOMPUTERS 

Fairchild microcomputers cover the spectrum from 8-bit MOS microprocessors to bit-slices 
and 16-bit bipolar machines. 

• 1-Chip F3870 MicroMachine-2T11/the multichip F8 family with software and compatibility. 
• 2-Chip F6802/6846 combination plus a powerful bus oriented F6800 far:nily well supported 

by a large variety of peripheral devices. 
• Three high-performance bipolar bit-slice families: 

Macrologic 
2900 
8-bit ECl (90lSI) 

• 16-bit bipolar 9440 MicroflameTil microprocessor that brings minicomputer capabilities to 
the microprocessor world. 

These products are supported by training courses for the design engineer who must learn to 
design the microprocessor into a working system and for those designers who need to comple­
ment their hardware capabilities with software (instruction set) or those software types who must 
gain an intimate knowledge of the hardware. All courses emphasize lots of hand-on time backed by 
examples to enhance students' working familiarity with each microprocessor. 

Courses are offered at Mountain View, California or on site courses may be arranged with a local 
Farchild sales office or distributor. 

HOW TO ENROLL - Call or write the Training Center at (415) 962-3710, MIS 20-1028. 

FAIRCHILD F3870 - The 8-bit single chip F3870 Microcomputer is ideal for high volume, low cost 
applications, featuring a single +5V power supply, 2048 bytes of ROM, 64 bytes of scratch pad RAM, 
32-bits of 1/0, and a programmable timer and interrupt. 

FAIRCHILD F6800 - The 8-bit MOS F6800 family offers a complete and continuously expanding 
range of microprocessor devices with a powerful instruction set. On the low end there is the 
F6802/6846 2-chip combination that features a processor chip combination with 128 bytes of on 
board RAM of which 32 bytes have a power down feature. 

The F6800 family is supported by a large array of pheripheral devices which include: ROM, RAM, 
EPROM, Synchronous and Asynchronous Controller for date communications, Timers, Direct 
Memory Access (DMA), CRT Controller, the 68488 for the IEEE Standard Bus Controller. 

FAIRCHILD BIT-SLICES - In 1975, Fairchild announced the Macrologic bipolar bit-slice micro­
processor family. To 'broaden our product lines and strengthen our leadership position in 1978 
Fairchild added the 2900 family. In addition and to satisfy the ultimate requirement in performance, 
we are introducing an 8-bit ECl F100K compatible microprocessor family (oolSI). The Fairchild 
bit-slice course will cover basic microprogramming concepts and techniques, survey the three 
most powerful bipolar bit-slice families - Macrologic, 2900, and 90lSI - and offer the student 
some hands-on experience. 

FAIRCHILD· 9440 MICROFLAME - The 9440 MICROFlAME is a 16-bit bipolar microprocessor 
that executes a minicomputer multifunction instruction set with minicomputing performance -
e.g., fast throughput, flexible addressing, direct memory access and sophisticated priority interrupt 
handling. The development of the MICROFlAME .microprocessor was undertaken severaf years 
ago after the establishment of the high-performance Pl (Isoplanar Integrated Injection logic) 
technology. For the first time, the potential for real bipolar performances (less than 10ns propa­
gation delays) in lSI configurations became a reality. Also, it was soon apparent that a 10 MHz 
clock-rate microprocessor could be developed using Pl technology in combination with proven 
logic and circuit design. Thus. the decision was made to develop a microprocessor that would bring 
minicomputer capabilities to the microprocessor world. 
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F3870 FAMILY 
F3870 - These devices are complete 8-bit micro­
computers on single MOS integrated circuits. 
The family can execute the F8 instruction set of 
more than 70 commands, allowing expansion 
into multi-chip configurations with software 
compatibility. The devices feature read only 
memory, 64 bytes of scratchpad RAM, a pro­
grammable binary timer, 32 bits of 1/0, and a 
single +5 V power,supply requirement. 

Members of the family differ in memory type and 
size. The F3870 has 2048 bytes of mask pro­
grammed ROM whtle the F38E70 has 2048 bytes 
of PROM. The 3872 has 4032 bytes of masked 
ROM plus 64 bytes of RAM. The additional 
RAM is addressed from the program and data 
counters, not the ISAR. The F3874 contains 
4096 bytes of masked programmed ROM. 

Utilizing ion-implanted, n-channel silicon-gate 
technology and advanced circuit design tech­
niques, Fairchild's single-chip microcomputers 
offer maximum cost effectiveness in a wide range 
of control and logic replacement applications. 

GNO-

TEST 

XTLl 
XTL2 

EXTINT 

r--:::I 
~ 
I ISAR I 

TEST SEQUENCER 

CLOCK LOGIC 

TIMER 

INTERRUPT 

EXTERNAL 
TIME 
BASE 

PRESCALER CLOCK TIMER 
8-BIT DOWN COUNTER 

-i-2, 5, 10, 20, 40, 100, or 200 (PORT 7) 

MODULO-N REGISTER 

8-BITS 
INTERRUPT 
CONTROL 
PORT 
(PORT 6) 

-i-20 -i-5 -i-2 

7 

EVENT COUNTER MODE.- 0 
-i- 2 PRESCALE .- 0 
-i- 5 PRESCALE .- 0 
-i- 10 PRESCALE .- 0 
-i- 20 PRESCALE .- 1 
-i- 40 PRESCALE .- 1 
-i- 100 PRESCALE .-- 1 
-i- 200 PRESCALE .- 1 
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il ~ EXTERNAL INTERRUPT ENABLE 

TIMER INTERRUPT ENABLE ' 

EXT INT ACTIVE LEVEL 

I...-------I~ START/STOP TIMER 

'----------i~ PULSE WIDTH/INTERVAL TIMER 

TIMER AND INTERRUPT CONTROL FOR F3870 

ALU 

ACCUMULATOR 

PROGRAM 
COUNTER 

STACK REGISTER I 
DATA COUNTER 0 I 
OAT A COUNTER 1 

2048 x 8 
ROM 

TIMER 
INTERRUPT 
REQUEST 

LATCH 

INTERRUPT 
LOGIC 

EXTERNAL 
INTERRUPT 

REQUEST 
LATCH 

EXT 
INT 

INT 
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F38E70 
SINGLE-CHIP COMPUTER 
FAIRCHILD MICROCOMPUTER FAMILY 

GENERAL DESCRIPTION - The Fairchild single-chip microcomputer series offers a 
variety of circuits for the high-volume, cost-sensitive markets. The F38E70 is a complete 
8-bit microcomputer on a single MOS integrated circuit. The F38E70 is functionally 
identical to the F3870 except the F38E70 has 2K bytes of EPROM in place of 2K bytes 
of ROM. The F38E70 can execute the F8instruction set of more than 70 commands. 
The device features 2048 bytes of EPROM, 64 bytes of scratch-pad RAM, a program­
mable binary timer, 32 bits of 110, and a single +5 V power supply requirement. 

Utilizing Fairchild's double-ion-implant, n-channel technology and advanced circuit 
design techniques, the single-chip F38E70 offers maximum cost effectiveness in many 
low-to-medium volume systems. When production volume requires large quantities, the 
transition to the mask programmed F3870 is very straightforward with no circuit design 
changes. 

• SINGLE-CHIP MICROCOMPUTER 

• SOFTWARE COMPATIBLE WITH F8 FAMILY 

• 2048-BYTE EPROM 
• 64-BYTE SCRATCHPAD RAM 

• 32-BITS (FOUR PORTS) TTL COMPATIBLE 1/0 

• PROGRAMMABLE BINARY TIMER 
INTERVAL TIMER MODE 
PULSE WIDTH MEASUREMENT MODE 
EVENT COUNTER MODE 

• EXTERNAL INTERRUPT 

• CRYSTAL, LC, RC, EXTERNAL, OR INTERNAL TIME BASE 

• LOW POWER (375 mW TYP) 

• SINGLE +5V ±10%POWERSUPPLY, 

• +25 V PROGRAMMING SUPPLY 

• SIMPLE EPROM PROGRAMMING 

PIN NAMES 

PIN NAME DESCRIPTION TYPE 

POo-P07 1/0 Port O/address* Bidirectional 
P1o-P17 I/O Port 1/address* Bi di rectional 
P40-P47 I/O Port 4/Data Out* Bidirectional 
PSo-P57 I/O Port 5tData In Bidirectional 
STROBE Ready Strobe Output 

TEST 

RESET 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

XTL, 

P4i 

P42 
P4J 
P44 

AS 

P46 
P47 
Ptry 

A4/PC% 

A2/P04 

GND 

F38E70 

ALU 

ACCUMULATOR 

PROGRAM 
COUNTER 

STACK REGISTER 

Vee 

RESET 

EXT INT 

P101A7 

P1t/A1 

P12/A9 

P13/A10 

j55(j 

P5, 

P52 

~ 

P54 

I5S5 

1556 
K7 

!Sf: 

P16/PROG 

P1s/AO 

P14/A1 

TEST/25V 

EXT INT External Interrupt Input XTL, _---.l-r------... 
DATA COUNTER 0 

RESET External Reset Input 
XTL" -----. ________ -' 

TEST Test Line/Prog Voltage Input 
XTL1. XTL2 Time Base Input 
Vcc. GND Power Supply Lines Input 

·As shown in the connection diagram, some Port 0 and Port 1 pins are address inputs for 
programming the F38E70 EPROM section. Port 4 and 5 DATA OUT and DATA IN refer to the 
programming and test modes, 

.,978 Fairchild Camera and Instrument Corporation Printed In U.S.A. 332-12-0002-048 15M 

EXTINT 

Vee 
~ND 

Published by Fairchild Camera and Instrument Corporation with the permission of Mostek, Inc. 
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F3870 DEVELOPMENT SUPPORT - The Formulator family of develpment equipment supports 
the F3870, the one-chip micromachine manufaCtured by Fairchild. The Formulator Operating 
System, Utility Programs, and the Fairbug Monitor are totally compatible with the F3870, since it 
shares the same instruction set with the Formulator. A Simulation (Quad I/O) Modu'le and an In­
Circuit Emulation (ICE) cable are available to extend the Formulator features to the, user's proto­
type or production breadboard. This creates a powerful design tool for creating the user's own 
F3870 software. In addition, the F3870 Emulator, a single stand-alone module for emulating the 
final F3870 software in PROMs, is available for building prototype systems. 

F3870 SIMULATION - The non-microprocessor elements of the user's hardware configuration 
can be assembled on a breadboard and connected to Mark I, II, liFO, III or IIiFO via the ICE cable 
plugged into a 4o-pin socket on the user's board. The cable connector on the Processor Module in 
the Formulator provides I/O ports 0 and 1, while the Simulation (Quad I/O) Module provides I/O 

, ports 4 and 5. This system provides real-world simulation of the user's components in their actual 
environment with the vital microprocessor signals, including the complete software debugging 
features of the Formulator, cabled to the external breadboard. 

F3870 EMULATOR - After F3870 ROM codes are frozen, a smaller, easier-to-handle and less ex­
pensive tool is required. To accomplish this deSign-in task, Fairchild has developed the F3870 
Emulator. The F3870 Emulator contains sockets for. two 2708s or two 2716 EROMs in place of the 
F3870 on-Chip ROM so ROM codes can be verified and easily changed.The F3870 Emulator plugs 
di.rectly into the F3870 4o-pin socket in the production prototype using a short Emulator cable. The 
printed circuit module is approximately 5" by 7". 

Mark III System With F3870 Quad I/O 
Simulation Module Connected To User Demo Card 

Formulator Mark III System 

F3870 Emulation Module Connected To Sample System 
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NUMBER SCRATCHPAD EX 
PART I/O ROM RAM RAM 

NUMBER DESCRIPTION PORTS (BYTES) (BYTES) (BYTES) PKG 
F3870 Series 
F3870 Single-Chip Computer 4 2K 64 D,P 
F38E70 Single-Chip Computer with EPROM 4 2K EPROM 64 D,P 
F3872 Single-Chip Computer 4 4K 128 64..1 D,P 
F3874 Single-Chip Computer 4 4K 64 D,P 
F3876 Single-Chip Computer 4 2K 128 64..1 D;P 

The F387X PEP System Hardware Features 

• Full In-Circuit Emulation of F3870, F3874 and F3876 Single Chip Microprocessors Using the 
Fairchild F8 System. (Emulation Cable Included.) 

• Includes a 2K Firmware Monitor in an F8 PSU. 
• Versatile On-Card Keyboard for Command and Data Entry. 
• On-card 7-Segment Address and Data Display Using Large .8" Digits 
• Programming Socket for the F38E70 Single Chip EPROM Microprocessor. 
• Programming Socket for 2716 EPROMs. 
• Crystal Control/ed System Clocks. 
• 2K Bytes of Executable Static RAM (2114s). 
• Sockets for an Additional 2K Bytes of Static RAM (2114s). 
• Sockets for 6K of Executable EPROM (2716 Type). 
• Separate 128 Byte Static Memory for Monitor Workspace. 
• Flexible Memory Map Strapping Options. 
• Serial I/O Circuits for TIV 20 mA Current Loop or EIA RS232C. 
• Four General Purpose Programmable Timers. 
• Four General Purpose Interrupt Controls. 
• Spare 8-Bit I/O Port for Support of a High Speed Paper Tape Reader. 
• LED Indication of "Store Mode" Keyboard Operation. 
• LED Indication of "Function Shift Mode" Keyboard Operation. 

r--, 
I USER'S 1fL-----------'\ 
I SYSTEM I\r-----------,/ 

2716 EPROM 
PROGRAMMING 

SOCKET '- __ -I 

Cl 

1886 

40 PIN 
EMULATION 

CABLE 

F3850 
CPU 

RESET 
CIRCUIT 24 KEY 

KEYBOARD 

7 SEGMENT 
ADDRESS .. DATA 

DISPLAY 

TTY CURRENT 
LOOP + 
RS232C 

CIRCUITS 

THE FAIRCHILD F387X PEP SYSTEM 

TOTTY 
OR TERMINAL 

4K BYTES 
STATIC 

RAM 

6K BYTES 
EPROM 

128 BYTES 
WORKSPACE 

RAM 

~ 
o 
ct 
~ 
Z 
o 
U 
:0-
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F3870 - The following is the text of an article that will be printed in Progress. It may have infor­
mation that you would find valuable. 

F3870 DESIGN INNOVATION - The F3870 is Fairchild's new single chip microcomputer. The 
F3870 has on a single chipalrof the basic computer components including memory, central pro­
cessing unit and inputloutput. F3870 includes: 

2048 x 8 ROM 
64 x 8 RAM 
32 bits TTL compatible liD including strobe 
Programmable Binary Timer with three modes 
Two-level priorit!zed vectored interrupts 
Five clock modes 
Single 5 V + 10% Power Supply 
275 mW power consumption 

The circuit is fabricated with Fairchild's advanced triple implant n-channel silicon technology. 

Figure 1 shows the architectural organization of .the F3870. Notice that all communication with 
the outside world is through liD ports and the interrupt line since the data and address busses are 
not brought out in the 40 pin package. . 

There are several attributes that make the F3870 a unique and powerful single-chip computer. 
Figure 2 illustrates the liD logiC for one-bit. 

The I/O ports are designed to be inherently bidirectional. In the standard I/O circuit shown, the 
input or output function is determjned by the instruction executed. An output instruction will 
latch the data and either pull down the liD pin to ground or let it be pulled up to +5V through the 
6 resistor. The data input is the wired OR of the output state and the input on the· 110 pin. There­
fore, to perform an input fl:lnction, a "0" is written to the output latch, allowing the I/O pin to be 
pulled up to Vee through the 6 k resistor. The input to the liD pin can then pull down the liD line 
through the 6 k resistor to input a "1" to selected bits in I/O port latch, a masking operation is per­
formed on the input data by pulling the output bit low preventing input on tile selected bits. The 
liD logic is very nice for bus oriented systems since liD ports can also be tied to open collector 
TTL outputs as pull down devices. However, an I/Q port should never be pulled up, since the rating 
of the output device will be exceeded and the chip will be destroyed. 

Figure 3 illustrates how multiple F3870's can be connected along a common communication bus 
bia the bidirectional ports. In the system shown, the control and timing busses are used to com­
municate priority and bus control information between three processors. When one processor is 
selected as the control processor, the other F3870's write "0" to their ports on the communication 
bus. The processor in control can then output information on to the communication bus and the 
devices ~an read. Timing to initiate the transfer is via the timing bus and another liD port. Transfer 
can also be initiated using the output strobe line and the interrupt logic. 

A UNIQUE ROM DESIGN - Probably the most important attribute of the F3870 is the low cost. 
The low ~elling price is direct relation to the manufacturing cost. In the production of LSI circuits 
manufacturing costs is a very strong function of chip size. The smaller the size of the chip, the more 
possible good chips on a wider. The F3870 is the smallest full performance 8-bit single chip micro­
computer in the world. The die size is 172 mills by 208 mills. To a large extent the small die size is 
due to the very efficient ROM design. The new ROM technique is shown in Figure 4. Figure 4 shows 
eight ROM bits. Information is programmed at the factory by a ION implant stage rather than a con­
ventional gate oxide cut. To read a bit, the column select transistor is turned on and the row select 
logic turns on all the devices in a column except the one to be read. The logic·attempts to turn off the 
one being read. If the transistor has been implanted it cannot be turned off and read as a one. The 
layout of the ROM is shown in Figure 5. Notice that adjacent bits share a common source and drain 
diffusion, Also notice that no contacts are required to the diffusions except for the top and bottom 
devices in a column. A single bit cell area is indicated by the shaded regions for F3870, the area is 
approximately 100 square microns. This compares with conventional ROMs cell area of approx­
imately 196 square microns. The almost two to one savings in area is reason that the F3870 has 
twice as much ROM as most of its competitors. 

THE REGULATED BACK BIAS GENERATOR - The diagram for a conventional MOS transistor is 
shown in Figure 6. A back bias voltage is often applied to the substrate to speed up the device and 
change its threshold. Back bias supplies are commonly found in high-speed RAMs. For Single 5 V 
supply devices no back bias is used, and most single supply parts are therefore lower performance. 
To alleviate the problem of single power supply performance the F3870 uses a regulated on chip 
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back bias power supply. A simplifi~d diagram of this supply drawn in Figure 7. A 1 MHz oscillator 
generates the two phases required by the power supply. A switch turns the oscillator on or off as 
needed to maintain the correct amount of back bias voltage for maximum circuit performance. The 
circuit operates by charging up the capacitors and transferring charge through the diodes. 

The regulator of the oscillator has other benefits besides improving the speed of the F3870, the 
regulator also makes the device able to work with a power supply spec of ±1 0%. Also, the regulator 
tends to track with temperature making extended temperature operation easier to achieve. And 
finally, the regulator follows process changes and aging in the circuit resulting in a chip that is low­
er cost to build and has enhanced long term reliability. 

COST AND PERFORMANCE - The reasons that the F3870 is the dominant force in single chip 
microcomputers are cost and performance. The architecture and logic is designed for very high 
performance. The addressing modes available enable very compact programs with high-speed 
execution. The strobe, 110 port, and interrupt logic allows high-speed hand shaking and data trans­
fer through the bidirectional liD ports, to make all of the high performance features cost effective, 
create ROM design and the on chip regulated back bias supply are used. The F3870 has all the 
attributes required of a successful microcomputer -low cost, high performance, excellent support 
and multiple sourcing. 

ROM 

ADDRESS 

REGISTERS 

PO. P. DC. DC, 

INDIRECT 

2048 . 8 

PROGRAM 

ROM 

'--__ ---111.1 SCRATCHPAD t---...I\I SCRATCHPAD 

ADDRESS REGISTERS 

REGISTER 

ACCUMULATOR 

ALU 
STATUS 

~Ycc-tQ 

_GND-20 

...-----.,_ EXTINT-38 

.-------. _XTL.;--l 

~===:::::::: 

1/0 PORT 1 

---_ .... 
1/0 PORT 4 

_XTL,-2 
-RESET-39 
-TEST-21 

--+ pto-37 
_151l-36 

:::::~:~ 
-Ji14-22 
-JI15-23 
-P'I6-24 
-ffi-25 

_P40-8 
_P4i-9 
_P42-10 
_154J-l1 
_P44-12 
_;>45-13 
_P46-14 
_1'47-15 

:::=E=~--SfFiOBE -7 _ P50--33 

1/0 PORT 5 

_Ps'-32 
_P52-31 
-1'53-30 
_Ps4-29 
-1>55-28 
-P56-27 

..... ___ .... - P57-26 

PIN NAME TYPE DESCRIPTION 

POo-P07 INPUT IOUTPUT 32 lines which can be individually used as either TTL compatible inputs or as 
P1o-P17 latched outputs. 
i540-f547 
P50-P57 

STROBE OUTPUT This pin, which is normally HIGH, provides a Single LOW pulse after valid data is 
present on the i540-l547 pins during an output instruction. 

~ INPUT ~ may be used to externally reset the F387D. When pulled LOW the F3870 will 
reset. When then allo,-!\,ed to go HIGH the F3870 will begin program execution at 
the program location H '0000'. 
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Ports 0 And 1 Are Standard Output Type Only 

Vt.( 

DIRECT DRIVE 
OUTPUT 

Ports 4 And 5 May Both Be Any Of The Three Output· Options 

PORT 
110 
PIN 

The STROBE Output Is Always Configured SlmOar To A Standard Output Except That It Is Capable 
Of Driving Three TTL Loads 

Fig. 2 1/0 Pin Conceptual Diagram With Output Buffer Options 

0, 02 0, D2 

~'M 
Fig. 7 Back-Biased Power Supply 
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Fig. 5 ROM Layout 
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BACK BIAS VOLTAGE 

Fig. 6 Simple MOS Transistor 

Fig. 3 Multiple F3870s 

Fig. 4 ROM Design 

1869 



PORT ADDRESSING Fa MICROPROCESSOR FAMILY 

DEVICE PORTA PORTB PORTC PORTO TIMER INTERRUPT 
Item NO. ADDR. FUNC. ADDR. FUNC. ADDR. FUNC. ADDR. I FUNC. VECTOR ADDRESS PORT TYPES 

F3850 0 I/O I/O ! ! 

+ 
Standard 

2 F3851 XXXXXXOO I/O XXXXXX01 I/O XXXXXX10: Control i XXXXXX11: Timer Mask Option Mask Option 

3 F3851 A 4 I/O 5 I/O 6 
I 

Control 7 Timer H'0020' Standard 

4 F3852 H'OC' H'OD' Control H'OE' I H'OF' I 

F3852! i 
I 

5 H'EC' 

I 
H'ED' 

I 
Control H'EE' I H'EF' 

Sl31116 i 
6 F3853 H'OC' Interrupt I H'OD' Interrupt H'OE' Control 

! 
H'OF' Timer Software 

Vector I Vector Programmable 
Addr. La I Addr.Hi 

7 F3854 1111YYOO !DMAMem.' 1111YY01 iDMA Mem. 1111 YY10 i Control 1111YY11! La countl 
i Addr. La ! Addr. Hi I Hi Count 

8 F3856 xxxxxxooi I/O XXXXXY01i i/O xxxxxxlOi Control XXXXXX111 Timer I Mask Option t Mask Option 

9 F38T56 XXXXXXOO I/O XXXXXY01! I/O XXXXXX10 Control XXXXXX11 Timer I Mask Option I Mask Option 

10 ,F3856A , 8 ! I/O 9 
I 

I/O H'OA' ! Control , H'OS' ! Timer r H'0024' 1 Standard 

l' I F3857! I I 

IXXXXXX101 
I XXXXXX11j 

of 
I 

Control Timer Mask Option i Mask Option ~~5L I 
12 F3861 A 4 I I/O 5 i I/O 6 Control 7 

! 
Timer H'0600' I Standard I 

13 F38618 8 I/O 9 I/O H'A' Control H'S' I Timer H'0340' I Standard 
-------t 

14 F3861C H'20' I/O H'21' 
I 

I/O H'22' Control H'23' Timer 1:-1'0320' I Standard 

15 F3861 0 H'24' I/O H'25' I I/O H'26' Control H'2T Timer H'0360' I Standard 

16 F3861E 4 I/O 5 I/O 6 Control 7 : Timer H'OO20' I Stand",d 

17 F3871E 4 I/O 5 I/O 6 Control 7 I Timer H'0020' Standard 

18 F3871F 4 I/O 5 I/O 6 Control 7 
I 

Timer H'0020' i Direct Drive I 

19 F3871G 4 I/O 5 I/O 6 Control 7 Timer H'0020' Open Dram 

20 F3871H 8 I/O 9 I/O H'A' Control H'B' Timer H'0420' I Standard 

XXXXXX is a Mask Option 4. Three different types of timers and control ports exist. For further detail see 
YY is a Pin Strap Option (1111 YYOO) Figures 1, 2, and 3. 
The External Interrupt Address Vector is the Timer Address t H'OO80' 5. F38T56 and F38T57 have F3871-type timer and strobe. logic. 

F8 MICROPROCESSOR FAMILY Fa FAMILY TIMERS 

Timer and Interrupt Control for F3851, F3853 and F3861 

INTERRUPT CONTROL 

I I I I I I I I I 
7 6 5 4 3 2 O-BIT NUMBER 

NOT 
USED 

0- NO INTERRUPTS 
1 - ENABLE EXTERNAL INTERRUPT 
1 - ENABLE TIMER INTERRUPT 
0- NO INTERRUPTS EXT 

INT 

Timer and Interrupt Control for F3856, F3857 and F3871 

NOT USED~~ill7 , 5 4 -I 
PULSE WIDTH~ 
EDGE DETECT 
.TOPTI_R 

0- BIT NUMBER 
0- NO INTERRUPTS 
1 - ENABLE EXTERNAL INTERRUPT 
1 - ENABLE TIMER INTERRUPT 
0- ENABLE BOTH INTERRUPTS 

1 1 - • 2 PRESCAlER 
0- • PRESCALER 
0- 32 PRESCALER 
1- 121 PRESCALER 

EXT 
INT 

INT 
REO 

INT 
REO 
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3850 Central Processing Unit (CPU) 

Fairchild's F8 CPU contains all of the functions needed to provide the 
most inexpensive solution to your design problems. The. 3850 has 64 
bytes of RAM, 16 bits of bidirectional I/O and a complete set of easy 
to understand instructions with both binary and decimal arithmetic 
operations. 

3850 
CPU BLOCK DIAGRAM 

ALU 

ACCUMULATOR I 

4> WRITE 

3851/3856/38T56* Program Storage Units (PSUs) 

DATA 
BUS 

The 3851 PSU contains 1 K of program storage and the 3856 2K. Both 
provide 16 bits of bidirectional I/O, a timer and external interrupt and 
a vectorized, prioritized interrupt structure. Additional PSUs may be 
added as required and I/O expansion naturally follows. 
*Uses special timer, see page 

TIMER 

<1> WRITE 

1024.8 
ROM 

CONTRDL BUS 

DATA 
BUS 

TIMER 

<1> WRITE 

3851 
PSUBLOCK DIAGRAM 

2048. a 
ROM 

3856 
CONTROL BUS 

DATA 
BUS 
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3852/3853/3857/38T57* Memory Interface Circuits 
Additional memory can be easily added to the system by using 
any of the three Memory Interface Circuits. Each device gener­
ates the 16 address lines and signals necessary to interface with 
up to 65K bytes of RAM, PROM or ROM memory and they all may 
be used in conjunction with any standard semiconductor mem­
ory device. 

The 3852 Dynamic Memory Interface' (DMI) provides memory 
refresh and DMA logic which run transparent to the CPU without 
any degradation in the system throughput time. 
*Uses special timer, see page 

3852 
DMI BLOCK DIAGRAM 

DATA 
COUNTER 1 

DATA 
COUNTER 2 

MEMORY 
CONTROL 

REFRESH CONTROL 
CONTROL LOGIC 

q, WRITE CONTROL BUS 

DATA 
BUS 

The 3853 Static Memory Interface (SM!) provides a program­
mable timer and external interrupt capability with a soft\,l\(are 
loadable interrupt vector address in addition to the 16 address 
lines and memory control logic. 

3853 
SMI BLOCK DIAGRAM 

ADDRESS BUS 

L---~_Oc:,o_N~_:----I1 I,-_C_~_AT_:R_'---, 
[ 

TIMER 

rP WRITE 

DATA 
COUNTER 2 

MEMORY 
CONTROL 

CONTROL IUS 

DATA 
BUS 
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The 3857/38T57 Program Storage and Memory Interface (PSMI) pro­
vides 2K of ROM, an external. interrupt and timer with masked inter­
rupt vector as well as 16 address lines and memory control logic. 

3857/38T57 
PSMI BLOCK DIAGRAM ,.....-----1 

~o: I IL.--C_O~_ATA_R_1--, 

TIMER 

I 
2041.8 

ROM 

DATA 
COUNTER 2 

~ WRITE CONTROL BUS 

3854 Direct Memory Access {DMAl 

DATA 
BUS 

The DMA circuits provide a high-speed data path between a 
system memory and the peripheral electronics with up to 500 kilo 
bytes of transparent data transfer per second.- These circuits can 
transfer data blocks of up to 4096 bytes and can interrupt the CPU 
when this data transfer is complete or can be programmed to 
continue transferring until stopped. 

3854 ADDRESS BUS 

DMA BLOCK DIAGRAM ,.....------4 

DATA 
BUS 
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3861/3871 Peripheral Input/Output 
The 3861 PIO circuit contains ~II of the logic of the 3851 PSU 
without the 1 K ROM. The 3861 is available in five versions as listed 
below. 

I/O 
TYPE PORTS 

A 4-7 
8 8-13 
C 20-23 
D 24-27 
E 4-7 

3861 
Pia BLOCK DIAGRAM 

INTERRUPT ADDRESS VECTOR 

TIMER 

0600 
0340 
0320 
0360 
0020 

4> WRITE CONTROL BUS 

EXTERNAL 

0680 
03CO 
03AO 
03EO 
OOAO 

DATA 
BUS 

The 3871 contains an improved timer and event counter. The 3871 is 
available in four versions as listed below. 

TYPE 
I/O 

PORTS 

E 4-7 
F 4-7 
G 4-7 
H 8-8 

3871 
Pia BLOCK DIAGRAM 

INTERRUPT ADDRESS VECTOR 
PORT TYPE 

TIMER 

Standard 0020 
Direct Drive 0020 
Open Drain 0020 

Standard 0420 

OUTPUT 
1/0 PORT A STROBE 110 PORT B 

WRITE 

EXTERNAL 

OOAO 
OOAO 
OOAO 
O4AO 

DATA 
BUS 

DBDR 

ROM 
CONTROL 
LINES 

PRIORITY OUT 

INTERRUPT 
REQUEST 
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·F=P.IRCHIL.C THE FORMULATOR LINE OF F8 AND 
F3870 DESIGN AIDS 

INTRODUCTION 
The Microprocessor system designer can now create his own 
hardware and software development systems for the F8 and 
F3870 by ~Iecting modular subassemblies from Fairchild's 
Formulator line of F8 and F3870 design aids. He may start 
development with a Mark I singleboard system, then expand 
to more sophisticated Mark" or Mark liFO development 
systems that can handle both software and hardware devel­
opment. Or he may graduate to a complete FormUlator Mark 
III with intelligent front panel, power supply, and accessories 
or to the top of the Ii ne Form u lator Ma rk J II FO with floppy disk 
drives. 

Three growth packages plus a selection of optional modules 
provide a practical method for upgrading the single-board 
Mark I to either the Mark" or Mark liFO or to the maximum 
system configuration Mark III or Mark IIIFO. Using the 
growth packages, the designer can begin sophisticated sys­
tem application programs at very low cost and then upgrade 
his development tools in relatively inexpensive steps, if he 
desires to ao so at a later time. 

The most elementary configuration, called the Formulator 
Mark I, incl·udes a Processor module that contains an F8 
CPU, Program Storage Unit that includes Fairbug monitor, 
Dynamic and Static Memory Interface circuits, 1024 bytes of 
random access memory, and the necessary buffers and 
other components for hardware development. It also in­
cludes a 13-slot card cage, an I/O cable kit, and a power 
cable. 

The second level, the Formulator Mark II, includes all of the 
Mark I components plus a memory board with 16 kilobytes 
of RAM and the complete Formulator Operating System, 
designated FOS. FOS gives the user complete software de­
velopment capability, including an assembler, editor, and 
debug package, and drivers for a teletype or the TI Silent 
733 terminal. 

The third level, the Formulator Mark liFO, consists of the 
Mark II with th~ addition of interface cards and cables for an 
iCOM F03712 dl!al-drive floppy disk system and Fairchild 
F8-00S-11 I Floppy Disk Operating System. 

The fourth level, the Formulator Mark III, includes an intelli­
gent front panel, a serial communications module, a quad 
I/O module, an attractive capinet, and a power supply. Also 
included are 16 kilobytes of RAM, the Formulat9r Processor 
Module., and the Formulator Operating System. 

The top of the line is the Formulator Mark IIIFO. This micro­
computer is identical to the Mark III with the addition of the 
iCOM dual drive floppy disk and interface. 

Three growth packages are available for Mark I, Mark II, and 
Mark III expansion. Growth Package I upgrades the Mark I 
system to the Mark II level. Growth Package" converts the 
Mark II to the full Mark III level. Growth Package III upgrades 
either the Mark" or Mark III to the Mark liFO or the Mark 
IIIFO floppy disk configurations. 

©IC MASTER 1979 

Other boards are available as options for all five Formulatot' 
configurations to increase the flexibility of the units by ad­
ding to their capabilities. These include 4-kilobyte· RAM, 
4-kilobyte PROM, and 16-kilobyte RAM boards, as well as 
and I/O light board, a communications board with UART, a 
parallel-byte board for peripheral interface, and a PR~M 
programmer. 

FORMULATOR MARK I 

fTTYASR33 

]:
nvASR33 
SILENT 733 

GROWTH PACKAGE II 
.... ______ F_O_R_M_U_L_A .. TOR MARK III 

}

TTY ASR33 
SILENT 733 
HP 264SA TERMINAL 
HP 9866A PRINTER 

GROWTH PACKAGE III 

iCOM Model FD3712 Dual Drive used 
.... ---------.. with Formulator Mark liFO or 

Mark IIIFD. 

}

RS232 CRT TERMINALS 
RS232 PRINTERS 
RS232 PRINTING TERMINALS 
CENTRONICS 719 PRINTER 

FORMULATOR GROWTH PATHS 
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FORMULATOR SUPPORT 

In addition to the optional boards, peripherals, cables, and 
other accessories, the Mark I, Mark II, and Mark III For­
mulator systems are supported by a wide range of 
documentation, and an intensive training program. 

FORMULATOR DOCUMENTATION 
The Formulator user has access to a full range of reference 
and instructional manuals to aid him in his system design 
and programming. 

F8 USER'S GUIDE 
The Fa User's Guide is a detailed description of the Fa family 
of microprocessor devices. Microprocessor systems are 
discussed, with the configurations of the Fa circuits 
examined in depth. The User's Guide also outlines the Fa 
instruction set. Detailed specifications of each member of 
the Fa microprocessor family is given, inciuding functionai 
descriptions, logic diagrams, signal load levels, and timing 
diagrams for each circuit. Typical Fa system configurations 
are also presented. 

GUIDE TO PROGRAMMING 
The Guide to Programming is written for logic designers 
with little or no background in computer programming. It 
introduces machine and assembly language programming 
to the potential user of microprocessors and microcom­
puter systems. Introductory topics include flowcharting, 
memory allocation, source and object progrflms, and as-

SOFTWARE SUPPORT 

FOS- FORMULATOR OPERATING SYSTEM 

The software for the Formulator products is specifically de­
signed to assist engineers and programmers during the de­
velopment phase of a microcomputer-based system. Desig­
nated the Formulator Operating System (FOS), this software 
package consists of a monitor, an editor, an assembler, a 
linking loader, a debug package, ahd several utility pro­
grams. 

The editor assists the user in the creation of a source file, 
which the assembler then converts into an object file ready 
for loading into the system. This object file may, at the op­
tion of the user, be a relocatable file. If several such relocat­
able object files exist, they may be combined by the linking 
loader and aSSigned absolute addresses at loading. . 

The debug portion of FOS allows users to test for fast and ef­
ficient program testing, for setting software breakpoints, and 
for examining and altering memory, registers, and I/O ports. 

Unlike other development systems with limited storage 
. capability, the Formulator has enough memory so that the 
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sembly language. More advanced topics include pro­
grammed 10, interrupts, programmable timers, subroutines, 
macros, data manipulation, and programmed direct mem­
ory access channels. Numerous examples of these pro­
gramming techniques are given. 

FORMULATOR USER'S GUIDE 
The Formulator User's Guide fully describes the operation 
of the Formulator Development System. It covers the Mark I, 
Mark II, and Mark III hardware configurations and contains a 
detailed description of the Formulator software-the 
monitor, the editor, the assembler, and the debug program. 
The Fa DOS-III User's Guide is also available for Mark liFO 
and Mark IIIFD systems. 

FORMULATOR HARDWARE REFERENCE MANUAL 
This book presents an in-depth technica. description of the 
Fa Formulator System. its component subsystems, and op­
tions. The technical description includes general functional 
characteristics, theory of operation, and detailed descrip­
tion of interface signals. 

F8 TRAINING CLASS 
To help applications engineers start designing with the Fa 
microprocessor, Fairchild offers an intensive four-day train­
ing course. Lectures are presented dealing with Fa features, 
architecture, and programming. In laboratory sessions, stu­
dents prepare and run small Fa programs using· the For­
mulator development systems. 

editor, relocating assembler, and debug packages are simul­
taneously resident, with transfer from one to the other con­
trolled by the monitor. Thus, a program may be created, 
edited, assembled, and debugged without ever having to 
reload the system software, since the user may switch from 
the editor to the assembler to the debug program directly 
from the monitor. 

The Formulator software also includes utility programs 
which perform specific functions. One, for instance, gener­
ates a file for producing a ROM code. Another creates a file 
needed by a PROM programmer. These utility programs are 
loaded into the system under the control of the monitor. 

The combined effect of the interrelated portions of the For­
mulator Operating System is the rapid generation and 
checkout of Fa and F3870 microcomputer-based systems. 
These programs greatly simplify the effort required to de­
velop and alter the end user software, making it easy to 
design and debug a system breadboard, easy in terms of 
reduced time and manpower. 
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FOSSUMMARY 

Disk Monitor Editor 
Assemble (Relocating) Move Line 
Load (Linking) Copy Line 
Edit Mode Bottom 
Load (Absolute) Change 
DeBug Mode Delete 
Assign Virtual 1/0 File 
Burn PROM Find String 
Convert Insert 
ROM Dump Locate String 

Next 
Replace 
Tab 
Top 
Type 
Up 

FDOS-FORMULATOR DISK OPERATING SYSTEM 

The software for the Formulator products is specifically de­
signed to assist engineers and programmers during the de­
velopment phase of a microcomputer-based system. Desig­
nated the Fa DOS-III, this software package consists of a 
floppy-disk monitor, an editor, a relocating assembler, a 
linking loader, a debug package, and utility programs. 

The disk monitor provides a/l of the necessary commands 
for fast and efficient file management during the creation, 
editing, assembly, and debugging of applications programs. 

The editor assists the user in the creation of a source file, 
which the assembler then converts into an object file ready 
for loading into the system. This object file may, at the op­
tion of the user, be a relocatable file. If several such relocat­
able object files exist, they may be combined by the linking 
loader and assigned absolute addresses at loading. 

The d~bug portion of Fa-D~S-III provides for fast and "efficient 
testing. Under Software Control, the user can set software and 
hardware breakpoints, and examine and alter memory, reg­
isters, and I/O ports. 

ICOM~ Advertised 
FD3700 Series Features Disk Monitor 

Relocating Assembfer Real-TIme Debugger 
No-List Option Symbolic Debugging 
No-Object Option Set Up to 8 Breakpoint 
Error Messages Clear Breakpoint 

Invalid Label Clear All Breakpoints 
Duplicate Label Continue Execution 
Invalid Op Code Go To Location 
Operand Error Return to Monitor 
Syntax Error Single Step 
Undefined Symbol Trace On Long 
Expression Storage Trace on Short 

Overflow Trace Off 
Relocatability Display Memory 

Error Display Register 
Pseudo Operand Display Port 

Error Store Memory 
Cross Reference Store Register 

Store Port 

Unlike development systems with limited storage capability, 
the Formulator Mark liFO has enough memory so that .the 
editor, assembler, and debug packages are resident as need­
ed with transfer from one to the other controlled by the disk 
monitor. Thus, a program may be created, edited, assembled, 
and debugged without ever having to externally reload the 
system software, since the user may switch from the editorto 
the assembler to the debug program directly from the disk 
monitor. 
The Formulator software also includes utility programs 
which perform specific functions. One, for instance, gener­
ates a file for producing a ROM code; another creates a file 
needed by a PROM programmer. These utility programs are 
loaded into the system under the" control of the disk 
monitor. 
The combined effect of the interrelated portions of the Fa 
DOS-II/ is the rapid generation and' checkout of Fa and 
F3870 microcomputer-based systems. These programs 
greatly simplify the effort required to develop and alter the 
end-user software, making it easy to design and debug a 
system breadboard, easy in terms of reduced time and man- -
power. 

F8-00S-111 SUMMARY 
EdltQr Relocating Assembler Real-TIme Debugger 

Fully IBM 3740 media and format compatible Assemble (Relocating) Move Line No-List Option Symbolic Debugging 
Full formatter and controller built-in Load (Linking) Copy Line No-Object Option Set Up to 8 Breakpoin 
Full sector ReadlWrite buffers allow List Directory Bottom Error Messages Clear Breakpoint 
asynchronous or DMA data transfer Print File Change Invalid Label Clear All Breakpoints 
Drive and diskette Write Protect capabtlity Rename File Delete Duplicate Label Continue Execution 
Positive latching door mechanism Create File File Invalid Op Code Go To Location 
Up to 4 drives with no software or hardware Delete File Find String Operand £;rror Return to Monitor 
modifications Copy File Insert Syntax Error Single Step 
MTBF in excess of 2300 hour~ (FD 3712 dual Merge Files Locate String Undefined Symbol Trace On Long 
drive) Copy Disk Next Expression Storage Trace on Short 
Plug-in convenience allows MTIR of 18 Edit Mode Replace Overflow Trace Off 
minutes Load (Absolute) Tab Relocatability Display Memory 
Front panel LED status indicators DeBug Mode Top Error Display Register 
LED drive select indicators Assign Virtual 1/0 Type Pseudo Operand Display Port 
Fully retracting head and pressure pad for Bum PROM Up Error Store Memory 
maximum diskette life Convert Cross Reference Store Register 
50 pin flat ribbon cable with 3M interface ROM Dump Store Port 
connector-FD 360 compatible 
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FORMULATOR MARK I 

The first member of the Formulator family, the Formulator 
Mark I, is a basic microcomputer development tool provid­
ing the hardware necessary to build F8 or F3870 prototype 
systems. Included in the basic system is the Formulator 
Processor Module with the F8 CPU, Static Memory Inter­
face, Dynamic Memory Interface, and Program Storage Unit 
devices. The Fairbug debug program, a 1 K-byte monitor 
debug package, is included in the Program Storag,e Unit on 
the Processor Module. Fairbug provides the Mark I with suf­
ficient debug capability to load a program, examine regis­
ters, monitor and alter memory locations, store a program 
on an external file, and generate a tape suitable for burning 
PROM memory devices. The Mark I also comes equipped 
with a 13-slot card cage and motherboard for attaching the 
modular Formulator printed circuit boards. Three slots are 
wired for the console control modules and one is dedicated 
to the Processor Module. The other nine cor.nectors are 
general purpose slots which can accept additional For­
mulator modules for system expansion. Cables and 
documentation are also included in the F8 Formulator Mark 
I system, including a peripheral interface cable which can 
connect the Mark I to a'Teletype ASR33 or TI Silent 733 for 
external communication. 

Hardware 
Formulator Processor Module 

Formulator Card Cage and Motherboard 
Processor Module to Peripheral Cable 
Power Cable 
Cable Kit 

Software 
Fairbug Debug Program 

Documentation 
Formulator User's Guide 
Formulator Hardware Reference Manual 
Formulator Mark I Systems Coverage Manual 
Formulator Utilities Manual 
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THE FORMULATOR PROCESSOR MODULE 
The Formulator Processor Module is the heart of the For­
mulator family of development systems. As illustrated in the 
block diagram below, the 10Y2" x 7Y2" Processor Module 
contains a Central Processor Unit (F3850 CPU), a Program 
Storage Unit (F3851A PSU) with the Fairbug monitor, a 
Static Memory Interface circuit (F3853 SMI), a Dynamic 
Memory Interface circuit (F3852 DMI), a 1 K-byte RAM mem­
ory, and a peripheral interface circuit. Also included is the 
circuitry necessary to drive the Formulator bus for easy ex­
pansion of system functions. The 32 bidirectional I/O lines 
are brought out to the top edge connector; bus signals are 
brought to a connector on the bottom of the board. The 
board connector plugs into the Formulator motherboard 
where the signals are bussed to twelve other sockets. The 
peripheral interface signals are brought out to a special 
connector mounted on the Processor Module. They include 
both a 20 mA current loop and an RS232 interface circuit. 

Two interrupt levels are available on the Formulator Pro­
cessor Module, one from the F3851A PSU and the other 
from the F3853 SMI. The on-board F3852 OMI allows 
dynamic memory refresh and direct memory access func­
tions to be incorporated into expanded memory systems. 

Switches on the Processor Module change the page ad­
dress of the 1K-byte RAM memory. Additional switches are 
provided to change the port addresses of the PSU circuit, 
enable and disable the Fairbug program, select the clock 
mode (LC, crystal, or externa'I), enable the interrupt priority, 
and select serial interface devices (RS232 or current loop). 

The Fairbug program,located in the F3851A PSU communi­
cates with an ASCU serial device, reads data from a parallel 
paper tape reader, and punches tape. The Fairbug program 
also performs a debug function allowing users to examine 
and alter internal registers and memory, 

PROCESSOR MODULE 
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FORMULATOR MARK II 

The second member is the Formulator Mark II. This unit is a 
low cost microcomputer software and hardware develop­
ment tool. It includes the basic hardware required to de­
velop a system, as well as the necessary software tools to 
develop F8 and F3870 code. The Mark II consists of all the 
components of the Mark I, namely the Processor Module, 
card cage and motherboard, cable kit, and the Fairbug 
debug program, as well as an additional 16K-byte RAM 
module. Also a part of the Mark II is the Formulator Operat­
ing System, including the editor, relocating assembler, and 
debug package to allow the generation of the source codes 
and to create and check out the object codes. Peripheral 
interfaces are also available to connect the Mark II to a TI 
Silent 733 or Teletype ASR33. 

FORMULATOR MARK liFO 

The third member is the Formulator Mark IIFD, a floppy-disk 
based low-cost microcomputer software and hardware de­
velopment too\. It includes the basic hardware required to 
develop a system, as well as the necessary software tools to 
develop F8 and F3870 code. Th~ Mark IIFD consists of all the 
components of the Mark I, namely the Processor Module, 
card cage and motherboard, cable kit, and the Fairbug 
debug program, as well as an additional 16K-byte RAM 
Module. The F8-DOS-1I1 is also a part of the Mark liFO. It 
includes a floppy-disk file manager, editor, relocating as­
sembler, and debug package to generate the source codes 
and to create and check out the object codes. The Mark II FD 
can communicate with teletype ASR33 and other standard 
RS232 CRT or printing terminals. 

©IC MASTER 1979 

Hardware 
Formulator Processor Module 
16K-Byte RAM Module 
Formulator Card Cage and Motherboard 
Processor Module to Peripheral Cable 
Power Cable 
Cable Kit 

Software 
Formulator Operating System 
Fairbug Debug Program 

Documentation 
Formulator User's Guide 
Formulator Hardware Reference Manual 
Formulator Systems Coverage Manual 
Formulator Utilities Manual 

Hardware 

Parallel Interface Module Prom Boot Loader Module 
Formulator Processor Module 
16K-Byte RAM Module 
Formulator Card Cage and Motherboard 
Processor Module to Peripheral Cable 
Power Cable 
Cable Kit 

Software 
F8- DOS-III Floppy Disk Operating System 
Fairbug Debug Program 

Documentation 
Formulator User's Guide 
Formulator Hardware Reference Manual 
Formulator Systems Coverage Manual 
Formulator Utilities Manual 
DOS Users Guide 
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FORMULATOR MARK III 

The fourth level of microprocessor development equipment 
is the Formulator Mark III, offering all of the design assis­
tance. required to develop F8 or F3970 based systems. The 
combination of hardware, software. and firmware offered by 
the Mark III assists the designer from the generation of 
source programs through the development of a prototype 
system. The Mark III is a modular microcomputer that ac­
commodates a variety of memory. input/output, and com­
munication configurations to form a new and powerful de­
velopment system. It contains all of the components of the 
Mark II-the Processor Module, card cage and mother­
board, cable kit, the Fairbug debug program, 16K bytes of 
RAM, and the Formulator Operating System. In addition, the 
Mark III includes a Quad I/O Module with four 1/0 ports and 
two interrupts, a Communications Module with an on-board 
UART, a universal breadboard for building user hardware 
configl,Jrations, an extender module, and an intelligent 
operator's panel. Power suppiies for the Mark iii may be 
either 100 volts, 115 volts, or 220 volts at 50/60 Hz. 
Peripheral interfaces are available to connect the Mark III 
with a TI Silent 733, 'a Teletype ASR33. or an HP 2645A 
Mini-Data Station. 

Hardware 
Formulator Mainframe 
Designer's Console with Firmware 

Formulator Processor Module 
16K-Byte RAM Module 

INTELLIGENT OPERATOR'S PANEL 

Perhaps the most unique feature of the Mark III Formulator is 
the intelligent operator's panel, an array of lights and switches 
designed to give the user access to all registers and memory 
locations within the microcomputer, thus enabling an import­
ant interaction between the user and the system hardware and 
software. 

The benefits of having a firmware controlled front panel are 
extensive·. In addition to performing the normal front panel 
operations, such as examining and loading the contents of 
memory, the user's console can also perform some very com­
plicated functions. Chief among these are the front panel's 
initial program load capability,.its test function, and the real 
time hardware breakpoint feature. 

The self test function is initiated by the user by merely de­
pressing a Single switch on the front panel. The console 

,then begins to check the electronics in the Formulator. 
When an error condition is detected, the LED indicators on 
the display indicate the type of error and its location. 

Another feature of the front panel is its ability, under operator 
control, to set a hardware breakpoint and to vary the number 
of times a memory location may be accessed before the break­
in program execution occurs. This aids the user in performing 
fast, efficient debugging of his software. 
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Quad I/O Port Module 
Communications Module 
Universal Breadboard 
Extender Module 
Cable Kit 
User I/O Cable Assembly 
Communications Module to Peripheral Cable 

Software 
Fairbug Debug Program 
Formulator Operating System 

Documentation 
Formulator User's Guide 
Formulator Hardware Reference Manuai 
Formulator Systems Coverage Manual 
Formulator Utilities Manual 

MARK III FORMULATOR OPERATING SYSTEM 

Like the Mark II Formulator Operating System, the Mark III 
FOS consists of a monitor, an editor, an assembler, a linking 
loader, a debug package, and several utility programs. In 
addition to the functions performed by each of these por­
tions of the FOS in a Mark II system, the Mark III FOS in­
cludes the capability to set hardware breakpoints. It also 
contains a trace feature in the debug package which lets the 
user turn tracepoints on and off during the debug operation. 

Two identical versions of the Formulator Operating System 
are available with the Formulator Mark III. One operates in 
the lower portion of memory and another operates in upper 
memory. The Low Memory Operating System resides in 
memory locations 1000 to 3FFF (Hex). Most of the lower 4K 
bytes of memory is reserved for user programs. The High 
Memory Operating System occupies locations with the 
hexadecimal addresses 0000 to FFFF and uses the portion 
of memory from COOO to 0000 to store the symbo, table. 
With this system, the user has up to 48K bytes of continuous 
memory addresses available, eliminating the need for split­
ting pr,ograms larger than 4K bytes. 
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FORMULATOR MARK IIIFD 

The top of the line in'microprocessor development equip­
ment is the floppy-disk-based Formulator Mark IIIFD, offer­
ing all of the design 'assistance required to develop FS or 
F3S70 based systems. The combination of hardware, 
software, and firmware offered by the Mark IIIFD assists the 
designer from the generation of source programs through 
the development of a prototype system. The Mark 1IIFD is a 
modular microcomputer that accommodates a variety of 
memory, inputloutput, and communication configurations 
to form a new and powerful development system. It contains 
all of the components of the Mark IIFD, the Processor Mod­
ule, card cage and motherboard, cable kit, the Fairbug 
debug program, parallel interface, PROM boot loader, 16K 
bytes of RAM, alld the FS-DOS-III disk operating system. In 
addition, the Mark IIIFD includes a quad 1/0 module with 
four I/O ports and two interrupts, a communications module 
with an on-board UART, a universal breadboard for building 
user hardware configurations, an extender module, and an 
intelligent operator's panel. Power supplies for the Mark 
IIIFD may be either 100 volts, 115 volts or 220 volts at 50/60 
Hz. The Mark IIIFD can communicate with teletype ASR33 or 
other standard RS232 glass or printing te'rminals. 

Hardware 
Formulator Mainframe 
Designer's C'onsole with Firmware 
Formulator Processor Module 
Parallel Interface Module 

OPTIONAL FORMULATOR MODULES 

Expansion of the Formulator microcomputers need not 
occur along the path indicated by the growth packages. 
Optional Formulator modules are available to expand RAM, 
PROM I/O, and communications, so the user can develop a 
custom system which is perfectly suited to his specific 
needs. These optional modules may be attached, to the For­
mulator via the 13 card slots in the motherboard. The first 
three slots are dedicated to front panel operations of the 
Mark III. Another slot is reserved for the Processor Module. 
The remaining nine slots are linked on a common bus 
whose signals are compatible with the modules themselves. 
Additional system functions may be easily added to any 
Formulator system by simply plugging in one of the mod­
ules. Thus, the initial Formulator investment is preserved. 
Nothing needs to be discarded asdemands upon the system 
increase. Unless otherwise noted, all of the following op­
tional modules are available to update any Mark I, Mark II, 
Mark IIFD, Mark III, or Mark IIIFO system to meet expanded 
requirements. 

4K-BYTE RAM MODULE 
The 4K-Byte Ram Module simplifies memory expansion in 
the Formulator Development Systems. Fully compatible 
with all Formulator bus signals, this board adds 4096 bytes 
of random access memory (using 2102 type static RAMs) to 
a system. Switches mounted on the printed circuit board 
allow the user to select the upper four address bits, so mUl­
tiple memory modules may be used in a system. A write­
protect switch puts the memory in a read-only mode at the 
user's discretion. Board dimensions are 10V2" x 7%/1. 
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PROM Boot Loader Module 
16K-Byte RAM Module 
Quad 110 Port Module 
Communications Module 
Universal Breadboard 
Extender Module 
Cable Kit 
User 110 Cable Assembly 
Communications Module to Peripheral Cable 

Software 

F8-DOS-11I Floppy Disk Operating System 
Fairbug 

Documentation ' 

Formulator User's Guide 
Formulator Hardware Reference Manual 
Formulator Systems Coverage 
Formulator Utilities Manual 
FOOS Users Guide 

Optional Modules 

4K-Byte RAM Module 
16K-Byte RAM Module 
Quad I/O Port Module 
4K-Byte PROM Module 

Communications Module 

Byte Parallel Interlace Module 
ROM Simulation Module 
Universal Breadboard 
Extender Module 
I/O Light Display Board 

EXTENDER MODULE 
During the checkout of the user's own breadboard systems, 
the Formulator Extender Module can be used to facilitate 
access to the user's hardware configuration contained on 
the universal breadboard. The 10112/1 x 7V2" extender module 
plugs directly into the Formulator motherboard, and the 
module to be examined attaches to the 100-pin connector 
on the top edge of the extender card. Thus, the user's mod­
ule is elevated above the other modules in the Formulator 
card cage for easy access. 
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· 16K-BYTE RAM MODULE 
The 16K-Byte RAM Module provides additional modularly 
expandable memory for the Formulator Development Sys­
tem. Fully compatible with all Formulator bus signals. this 
board adds 16 kilobytes of random access memory (4K 
N-MOS Dynamic RAM) to a system. Switches mounted on 
the printed circuit board allow the user to select the upper 
two address bits. so multiple memory modules may be used 
in a system. Four write-protect switches put the memory in a 
'read only' mode at the user's discretion. The refresh of the 
dynamic memory is controlled by the F3852 Dynamic Mem­
ory Interface circuit mounted on the Processor Module. The 
refresh cycles are performed ,during unused data bus 
periods. and do not interfere with normal system timing. The 
board dimensions are 101/2" x 7V2". 

4K-BYTE PROM MODULE 
Additional memory expansion in the Formulator systems 
may be easily performed with the use of the4K-Byte PROM 
Module. Thi~ board adds 4096 bytes of nonvolatile memory 
storage capability. It provides 16 sockets for the Fairchild 
93446 TTL fuseable link 512 x 4-bit PROMs configured in a 
4-kilobyte array. Fou~ switches mounted on the printed cir­
cuit board allow the memory page to be switch selectable. 
All data bus and control bus signals are compatible with the 
Formulator system, so the board plus directly into the For­
mulator motherboard. The 93446 PROM devices may be 
programmed by the Formulator PROM Programmer. The 
board dimensions are 101/2" x 7V2". 

ROM Simulation Module 
The ROM Simulation Module allows the user to interface the 
F3851A and F3856 Program Storage Units to the Formulator 
systems. Two of these 40-pin devices may be inserted in 
each ROM Simulation Module, creating an excellent envi­
ronment for checking out ROM codes stored on the PSUs. 

BYTE PARALLEL INTERFACE MODULE 
The Byte Parallel Interface Module interfaces the For-. 
mulator system to external devices in a parallel format. This 
10V2" x 7V2" module creates a data bus and a control bus for 
passing information to and from the system. The bidirec­
tional data bus can be used for either 8- or 16-bit parallel 
words. The 8-bit control bus synchronizes data transfer to 
and from the Formulator system. The F81/0 ports. One level 
of F8 interrupt logic and one F8 interval timer are also avail­
able to the user. On-board switches select the F8 interrupt 
address vector and the F8 I/O port addresses. The signal 
levels for the device interface are given below. 

Receive 

V1L IlL V/H I/H Vee 

O.4V -O.2mA 5.25V 25 p.A 5.25V 

Drive 

VOL 10L VOH 10H Vee 

O.5V 48mA 2.4V -10mA 4.75V 
--
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QUAD I/O PORT MODULE 
The Quad I/O Por.t Module makes expanding the Formulator 
I/O capability an easy task. This board uses existing F8 1/0 
ports. so actual F8 signa~ levels are brought out t,o the edge 
connector on the top of the module. This module has two F8 
circuits. each with two 1/0 ports, one interrupt level, and one 
programmable timer. Thus, a total of four ports (32 bits), two 
interrupt levels. and two timers are available to the user. 
Switches mounted on the card allow the user to select the 
1/0 port addresses and the interrupt vector addresses for 
each F8. circuit. Thus, since each board may use different 
I/O ports, multiple boards may be used in a system. The 
board dimensions are 101/2" X 7V2". 

COMMUNICATIONS MODULE 
The Communications Module provides the electrical inter­
fac~ for anyone of three types of serial peripheral devices, a 
standard teletype 20 mA current loop, RS-232 interface, or a 
TTL compatible device. An on board UART (Universal Asyn­
chronous Receiver Transmitter) is used to perform the con­
version between the 8-bit parallel microcomputer data and 
the serial signal. thus permitting high speed data transfer. 
Thirteen baud rates, ranging from 50 to 9600 baud, can be 
set from switches mounted on the card. A crystal is used to 
ensure accurate timing. The UART-microcomputer interface 
is maintained via two F8 I/O ports. also located on the 
printed circuit board. The F8 timer and interrupt logic are 
also available to the user. with the interrupt address vector 
and F8 I/O port numbers switch selectable. Board dimen­
sions are 10V2" x 7V2". 

110 LIGHT DISPLAY BOARD 
The I/O Light Display Board monitors tne status of the F81/0 
Signals of either the Formulator. Processor Module or the 
Formulator Quad I/O Module. Mounted on the printed cir­
cuit cards are red LEOs, grouped in two rows of twenty. 
allowing up to four I/O ports plus power supplies to be 
viewed simultaneously~' On-board drivers provide sufficient 
current levels to drive the LEOs. Additional lights on the 
board show tha status of the external interrupts. The board 
dimensions are 10V2" x 41/2". 

UNIVERSAL BREADBOARD 
The universal breadboard is an empty Formulator module 
board which can aid in 'the development of the user's own 
breadboards. It is a 10V2" x 71/2" Formulator motherboard­
compatible module which is predrilled to accept standard 
14. 16, 18, 22, 24, and 40-pin dual in line packages. It will 
accomodate forty-four 16-pin packages. With the universal 
breadboard. the Formulator user may design his own 
breadboard configuration of non-microprocessor circuits 
while in constant contact with the microprocessor de­
velopment tools of the Formulator. 
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PROM PROGRAMMER 

The ability to easily program permanent memory devices is 
essential to any microprocessor design. The Formulator 
PROM Programmer connects to a Quad 1/0 Module within 
either a Formulator Mark II or a Formulator Mark III, permit­
ting the programming of any of the following fuseable link 
or ultraviolet light eraseable PROMs from a pattern stored in 
the Formulator memory. 

The 11" x 12" x 4" PROM Programmer is driven by a utility 
program contained within the Formulator Operating System 
and features a simple, easy to use command set. The com­
mands, entered into the PROM Programmer from the For­
mulator peripheral via the keyboard, allow the user to trans­
fer data from a PROM to memory, burn a PROM, verify a 
PROM pattern, manually enter a single byte of data, and 
display PROM locations using the system software. The 
programming idiosyncrasies of each PROM are contained 
in software look;up tables to relieve the user of intricate 
repetitious set-up. The procedure is simply to identify the 
PROM type (like 93448) and the PROM parameter look-up 
table is automatically invoked, defining such things as 
number of words, word bit length, burn time, wait time, retry 
conditions, etc. The programming is convenient enough to 
allow the PROM Programmer to be used in a production 
environment. 

OCM-1 ONE-CARD MICROCOMPUTER 

The OeM-1 is a complete microcomputer system contained on a 
single printed circuit board and offering the following features: 

• 64-byte scratch pad memory 
• 1 K-byte RAM 
• 8K-byte ROM (1K supplied, sockets provided for balance) 
• 4K-byte EPROM (sockets provided) 
• 4K-byte PROM (sockets provided) 
• Up to four programmable timers 
• Up to four programmable interrupts 
• RS232 interface (current loop optional) 
• 2 MHz clock 
• Self-contained Fairbug teletype operating system 
• Up to 64 individually programmable, bidirectional, latched 1/0 

lines. 

The unit is based on the F8 microcomputer and is fully sup­
ported by the Formulator family of program development 
aids. 1n addition, the OCM-1 contains a built-in teletype 
operating system, called Fairbug I, contained in the F3851A 
Program Storage Unit. Using· an OCM-1-to-TIV cable as­
sembly, the board can be directly coupled to a teletype or 
RS232 terminal to display or alter memory location, to load 
and punch paper tape, or to make entries from the keyboard 
or by program instruction. An alternative built-in operating 
system, K-O Bug, contained in the F3856A PSU is also avail­
a~le. It provides all of the Fairbug I functions plus a resident 
monitor to facilitate operation with a low-cost calculator­
style keyboard and LED display. A Fairbug user's guide is 
provided with the OCM-1. The K-O Bug should be ordered as 
a separate item. 
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Included in the basic system are two socket boards, one for 
the Fairchild 93436/93446 PROMs and one for the 934381. 
93448 PROMs. Sock,et boards·for the ultraviolet eraseable 
devices are also available. A cable to the Quad 1/0 Module 
and a power cord are also included in the basic unit. 

Fairchild Fusible 
Link PROMS 

93436 (512 x 4) 
93446 (512 x 4) 
93438 (512 x 8) 
93448 (512 x8) 

OCM-1 Module 

BREADBOARD 
SPACE 

PREDRILLED 

TTY CABLE 

Ultraviolet 
Eraseable PROMs 

2704 (512 x 8) 
2708 (1024 x 8) 
2716 

OCM-1 Block Diagram 
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The OCM-1 processor section includes the 3850 Central 
Processing Unit, the F3853 Static Memory Interface, a 2 MHz 
clock, and reset circuitry. 

. The OCM-1 memory section contains the capability for the 
use of five different types of storage incfuding 64 bytes of 
scratch pad, 1 K bytes of RAM, sockets for 2K bytes of EROM 
(2708), sockets for 2K bytes of fusible link PROM (93448), 
and the Fairbug I operating system. 

The 1/0 portion of the system is contained in the F3850 
Central Processing Unit and a F3851A Program Storage 
Unit, each containing two 8-bit 1/0 ports. Two sockets are 
provided for inserting standard F8 PIO circuits (F3861 or 
F3871) or, if more ROM is required, standard PSUs (F3851 or 
F3856) may be inserted. In either case, four additional 1/0 
ports are provided bringing the maximum total to eight 1/0 
ports (64 lines). Only single-byte instructions are required to 
individually program these lines for either input or output 
functions. Latches en each line reduce external hardware 
cost. A circuit on the board gives the OCM-1 the capability 
of communicating with a teletype, RS232 device or 20mA 
current loop. 

In its standard configuration, the OCM-1 contains two inter­
rup,ts and two timers. one in the F3851A PSU and one in the 

F387X PEP SYSTEM-PROG RAMMING EMU LA TlNG 
PROtOTYPING SYSTEM 

A standalone single board system with Keyboard Display, 
FirmwClre Monitor, PROM Programming facilities is described 
previously in this section. 

F3870 DEVELOPMENT SUPPORT 

The F8 Formulator family of development equipment also 
supports the F3870, the one-chip microcomputer manufac­
tured by Fairchild. The Formulator Operating System, utility 
program, and the Fairbug monitor are completely compati­
ble with the F3870, since it shares the same instruction set 
with the Formulator. A Simulation (Quad liD) Module and an 
In-Circuit Emulation (ICE) cable are available to extend the 
Formulator features to the user's prototype or production 
breadboard. This creates a powerful design tool for creating 
the user's own F3870 software. In addition, the F3870 
Emulator, a single stand-alone module for emulating the 

"'C final F3870 software in PROMs, is available for building pro­
.s:::. totype systems. 

e ·cu F3870 SIMULATION 
LL The non-microprocessor elements of the user's hardware 

configuration can be assembled on a breadboard and con­
.nected to Mark I, II, liFO, III or IIIFD via the ICE cable plugged 
into a 40-pin socket on the user's board. The cable connec­
tor on the Processor Module in the Formulator provides I/O. 
ports 0 and 1, while the Simulation (Quad 1/0) Module pro­
vides 1/0 ports 4 and 5. This system provides real-world 
simulation of the user's components in their actual envi­
ronment with the vital microprocessor Signals, including the 
complete software debugging features of the Formulator, 
cabled to the external breadboard. 
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F3853 SMI. Two additional interrupts and timers may be 
added by plugging the two additional PIOs into their soc­
kets. A "daisy-chained" priority system determines which 
interrupt will be serviced if two or more requests are made 
simultaneously. 

The OCM-1 requires three power supply voltages: + 12 V @ 
0.255 A, - 5 V @ 0.4 A and - 5 V @ 0.09 A. The - 5V supply is 
used only for the 2708 EROM devices. All supply voltages 
are ± 5 % maximum. 

The entire microcomputer is contained on a single board 
(epoxy glass with solder mask) measuring approximately 7.5 
inches by 10.5 inches. It includes a 2-inch by 4-inch pre­
drilled breadboarding area for users who want to develop 
unique system configurations. In addition, a Formulator­
compatible 100-pin edge connector, a special connector for 
TIV or terminal, and two 44-pin edge connectors for F8 
signals, are contained on the board. A switch to enable the 
Fairbug operating system is also provided. The OCM-1 is 
delivered completed with OCM-1 Users Manual, Fairbug 
Users Guide and F8 Guide to Programming. 

F3870 EMULATOR 
After F3870 ROM codes are frozen, a smaller, easier-to­
handle and less expensive tool is required. To accomplish 
this design-in task, Fairchild has developed the F3870 
Emulator. The F3870 Emulator contains sockets for two 
2708s or two 2716 EROMs in place of the F3870 on-chip 
ROM so ROM codes can be verified and easily changed. The 
F3870 Emulator plugs directly into the F3870 40-pin socket 
in the production prototype using a short Emulator cable. 
The printed circuit module is approximately 5" by 7 ". 
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F387X Functional Tester 

• Complete function testing for F387X 
• Available as an accessory for the Formulator development system 
• No "Gold ,device" needed 
• Load ROM code to RAM then compare to F387X 
• GO/NO GO or complete diagnostic printout available 
• Low cost system 
• Complete software .test program provided for Formulator Mark II or Mark III 

©IC MASTER 1979 
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F6800 
MICROPROCESSING UNIT (MPU) 
FAIRCHILD F6800 MICROCOMPUTER FAMILY 

GENERAL DESCRIPTION - The F6800 is a monolithic 8-bit microprocessor forming 
the central control function for Fairchild's F6800 family. Compatible with TTL, the 
F6800, as with all F6800 system parts, requires only one 5.0 V power supply and no 
external TTL devices for bus interface. 

The F6800 is capable of addressing 65K bytes of memory with ;ts 16-bit address lines. 
The 8-bit data bus is bi-directional as well as 3-state, making direct memory addressing 
and multiprocessing applications possible. Two temperature ranges are available. The 
F6800 is aOc to 70°C and the F6800C is -40°C to +85°C. 

• 8-BIT PARAllEL PROCESSING 
• BI-DIRECTIONAL DATA BUS 
• 16-91T ADDRESS BUS - 65K BYTeS OF ADDRESS!NG 
• 72 INSTRUCTIONS - VARIABLE LENGTH 
• SEVEN ADDRESSING MODES - DIRECT, RELATive, IMMEDIATE, INDEXED, EXTENDED, 

IMPLIED AND ACCUMULATOR 
• VARIABLE LENGTH STACK 
• VECTORED RESTART 
• MASKABLE INTERRUPT VECTOR 
• SEPARATE NON-MASKABLE INTERRUPT - INTERNAL REGISTERS SAVED IN STACK 
• SIX INTERNAL REGISTERS - TWO ACCUMULATORS, INDEX REGISTER, PROGRAM 

COUNTER. STACK POINTER AND CONDITION CODE REGISTER 
• DIRECT MEMORY ADDRESSING (DMA) AND MULTIPLE PROCESSOR CAPABILITY 
• CLOCK RATES 1 MHz, 1.5 MHz, 2 MHz 
• SIMPLE BUS INTERFACE WITHOUT TTL 
• HALT AND S'NGlE INSTRUCTION EXECUTION CAPABILITY 
• TWO TEMPERATURE RANGES - F6800 O°C TO ufc 

F6800c _40°C TO +85°C 

F6800 MICROCOMPUTER FAMI L Y 
BLOCK DIAGRAM 

F6800 BLOCK DIAGRAM 

CLOCK, "2 37_ 

RESEr 40_ 

NON·MASKABLE INTERRUPT INMII 6_ 

HAL t 2 _ INSTRUCTION 

____ :8 
ADDRESS DATA 

INTERRUPT REOUEST IIRQ) 4 _ D~~O;'E 

3·STATE CONTROL ITse) 39 _ CONTROL 

DATA BUS ENABLE lOBE) J6_ 

BUS AVAILABLE ISA) 7 

VALID MEMORY ADDRESS IVMAI 5 

READIWRITE IRIW) 34 

INSTRUCTION 
REGISTER 

DATA 
BUFFER 

I 
I 
I 

BUS BUS 

~ .: ~ ~ ~ : ~ ~ 
26 27 28 29 30 3' 32 33 

CONNECTION DIAGRAM 
DIP (Top View) 

Vss RESET 

HALT J9 TSC 

"1 J8 fII.e 

iRa J7 

J8 ~ DBE 

JS fII.e 

34 b R/W 

Vee 33 00 

Ao J2 D, 

Al 10 Jl ~ 

A2 11 JO DJ 

AJ 12 29 D4 

~ lJ 2S Os 

A5 14 27 D6 

At; 15 26 D7 

A7 16 25 A'5 

AS 17 24 A'4 

As 18 2J AlJ 

Am 19 22 A12 

All 20 21 Vss 

VCC=Pin8 

VSS = Pins 1,21 07 D6 05 04 03 02 0, DO 

F=~IRCHILO 
464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA 94042 (415) 962 -5011 ITWX 910-379-6435 • • • I [I 

, 1977 Fairchild Camera and Instrument Corporatoon Prtnted 10 USA 334 ·11·0031 127 10M 

Manufactured under one or more of the follOWing U.S Patents. 2981877, 3015048, 3025589, 3064167, 3108359, 3117260, other patents pending 
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DEVICE 
NO. Function 

F6800 MPU, Address, Interrupt 

F68AOO MPU, Address, Interrupt 

F68BOO MPU, Address, Interrupt 

F6801(1) Single Chip Microcomputer 
with 128x8 RAM 

F6802 MPU, Address, RAM 
Interrupt 

F6803 MPU, Internal Clock 

F6803E MPU, External Clock 

F6809(2) MPU, Address, Interrupt 

F6810 StatisRAM 

F68A10 Static RAM 

F68B10 Static RAM 

F6&14 Static RAM 

F6816 Dynamic RAM 

F6820/21 Parallel 1/0 16 lines 

F68A21 Parallel 1/0 16 lines 

F68B21 Parallel 1/0 16 lines 

F68308 Mask Prog ROM 

F68A308 Mask Prog ROM 

F68B308 Mask Prog ROM 

F68316 Mask Prog ROM 

F68A316 Mask Prog ROM 

F68B316 Mask Prog ROM 

F6840 Programmable Timer 

F68A40 Programmable Timer 

F68B40 Programmable Timer 

F6843(1) Floppy Disk Interface 

F6844(1) Direct Memory Access 

F6845(1) CRT Controller 

F6846 ROM, 1/0, Timer 

F68A46 ROM, 1/0, Timer 

F68B46 ROM, 1/0, Timer 

F6847 Video Sync Generator 

F68488 GPIA (IEEE Bus) 
-- ---

MICROPROCESSOR 

Power Po Max Cycle Access 
Supply (Typ) Time Time 

V mW ns ns 

5.0 (600) 1000 

5.0 (500) 667 

5.0 (500) 500 

5.0 (500) 500 

5.0 (600)3 1000 

5.0 (500) 500 

5.0 (500) 500 128x8 

5.0 5OO/1K 

5.0 (400) 460 

5.0 (400) 360 

5.0 (400) 250 

5.0 (350) 200 

5.0 (465) . 200 

5.0 550 1000 

5.0 550 667 

5.0 550 500 

5.0 (650) 500 

5.0 (650) 360 

5.0 (650) 250 

5.0 500 

5.0 360 

5.0 250 

5.0 550 1000 

5.0 550 667 

5.0 550 500 

5.0 

5.0 

5.0 

5.0 800 1000 

5.0 800 667 

5.0 800 500 

5.0 

5.0 (600) 1000 

Fairchild , " .; 

F6800 MICROPROCESSOR FAMILY 

Power PD Max Cycle Access 
Memory DEVICE Supply ITypl Time Time Mem~ry 

Size Packagers) NO. Function V mW ns ns Size PackagelsJ 

61,8P F6850 Async Data Adapter 5.0 (300) 1000 7R,9N 

61,8P F68A50 Async Data Adapter 5.0 (300) 667 7R,9N 

61,8P F68B50 Async Data Adapter 5.0 (300) 500 7R,9N 

2Kx8 61,8P F6852 Sync Data Adapter 5.0 (300) 1000 7R,9N 
(ROM) 

F68A52 Sync Data Adapter 5.0 (300) 667 7R,9N 
128x8 61,8P 
(RAM) F68B52 Sync Data Adapter 5.0 (300) 500 7R,9N 

128x8· 61,8P F6854 Advanced Data Link CTL 5.0 750 1000 8E,9Y 

RAM F68A54 Advanced Data Link CTL 5.0 750 667 8E,9Y 

61,8P F68B54 Advanced Data Link CTL 5.0 750 500 8E,9Y 
RAM 

61,8P 
F68708 EPROM 5.0 800 450 1Kx8 QA 

128x8 7R,9N 
F68716 EPROM 5.0 500 450 2Kx8 QA 

128x8 7R,9N 

128x8 7R,9N 

1024x4 7T,9M 

4Kx1 62,8K,8R 

61,8P 

61,8P 
MICROPROCESSOR PERIPHERALS 

61,8P M 

1Kx8 7R,9N ci ~ 
(i) Z ::J II) 

c 1U c 

I 1Kx8 7R,9N 0 w & it 
:g (,) 

'0 :> .lI: 
1Kx8 7R,9N c E ci ~ ::J W ~ u.. 0 Z Q. 
2Kx8 7R,9N 

2Kx8 7R,9N USART F3843 C 28 8E,9Y 

2Kx8 7R,9N Synchronous Protocol Communications F3846(1) C 40 61,8P 
Controller F6856 

8E,9Y 1. To be announced. 
8E,9Y 2. F6809 supports the F6800 instruction set but also has enhanced instructions and additional hardware 

8E,9Y 
features. 

3. C = Commercial temperature range. 
61,8P 

61,8P 

61,8P 

2Kx8 61,8P 

2Kx8 61,8P 

2Kx8 61,8P 

61,8P 
-

--------
___ 6~8_P __ .. 
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F6800 MICROPROCESSING UNIT (MPU) 

GENERAL DESCRIPTION - The F6800 is a monolithic 8-bit microprocessor forming 
the central control function for Fairchild's F6800 family. Compatible with TTL, the 
F6800, as with all F6800 system parts, requires only one 5.0 V power supply and no 
external TTL devices for bus interface. 

The F6800 is capable of addressing 65K bytes of memory with its 16-bit address lines. 
The 8-bit data bus is bi-directional as well as 3-state, making direct memory addressing 
and multiprocessing applications possible. Two temperature ranges are available. The 
F6800 is O°C to 70°C and the F6800C is _40°C to +85°C. 

• HIT PARALLEL PROCESSING 
• BI-DIRECTIONAL DATA BUS 
• Ui·BlT ADDRESS BUS - 66K BYTES OF ADDRESSING 
• 72 INSTRUCTIONS - VARIABLE LENGTH 
• SEVEN ADDRESSING MODES - DIRECT, RELATIVE, IMMEDlATE,INDEXED, EXTENDED. 

IMPLIED AND ACCUMULATOR 
• VARIABLE LENGTH STACK 
• VECTORED RESTART 
• MASKABLE INTERRUPT VECTOR 
• SEPARATE NON-MASKABLE INTERRUPt -INTERNAL REGISTERS SAVED IN STACK 
• SIX INTERNAL REGISTeRS - TWO ACcuMULATORS, INDEX REGISTER, PROGRAM 

COUNTER, STACK POINTER AND CONDITION CODE REGISTER 
• DIRECT MEMORY ADDRESSING COMA) AND MULTIPLE PROCESSOR CAPABILITY 
• CLOCK RATES 1 MHz,1.5MHz,2MHz 
• SIMPLE BUS INTERFACE WITHOUT TTL 
• HALT AND SINGLE INSTRUCTION EXECUTION CAPABILITY 
• TWO TEMPERATURE RANGES - F6800 O"c TO 70"C 

F6800C -4O"C TO +86"c 

CLOCIC •• 1 3 _..-Ir----..., 
CLOCK. f2 " 

--":INTE __ I 

HALf 2 

INTERIM'!' IIEOUIST UROI 4 

HTATl COKI1IOL I'/lICI • 

_AVAlI.AllLEIIIAI 1 

VAUD __ VADDIWIS(VMAI 5 

IlEADlWllrrE 'R/WI 34 

Vee = Pin 8 
Vss = Pins 1. 21 

DATA 
BUFFER 

F6800 MPU 

F6802 MICROPROCESSING UNIT (MPU) WITH ~AM AND CLOCK 

GENERAL DESCRIPTION-The F6802 is a monolithic 8-bit microprocessor that con­
tains all the registers and accumulators of the present F6800 plus an internal clock 
oscillator and driver on the same chip. In addition, the F6802 has 128 bytes of RAM on 
board located at hex addresses 0000 to oo1F. The first 32 bytes of RAM, at hex addres­
ses 0000 to 00lF, may be retained in a low power mode by utilizing Vee standby, thus 
facilitating memory retention during a power-down situation. 

The F6802 is completely software compatible with the F6800 as well as the entire 
F6800 .family 01 parts. Hence, the F6802 is expandable to 64K words. 

• ON-CHIP CLOCK CIRCUIT 
• 128 II 8-BIT ON-CHIP RAM 
• 32 BYTES OF RAM ARE RETAINABLE 
• SOFTWARE-COMPATIBLE WITH THE F8800 
• EXPANDABLE to 14K WORDS 
• STANDARD TTL-COMPATIBLE INPUTS AND OUTPUTS 
., 1I-81T WORD SIZE 

• 111-BIT MEMORY ADDRESSING 
• INTERRUPT CAPABILITY 
• TWO TEMPERATURES AANGES-FN02 O·C to ro·e 

FN02C -40° C 10 es· C 

F6810 RANDOM ACCESS MEMORY (RAM) 

GENERAL DESCRIPTION - F6810 is a byte-organized memory designed for use in 
bus-organized systems. It is fabricated with N-channel silicon-gate technology. For ease 
of use, the device operates from a single power supply, has compatibility with TTL and 
DTL. and needs no clocks or refreshing because of static operation. 

The memory is compatible with the F6800 Microcomputer Family, providing random 
storage in byte increments. Memory expansion is provided through multiple Chip Select 
inputs. 

• ORGANIZED AS 128 BYTES OF EIGHT BITS 
• STATIC OPERATION 
• BI-OIRECTIONAL 3-STATE DATA INPUT/OUTPUT 
• SIX CHIP SELECT INPUTS IFOUR ACTIVE LOW, TWO ACTIVE HIGH} 
• SINGLE 5 V POWER SUPPLY 
• TTL COMPATIBLE 
• MAXIMUM ACCeSS TIME - 360 lIS - F681()'1 

450 lIS - F6810 

1888 

IaIOfIY IIEADY 3 

ENUI.E " 
1I!Irl' «I 

IIIiHIlliiillLI IiMJIIIl#f • 
lW:T z 

"'lIn!IIIUPr~ 4 

"At. 31 

ElITAL • 

_AVM.AIIL£ 

VALID ....aft, AIXlIIEIII 

IIEADIWIIiI'ft 34 

Vee = Ptn. B. 35 
Vss = Pin. 1. 21 

Au 23 
Al 22 

At 21 
A3 :III 

A4 ,. 
As ,. 
Ae 11 

CIs 15 
CIt 14 

CS:J 13 

Cia 12 
cs, 11 

CSo 10 

AI5 ",. "13 "12 An "10 At As 
25 24 23 22 20 1. 1. 17 

2527.2530313233 
07 De Os O. 03 02 0, Do 

F6802 MPU 

F8810 RAM 

", As As A4 A3 A2 ", At ,.,.,.,3121,10. 

Do 
Dl 
OJ 
D:I 
0. 
Do 
Do 
OJ 

@Ie MASTER 1979 



. F6821 PERIPHERAL INTERFACE ADAPTOR (prA) 

GENERAL DESCRIPTION - The F6821 Peripheral Interface Adapter provides the uni­
versal means of interfacing peripheral equipment to the F6800 Microprocessing Unit 
(MPU). This device is capable of interfacing the MPU tQ peripherals through two 8-bit 
bi-directional peripheral data buses and four control lines. No external logic is required 
for interfacing to most peripheral devices. --

The functional configuration of the PIA is programmed by the MPU during 'system 
initialization. Each of the peripheral data lines can be programmed to act as an input or 
output, and each of the four control/interrupt lines may be programmed for one of 
several control modes. This allows a high degree of flexibility in the overall operation of 
the interface. 

• 8-BlT BI-DfRECTIONAL OATA BUS FOR COMMUNICATION WITH THE MPU 
• TWO BI-DIRECTIONAL 8-BlT BUSES FOR INTERFACE TO PERIPHERALS 
• TWO PROGRAMMABLE CONTROL REGISTERS 
• TWO PROGRAMMABLE DATA DIRECTION REGISTERS 
• FOUR INDIVIDUALLY·CONTROLLED INTERRUPT INPUT LINES; TWO USABLE AS 

PERIPHERAL CONTROL OUTPUTS 
• HANDSHAKE CONTROL LOGIC FOR INPUT AND OUTPUT PERIPHERAL OPERATIQN 
• HIGH IMPEDANCE J-STATE AND DIRECT TRANSISTOR DRIVE PERIPHERAL LINES 
• PROGRAM CONTROLLED INTERRUPT AND INTERRUPT DISABLE CAPABILITY 
• CMOS DRIVE CAPABILITY ON SIDE A PERIPHERAL LINES 

F68308 READ ONLY MEMORY (ROM) 

GENERAL DESCRIPTION - The F68308 is a mask-programmable byte-organized 
memory designed for use in bus-organized systems. It is fabricated with n-channel 
Silicon-gate technology. For ease of use, the device operates from a single power 
supply, has compatibility with TTL and DTL, and needs no clocks or. refreshing 
because of static operation. 

The memory is compatible with the F6800 Microcomputer Family, providing read only 
storage in byte increments. Memory expansion is provided through multiple Chip 
Select inputs. The active level of the Chip Select inputs and the memory content are 
defined by the customer. 

• ORGANIZED AS 1024 BYTES OF 8 BITS 
• STATIC OPERATION 
• 3-STATE DATA OUTPUT 
• MASK-PROGRAMMABLE CHIP SELECTS FOR SIMPLIFIED MEMORY EXPANSION 
• SINGLE 5 V POWER SUPPLY 
• TTL COMPATIBLE 
• MAXIMUM ACCESS TIME = 500 ns 
• 350 mW TYPICAL POWER DISSIPATION 
• PIN COMPATIBLE WITH 2708 EPROM 

F68316 READ ONLY MEMORY (ROM) 

GENERAL DESCRIPTION - The Fairchild F68316 is a mask-programmable byte­
organized .MOS Read Only Memory designed for use in bus-organized systems 
requiring non-volatile data storage. It is fabricated with n-channel silicon-gate 
technology. For ease of use, the F68316 operates from a single 5 V power supply, inputs 
and outputs are TTL and DTL compatible, and the device needs no clocks or refreshing 
because of its static operation. 

The F68316 is compatible with Fairchild's F6800 Microcomputer Family providing read 
only storage in byte increments. To facilitate memory expansion, the device contains 
three programmable Chip Select inputs providing any combination of active HIGH or 
LOW or an optional DON'T CARE state coupled with output OR-TIE capability. Chip 
select code and rnemory content are defined by the user and are fixed during the 
masking process. 

The F68316 provides maximum circuit density, reliability and performance yet 
maintains low power dissipation and yields significant cost advantages over an 
EPROM approach. 

• COMPLETELY STATIC OPERATION 
• 2048 x 8-BlT BUS COMPATIBLE ORGANIZATION 
• SINGLE 5 VOLT POWER SUPPLY 
• TTL AND DTL COMPATIBLE INPUTS 
• 3-STATE DATA OUTPUTS 
• OR-TIE CAPABILITY 
• THREE PROGRAMMABLE CHIP SELECTS FOR SIMPLIFIED MEMORY EXPANSION 

• MAXIMUM ACCE~S TIME = 500 ns 
• PIN COMPATIBLE WITH F2708 PROM 
• DIRECTLY COMPATIBLE WITH 2316£ 
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F6840 PROGRAMMABLE TIMER (PTM) 

GENERAL DESCRIPTION-The F6840 is a programmable subsystem component of 
the F6800 family designed to provide variable system time intervals. 

The F6840 has three 16-bit binary counters, three corresponding control registers and 
a status register. These counters are under software control and may be used to cause 
system interrupts and/or generate output signals. The F6840 may be utilized for such 
tasks as frequency measurements, event counting, interval measuring and similar 
tasks. The device may be used for square wave generation, gated delay signals, single 
pulses of controlled duration, and pulse width modulation as well as system 
Interrupts: 

• OPERATES FROM A SINGLE 5 VOLT POWER SUPPI. Y 

• FULLY TTL COMPATIBLE 
• SINGLE SYSTEM CLOCK REQUIRED (ENABLE) 

• SELECTABLE PRESCALER ON TIMER 3 CAPABLE OF A 4 MHz 
INPUT 

• PROGRAMMABLE INTERRUPTS (fim) OUTPUTS TO MPU 

• READABLE DOWN COUNTER INDICATES COUNTS TO GO 
TO TIME-OUT 

• SELECTABLE GATING FOR FREQUENCY OR PULSE-WIDTH 
COMPARISON 

'~INPUT 

• THREE ASYNCHRONOUS EXTERNAL CLOCK AND GATE! 
TRIGGER INPUTS INTERNALLY SYNCHRONIZED 

• THREE MASKABLE OUTPUTS 

F6846 ROM-I/O-TIMER 

GENERAL DESCRIPTION-The F6846 combination chip provides the means, in con­
junction with the F6802, to develop a basic 2-chip microcomputer system. The F6846 
consists of 2048 bytes of mask programmable ROM, an 8-bit bi-directional data port 
with control lines, and a 16-bit programmable mner-counter. 

This device is capable of interfacing with the F6802 (basiC F6800, clock and 128 bytes of 
RAM) as well as the F6800 if desired. No external logic is required to interface with most 
peripheral devices. 

• 2048 8-BlT BYTES OF MASK-PROGRAMMABLE ROM 
• 8-BlTBI-DlRECTIONAL DATA PORT FOR PARALLEL INTERFACE PLUS TWO CONTROL UNES 
• PROGRAMMABLE INTERVAL TIMER-COUNTER FUNCTIONS 
• PROGRAMMABLE 110 PERIPHERAL DATA, 'CONTROL AND DIRECTION REGISTERS 
• COMPATIBLE WITH THE COMPLETE A800 MICROCOMPUTER PRODUCT FAMILY 
• TTL-COMPATIBLE DATA AND PERIPHERAL UNES 
• SINGLE 5 VOLT POWER SUPPLY 

-ih ... Progr.m ........ 

F68488 GENERAL PURPOSE INTERFACE ADAPTER (GPIA) 

GENERAL DESCRIPTION-The F68488 GPIA provides the means to interface between 
the IEEE 488 standard instrument bus and the F6800. The 488 instrument bus provides a 
means for controlling and moving data from complex systems of multiple instruments. 

The F68488 will automatically handle all handshake protocol needed on the instrument 
bus. 

• SINGLE OR DUAL PRIMARY ADDRESS RECOGNITION 
• SECONDARY ADDRESS CAPABILITY 
• COMPLETE SOURCE AND ACCEPTOR HANDSHAKES 
• PROGRAMMABLE INTERRUPTS 
• RFD HOLD-OFF TO PREVENT DATA OVERRUN 
• OPERATES WITH DMA CONTROLLER 
• SERIAL ANO PARALLEL POLLING CAPABILITY 
• TALK-ONLY OR LISTEN-ONLY CAPABIUTY 
• SELECTABLE AUTOMAtIC FEATURES TO MINIMIZE SOFTWARE 
• SYNCHRONIZATION TRIGGER OUTPUT 
• FI800 BUS COMPATIBLE 
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F6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTOR (ACIA) 

GENERAL DESCRIPTION - TheF6850 Asynchronous Communications Interface 
Adapter (ACIA) provides the data formatting and control to interface serial asynchronous 
data communications information to bus organized systems such as the F6800 Micro.. 
processing Unit. 

nEAOrWRITE IA/Wl 13 

CHlPSELECTOICSoJ • 

cHtPSELECT 1 (CS,) 10"""'" 

~1~19 

REGISTER SELECT IASJ 11 1----- 6 TRANSMIT DATA fTDRI 

1_>---- 24ClEAR·TO·SENO leTSI 

The bus interface of the F6850 includes select, enable, read/write, interrupt and bus 
interface logic to allow data transfer over an 8-bit bi·directional data bus. The parallel 
data of the bus system is serially transmitted and received by the asynchronous data 
interface, with proper formatting and error checking. The functional configuration of the 
ACIA is programmed via the data bus ·during system initialization. A programmable 
Control Register provides variable word lengths, clock division ratios, transmit control, 
receive control, and interrupt control. For peripheral or modem operation, three control 
lines are provided. These lines allow the ACIA to interface directly with the F6860 0-600 
bps digital modem. 

'-----.._----- 23 DATA CARRIER DETECT tDCOI 

• 8 AND 9-BIT TRANSMISSION 
• OPTIONAL EVEN AND ODD PARITY 0,15'" 

• PARITY, OVERRUN AND FRAMING ERROR CHECKING 
• PROGRAMMABLE CONTROL REGISTER 
• OPTIONAL +1, +16, AND +64 CLOCK MODES 
• UP TO 500 kbps TRANSMISSION 
• FALSE-START BIT DELETION 
• PERIPHERALIMODEM CONTROL FUNCTIONS 
• DOUBLE BUFFERED AECEIVECI..OCKIRxatl 3 ----------_ 

• ONE OR TWO STOP BIT OPERATION 

F6852 SYNCHRONOUS SERIAL DATA ADAPTOR (SSDA) 

GENERAL DESCRIPTION - The F6852 Synchronous Serial Data Adapter provides a bi­
directional serial interface for synchronous data information interchange. It contains 
interface logic for simultaneously transmitting and receiving standard synchronous com­
munications characters in bus organized systems such as the F6800 Microprocessor systems. 

The bus interface of the F6852 includes Select, Enable, Read/Write, Interrupt, and bus 
interface logic to allow data transfer over an 8-bit bi-directional data bus. The parallel 
data of the bus system is serially transmitted and received by the synchronous data inter- . 
face with synchronization, fill character insertion/deletion, and error checking. The func­
tional configuration of the SSDA is programmed via the data bus during system initializa­
tion. Programmable control registers provide control for var.iable word lengths, transmit 
control, receive control, synchronization control, and interrupt control. Status, timing 
and control lines provide peripheral or modem control. 

Typical applications include floppy disk controllers, cassette or cartridge ,tape controllers, 
data communications terminals, and numerical control systems. 

• PROGRAMMABLE INTERRUPTS FROM TRANSMITTER, RECEIVER, AND ERROR 
·DETECTION LOGIC 

• CHARACTER SYNCHRONIZATION ON ONE OR TWO SYNC CODES 
• EXTERNAL SYNCHRONIZATION AVAILABLE FOR PARALLEL-SERIAL 

OPERATION 
• PROGRAMMABLE SYNC CODE REGISTER 
• UP TO 600 KBPS TRANSMISSION 
• PERIPHERAL/MODEM CONTROL FUNCTIONS 
• THREE BYTES OF FIFO BUFFERING ON BOTH TRANSMIT AND RECEIVE 
• SEVEN, EIGHT, OR NINE BIT TRANSMISSION 
• OPTIONAL EVEN AND ODD PARITY 
• PARITY, OVERRUN, AND UNDERFLOW STATUS 

F6854 ADVANCED DATA LINE CONTROLLER (ADLC) 

GENERAL DESCRIPTION-The F6854/F68A54 ADLC perform the complex MPU/data . 
communication link function for the Advanced Data Communication Control Procedure 
(ADCCP), High Level Data Link Control (HDLC) and Synchronous Data Link Control 
(SDLC) standards. The ADLC provides key interface requirements with improved software 
efficiency. The ADLC is designed to provide the data communications interface for both 
primary and secondary stations in stand alone, polling and loop configurations. 

• F6800 COMPAnBLE 
• PROTOCOL FEATURES 

• AUTOMATIC FLAG DETECTION AND SYNCHRONIZATION 
• ZERO INSERTION AND DELETION 
• AUTOMATIC ADDRESS FIELD EXTENSION (OPTIONAL) 
• EXTENDED CONTROL FIELD (OPTIONAL) 
• AUTO EXTENDABLE LOGIC CONTROL FIELD (OPTIONAL) 
• VARIABLE WORD LENGTH INFO FIELD-5, 6, 7, OR 8-8IT 
• AUTOMATIC FRAME CHECK SEQUENCE GENERATION AND CHECK 
• ABORT DETECTION AND TRANSMISSION 
• IDLE DETECTION AND TRANSMISSION 

• MODEM/DATA CHANNEL CONTROL UNES 
• LOOP MODE 
• SINGLE 5 V POWER SUPPLY 
.EN~ED~EDOPn~~~ 
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F6856 SYNCHRONOUS PROTOCOL COMMUNICATIONS CONTROLLER (SPCC) 

DESCRIPTION - The F3846/F6856 Synchronous PrOtocol Communications Control­
ler ,SPCC· is a monolithic n-channel MOS-LSI circuit designed to satisly the major 
interlace requirements lor Bit Oriented I BOP, and Byte Control Protocols I BCPI. The 
SPCC converts parallel data lrom the CPU to a continuous serial data stream lor 
transmission. Simultaneously. it converts received serial data to parallel data lor the 
CPU. The SPCC is organized to intetlace with either an 8 or 16-bit bi-directional data 
bus. is fully TTL compatible and operates Irom a single +5 V suppyl. 

• FIS800 AND 8080 BUS COMPATIBLE 
• DC TO 1M BPS DATA RATE 
• LINE CONTROl PROTOCOLS 

BIT ORENTED PROTOCOLS (BOP): SOLC, ADCCP, HOLC 
BYTE CONTROl PROTOCOLS (BCP): BISYNC, DDCMP AND OTHER BCP 

• BIT ORENTED PROTOCOLS 
AUTOMATIC DETECTION AND GENERATION OF SPECIAL CONTROL SEQUENCES, 
I.e., FLAG, ABORT, GO-AHEAD 

ZERO INSERTION AND DELETION 
PRIMARY OR SECONDARY STATION SELECT 
GLOBAL ADDRESS 
AUTOMATIC EXTENDED ADDRESS 
ONE OR TWO CONTROl BYTES 
DATA CHARACTE~ LENGTH OF 5 TO 8-BITS WITH 1 TO 8-BIT RESIDUAL LAST 
CHARACTER 

CCm-cRC ERROR DETECTION 
IBM RETAIL STORE LOOP MODE 

• BYTE CONTROL PROTOCOl - BISYNC 
SPECIAL CHARACTER GENERATION: OLE, SYNC 
SPECIAL CHARACTER DETECTION: OLE, SYNC, SOH, STX, ITB, ETB, ETX 
USASCU OR EBCDIC 
NON-TRANSPARENT MODE AND TRANSPARENT MODE 
8-BIT CHARACTER LENGTH 
AUTOMATIC FILL CHARACTER INSERTION WITH SELEctABLE STRIPPING 
ccm OR CRe-l. ERROR DETECTION 

• BYTE CONTROL PROTOCOLS - DDCMP AND OTHER 
PROGRAMMABLE SYNC CHARACTERS 
5 TO II-BIT CHARACTER LENGTH 
SELECTABLE CAe ERROR DETECTION 
AUTOMATIC flu. CHARACTER INSERTION WITH SELECTABLE STRIPPING 

• DIRECTLY ADDRESSABLE PARAMETER CONTROl REGISTERS: MODE, SYNC/ADDRESS, 
TRANSMITTER CONTROL AND RECEIVER CONTROl 

• SEPARATE ADDRESSABLE STATUS AND DATA REGISTERS FOR RECEIVER AND TRANS-
MITTER 

• MODEM HANDSHAKE SIGNALS: RTS, CTS, DTR, DSR AND CARRIER DETECT (CD) 
• NRZ OR NAZI (ZERO COMPUMENTIifG) 
e FULL OR HALF DUPLEX OPERATION 
• SELF TEST LOOP MODE 
• • OR 111-B1T Bl-DlRECTIONAL 3-STATE DATA BUS 

• TTL COMPATIBLE 
• SINGLE +5 V SUPPLY 
• 4O-PIN PACKAGE 

---IIMS--

D,rI),. 

i5 

.AcrA2 
.YTE 

lIIW(iiIIl 

-(l1li1 
CI 

IIIIOF -IIIR 
tarT 

F6856 SPCC 

---IIMS--

IIIl: 
!!TIl 
ell 

l51li 
m 

IifI 
TCU 

Tab 

ACIJ( 

II1II 

F3843 UNIVERSAL SYNCHRONOUS ASYNCHR.ONOUS RECEIVER TRANSMITTER (USART) 

GENERAL DESCRIPTION -The F3843 is a programmable. lull duple~ Universal Synchrcr 
nous or Asynchronous Receiver and Transmitter ,USART, designed lor use in data com­
munications systems. This device provides the interlace between the bus-oriented format 
01 the controller and the serial format of the peripheral unit. The programming inputs of 
the USART determine the transmission mode, character length, Iraming format, parity 
mode and baud rate. 

The F3843 is manufactured with the n-channel Isoplanar silicon gate process. and is 
available in both plastic and ceramic 28-pin dual in-line packages as well as in commercial 
and military temperature ranges. 

;. 5, 6, 7, or &-BIT SELECTABLE CHARACTER LENGTH 
• ODD OR EVEN PARITY GENERATION AND CHECKING 
• SELECTED NUMBER OF STOP BITS (I, 1 1/2,2) IN ASYNCHRONOUS MODE 
• SEPARATE RECEIVER AND TRANSMITTER CLOCKS 
• SELECTABLE CLOCK RATES (16x, 32x, or 64x BAUD RATES) 
• STATIC OPERATION-NO MINIMUM FREQUENCY 
• MAXIMUM BAU" RAT~: (3M3-1OC) 

Ix CLOCK (SYNC MODE) - 320K BAUD 
16x CLOCK (ASYNC MODE) 20K BAUD 
32x CLOCK (ASYNC MODE) - 10K BAUD 
64x CLOCK (ASYNC MODE) - 5K BAUD 

• ERROR FLAGS: OVERRUN, PARITY, AND FRAMING ERRORS 
• HARDWARE AND SOFTWARE STATUS FLAGS FOR BOTH RECEIVER AND TRANSMITTER 

STATUS 
• DOUBLE BUFFERED, FULL DUPLEX OPERATION 
• EXTERNAl. OR INTERNAl. (ONE OR TWO SYNC WORDS) SYNCHRONIZATION 
• TTL COMPATIBLE INPUTS AND OUTPUTS 
• 3-STATE DATA BUS WITH OR-TIE CAPABIUTY 
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BIPOLAR MICROCOMPUTER PRODUCTS 

The Fairchild line of bipolar microcomputer products includes the established 9400 4-Bit LSnUI3L 
famiiy and the F2900 4-Bit LSTTL family. These components, when used in microprogrammed con­
troller/computer applications, offer the benefits of MSI/LSI and microprogramming. 

The 9400 family consists of two sub-groups: 

1. Devices produced for dedicated peripheral systems such as 9401/411 Cyclic Redundancy 
Checker/Generator and the 9403/9423 Serial-Parallel high speed FIFO. 

2. Devices for mrcroprogrammed controller applications Data Path Switch/ ALRS and the 
13L 9408 Microprogram Sequencer. 

4-BIT BIPOLAR MICROPROCESSOR FAMILY 

LSI PERIPHERAL LOGIC ELEMENTS 

Maximum 
Power Frequency Power Logicl 

DEVICE Supply MHz mW Connection 
Item NO. Functional Description V (Typ) (Typ) Diagram Package(s) 

1 9401/9411 16-Bit Cyclic Redundancy 5.0 18 350 P26 7A,9A 
Generator/Checker 

2 9403 16x4-Bit Serial/Parallel 5.0 10 575 P27 6Q,9U 
FIFO Buffer Memory 

3 9423 64x4-Bit Serial/Parallel 5.0 8.0 750 P27 6Q,9U 
FIFO Buffer Memory 

BIT SLICE MICROPROCESSORS 

Maximum 
Power Frequency Power Logic/ 

DEVICE Supply MHz mW Connection 
Item NO. Functional Description V (Typ) (Typ) Diagram Package(s) 

4 9404 Data Path Switch 5.0 10 300 P28 6Q,9U 

5 9405A 4-Bit Arithmetic Logic 5.0 13 550 P29 6Q,9U 
Register Stack (CPU slice with 
8 Registers) 

6 9406 16x4 push-down 5.0 10 500 P30 6Q,9U 
pop-up Program Stack 

7 9407 Data Access Register 5.0 10 450 P31 6Q,9U 
(PC, SP and operand pointer) 

8 9408 10-Bit Microprogram 5.0 7.0 650 P32 61,8P 
Sequencer/Controller 
(pipeline capability) 

9 9408A 10-Bit Microprogram 5.0 10 650 P32 61,8P 
Sequencer/Controller 
(pipeline capability) 

10 9410 Register Stack 5.0 25 375 P33 7D,9M 
(16x4 RAM with output 
latch) 

11 F2901AI 4-Bit CPU Slice, 5.0 . 10 800 P47 61,8P 

9409 (16 Registers) 
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9401 
CRC GENERATOR/CHECKER 

FAIRCHILD TTL MACROLOGIC 
DESCRIPTION - The 9401 Cycle Redundancy Check (CRC) Generator/Checker provides 
an advanced tool for implementing the most widely used error detection scheme in serial 
digital data handling systems. A 3-bit control input selects one-of-eight generator poly­
nomials. The list of polynomials includes CRC-16 and CRC-CCITT as well as their reci­
procals (reverse polynomials). Automatic right justification is incorporated for polynomi­
als of degree less than 16. Separate clear and preset inputs are provided for floppy disc 
and other applications. The Error output indicates whether or not a transmission error 
has occurred. Another control input inhibits feedback during check word transmission. 
The 9401 is fully compatible with all TTL families. 

• GUARANTEED 10 MHz DATA RATE 
• EIGHT SELECTABLE POL YNOMIALS 
• ERROR INDICATOR 
• SEPARATE PRESET AND CLEAR CONTROLS 
• AUTOMATIC RIGHT JUSTIFICATION 
• FULLY COMPATIBLE WITH ALL TTL LOGIC FAMILIES 
• 14-PIN PACKAGE 
• TYPICAL APPLICATIONS: 

FLOPPY AND OTHER DISC STORAGE SYSTEMS 
DIGITAL CASSETTE AND CARTRIDGE SYSTEMS 
DATA COMMUNICATION SYSTEMS 

PIN NAMES 

eWE 
p 
MR 
Q 

ER 

NOTES: 

Polynomial Select Inputs 

Data Input 

Clock (Operates on HIGH-to­
LOW Transition) Input 

Check Word Enable Input 
Preset (Active LOW) Input 
Master Reset (Active HIGH) Input 
Data Output (Note b) 
Error Output (Note b) 

a. 1 TTL Unit load (U.lJ = 40J.lA HIGHI1.6 mA lOW. 

LOADING (Note a) 

HIGH LOW 

1.0 U.L. 0.23 U.L. 

1.0 U. L. 0.23 U. L. 

1.0 U.L. 

1.0 U.L. 

1.0U.L. 

1.0 U.L. 
10 U.L. 

10 U.L. 

0.23 U.L. 

0.23 U.L. 
0.23 U.L. 

0.23 U.L. 

5 U.L. 

5 U.L. 

b. The output lOW drive factor is 2.5 U.l. for Military (XM) and 5 U.l. for Commercial (XC) 
Temperature Ranges. 

464 ELLIS STREET, MOUNTAIN VIEW, CALIFORNIA 94042 (415) 962-50111TWX 910-379-6435 

11 

LOGIC SYMBOL 

3 5 8 10 

Vcc = Pin 14 

GND = Pin 7 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 

Pins 6 and 9 not connected. 

NOTE: 

12 

13 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-line Package. 

BLOCK DIAGRAM 

POLYNOMIAL 3 
SELECT 

CHECK 
WORO 

ENABLE 10 

PRESET 2 

DAtA 11 

CLOCK 1 

MASTER 
RESET 4 

Vcc = Pin 14 
GND = Pin 7 

F=~IROHILC 

t'1977 Fairch·ild Camera and Instrument Corporation Printed in U.S.A 

Manufactured under cine or more of the following U.S. Patents: 2981877, 3015048, 3025589, 3064167, 3108359, 3117260; other patents pending. 
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FAIRCHILD • 9401 

FUNCTIONAL DESCRIPTION - The 9401 is a 16-bit programmable device which operates on serial data streams and pro­
vides a means of detecting transmission errors. Cyclic encoding and decoding schemes for error detection are based on poly­
nomial manipulation in modulo arithmetic. For encoding, the data stream (message polynomial) is divided by a selected 
polynomial. This division results in a remainder which is appended to the message as check bits. For error checking, the bit 
stream containing both data and check bits is divided by the same selected polynomial. If there are no detectable errors, this 
division results in a zero remainder. Although it is possible to choose many generating polynomials of a given degree, stand· 
ards exist that specify a small number of useful polynomials. The 9401 implements the polynomials listed in Table 1 by 
applyil')g the appropriate logic levels to the select pins 50, 51 and 52. 

The 9401 consists of a 16-bit register, a Read Only Memory (ROM) and associated control circuitry as shown in the block 
diagram. The polynomial control code presented at inputs So, 51 and 52 is decoded by the ROM, selecting the desired 
polynomial by establishing shift mode operation on the register with Exclusive OR gates at appropriate inputs. To generate 
the check bits, the data stream is entered via the Data inputs (D), using the HIGH-to-LOW transition of the Clock input (CP). 
This data is gated with the most significant output (Q) of the register, and controls the Exclusive OR gates (Figure 1). The 
Check Word Enable (CWE) must be held HIGH while the data is being entered. After the last data bit is entered, the CWE is 
brought LOW and the check bits are shifted out of the register and appended to the data bits using external gating (Figure 2). 

To check an incoming message for errors, both the data and check bits are entered through the D input with the CWE input 
held HIGH. The 9401 is not in the data path, but only monitors the messag~The Error Output becomes valid after the last 
check bit has been entered into the 9401 by a HIGH-to-LOW transition of CPo If no detectable errors have occurred during 
the data transmission, the resultant internal register bits are all LOW and the Error Output (ER) is LOW. If a detectable error 
has occurred, ER is HIGH. 

A HIGH on the Master Reset input (MR) asynchronously clears the register. A LOW on the Preset input (P) asynchronously 
sets the entire register it" the control code inputs specify a 16-bit polynomial; in the case of 12 or 8-bit check polynomials 
only the most significant 12 or 8 register bits are set and the remaining bits are cleared. 

TABLE 1 

SELECT CODE 
POLYNOMIAL REMARKS 

S2 S1 So 

L L L X16+X15+X2+1 CRC-16 

L L H x16+X14+X+l CRC-16 REVERSE 

L H L X 16+x 15+x13+X7 +X4+X2+X 1+1 

L H H X12+xll+x3+x2+X+l CRC-12 

H L L x8+x7+x5+x4+X+l 

H L H x8+1 LRC-8 

H H L X16+X12+X5+1 CRC-CCITT 

H H H X16+xll+x4+1 CRC-CCITT REVERSE 

D------------------------------------------------------------------------------~ 

p~~----~------~--------~-+----------~----------~ 

D Q D Q D 

1 ~ lS 

~~~-+----+----;----~----r------r----+-------~----~----+------+----~ 
ep----~+_~--------4---------~----~~------------+---------~----~ 

eWE --.,....---+---------------------~-----------------------------~------------___, 

Fig. 1 
EQUIVALENT CIRCUIT FOR X16+X15+)(2+1 
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9403/9423 
FIRST-IN FIRST-OUT (FIFO) BUFFER MEMORY 

FAIRCHILD TIL MACROLOGIC 

DESCRiPtiON - The 9403/9423 is an expandable fall-through type high-speed First-In 
First-Out (FIFO) Buffer Memory optimized for high speed disc or tape controllers and 
communication buffer applications. It is organized as 16 or 64 words by four bits 
and may be expanded to any number of words or any number of bits (in multiples 
of four). Data may be entered or extracted asynchronously in serial or parallel, allow­
ing economical implementation of buffer memories. 

The 9403/9423 has 3-state outputs which provide added versatility and is fully com­
patible with all TIL families. 

• 10 MHz SERIAL OR PARALLEL DATA RATE 
• SERIAL OR PARALLEL INPUT 
• SERIAL OR PARALLEL OUTPUT 
• EXPANDABLE WITHOUT EXTERNAL LOGIC 

• 3-ST ATE OUTPUTS 
• FULLY COMPATIBLE WITH ALL TTL FAMILIES 

• SLIM 24:PIN PACKAGE 

BLOCK DIAGRAM 

CDDS------------------------~ 

0 PL-­o CPSI o iEs 
@ iTS 

INPUT 
CONTROL 

STACK 
CONTROL 

14 X 4 STACK 

@w----------------q~~----~~J~]~} 

VDD = Pin 24 

Vss = Pin 12 

o = Pin Numbers 

1<1977 Fairchild Camera and Instrument Corporation 

0 3 O2 0 1 00 

@@@@ 

Printed in U.S.A. 

@ 

@ 

464 IELL.S STREET, MOUNTAIN VIEW, CALIFORNIA, 94042 (415) 962-5011ITWX 910-379-6435 

1896 

10 

13 

14 

15 

16 

11 

LOGIC SYMBOL 

7 6 5 4 3 

11 18 19 20 21 n 

Vcc = Pin 24 

GND = Pin 12 

IRF 

ORE 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

IRF Vee 

Pl ORE 

Do Os 

01 00 

02 01 

03 02 

Os 03 

em EO 

IES CPSO 

TTS OES 

MR TOS 

GNO TOP 

NOTE: 
The F latpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-line Package. 

F=J:\I R CHI L.C 
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FAIRCHILD· 9403/9423 

PIN NAMES 

PIN 
NAME 

00- 03 

Os 
PL 

CPS I 
IES 
ITS 

. OES 

TOS 

TOP 

MR 
EO 
CPSO 

00- 03 
aS 
IRF 
ORE 

OESCR IPTION 

Parallel Data Inputs 
Serial Data Input 
Parallel Load Input 

Serial Input Clock 
Serial Input Enable 
Transfer to Stack Input 
Serial Output Enable Input 
Transfer Out Serial Input 

Transfer Out Parallel Input 

Master Reset 
Output Enable 
Serial Output Clock Input 
Parallel Data Outputs 
Serial Data Output 
Input Register Full Output 
Output Register Empty Output 

COMMENTS 

HIGH on PL enables DO - 03' Not edge triggered. 
Ones catching. 
Edge triggered. Activates on falling edge. 
Enables serial and parallel input when LOW. 
A LOW on this pin initiates fall through. 
Enables serial and parallel output when LOW. 
A LOW on this pin enables a word to be transferred 
from the stack to th~ output register. (TOP must be 
HIGH also for the transfer to occur). Not edge 
triggered. 
A HIGH on this pin enables a word to be transferred 
from the stack to the output register. (TOS must be 
LOW for the transfer to occur). Not edge triggered. 
Active LOW. 
Active LOW. 
Edge triggered. Activates on falling edge. 

LOW when input register is full (Note b). 
HIGH when output register contains valid data. 

FUNCTIONAL DESCRIPTION - As shown in the block diagram the 9403/9423 consists of three sections: 

1. An Input Register with parallel and serial data inputs as well as control inputs and outputs for input handshaking 
and expansion. 

2. A 4-bit wide, 14 or 62 word deep fall-through stack with self-contained control logic. 
3. An Output Register ~ith parallel and serial data outputs as well as control inputs and outputs for output handshaking 

and expansion. 

Since these three sections operate asynchronously and almost independently, they will be described separately below: 

Input Register (Data Entry): 
The Input Register can receive data in either bit-serial or in 4~bit parallel form. It stores this data until it is sent to the fall­
through stack and generates the necessary status and control signals. 

Figure 1 'is a conceptual logic diagram of the input section. As described later, this 5-bit register is initialized by setting the F3 
flip-flop and resetting the other flip-flops. The a-output of the last flip-flop (FC) is brought out as the II Input Register Full" 
output (lRF). After initialization this output is HIGH." 

Parallel Entry - A HIGH on the PL input loads the 00.- 03 inputs into the FO - F3 flip-flops and sets the FC flip-flop. This 
forces the IRF output LOW indicating that the input register is full. During parallel entry, the CPSI input must be LOW. If 
parallel expansion is not being implemented, IES must be LOW to establish row mastership (see Expansion section). 
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FAIRCHILD • 9403/9423 

r-----------INPUT DATA------------. 

D2 

PL--~~----------------~~--------~~------~_.--------~ 

INIT!ALlZE -~~---_--.., 

DS -----t---I 

~----~~~--~-+------------~--------~--------+~ 
CPSI ----------t_" 

INPUT REG - STACK --------_~-------__ +._-------.......11__------_ 
(PULSE DERIVED FROM TTSI 

-Fig. 1 
CONCEPTUAL INPUT SECTION 

IRF 

Serial Entry - Data on the Os input is serially entered into the F3, F2, Fl, FO, FC shift registe~ on each HIGH-to-LOW tran­
sition of the CPSI clock input, provided IES and PL are LOW. 

After the fourth clock transition, the four data bits located in the four flip-flops FO - F3. The FC flip-flop is set, forcing the 
IRF output LOW and internally inhibiting CPSI clock pulses from effecting the register. Figure 2 illustrates the final positions 
in a 9403 resulting from a 64-bit serial bit train. BO is the first bit. B63 the last bit. Similar operation can be 
developerl for 9423. 
Transfer to the Stack -The outputs of Flip-Flops FO - F3 feed the stack. A LOW level on the TTS input initiates a "fall­
through II action. If the top location of the stack is empty, data is loaded into the stack and the input register is re-initialized. 
Note that this initialization is postponed until PL is LOW agaiA. Thus, automatic FIFO action is achieved by connecting the 
I R F output to the TTS input. 

An AS Flip-Flop (the Request Initialization Flip-Flop shown in Figure 10) in the control section records the fact that data 
has been transferred to the stack. This prevents multiple entry of the same word into the stack despite the fact the IRF and 
TTS may still be LOW. The Request Initialization Flip-Flop is not cleared until PL goes LOW. Once in the stack, data falls 
through the stack automatically, pausing only when it is necessary to wait for an empty next location. In the 9403, as in 
most modern FIFO designs, the MR input only initializes the stack control section and does not clear the data. 

1898 

INPUT 
R!Q.'~1J'!! ____________ _ 

OUTPUT 
REGISTER 

9403 

Fig. 2 
FINAL POSITIONS IN A 9403 RESULTING 

FROM A 64-BIT SERIAL TRAIN 
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FAIRCHILD·· 9403/9423 

Output Register (Data Extraction) - The Output Register receives 4-bit data words from the bottom stack location, stores it 
and outputs data on a 3-state 4-bit.parallel data bus or on a 3-state serial data bus. The output section generates and receives 
the necessary status and control signals. Figure 3 is a conceptual logic diagram of the output section. 

r---------OUTPUT FROM STACK-----------, 

LOAD FROM ST ACK 

INITIALIZE 

C~O----~~~ ____ ~~ __ ~ ____________ ~------------~----------~~ 

OES--__ _ 

MR _--"!r--... 

TOP ~--~------_;-------------r------------+_----------+_----~ 

EO 

Fig. 3 
CONCEPTUAL OUTPUT SECTION 

Parallel Data Extraction:" When the FIFO is empty aft~r a LOW pulse is applied to MR, the Output Register Empty (ORE) 
output is LOW. After data has been entered into the FIFO and has fallen through to the bottom stack location, it is trans­
ferred into the Output Register provided the "T~ansfer Out Parallel" (TOP) input is HIGH. As a result of the data, transfer 
ORE goes HIGH, indicating valid data on the data outputs (provided the 3-state buffer is enabled). TOP can now be used to 
clock out the next word. When TOP goes LOW, ORE will go LOW indicating that the output data has been extracted, but the 
data itself remains on the output bus until the next HIGH level at TOP permits the transfer of the next word (if available) 
into the Output Register. During parallel data extraction CPSO should be LOW. TOS should be grounded for single slice oper­
ation or connected to the appropriate ORE for expanded operation (see Expansion section). 

TOP is not edge triggered. Therefore, if TOP goes HIGH before data is available from the stack, but data does become avail­
able before TOP goes LOW again, that data will be transferred into the Output Register. However, internal control circuitry 
prevents the same data from being transferred twice. If TOP goes HIGH and returns to LOW before data is available from 
the stack, ORE remains LOW indicating that there is no valid data at the outputs. 

Serial Data Extraction - When the FIFO is empty after a LOW pulse is applied to MR, the Output Register Empty (ORE) out­
put is LOW. After data has been entered into the FIFO and has fallen through to the bottom stack location, it is transferred 
into the Output Register provided TOS is LOW and TOP is HIGH. As a result of the data transfer ORE goes HIGH indicating 
valid data in the register. The 3-state Serial Data Output, OS, .is automatically enabled and puts the first data bit on the out­
put bus. Data is serially shifted out on the HIGH-to-LOW transition of CPSO. To prevent false shifting, CPSO should be LOW 
when the new word is being loaded into the Output Register. The fourth transition empties the shift register, forces ORE out­
put LOW and disables the serial output, Os (refer to Figure 3). For serial operation the ORE output may be tied to the TOS 
input, requesting a new word from the stack as soon as the previous one has been shifted out. 
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FAIRCHILD • 9403/9423 

Horizontal and Vertical Expansion - The 9403 and 9423 can be expanded In both the horrzontaland vertical directions 
without any external parts and without sacrificing any of Its FIFO's flexibility for serral/parallel input and output. The 
interconnections necessary to form a 31-word by 16-bit FIFO are shown in Figure 4. Using the same technique, any 
FIFO of (15m + 1) words by (4n) bits can be constructed, where m IS the' number of devices In a column and' n is 
the number of devices in a row. 

Figures 5 and 6 show the timing diagrams for serial data entry and extraction for the 31-word by 16-bit FIFO shown 
in Figure 4. The final position of data after serial insertion of 496 bits into the FIFO array of flyure 4 is shown in 
Figure 7. 

All applications shown for 9403 can be adapted to the 9423 with the depth of the stock being 64 locations rather 
than the 16 locations of 9403. 

DUTPUT 
ENABLE 
OUTPUT 
CLOCK 

DUMP 

1900 

SERIAL DATA INPUT 

PARALLE L LOAD 

INPUT CLOCK 

r-~ 
L.....o 

~ 

I ~ 
--
MR 

'L..c 

~ 
L.--c 

L....--o 

r---<l 
,--<l 

-:-

r----------------------------PARALLELDATAINPUT----------------------~------~ 

I D3 D2D1 DO D7D6D5D4 D11DlOD9DS D15 DI4 D 13 D121 

11 
; 

+ 
PL DSD3D2D1DO 

f-<l 
PL DSD3D2D1DO 

t-o 
PLDSD3D2D1DO 

f-<l 
PL DSD3D2D1DO OK TO 

TTS .--- TTS .--- TTS r-- TTS LOAD 
IES IRF IES IRF IES IRF IES IRF jc>-,...... 
CPSI l..<J CPSI 

2 L..<: CPSI ~ CPS I 
4 1 3 

OES ORE OES 9403 ORE OES ORE OES 9403 
ORE 10-1-9403 9403 

TOS TOS 10S TOS 

TOP TOP TOP TOP 

CPSO rO CPSO r: CPSO r: CPSO 

EO ~ EO ~ EO r-c EO 
MR 03 Q2Q1QOQS MR Q3 Q20,OOQS MR °3 Q20100 QS MR Q3Q2Q1QOQS 

N1C Jc N1C Jc 

PL DSD3 02D1DO PL DS03 02D1DO PL DS03 02D1DO 
L....f---<: 

PL 0SD3 D2D1DO 
TTS L....- f----c nS '--~ TTS TTS 

IES IRF IES IRF IES !RF IES iRF P-r 
CPSI L....-c CPSI i.....-..<l CPSI L.--c CPSI 

S 5 ORE 6 ORE OES 
7 ORE OES ORE P-~ OES 9403 OES 9403 9403 9403 

TOS TOS TOS TOS DATA 

TOP TOP TOP TOP READY 

CPSO r----< CPSO r---<l CPSO ~ CPSO 

EO r--< EO r---<J EO r--O EO 
Q302 Q100 QS MR Q3 Q 2Q1QOQS MR °3 0 20 10 0 0 S MR °3 0 20 10 0 0 S MR 

SERIAL 
DATA 

OUTPUT 

I L... 0....:3:....0~20_1:....Q-=0 ________________ Q_7_Q..:..6 _°;;...5 °_4 PA RA L LE L DATA OUTPUT°:....1.:....1 0.....:1~0....;09=-·Q-=S _______________ Q 1_5_Q_14_Q_13_Q_l~2 I 

Fig. 4 
A 31 X 16 FIFO ARRAY 
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DEVICE 1 

DEVICE 2 

DEVICE 3 

IRF 

FAIRCHIl.D • 9403/9423 

I I 
I I 

tD_ k----

'---_____ ......;....tl, 
I I I 
I I I 

tD ----++t k----

~ ______________ ~r-
I' 

I • I 

'D +----I I+--__________ ~~Ir--
I • I 
I I. 

DEVICE 4[TTS ALL DEVICES ltD--+! 14--

------------~~----------------------------------------~------------~I 1.'--
IRF ~ 

INPUTS 
BITS 

DEVICE 5 

DEVICE 6 

DEVICE 7 

STORED IN 
DEVICE 1 

STORED IN 
DEVICE 2 

Fig. 5 

10 I 11 

STORED IN 
DEVICE 3 

12 

SERIAL DATA ENTRY FOR ARRAY OF FIG. 6 

13 14 

STORED IN 
DEVICE 4 

15 

I I 

• I 
to_ k----

'-----------t"""f
l 

, 

• I • 

I I • 
, tD ----++t I+--III 

I I 

~--------------~ 
I I 

I I I 
to-+-'---+l I+--: Ir--

I I 
I • 

DEVICE 8, iOS ALL DEVICES lt~--+! 14--

mrr----~~~~~~~--------------------------------------------------------~LJJ 

SERIAL DATA OUTPUT 

DEVICE 5 DEVICE 6 DEVICE 7 DEVICE 8 

Fig. 6 
SERIAL DATA EXTRACTION FOR ARRAY OF FIG. 6 
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FAIRCHILD • 9403/923 

PUT I I I I s I I I I s I I I I s 

I I I .1 I I I I 1 I I I I I J 1 I 1 J 1 
B4B3 B482 B481 B480 B487 B486 B485 B484 B491 8490 8489 8488 8495 8494 8493 8492 

--------- --------- --------- ---------9403 9403 9403 9403 

9403 9403 9403 9403 
--------- --------- --------- ---------

B3 B2 B1 BO B7 B6 B5 84 B11 810 B9 B8 B15 B14 B13 B12 

I I I I I I I I I I I I I I I 1 1 I I 1 
Os I I I I 6s J I I I Os I I I I ° 

Fig. 7 
FINAL POSITION OF A 496-81T SERIAL INPUT 

SERI AL 
UT OUTP 

interlocking Circuitry - Most conventional FIFO designs provide status signals analogous to IRF and ORE. However, when 
these devices are operated in arrays, variations in unit to unit operating speed require external gating to assure all devices have 
completed an operation. The 9403 incorporates' simple but effective "master/slave" interlocking circuitry to eliminate the 
need for external gating. 

In the 9403 array of Figure 4 devices 1 and 5 are defined as "row masters" and the other devices are slaves to the master in 
their row. No slave in a given row will initialize its Input Register until it has received LOW on its IES input from a row 
master or a slave of higher priority. 

In a similar fashion, the ORE outputs of slaves will not go HIGH until their OES inputs have gone HIGH. This interlocking 
scheme ensures that new input data may be accepted by the array when the I RF output of the final slave in that row goes 
LOW and that output data for the array may be extracted when the ORE of the final slave in the output row goes HIGH. 

The row master is established by connecting its I ES input to ground while a slave receives its I ES input from the fRF output 
of the next higher priority device. When an array of 9403 F I FOs is initialized with a LOW on the MR inputs of all devices, the 
IRF outputs of all devices will be HIGH. Thus, only the row masterreceivp.s a LOW on the IES input during initialization. 
Figure 8 is a conceptual logic diagram of the internal circuitry which determines master/slave operation. Whenever M Rand 
IES are LOW, the Master Latch is set. Whenever TTS goes LOW the Request Initialization Flip-Flop will be set. If the Master 
Latch is HIGH, the Input Register will be immediately initialized and the Request Initialization Flip-Flop reset. If the Master 
Latch is reset, the Input Register is not initialized until IES goes LOW. In array operation, activating the TTS initiates a rip­
ple input register initialization from the row master to the last slave. 

A similar operation takes place for the output register. Either a TOS or TOP input initiates a load-from-stack operation and 
sets the ORE Request Flip-Flop. If the Master Latch is set, the ~ast Output Register Flip-Flop is set and ORE goes HIGH. If 
the Master Latch is reset, the ORE output will be LOW until an OES input is received. 

PL--t>O-+-----------~--~ 

MR -----.--a 
MASTER 
LATCH 

REOUEST 
INITIALIZATION 

FLIP-FLOP 

LOAD OUTPUT IDERIVED FROM TOP AND f5S 
REGISTER 

TOP ------------+ 
f5S ___________________ -+....J 

ORE REOuEST 
FLIP-FLOP 

DES------------------+ ________________ ~ 

Fig. 8 

Fe 
ISEE FtGGRE 11 

FX 
(SEE FIGURE 21 

CONCEPTUAL DIAGRAM, INTERLOCKING CIRCUITRY 

iAF 

Fairchild cannot assume responsibility for use of any circuitry described other than Circuitry entirely embodied in a Fairchild product. No other circuit patent licenses are implied. 
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9440 MICROFLAME™ 
16-BIT BIPOLAR MICROPROCESSOR 

GENERAL DESCRIPTION - The 9440 MICROFLAME single-chip 16-bit bipolar pro-
, cessor, packaged in a 40-pin DIP, is implemented using Fairchild's Isoplanar Integrated 

Injection Logic technology (13L™)" Though structurally different from the CPUs' of the 
Data General NOVA line of minicomputers, the 9440 offers comparable performance 
and executes the same instruction set. 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

• EIGHT 16-BIT ON-CHIP REGISTERS 
• 64 DIRECTLY ADDRESSABLE 1/0 DEVICES, EACH WITH THREE 

BIDIRECTIONAL 1/0 PORTS 
• PRIORITY INTERRUPT HANDLING WITH UP TO 16 PRIORITY LEVELS 
• FAST DIRECT MEMORY ACCESS AT MEMORY SPEEDS 
• 16-BIT 3-STATE BIDIRECTIONAL INFORMATION BUS 
• FLEXIBLE OPERATOR CONSOLE CONTROL USING ONLY FOUR LINES 
• POWERFUL, WI DEL Y USED INSTRUCTION SET 
• MULTIFUNCTION INSTRUCTIONS FOR EFFICIENT MEMORY USAGE 
• FOUR CLASSES OF INSTRUCTIONS; TOTAL OF 2192 DIFFERENt INSTRUCTIONS 
• EIGHT ADDRESSING MODES, 32K 16-BIT WORDS (64K BYTES) ADDRESSING RANGE 
• 5 V POWER SUPPLY 
.• TTL INPUTS AND OUTPUTS 
• TYPIC4L 1 W POWER DISSIPATION 
• FULL MILITARY TEMPERATURE RANGE VERSION 
• SINGLE-CLOCK STATIC OPERATION, ON-CHIP OSCILLATOR, DC TO 12 MHz 

CLOCK RATE 
• COMPATIBLE HIGH SPEED ME'MORIES AVAILABLE (93481/93483) 
• TOTAL SOFTWARE WITH FIRET;" SOFTWARE PACKAGE 

SYSTEM DIAGRAM 

INFORMATION BUS 

I tl AN~NOUT I t IAN~NOUT UINONLY 

IBo-IB,s IB,-IB" lBo-it,s 

Mo Me, 

M, ii, 

~ 
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iiiO-iS,sAo-A6 Ao-A6 M2 ii2 
r--- 32K ~ 

MAIN !IYN !IYN C3 
MEMORY' 9441 

CP ~~~E ARRAY MEMORY T C2 
93481/93483 CONTROL 16-BIT 

WE WE UNIT 

L 
MICROPROCESSOR C, 

cSo CSo XTL Co 
CS, CS, 

CS2 CS2 CP ~ RUN 
CLKOUT 

AE AE MBSY MBSY CARRY 
0, OODCH REC 

tNT 

iNf DCH ON 

00 0, REQ REO Mfi 

CP I I t SYN 

~ 
00 

iSo-ii,s 0, 

9442 
INPUT/OUtPUT 

CONTROL 
UNIT 

C3 

C2 

C, 

Co 

DCH REO 

00 

INT REO 

0, 

INTON 

GND 

RUN 

IINJ 

CARRY 

iSo 
is, 

iS2 
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is. 
iSs 
iBu 

OPERATOR CONSOLE 
__ • ... c_c 

~~ l ~I~ -: ll,~ ~ ~I!; 1li ' ~II: ; ~J 
BIB 8 8 9 B B 8 B 8 i:i 8 B E a 8 
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-
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C2 

C, 
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Co LOGIC 
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ON 
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J 
. . 
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SPECIAL FUNCTIONS INPUT/OUTPUT 
110 - BUS - UNIT INTERFACE & 
DEVICE 

TRANSCEIVER CONTROL 
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FAIRCHILD·9440 

F.OUR 
16-BIT 

ACCUMULATORS 

Fig. 1 9440 MICROFLAME CPU Block Diagram 

9440 ARCHITECTURE (Figure 1) 

DATA PATH 

The 9440 single-chip 16-bit bipolar processor, packaged in a 40-pin DIP, is implemented using 
Fairchild's Isoplanar Integrated Injection LogiC technology (PLT"). Though structurally different 
from the CPUs of the NOVA line of minicomputers, the 9440, as a microprocessor, offers 
comparable performance and executes the same instruction set. 

The processor is a stored program machine using homogeneous external memory, i.e., instruc­
tions and data are stored in the same memory. Although the processor handles 16 bits of 
information, only 15 bits are used for addressing the memory. Thus, the intrinsic memory capacity 
of a 9440 system is 32,768 16-bit words. 

The 9440 consists of a collection of data paths and all the necessary control circuitry. It governs 
peripheral 110 equipment, performs the arithmetic, logic and data handling operations and 
sequences the program. 

Data Paths - The data path portion includes a bank of four 16-bit general-purpose registers 
(accumulators ACO-AC3), two multiplexers, an ALU, and four 16-bit special registers-scratch­
register, bus register, instruction register and program counter. Internal data flows between the 
various registers via 4-bit-wide data paths. 
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FAIRCHILD. 9440 

The accumulators store the operands required for all arithmetic/logic operations. Accumulators 
AC2 and AC3 are also used as index registers and AC3 serves as.the subroutine linkage register as 
well. All input-output data transfers take place through the accumulators; however, a word in a 
memory location may be incremented or decremented without accumulator participation. Data can 
be moved in either direction between the memory and any accumulator. 

The destination and source multiplexers are connected to all four accumulators and select source 
and destination registers for each operation. The multiplexers also receive other inputs from t.he 
bus and instruction registers, which permit the ALU to be used for effective-address calculations 
and other purposes. 

The ALU is four bits wide and operates on two 16-bit words in four consecutive steps. taking one4-
bit nibble per step. By adding the associated Carry bit to the 16-bit result from the ALU, a 17-bit 
word is formed which may be rotated either left or right. 

Data from the ALU to the destination accumulator is held in the scratch register for one cycle. The 
bus register is connected to the bidirectional information bus and can either supply or receive 16 
bits of data in parallel. The instruction register is loaded with 16 bits in parallel, directly from the 
information bus duri ng an instruction-fetch operation. The 15-bit prog ram counter determi nes the 
sequence in which instructions are executed. It is incremented to take instructions from consecu­
tive locations and the instruction sequence can be altered at any time by changing the PC contents 
(jump-class instruction) or by incrementing PC twice (skip-class instruction). 

Control- Control signals are supplied to the data path by the internal mask-programmed logic 
arrray (PLAL For each of 72 different data-path operations, there is a 24-bit output word in the PLA 
selected according to the combination of 19 input lines. These are defined in Figure 2. 

The 9440 operates with an on-chip oscillator when a crystal is tied between CP and XTL or it can be 
driven by an external oscillator via the CP input. The on-chip clock logic circuit generates the 
internal clock signal, a synchronization signal (SYN), and several other timing pulses. 

A macro-instruction in the 9440 consists of several microcycles, each with a corresponding one-of-
16 sequence-control state. Each microcycle consists of several phases, or nanocycles, four of 
which are devoted to controlling the data-path circuitry. During each of these phases, the data path 
circuitry operates on a4-bit nibble out of the 16 bits of the operands and clocks its various registers 
at half the oscillator rate. Another phase provides the time delay required for a new output word of 
the PLA to become valid after the PLA inputs are changed. 

The bus register and the instruction register are loaded from the information bus at different times 
during the execution cycle. 
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STATE 
SEQUENCE 

NEXT STATE 
SEQUENCE 

LOGIC 

ALU. AC & MUX 
CONTROL 

INSTRUCTION 

REGISTER 

MICROPROGRAM PlA 

CONSOLE 
LATCHES 

BUS REG INST REG PC MEMORY I 0 
CONTROL CONTROL CONTROL CONTROL CONTROL 

~~----------~---~~---------------
DATA PATH CONTROL 

Fig. 2 Programmed Logic Array 
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36 CP 

35 XTL 

32 MBSY 

34 MR 
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Co c, C.' c, DCH INT 
REO REO 

9440 
FLAME 
16·BIT 

MICROPROCESSOR 

RUN 11 

CARRY 13 

INT ON 

ClK OUT 37 

SYN 33 

M· 0--- 39 

M. 0-- 38 

o 

O' 

T T I I f I I I I I I I I 
14 15 16 17 18 19 20 21 22 23 24' 25 26 27 28 29 

Vce = PIN 31 
hNJ = PIN 12 
GND = PIN 10 
GND = PIN 30 

Fig. 3 Logic Symbol 

9440 SIGNAL DESCRIPTIONS (Figure 3) 
Information Bus -180-1815 (Inputs/Outputs) - The 16-bit bidirectional 3-state information bus is 
used to transfer address, data and instruction information between the processor and main 
memory, and to transfer data and control information to and from I/O devices. A LOW level defines 
a binary '1 '. . 

Status Lines - RUN, CARRY, INT ON - These lines are used to convey the status information of 
the processor mainly for display on an operator console. 

RUN (Output) - A HIGH level on this line indicates that the 9440 is not in the WAIT state and is 
executing instructions or performing console operations. 

CARRY (Output) - Shows the current status of the 9440 Carry flip-flop. A HIGH level is a 
binary '1 '. 

INT ON (Output) - Shows the state of the 9440 Interrupt Enable flip-flop. A HIGH level indi­
cates that the 9440 is enabled to accept interrupts. 

Operator Console Control- Co-C3, MR - Using the operator console, a special 110 device, the 
operator controls 9440 operation via the four C lines and the Master Reset line. ' 

CO-C3 (Inputs) - The various console operations are coded on the Control lines as shown 
below. These lines must be active long enough for the 9440 to respond to the command and 
indicated by RUN going to the high state, and should be disabled immediately thereafter. 

MR (Input) - When a LOW level is applied to Master Reset, the 9440 halts immediately and goes 
to a wait state. All internal registers are unaffected. The Interrupt-Enable flip-flop is cleared. 

Input/Output Control- 00-01, INT REO, OCH REO -I/O devices communicate with the 9440 
through the common information bus under either program or interrupt control. Also, high-speed 
devices can gain access to mai,n memory via the data channel (OMA mode), 

00, 01 (Outputs) - To avoid conflicts on the information bus, the 110 devices are sent syn" 
chonization signals. A code, defining one of four functions, is conveyed to each 110 device 
over 00 and 01, which are valid before and during SYN. 
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L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 

FAIRCHILD·9440 

C2 C, Co OPERATION 

L L L Examine ACO 
L L H Examine AC1 
L H L Examine AC2 
L H H Examine AC3 
H L L Examine Next 0, 00 FUNCTION 
H L H Examine Memory 
H H L Deposit Memory L L Instruction Fetch 

H H H Halt L H Data Channel Acknowledge 

L L L Deposit ACO H L 1/0 Execute 

L L H Deposit AC~ H H No Operation 

L H L Deposit AC2 
L H H Deposit AC3 I/O-Device Code 

H L L Load PC 
H L H Continue 
H H L Deposit Next 
H H H No operation 

Console-Operation Code 

INT REO (Input) - The 1/0 devices can interrupt normal program flow by activating the 
Interrupt Request input. The 9440 recognizes an interrupt request at the end of the current 
instruction provided its Interrupt-Enable flip-flop is set. 

DCH REO (Input) - The 1/0 devices can gain direct access to the main memory by activating 
the Data Channel Request input. After the device is granted data channel access, it can 
control memory operation using the Mo-rvb lines. 

Of the four functions which can interrupt the normal flow if instruction execution, MASTER 
RESET (MR) is the highest priority. followed in order by DCH REO. INT REO and the Console 
HALT Command. 

Memory Control- Mo-M2. MBSY - The processor controls the main memory via the three open­
collector Memory Control lines (Mo-M2) and synchronizes itself to the memory cycle time indicated 
by the Memory-Busy (MBSY) signal. 

Mo (Input/Output) - A lOW level on Mo indicates a memory Read operation. 

M1 (Input/Output) - A lOW level on M1 indicates a memory Write operation. 

t;;h (Input/Output) - A lOW level on Kib indicates that the memory address register must be 
loaded on or before the HIGH-to-lOW transition of SYN. 

During DMA operation. the 9440 is not driving the M lines. An external device can control 
memory by applying a lOW level on the appropriate M line. 

MBSY (Input) - A lOW level on MBSY indicates a memory operation is in progress. When the 
9440 starts a memory cycle, MBSY must be HIGH. If it is lOW, the processor clock logic will 
defer putting out SYN until MBSY becomes HIGH. For lD MAR or Write memory operations, 
the 9440 activates SYN and then waits for MBSY to respond with a lOW level. For a Read 
operation, the 9440 waits for MBSY to go lOW and back HIGH before it proceeds. 

Timing - CP, XTl, ClK OUT, SYN-
CP (Input) - The 9440 can operate with an on-chip oscillator when a crystal istied between CP 
and XTl or it can operate from an external clock (CP). 

XTl (Input) - The XTl input is used only when operating with a crystal. 

ClK OUT (Output) - The internal oscillator is available to the outside world on ClK OUT. 

SYN (Output) - SYN is an active lOW synchronization signal for memory and 1/0 devices. It is 
activated once for each processor microcycle. 

Power- Vee, hNJ, GND 
Vee requires 5 V, hNJ requires 300 mA current source at 1.0 V. 
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FAIRCHILD. 9440 

INFORMATION BUS 

I tIAN~NOUT I t I AN~NOUT UINONLY OPERATOR CONSOLE 

IBo-IB.s IB.-IB.s 110-111.5 ~ 

00 l w 0 l 0 :1°' ~r 'Or 0 OJ iiio Mo 00 2':).) .. ., a 0 ') 0 " ~ "J 0 0 

ii. iii. SJS 8 sla B B Is a a 8 s 8 Ii 8 8 
;::;: A 

~ff @ 888Bl oS" "8'B' '1l~' ,os's" iiiO-ii.s Ao- A6 Ao-A6 jji, iii2 
r-- 32K 'I 

MAIN ~ SYN C3 C3 
MEMORY 9441 9440 
ARRAY MEMORY LT CP #FLAME C2 C2 

93481/93483 CONTROL 16-BIT 
WE WE UNIT 

LL 
MICROPROCESSOR C, C, 

CSc CSo CONSOLE 
XTL • Co Co LOGIC 

CS, CS, 

CS2 CS2 CP ~ RUN RUN 
CLKOUT 

I I 

AE AE MBSY MBSY CARRY CARRY 
0, OOOCH REO INT 

ON 
INT 

INf OCH ON 
00 0, REO REO lIlA 

CP I I t t ]0 I I SYN i 
~ lBo-iS,s I 

00 

0, 

9442 
INPUT/OUTPUT 

CONTROL 
UNIT ~v - 0 1 2 3 4 5 54-PORT I/O BUS 

" 63 

J D D l. l J 
~ liD iii,s SPECIAL FUNCTIONS INPUT/OUTPUT - INTERFACE .. I/O 

BUS - UNIT DEVICE 
TRANSCEIVER CONTROL 

Fig.4 9440 Mlcroflame System 

9440 SYSTEM 
The 9440 CPU is a powerful machine that acts as the heart of a minicomputer-class microproces­
sor. However, to maximize performance, any CPU must be surrounded by support devices. A per­
fectly matched system can be built as shown in Figure 4. 

Here, in addition to the 9440 CPU, the system contains the 9441 Memory Control Unit, the 9442 In­
put/Output Control Unit, the Special Functions Unit and an array of 93481 or 93483 13L dynamic 
memories as follows: 

9441 Memory Control Unit contains a 15 bit memory address register, refresh address counter 
and a 7-bit address multiplexer, It provides the timing and control signals to operate the 13L 
dynamic memory (93481, 93483) for read, write, refresh and DMA operations. 

9442 Input/Output Control Unit responds to I/O instructions and generates the timing and con­
trol signals for 9440 peripheral devices. 

93481 4K 13L bipolar dynamic memory. Single 5 V supply, 100 ns performance, compatible 
semiconductor memory. 

93483 16K 13L bipolar dynamic memory. Single 5 V supply, 100 ns performance, compatible 
semiconductor memory. 
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INSTRUCTION 
OR 

NO OPE~ATION 

1 Jump 

2 Jump Indirect 

3 Jump to Subroutine 

4 JSR Indirect 

5 Increment ahd Skip if Zero 

6 ISZ Indirect 

7 Decrement and Skip if Zero 

8 DSZ Indirect 

9 Load Accumulator 

10 LOA Indirect 

11 Store Accumulator 

12 ST A Indirect 

13 Complement 

14 Negate 

15 Move 

16 Increment 

17 Add Complement 

18 Subtract 

19 Add 

20 AND 

21 ALU with Skip 

22 I/O Data In 

23 I/O Data Out 

24 Skip on Busy or Done 

25 Interrupt 

26 Data Channel 

27 Wait 

28 Examine Accumulator 

29 Deposit Accumulator 

30 Load PC 

31 Examine Memory 

32 Examine Next 

33 Deposit Memory 

34 Deposit Next 

35 Continue 

·e.g., No.6, ISZ Indirect: 
1st cycle-READ 
2nd cycle - WRITE 
3rd cycle - READ 
4th cycle - WRITE 
5th cycle - FETCH 
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FETCH 

1 

3 

1 

3 

3 

5 

3 

5 

2 

4 

3 

5 

1 

1 

1 

1 

1 

1 

1 

1 

1,2 

2 

2 

2 

5 

2 
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9440 INSTRUCTION EXECUTION 

CYCLE TYPE AND SEQUENCE· EXECUTION. 
TIME (pS! @ 

LD I/O 1/0 
READ WRITE MAR OUT IN WAIT DCH 8 MHz 10 MHz 12 MHz 

1.875 1.5 1.25 

1 2 5.50 4.4 3.66 

1.875 1.5 1.25 

1 2 5.50 44 3.66 

1 2 5.50 4.4 366 

1.3 2,4 9.125 73 6.07 

1 2 5.50 4.4 3.66 

1.3 2,4 9.125 7.3 6.07 

1 3.75 3.0 2.50 

1,3 2 7.375 5.9 4.91 

1 2 5.50 4.4 3.66 

1,3 2,4 9.125 73 6.07 

1.875 1.5 1.25 

1.875 1.5 1.25 

1.875 1 :5 1.25 

1.875 1..5 1.25 

1.875 1.5 1.25 

1.875 1.5 1.25 

i 1.875 1.5 1.25 

1.875 1.5 1.25 

3.75 3.0 2.50 

1 3125 2.5 2.08 

1 3.125 2.5 2.08 

1 3.125 2.5 . 2.08 

3 2,4 1 9.0 7.2 5.98 

1 1.25 1.0 0.83 

1 1.25 1.0 0.83 

2 1 3 2.50 2.0 1.66 

2 1 3 3.125 2.5 1.66 

2 1 3 3.125 2.5 2.08 

2 1 3 3.125 2.5 2.08 

2 1 3 3.125 2.5 2.08 

3 2 1 4 4.75 3.8 3.15 

3 2 1 4 4.75 3.8 3.15 

1 3.125 2.5 2.08 

1909 



"0 

..c: 
0 
'-

"(ij 
lJ.. 

FAIRCHILD • 9440 

1!~·~---------------------------------------FETCHCYClE-----------------------------------------~~~I 

CLKOUT 

o , '1 , 2 I 3 I SYNC 

UrL'n.J-LnIL r-L.rLnJI..JL.Sl...IlrLru-tJ II 

~ICPSVL~ 
--,~ I ~ 

Ii - ~ i--IMBS 

--I IMBSVL ~ 
I, I r.--ICPSVH --..l 

MBSY ~~ II -I-
I IMBW--..I I-- " --. IMBHO ~ If--
I -I- /I 

'_tCPMH_' 

I. ~ 
i--tCPML-1 " T 

MO , 
:1 I I 

~ 
I 

I ~tCPOL-J 
,J I , " I I 

== = := = = =' = = = = = )CD 

, __ tCPAH_i ~ IMBAF::! los __ I _IOHO~ 

I ( DATA IN 
'\: 

'_ICPAL --.j 

ADDR!!S orT )~DAT~%( 

I l@ 
I ~ -y~' --

I 

X 
-tCHO~ 

~''''"~ !--- IOCHO __ 1 ! 

00 

0, 

mo.-,s 

CO-3 

RUN 

DCH REO ~ 

" --. locs ~ 

"""" 
_ICPCYH-I ~, ...... liS .... 

CARRY ~ .N 

~ICPCYL-.j -t,HO_ 

INTON .~~ ~-I-
II 

@ _ tCPIOL ----..j I 
MEMORY 

BUSY ---ICPIOH_ 

TIME 

Fig. 5 Fetch Cycle 

r--- ---- .. -------.---.... -- ~I -------------- READ CYCLE - ------------.------ .. -----

0 I 1 I 2 
, 

3 
, 

SYNC 
.~L 

ClK OUT II 

l_tcPsVL~ 

SYN 'I ~ II f.l __ IMBS 

-+-l IMBSYL I~ ! ____ ICPSYH --..1 

MBSY ~ II F 
tMBw--1 ~ -~~ I-. IMBHO ''''r--

ii, 

ii2 

-/- " 
f.4---lcPMH -.I I I 

-\- II 

j.-.-ICPML ~ " 
iio , 

II 

00 f- " 
_ICPOH--.I 

0, / " 

mo-,s - - - - - "G) 
_ICPAH---.l It-tMBAF:j -.llos f..-- fo--toHo_1 ------- .,. 

~DATA~ ADDRESS OUT ') DATA IN 
- ../ 

_ICPAL~ 
II -'llcs F--

CO-3" VVVVV\ ® 
~I ~tcHo-1 

RUN +® " @ MEMORY 
\-+--tCPAH ~ BUSY 

TIME 

RUN, DCH REa, iNTiiEci, CARRY, INT ON 
unaffected during this cycle. 

Fig. 6 Read Cycle 
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NOTES: 
1. The Information Bus is driven as a result of the previous cycle. 
2. The Fetch and Read cycles will be stretched out for slower memories. 
3. Applies to console operation using this cycle type. 
4. When the previous cycle was an I/O IN or 1/0 OUT cycle. 
5. For a CONTINUE operation (#35 in the "9440 Instruction Execution" table on page 18l. 
6. For a LOAD PC, EXAMINE MEMORY or EXAMINE NEXT operations (#30,31,32 in the "9440 Instruction Execution" table on page 18). 
7. The Information Bus is driven as a result of the previous cycle. 
8. The 9440 waits for MsSv to go LOW. By holding MBSY HIGH, the user may idle the processor. 
9. For DEPOSIT MEMORY or DEPOSIT NEXT operations (#33, 34 in the "9440 Instruction Execution" table on page 18) .. 

10. For EXAMINE ACCUMULATOR or DEPOSIT ACCUMULATOR operations (#28,29 in the "9440 Instruction Execution" table on page 18). 

I~ 
ClK OUT 

SYN 

MBSY 

M, 
M2 
Mo 
00 

0, 

mo.,s 
CO-3 

CLK OUT 

SvN ------r 

----------------~--WRITECYCLE------------------------------------~·I 

SYN PLA 

DATA OUT 

RUN, DCH REO, iN'T"iiE'Q, CARRY, INT ON 
unaffected during this cycle. 

Fig. 7 Write Cycle 

LD MAR -----------------------------------PLA----~.I 
SYN 

Ml ____________ ~--~----~ 

..-IcPDF--\ 

M2 __________ ~----------~--------------------+_------------------------~--------------------_;---
iio _________ ~-----' 

~----------~--------~ 
0, 

----------~------- ICPAH-

iiio-'s::::::::::::~~::::::::~----------------------~-~~~_:~::::~~~~~~~::::::::::::::::::::::::::::~ 

RUN . ------------~----------~ 
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DCH REO,INT REO, CARRY,INT ON 
unaffected during this cycle. 

Fig. 8 Load Memory Address Register Cycle 
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__ ------------ 1/0 OUT ~I 
PlA 

ClK OUT 

SYN _____ ~ 

ii, 

----------+-------~ 
ii2 ___________ ~--------' 

Rio ________ ~------J 
Oo __________ ~~--------~~------------------~----------------------~-_ICPOL 

O, ____________ ~------~ I I 
_lcPOH _____ 1 _ICPO_I __ ICPOF"" 

IBo-'5 DATA OUT 

Co-3 

RUN ~ICPRH-t@ 
i5Cii"iiEa 

CARRY 

--------------------------------------------------------
INTON 

--------------------------------------------------------
Fig. 9 1/0 Out Cycle 

NOTES: 
11. During DCH, the 9440 is not driving the M lines. An external device can control the memory when a LOW is applied to the appropriate M line. 
12. The 9440 floats the iBo-15. The Information Bus is available to the 1/0 devices, the Console, and the memory as needed. 
13. For all the CONSOLE operations (#28-35 in the "9440 Instruction Execution" table on page 18), 
14. For CONSOLE operations (#28-34 in the "9440 Instruction Execution" table on page 18). 

!o !lOIN ------------.-t~ I 
PLA 

ClKOUT 

SYN ------of 

ii, __________ ~--------~ 

ii2 __________ ~---------' 

iio 

:::::::::~:::::::~~~----------------------
~-------+-----~---------------------~----------_ICPML ----.j 

O, __________ ~ __ ------~ 
_ICPMH __ I -, los '-IOH0:::l 

( DATA IN >----iSo-,5 

CO-3 

RUN ____________________________________________________________________ __ 

CARRY 

------------------------------------------------------------
INTON 

--------------------------------------------------------------
Ffg.10 1/0 In Cycle 
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.-------------WAIT-------------.-.,~ 

PLA 

ClKOUT 

SYN -----If 

M1------~------~--------------+---------~-----

M2 __________ ~------J 
iio __________ ~------J 
~-----------+--------~ 
01 __________ ~--------J 

CO-3~_~~mm~t::::::mmmmm 
ICPRL =:!"l@ RUN ____________________ ~~ ____________________________________________ __ 

0cH'"REa 

INT REO 

CARRY 

INTON 
------------------------------~---------------

-----------------------------------------------------
Fig. 11 Walt Cycle 

.----------------DCH---------------------. 

PlA 

01 __________ -+ __________ ~--------------------------------------------
@ iio-1S _________________________________ _ 

Co-3 

RUN 

DCH REO 

iiifiiEQ 

-----------------------------------------------------
----------~-----------------------------------------

CARRY __________________________________________________________________ __ 

INTON ________________________________________ ~--------------------------

Fig. 12 Data Channel Request Cycle 
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9440 INSTRUCTIONS 

10 11 12 13 14 15 

I OPCODE I MODE DISPLACEMENT I 
III 

1 
I INDIRECT ADDRESSING I 0 I DIRECT '1'1"·"'"0 1 INDIRECT o 1 PC RELATlVE-

1 0 INDEXED VIA AC2 
1 1 INDEXED VIA AC3 

MEMORY REFERENCE r A A AC 

0 0 0 C 0 
JMP } I 0 0 ACO 

0 0 0 0 1 JSR WITHOUT 0 1 ACI 
0 0 0 1 0 ISZ REGISTER 1 0 AC2 
0 0 0 1 1 DSZ I 1 1 AC3 

0 0 1 A A LOA} WITH 
0 1 0 A A STA REGISTER I 

L _____ J 

Memory Reference instructions without register are used for branching (JMP, JSR) without involving accumulators. These 
instructions are also used for modifying memory (lSZ, DSZl. Memory Reference instructions with register are used to move 
16-bit words between the memory and the accumulators. 

10 11 12 13 14 15 

1/ SRC 

f 
DST I FUNCTION I SHIFT I CARRY /LOADI INH 

SKIP 

~. I III AC SELECT AC SELECT 
SKIP CODE 

o 1
0 

I ACO o r I ACO o 1 ACI o 1 AC1 0 0 0 DO NOT SKIP 
1 0 AC2 1 0 AC2 0 0 1 SKIP ALWAYS 
1 1 AC3 1 1 AC3 0 1 0 SKIP ON ZERO CARRY 

0 1 1 SKIP ON NON·ZERO CARRY 
1 0 0 SKIP ON ZERO RESULT 

II 
1 0 1 SKIP ON NON·ZERO RESULT . 
1 1 0 SKIP IF EITHER CARRY OR RESULT ZERO 
1 1 1 SKIP IF BOTH CARRY AND RESULT NON·ZERO 

FUNCTION I Ii . 
0 0 0 COMPLEMENT I 

I 0 0 1 NEGATE SHIFT CODE CARRY CODr; 
0 1 0 MOVE 
0 1 1 INCREMENT 0 , I 00 NO' '"'" , I ' I cu .. ,'" em' 1 LOAD INHIBIT 
1 0 0 ADO COMPLEMENT 0 1 ROTATE LEFT ONCE o 1 ZERO 
1 0 1 SUBTRACT 1 o ROTATE RIGHT ONCE 1 0 ONE I 0 I LOAD RESULT IN DST AC 
1 1 0 ADO 1 1 BYTE SWAP 1 1 COMPLEMENT CURRENT CARRY 1 00 NOT LOAD RESULT IN DST AC 
1 1 1 AND 

Arithmetic/Logic instructions perform arithmetic (ADD, ADC, INC, NEG, SUB) or Boolean (AND, COM. MOV) operations 
on the contents of two registers. The result of each operation together with the Carry bit can be rotated and tested for skip 
conditions as part of the same arithmetic/logic instruction; loading in the destination register is optional. 

10 11 12 13 14 15 

DEVICE CODE 
USED TO SELECT ONE OF 64 DEVICES 

FUNCTION 

CONTROL 

DONOTHI~G 
START I/O DEVICE 
CLEAR/IDLE I/O DEVICE 
PULSE/SPECIAL FUNCTION 

NO I/O TRANSFER 
DATA IN A 
DATA OUT A 
DATA IN B 
DATA OUT B 
DATA IN C 
DATA OUT C 
SKIP ON BUSY OR DONE 

Input/Output instru_ctions move data between the 9440 accumulators and three buffers in the peripheral device interface. 
These instructions also perform control functions in the 1/0 device and test the status flags in both the peripheral circuitry 
and the central processor. 
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FAIRCHILD INTEGRATED REAL-TIME EXECUTIVE (FIRE) 
SOFTWARE , 
The instruction set resident In the 9440 MICROFLAME'CPU 
will be familiar to those who have had expenence with the 
NOVA instruction set. It consists of 2192 different instruc­
tions divided mto four convenient classes - Memory Refer­
ence with or without register. Anthmetlc/Loglc, and Input! 
Output 

A comprehensive FIRE software system has been developed 
to thoroughly support the MICROFLAME-based products in 
a variety of applications. It Includes programs that range 
from the Simplest bootstrap and binary loaders (FIR.E-LOAD) 
to the most sophisticated FIRE-FORTRAN and FIRE-IDOS. 
Also, a cross macro-assembler. a cross linking loader and a 
cross simulator debugger are available on a worldwide time­
sharing basis for program development 

The basic software package, FIRE 1, includes FIRE-DIAG­
NOSTICS. FIRE-LOAD bootstrap and binary loaders and 
FIREBUG interactive assembler, debugger and editor. FIRE­
DIAGNOSTICS programs, for trouble-shooting the FIRE 
family of products, consist of a Toggle-In Memory Address 
test arid Memory Tester ( FIRE-TOGGLE), an Instruction Tim­
er !FIRE-TIMER), a System Exerciser(FIRE-EX), and Memory 
Diagnostic'( FIRE-M EM). 

FIRE- TOGGLE 
The Toggle-In Memory Address test and the Memory Tester 
programs are each short enough (approximately 10 words) to 
enter via the console switches, The Memory Address test 
program tests the memory addressing by writing into the 
memory locations and reading each location on a second 
pass, The Memory Tester program performs a non-destruc­
tive memory test; that is, the'original content of each word is 
restored after testing that the word may be written into the 
memory and read back. 

These tests are normally used for two reasons. Firstly, they 
give a measure of confidence that the CPU and memory 
work. In this sense, they are useful for verifying that the 
system is functional after, for instance, swapping memory 
boards. Secondly, if the system fails, therefore precluding 
the loading of more advanced diagnostics, these tests can 
help to identify which device is at fault, the CPU,the memory 
or the I/O. 

FIRE- TIMER 
The FmE-TIMER program is used to determine the instruc­
tion execution times. It uses the I/O terminal device as the 
standard with which to measure the times and to report the 
results. The instruction timer is most useful for detecting 
clock drift and for demonstration purposes. 

FIRE-EX 
The FIRE-EX System Exerciser program is the primary tool 
for testing and debugging the CPU, I/O terminal device (TTl 
and TTO), and high-speed paper tape reader and punch (PTR 
and PTP). In addition, most memory faults should be detec­
ted. The program performs and exhaustive test of the CPU's 
ability to perform all non-I/O instructions, then executes 
detailed tests on memory and each I/O device, and finally 
tests all I/O devices and memory simultaneously. Using the 
c'onsole switches, the operator determines the I/O devices to 
be tested and the testing sequences to be performed. 
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FIRE Software 

FIRE-MEM 
. The FIRE-MEM Memory Diagnostic program is designed to 
thoroughly test the system main memory. The tests per­
formed are the True/Complement Address test, the Checker­
board Test, the Walking Well test, and the Ping-Pong test. 
The console switches are used to select the tests to be 
performed and to control typing of error messages. The 
FIRE-MEM program moves around in the memory to test 
each area completely. 

FIRE-LOAD 
The FIRE-LOAD Bootstrap and Binary Loadm program is 
used to load data from paper tapes into the memory in 
absolute binary format. Each record from the tape is read into 
a buffer and checksum checked before any data are stored. 
This prevents data from being stored in the wrong, place due 
to a read error on the address word. 

FIREBUG 
The FIREBUG Interactive Entry and Debugging program 
acts as 'a pOSition-independent, stand-alone mini executive 
that is available on various media, including PROMs, With the 
PROM version of FIREBUG, the MICROFLAME-based sys­
tem can be controlled without the usual operator console. 
FIREBUG is used to enter, modify, list, punch, load, assem­
ble, disassemble, debug, and monitor symbolic assembly 
language programs. Debugging and monitoring of programs 
is greatly aided by the program's power.ful multiple break­
points and trace capabilities. The FIREBUG program is posi­
tion-independent and can be moved to any available location 
after loading in main memory. All FIREBUG program opera­
tions can be performed from the terminal keyboard. Once 
FIREBUG software is loaded into the system, the computer 
console is no longer required. One can start and stop pro­
gram execution, examine and modify all registers and mem­
ory locations without resort to front panel switches. 

ADDITIONAi!FIRE PROGRAMS 
Other components of the FIRE software package include an 
advanced debugger (FIRE-SYMBUG), a text editor (FIRE­
EDIT), an extended BASIC language interpreter (FIRE­
BASIC), a macro-assembler (FIRE-MACRO) with relocatable 
loader (FIRE-RELOAD), an extended ANSII-77 FORTRAN IV 
compiler (FIRE-FORTRAN), a floppy-disk operating system 
(FIRE-FDOS), an interactive disk operating system (FIRE­
IDOS) and the companion program libraries (FIRE-L1BE). 
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FIRE COMPUTERS 
To capitalize on the FIRE family's distinctive characteristics, 
a set of computer boards has been developed to meet abroad 
range of data-processing requirements for immediate appli­
cation in users' systems: 

• SPARK-16 for small, low-cost memory requirements 

• BLAZE-16 with NOVA 3 capabilities for large, high-per­
formance requirements. 

Instruction execution times are given in Table 1 for both the 
FIRE family and the NOVA computers. 

SPARK-16 Microcomputer Board (Figure 14) 
SPARK-16 is a double-sided 8" x 10" pc board designed as a 
vehicle for evaluating the 9440 MICROFLAME CPU. It may 
also be used as a stand-aione microcomputer for llpplica­
tions that require smail amounts of memory. it inciudes the 
following: 

• 16-bit 9440 MICROFLAME CPU 

• 4K words of bipolar dynamic RAM (93481s) 

• 2K words of autoload PROM !loaded with the FIREBUG 
Autoload program) 

• Memory control with DMA capability 

• Logic for a serial port - current loop (TTY~ or RS232C 
interface 

• 100-pin edge connector with the 9440 bus 

• Connector for TTY/RS232C 

• Control switches and display (Autoload, Continue, Halt, 
Reset). 

SPARK-16 requires only a single 5 V, 4.5 A supply and a TTY 
or CRT terminal. When the Reset and Autoload switches are 
activated, FIREBUG provides a system ready to accept com­
mands interactively from the terminal. Similar PROM resi­
dent programs, such as BABY BASIC, will be available as 
optional replacements for FIREBUG PROMs. 

FOCVS XVI Computer Box 
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BLAZE-16 Minicomputer Board Set (Figure 15) 
BLAZE-16 is a 16-bit microprogrammed minicomputer, im­
plemented with the Macrologic bit-slice microprocessor set. 
It is compatible with the NOVA 3, as well as the 9440 MICRO­
FLAME microprocessor, and executes the same instruction 
set. Implemented on two 15" x 15" pc boards, BLAZE-16 
includes the subsystems listed on page 13. 

Board 1 - BLAZE-16/C 

• Macrologic microprogrammed CPU 
• MelT\ory control logiC 
• A 16K word memory array (using 93481 4K x 1 RAMs) 
• Memory parity logic 
• Memory mapping logic (up to 256K words addressing) 
• Autoload logic and FIREBUG PROMs 
• Input/Output bus converter 

Board 2- BLAZE-161M 

• A 16K word memory array (using 93481 4K x 1 RAMs) 
• TTY/RS232C interface logic 
• High-speed paper tape reader/punch interface logic 
• Real-time clock. 

The BLAZE-16 CPU can essentially be divided into two major 
parts -a 16-bit-wide data path and a microprogram control. 
The data path consists of four 9405A arithmetic logic register 
stacks, each with eight registers/accumulators, and four 
9404 data path switches. A 9408 I3L microprogram sequencer 
controls the 1024-word by 48-bit microprogram, which re­
sides in twelve 1024 x 4 ROMs. In addition to the basic FIRE 
instruction set, the BLAZE-16 microprogram handles the 
multiply and divide instructions and the stack handling oper­
ations. It includes a self-test routine and 15 operator-console 
routines. About 70% of the microprogram memory is free for 
user microprogramming and future instruction-set expan­
sion. BLAZE-16 operates in a pipeline mode with a 200 ns 
microcycle. A 16-bit-wide bidirectional bus, common to all 
peripheral devices as is that of the 9440-based system, trans­
fers both addresses and data between the CPU and main 
memory. The memory arrays are designed to accommodate 
the 93483 16K x 1 bipolar RAMs, which expands BLAZE-16to 
a 128K-word minicomputer system. 

FOCVS XVI AND THERMOSTAT 
The FOCVS XVI computer box features a 9-slot chassis, 
regulateq power supply and a front-panel computer console. 
It is attractively designed for stand-alone use or to fit into a 
standard RETMA rack on chassis slides. The front panel 
console latches and displays the data and address; it has 
control switches for examining the memory and accumulator 
contents, for depositing data and for setting hardware break­
pOints. Lights and control switches are also provided for 
examining and debugging the microprogram when FOCVS is 
used with BLAZE-16. The chassis accommodates up-to-nine 
standard 15" x 15" pc boards including BLAZE-16, and the 
NOVA - compatible controller and interface boards. The 
THERMOSTAT is a harid - held console designed for use in 
MICROFLAM E - based systems without front - panel console 
control. 0 
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Fig.14 SPARK-16 Microcomputer Board 
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eem/ELECTRONIC ENGINEERS 
MASTER CATALOG-
The "blue-ribbon" catalog / directory 
that has become "the standard of the 
industry" for electronic engineers, 
buyers and specifiers. 

IC MASTER AND THE 
UPDATES-
The only complete single-source direc­
tory including all Ie devices manufac­
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THE HM-6100 MICROPROCESSOR 

GENERAL DESCRIPTION 
The HM-6100 is a single address, fixed 12-bit word 
length microprocessor that emulates the software 
operation of Digital Equipment Corporation's 
PDP-8/E. It is a monolithic circuit which is con­
structed using the Harris'self-aligned, silicon-gate 
CMOS process. Operation is completely static from 
DC to 8MHz using a single supply ( 4-11 V) with 
'very low power consumption. The HM-6100 has 
a basic addressing capacity of 409612-bit words, 
but with optional hardware it can be extended to 

32K. It performs a 12-bit ADD instruction in 2.511 
sec using a + 10V supply and in 51lsec using a 5V 
supply. An on-chip oscillator requires only an 
external crystal for operation, thereby eliminating 
the need for an external clock generator. All inputs 
and outputs permit simple interfaces to all TTL 
logic families. The HM-6100 is available in 
industrial or military temperature grades as well 
as Hi-Rei MIL-STD-883, Class B screened devices. 

UNIQUE FEATURES 
Unlike most other microprocessors which use 
multiple-byte instructions, the HM-6100 uses 
single-word.instructions, affecting higher thru-put 
and shortening program size. Its system organiza­
tion includes 128 directly addressable global 
registers located in the first page of RAM memory. 

As many as 25 register operations including 
register-register move and operate commands 
allow simple implementation of stack pointers, 
interrupt vectors, auto-indexing, etc. These fea­
tures and more are summarized below: 

SINGLE-WORD 
INSTRUCTIONS 
Memory referenced instructions 
combine both operation code 
and operand address in a single 
12-bit word. This eliminates 
"immediate" instructions which 
minimizes program size, and 
speeds execution. 
RELOCATABLE MEMORY 
ORGANIZATION 
Memory space is divided into 
blocks of 4096 words which are 
subdivided into 32 pages of 128 
words each. Any memory refer .. 
ence instruction within a parti­
cular page specifies an operand 
address that is relative to the 
starting location of that page. 
Pages can be simply relocated 
by specifying a new starting 
address. 
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GLOBAL REGISTERS 
The first 128 words of memory 
(page 0) are considered to be 
global registers since they are 
directly accessible from any 
memory location within the 4K 
address field. 
AUTO-INDEXED 
REGISTERS 
1vlemory locations 108-178 func­
tion as general purpose auto­
indexed registers if they are 
used to store an indirect 
address. When the CPU fetches 
this address, the contents of the 
register will be incremented and 
maintained. This feature is 
particularly useful in memory 
search routines, data movement, 
data counters and pointers. 
SINGLE-WORD I/O 
TRANSFER 
A single instruction provides 
both I/O device address and 
control to an input-output 
device. The instruction format 
allows 9 bits to be user defined 
to accommodate a number of 
I/O configurations. 

CONTROL PANEL FOR 
SYSTEM DEBUG 

. The HM -61 00 can support a 
dedicat~d control panel memory. 
This feature is very useful in 
system debugging as it allows 
direct access to control panel 
monitor programs. Access is 
obtained on an interrupt basis 
by asserting the control panel 
request line (CPREQ). In this 
way, control panel memory may 
occupy the same addressing 
space as the user program, yet 
be "transparent". The control 

. panel request input is a true 
non-maskable interiup,t and will 
be acknowledged even if the 
CPU is in the halt state. 
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ARCHITECTURE 
The HM -6100 architecture as shown in Figure 3 
has three programmable 12-bit registers, an arith­
metic logic unit (ALU) and associated timing and 
control. circuitry to provide bus control, CPU 
control, DMA access and interrupt control. 

Figure 3 HM-6100 ARCHITECTURE 

INTERRUPT 
CONTROL 

CPU 
CONTROL 

CPU 
STATUS 

XTAL 

INTERNAL 
12· BIT BUS 

INTERNAL DESCRIPTION 
ACCUMULATOR/LINK (AC/L) 

DATA AND 
ADDRESS BUS 

BUS 
TIMING 

1.0 
CONTROL 

SELECT 
LINES 

The AC is a programmable 12-bit register with 
which arithmetic and logical operations are per­
formed. It is the source of destination for all 
programmed data transfers. The LINK is a I-bit 
flip-flop that serves as a high-order extension of 
theAC. 
MQ REGISTER (MQ) 
The MQ is a programmable 12-bit temporary regis­
ter. The contents of the AC may be transferred to 
the MQ. The MQ can be OR'ed with the AC and 
the result stored in the AC. The contents of the 
AC and MQ may_also be exchanged. 
PROGRAM COUNTER (PC) 
The PC is a programmable 12-bit register which 
contains the address of the memory location from 
which the next instruction is fetched~ Being 12-bits 
wide, the PC defines an address space of 4096 
memory words. However, the PC can be effectively 
extended to address up to32K memory words by 
using the HD-6102 MEDIC chip. The PC can be 
programmed from an external device to provide 
vectored interrupts. 
MEMORY ADDRESS REGISTER (MAR) 
The MAR is a 12-bit register which contains the 
address of the memory location that is currently 
being accessed. It is also used to control data 
transfers to and from memory and peripherals. 
ALU 
The AL U performs both arithmetic and logical 
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operations such as 2's complement binary ADD, 
AND, OR and Complement. It can shift left or 
right, rotate or swap bytes. The AC always pro-

. vides one input to the AL U while the second input 
is an2': one of the other r~stets. 
INSTRUCTION REGISTER (lR) 
The 12-bit IR contains the instruction that is to be 
executed by the CPU. The IR outputs to the 
TimiI}g and Control Unit for instruction decoding . 
MULTIPLEXER· . 
The 12-bit bidirectional multiplexer handles data, 
address and instruction transfers on the DX bus 
on a time multiplexed basis. 
TIMING AND CONTROL UNIT 
This unit contains all ALU and register transfer 
logic as well as instruction decode circuitry and all 
memory and external device control logic. It also 
provides external timing and control signals to 
simplify CPU communication with peripherals, 
memory and control panel. 

EXTERNAL INTERFACE 
DATA AND ADDRESS BUS (DX) (12) 
Bidirectional multiplexed bus used to communi­
cate with external memory and I/O devices. 
BUS TIMING (4) . . 
U sed by external logic to decode various time­
multiplexed events such as read/write operations 
and external addresses from the DX bus. 
SELECT LINES (4) 
Used in conjunction with Bus Timing signals to 
enable main memory, control panel memory, or 
I/O devices. . 
CPU CONTROL (3) 
Used to Reset, Halt or single-step the CPU. 
Additionally, the WAIT input allows slow memory 
or I/O devices to be synchronized to the CPU. The, 
WAIT input can be used to effectively power 
strobe the CPU. 
INTERRUPT CONTROL (5) 
Used to interrupt normal CPU operation for ser­
vicing control panel memory, I/O devices, or high 
speed data transfers between external devices 
(Direct Memory Access interrupt). 
CPU STATUS (4) 
These signals specify the following: 1) Direct/ 
Indirect addressing mode; 2) Fetch/Execute status 
of machine cycle; 3) Link status; 4) Run/Halt 
CPU status. 
I/O CO,;NTROL (4) 
Used to control data transfers between the PC or 
AC and external Input-Output devices. 

MEMORY 
ADDRESSING MODES 

The HM-6100 uses a single 12-bit word for fast 
execution times, precision, and optimum software 
efficiency. All memory referenced instructions ha 
the following object code format: 
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MEMORY 

1 0 11 12 1 3 14 1516171819110 111 I FJtTEtS~?6N 

I

I I FORMAT 
c= Page Address 

J..---------i[ 1 =Current page address 
0= Page 0 address 
1 =Indirect Address Mode 
O=Direct Address Mode 

L--________ Instruction Op Code 

DIRECT ADDRESSING 
The seven address bits (5-11) specify one word from 
a 128 word page. The memory page bit ( 4) specifies 
that word to be either in Page 0 (08 to 1778) or with­
in the current page of the instruction being 
executed. This allows global access to 128 general 
purpose memory locations in Page 0 (bit 4 = 0), 
in addition to 128 words within the current page 
(bit 4 = 1). This single instruction scheme requires 
no software overhead which is sometimes required 
in other processors utilizing 2- and 3-byte 
instructions. 
INDIRECT ADDRESSING 
Standard indirect addressing is offered. The CPU 
simply interprets the contents of the memory loca­
tion that is pointed to by the page address as the 
effective address. A memory reference instruction 
can access an indirect memory address either on 
page 0 or on the current page. 
AUTO-INDEXED, INDIRECT ADDRESSING 
When RAM locations lOs to 178 on page 0 are 
indirectly addressed, their contents are auto­
incremented and returned. This simplifies sequen­
tial memory accessing. Data tables can be read 
sequentially by addressing the table through any 
one of these locations. Similarly, data movement 
is made easy by executing an indirect read and 
then an indirect write through any two of these 
locations. 

INPUT-OUTPUT TRANSFER 
INSTRUCTION (lOT) FORMAT 
All I/O transfer instructions have single-word 
formats with an octal OPCODE of six as shown 
below. The remaining nine bits (3-11) are user 
defined to provide device selection and control. 

lOT INSTRUCTION FORMAT 
o 2 3 4 5 6 7 8 9 10 11 

I 1 11 0 I ?EVlfE ~ELE:CT ~ND :CO~TR~~ 

The only codes which cannot be used for I/O trans­
f~rs are 60008 to 60078. They are reserved for 
internal processor interrupt control. 

Three types of I/O transfers may be used: 
1 ) Programmed Data Transfers provide a means 
of communicating with relatively slow peripherals 
such as teletypes, cassettes, card readers, CRT 
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displays, etc. 2) Interrupt Transfers use the inter­
rupt system with external hardware to service 
several peripherals on a vectored priority basis. 
3) Direct Memory Access (DMA) Transfers pro­
vide a means for transferring high speed data 
between memory and peripherals under external 
control. 

For typical lOT instructions refer to the 
HM-6100 Instruction Set Summary. 

HM-6100 CPU PINS AND SIGNALS 
The CPU pins 

Figure 4 and signals are 
illustrated in 

____ OATAF 

RUN_ 2 ____ INTGNT 

Figure 4. The 12- OMAGNT _ 3 38 
____ CPSEL 

OMAREO ____ 4 37 ____ MEMSEL 

bit bidirectional 
I 

CPREQ ____ 5 

bus is shown as 
RUN/HIT __ 6 

RESET ____ 7 

DXO- DX11 with I iNTREO __ 8 

DXO being the II 
XTA ___ 4--W 

I 

---joo SV',,'SEL 

most-significan~ 
bit. Each pin is 
briefly described 
in Table 1 below: 

+---+ OX? 

--.0,>(6 

TABLE 1. PIN FUNCTION LIST 
PIN NAME DESCRIPTION FUNCTION 

DXO-DX11 Multiplexed Data and Data and 
Address Bus Address Bus 

XTA. XTB. XTC External timing output signals 
for decoding bus operations Bus Timing 

LXMAR Output for latching an address 
into an external device 

DEVSEL I/O device select output 
SWSEL Read select for an input device Select Lines 
MEMSEL Memory select output 
CPSEL Control Panel memory select 

output 

RUN/HLT CPU Run/Halt input 
RESET CPU Reset input CPU Control 
WAIT CPU input to synchronize slow 

external devices on the bus 

DMAREQ DMA request input 
DMAGNT DMA grant output. bus is 

floated 
INTREQ I/O interrupt request Interrupt Control 

input 
INTGNT Interrupt grant output 
CPREQ Interrupt request for Control 

Panel memory access 

IFETCH Signifies an instruction fetch 
cycle 

DATAF Signifies the execute phase for CPU Status 
indirect addressing 

LINK Accumulator extension bit 

RUN CPU Run/Halt status 

CO Cl Externally controlled inputs 

C2 SKP which define transfer opera-
tions between I/O devices. and I/O Control 
the ACor PC 

OSCOUT Crystal or external clock input 
OSCIN Crystal or external clock input Power and Clock 

VCC. GND Power supply inputs 
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HM-6100 SPECIFICATIONS 
Harris thoroughly tests all of its microprocessor 
products at various operating frequencies and 
supply voltages. The HM -6100 parameters shown 
below are specified at room temperature, 

. TA = + 25°C, only. For complete specifications 
over the military and industrial temperature 
ranges contact your nearest Harris representative 
for data sheets. . 

DC CHARACTERISTICS (TA= +25°C) 

HM-61ooA 
VCC=+10V 

PARAMETER SYMBOL CONDITIONS MIN MAX 
Input Voltage 

Logical "1" VIH 70%VCC 
Logical "0" VIL 20%VCC 

Input Leakage ilL O<VIN<VCC -1.0 +1.0 
Output Voltage 

Logical "1" VOH IOH=O VCC-0.01 
Logical "0" VOL IOL=O +.01 

Supply Current ICC At operati ng 10 
freq. (fmax) 

. AC CHARACTERISTICS (TA= +25°C) 

HM-6100A 
VCC=+10V 

PARAMETER SYMBOL MIN MAX 
Crystal Frequency fMAX 8.0 
Major State Time TS 250 
LXMAR Pulse Width TL 110 
Address Setup Time tAS 30 
Address Hold Time tAH 75 
Access Time From tAL 225 
LXMAR 

Output Enable Time tEN 125 
Read Pulse Width tRP 350 
Write Pulse Width tWP 100 
Data Setup Time tDS 80 
Data Hold Time tDH 50 
DEVSEL Write Plus tWPD 110 
Width 
DEVSEL Enable Time tEND 150 
DEVSEL Data Setup tDSD -25 
Time 
DEVSEL Data Hold tDHD 75 
Time 

INSTRUCTION EXECUTION TIMES ( + 25°C) 

NUMBER OF 
STATES 

For a complete listing of the instruction 
set see Instruction Set Summary. 
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HM-6100 HM-6100C 
VCC=+5V VCC=+5V 

MIN MAX MIN MAX UNITS 

70%VCC 70%VCC V 
20%VCC 0.8 V 

-1.0 +1.0 -10 +10 ,JA 

VCC-0.01 VCC-0.01 V 
+.01 +.01 V 
2.5 5.0 mA 

HM-6100 HM-6100C 
VCC=+5V VCC=+5V 

MIN MAX MIN MAX UNITS 
4.0 3.33 .MHz 

500 600 ns 
220 270 ns 
80 100 ns 

150 100 ns 
450 500 ns 

250 300 ns 
700 800 ns 
200 250 ns 
160 180 ns 
125 150 ns 
220 270 ns 

300 350 ns 
-50 -70 ns 

150 150 ns 

EXECUTION 
TIME (I1S) 
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STATIC TIMING 
The following illustrates the timing of the CPU 
when its operating frequency is low enough that 
propagation delays can be ignored. It effectively 

shows the timing of the CPU when it is single­
clocked. 

I I 

~MAR lIt 11 I I 
I I I 
I I. ~ 

B~E~:Jp I I L...J I 
I I I 
I I I 

xu I Ii/I 

I I I I I I I 
XTB I 'I ! 

i I I I II 

.,,::: j j j : i I! ! i i F 
ox ,II ~ ADD WIJ PEAD pmVllpzmZZVZWZZ1 ADD bl/J READ tmmWZlZZVfOzzzV4 WRITE DATA fOoz 
~ -: fZZZZZZ4Zlil/llJflllllll4Vzdzzr/ll/dvml!/lbdlJ VALID ivmz(dmmr4Ul[l[!J!fzzmr/Jf7Il1, 

D_~~~~I VIiVV2(!]lV/l_ZWIVl/nzmmj VALID b1vmzWmzzkzmzz4vmadzmm4W%; 
~~\: I I I I I I I I I I I 

I I' I ~ I ~ I ~ 
:,A,j r!l/I /l/Yf /J VALID FIlIIJlf!!Ii!)(fZi!TI!T41J//IIII}VIJ VALID VIII] IZf! 1111 1If)l1lliJ4 VALID VI!if1/i; 

• I I I I I I I 

DYNAMIC TIMING 
The dynamic or high frequency timing illustrates 
the propagation delays at specified operating 
frequencies. (Refer to specifications. ) It defines 

LXMAR 

~ __ TAl __ ~ 

MEM5El SWSEl -----+----. 
CPSEL 

ox 0·" 

STATUS 
SIGNALS ? 

REOUEST 

the interface requirements for memory and I/O 
devices on the bus. 

INPUTS I ~'-'-'-'~''--___ I~~J.J.I.'-'-'-'""""""..t...I-{....''I~~~~~~~~~'''-'-'-'-'-'-'""",,",,.J..I..I..I..I. 

, Rf>Que~t ,"IOu''> til*" <,am pied In lhe last cycle at an Instruction execution Tx ..>T CLOCK 
'2 S!.'IIu<" <'IQrlal" {jf{' L!pO<ltf'{j every cycle TWN :: T CLOCK 
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PRODUCT OVERVIEW 

MINIMUM SYSTEM 

Figure 1. 

4K RAM SYSTEM 

1--+14--10 PACKAGES--"-
HM-61oo LXMAR 

CPU F-=~~ 
XTC 

Figure 2 

HM-6543 
(4Kxl. RAM) 

The Harris 12-bit CMOS 
microcomputer cpmponents 
have been optimized for low 
operating power, wide operat­
ing voltage range, high operat­
ing speed and direct compati­
bility with the HM-6100 micro­
processor bus. For example, the 
minimum system shown in 
Figure 1 consists of only four 
packages, yet offers 64 X 12 
random access memory (RAM), 
1024 X 12 read only memory 
(ROM) and a 20-bit parallel 
I/O port. Using higher density 
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HM-6543 
(4KX1. RAM) 

CMOS memories, a complete 
4K RAM system can be built 
with only twelve HM-6543s as 
shown in Figure 2. For larger 
system capability, the HD-6102 
extends the address field of the 
HM -6100 CPU to 32K. Harris 
also offers a complete line of 
high speed CMOS Bus Drivers 

. for increasing system drive 
capability as well as a diversi­
fied line of CMOS communi-
cations products. These and I 
other CMOS microcomputer 
products are summarized below. 

MINIMUM CMOS SYSTEM 
o HM -6100 - Low Power 12-bit 

CPU 
o HM-6512-64 X 12 Static 

RAM 
o HM-6312-1024 X 12 Static 

ROM 
o HD-6103-Parallel Input-

Output Port 
CMOS MEMORY o HM ;.6561- 2":;::';5'-'-6-X-4---O 

o HM-6562-256 X 4 
o HM-6511-64X 12 
o HM-6512-64 X 12 
o HM-6518-1024 X 1 Static 
o ,HM -6508 -1024 X 1 RAMs 
o HM-6504-4096 X 1 
o HM -6533 -1024 X 4 
o HM -6543-4096 X 1 

o HM -6661-256 X 4 Static 
o HM-66-11-256 X 4 PROMs 

Static 
DHM-6312-1024X12- ROM 
CMOS INPUT-OUTPUT 
PRODUCTS 
o HD-6101- Peripheral 

Interface Element (PIE) 
o HD-6102-Memory 

Extension/DMA/Interval 
Timer/Controller (MEDIC) 

o HD-6103-Parallel Input-
Output Port (PIO) 

CMOS COMMUNICATIONS 
PRODUCTS 
o HD-6402-Universal 

Asynchronous Receiver/ 
TI-ansmitter (UART) 

o HD-6405/4 702 - Program­
able Bit Rate Generator 

o HD-15530/15531-
Manchester Encoder / 
Decoder 

CMOS BUS DRIVER GROUP, 
o HD-6431-Hex Three-State 

Latched Bus Driver 
o HD-6432 - Hex Three-State 

Bidirectional Bus Driver -
o HD-6433-Quad Three-State 

Bus Separator/Driver 
o HD-6440 -One-of -eight 

Latched Decoder-Driver 
o HD-6495 - Hex Three-State 

Buffer Driver 
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SUPPORT SYSTEMS 
Harris supports its microprocessor-based systems 
through an extensive variety of proven PDP-8 
software and development systems. The latest 
PDP-8 d~velopment system, the DECstation 78, 
incorporates LSI technology to reduce size, weight 
and cost of first generation PDP-8s. It supports 

a number of peripherals including dual floppy 
disks, high speed printers, MODEMs, etc. 

For machine language programming and proto­
typing of the HM-6100 system, Harris offers an 
inexpensive fully assembled, single board micro­
computer with interactive keyboard and display. 

DECstation 78 DEVELOPMENT SYSTEM 

The DECstation 78 is recommended for full soft­
ware support and can be purchased from Harris 
with a service contract agreement from DEC. It 
is a fully integrated, compact, inexpensive mini­
computer and display system that offers ali the 
best features of the PDP-8 and more. Some of its 
features are: 
OS/78 OPERATING SYSTEM 
Supports a number of high-level programming 
languages such as BASIC and FORTRAN IV, 
and provides a comprehensive set of software tools 
and utility programs. 
DISPLAY AND MINICOMPUTER SYSTEM 
Consists of a single compact unit, housing both 
the 6100-based microcomputer and CRT terminal 
for maximum processing capability at minimum 
cost. (See photograph) 
FLOPPY DISK UNIT 
Includes two drives, a microprogrammed con­
troller module and a READ/WRITE electronics 
module and is capable of storing 128,12812-bit 
words per drivein industry standard format. 
ASYNCHRONOUS COMMUNICATIONS 
INTERFACE 
Two serial EIA RS-232C asynchronous interface o ports are suitable for primary and secondary com­

..... munications applications. 
g PARALLEL I/O PORT 
-g Supports printers and custom interfaces and pro­
o vides bidirectional 12-bit transfers at rates up to 
.2 15K words per second. 
~ ELECTRONIC PROGRAM INJECTION PORT 

C/) Provides high-speed program loading under the 
UJ control of a pre-programmed ROM unit-an inex­
'E pensive way of c~stomizing the DEC station 78 
t:tS for use in fixed function environments. 
J: The DECstation 78 is a full capability minicom-

puter system designed for easy user installation. 
It requires no special wiring or electronic expertise 
to assemble. 
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·MICRO-12 CMOS MICROCOMPUTER SYSTEM 

The Harris MICRO-12 (HB-61000) is a fully 
assembled and tested all CMOS single board 12-bit 
microcomputer. (See photograph) It consists of 
the following: 
o ROM Monitor(lK x 12) 
o 256 Word RAM Memory-expandable to 1K 
o Allocated breadboard space 
o 16-key Keyboard 
o 8-digit LED Display 
o TTY/Cassette Interface 
D RS-232 Interface 
The ROM Monitor program uses a 1024 X 12 
CMOS ROM (HM-6312) for system monitoring 
and display control. It does not occupy any of the 
user RAM memory space, since it resides in 
control panel memory. The ROM Monitor supports 
the following command$: 
MONITOR COMMANDS 
o Examine - Displays the contents of a selected 

memory location 
o Deposit-Alters the contents of a selected 

memory location 
o Register-Examine-Displays PC, AC, MQ and 

Link 
o Next-Increments PC 
o Execute - Starts user program . 
o Single Cycle - Executes a single instruction 
o Clear-Clears AC, MQ and Link and sets PC 

to 77778 
o Function-Sets keyboard for function 

commands 

FUNCTION COMMANDS 
o Binary Load - Loads user program in binary 

format from TTY or Tape Cassette 
o Binary Punch -Outputs user program in 

binary format to TTY or Tape Cassette 
o Octal Listing - Prints user program to TTY 
o Breakpoint Set - Sets four independent 

breakpoints 
The MICRO-12 is supplied complete with a docu­
mentation package consisting of details on using 
the system, theory of operation, circuit diagrams 
and a l~sting of the ROM Monitor program. 

SUPPORT SOFTWARE . 
PAL 8 (ABSOLUTE ASSEMBLER) 
An 8K, two pass assembler designed to run under 
the OS/78 operating systems. It accepts source 
files in PAL language and generates absolute 
binary files. . 
MACREL (RELOCATABLE ASSEMBLER) 
A macro-assembler that produces relocatable 
program sections. Ideal for large system usage to 
reduce software development time. 
FOPAL III (CROSS ASSEMBLER) 
A cross assembler written in standard FORTRAN. 
It is functionally identical to the PDP-8/E PAL III 
Assembler, supplied with the Extended Software 
Package. Call factory for more information. 

©IC MASTER 1979 

DECUS (DIGITAL EQUIPMENT COM~UTER 
USERS SOCIETY) 
Provides a vehicle through which HM-6100 users 
can exchange ideas and information. This organi­
zation makes readily available an extensive library 
of proven user programs which in many cases can 
reduce your development efforts. 
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HARRIS 
SEMICONDUCTOR 
PRODUCTS DIVISION 

HD-4702/6405 
A DIVISION OF HARRIS CORPORATION CMOS PROGRAMMABLE 

~IT RATE GENERATOR 

Features 

• HD-4702 - PROVIDES 13 COMMONLY USED BIT RATES 

• HD-6405 - PROVIDES 15 COMMONLY USED BIT RATES 

• USES A 2.4576MHz CRYSTAL/INPUT FOR STANDARD FREQUENCY 
OUTPUT (16 TIMES BIT RATE) 

• TTL COMPATIBLE - OUTPUT Will SINK 1.6mA 

• lOW POWER DISSIPATION HD-6405 4.0mW TYP. @ 2.4576MHz 
HD-4702 4.5mW TYP. @ 2.4576MHz 

• CONFORMS TO EIA RS-404 

• ONE HD-4702 OR HD-6405 CONTROLS UP TO EIGHT TRANSMISSIOr,: 
CHANNELS 

• INITIALIZATION CIRCUIT FACILITATES DIAGNOSTIC FAULT 
ISOLATION 

• ON-CHIP INPUT PUll-UP CIRCUIT - HD-4702 ONl Y 

Description 

The HD-4702/6405 Bit Rate Generator provides the necessary clock sign­
als for digital data transmission systems, such as UART. It generates 
13(HD-4702) or 15(HD-6405) commonly used bit rates using an on-chip 
crystal oscillator or an external input. For conventional operation genera­
ting 16 output clock pulses per bit period, the input clock frequency 
must be 2.4576MHz (i.e. 9600 Baud x 16 x 16, since there is an internal 
+16 prescaler). A lower input frequency will 'result in a proportionally 
lower output frequency. 

The HD-4702/6405 can provide multi-channel operation with a mini­
mum of external logic by having the clock frequency CO and the +8 pre­
scaler outputs 00, 01, 02 available externally. All signals have a 50% 
duty cycle except 1800 Baud and 2000 Baud which has less than 0.39% 
distortion and 3600 Baud which has less than 0.78% distortion. 

The four rate select inputs (SO-S3) select which bit rate is at the output. 
(Z). The table lists select code and output bit rate. Two of the 16 for the 
HD-4702 and one of the 16 for the HD-6405 do not select an internally 
generated frequency, but select an input into which the user can feed 
either a different frequency, or a static level (High or Low) to generate 
"ZERO BAUD~'. 

The bit rate most commonly used in modern data terminals (110, 150, 
300, 1200, 2400 Baud) require that no more than one input be grounded 
for the HD-4702, which is easily achieved with a single, 5-position switch. 

The HD-4702/6405 has an initialization circuit which generates a common 
master reset for all flip-flops. This signal is derived from a digital differ­
entiator that senses t~ first high level on the CP input after the ECp in­
put goes low. When ECp is high, selecting the crystal input, CP must be 
low. A high level on CP would apply a continuous reset. 

For the HD-4702, all inputs except IX have on-chip pull-up circuits 
which provide TTL compatibility and eliminate the need to tie a perman­
ently high input to VDD. 
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00 

01 

02 

Ecp 
CP 

Ox 

IX 

VSS 

. Pinout 

________ ..J 

PIN NAMES 

Voo 
1M 

So 

S1 

S2 

S3 

Z 

CO 

CP External Clock Input 
ECP External Clock Enable 

IX 
1M 

So - S3 
CO 
Ox 

00-02 

Input (Active low) 
Crystal Input 
Multiplexed Input 
Rate Select Inputs 
Clock Output 
Crystal Drive Output 
Scan Counter Outputs 
Bit Rate Output 

J1J1. 
x 
x 
X 

Z 

Truth Tables 
TABLE 1 

CLOCK MODES AND INITIALIZATION 

ECp I CP I OPERATION 

H l Clocked from I X 

l nn. Clocked from CP 
H H Continuous Reset 
l .n.. Reset During 1st CP 0 HIGH Time 

NOTE: Actual output frequency is 16 times the 

indicated Output Rate, assuming a clock 
frequency of 2.4576MHz. 

H = HIGH Level 
L - LOW Level 
X = Don't care 

J""l. = 1St HIGH Level Clock Pulse 
after ECp goes LOW 

..nn = Clock Pulse 

TABLE 2 
TRUTH TABLE FOR RATE SELECT INPUTS 

OUTPUT QUTPUT 
RATE III RATE III 

S3S2 S1 SO HD-4702 HD-6405 

L L L L MUX INPUT IIMI MUX INPUT 11M) 
L L L H MUX INPUT /1M) 2000 BAUD 
L L H L 50 BAUD 50 BAUD 
L L H H 75 BAUD 75 BAUD 
L H l L 134.5 BAUD 134.5 BAUD 
L H L H 200 BAUD 200 BAUD 
L H H L 600 BAUD 600 BAUD 
L H H H 2400 BAUD 3600 BAUD 
H L L L 9600 BAUD 9600 BAUD 
H L L H 4800 BAUD 4800 BAUD 
H L H L lBoo BAUD 1800 BAUD 
H L H H 1200 BAUD 1.200 BAUD 
H H L L 2400 BAUD 2400 8AUD 
H H L H 300BAUO 300 BAUD 
H H H L 150 BAUD 150 BAUD 
H H H H 110BAUD 110 BAUD 
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Specifications HD-4702A16405A 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Applied 
Storage Temperature Range 
Operating Temperature Range 

Industrial H 0-4 702A-9/640SA-9 
Military HO-4702A-2/640SA-2 

Operating Voltage Range 

+12.0V 
GNO -0.3 to Vee +0.3 

-6Soe to + lS00 e 

-40oe to +8Soe 
-ssoe to + 12Soe 

+4V to +llV 

ELECTRICAL CHARACTERISTICS 
D.C.: Vcc = 10V ± 10%; TA = Industrial or Military. 

A.C.: VCC = 10V; TA = 25°C. 

I HD-4702A-2/ HD-4702A-9/ 

6405A-2 6405A-9 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS TEST CONDITIONS 

70% 70% 
VIH Input High Voltage VCC VCC V 

20% 20% 
VIL Input Low Voltage VCC VCC V 

VOHl Output High Voltage VCC VCC V IOH ~ -1J.lA 
-0.1 -0.1 

VOLl Output Low Voltage GND GND V IOL~ +1J.lA 
+0.1 +0.1 

D.C. IIH Input High Current -1 +1 -1 +1 J.lA VI = VDD, All other pins = Ov 

ilL INPUT HD-4702 (all other -110 -170 -110 -170 J.lA 
LOW inputs) 

IILX CURRENT (IX inputs) -1 +1 -1 +1 J.lA VI = 0, All other pins = VDD 

ilL HD-6405 - All pins -1 10 -1 10 J.lA 

IOHX OUTPUT (OX) 0.2 0.2 mA VOUT = 9.5 Input at a or VDD 
HIGH per Logic Function 

IOH CURRENT (all other outputs) 0.6 0.6 mA VOUT = 9.5 or Truth Table 

IOLX OUTPUT (OX) 0.2 0.2 mA VOUT = .5V 
LOW· 

IOL CURRENT (all other outputs) 3.2 3.2 mA VOUT = .5V 

SUPPLY HD-4702A 1000 3000 J.1A ECp = VDD, CP = 0, All ather inputs = GND 
CURRENT HD-4702A 500 1000 J.lA .EcP = VDD, CP = 0, All other inputs = VDD 

I HD-6405A 500 500 J.lA ECP = VDD, CP = 0, All other inputs = VDD 
or GND 

tPLH Propagation Delay, 150 150 ns CL~7pF or. Ox 
tPHL IX toCO 125 125 ns 

tPLH Propagation Delay, 110 110 ns CL = 15pF Input 

tPHL CP to CO 100 100 ns Transition Times ~ 20ns 

tPLH Propagation Delay, ® ® ns 

tPHL CO to an ns 

tPLH Propagation Delay, 40 40 ns 

tPHL Co to Z 35 35 ns 

tTLH Output Transition 40 40 ns 

tTHL Time (except OX) 20 20 ns 

tPLH Propagation Delay, 175 175 ns 

tPHL IX to CO 140 140 ns CL~ 7pF on Ox 

tPLH Propagation Delay, 130 130 ns CL = 50pF Input 

tPHL CP to CO 110 110 ns Transition Times ~20ns 

® @ A.C. 
tPLH Propagation Delay, ns 

tPHL CO to an ns 

tPLH Propagation Delay, 45 45 ns 

tPHL CO to Z 40 40 ns 

tTLH Output Transition 80 80 ns 

tTHL Time (except OX) 40 40 ns 

ts Set-Up Time, Select to CO 175 175 ns 

th Hold Time, Select to CO 0 0 ns CL~7pF on Ox 

ts Set-Up Time, 1M to CO 175 175 ns CL = 15pF Input 

th Hold Time, 1M to CO 20 20 ns Transition Times <20ns 

twCP(L) Minimum Clock Pulse-Width 60 60 ns 
twCP(H) Low and High 60 60 ns 

twCP(L) Minimum IX Pulse Width, 80 80 ns 
twCP(H) Low and High 80 80 ns 

1. Input Current and Quiescent Power Supply Current are relatively higher for this device because of active pull-up circuits on all 
inputs except IX. This is done for TTL compatibility. 

2. Propagation Delays (tPLH and tPHLl and Output Transistion Times (tTLH and tTHLl will change with Output Load Capacitance 
(CLl. Set-Up Times (ts), Hold Times i!h), and Mininum Pulse Widths (tw) do not vary with load capacitance. 

3. The first High Level Clock Pulse after ECp goes Low and must be at least 350ns long to guarantee reset of all Counters. 
4. It is recommended that input rise and fall times to the Clock Inputs (CP, I xl be less than 15ns. 
5. For multichannel operation, Propagation Delay (CO to Qnl plus Set-Up Time, Select to CO, is guaranteed to be ::s: 190ns. 
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Specifications H0-470216405 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Applied 
Storage Temperature Range 
Operating Temperature Range 

Industrial H 0-4702-9/6405-9 
Military HO-4702-2/6405-2 

Operating Voltage Range 

+8.0V 
GNO -0.3V to Vee +0.3V 

-650 e to + 1500 e 

-40oe to +850 e 
-550 e to +1250 e 

+4 to +7V 

ELECTRICAL CHARACTERISTICS 
D.C.: VCC = 5V ± 10%; T A = Industrial or Military. 

A.C.: VCC = 5V; T A = 250 C. 

HD-4702-21 HD-4702-9/ 
6405-2 6405-9 

SYMBOL PARAMETER MIN TVP MAX MIN TVP MAX UNITS TEST CONDITIONS 

vee vee 
VIH Input High Voltage -1.5 -1.5 V 

. ViL 
, 

Input Lovv Voltage i,5 1.5 v 

VOHl Output High Voltage Vee Vee V IOH ~ -lJ.LA 
-.05 -.05 

VOll Output low Voltage 0.05 0.05 V IOL <+lJ.LA 

IIH Input High Current -1 +1 -1 +1 J.LA VI = VDD. All other pins = Ov 

D.C. IlL INPUT HD-4702 (all other -30 -50 -30 -50 J.LA 
LOW inputs) 

"LX CURRENT (IX inputs) -1 I I +1 -1 I I +1 J.LA VI = 0, All other pins = VOO 
IlL HD-6405 - All pins -1 +1 -1 +1 J.LA 

IOHX OUTPUT (OX) -0.1 -0.1 mA VOUT = Vee -.5 Input at 0 or VDD 
IOH1 HIGH (all other outputs) -1.0 -1.0 mA VOUT = 2.5V per Logic Function 
IOH2 CURflENT (all other outputs) -0.3 -0.3 mA VOUT = VCC -.5 or Truth Table 

IOLX OUTPUT (OX) 0.1 0.1 mA VOUT =.4V 
LOW 

10l CURRENT (all other outputs) 1.6 1.6 mA VOUT =.4V 

SUPPLY HD-4702 500 1500 J.LA ECP = VDD. CP = O. All other inputs = GND 
ICC CURRENT HD-4702 150 1000 J.LA ECP = VDD. CP = O. All other inputs = VDD 

HD-6405 150 150 J.LA ECp = VDD. CP = O. All other inputs = VDD 
orGND 

tPLH Propagation Delav. 300 300 ns CL~7pF on Ox 
tPHL IX to CO 250 250 ns 

tPLH Propagation Delav. 215 215 ns CL = 15pF Input 
tPHL CP to CO 195 195 ns Transition Times ~ 20ns 

tPLH Propagation Delav. 

I I® I 
® n~ 

tPHL I CO to On ns 

tPLH Propagation Delav. 7" 75 ns 

tPHl COtoZ 65 65 ns 

tTLH Output Transition 80 80 ns 

tTHL Time (e)(cept OX) 40 40 ns 

tPlH Propagation Delav. 350 350 ns 
tPHl IX lOCO 275 275 ns CL~7pF on Ox 

tPlH Propagation Delav. 260 260 ns CL = 5()pF Input 
tPHL CP to CO 220 220 ns 

c: A.C. 
Transition Times ~2Ons 

tPLH Propagation Delav. ® ® ns o 
o 
E 
Q) 
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tPHL CO to On ns 

tPlH Propagation Delav. 85 85 ns 
tPHL COtoZ 75 75 ns 

tTLH Output Transition 160 160 ns 

tTHL Time (except OX) 75 75 ns 

ts Set-Up Time. Select to CO 350 350 ns 

th Hold Time, Select to CO 0 0 ns CL~7pF on Ox 

ts Set-Up Time. 1M to CO 350 350 ns CL = 15pF Input 

th Hold Time. 1M to CO 0 0 ns Transition Times~20ns 

twCP(L) Minimum Clock Pulse-Width 120 120 ns 
twCP(H) .Low and High 120 120 ns 

twCP(U Minimum IX Pulse Width. 160 160 ns 
twCP(H) low and High 160 160 ns 

1. Input Current and Quiescent Power Supply Current are relatively higher for this device because of active pull-up circuits on all 
inputs except I X. This is done for TTL compatibility. 

2. Propagation Delays (tPLH and tPHL) and Output Transistion Times (tTLH and tTHLl will change with Output Load Capacitance 
(CLl. Set-Up Times (ts). Hold Times (thl. and Mininum Pulse Widths (tw) do not vary with load capacitance. 

3. The first High Level Clock Pulse after ECp goes Low and must be at least 350ns long to guarantee reset of all Counters. 
4. It is recemmended that input rise and fall times to the Clock Inputs (CP, IX) be less than 15ns. 
5. For multichannel operation, Propagation Delay (CO to Qn) plus Set-Up Time, Select to CO, is guaranteed to be::; 367ns. 
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Switching Waveforms 

____ --'- r=5O% ~(H) 
CP/lx F 

NOTE: Set-Up and Hold Times are shown as positive values but m~y be specified as negative values. 

Block Diagram 

® CP 

r-,--------.., 
I OSCILLATOR I 

CIRCUIT I 
I 
I -[»>- I 
I I 
I I 
L _______ .J 

r------~------I 

I .l{:>o-~ 0 I 
I 0 I 
I I 

HO-4702 ONL V 

r----- -, r-- - -- - ------- r MULTiPLExER'" 
I SCAN I COUNTER NETWORK ~ 

I COUNTER I ~ 

I: ~i~~~§~~~1 
1M 8oS1 S2 S3 I 

CP+8 I I I I I MR 

l I ~ 0 

- - - - rlcp
+.4 My:N ..... 1 

-2 50 

I IHL 3 75 

lCP+18 0 
MR 4 134.5 

-v 

~ -: 
200 I 

I 

{CP+6 

600 I ~ 1 

M~ : r- 7 +0 o~ 2400 

9 I I FF 

@ 
Z 

: CP
MR ~I 

I L:r I 
: lMR 

I 
8 9600 r+- CP 

I 
9 4800 I ~:L 

I I 

Voo 
Vss 
o 

: INITIALIZATION .1 
L __ ~~~T ________ .J 

PIN 16 

PIN 8 
PIN NUMBER 
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YiY 
CO Go 01 02 

0 ~ 

r CPT 16/3 01 I I 

I I MRI I 10 1800 I 

I Y I.r- I 
11 1200 

I 
12 2400 I J 

I 
13 300 I 

I 14 150 
I 

I CP + 22 0 1 I 15 110 

I 1 MR,I 

I Y 
r 1 L ________________ ~ _______ ~ 
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HARRIS HO-6402 m 
ULJ 

SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF HARRIS CORPORATION CMOS/LSI Universal Asynchronous 

Receiver Transmitter (UART) 

Features 
• OPERATION FROM D.C. TO 4.0MHz @10.0VOLTS 

• LOW POWER-TYRo 10mW @ 2.0MHz AND 5.0 VOLTS 

• 4 TO 11 VOLT OPERATION 

• PROGRAMMABLE WORD LENGTH, STOP BITS AND PARITY 

• AUTOMATIC DATA FORMATTING AND STATUS GENERATION 

• COMPATIBLE WITH INDUSTRY STANDARD UART'S 

• SINGLE POWER SUPPLY 

Description 

The HD-6402 is a CMOS/LSI subsystem for interfacing computers or 
microprocessors to an asynchronous serial data channel. The receiver 
converts serial start, data, parity and stop bits to parallel data verifying 
proper code transmission, parity, and stop bits. The transm itter converts 
parallel data into serial form and automatically adds start, parity, and stop 
bits. The data word length can be 5, 6, 7 or 8 bits. Parity may be odd or 
even. Par'ity checking and generation can be inhibited. The stop bits 
may be one or two or one and one-half when transmitting 5 bit code. 

The HD-6402 can. be used in a wide range of applications including mo­
dems, printers, peripherals and remote data aquisition systems. CMOS/LSI 
technology permits operation clock frequencies up to 4.0MHz (250K 

Baud) an improvement of 10 to lover previous PMOS UART designs. 
Power requirements, by comparison, are reduced from 300mW to 10mW. 
Status logic increases flexibility and simplifies the user interface. 

Functional Diagram 

TRANSMITTER 
TKIIING 

AND 
CONTROL 

+~----l 
I 
1 
I 
I 
I 
I 

L,--.J--~--~----------~~~-,--------~i 

CLS2 I I 

CAL +-t---------
RESET~ 

I 
I 
I 
I 
I 
I 

I 

1--------------+-1 SFO 

1------------------1- EPE 

1---------------4-1 PI 
L..---;-_-' I 

I 
I 

,----------------_--+----L-- RRI 

I 
I 
I 
1 

1 

1 

1 

THREE I 
--+-----'iJ-----------'\l-----U-STATE-"\7--'~~~'}J\'P\,~L----_+_ 

BUFFERS ____ --1 
* RBRI ABAl * 

* These outputs are three state 
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Pinout 

VCC TRC 
NC EPE 

GND ClS1 

RRD ClS2 
RBRa SBS 
RBR7 6 PI 

RBRS ~7 CRl 
RBRS a TBRa 
RBR4 9 TBR7 
RBR3 t;10 iBRS 

RBR2 11 TBRS 
RBRl 12 TBR4 

PE TBR3 
FE TBR2 
OE TBRl 

SFD TRO 
RRC TRE 
ORR TBRl 

DR TBRE 

RRI MR 

Control Definition 

CONTROL WORD CHARACTER FORMAT 

C C 
L L P E S 
S S I P B START DATA PARITY STOP 
2 1 E S BIT BITS BIT BITS 

0 0 0 0 0 5 ODD 1 
0 0 0 0 1 5 ODD 1.5 
0 0 0 1 0 5 EVEN 1 
0 0 0 1 1 5 EVEN 1.5 
0 0 1 X 0 5 NONE 1 
0 0 1 X 1 5 NONE 1.5 
0 1 0 0 0 6 ODD 1 
0 1 0 0 1 6 ODD 2 
0 1 0 1 0 6 EVEN 1 
0 1 0 1 1 6 EVEN 2 
0 1 1 X 0 6 NONE 1 
0 1 1 X 1 6 NONE 2 
1 0 0 0 0 7 ODD 1 
1 0 0 0 1 7 ODD 2 

0 0 1 0 7 EVEN 1 
0 0 1 1 7 EVEN 2 
0 1 X 0 7 NONE 1 
0 1 X 1 7 NONE 2 

0 0 0 8 ODD 1 
0 0 1 8' ODD 2 
0 0 8 EVEN 1 
0 1 1 8 EVEN 2 
1 X 0 8 NONE 1 
1 X 8 NONE 2 
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Specifications HD-6402A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Applied 
Storage Temperature Range 
Operating Temperature Range 

Industrial HD-6402A-9 
Military HD-6402A-2 

ELECTRICAL CHARACTERISTICS 

vee = 10.0V ±O.5V, TA = Industrial or Military 

SYMBOL PARAMETER MINIMUM 

VIH Logical "1" Input Voltage 70% VCC 

D.C. VIL Logical "0" Input Voltage 

IlL Input Leakage -1.0 

VOH Logical "1" Output Voltage* VCC -0.01 

VOL Logical "0" Output Voltage* 

10 Output Leakage -1.0 

ICC Supply Current 

CIN Input Capacitance* 

Co Output Capacitance* 

TYPICAL 

5.0 

7.0 

6.0 

+12.0V 
GND -O.3V to Vee +O.3V 

-650 e to 1500 e 

-400 e to +850 e 
-550 e to +1250 e 

MAXIMUM UNITS CONDITIONS 

V 

20% VCC V 

1.0 JiA OV ~ VIN ~ VCC 

V lOUT = 0 

GND +0.01 V lOUT = 0 

1.0 JiA OV ~ Va ~ VCC 

500 JiA VCC = 10.5V, 

VIN = VCC Qr GND 
8.0 pF 

10.0 pF 

*Guaranteed but not 100% tested. 

VCC = 10.0V CD VCC = 10V±O.5V 

TA = 250C T A = Industrial 
or Military 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

fclock Clock Frequency D.C. 6.0 D.C. 4.0 MHz 

A.C. tpw Pulse Widths CRL, ORR, TBRL 75 100 ns CL = 50pF 

tpw Pulse Width MR 350 400 ns See Switching Time 

tSET I nput Data Setup Time 40 40 ns Waveforms 1 , 2, 3 

tHOLD I nput Data Hold Time 30 30 ns 

tpd Output Propagation Delays 50 70 ns 

NOTE 1: All devices guaranteed at worst case limits. Room temperature, 10V data provided for information-not guaranteed. 

FIGURE 1 

Data Input Cycle 

©IC MASTER 1979 

Switching Waveforms 

CLS1, CLS2, SBS, PI, EPE 

FIGURE 2 

Control Register Load Cycle 

SFD OR RRD 

STATUS OR 
RBR1-RBR8 

FIGURE 3 

Status Flag Output Delays 

or Data Output Delays 
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Specifications HD-64/!2 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Applied 
Storage Temperature Range 
Operating Temperature Range 

Industrial HD-6402-9 
Military HD-6402-2 

E lECTR ICAl CHARACTER ISTICS 

VCC = 5.0V ± 10%. TA = Industrial or Military 

PARAMETER 

VIH 

VIL 

ilL 

Logical "1" Input Voftage 

Logical "0" Input Voltage 

Input Leakage 

70% VCC 

VOH 

D.C. 
VOL 

10 

ICC 

CIN 

Co 

Logical "1" Outout Voltage 

Logical "0" Output Voltage 

Output Leakage 

Supply Current 

I nput Capacitance * 

Output Capacitance* 

-1.0 

24 

-1.0 

1.0 

7.0 

8.0 

·1 
I 
I 

+8.0V 
GND -0.3V to VCC +0.3V 

-650C to +1500C 

20% VCC 

1.0 

0.45 

1.0 

100 

8.0 

10.0 

-400C to +850C 
-550C to +1250C 

I 

V 

V 

IlA 
V 

V 

JlA 

Il A 

pF 

pF 

CONDITIONS 

'v = .. 1. 
OV ~ VIN ~ VCC 

Ir\H -0 2~A 

10L = 2.0mA 

OV~ VO ~ VCC 

VIN = GND or VCC; 
VCC = 5.5V, Output 
Open 

*Guaranteed but not 100% tested 

VCC =5.0V CD 
TA = 250 C 

VCC = 5.0V + 10",(, 
TA = Indust.or Mil. 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

fclock Clock Frequency D.C. 3.0 D.C. 2.0 MHz 

A.C. tpw Pulse Widths CRL, DRR, TBRL 150 150 ns CL = 50pF 

tpw Pulse Width MR 350 400 ns See Switching Time 

tSET Input Data Setup Time 50 50 ns Waveforms 1,2,3 

tHOLD Input Data Hold Time 60 60 ns 

tpd Output Propagation Delays 125 160 ns 

NOTE 1: All devices guaranteed at worst case limits. Room temperature, 5V data provided for information-not guaranteed. 

Transmitter Operation 
The transmitter section accepts parallel data, formats it 
and transmits it in serial form on the TROutput terminal. 
® Data is loaded into the transmitter buffer register from 
the inputs TR 1 through TR8 by a logic low on the 
TBRLoad input. Valid data must be present at least tSET 
prior to and tHOLD following the rising edge of TBR L. 
If words less than 8 bits are used, only the least significant 
bits are used. The character is right justified into the least 
significant bit, TR1. ® The rising edge of TBRL clears 
TBREmpty. 0 to 1 clock cycles later, data is transferred 

to the transmitter register; TREmpty is cleared; TBR­
Empty is set high; and serial data transmission is started. 
Output data is clocked by TRClock. The clock rate is 16 
times the data rate. © A second pulse on TBRLoad loads 
data into the transmitter buffer register. Data transfer to' 
the transmitter register is delayed until transmission of the 
current character is complete. @ Data is automatically 
transferred to the transmitter register and transmission of 
that character begins one clock cycle later. 

:::: =1t I ~~ll 
-:-11 t-- 0 TO , CLOCK J t-. CLOC K 

::: : ,I I DATA ~ r-
@ ® © @ C END OF L~ST STOP BIT 

TRANSMITTER TIMING (NOT TO SCALE) 
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Specifications HD-6402C-9 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Applied 
Storage Temperature Range 
Operating Temperature Range (Industrial -9) 

+8.0V 
GND -O.3V to Vec +O.3V 

-650 e to + 1500 e 
-4ooe to +850 e 

ELECTRICAL CHARACTERISTICS Vce:: 5.0V± 5%. TA:: Industdal 

SYMBOL PARAMETER MINIMUM TYPICAL MAXIMUM UNITS CONDITIONS 

VIH Logical "1" Input Voltage VCC -2.0 V 

VIL Logical "0" Input Voltage 0.8 V 

IlL Input Leakage -10.0 . +10.0 J.LA OV ~ VIN ~ VCC 

D.C. VOH Logical" 1" Output Voltage 2.4 V 10H =' -O.2mA 

VOL Logical "0" Output Voltage 0.45 V IOL = 2.0mA 

10 Output Leakage -10.0 +10.0 J.LA OV ~ Vo ~ VCC 

ICC Supply Current 1.0 800 J.LA VIN = GND or VCC 
VCC = 5.25V 

CIN Input Capacitance* 7.0 8.0 pF Output Open 

Co Output Capacitance* 8.0 10.0 pF 

*Guaranteed but not 100% tested. 

VCC = 5.0V <D VCC = 5.0V± 5% 
TA= 250C T A = Industrial 

SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

fdock Clock Frequency D.C. 2.0 D.C. 1.0 MHz 

tpw Pulse Widths CRL, DRR, TBRL 200 225 ns CL = 50pF 
A.C. 

tpw Pulse Width MR 500 600 ns See Switching Time 

tSET I nput Data Setup Time 60 75 ns Waveforms 1, 2, 3 

tHOLD Input Data Hold Time 75 90 ns 

tpd .output Propagation Delays 150 190 ns 

NOTE 1: All devices guaranteed at worst case limits. Room temperature, 5V data provided for information-not guaranteed. 

Receiver Operation. 

Data is received in serial form at the R Input. When no data 
is being received, R Input must remain high. The data is 
clocked through the R RClock. The clock rate is 16 times 
the data rate. ® A low level on DRReset clears the 
DReady line. ® During the first stop bit data is transferr­
ed from the receiver register to the RBRegister. If the word 
is. less than 8 bits, the unused most significant bits will be 
a logic low. The output character is right justified to the 

least significant bit RBR 1. A logic high on OError indicat­
es overruns. An overrun occurs when DReady has not been 
cleared before the present character was transferred to the 

. RBRegister. ©% clock cycle later DReady is reset to a 
logic high, PError and FError are evaluated. A logic high 
on FError indicates an invalid stop bit was received, a 
framing error. A logic high on PError indicates a 
parity error. 

RRI ---,L...:-------+f------.:.:--------------------------.:--.... /""" BEG INNING OF FIRST STOP BIT 

____ -+-__________ --1-.,0. CLOCK CYCLES 

RBR1-8,OE ____ ~-----------J><== 
ORR (tJ 

'-

FE,:: _____ I.j..I __________ ......... ---' 

® ® 

©IC MASTER 1979 

RECEIVER TIMING 
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• 8048 Mask Programmable ROM 
• 8648 One-Time Factory Programmable EPROM 
• 8748 User Programmable/Erasable EPROM' 
• 8035 External ROM or EPROM 

• a-Bit CPU, ROM, RAM, I/O in • 1K x a ROM/EPROM 
Single Package 64 x 8 RAM 

• Interchangeable ROM ~nd EPROM 27 I/O Lines 

Versions • Interval Timer/Event Counter 

• Single SV Supply • Easily Expandable Memory and I/O 

• 2e5 J.tsec and 5.0 J,Lsec Cycle Versions: • Compatible with 8000 Series Peripherals 
All Instruc·tions 1 or 2 Cycles • Single Level Interrupt 

• Over 90 Instructions: 70% Single Byte 

The Intel@ 804818648/874818035 is a totally self-suffici'ent 8-bit parallel computer fabricated on a single silicon chip 
using Intel's N-channel silicon gate MOS process. 

The 8048 contains a 1 K x 8 program memory, a 64 x 8 RAM data memorY,27 I/O lines,and an 8-bit timer/counter in addition 
to onboard oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded using 
standard memories and MCS-80™ C8080A) peripherals. The 8035 is the equivalent of an 8048 without program memory. 
The 8035L has the RAM power down mode of the 8048 while the 8035 does not. 

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM program 
memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program memory for 
low cost, high volume' production, and the 8035 without program memory for use with external program memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

PORT 
=1 

CLOCK 1024 WORDS 64 WORDS 
PROGRAM DATA 
MEMORY MEMORY 

PORT 
=2 0 /\. 

P15 

WR P14 8048 
ALE P13 

A 
8-BIT <.-CPU r--

DBo P12 

V V 
8,BIT 

TlMER/ 27 

EVENT COUNTER I/O LINES 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PROOUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
CINTEl CORPORATION. 1978 OCTOBER 1978 
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*8049 Mask Programmable ROM 
*8039 External ROM or EPROM 
*New 11 MHz Operation 

• 8·Bit CPU, ROM, RAM, I/O in 
Single Package 

• 2K x 8 ROM 
128 x 8 RAM 

• Single 5V ± 100/0 Supply 27 I/O Lines 

• Interval Timer/Event Counter· • 1.36 ILsec Cycle; All Instructions 
1 or 2 Cycles • Easily Expandable Memory and I/O 

• Over 90 Instructions: 700/0 Single Byte • Compatible with MCS Memory and 1/0 

• Pin Compatible with 8048/8748 • Single Level Interrupt 

The Intel@ 8049/8039/8039-6 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using 
Intel's N-channel silicon gate MOS process. 

The 8049 contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 110 lines, and an 8-bit timer/counter in 
addition to on board oscillator and clock circuits. For systems that r:equire extra capability, the 8049 can be expanded 
using standard memories and MCS-80 TM/MCS-85 ™ peripherals. The 8039 is the equivalent to an 8049 without program 
memory. The 8039-6 is a lower speed (6MHz) version of the 8039. 

To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM program 
memory for low-cost high volume production, and the 8039 without program memory for use with external program 
memories in prototype and preproduction systems. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has exten­
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in 
length. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

CLOCK 2048 WORDS 128 WORDS 
PROGRAM DATA 
MEMORY MEMORY 

/\" .I,> 

8049 
A 

8-BIT 

~ CPU -

INTERRUPT- V V 
8-BIT 

27 TlMERI 
EVENT COUNTER 1/0 LINES 

BUS 

INTEl CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUlTRY EMBOOIEO IN AN INTEL PRODUCT. N{) OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
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8021 

SINGLE COMPONENT 8·BIT 

• 8-Bit CPU, ROM, RAM, I/O ~n Single • 1K x 8 ROM 
28-Pin Package 64 x 8 RAM 

21 I/O Lines 

• Single 5V Supply ( + 4.5V to 6.5V) • Interval Timer/Event Counter 

• 10 J.Lsec Cycle; All Instructions • Clock Generated With Single Resistor 
1 or 2 Cycles or Inductor 

• Instructions -8748 Subset • Zero-Cross Detection Capability 

• High Current Drive Capability-2 Pins • Easily Expandable 1/0 

The Intel® 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel's N-channel 
silicon gate MOS process. The features of the 8021 include a subset of the 8048 optimized for low cost, high volume appli­
cations, plus additional I/O flexibility and power. 

The 8021 contains a 1 K X 8 program memory, a 64 X 8 data memory, 21 I/O lines, and an 8-bit timer/event counter, in addi­
tion to on-board oscillator and clock circuits. For systems that require extra I/O capability, the 8021 can be expanded using 
the 8243 or discrete logic. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit handling 
capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from an instruc­
tion set consisting mostly of single byte instructions and no instructions over two bytes in length. 

To minimize development problems and maximize flexibility, an 8021 system can be easily designed using the 8021 emula­
tion board, EMB-21. The EMB-21 contains a 40-pin socket which can accommodate either the 8748 shipped with the board 
or an ICE-48 plug. Also, the necessary discrete logic to reproduce the 8021 's additional I/O features is included. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

P22 

XTAL{ P23 P21 PORT 
#0 

PROG P20 

POO P17 PORT CLOCK 

POl P16 #1 

P02 P15 RESET 
PORT 

P03 P14 #2 
P04 P13 TEST 

P05 P12 ADDRESS 
POS Pl1 LATCH 

P07 Pl0 ENABLE 
8-BIT 

ALE RESET PORT CPU 

T1 XTAL2 EXPANDER 

Vss XTAL 1 
STROBE 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT _ NO OTHER CIRCiJlT PATENT LICENSES ARE IMPLIED. 
OINTEl CORPORATION, 1978 OCTOBER 1978 

1936 @IC MASTER 1979 



• 8~Bit CPU, ROM, RAM, 1/0 in Single 
40-Pin Package 

• On-Chip 8-Bit AID Converter; Two Input 
Channels 

• 8 Comparator Inputs (Port 0) 

• Zero-Cross Detection Capability 

• Single 5V Supply (4.5V to 6.5V) 

• High Current Drive Capability - 2 Pins 

• Two Interrupts - External and Timer 

• 2K x 8 ROM, 64 x 8 RAM, 28 1/0 Lines 

• 10 I-lsec Cycle; All Instructions 1 or 2 
Cycles 

• Instructions - 8048 Subset 

• Interval TimerJ.Event Counter 

• Clock Generated with. Single Resistor, 
Inductor, or Crystal 

• Easi Iy Expandable 1/0 
The Intel@> 8022 is the newest member of the MCS-48 ™ family of Single chip 8-bit microcomputers. It is designed to 
satisfy the requirements of low cost, high volume applications which involve analog signals, capacitive touchpanel 
keyboards, andlor large ROM space. The 8022 addresses these applications by integrating many new functions on­
chip, such as AID conversion, comparator inputs and zero-cross detection. 

The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 1/0 lines, an 
on-chip 8-bit AID converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage 
capacitive touch panels or other non-TTL interfaces', external and timer interrupts, and zero-cross detection capability. 
In addition, it contains the 8-bit interval timer/event counter, on-board oscillator and clock circuitry, single 5V power 
supply requirement, and easily expandable I/O structure common to all members of the MCS-48 family. 

The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability plus 
facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS~48 instruc­
tion set which consists mostly of single byte instructions and has extensive conditional jump and direct table lookup 
capability. Program memory usage is further reduced via the 8022's hardware implementation of the AID converter 
which simplifies interfacing to analog signals. 

BLOCK DIAGRAM 

2048 WORDS 64 WORDS 
CLOCK PROGRAM DATA 

MEMORY MEMORY 

I 
/">- /";:. 

1 
V - -8·BIT 

CPU Iv- r--

V '\.7 V 
8·BIT 26 TWO CHANNEL 

TIMER/EVENT DIGITAL 8·BIT AID 
COUNTER 110 LINES CONVERTER 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBOOIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPlIED. 
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• Provides All Signals Necessary to 
Control 2104A, 2116, or 2117 Dynamic 
Memories 

• Directly Addresses and Drives Up to 64K 
Bytes Without External 'Drivers 

• Provides Address Multiplexing 
and Strobes 

• Provides a Refresh Timer and a 
Refresh Counter 

• Refresh Cycles May be Internally or 
Externally Requested 

• Provides High Speed Refresh/Memory 
Access Request Arbitration 

• Proyides Transparent Refresh Capability 
• Fully Compatible with Intel® SOSOA and 

SOSSA Microprocessors 
• Decodes SOSSA Status for Advanced 

Read Capability 
• Provides System Acknowledge and 

Transfer Acknowledge Signals 
• Internal or External Clock Capability 

The 8202 is a Dynamic RAM System Controller designed to provide all signals necessary to use 2104A, 2116, or 2117 
Dynamic RAMs in microcomputer systems. The 8202 provides multiplexed addresses and address strobes, as well as 
refresh/access arbitration. Refresh cycles 'can be started internally or externally. 

PIN CONFIGURATION 

10 

8202 BLOCK DIAGRAM 

Al
O

•
5 
__________ .f'" 

Als /OP3 

AHO·6 ------------,/ 

BO 

8, lOP, 

RDISl 

WR 

XO/OP2 

REFRESH 
COUNTER 

X, IClK _____ -.1 

TNK ---------i .... 1 

• 

OSCILLATOR 

MUL TIPLEXER 

TIMING 
AND 

CONTROL 

OUTO·6 

WE 

CAS 

RASo 

RAS1 

RAS2 

RAS3 

XACK 

SACK 

INTel CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTel PRODUCT, NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED 
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8041/8741 
UNIVERSAL PERIPHERAL 

8·BIT MICROCOMPUTER 
• Fully CompaUbnle with MCS-80™, 

MCS-8S™ and MCS-48™ Microproces­
sor Families 

.. Pin Compatible ROM and EPROM 
Versions 

• Single Level Interrupt • 1 K x 8 ROMIEPROM, 64 x 8 RAM, 18 
Programmable'I/O Pins 

.- 8-Bit CPU plus ROM, RAM, 1/0, Timer 
and Clock in a Single Package 

• Single SV Supply 

• Alternative to Custom LSI 

• Asynchronous Data Register for -
Interface to Master Processor 

• Expandable 110 
The Intel® 8041/8741 is a general purpose, programmable interface device designed for use with a variety of 8':'bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O ports, 
timer/counter, and clock in a s1ngle 40-pin package. Interface registe'rs are included to enable the UPI device to function as 
a peripheral controller in MCS-80Tl

., MCS-85™, MCS-48™,and other 8-bit systems. 

The UPI-41™ has ·1K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the 
program memory is available as ROM in the 8041 version or as UV-erasable EPROM in the 8741 version. The 8741 and the 
8041 are fully pin compatible for easy transition from prototype to production level designs. 

The devi.ce has two 8-bit, TTL compatible I/O ports and two test inputs. Individuai port lines can function as either inputs or 
outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has 161/0 lines. 
An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or counting external 
inputs. Additional UPI features include: single 5V supply, low power s~andby mode (in the 8041)~ single-step mode for 
debug(in the 8741),single level interrupt, and dual working register banks. 

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI interface 
devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include keyboard 
scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral devices to 
microprocessor systems. 

PIN CONFIGURATION 

Vee 

Vss L... ___ .... 

MASTER 
SYSTEM 

0 7 

~
DO-

INTERFACE : 

l;: 
SYNC 

ss 
"'00 

CRYSTAL. {x, 
LC,OR 
CLOCK x2 

( .. , 

{

VDO -- PROM I'ROGRAM SUI'I'l Y 

POIIIIER Va: -- +5SU1'1'lY 

Va -- GROUND 

BLOCK DIAGRAM 
INTERNAL 

BUS 

DATA 
MEMORY 

PORT' 
BUS 

BUFFER 

REG BANK' RESIDENT 
~--~ 64.8 

STACK RAM ARRAY 
~--~ 

lK •• 
PROM 

PROGRAM 
MEMORY TO 

T, 

r£RIPHERAL 
INTERFACE 
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8271 
PROGRAMMABLE FLOPPY DISK 

IBM· 3740 Soft Sectored Format Com- • Internal CRC Generation and Checking 
patlble 

Programmable Record Lengths • Programmable Step Rate, Settle-Time, 
Head Load Time, Head Unload Ihdex 

Multi-Sector Capability Count 

Maintain Dual· Drives with Minimum Fully MeS-80 and MeS-85 Compatible 
Software Overhead Expandable to 4 • 
Drives Single + 5V Supply • 
Automatic ReadlWrite Head Position-
ing and Verification • 40-Pin Package 

The Intel~ 8271 Programmable Floppy Disk Controller (FoC) is an LSI component designed to interface one to 4 floppy 
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software 
overhead normaJly associated with floppy disk controllers. 

PIN CONFIGURATION 

FAUL T RESET /0 PO Vee 

SELECT 0 LOW CURRENT 

4 MHz CLK LOAD HEAD 

RESET DIRECTION 

READY 1 SEEK!STEP 

SElECT 1 WR EN6LE 

DACK INDEX 

ORO WR PROTECT 

RD READY 0 

WR TRKO 

INT COUNT 'OPI 

DBO WR DATA 

DBl FAULT 

DB2 UNSEP DATA 

Da3 DATA WINDOW 

DB4 PLO'SS 

DB5 CS 

DB6 INSYNC 

DB7 Al 

GND Ao 

PIN NAMES 

DATA BUS 181 DIRECTIONAL' PLOl5S PlO/SINGLE SHOT 
ClO~K INPUT nTU DATA WINDOW DATA WINOOW 
SELECT 1, 0 UNSEP DATA UNSEPARATEO DATA 
FAUL T RESET/OPTIONAL OUTPUT FAurr FAULT 
CHIP RESET WR DATA WRITE DATA 
READY 1,0 COUN'TiOPi COUNT/OPTIONAL INPUT 

OMA ACKNOWLEDGE Tiik""O TRACK 0 
OMA REOUEST WR PROTECT WAHE PROTECT 

CPU A£ AD INPUT i'Ni5IT' INDEX 
CPU WRITE INPUT WR ENASl£ WRITE [NASa 
INTERRUPT SEEK/STEP SH"KISTfP 

DtRECTfON 
LOAD tUAD 

LOW CURRENT 

REGISTERS 

STATUS REG COMMAND REG 

RESULT REG PARAMETER REG 

TEST MODE 

DRO 

DATA BUS 
BUFFER 

DACK ------, 

INT 

RD 

WR 

RESET 

CS ------' 

CPU INTERFACE 

BLOCK DIAGRAM 

SERIAL 
INTERFACE 

CONTROllER 

WR DATA 

INSYNC 

0----- RD DATA 

----- DATA WINDOW 

L-______ PLOSS 

INTERNAL 

DATA BUS 

u 

DRIVE 
INTERFACE 

CONTROllER 

DISK INTERFACE 

SELECT 0 
SELECT 1 
WR ENABLE 
LOAD HEAD 
SEEK/STEP 
~IRECliON 
LOW CURRENT 
FAULT RESET/OPO 
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8273 
PROGRAMMABLE HOLC/SOLC 

CONTROLLER 
• HDLC/SDLe Compatible • Programmable NRZI Encode/Decode 

• Frame Level Commands • N·Bit Reception Capability 

•• Full Duplex, Half Duplex, or L()op • Digital Phase Locked Loop Clock 
SDLC Operation Recovery 

• Up to 64K Baud Transfers • Minimum CPU Overhead 

• Two User Programmable Modem • Fully Compatible with 8080/8085 CPUs 
Control Ports 

Automatic FCS (CRC) Generation and • Single + 5V Supply 
• 

Checking • 40·Pin Package 

The Intel@ 8273 Programmable HOLC/SOlC Protocol Controller is a dedicated device designed to support the ISO/C­
CITT's HOLC and IBM's SOLC communication line protocols. It is fully compatible with Intel's new high performance 
microcomputer systems such as the MCS-85™. A frame level command set is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low 
level real-time tasks r:tormally associated with controllers. 

PIN CONFIGURATION 

FLAG DET Vee 

Tx INT P~ 

CLK PB3 
RESn PB2 

TxDACK PB, 
TxDRO fHS 

RxDACK fit>:; 
RxDRO PAl 

RD pA; 

WR CD 

Rx INT tfS 
DBO TxD 

DBl Tx(; 

DB2 R;c 
DB3 RxD 

DB4 32xCLK 

DB5 ts 
DB6 UPLL 

DB7 A, 

GND Ao 

PIN NAMES 

DBO-DB7 DATA BUS (8 BITS) 
FLAG DET FLAG DETECT 
TxlNT 
CLK 
RESET 
Tx DACK 
bDRO 
iffi 
ViR 
Rx DACK 
Rx ORO 
Rx INT 
AO-A' 
DPll 

TRANSMITTER INTERRUPT 
CLOCK INPUT 
RESET 
TRANSMITTER DMA ACKNOWLEDGE 
TRANSMITTER DMA REOUEST 
READ INPUT 
WRITE INPUT 
RECEIVER DMA ACKNOWLEDGE 
RECEIVER DMA REOUEST 
RECEIVER INTERRUPT 
COMMAND REGISTER SELECT ADDRESS 
DIGITAL PHASE LOCKED LOOP 

CS CHIP SELECT 
32xCLK 32 TIMES CLOCK 
Rx 0 RECEIVER DATA 
Rx C RECEIVER CLOCK 
Tx C TRANSMITTER CLOCK 
Tx 0 TRANSMITTER DATA 
CTS CLEAR TO SEND 
CD CARRIER DETECT 
PA2-PA4 GP INPUT PORTS 

~-'PB4 ~~g~:;~i~~~~~ 
Vee +5 VOL T SUPPL Y 
GND GROUND 

BLOCK DIAGRAM 

REGISTERS 

TxlNT RESULT COMMAND 

RxlNT RESULT PARAMETER 

TEST MODE STATUS 

DBO-7 

TxDRO 

RESUL T 

DATA 
BUS 

BUFFER 

hDACK ----, 

RxDRO -----, 

RxDACK 

hiNT 

RxlNT 

RD 

WR 

A, 

RESET 

CS __ -J 

CLK -------' 

INTERNAL DATA BUS -

CPU I:I!TERFACE 

hD 

hC 

DPLL 
32X CLK 

RTS 

"8'_4 

CTS 

CD 

PAZ_4 

'---- flAG DET 

MODEM INTERFACE 
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• Programmable Screen and 'Character • Fully MCS.;80™ and MeS-85™ 
Format Compatible 

• 6 Independent Visual Field Attributes • Dual Row Buffers 

• 11 Visual Character Attributes 
Programmable OMA Burst Mode (Graphic Capability) • 

• Cursor Control (4 Types) • Single + 5V Supply 

• Light Pen Detection and Registers • 40-Pin Package 

The Intel® 8275 Programmable CRT Controller is a single chip device to interface CRT raster scan displays with 
Intel® microcomputer systems. Its primary function is to refresh the display by buffering the information from main 
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple 
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead. 

PIN CONFIGURATION 

LC3 vcc 
LC2 LAO 
LC1 LAl 
LCO LTEN 

ORO RVV 
DACK VSP 
HRTC GPA, 
VRTC GPAo 

RD HLGT 
WR IRO 

LPEN ' CCLK 

DBO CCs 
DB, CC5 
DB2 CC4 
DB3 CC3 
DB4 CC2 
DB5 CC, 
DBS CCo 
DB7 CS 

GND AO 

PIN NAMES 

DBa 1 B1 DIRECTIONAL DATA BUS ,; LCO-3 LINE COUNTER OUTPUTS 

DRO DMA REOUEST OUTPUT LAO, 1 LINE ATTRIBUTE OUTPUTS 

15i'iCK DMA ACKNOWLEDGE INPUT HRTC HORIZONTAL RETRACE OUTPUT 

IRO INTERRUPT <lEOUEST OUTPUT VRTC VERTICAL RETRACE OUTPUT 

RD READ STROBE INPUT HLGT HIGHLIGHT OUTPUT 

WR WRITE STROBE INPUT RVV REVERSE VIDEO OUTPUT 

Aa REGISTER ADDRESS INPUT L TEN LIGHT ENABLE OUTPUT 
" CS CHIP SELECT INPUT VSP VIDEO SUPPRESS OUTPUT 

celK CHARACTER CLOCK INPUT GPAa· 1 GENERAL PURPOSE ATTRIBUTE OUTPUTS 

CCa 6 CHARACTER CODE OUTPUTS LPEN LIGHT PEN INPUT 

DBO-1 
DATA 
BUS 

BUFFER 

DRO_-----, 

DACK~ 

IRO~ ~ 

AD READ! 
WRITE! 

WR- DMA 
CONTROL 

LOGIC 
AO-

cs ------' 

BLOCK DIAGRAM 

CHARACTER 
COUNTER 

RASTER TIMING 
AND 

VIDEO CONTROL 

LIGHT PEN 
REGISTERS 

CClK 

CCO_6 

LCO-3 

LAO_l 

HRTC 
VRTC 
HLGT 
RVV 
LTEN 
VSP 

GPAO_l 

LPEN 
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• Designed to Interface Microprocessors 
(e.g., 8080, 8085, 8086; 8048) to an 
IEEE Standard 488 Digital Interface 
Bus 

• Programmable Data Transfer Rate 

• Complete Source and Acceptor 
Handshake 

• Complete Talker and Listener 
Functions with Extended Addressing 

• Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 

• Selectable Interrupts 

• On-Chip Primary and Secondary 
Address Recognition 

• Automatic Handling of Addressing and 
Handshake Protocol 

• Provision for Software Implementation 
of Additional Features 

• 1-5 MHz Clock Range 

• 16 Registers (8 Read, 8 Write), 2 for 
·Data Transfer, the Rest for Interface 
Function Control, Status, etc. 

• Directly Interfaces to External Non­
Inverting Transceivers for Connection 
to the GPIB 

• Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 

• DMA Handshake Provision Allows for 
Bus Transfers without CPU Intervention 

• Trigger Output Pin 

• On-Chip EOS (End of Sequence) 
Message Recognition Facilitates 
Handling of Multi-Byte Transfers 

The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to interface microprocessors (e.g., 8080, 
8085, 8086, 8048) to an I EEE Standard 4~8 I nstrumentation I nterface Bus. It implements all of the Standard's 
Talker/Listener interface functions. 

PIN CONFIGURATION 

VCC 

EOI 

NoAC 

NRFo 

oAV 

0108 

0107 

0102 

8 READ 
REGISTERS 

8 WRITE 
REGISTERS 

BLOCK DIAGRAM 

INTERFACE 

FUNCTIONS I fo---=--~ 

SH 
AH 

T 
L 

SR 
RL 

TO NON-INVERTING 2 
BUS TRANSCEIVERS c: 
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8085A/8085A-2 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS 

• Single +SV Power Supply 

• 100% Software Compatible with SOSOA 

• 1.3 f.LS Instruction Cycle (SOSSA); 
O.S f.Ls (SOSSA-2) 

• On-Chip Clock Generator (with External 
Crystai, LC or RC Network) 

• On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 

• Four Vectored Interrupt Inputs (One is 
non-Maskable) Plus an SOSOA­
compatible interrupt 

• Serial In/Serial Out Port 

• Decimal, Binary and Double Precision. 
Arithmetic 

• Direct Addressing Capability to 64k 
Bytes of Memory 

The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible 
with the 8080A microprocessor, and it is designed to improve the present 8080A's performance by higher system speed. 
Its high level of system integration allows a minimum system of three IC's [8085A I CPU 1,8156 (RAM/IO I and 8355/8755A 
I ROM/PROM/I a I [ while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A. 

The 8085A incorporates all of the features that the 8224 I clock generator) and 8228 I system controller) provided for the 
8080A, thereby offering a high level of system integration. 

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The 
on-chip address latches of .8155/8156/8355/8755A memory products allow a direct interface with the 8085A. 

POWER r _ +5V 

SUPPL Y 1- GND 

INTA RST65 TRAP 

t RST 5.5 I RST7.5 SID 

I I 

INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 

TIMING AND CONTROL 

B C 
REG REG. 

D 181 E 
REG. REG. 

H 181 L 
REG. REG. 

STACK POINTER 

PROGRAM COUNTER 

A1S-AS 
ADDRESS BUS 

Figure 1. 808SA CPU Functional Block Diagram 

181 

181 

181 

1161 

1161 

REGISTER 
ARRAY 

AD7-ADO 
ADDRESS/DATA BUS 
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8155/8156/8155-2/8156-2 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 

8085A 8085A-2 

8155 8155-2 
8156 8156-2 

• 256 Word x 8 Bits 

• Single +5VPower Supply 

• Completely Static Operation 

• Internal Address Latch 

• 2 Programmable 8 Bit I/O Ports 

~ CPU Chip 
Enable 

ACTIVE LOW 
ACTIVE HIGH 

• 1 Programmable 6-Bit I/O Port 

• Programmable 14-Bit Binary Counter/ 
Timer 

• Multiplexed Address and Data Bus 

• 40 Pin DIP 

The 8155 and 8156are RAM and I/O chips to be used in the MCS-85™microcomputersystem. The RAM portion is designed 
with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states 
in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for "Use with the8085A-2. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provideeither a square wave or terminal count pulse for 
the CPU system depending on timer mode. 

PIN CONFIGURATION BLOCK DIAGRAM 

PC3 Vee 
pC4 PC2 

TIMER IN PC, 

RESET PCo 
PCs PB7 

TIMER OUT PBs 

101M 

G 
PAO- 7 

ADo 7 256 X 8 

STATIC 

101M PBs 

CE OR CE* PB4 
RD PB3 
WR PB2 

RAM 

G 
* PBo, 7 

ALE 

ALE PB, 

ADo PBo 
AD, PA7 
AD2 PAs 

RD 

G 
WR 

PCo - s 
RESET TIMER 

AD3 PAs 

AD4 PA4 
ADs PA3 
ADs PA2 

TIMER CLK~ ~VCCI'SVI 
TIMER OUT Vss (OV) 

AD7 PA, 

Vss PAo 
*: 8155/8155-2 = CE, 8156/8156-2 = CE 
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inter 
8755A * 18355 * 18355-2* * 

16,384-8IT ROM WITH, 1/0 
*Directly Compatible with 808SA CPU 

**Directly Compatible with 808SA-2 

• 2048 Words x 8 Bits 

• Single + 5V Power Supply 

• Internal Address Latch 

• 2 General Purpose 8·Bit1/0 Ports 

• Each 1/0 Port Line Individually 
Programmable as Input or Output 

• Multiplexed Address and Data Bus 

• Pin Compatible ROM (8355, 8355·2) and 
EPROM (8755A) Versions 

• 40·Pin DIP 

The Intel@> 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the MCS-85™ 
microco.mputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access time of 450 ns 
to permit use with no wait states in an 8085A CPU. 

The Intel@> 8355 is a ROM and I/O chip to be used in the MCS-85T
• microcomputer system. The ROM portion is organized as 

2048 words by 8 bits. I.t has a maximum access time of 400 ns to permit use with no wait states in the 8085A CPU. 

The 110 portion consists of 2 general purpose 1/0 ports. Each 110 port has 8 port lines, and each 110 port line is indivdu­
ally programmable as input or output. 

The 8355-2 has a 300ns access time for compatibility with the 8085A-2 microprocessor. 

PIN CONFIGURATION 

PROG ICE, 1 Vee 

PB7 

PB6 

PB5 

PB4 

PB3 

PB2 

PB, 

PBo 

PA7 

PA6 

PA5 

PA4 

PA3 

PA2 

PAl 

PAo 

*8755A: VOO (PROGRAMMING VOLTAGE) 
8355: NO CONNECT 

BLOCK DIAGRAM 

ClK 

READY 

ADO-7 

~ As-,o 

CE2 2K X 8 

CE, ROM 

G 
101M 

ALE 

AD 
lOW 

RESET 

lOR 

~VCC'''VI 
Vss (OV) 

PAO-7 

PBo- 7 
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16·81T HMOS 

The Intel@ 8086 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It addresses memory as a sequence of 8-bit bytes, but has a 16-bit wide physical path to mem-
ory for high performance.' . 

EXECUTION UNIT 

I REGISTER FilE I 

DATA. 
POINTER. AND 

INDEX REGS 
(8 WORDS) 

L['-
'---. 

'S:--
16·BIT AlU 

FLAGS 

BUS INTERFACE UNIT 

I RELOCATION r 
REGISTER FilE 

SEGMENT 
REGISTERS 

AND 
INSTRUCTION 
. POINTER 

(5 WORDS) 

BUS 
INTERFACE' 

UNIT 

6·BYTE 
INSTRUCTION 

QUEUE 

rEST - __ ~---~;......---..., 
INT--
NMI--

RQ/GT01W 
HOlD-­
HlDA 

CONTROL & TIMING 

ClK RESET READY QND 
Vee 

3 DT/R.DEN.AlE 

F.igure 1. 8086 CPU Functional Block Diagram 

GND VCC 

AD14 AD15 

AD13 A16/S3 

AD12 A17IS4 

ADll Ala/S5 

AD10 A19/S6 

AD9 SHE/S7 

ADa MN/MX 

AD7 Rfi 
AD6 RO/GTO (HOLD) 

AD5 RO/GT1 (HlDA) 

AD4 lOCK (WR) 

AD3 S2 (M/ie) 

AD2 51 (DTlR) 

ADl so (DEN) 

ADO aso (ALE) , 

NMI aSl (INTA) 

INTR TEST 

ClK READY 

GND RESET 

40 LEAD 

Figure 2. 8086 Pin Diagram 
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828218283/8284/8286/8287/828S

ic li~~~:~: :~~i~speCific~ll~ 
BIPOLAR SYSTEM SUPPORT COMPONENT~tochB~:rSOtne 

FOR MCS-86 

• 828218283: 8-Bit Latches (3-State, 8283 
Inverting) 

• 8284: Clock Generator and Driver for 
8080 CPU 

• 8286/8287: 8·Bit Parallel Bidirectional 
Bus Drivers (3·State, 8287 Inverting) 

• 8288: Bus Controller for 8086 CPU -
Generates MULTIBUS™ Compatible 
Control Signals. Facilitates Interface of 
8086 to a Multi·Mast~r Bus. 

The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers, 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph­
eral and input/output functions of a microcomputer system can be implemented with these devices. 

The 8284 is a bipolar clock generator/driver designed to provide clock Signals for the 8086 CPU and peripherals. It also 
contains READY logic for operation with two MULTIBUS™ systems and provides the 8086's required READY synchro­
nization and timing. Reset logic with hysteresis and synchronization is also provided. 

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 

The Intel@ 8288 Bus Controller is a 20·pin bipolar component for use with medium-to-Iarge 8086 processing systems. 
The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system performance. 

PIN CONFIGURATIONS 

000 

003 
83 

004 CYSNC VCC 
lOB VCC 

PCLK Xl 
CLK so 

AENl X2 
51 S2 

RDY1 TNK T DTiR MCE/PDEN 

READY EFI 
ALE DEN 

RDY2 FIC 
AEN CEN 

AEN2 OSC 
INTA 

CLK RES 
AMWC 10RC 

MWTC AIOWC 
GND RESET 

GND 10WC 
D03 If3 
D04 eij 

87 
T 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBOOIEO IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPliED. 
CINTEl CORPORATION. 1978 OCTOBER 1978 

1948 ©IC MASTER 1979 



• Complete Single Board M icrocom­
puter System Including CPU, Memory 
and 1/0 

• Easy to Assemble Kit-Form 

• High-Performance 8086 16-Bit CPU 

• Interfaces Directly with TTY or CRT 

• Interactive LED Display and Keyboard 

• Wire-Wrap Area for Custom Interfaces 

• Extensive System Monitor Software in 
ROM 

• Comprehensive Design Library 
Included 

The MCS-86 System Design Kit (SDK-86) is a complete, single board 8086 microcomputer system in kit form. It con­
tains all necessary components, including LED Display, Keyboard, resistors, caps, crystal and miscellaneous hard­
ware to complete construction. Included are preprogrammed ROMs that contain the system monitor for general soft­
ware utilities and system diagnostics. 

The SDK-86 includes 8-digit LED display and a mnemonic 24-key keyboard for direct insertion, examination and execu­
tion of a user's program. In addition, it can be directly interfaced with a teletype terminal, CRT terminal, or the serial 
port of an Intellec® system. 

The SDK-86 is a high-performance prototype system that has designed-in flexibility for simple interface to the user's 
application. 
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inter MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES II 

MODEL 230 
INTELLEC® SERIES II 

MICROCOMPUTER DEVELOPMENT SYSTEM 
Complete Microcomputer Developm.ent Center 
for Intel MCS·SOTM, MCS·S5™ and .MCS·48™ 
microprocessor families 

Integral CRT with detachable upper/lower case 
"typewriter·style " full ASCII keyboard 

64K bytes RAM memory 

1 million bytes (expandable to 2.5M bytes) of disk· 
ette storage 

LSI electronics board with CPU, RAM, ROM, I/O 
and interrupt circuitry 

Built·in interfaces for High·Speed Paper T~pe 
Reader/Punch, Printer and Universal PROM Pro· 
grammer 

Powerful ISIS·II Diskette Operating System Soft· 
. ware with Relocating Macro Assembler,' Linker 
and Locater 

"Self·Test" Diagnostic capability 

Standard MULTIBUSTM with multiprocessor and 
DMA capability 

Eight-level nested, maskable priority interrupt sys­
tem 

. Compatible with standard Intellec/iSBC Expan· 
sion Modules 

Software compatible with previous Intellec Sys· 
tems 

Supports PUM and FORTRAN high level 
languages 

The Intellec Series II Model 230 Microcomputer Development System is a complete center for the developmeht of 
microcomputer-based products. ft includes a CPU, 64K bytes of RAM, 4K bytes of ROM memory, a 2000-character CRT, 
detachable full ASCII keyboard and dual double-density diskette drives providing over 1 million bytes of on-line data 
storage. 
Powerful ISIS-II Diskette Operating System software allows the Model 230 to be used quickly and efficiently for 
assembly and/or compilation and debugging of programs for Intel's MCS-80, MCS-85 or MCS-48 microprocessor 
families without the need for handling paper tape. ISIS-II performs all file handling operations for the user, leaving him 
free to concentrate on the details of his own application. When used in conjunction with an optional in-circuit 
emulator (ICE TM) module, the Model 230 provides all the hardware and software development tools necessary for the 
rapid development of a microcomputer-based product. 

inter MICROCOMPUTER DEVELOPMENT SYSTEMS 

UPP-103* 
UNIVERSAL PROM PROGRAMMER 

Q) Intellec® Development System Peripheral for ......, Universal PROM Mapper software provides power­
ful data manipulation and programming commands c: PROM programming and verification 

Personality, cards available for programming all 
Intel® PROM families 

Zero insertion force sockets for both l6-pin and 
24-pin PROMs 

Flexible power source for system logic and pro­
gramming pulse generation 

Holds 2 personality cards to facilitate programming 
operations using several PROM types 

-The Universal PROM Programmer (UPP) is an .Intellec® System peripheral capable of programming and verifying the follow­
ing Intel Programmable ROMs (PROMs): 1702A, 2704, 2708, 2716,3601, 3602, 3602A, 3621,3622, 3622A, 3604, 3604A, 
3604AL, 3604L-6, 3605, 3608, 3624, 3624A, 3625, 3628, 8702A, 8704, and 8708. In addition, the UPP programs the 
PROM memory portions of the 8748 Microcomputer and the 8755 PROM and I/O chip. Programming and verification 
operations are initiated from the Intellec Development System console and are controlled by the Universal PROM Mapper 
(UPM) program. 
*This UPP103 replaces the UPP101, UPP102. 
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INTELLEC PROMPT 48 
MCS·48 MICROCOMPUTER DESIGN AID 

Complete low cost design aid and 
EPROM programmer for revolutionary 
MCS-48 single component computers 

Simplifies microcomputing, allowing user 
to enter, run, debug, and save machine 
language programs with calculator-like 
ease 

Utilizes two removable8-bit MCS-48 
CPUs' 

8748 CPU with erasable, reprogram­
mabie. on-chip program memory 
8035 CPU with off-chip program 
memory 

1 K-byte erasable, reprogrammable on­
chip (8748), expandable program mem­
ory, 1 K-byte RAM in PROMPT system 

. 64 bytes RAM on-chip, expandable 
register memory 

, 256 'bytes expandable RAM data memory 
in PROMPT system 

27 on-chip TTL compatible expandable 
1/0 lines 

On-chip clock, internal timerlevent 
counter, two vectored 'interrupts, eight 
level stack control 

Single + 5V DC system power 
requirement 

Integral keyboard and displays (no tele­
'typewriter or CRT terminal required) 

Extensive PROMPT 48 monitor,allowing 
system 1/0, bus, and memory expansion', 

Compatible with Intellec microcomputer 
development systems 

Includes comprehensive design IibJary 
The Intellec Prompt 48 MCS-48 Microcomputer Deslgn Aid is a low cost, fully-assembled design aid for the revolu­
tionary 8748 single component microcomputer. PROMPT 48 simplifies the programming of MCS-48 systems - pro­
grams may be entered and debugged with calculator-like ease o,n the large, informative display and keyboard panel. 
The comprehensive design library with tutorial manual is ideal for newcome,rs to microcomputing. PROMPT 48's 
panel connector allows easy access to I/O ports and system bus. Thus users can expand program memory beyond the 
1 K bytes provided internally. PROMPT 48 can serve as an economical 8748 SpeCialized PROM Programmer (SPP) 
peripheral in Intel.lec microcomputer development systems. 
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ICE·48 

MCS·48 IN·CIRCUIT EMULATOR 
Emulates stUB, 8748, 8035, and 8021 Microcomputers 

Extends Intellec microcomputer develop­
ment $ystem debug power to user con­
figured system via external cable and 
4O-pin plug, replacing system MCS-48 
device 

Emulates user system MCS·48 de~ice in 
real time 

Shares static RAM memory with user 
system for program debug 

Provides hardware comparators for user 
designated break conditions 

Eliminates. need for extraneous debug­
ging tools residing in user system 

Collects bus, register, and MCS-48 status 
information on instructions emulated 

Provides capability to examine and alter 
MCS-48 registers, memory, and flag 
values, and to examine pin and port 
values 

Integrates hardware and software efforts 
early to save development time 

The ICE-48 MCS-48 In-Circuit Emulator module is an intellec-resident module that interfaces with any MCS-48 system. 
The MCS-48 family consists of the 8048,8748,8035, and 8021 microcomuters. The ICE-48 module interfaces with an 
MCS-48 system through a cable terminating in an MCS-48 pin-compatible plug which replaces the MCS-48 device in 
the system. With the ICE-48 plug in place, the des!gner has the capability to execute the system in real time while col­
lecting up to 255 instruction cycles of real-time trace data. In addition, he can single step the system program to 
monitor more closely the program logic during execution. Static RAM memory is available through the ICE·48 fT'odule 
to emulate MCS-48 program and data memory. The designer can display and alter the contents of data and replace­
ment RAM control memory, internal MCS-48 registers and flags, and I/O ports. Powerful debug capability is extended 
into the MCS-48 system while ICE-48 debug hardware and software remain inside the Intellec system. Symbolic refer­
ence capability allows the designer to use meaningful symbols rather than absolute values when examining and modi­
fying memory, registers, flags, and 110 ports in this system. 
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ICE-85™ 
MCS-85.TM IN-CIRCUIT EMULATOR 

Connects the Intellec® System Resources to the 
user-configured system via a 40-pin adaptor plug 

Executes user system software in real-time 

Allows user-configured system to share Intellec® 
memory and I/O facilities 

Provides 1-023 states of 8085 trace data plus 18 
additional logic signals via an External Trace Mod­
ule 

Offers full symbolic debugging capability for both 
assembly language and Intel's high-level compiler 
lang~age, PL/M-80 . 

Displays trace data from the user's 8085 in assem­
bler mnemonics and allows personality groupings 
of data sampled by -the external 18-channel trace 
module 

Extends ICE capabilities to the rest of the proto­
type system peripheral circuitry by allowing the 
user to execute his own peripheral chip analysis 
routines 

Provides ability to examine and alter MCS-85™ 
registers, memory, flag values, interrupt bits and 
I/O ports 

The ICE-85 module resides in the Intellec® Microcomputer Development .3ystem and interfaces to the user system's 8085. In 
addition, an external trace module provides access to user system peripheral circuitry via a user-configured DIPclipfor periph­
eral ICs or may be attached to as many as 18 separate prototype signal nodes via individual probe clips. Using the ICE-85 
module, the designer can execute prototype software in real-time or single-step mode and can substitute I ntellec® system 
memory and I/O for user system equivalent. ICE capability can be extended to the rest of the user system peripheral circuitry 
by allowing the user to create and execute a library of user-defined peripheral chip analyzer routines. All user access to the 
prototype system software may be done symbolically by assigning names to program locations and data, I/O ports and groups 
of external trace signals. For the first time, in-circuit emulation extends beyond the user's prototype CPU to the entire user's 
system, allowing In-System Emulation. . 
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I MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES II 

PL/M·80 
HIGH LEVEL PROGRAMMING LANGUAGE 

INTELLEC® RESIDENT COMPILER 
Cuts software development and maintenance 
costs 

Speeds project completion 

Improves product reliability 

Eases enhancements as system capabilities ex­
pand 

Produces relocatable and linkable object code 

Resident operation on Intellec® Microcomputer 
Development System and Intellec® Series II 
Microcomputer Development Systems 

Sophisticated code optimization reduces applica­
tion memory requirements 

PUM-80 is an advanced, high-level programming language for Intel@ 8080 and 8085 Microprocessors, iSBC-80 OEM 
Computer Systems and Intellec@ Microcomputer Development Systems. PUM has been substantially enhanced sincft 
its introduction in 1973 and has become one of the most effective and powerful microprocessor systems implementa­
tion tools available. It is easy to learn, facilitates rapid program development and debugging, and Significantly reduces 
maintenance costs. 

PUM is a powerful, high-level algorithmic language in which program statements can naturally express the algorithm 
to be programmed. This frees programmers to concentrate on their system development without having to deal with 
assembly language details (such as register allocation, meanings of assembler mnemonics, etc.). 

The PUM compiler efficiently converts free-form PUM programs into equivalent 8080/8085 instructions. Substantially 
fewer PUM statements are necessary for a given application than if it were programmed at the assembly language or 
machine code level. 

Since PUM programs are problem oriented and more compact, programming in PUM results in a high degree of pro­
ductivity during development efforts. This translates into significant reductions in software development and mainte­
nance costs for the user. 

FORTRAN·80 
8080/8085 ANS FORTRAN 77 

INTELLEC RESIDENT COMPILER 
Provides resident operation on Intellec 
Microcomputer Development System 
and Intellec Series II microcomputer 
development systems 

Meets and exceeds ANS FORTRAN 77 
Subset Language Specification 

2 Produces relocatable and linkable object 
C code compatible with resident PL/M·80 

and 8080/8085 macroassembler 

Supports Intel floating point standard 

Provides full FORTRAN 77 language 1/0 
support when used with ISIS·II runtime 
library 

Sophisticated code optimization insures 
efficient program implementation 
Supports full symbolic debugging with 
ICE·80 and ICE·8S 

FORTRAN-80 is a computer industry standard, high level programming language and compiler that translates FOR­
TRAN statements into relocatable object modules. When the object modules are linked together and located into 
absolute program modules, they are suitable for execution on Intel 8080lB085 microprocessors, iSBC-80 OEM com­
puter systems, and Intellec microcomputer development systems. FORTRAN-80 meets and exceeds the ANS FOR­
TRAN 77 Language Subset Specification 1. The compiler operates on Intellec microcomputer development systems 
under ISIS-/I disk operating systems and produces efHcient relocatable object modules compatible for linkage with 
PUM-80 and 8080/80B5 macroassembler modules. The ANS FORTRAN 77 language speCification offers many powerful 
extensions to the FORTRAN language that are especially well suited to Intel 8080/8085 microprocessor software 
development. Because FORTRAN-BO conforms to the ANS FORTRAN 77 standard, the user is assured of compatibility 
with existing FORTRAN software meeting the standard as well as a guarantee of upward compatibility to other com­
puter systems supporting an ANS FORTRAN 77 compiler. 
1 ANSI X3J3/90 
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inter MICROCOMPUTER DEVELOPMENT SYSTEMS: 
INTELLEC SERIES II 

MCS·48™ 
DISKETTE·BASED SOFTWARE 

SUPPORT PACKAGE 
Extends Intellec® Microcomputer Development 
System to support MCS-48 ™ development 

MCS-48 Assembler provides conditional assem­
bly and macro capability 

Takes advantage of powerful ISIS-II file handling 
and storage capabilities 

The MCS-48™ Diskette-based Software Support Package (MDS-D48) comes on an Intel® ISIS-II System Diskette and 
contains the MCS-48 Assembler (ASM48), and the diskette version of the Universal PROM Mapper. 

The MCS-48 Assembler (ASM48) translates symbolic 8048 assembly language instructions into the ~ppropriate 
machine operation codes. In addition to eliminating the errors' of hand translation, the ability to refer to program ad­
dresses with symbolic names makes it easier to modify programs when adding or deleting instructions. Conditional 
assembly permits the programmer to specify portions of the master source document which should be included or 
deleted in variations on a basic system design, such as the code required to handle optional external devices. 

Macro capability allows the programmer to define a routine through the use of a Single label. ASM48 will assemble the 
code required by the reserved routine whenever the Macro label is 'inserted in the text. , 

Output from tl:1e ASM48 is in standard Intel®. Hex format. It may be loaded directly to an ICE-48 module for integrated 
hardware/software debugging. It may also be loaded into the Intellec Development System for 8748 PROM programm­
ing using the Universal PROM Programmer. 

MDS-EM1 
8021 EMULATION BOARD 

EPROM functional equivalent of 8.021 - single 
component 8-bit microcomputer 

Based on 8748 - user programmable/erasable 
EPROM 8-bit computer 

Operates with ICE-48™ to provide full in-circuit 
debugging of 8.021 prototype system 

Connects to prototype system through 8.021 pin 
compatible plug 

On-card 3 . .0 MHz or external TTL driven clock 

Portable 4" X 7" microcomputer circuit assembly 

The MDS-EM1 emulator board is a ready-to-use 4" X 7" microcomputer circuit assembly that emulates the Intel 8021 micro­

computer. A 12-inch flat-cable assembly connects the board to the 8021 socket in a prototype system. The board is designed 

so that itcan be mounted either as a stand-alone unit, or within the prototype assembly. 

The 8021 microcomputer has 1 K X 8 mask-programmable' ROM program memory and 64 by 8 RAM data memory. The 

MDS-EM1 is controlled by an Intel 8748, with 1 K of EPROM program memory and a 64 byte data memory. The EPROM can 

be programmed and erased repeatedly during hardware and software development. The MDS-EM 1 has several ancillary circuits 

that perform the following functions which are specific to the 8021: 

Zero crossing detector 

Crystal controlled clock/buffer 

Port 0 simulator 

For prototype debugging, the 8748 can be removed from its socket and replaced with a ca~le to an INTEL ICE-48. When 

used with the MDS-EM 1, ICE-48 emulates the 8021 in real-time, or single-steps the 8021 program at the user's command. 

A full range of capabilities for examining and modifying 8021 memory and status are supplied through ICE-48. 
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Advance Infor:rnation 

ONE CHIP MICROCOMPUTERS 

The MC141000 family is a series of 4-bit CMOS Microcomputers 
designed for dedicated applications. The CMOS technology of the 
MC141000 . family provides the flexibility of microcomputers, for 
battery-powered and battery-backed-up appl ications. The MC 141000 
and MC141200 include ROM, RAM, and I/O for self-contained con­
figurations in 28 and 40-pin packages. The 48-pin MC141099 has RAM 
and I/O with provision for external program memory. The MC141099 
serves lower-volume applications such as prototyping or pilot production 
of MC141000 and MC141200 systems. 

FEATURES MC141000 I MC141200 MC141099 

Package Pin Count 28 Pins I 40 Pins 48 Pins 

Instruction Read Only Memory 1024 X 8 (8,192 Bits) None 

Data Random Access Memory 64 X 4 (256 Bits) 

"R" Individually Addressed Outputs 11 I 16 16 

"0" Parallel Latched Data Outputs 8 Bits 5 Bits 

"R" and "0" Output Drive Source 20 mA 

Maximum-Rated Voltage 6.5 V 

Working Registers Static 2 -4 Bits Each 

Instruction Set See Table 2 

External Address Lines None 10 

On-Chip Oscillator Yes 

Maximum 
5 V, 600 kHz 11.5 mW 

Power 5 V, 100 kHz 2.8mW 

Dissipation 3 V, 200 kHz 1.5 mW 

3 V, 30 kHz 0.36 mW 

APPLICA TIONS 

• Appliance Controllers • Heating/Air-Conditioning 

• Calculators Controllers 

• Toys • Remote Sensing System 
• Radio Controllers • Printing Controllers 
• Communications Controllers • Security Systems 
• Data Terminals • Power Systems Control 
• Cash Registers • Automotive Control 

The above applications of the MC141000 family demonstrate its 
wide potential. Motorola accepts customer programs or will contract 
complete program development given the specifications for the appli­
cation. Customer hardware and software support is available for devel­
oping programs and debugging systems. This consists of one board and 
a software package using the M6800 EXORciser. Contact your local 
sales office for details. 

This is advance informati?n and specifications are subject to change without notice. 

1956 

MC141000 
MC141200 
MC141099 

CMOS LSI 
(LOW-POWER COMPLEMENTARY MOS) 

ONE CHIP MICROCOMPUTERS 

L SUFFIX 
CERAMIC PACKAGE 

CASE 719 

PLASTIC PACKAGE 
CASE710 

P SUFFIX 
PLASTIC PACKAGE 

CASE 711 

L SUFFIX 
CERAMIC PACKAGE 

CASE 715 

CERAMIC PACKAGE 
CASE 740 

ORDERING INFORMATION 

MC14XXXX 

©MOTOROLA INC .. 1978 

SuffiX Denotes 

T - pL Ceramic Package 

C Plastic Package 

ADI-513 
(Replaces NP-83 Rl) 
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MCM141000 • 1200 -1099 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating Symbol Value 

DC Supply Voltage VDD -0.5 to +6.5 

I nput Voltage, All Inputs Vin -0.5 toVDD + 0.5 

DC Current Drain per Pin, All Inputs I 10 

DC Current Drain, VDD Pin I 250 

DC Current Drain, VSS Pin I 20 

Operating Temperature Range TA -40 to +85 

Storage Temperature Range T stg -65 to +150 

Total Power Dissipation PD See Figure 1 

RECOMMENDED OPERATING CONDITIONS (VSS = 0) 

Parameter Symbol Value 

DC Supply Voltage - High Speed Clock VDD +4.75 to +6.0 

Full Range Operation +3.0 to +6.0 

Clock Frequency - V DD = 5.0 Vdc ± 5% fClk DC to 600 

VDD = 3.0 Vdc Min. DC to 200 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

°c 
°c 

mW 

Unit 

Vdc 

kHz 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however I it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 

maximum rated voltages to this high 
impedance circuit. For proper operation it is 

recommended that Vin and V out be 
constrained to the range VSS ~ (Vin or V out ) 

~VDD· 

ELECTRICAL CHARACTERISTICS (VDD = +5.0 V, VSS Gnd, T A = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input Current - K Inputs and INIT lin .uAdc 
(V in = 5.0 V) 75 100 135 
(V in = 0.0 V) - -0.00001 -0.3 

Input Current - I Inputs (MC141099 Only) lin }.LAdc 
(Vin = 5.0 V) - 0.00001 0.3 
(Vin = 0.0 V) - -0.00001 -0.3 

Input Voltage - I Inputs (MC141099 Only) Vdc 

VIL - - 0.8 

VIH 2.0 - -

Input Voltage - Other Inputs Vdc 

VIL - - 1.5 

VIH 3.5 - -
Output Drive - Rand 0 Outputs mAdc 

(VOH = 2.4 V)- See Figure 2 IOH -20 - -
(VOL = 0.4 V, TA = 85°C, VDD = 4.75 V) IOL 1.6 - -

Output Drive - PA and PC Outputs (MC141099 Only) }.LAde 
(VOH = 4.6 V) 

(T A = 85 0 C,VDD = 4.75 V) IOH -100 - -

(VOL = 0.4 V) IOL 100 - -
Average Supply Current IDD - - See Figure 3 }.LAde 

Static Supply Current IDD - 60 300 }.LAde 
(VDD = 6.0 V) 

Osci Ilator Frequency fClk No Limit - 600 kHz 
(VDD =4.75 V) 

Internal Oscillator Frequency for Rext = 30 kn fClk 400 500 600 kHz 

Input Capacitance - K Inputs and .INIT Cin - - 7.5 pF 

I nput Capacitance - Clock Input Cio - - 30 pF 

'---------_-_._®. MOTOROLA Setniconductor Products Inc. ----------' 
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FIGURE 1 - TOTAL POWER DISSIPATION 

Care must be taken to ensure that the maximum power dissipation of the 
package is not exceeded. 

where T stg is max im um storage temperature (~500C) 

T A is ambient operating temperature 
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Po is total power dissipation: 

o 

Po = (lOO)(VOO) + (JOH)(VOO - VOH) + (lOl)(VOl - VSS) 

(lOH and 'Ol are the sum of all output pins) 

FIGURE 2 - MINIMUM OUTPUT SOURCE CURRENT 
versus OUTPUT VOLTAGE (R and 0 Outputs) 
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(JJA Value 

Ceramic Plastic 

28·Pin Package 58 98 

40-Pin Package 50 95 

48·Pin Package 50 -

FIGURE 3 - MAXIMUM OPERATING CURRENT 
versus OSCillATOR FREQUENCY 

For RC Oscillator .,/ 
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PIN ASSIGNMENTS 

R8 
R9 

Neg Rl0 
Supply. VSS 

Kl 
K2 
K4 
K8 

INIT 
07 
06 
05 
04 
03 

MC141000 

28, R7 
27P R6 
26 tJ R5 
25U R4 
24b R3 
23;:J R2 
22 tJ Rl 
21 tJ RO 

R8 
R9 

Rl0 
Rll 

Neg R12 
Supply. VSS 

Kl 
K2 

20 0 Pos Supply. V DO 
19 b OSC2 

K4 
K8 

18 OSCl 

1-__ __ 

00 
01 
02 

INIT 
07 
NC 
NC 
NC 
06 
05 
04 
03 
NC 

MC141200 

00 
01 
02 
NC 
NC 

ROM 

R8 
R9 

R10 
R 11 
R12 

Neg Supply\ VSS 
K1 
K2 
K4 
K8 

INIT 
(LSS) PCO 

PCl 
PC2 
PC3 

Address 
Out 

PC4 
PC5 
PAO 
PAl 
PA2 

(MSB) PA3 

Instruction {17 
Input 16 

15 

MC141200 

R7 
R6 
R5 
R4 
R3 
R15 
R14 
R13 
R2 
Rl 
RO 
Pos Supply. VOO 
OSC2 
OSC1 
OSL 
08 
04 
02 
01 
10 ) 
11 ( 

12 ~ 13 
14 

Instruction 
Input -

'--------® MOTOROLA Serniconduc'for Produc'fs Inc. ---------' 
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FIGURE 4 - FUNCTIONAL BLOCK DIAGRAM - MC141000/MC141200/MC141099 
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The block diagram above shows the resources available to the MC141 000/1200/1 099 programmer. They are: 

A 

ALU 

K Inputs 

The accumulator is used to store the result of an 
ALU operation for subsequent operations. 

The arithmetic logical unit performs calculation and 
decision-making tasks. 

The K lines are the data input port. Since there are 
only four input lines, they are usually multiplexed 
under control of the R lines. The inputs are diode 
protected and have a pull-down resistor of approxi­
mately 50 kn; therefore, open inputs are read as 
a logic low. 

o Outputs The eight outputs of the PLA are connected to out­
put drivers which comprise the 0 outputs. These 
output drivers may be manufactured as open emitter, 
active sink, or push-pull at the user's option: 

PLA The output programmable logic array is user-defined 
to specify the state of each of the eight 0 outputs 
for each of the 32 possible PLAIR outputs. 

PLAIR 

RAM 

The programmable logic array input register is a 
5-bit latch which latches the four accumulator bits 
and the output oJ the status latch. 

Variable data is stored in the 64-word, 4-bit per 
word Random Access Memory. Data is accessed 
by decoding a 2-bit file address (X re.9ister) and 4-bit 
word address (V register). 

ROM Array The user's instructions are mask programmed into 
the Read Only Memory (ROM). Instructions are 
addressed by a page address register (.pA) and pro­
gram counter (PC). A single subroutine return 

register (SRR) and page buffer register (PB) permit 
a subroutine call to any location within the ROM. 

R Outputs The output of the V register is decoded to select one 
of the R-outp'ut lines which can then be set or reset 
under program control. The R lines are used as 
control lines to scan keyboards and displays, per­
form handshakes, and interface external logic. The 
R outputs may be manufactured as open emitter, 
active sink, or push-pull at the user's option. 

S All branches and subroutine calls are dependent on 
the state of status logic. It may be set or reset on 
logical or arithmetic operations and is set by the 
remainder of the instructions. 

SL The status latch stores the state of the status logic 
in order to preserve it for subsequent 0 output 
operations. 

NOTE: Sand SL are NOT identical. 

V Register The V register is a multipurpose regiser used to 
address a word in a RAM file, to select an R output 
for manipulation by subsequent instructions, or as 
a general-purpose counting and storage register. 

L..-______ ® MOTOROLA Serniconduc'tor Produc'ts Inc. -------
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MICROCOMPUTER OPERATION 

The MC141000/1200/1099 program controls data 
input, storage, processing, and output. The microcomputer 
internal organization is shown in Figure 4. The processing 
of data occurs in the arithmetic logic unit (ALU). K-input 
data enters the A LU and is stored in the 4-bit accumulator. 
The accumulator output accesses the output latches, RAM 
storage, or the ALU input. Data is stored in the 256-bit 
RAM, organized into 64 words, 4 bits per word. The 4-bit 
words are grouped into four 16-word files addressed by a 
2-bit X register. The 4-bit Y register addresses one of the 
16 words in a file. 

The 43 basic instructions handle I/O, constant data 
from the ROM, bit centrol, internal data transfer, arith­
metic processing, logic comparison, conditional and 
nonconditional branching and subroutines. 

The system designer has access for mask programming 
the following functions: 

1. ROM - 1024 Words of 8 Bits 
2. Programmable Logic Array for 0 Outputs 
3. Output Drivers 

The MC141000 microcomputer consists of seven 
subsystems: 

1. Read Only Memory (ROM) 
2. Random Access Memory (RAM) 
3. Output Ports 
4. I nput Port 
5. Arithmetic Logical Unit (ALU) 
6. The I nstruction Decoder 
7. Clock 

The following paragraphs describe how each of these 
subsystems is controlled by the instruction set. Every 
instruction occupies a single memory byte and is executed 
in one instruction cycle (six clock cycles). 

ROM ARRAY 
The ROM in the MC141 000/1200 consists of 8192 bits 

of mask-programmed memory organized as 1024 8-bit 
instructions. It is divided into 16 pages of 64 instructions 
per page. See Figure 5. 

etS Instructions within ROM are addressed by the page 
o address register (PA) which contains the page number, and 
o the program counter (PC) which contains the location of 
(5 the instruction relative to the beginning of the page. The 
:E PC is incremented prior to fetching the next instruction 

(unless diverted by a BRanch or CALL) so each instruc­
tion is accessed in the numerical order of its address. 
A carry from the PC is not added to the PA so the pro­
gram "wraps around" within the page rather than execut­
ing the first instruction of the following page. Upon 
power up, the PC is set to zero and the PA and PB are set 

to 15. 

The MC141099 addresses an external ROM program 
via ten address output lines. These are 6 bits from PC 
(PCO-PC5) and 4 bits from PA (PAO-PA3). The 8-bit 
instruction bytes are received by the MC141099 from an 
external ROM on 8· TTL compatible instruction input 
lines (10-17), 

FIGURE 5 - ROM ORGANIZATION 

Page Address Program Counter 

PA I PA I PA I PA PC PC I PC PC I PC I PC 
321 0 5 4 3 2 1 0 

~ ..... 'V' ,; 

1 of 16 pages i of 64 bytes within a page 

0 

Page 0 1 

2 

::: :~ 

62(3E) 

63(3F) 

0 

Page 1 1 

2 

:::; ;.:; 

62(3E) 

63(3F) 

0 

Page 2 1 

2 

.1 
~ t 

Page 14 (E) 
62(3E) 

63(3F) 

0 
Page 15 (F) 

1 

2 

.~ ;:: 

62(3E) 

63 (3F) 

8 Bits/Byte 

I 

"--------® MOTOROLA Semiconductor Products Inc. ----------' 

1980 @IC MASTER 1171 



MCM141000. 1200 -1099 

RANDOM ACCESS MEMORY - RAM 
RAM consists of 256 bits organized into 64 4-bit words. 

For purposes of addressing, the 4-bit words are organized 
into four files of 16 4-bit words per file, Figure 6. 

The X register is decoded to select 1 of the 4 RAM 
files; and the Y register is decided to address 1 of the 16 
words in the selected file. 

Individual bits within the RAM can be set, reset and 
tested under program control. 

FIGURE 6 - RAM ORGANIZATION . 
X Y Register Register 

X I X 
V viv V 

1 0 3 2 1 0 

~~ 
1 of 4 files 1 of 16 words 

within a file 

File 0 0 

1 

2 

.::: ~~ 

14(E) 

15(F) 

File 1 
0 

1 

2 

~::: ~~ 

14(E) 

15(F) 

File 2 0 

1 

2 

:;;; ~:: 

14(E) 

15(F) 

File 3 
0 

1 

2 

.~ ::~ 

14(E) 

15(F) 
, 4 Bits/Word 

OUTPUT PORTS 

Two output ports (R and 0) are included in the micro­
computer. The MC141000 has eleven R outputs and the 
MC141200 and MC141099 each have sixteen R outputs. 
The MC141000and MC141200each have eight a outputs, 
while the MC141099'has five. The number of R outputs is 
the only difference between the MC141000 and the 
MC141200, 

R-output lines are used primarily as control or "hand­
shake" I ines,and to multiplex external hardware. The R 
output which is to be operated on is selected by a binary 
decode of the contents of t.he Y register. Set R and reset 
R instructions change the state of one R output at a time. 

The eight a-output lines on the MC141000 and 
MC 141200 are the decoded outputs of the contents of 
the 5-bit PLAIR. Since the PLA1R is loaded from the 
A and the SL, these· registers must be "set up" prior to 
an output operation, The status latch can only be loaded 
by the YNEA (Y register not equal to accumulator) 
instruction while the contents of the accumulator may be 
modified by numerous other instructions. The MC141 099 
brings out the 5~bit PLAIR to allow external decoding. 
An external PROM/EPROM could be used to simulate the 
PLA. Figure 7 shows how EPROMS may be used with 
MC141099 to emulate an MC14100 or an MC141200. 

In a typical application, the first four R lines might be 
used as digit selects for outputting a four-digit decimal 
number using the PLA programmed as a seven-segment 

decode as shown in Figure 8. 
The MC141000/1200 outputs may be mask program­

med in any of three configurations, Figure 9 shows the 

open emitter circuit capable of sourcing 20 rnA at Va = 

2.4 V and VOO = 5.0 V, which will drive an LED. Figure 
lOis the open drain circuit capable of sinking 1.6 rnA 
over temperature, which will drive one TTL load or four 
LSTTL loads. The source and sink devices are combined 
in the active push-pull circuit of Figure 11. The MC141099 
also has outputs as in Figure 11. 

INPUTS 
The input lines consist of the four K-input lines and 

the initialize (IN IT) l.ine. All inputs are static-protected 
.CMOS inputs with polldown of about 50 kn. Thus, an 
open input is equivalent to logic O. The circuit is shown 
in Figure 12. 

When power is applied, the registers shown in Table 1 
are loaded as shown for power up. All other internal 
registers and RAM come up in an arbitrary state. 

After power is applied, the initialize (lNIT) input may 
be used to reinitialize the processor. Internally, INIT has 

TABLE 1 - POWER UP AND INITIALIZE CONDITIONS 

PC PA PB CL PLAIR R Outputs 

Power Up 0 F16 F16 0 0 0 

Initialize 0 K K 0 0 0 

'--------® MOTOROLA .Se,"iconductor Products In~. --------
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a 50 kn pull-down resistor which holds the INIT line 
low. It must be held high for a minimum of 6 full clock 
cycles and then returned to the low state. If a mechanical 
switch or other mechanical device "is used t'o control INIT, 
it may be necessary to include a method of contact 
debounce to ensure a valid IN IT pulse. 

A valid IN IT pulse causes the registers to be initialized 
as shown in the table. The contents of registers other 
than those, shown remain unchanged during initialize. 
Note that the PA and PB are loaded with the 1's comple­
ment of the K-input lines (K8 = MSB). This feature 
allows the MC141000 to be initialized to the first instruc­
tion on any page by controlling the K inputs. This is 
useful where the. same circuit may be used for several 
applications, Since the K inputs have 50 kSl pull-down 
resistors, open inputs are a 0 (unless driven from another 

device) and the 1's complement (F 16) is loaded into PA 
and PB. 

ARITHMETIC LOGICAL UNIT (ALU) 
The A LU is the calculating and decision-making 

portion of the MC141000/1200/1099 hardware and 

FIGURE 9 - OPEN EMITTER OUTPUT CIRCUIT 

~R",O 
Output 

FIGURE 11 - ACTIVE PUSH-PULL OUTPUT CIRCUIT 

Vss 

R or 0 

Output 

consists of a 4-bit adder/comparator and the status logic. 
The adder/comparator can add, subtract, compare two 

numbers, add + 1, -1, 6, 8, and 10. 
The status logic is selectively set or reset by add, sub­

tract, increment, decrement, compare and bit-test opera­
tions. Other instructions always set the status logic to a 1. 

INSTRUCTION DECODE 
The instruction decode logic latches every instruction 

fetched from R OM and configures the internal logic to 
'execute the current instruction. The instruction set is 
listed in Table 2. 

CLOCK 
The internal oscillator cirueit operates with quartz 

crystals, ceramic resonators, an external resistor and from 
an external clock source. These oscillator circuit connec­
tions are shown in Figures 13, 14, and 15. Figure 16 
shows the typical oscillation frequency with an external 
resistor. The discrete component values used with the 
quartz crystal and ceramic resonator oscillators may 
vary depending upon crystal/resonator manufacturer. 

FIGURE 10 - OPEN DRAIN OUTPUT CIRCUIT 

R or 0 

~outPut 

Jq 
Vss 

FIGURE 12 - INPUT CIRCUIT WITH PULLDOWN 
AND STATIC PROTECTION 
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MCM141000· 1200. 1099 

FIGURE 7 - USING THE MC141099 TO EMULATE MC141000/MC141200 IN REAL-TIME 

Kl 7 
K2 8 
K4 9 
K8 10 

INIT 11 
OSCl 35 
OSC2 36 

AO 8 12 
Al 7 13 
A2 6 14 
A3 5 15 
A4 4 16 
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0 A7 1 19 
...... 

A8 23 ---20 N 

f12 ~S ~ A9 22 ---21 
2Q CS/WE () 

DO 9 29 ~ 18 PROG 01 10 ---28 
02 11 ---27 
03 13 ---26 
04 14 ---25 

24 VCC 05 15 ---24 
19 VOO 06 16 ---23 
21 VBB 07 17 ---22 
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R3 
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R6 
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R9 
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R13 
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VSS 
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08 
04 
02 
01 
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39 
40 
44 
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46 
47 
48 
1 
2 
3 
4 
5 
41 
42 
43 

6~ 

34---4 
33--- 5 
32--- 6 
31---- 7 
30 ___ 8 

24 
19 
21 

+ 5 V -----4IH-f--------------.J-------------J 
+12V--__ ~-----------------------------------~ -5V-----.J--------------------------------------------------J 

12 
20 
18 

Gnd

b PROGRAM MEMORY PROCESSOR 3 

-::-

A4 DO 
A3 01 
A2 02 
Al 03 co AO 0 04 
VCC 

...... 
05 N 

VOO ~ 06 
VBB 

() 07 ~ 
~S A9 
CS/WE A8 
PROG A7 
A5 A6 

OUTPUT PLA 

NOTE: The OPLA EPROM outputs may require buffers depending on the requirements of the user's circuit. 
The EPROM outputs are TTL compatible. 

FIGURE 8 - OUTPUT PLA EXAMPLE -7-SEGMENT DISPLAY DECODE 

•• ••• •• ~ 07 
0, • ••• •• ~ 06 

0.6/ 07 /02 • • • • ..-. 
• •• •• •• ....... 05 

04 

05/ -/03 •• •• •• • •• ....... 
- • • ••• ••• --. 03 

02 
04 • •• •• • •• --. 0, --. 00 

3 
PLAIR o 1 2 3 4 5 6 7 8 910111213141516171819202122232425262728293031 

Latch 1 of 32 Decode 

RO 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
Rl0 
Rll 
R12 
R13 
R14 
R15 

9 --- 00 
10 ---- 01 
11 -_.- 02 
13--- 03 
14 ___ 04 

15 ----.05 
16 --- 06 
17 ---- 07 
22 
23 
1 
2 

L..-______ ® MOTOROLA Se,"iconducf:or Producf:s Inc. --------"' 

©IC MASTER 1979 1963 

as 
(5 
'"-, 
0 
+'" . 
0 

::E 



MCM141000 • 1200. 1099 

FIGURE 13 - EXTERNAL COMPONENTS FOR QUARTZ 
CRYSTAL OR CERAMIC RESONATOR OSCILLATOR 

OSC1 OSC2 

t:i50k 

20
PFr T 80PF 

vss vss 

Component values tYpical for 500 k Hz crystal. 

FIGURE 15 - EXTERNAL CLOCK SOURCE INPUT 

OSC1 OSC2 

Clock j> I 
Input NC 

FIGURE 14 - OSCILLATOR CIRCUIT WITH 
ONE EXTERNAL RESISTOR 

OSC1 OSC2 

(Input) (Output) 

~ 

,FIGURE 16 - TYPICAL OSCILLATOR FREQUENCY 
versus EXTERNAL RESISTANCE 
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' .. 
TABLE 2 - MC141000/1200/1099 INSTRUCTION SET 

Opcode Mnemonic Description 

0111 (C) ALEC If accumulator is less than or equal to I(C) field, status = 1. 
00101001 ALEM If accumulator is less than or equal to M(X,V), status = 1. 
00100101 AMAAC Add memory to accumulator. Accumulator ::::; result, status = carry. 
00000110 A6AAC Add 6 to accumulator. Accumulator = result, status = carry. 
00000001 A8AAC Add 8 to accumulator. Accumulator = result, status = carry. 
00000101 Al0AAC Add 10 to accumulator. Accumulator = result, status = carry. 
10 (W) BR Branch to label if status = 1. 
11 (W) CALL Call subroutine if status = 1. 
00101111 CLA Clear contents of accumulator. 
00001011 CLO Clear PLA Input Register. 
00000000 COM X Complement X-Register. 
00101101 CPAIZ Complement accumulator, then add 1.lf accumulator = 0, status = 1. 
00000111 DAN Decrement accumulator. If no borrow, status = 1. 
00101010 OMAN Load M(X, V) into accumulator and decrement. If no borrow, status = 1. 
00101100 DVN Decrement V-register. If no borrow, status = 1. 
00001110 IA Increment accumulator. 
00101000 'IMAC Load M(X, V) into accumulator and increment. Status = carry. 
00101011 IVC Increment V-Register. Status = carry. 
00001001 KNEZ If K-inputs not equal to zero, status = 1. 
0001 (C) LOP Load page buffer with I(C) field. 
001111 (B) LOX Load X-register withl(B) field. 
00100110 MNEZ If M(X, V) not equal to zero, status = 1. 
001101 (B) RBIT Reset bit I(B) of M(X, V). 
00001111 RETN Return from subroutine. 
00001100 RSTR Reset R-line specified by V-register. 
00100111 SAMAN Subtract accumulator from memory. Accumulator = result. 

If no borrow, status = 1. 
001100 (B) SBIT Set Bit I(B) of M(X,V). 
00001101 SETR Set R-line specified by V-register. 
00000011 TAM Transfer accumulator contents to M(X,V). 

·00100000 TAMIV Transfer accumulator contents to M(X, }(), increment V-register. 
00000100 TAMZA Transfer accumulator contents to M(X, V), zero accumulator. 
00100100 TAV Transfer accumulator contents to V-register. 
001110 (B) T81Tl If bit I(B) of M(X, V) is one, status = 1. 
0100 (C) TCV Transfer I(C) field to V-register. 
0110 (C) TCMIV Transfer I(C) field to M(X,V), increment V-register. 
QOO010l0 TOO Transfer status latch and accumulator to PLA input register. 
00001000 TKA Tranfer K-inputs to accumulator. 
00100001 TMA Transfer M(X, V) to accumulator. 
00100010 TMV Transfer M(X, V) to V-register. 
00100011 TVA Transfer V-register contents to accumulator. 
00101110 XMA Exchange contents of M(X, V) and accumulator. 
00000010 VNEA If V-register is not equal to accumulator, status and status latch = 1. 
0101 (C) VNEC If V-register is not equal to I(C) field, status = 1. 
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2400 bps DIGITAL MODULATOR 

The MC6862 is a MOS subsystem designed to be integrated into 
a wide range of equipment utilizing serial data communication. 

The modulator provides the necessary modulation and control 
functions to implement a serial data communication link over a voice 
grade channel, utilizing differential phase shift keying (DPSK) at 
bit rates of 1200 or 2400 bps. Phase options are provided for both 
the U.S. and international markets. The MC6862 can be implemented 
into a wide range of data handling systems, including stand-alone 
modems, data storage devices, remote data communication terminais, 
and liD interfaces for counters. 

N-channel silicon gate technology permits the MC6862 to operate 
using a single voltage supply and be fully TTL compatible. 

The modulator is compatible with the M6800 microcomputer 
family, and provides medium-speed data communications capability. 

• Clear-to-Send Delay Options 
• 511-Bit CCITT Test Pattern 
• Terminal Interfaces Are TTL Compatible 
• Compatible Functions for 201 B/C Data Sets 
• CCITT and U.S. Phase Options 
• 1200/2400 bps Operation 
• Answer Back Tone 

M6800 MICROCOMPUTER FAMI L Y 
BLOCK DIAGRAM 

Address Data 
Bus Bus 

This is advance information and specifications are subject to change without notice. 

1966 

MC6862 
(0 to 70oC; L or P Suffix) 

MC6862C 
(-40 to 8SoC; L Suffix only) 

PIN ASSIGNMENT 

VSS· DBC 24 

2 CTS2 Tx elk P 23 

3 CTS1 Bsr 4 CTS B4 21 

5 DRTS B3 20 

6 TPE B2 19 

7 RTS B1 18 

8 Tx Mk BO 17 

9 Tx Data PSS 16 

10 Clk DRS 15 

11 Ex Clk An Bk 14 

12 VDD TST 13 

MC6862 DIGITAL MODULATOR 
BLOCK DIAGRAM 

Digital 
Data 

Modem 
Control 

©MOTOROLA INC., 1978 

To DIA . 
and 

Low Pass 
Filter 
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MC6862 

ELECTRICAL CHARACTERISTICS (VDD = 5.0 ±0.25 Vj:k:, VSS = 0, T A = 0 to 700C, 
all outputs loaded as shown in Figure 1 unless otherwise noted ) 

Characteristic Symbol Min Typ 

Input High Voltage VIH Vss +2.0 -
Input Low Voltage VIL VSS -
Input Current lin 

(Vin = VSS) CTS1, CTS2, PSS, DRS, An Bk, and 'rX1iiIK - -
FffS" and iJ5"E" - -

Input Leakage Current IlL - -
(Vin = 5.25 Vde, VDD = VSS) 

Output High Voltage 
(lOH = ~.04 mAde, Load A) VOH1 Vss +2.4 -
(lOH = 0.0 mAde, Load B) VOH2 VDD~·5V- -

Output Low Voltage VOL VSS -
(lOL = 1.6 mAde, Load A) 

I nput Capacitance Cin - 5.0 
(f = 0.1 MHz, TA = 250 C) 

V DO Supply Current 
(All Inputs at Vssexcept Pin 13 = 57.6 kHz and ALL Outputs Open) 

100 - 40 

Input Transition Times, All Inputs Except 1.8432 MHz Input tr - -
(From 10% to 90% points) tf - -

Input Transition Times, 1.8432 MHz Input tr - -
(From 0.8 V to 2.0 V) tf - -

Input Clock Duty Cycle, 1.8432 MHz Input D.C. 30 -
(~easured at1.5 V levell 

Tx Data Setup Time (Figure 2) ts 35 -

Tx Data Hold Time (Figure 2) tH 35 -
Output Transition Times tr - -

(From 10% to 90% Points) tf - -

*Maximum Input Transition Times are ~ 0.1 x Pulse Width or the specified maximum of 1.0 JLS, \I\tIichever is smaller. 

Request to Send . I CTS1 Delay OptIons 
CTS2 

Test Pattern Enable 

Transmit Data 

Data Rate Select 

Phase Shift Select 

Answer 8ack 

V DD =Pin12 

VSS = Pin 1 

7 

3 

2 

6 

9 

15 

16 

14 

.-

Ac .. -
..... .. -
.- .. ..... 

.- -..... 

..... ----'" . -..... 

.- .. ..... 

BLOCK DIAGRAM 

c~ ~ 

" ~ 

RTS-CTS Timer 
and Test Pattern 4-

Generator 

, 

Tx Data and Phase -Sh itt Control -

L .. 

Transmit Mark 8_ 

1.8432 MHz 
Clock 

External 
Clock 

11 10 
C) C) 

, . ,. 
Frequency Divider 

and Sync Logic 

+ 
Timing 

1 

1 

1800 Hz 
Carrier 

Generator 

.-- ..... 13 

~ 

.. 1'1. 23 

.. .-..... 24 

...~ - 22 

-- ..... ..... 21 

.. -- ..... 20 

....... -- 19 _ ..... 
..... 18 

.. ---- 17 

Max Unit 

VDD- Vdc 

Vss +0.8 Vdc 

mAdc 
~.2 

-1.6 

2.5 J'Ade 

Vdc 

VDD 
VDD 

VSS+0.4 Vdc 

- pF 

60 mAdc 

1.0* J'S 
1.0* 

40 ns 
40 

70 % 

- J'S 

- J'S 

5.0 JLS 
5.0 

Test Clock 

Transmit Clock 

Dibit Clock 

85 

84 

83 6-8it 

82 
Data 
Word 

81 

80 
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0-600 bps DIGITAL MODEM 
The MC6860 is a MOS subsystem designed to be integrated into a 

wide range of equiplTlent utilizing serial data communications. 
The modem provides the necessary modulation, demodulation and 

supervisory control functions to implement a serial data communica­
tions link, over a voice grade channel, utilizing frequency shift 
keying (FSK) at bit fates up to 600 bps. The MC6860 can be 
implemented into a wide range of data handling systems, including 
stand alone modems, data storage devices, remote data communi­
cation terminals and i/O interfaces for minicomputers. 

N-channel silicon gate technology permits the MC6860 to operate 
using a single voltage supply and be fully TTL compatible. 
. The modem is compatible with the M6800 microcomputer family, 
interfacing directly with the Asynchronous Communications Interface 
Adapter to provide low-speed data communications capability. 

• Originate and Answer Mode 

• Crystal or External Reference Control 

• Modem Self Test 

• Terminal Interfaces TTL-Compatible 

• Full-Duplex or 'Half-Duplex Operation 

• Automatic Answer and Disconnect 

• Compatible Functions for 100 Series Data Sets 

• Compatible Functions for l00lA/B Data Couplers 

M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

Address Data 
Bus Bus 

This is advance information and specifications are subject to change without notice. 

1968 

MC6860L 

PIN ASSIGNMENT 

1 g VSS· 

2 Tx Data CTS 

3 Rx Brk ESD 

4 An Ph SH 

5 ELS DTR 

6 ESS RI 

7 TD TST 

8 Tx Brk Rx Car 

9 Brk R ST 

10 TxCar Mode 

11 FO Rx Rate 

12 VDD Xtal 

MC6860 DIGITAL MODEM 
BLOCK DIAGRAM 

Digital 
Data 

Modem 
Control 

© MOTOROLA INC, 1974 

Analog 
Data 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

ADI-300 
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MC6860L 

BLOCK DIAGRAM 

Data Terminal 
Ready 20 

Clear-to-Send 23 

Break Release 9 

Receive Break 3 

Transmit Break 8 

Digital Carrier 11 

Transmit Dat8 2 

Transmit Carrier 10 

Receive Data 24 

Recei1l8 
Data Rate 14 

Receive Carrier 17 

Crystal 13 

Test Clock 18 

Modulator 

De­
modulator 

Auto 
Answerl 

Disconnect 
Logic 

Self Test 16 22 

E5D ELS 

NOTE 1. 

4 Answer Phone 

19 Ring. Indicator 

21 Switch Hook 

15 Mode 

7 Threshold Detect 

VDD = Pin 12 
Vss = Pin 1 

ESD = EE:n""ab"'le::OS""p~8c::::e""""D""isc-:-:o:=-nC-:nec""'t 

ELS = I;.nable Long Space Disconnect 

ESS Enable Short Space Disconnect 

6 ESS (Note 1) 

ELECTRICAL CHARACTERISTICS (Voo = 5.0 ±o.25 Vdc, all voltages referenced to VSS = 0, T A = 0 to 700 C, 
all outputs loaded as shown in Figure 1 unless otherwise noted ) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage, All Inputs Except Crystal VIH 2.0 - VOO Vdc 

Input Low Voltage, All Inputs Except Crystal VIL VSS - 0.80 Vdc 

Crystal Input Voltage Vin 1.5 - 2.0 Vp_p 
(Crystal Input Driven from an External Reference, Input Coupling 
Capacitor = 200 pF, Duty Cycle = 50 ± 5%) 

I nput Current lin mAdc 

(Vin = VSS) All Inputs Except Rx Car, Tx Data, TO, TST, RJ,SH - - -0.2 
Ri, SH Inputs - - -1.6 

I nput Leakage Current IlL - - 1.0 J.LAdc 
(Vin = 7.0 Vdc, VOO == VSS,T A = 250 C) 

Output High Voltage, All Outputs Except An Ph and Tx Car VOH1 2.4 - VOO Vdc 
(lOH1 = -0.04 mAdc, Load A) 

Output Low Voltage, All Outputs Except An Ph and Tx Car VOL1 VSS - 0.40 Vdc 

(IOL 1 = 1.6 mAdc, Load A) 

Output High Current, An Ph IOH2 0.30 - - mAdc 
(VOH2 = 0.8 Vdc, Load B) 

Output Low Voltage, An Ph VOL2 VSS - 0.30 Vdc 
(lOL2 = 0, Load B) 

Input Capacitance Cin - 5.0 - pF 
(f = 0.1 MHz, T A = 250 C) 

Output Capacitance Cout - 10 - pF 
(f = 0.1 MHz, T A = 250 C) 

Transmit Carrier Output Voltage VCO 0.20 0.35 0.50 V(RMS) 

(Load C) 

Transmit Carrier Output 2nd Harmonic V2H -25 -32 - dB 
(Load C) 

Input Transition Times, All Inputs Except Crystal tr - - 1.0* J.LS 
(Operating in the Crystal Input Mode; from 10% to 90% Points) tf - - 1.0* 

Input Transition Times, Crystal Input tr - - 30 ns 
(Operating in External I nput Reference Mode) tf - - 30 

Output Transition Times, All Outputs Except Tx Car tr - - 5.0 J.LS 
(From 10% to 90% Points) tf - - 5.0 

VOO Supply Current 100 - 30 65 mAdc 
(All Inputs at VSS and All Outputs Open) 

*Maximum Input Transition Times are :0.;;;: 0.1 x Pulse Width or the specified maximum of 1.0 J.LS, whichever is smaller. 

'--------® MOTOROLA Sen1iconducf:or Producf:s Inc. -------... : 

@IC MASTER 1979 1969 



MC6860L 

I 
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Asynchronous 
Communications 

Interface 
Adapater 

Communi­
cations 

Terminal 

Transmit 
Data 

Receive 
Data 

I 
Controi 

FIGURE 2 - TYPICAL MC6860 SYSTEM CONFIGURATION 

MC6860 Data FlOw 

~ 

J Buffer ry-I Data 
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Term. Answer/ J Threshold Control ~ Discon.· 
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I Detector , t Control Signals 
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Clock & 
Timing 

FIGURE 3 - I/O INTERFACE CONNECTIONS FOR MC6860 
(ORIGINATE/ANSWER MODEM) 
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Filter al1d 
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Transmit Data 
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Data Terminal 
Ready 

Clear-to-Send 

Receive Break 

Transmit Break 

Break Release 

MC6860 
Modem 

Transmit Carrier 

Enable Long Space Disconnect 

Receive Data Rate 
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Enable Short Space Disconnect 

+v 
Enable Space Disconnect 

Switch Hook 
~~------------------------+-----~SH 

Ring Indicator 

DT 
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Data 
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ADVANCED DATA LINK CONTROLLER (ADLC) 

The MC6854 ADLC performs the complex MPU/data communication 
link function for the II Advanced Data Communication Control Procedure" 
(ADCCP), High Level Data Link Control (HDLC) and Synchronous Data 
Link Control (SDLC) standards. The ADLC provides key interface require­
ments with improved software efficiency. The ADLC is designed to 
provide the data communications interface for both primary and secondary 
stations in stand-alone, polling, and loop configurations. 

• M6800 Compatible 
• Protocol Features 

• Automatic Flag Detection and Synchronization 
• Zero Insertion and Deletion 
• Extendable Address, Control and Logical Control Fields (Optional) 
• Variable Word Length Info Field - 5,6,7, or 8-bits 
• Automatic Frame Check Sequence Generation and Check 
• Abort-Detection and Transmission' 
• Idle Detection and Transmission 

• Loop Mode Operation 
• Loop Back Self-Test Mode 
• N RZ/N RZ I Modes 
• Quad Data Buffers for Each Rx and Tx 
• Prioritized Status Register (Optional) 
• MODEM/DMA/Loop Interface 
• M IL-STD-883, Class Band C Devices Available 

Data 
Bus 

00-07 

Control Control 

Data 
Bus 

Interface 

VSS Pin 1 
VCC Pin 14 

IRQ .-.-----' 

TDSR ~----------~ 
RDS R 4--------....J 

FCS Check 

FCS Generator 

Transmitter 

This is advance information and specifications are subject to change without notice. 
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MC6854 MC68A54 
(1.0 MHz) (1.5 MHz) 

MC68B54 
(2.0 MHz) 

FIGURE 11 - I/O PIN DESCRIPTION 

vss 28 CTs 
FiTS 27 i5Co 
RxO 26 Loop on-Line ControV 

RxC 26 'FLAGi5ET i01'R 
TxC 24 TOSR 

TxO 23 ROSR 

IRQ 
MC6864 

22 DO 

'REsET 21 01 

Cs 20 02 

RSO 10 19 03 

RSI II IS 04 

R/W 12 17 05 
13 16 OS 

vCC 14 15 07 

FIGURE 1 - ADLC GENERAL BLOCK DIAGRAM 

RxD 

TxD 

TxC 

CTS 

Loop On-Line Control/DTR 

RTS 

RESET 
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MC6854. MC68A54· MC68854 

FIGURE 8A - ADLC TRANSMITTER STATE DIAGRAM 
(Cibi refers to control register bit) 

Data Being Transrnitud: 
F:: fleg 
A= address 
C = (link) control 

LC:: logical control (optional) 
I = information 

FC,s = frame check sequence 
ABT = abort 

C4b2 

G 
Flog Idle (C2b2 E 1) 

FIGURE 88 - ADLC RECEIVER STATE DIAGRAM 

C3b2 
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SYNCHRONOUS SERIAL DATA ADAPTER (SSDA) 

The MC6852 Synchronous Serial Data Adapter provides a bi­
directional serial interface for synchronous data information inter­
change. It contains interface logic for simultaneously transmitting 
and receiving standard synchronous communications characters in 
bus organized systems such as the M6800Microprocessor sys~ems. 

The bus interface of the MC6852 includes select, enable, read/ 
write, interrupt, and bus interface logic to allow data transfer 
over an 8-bit bi-directional data bus. The parallel data of the bus 
system is serially transmitted and received by the synchronous data 
interface with synchronization, fill character insertion/deletion, and 
error checking. The functional configuration of the SSDA is pro­
grammed via the data bus during system initialization. Programmable 
control registers provide control for variable word lengths, transmit 
control, receive control, synchronization control, and interrupt 
control. Status, timing and control lines provide peripheral or 
modem control. 

Typical applications include floppy disk controllers, cassette or 
cartridge tape controllers, data communications terminals, and 
numerical control systems. 

• Programmable Interrupts from Transmitter, Receiver, and Error 
Detection Logic 

• Character Synchronization on. One or Two Sync Codes 
• External Synchronization Available for Parallel-Serial 

Operation 

• Programmable Sync Code Register 

• Up to 600 kbps Transmission 
• Peripheral/Modem Control Functions 
• Three Bytes of FIFO Buffering on Both Transmit and Receive 

• Seven, Eight, or Nine Bit Transmission 

• Optional Even and Odd Parity 

• Parity, Overrun, and Underflow Status 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

MC6852 
(1.0 MHz) 

MC68A52 
(1.5 MHz) 

MC68B52 
(2.0 MHz) 

PIN ASSIGNMENT 

• 
VSS 24 

Rx Data DCD 23 

Rx Clk DO 22 

Tx Clk D1 21 

SM/DTR D2 20 

D3 19 

18' 

TUF 17 

Reset 16 

CS D7 15 

RS E 14 

VCC 13 

ORDERING INFORMATION 

Speed Device Temperature Range 

MC6852 SYNCHRONOUS SERIAL DATA ADAPTER 

BLOCK DIAGRAM 

1.0 MHz MC6852P,L 

MC6852CP,CL 

MI L-STD-883B MC6852BJCS 

M I L-5TD-883C MC6852CJCS 

1.5 MHz MC68A52P,L 

MC68A52CP,CL 

2.0 MHz MC68B52P,L 

o to 700 C 

-40 to +850 C 

-55 to +1250 C 

o to +70oC 

-40 to+850 C 

o to +70oC 

Data 
Bus 
I/O 

This is advance information and specifications are subject to change without notice. 
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Address/Control 
and Interrupt 

Select and Control 
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MICROPROCESSOR 
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EXPANDED BLOCK DIAGRAM 
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MC68488 

GENERAL PURPOSE INTERFACE ADAPTER 
FIGURE 4 - PIN ASSIGNMENT 

The MC68488 GPIA provides the means to interface between the 
IEEE488 standard instrument bus and the MC6800. The 488 instrument 

bus provides a means for controlling and moving data from complex 

systems of multiple instruments. 
The MC68488 will automatically handle all handshake protocol 

needed on the instrument bus. 

.Single or dual primary address recognition 

·Secondary address capability 
.Complete source and acceptor handshakes 
.Programmable interrupts 

'.RFD holdoff to prevent data overrun 
.Operates with DMA controller 

·Serial and parallel polling capability 
• Talk-only or listen-only capability 

·Selectable automatic features to minimize software 
• Synchronization trigger output 

·M6800 bus compatible 

f:IGURE 1 

• Handshake 

Note 1: I 

-= 
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'The 3-wire handshake described is the subject 
of patents owned by Hewlett-Packard Co. 
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MC68488 

GENERAL DESCRIPTION 

The IEEE 488 instrument bus standard is a bit­
parallel, byte-serial bus structure designed for com­
munication to and from intelligent instruments. 
Using this standard, many instruments may be 
interconnected and remotely and automatically con­
trolled or programmed. Data may be taken from, sent 
to, or transferred between instruments. A bus 
controller dictates the role of each device by making 
the attention line true and sending talk or listen 
addresses on the instrument bus data lines; those 
devices which have matching addresses are ac­
tivated. Device addresses are set into each GPIA 
from switches or jumpers on a PC board by a 
microprocessor as a part of the initialization se­
quence. 

When the controller makes the attention line true, 
instrument bus commands may also be sent to 
single or multiple GPIA's. 

Information is transmitted on the instrument bus 
data lines under sequential control of the three 
handshake lines. No step in the sequence can Qe 
initiated until the previous step is completed. Infor­
mation transfer can proceed as fast as the devices 
can respond, but no faster than the slowest device 
presently addressed as active. This permits several 
devices of different speeds to receive the same data 
concurrently. 

The GPIA is designed to work with standard 488-
bus driver IC's (MC3448A's) to meet the complete 
electrical specifications of the IEEE 488 bus. Ad­
ditio.nally, a powered-off instrument may be 
powered-on without disturbing the 488 bus. With 
some additional logic, the GPIA could be used with 
other microprocessors. 

The MC68488 GPIA has been designed to inter­
face between the MC6800 microprocessor and the 
complex protocol of the IEEE 488 instrument bus. 
Many instrument bus protocol functions are 

handled automatically by the GPIA and require no 
additional MPU action. Other functions require 
minimum MPU response due. to a large number of 
internal registers conveying information on the 
state of the GPIA and the instrument bus. 
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Device 0 DAC 

Able to talk IF C 
and listen 

FIGURE 2 

BLOCK DIAGRAM 

~--------ATN 

~-------------SRQ 

L---------------__ REN 
~------------------EOI 

'---------® MOTOROLA Setniconducfor Products Inc. ----------' 

1976 ©IC MASTER 1179 



ASYNCHRONOUS COMMUNICATIONS INTERFACE 
ADAPTER (ACIA) 

The MC6850 Asynchronous Communications Interface Adapter 
provides the data formatting and control to interface serial asyn­
chr,onous data communications information to bus organized sys­
tems such as the MC6800 Microprocessing Unit. 

The' bus interface of the MC6850 includes select, enable, read/ 
write, interrupt and bus interface logic to allow data' transfer over 
an 8-bit bi-directional data bus. The parallel data of the bus system 
is serially transmitted and received by the asynchronous data inter­
face, with proper formatting and error checking. The functional 
configuration of the ACIA is programmed via the data bus during 
system initialization. A programmable Control Register provides 
variable word lengths, clock division ratios, transmit control, receive 
controlI' and interrupt control. For peripheral or modem operation 
three control lines are provided. These lines allow the ACIA to 
interface directly with the MC6860L 0-600 bps digital modem. 

• Eight and Nine-Bit Transm,ission 

• Optional Even and Odd Parity 

• Parity, Overrun and Framing Error Checking 

• Programmable Control Register 

• Optional -;-'1, -;-'16, and -;-.64 Clock Modes 

• Up to 500 kbps Transmission 

• False Start Bit Deletion 

• Peripheral/Modem Control Functions 

• Double Buffered 

• One or Two Stop Bit Operation 

MC6850 
(0 to 70°C; Lor P Suffix) 

MC6850C 
(-40 to 85°C; L Suffix only) 

PIN ASSIGNMENT 

• 
VSS 24 

2 OCO '23 

3 Rx Clk DO 22 

4 Tx Clk 01 21 

5 02 20 

6 Tx Data 03 19 

7 04 18' 

8 CSO 05 17 

9 CS2 06 16 

10 CS1 07 15 

11 RS E 14 

12 VOO R/W 13 

M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 
BLOCK DIAGRAM 

MC6800 
Microprocessor 

Add ress Data 
Bus Bus 

Oata.Bus 

Address 
Control 

and 
Interrupt 
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Register 
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ELECTRICAL CHARACTERISTICS (VCC .. 5.0 V ±5%, VSS'" 0, TA = 0 to 70°C unless otherwise noted.) 

a..ctwiltic lSymbol Min Typ 

Input High Voltage VIH Vss +2.0 -
Input Low Voltage VIL Vss -0.3 -
Input Leakage Current AIW.CSO.CS1,CS2,Enable lin - 1.0 

(Vin = 0 to 5.25 Vdc) 

Three-State (Off State) Input Current 00-07 ITSI - 2.0 
(Vin - 0.4 to 2.4 Vdc) 

Output High Voltage DO-D? VOH 
(I Load ... -205 ~Adc, Enable Pulse Width <25 I'S) Vss + 2.4 -
(I Load .. -1 00 ~Adc, Enable Pulse Width <25 I'S) Tx Data, ATS Vss + 2.4 -

Output Low Voltage VOL - -
(I Load = 1.6 mAde, Enabfe Pulse Width <25 "') 

Output Leakage Current (Off State) IAQ ILOH - 1.0 
(VOH:: 2.4 Vdc) 

Power Dissipation Po - 300 

I nput Capacitance Cin 
(Vin = 0, TA:: 25°C, f '" 1.0 MHz) 00-07 - 10 

E, Tx Clk, Ax Clk, AIW, AS, Ax Data, CSO, CS1, CS2, CTS, DCD - 7.0 

Output Capacitance ATS, Tx Data Cout - -
(Vin" 0, TA '" 25°C, fOIl 1.0 MHz) IAQ - -

Minimum Clock Pulse Width, Low (Figure 1) +16, +64 Modes PWCL 600 -
Minimum Clock Pulse Width, High (Figure 2) +16, +64 Modes PWCH 600 -
Clock Frequency +1 Mode fC - -

+16, +64 Modes - -
Clock-to-Data Delay for Transmitter (Figure 3) trOD - -
Aeceive Data Setup Time (Figure 4) +1 Mode tADSU 500 -
Aeceive Data Hold Time (Figure 5) +1 Mode tADH 500 -
Interrupt Flequest Aelease Time (Figure 6) tlA - -
Aequest-ta-send Delay Time (Figure 6) tATS - -
Input Transition Times (Except Enable) tr,tf - -
·1.0 I'S or 10% of the pulse width, whichever is smaller. 

5 Request-to-Send 

2 Receive Data 

Max Unit 

VCC Vdc 

VSS+0.8 Vdc 

2.5 ~Adc 

10 ~Ade 

Vdc 
-
-

VSS+0.4 Vdc 

10 ~Adc 

525 mW 

pF 
12.5 
7.5 

10 pF 
5.0 

- ns 

- ns 

500 kHz 
800 

1.0 I'S 

- ns 
- ns 

1.2 I'S 

1.0 I'S 

1.0· I'S 
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VIDEO DISPLAY GENERATOR (VDG) 

The Motorola MC6847 Video Display Generator (VDG) provides 
a means of interfacing the Motorola M6800 microprocessor family 
(or similar products) to a commercially available color or black and 
white television receiver. Applications of the VDG include video 
games, bioengineering displays, education, communications and any 
place graphics are required. 

The VDG reads data from memory and produces a composite 
video signal which will allow the generation of alphanumeric or 
graphic displays. The generated composite video may be up modu­
lated to either Channel 3 or 4 by using the compatible MC1372 (TV 
Chroma and Video modulator). The up modulated signal is suitable 
for application to the antenna of a color TV. Atypical TV game is 
indicated in Figure 1. 

MC6847 
NON INTERLACE 

MC6847Y 
INTERLACE 

PIN ASSIGNMENT 

12 

13 

15 

18 

19 

20 

40 

39 

38 

36 

35 

34 

33 

·29 

27 

26 

23 

22 

21 

• Generates four different alphanumeric display modes and eight 
graphic display modes 

• One display mode offers 4-color 64 x 48 density graphics in an 
alphanumeric display mode 

• Compatible with the M6800 family 

• Compatible with the MC1372 modulator 

• The alphanumeric modes display 32 characters per line by 16 
lines 

• An internal multiplexer allows the use of either the internal ROM 
or an external character generator 

• An external character generator can b~ used to extend the in­
ternal character set for "limited graphic" shapes 

• A Mask Programmable internal character generator ROM is avail­
able on special order (AppendiJ!: A) 

• One display mode offers 8-color 64 x 32 density graphics in an 
alphanumeric display mode 

• All alphanumeric modes have a selectable video inverse 

• Generates full composite video signal 

• Generates R -Y and B-Y signals for external color modulator 

• Full-graphic modes offer 64 x 64,128 x 64,128 x 96,128 x 192, 
or 256 x 192 densities 

• Full-graphic modes allow 2-color or 4-color data structures 

• Full-graphic modes use one of two 4-color sets or one of two 
2-color sets 

• Available in either an interlace mode (NTSC Standard) or a non­
interlace mode 

FIGURE 1 - BLOCK DIAGRAM OF USE OF THE VDG IN A TV GAME 

~ 
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I I 
1 ~ IQR 

~ J 1 "'''''' 0·,°,·1 
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TABLE 3 - DETAILED DESCRIPTION OF VDG MODES 

VDGPINS COLOR TV SCREEN 
VDGDATABUS COMMENTS 

,. I 7i]G I l7s I Tfn'/EXT \ GM2\ OMI\ OMO I CSS I INV I C .... __ eo .... : -ground \ II<wd .. I ._.- D.~Y_MD_M, ____ ~ ________ ~~~il __ ~ ____ 4-__________________ +-__ 

X I 

x 

X x 

x 

x x X 

I Black I k 32 Chafocte,. B dOIJ--t I-- The .ALPHA·NUMERIC INTERNAL mode u .. an intern81 cheqclllr .......-
~'~~ ______ -I.!L""..!!.. __ -.!::-- ,ncolumns -., QjE I I I I I I I I I ~ichcontainlthefoliowingfivedotbv_n.dot.chet8C ... :.ABCDEFGHIJK 

Black 16 Ch t 12 dOll 7 . . . . LMNOPORSTUVWXYZ [ I J A _ SP 1 $ -It (I +,·.1234158789: ;<->1 
I 0 ange Block .rIC e,. -L - '---r--' The, Ii. bit ASSCII code Ie_I two bit. free and these mIIV .... IIIr .... ,V con· 

I I ' , __ 5 exlr. ASCII code _ ~d to IIhe mode pinl OOG, AIS, lfiIT/EXT, GM2, GM1, GMO, CSS or INVI. 
Green 
B~~ _____ -;.2~~ ____ oc_ _ incolumnl 00:: The ,ALPHA.NUMERIC EXTERNAL mode u_ an ••• rn,,1 cha,.,IIIr,,-or 

I Black BI k 32ChorICters [ZJ 1 1 1 "I 1 1 1 1 1 
Black BI k 16 Characters 00 one row of .. willi .. a row counter. Thus, cullom ch"r.,.r fon, IS ... OQIIhic oymbol _ 

I - ,-- ! Orange IIC 0 custom charllC"" with up 10 256 different eight dot X 12 dot .. chetllC ..... mIIV .. dioplllYed. 
Orange 
BllICk 

Lx C2 CI 
0 X X 
1 0 0 
1 0 0 

CO 
X 
0 
I 

Color 
BllICk 
Green 
Yellow 

64 Dlsp'av elements 
in columns x I X 1 0 , 0 Blue Black OJ GGJ :0':" .. II lo,l"I"'I+'H"1 Tho SEMIGRAPHICS FOUR mode Ultl .... in"rn,,1 "cou ... OQIIhics~ fII __ tor 

in which. rectangle (eight dotl bv '-lYe dotsl il dividtd into four equlll perIJ. 
The luminance of lach part il determined bv I co,reopondlng bit on the VDC dOIlII 
bu., The color of illuminltod PIIrtI is detennined bv three bits. 

, 0 I I Red , I 0 0 Buff , I 0 , Cyan , I I 0 Mllglntl , I I I Orange 

Lx CI CO Color 
0 X X Black , 0 0 Green , 0 , Yellow , , 0 Blue 

X I X I X ~xl 1 I I Red 

o I 0 I 

0 X X Black 
I 0 0 Buff 
I 0 I Cyan 
1 I 0 Mllglnta , I Orange 

CI CO Colo, 
0 0 Green 
0 I Yellow 

I 

I I 
0 I 0 Blue 

o I-- , I Red 
I 0 0 Buff 

0 I Cyan 
I 0 Magenta 
I I O,ange 

Lx Color 
o Block o , I-­

I 
X I-_~ ________ {,~; __ 

I Buff 

o ~ X 1 ~=h~::':n:' C 
I 

o 
I 1---1 X 

I 

o 
o t---I X 

I 

Same color as 
Graphics one R 

Same color as 
Graphics one C 

1 ~ X I ~=h~~~'::n:S R 
I 

o ~ X 1 ~h~::':n:" C 
I 

1 ~ X l~h:':n:SR 

BllICk 

32 Display elements 
in rOM 

64 Display eJeme.nts 
in colurnns . 

48 D,splay .Iemants 

~ ."columns 
Green ~ 64 DisPlay olements 

;.,; - 64 D .. play elemants 
In roWl 

128 Display ,Iemant! 
Green in columns 

64 Displav elements 
Buff in rows 

Green 128 Display elements 
in columns 

1-----
8uff 64 Display elements 

Green 128 DisJJJay elemoents 
in columns 

~----
Buff 96 Display elements 

in rows 

Green 
128 Display elements 
In columns 

~----
Buff 96 Display elemanll 

Green 
128 Display elements 
in columns 

~----
Buff 192 Display elements 

Green 128 Disolav elements 
in columns 

~-----
Buff 192 Display elements 

Green 2S6 Display elemonts 

r----- in columns 

Buff 
192 Display elements 
In ro.,... 

LS '-4 

LJ L2 

L, LO 

I E31 E21 E, I EO I 

IL+6ILsl'-4ILJIL2ILIILaI 

I E31 E21 E I I EO I 

I L71 LsILSI '-4IL+2ILII Lal 

I E31 E21 E I I EO I 

I L7ILsI LS I'-4IL+2ILIILaI 

I E31 E21 Ed Eol 

l L71 lsi Lsi '-41 L31L21 LII Lal 

IC,IC+sl'-4I L+2 [L,I La I 

IC'lcolC1lcolclleolclleol 

I L71 LsILSI'-4I L3IL2IL' ILaI 

I c'lcolC1lcolclleolclleol 

I L71 LsI LS I'-4I L3IL2IL,jLaI 

[CfORColC,leolcllcol 

I L71 lsi LSI'-4!L3IL2ILIILaI 

I CII eolCllcolc, Icolc, leol 

I L~ lsi Lsl'-4I L3IL2IL11 Lal 

The SEMIGRAPHIC SIX mode il limil .. to the SEMIGRAPHIC FOUR mode 
with the following difference" The eight dot bv '-lYe dot recholgJe is dlvldtcl 
into oi. equal parts. Color i. determined bv the two rtmIIining bi\l. 

The GRAPHICS ONE C mode u ... I maximum of 1024 bv .. of display RAM In 
lMlich one pair of bits specifies one picture etemlnt. 

The 13RAI'HICS ONE R mode u_ a maximum of 1024 bv" of dispillY RAM In 
VOttIich one bit specifies one picture element. 

The 13RAPHICS TWO C mode UN. I maximum ~f 2048 bvlll of display RAM In 
lM1ich one pair of bitl specifies on. picture element. 

The 13RAPHICS TWO R mode ultl a meximum of 1536 bv'" of disPlay RAM in 
~ich one bit specifies one picture element. 

The 13RAPHICS THREE C mode u_. maximum of 3072 bv. of displllY RAM 
irl wf'<,i..:h one pair of bytes specifies one pietu .. element. 

The GR APH ICS THREE R mode Ultl • mIIximum of 3072 bv'" of displlIY RAM 
in which one bitlpecifiel one picture element. 

The GRAPHICS SIX C mode uses • mllXimum of 6'44 bv •• of dlspl"y RAM in 
wf1td'I, ore JJlir of bits specifies one pictur •• lement. 

The GRAPHICS SIX R mode uses " maximum of 6144 bvlll of dispIIIy RAM In 
",hieh one bit specifiel one picture element. 



ROM-I/O-TIMER 

The MC6846 combination chip provides the means, in conjunc­
tion with the MC6802, to develop a basic 2-chip microcomputer 
system. The MC6846 consists of 2048 bytes of mask-programmable 
ROM, an 8-bit bidirectional data port with control lines, and a 16-bit 
programmable timer-counter. 

This device is capable of interfacing with the MC6802 (basic 
MC6800, clock and 128 bytes of RAM) as well as the MC6800 if de­
sired. No external logic is required to interface with most peripheral 
devices . 
.• 2048 8-Bit Bytes of Mask-Programmable ROM 

• 8-Bit Bidirectional Data Port for Parallel Interface plus 

T~o Control Lines 
• Programmable Interval Timer-Counter Functions 
• Programmable I/O Peripheral Data, Control and Direction 

Registers 
• Compatible with the Complete M6800 Microcomputer Product 

Family 
• TTL-Compatible Data and Peripheral Lines 
• Single 5-Volt Power Supply 

FIGURE 1 - TYPICAL MICROCOMPUTER 

Parallel I/O 

MC6846 

ROM, I/O, TIMER 

VCC 

CSO~_V_M __ A ________ ~ 

2 k Bytes ROM 
10 I/O Lines 

3 Lines Timer 

Clock 

R/W 

AO-A15 

VCC 

IRQ 
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R/W 

MC6802 
MPU 

00-07 

AO-A15 

-=-

Res 

Halt 

RE 

NMI 

BA 

Xtal 

Xtal 

VCC 

CJ 

Figure 1 is a block diagram of a typical cost effective microcomputer. The MPU is 
the center of the microcomputer system and is shown in a minimum system inter­
facing with a ROM combination chip. It is not intended that this system be limited to 
this function but that it be expandable with other parts in the M6800 Microcomputer 
family. 
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MC6846 

FIGURE 2 - MC6846 BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS' (VCC '" 5.0 V ± 5%, VSS = 0, TA = 0 to 700 C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage All Inputs VIH VSS + 2.0 - VCC Vdc 

Input Low Voltage All Inputs VIL VSS -0.3 - VSS + 0.8 Vdc 

Clock Overshoot/Undershoot - Input High Level VOS VCC -0.5 - VCC+0.5 Vdc 

- Input Low Level VSS -0.5 - V'SS + 0.5 

Input Leakage Current R/W, Reset, CSO, CS1 lin - 1.0 " 2.5 ",Adc 
(Vin = 0 to 5.25 Vdc) CP1, CTG, CTC, E, AO-A10 

Three-State (Off State) Input Current 00-07 ITSI - 2.0 10 ",Adc 
(Vin 0.4 to 2.4 Vdc) PPO-PP7, CP2 

Output High Voltage VOH Vdc 

(I Load = -205 ",Adc,) 00-07 VSS + 2.4 - -
(I Load = -200 J.tAdc) Other Outputs VSS + 2.4 - -

Output Low Voltage VOL Vdc 
(I Load = 1.6 mAde) 00-07 - - VSS + 0.4 
(I Load = 3.2 mAde) Other Outputs - - VSS + 0.4 

Output High Current (Sourcing) IOH ",Adc 
(VOH = 2.4 Vdc) 00-07 -205 - -

Other Outputs -200 - -
(VO = 1.5 Vdc, the current for driving other than TTL, e.g., 
Darlington Base) CP2, PPO-PP7 -1.0 - -10 mAde 

Output Low Current (Sinking) tOL mAdc 
(VOL = 0.4 Vdc) 00-07 1.6 - -

Other Outputs 3.2 - -
Output Leakage Current (Off State) IRQ ILOH - - 10 I'Adc 

(VOH = 2.4 Vdc) 

Power Dissipation Po - - 1000 mW 

Capacitance Cin - - 20 pF 
(Vin = 0, TA = 250 C, f::;: 1.0 MHz) 00-07 - - 12.5 

PPO-PP7, CP2 - - 10 
AO-A10, RiW, Reset, CSO, CS1, CP1, CTC, CTG - - 7.5. 

IRQ 
PPO-PP7, CP2, CTO Cout - 5.0 pF 

- 10 

Frequency of Operation f 0.1 - 1.0 MHz 

Qock Timing 
Cycle Time tcycE 1.0 - - IlS 

Reset Low Time tRL 2 - - J.ts 

Interrupt Release tlR - - 1.6 I'S 
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CRT CONTROLLER (CRTC) 

The MC6845 CRT Controller performs the interface to raster scan 
CRT displays. It is intended fo,' use in processor-based controllers for 
CRT termi(lals in stand-alone or cluster configurations. 

The CRTC is optimized for hardware/software balance in order to 
achieve integration of all key functions and maintain flexibility. For 
instance, all keyboard functions, RIW, cursor movements, and editing 
are under processor control; whereas the CRTC provides video timing 
and Refresh Memory Addressing. 

• Application~ include "glass-teletype," smart, programmable, intel­
ligent CRT terminals; video games; information display. 

• Alphanumeric, semi-graphic, and full graphic capability. 
• Fully programmable via processor data bus. Can generate timing 

for almost any alphanumeric screen density, e.g. 80 x 24, 72 x 64, 
132 x 20, etc. 

• Single +5 volt supply. TTL/6800 compatible I/O. 
• Hardware scroll (paging or by line or by character) 
• Compatible with CPU's and MPU's which provide a means for 

synchronizing external devices. 
• Cursor register and compare circuitry. 
• Cursor format and blink are programmable. 
• Light pen register. 
• Line buffer-less operation. No external DMA required. Refresh 

Memory is multiplexed between CRTC and MPU. 
• Programmable interlace or non-interlace scan. 
• 14-bit wide refresh address. 

Memory i 

Vee 

MC6845 

PIN ASSIGNMENT 

RAl RAD} 
Row Addres.ses 

MC684S 
CRTe 

RA2 for Character 
Generators RA3 

RA. 

~~---~r-~~ 1 Dm Be; 
29 D4 

28 D5 

27 06 

26 07 

:: f= ::} CO""O' 

23~E 

22~ R/W 

P r oceS~Of 

Interface 

FIGURE 1 - TYPICAL CRT CONTROLLER APPLICATION 
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FIGURE 8 - CRTC FUNCTIONAL BLOCK DIAGRAM 
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DIRECT MEMORY ACCESS CONTROLLER (DMAC) 

The MC6844 Direct Memory Access Controller (DMAC) performs 
the function of transferring data directly between memory and 
peripheral device controllers. It controls the address and data buses 
in place of the MPU in bus organized system~ such as the M6800 
Microprocessor System. 

The bus interface of the MC6844 includes select, read/write, 
interrupt, transfer request/grant, and bus interface logic to allow 
the data transfer over an 8-bit bidirectional data bus. The functional 
configuration of the DMAC is programmed via the data bus. The 
internal structure provides for control and handling of four individual 
channels, each of which is separately configured. Programmable 
control registers provide control for the transfer location and length, , 
individual channel control and transfer mode configuration, priority 
of servicing, data chaining, and interrupt control. Status and control 
lines provide control to the peripheral controllers. 

The mode of transfer for each channel can be programmed as 

cycle-stealing or a burst transfer mode. 
Typical applications would be with the Floppy Disk Controller 

(FDC) and the Advanced Data Link,Controlier (ADLC). 

• Four DMA Channels, Each Having a 16-Bit Address Register and 
a 16-Bit Byte Count Register 

• 1 M Byte/Sec Maximum Data Trans'fer Rate 

• Selection of Fixed or Rotating Priority Service Control 

• Separate Control Bits for Each Channel 

• Data Chain Function 

• Address Increment or Decrement Update 

• Programmable Interrupts and DMA End to Peripheral Control,lers 

VSS 
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FIGU~E 1 - M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

FIGURE 2 - DIRECT MEMORY ACCESS CONTROLLER BLOCK DIAGRAM 
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FIGURE 3 - EXPANDED BLOCK DIAGRAM 
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FLOPPY DISK CONTROLLER (FOe) 

The MC6843 Floppy Oisk Controller performs the complex 
MPU/Floppy interface function. The FOC was designed to optimize 
the balance between the "Hardware/Software" in order to achieve 
integration of all key functions and maintain flexibility. 

The FOC can interface a wide range of drives with a minimum 
of external hardware. Multiple drives can be controlled with the 
addition of external multiplexing rather than additional FOC's. 

• Format compatible with IBM3740 
• User Programmable read/write format 
• Ten powerful macro commands 
• Macro End Interrupt allows parallel processing of MPU and FOC 
• Controls multiple Floppies with external multiplexing 
• Oirect interfa~e with MC6800 
• Programmable step and settling times enable operation with 

a wide range of Floppy drives 
• Offers both Programmed Controlled I/O (PCIO) and OMA data 

transfer mode 
• Free-Format read or write 
• Single 5-volt power supply 
• All registers directly accessible 

FIGURE 1 - SYSTEM BLOCK DIAGRAM 
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MC6843 

FIGURE 2 - PIN ASSIGNMENT 
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MACRO COMMANDS 

Hex Code Instruction Hex Code Instruction 

2 STZ 

3 SEK 

4 SSR 

5 SSW 

6 RCR 

7 SWD 
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FIGURE 11 - INTERNAL BLOCK DIAGRAM 

TABLE 7 - PROGRAMMING REFERENCE DATA 
Table 7 is a summary of the information in the data sheet and can be used as a reference when programming the MC6843 

Hex RIW 
Data Bits 

Address Mode 

Bit7 I Bit 6 I- Bit 5 I Bit 4 I Bit 3 I Bit 2 Bit 1 I Bit 0 

0 WO 8 Bits of Data Used for a Disk Write Operation 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO 

0 RO 8 Bits of Data Used for a Disk Read Operation 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO 
I 1 R/W Not Used 7 Bit Track Address of Current Head Position 

Bit 7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 I Bit 1 Bit 0 

Function ISR3 " .. .. .. 
2 WO Interrupt Interrupt 

DMA 
FWF Macro Command 

Mask Mask 
Flag 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
.. Status" Settling .. Macro" 

2 RO Not Used STRB Sense Time Command 
Request Complete Complete 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO 

3 WO Track to Track Seek Time Head Settling Time 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO 
.. Track • Delete .. Data .. 

3 RO Busy Index Not 
Write Track Drive 

Data Mark Transfer 
Equal 

Protect Zero Ready 
Detected Request 

Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 BitO 

4 WO Not Used 5 Bit Sector Address 

Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 BitO . . . Sector • Data " .. .. 
Hard Write File Seek CRC Data 

4 RO Address Mark 
Error Error Inoperable Error 

Undetected 
Error Transfer 

Undetected 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit u 

5 WO Not Used 7 Bit Count for Track Number on SEK or Sector Count for MSR or MSW. 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 I Bit 2 Bit 1 Bit u 

6 WO Not Used Shift CRC CRC Enable 
Bit 7 Bit 6 I Bit 5 I Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

7 WO Not Used 7 Bit Search Track Address 

RO - Read Only ·Cleared by Reset 
WO - Write Only 
R/W - Read/Write 
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PROGRAMMABLE TIMER MODULE (PTM) 
The MC6840 is a programmable subsystem component of the 

M6800 family designed to provide variable system time intervals. 

The MC6840 has three 16-bit binary counters, three correspond­

ing control registers and a status register. These counters are under 

software control and may be used to cause system interrupts and/or 

generate output signals. The MC6840 may be utilized for such tasks 

as frequency measurements, event counting, interval measuring and 
similar tasks. The device may be used for square wave generation, 

gated delay signals, single pulses of controlled duration, and pulse 

width modulation as well as system interrupts. 

.• Operates from a Single 5 Volt Power Supply 

• Fully TTL Compatible 
• Single System Clock Required (Enable) 
• Selectable Prescaler on Timer 3· Capable of a 4 MHz Input 

• Programmable Interrupts (I RQ) Output to MPU 
• Readable Down Counter Indicates Counts to Go to Time-Out 
• Selectable Gating for Frequency or Pulse-Width Comparison 

• RESET Input 
• Three Asynchronous External Clock and Gate/Trigger Inputs 

Internally Synchronized 

• Three Maskable Outputs 

R/IN RSO RS1 RS2 CSO CS1 

FIGURE 1 - BLOCK DIAGRAM 
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PIN ASSIGNMENT 
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MC6840 

ELECTRICAL CHARACTERISTICS (Vee = 5.0 V ± 5%, VSS = 0, T A = 0 to 700 e u~less otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage VIH Vss +2.0 - VCC Vde 

Input Low Voltage VIL VSS -0.3 - Vss +0.8 

Input Leakage Current lin - 1.0 2.5 /-lAde 
(V in = 0 to 5.25 V) 

Three-State (Off State) Input Current 00-07 ITSI - 2.0 10' /-lAde 
(V in = 0.4 to 2.4 V) 

Output High.Voltage VOH Vdc 
(I load = -205 /-IA) 00-07 VSS +2.4 - -
(lioad = -200 /-IA) Other Outputs Vss +2.4 - -

Output Low Voltage VOL Vdc 

"load = 1.6 mAl 00-07 - - VSS +0.4 
(lioad = 3.2 rnA) 01-03,IRQ - - VSS +0.4 

Output Leakage Current (Off State) IRQ ILOH - 1.0 10 /-lAde 
(VOH = 2.4 Vdcl 

Power Oissipation PD - - 550 mW 
Input Capacitance Cin pF 

(Vin = 0, T A = 250 C, f = 1.0 MHz) 00-07 - - 12.5 
All others - - 7.5 

Output Capacitance Cout pF 

(Vin = 0, T A = 250 C, f = 1.0 MHz) IRQ - - 5.0 
01,02,03 - - 10 

BUS TIMING CHARACTERISTICS 

Characteristic Symbol Min Max Unit 

READ (See Figures 2 and 8) 

Enable Cycle Time tcycE 1.0 10 /-IS 
Enable Pulse Width, High PWEH 0.45 4.5 /-IS 
Enable Pulse Width, Low PWEL 0.43 - /-IS 

Setup Time, Address and R/W valid to enable positive transition tAS 160 - ns 

Data Delay Time lDDR - 320 ns 

Data Hold Time tH 10 - ns 

Address Hold Time tAH 10 - ns 

Rise and Fall Time for Enable input tEr, tEf - 25 ns 

WRITE (See Figures 3 and 8) 

Enable Cyele Time tcycE 1.0 10 /-IS 

Enable Pulse Width, High PWEH 0.45 4.5 /-IS 

Enable Pulse Width, Low PWEL 0.43 - /-IS 

Setup Time, Address and R/W valid to enable positive transition tAS 160 - ns 

Data Setup'Time tDSW 195 - ns 

Data Hold Time tH 10 - ns 

Address Hold Time tAH 10 - ns 

Rise and Fall Time for Enable input tEr, TEf - 25 ns 

as AC OPERATING CHARACTERISTICS 

e Characteristic Symbol Min Max Unit 
o .... Input Rise and Fall Times C, G and Reset t r , tf - 1.0* JJS 

,0 
~ 

Input Pulse Width Low (Figure 4) C, ~ and Reset PWL teyeE + tsu + thd - ns 

Input Pulse Width High (Figure 5) C,G PWH teyeE + tsu + thd - ns 

Input Setup Time (Figure 6) C, G and Reset tsu 200 - ns 
(Synchronous Mode) C3 (-;-8 Prescaler Mode only) - -

Input Hold Time (Figure 6) C, G anq Reset thd 50 - ns -
(Synchronous Mode) C3 (78 Prescaler Mode only) - -

Output Delay, 01 -03 (Figure 7) 
(VOH = 2.4 V, Load A) TTL teo - 700 ns 
(VOH = 2.4 V, Load C) MOS tem - 450 ns 
(VOH = 0.7 VDD, Load C) CMOS tcmos - 2.0 JJS 

Interrupt Release Time ttR - 1.6 JJS 

*tr and tf .;;; 1 x Pulse Width or 1,0 JJS, whichever is smaller. 
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PERIPHERAL INTER FACE ADAPTER (PIA) 

The MC6821 Peripheral Interface Adapter provides the universal 
means of interfacing peripheral equipment to the MC6800 Micro­
processing Unit (MPU). This device is capable of interfacing the MPU 
to peripherals through two 8-bit bidirectional peripheral data buses 
and four control lines. No external logic is required for interfacing to 
most peri pheral devices. 

The functional configuration of the PIA is programmed by the 
MPU during system initialization. Each of the peripheral data lines 
can be programmed to act as an input or output, and each of the 
four control/interrupt lines may be programmed for one of several 
control modes. This allows a high degree of flexibility in the over-all 
operation of the interface. 

• 8-Bit Bidirectional Data Bus for Communication with the MPU 

• Two Bidirectional 8-Bit Buses for Interface to Peripherals 

• Two Programmable Control Registers 

• Two Programmable Data Direction Registers 

• Four Individually-Controlled Interrupt Input Lines; Two Usable 
as Peripheral Control Outputs 

• Handshake Control Logic for Input and Output Peripheral 
Operation 

• High-Impedance 3-State and Direct Transistor Drive Peripheral 
Lines 

• Program Controlled Interrupt and Interrupt Disable Capability 

• CMOS Drive Capability on Side A Peripheral Lines 

• Two TTL Drive Capability on All A and B Side Buffers 

• TTL-Compatible 

• Static Operation 

EXPANDED BLOCK DIAGRAM 
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Speed 

1,0 MHz 

MIL-STD-8838 
MIL-STD-883C 

1.5 MHz 

2.0 MHz 

MC6'821 
(1.0 MHz) 

MC68A21 
(1.5 MHz) 

MC68B21 
(2.0 MHz) 

PIN ASSIGNMENT 

40 

2 39 

3 38 

4 37 

5 36 

6 35 

7 34 

8 33 

9 32 

10 31 

11 30 

12 29 

13 28 

14 27 

15 26 

16 25 

17 24 

18 23 

19 22 

20 21 

ORDERING INFORMATION 

Device Temperature Range 

MC6821P,L Oto + 70°C 

MC6821CP,CL -40 to +850 C 

MC682180CS - 55 to +1250 C 
MC6821COCS 

MC68A21P,L o to + 70°C 

MC68A21CP,CL -40 to +850 C 

MC68821P,L o to +70oC 
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MC6821 • MC68A21 • MC68821 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 V ±5%, VSS = 0, TA = TL to TH unless otherwise noted) 

I Characteristic I Symbol I Min I Typ Max Unit 

BUS CONTROL INPUTS (R/W Enable Reset RSO RSl CSO CSl CS2) , 
Input High Voltage VIH Vss + 2.0 - VCC Vdc 

Input Low Vo~tage VIL VSS -0.3 - VSS + 0.8 Vdc 

Input Leakage Current lin - 1.0 2.5 IlAdc 
(Vin = 0 to 5.25 Vdc) 

Capacitance Cin - - 7.6 pF 
(Vin = 0, T A = 250 C, f = 1.0 MHz) 

INTERRUPT OUTPUTS (iiiOA, iRQB) 

Output Low Voltage VOL - - VSS + 0.4 Vde 
(J Load = 3.2 mAde) 

Output Leakage Current (Off State) ILOH - 1.0 10 IlAde 
(VOH = 2.4 Vde) 

Capacitance Cout - - 5.0 pF 
(V in = 0, T A = 250 C, f = 1.0 MHz) 

DATA BUS (00-07) 

Input High Voltage VIH VSS +2.0 - VCC Vdc 

Input Low Voltage VIL VSS -0.3 - VSS + 0.8 Vde 

Three-State (Off State) Input Current ITSI - 2.0 10 IlAde 
(Vin = 0.4 to 2.4 Vde) 

Output High Voltage VOH VSS +2.4 - - Vde 
(J Load = -205 IlAde) 

Output Low Voltage VOL - - VSS + 0.4 Vde 
(I Load = 1 .6 mAde) 

Capacitance Cin - - 12.5 pF 
(Vin = 0, T A = 250 C, f = 1.0 MHz) 

PERIPHERAl BUS (PAO-PA7, PBO-PB7 CAl CA2 CBl CB2) 

Input Leakage Current R/W, Reset, RSO, RS1, CSO, CS1, CS2, CA " lin - 1.0 2.5 IlAde 
(Vin = 0 to 5.25 Vde) CB1, Enable 

Three-State (Off State) Input Current PBO-PB7,CB2 ITSI - 2.0 10 IlAde 
(Vin = 0.4 to 2.4 Vdc) 

Input High Current PAO-PA7, CA2 IIH -200 -400 - IlAdc 
(VIH = 2.4 Vde) 

Darlington Drive Current PBO-PB7,CB2 IOH , -1.0 - -10 mAde 
Vo =0 1.5 Vdc 

Input Low Current PAO-PA7, CA2 IlL - -1.3 -2.4 mAde 
(VIL = 0.4 Vdc) 

Output High Voltage VOH Vde 

"Load = -200 IlAde) PAO-P7,PBO-PB7,CA2,CB2 VSS + 2.4 - -
"Load = -10 IlAdc) PAO-PA7, CA2 Vce - 1.0 - -

Output Low Voltage VOL - - Vss + 0.4 Vde 
(J L-oad = 3.2 mAdc) 

Capacitance ein - - 10 pF 
(Vin = 0, T A = 250 e, f = 1.0 MHz) 

POWER REQUIREMENTS 

I Power Dissip,ation 550 mW 

BUS TIMING CHARACTERISTICS (Vee = 5.0 V ±5%, VSS = 0, TA = TL to TH unless otherwise specified.) 

MC6821 MC68A21 MC68B21 Ref. 
Characteristic Symbol Min Max Min Max Min Max Unit Fig. No. 

Enable Cycle Time tcycE 1000 - 666 - 500 - ns 1 

Enable Pulse Width, High PWEH 450 - 280 - 220 - ns 1 

Enable Pulse Width, Low PWEL 430 - 280 - 210 - ns 1 

Enable Pulse Rise and Fall Times tEr, tEf - 25 - 25 - 25 ns 1 

Setup Time, Address and R/W valid tAS 160 - 140 - 70 - ns 2,3 
to Enable positive transition 

Address Hold Time tAH 10 - 10 - 10 - ns 2,3 

Data Delay Time, Read tDDR - 320 - 220 - 180 ns 2,4 
Data Hold Time, Read tDHR 10 - 10 - 10 - ns 2,4 

Data Setup Time, Write tDSW 195 - 80 - 60 - ns 3,4 

Data Hold Time, Write tDHW 10 - 10 - 10 - ns 3,4 

~------ (fA) MOTOROLA Serniconduc'for Produc'fs Inc. ---------' 
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The MC6803 is an 8-bit microcomputer which employs a multi­
plexed address and data system allowing expandability to 65K words. 
The MC6803 is object code compatible with the M6800 instruction set 
and includes improved execution times of key instructions. There are 
several new 16-bit and 8-bit instructions including an 8 by 8 multiply 
with 16-bit result. The MC6803 has 128 bytes of RAM, internal clock, 
UART, parallel I/O, and three function 16-bit timer all on-board. The 
MC6803E version is also available for use with an external clock. The 
MC6803 internal clock version requires only the addition of an 
external crystal f9r MCU operation. The MC6803 internal clock's 
divide by four circuitry allows for use of the inexpensive 3.58 MHz 
color burst crystal. The MC6803 MCU is fully TTL compatible and 
requ ires only one +5.0 volt power supply. 

VCC 

VSS 
IRQ1 

NMI 
Enable/ 
Ext_ Clk 

• Expanded M6800 Instruction Set 
• Full Object Code Compatibility 

With M6800 MPU/s 
• Multiplexed Address and Data 
• Compatible With Existing M6800 

Peripherals 
• 8 x 8 Multiply With 16-bit Result 
• Up to 13 Parallel I/O Lines 
• 128 Bytes On-Board RAM 

- .. 
-

~ -
~ 

PAO 
PA1 

PA2 

PA3 
PA4 

PA5 
PA6 

PA7 

.- Section A -
-: ---

mit Trans 

~ace 

Clock 

PBO 
PB1 

PB2 

PB3 

PB4 

VCC 
Standby 

ive 

-----... . 

~ Peripheral .. Data .. .. 

- UAR:r 

- (Serial I/O) 

Ir4 Timer 

.. 
Section B 

.. Peripheral 

.. Data 
~ 

• On-Board RAM Retainable 
With VCC Standby 

• UART (Serial I/O) On-Board 
• 16-bit Timer On-Board 
• Internal Clock/Divide by Four 

Circuitry (MC6803) 
• External Clock/Divide by One 

Circuitry (MC6803E) 
• FulLTTL Compatibility 
• Full Interrupt Capability 

FIGURE 1 - BLOCK DIAGRAM 

---- Central Internal 
Processing Clock .. Unit = 6800+ 74 

~ , I 
-

• I -- MUX 
r---

-

-
Address 

Data 

, 
_ r 

RAM 

I 
This is advance information and specifications are subject to change without notice_ 
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MC6803 
Internal-Clock 

MC6803E 
External-Clock 

MC6803 MCU PROGRAMMING MODEL 

7 0 

I ACCA I Accumulator A 

7 0 

I AceB I Accumulator B 

15 0 

I IX I Indel( Register 

15 0 

I PC I Program Counter 

15 0 

I 5P I Stack Pointer 

7 0 

I, I, IHI I INlzlvlcl 
CondItIon Codes 

Register 

~,ca"y (F,om Bit "-

Overflow 

_Zero 

Negative 

interrupt Mask 

Half Carry (From Bit 3) 

Mask OPtion I 
- ~ 6 I 

XTAL1/HALT 

- "~ 
Mask OPtion J 

--
... -- -... .. - ~ 

Address/ --- Data Bus 
.. - .. -- -. 

- .. - --- -

.. 
-- -

Address --.. 
Bus .. - .. .. 
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XTAL2/Bus Available 

Read/Write 

Reset 

DO/AO 
D1/A1 

D2/A2 

P3/A3 
D4/A4 

D5/A5 
D6/A6 

D7/A7 
Address Strobe 

A8 
A9 
A10 

A11 

A12 

A13 

A14 

A15 

I, 
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MC6803. MC6803E 

TABLE 2 - MC6803 MCU PROGRAMMING MODE 
The execution time of key instructions has been reduced. 

Table 2 shows instruction execution times in machine cycles. 

ABA 
ABX 
ADC 
ADD 
ADDD 
AND 
ASL 
ASlD 
ASR 
BCC 
BCS 
BEQ 
BGE 
BGT 
BHI 

BIT 
BLE 

BLS 
BLT 
BMI 

BNE 
BPL 
BRA 
BSR 
BVC 
BVS 

CBA 
CLC 
CLI 
CLR 
CLV 
CMP 

COM 

CPX 
DAA 
DEC 
DES 
DEX 
EaR 
INC 
INS 
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An MC6803 and an MC6803E system configuration are 
shown in figures 3 and 4 respectively. The MC6803 MCU 

FIGURE 3 - MC6803 SYSTEM CONFIGURATION 

14.....:-I---..-~'--_H~--.... -+---_+--_ Data 

MC6803 

INX 
JMP 

JSR 
LDA 
LDD 
LDS 
LDX 
lSR 
LSRD 
MUL 
NEG 
Nap 
ORA 
PSH 
PSHX 
PUL 
PULX 
ROL 
ROR 
RTI 
RTS 
SBA 
SBC 
SEC 
SEI 
SEV 
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STD 
STS 
STX 
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SUBD 
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is expandable to a full 65K words allowing for a system 
containing several peripherals plus memory. 

FIGURE 4 - MC6803E SYSTEM CONFIGURATION 

MC6803E 
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r11\ .... M .... ~~~:n~~!tors Q 3501 ED BLUESTEIN BLVD .. AUSTIN, TEXAS 78721 

MICROPROCESSOR WITH CLOCK AND RAM 

The MC6802 is a monolithic 8-bit microprocessor that contains 
all the registers and accumulators of the present MC6800 plus an 
internal clock oscillator and driver on the same chip. In addition, 
the MC6802 has 128 bytes of RAM on board located at hex 
addresses 0000 to 007F. The first 32 bytes of RAM, at hex addresses 
0000 to 001 F, may be retained in a low power mode by utilizing 
V CC standby, thus facilitating memory retention during a power­
down situation. 

The MC6802 is completely software compatible with the 
MC6800 as well as the entire M6800 family of parts. Hence, the 
MC6802 is expandable to 65K words. 

• On-Chip Clock Circuit 
• 128 x 8 Bit On-Chip RAM 
• 32 Bytes of RAM Are Retainable 
• Software-Compatible with the MC6800 
• Expandable to 65K words -
• Standard TTL-Compatible Inputs and Outputs 

• 8 Bit Word Size 
• 16 Bit Memory Addressing 
• Interrupt Capability 

FIGURE 1 - TYPICAL MICROCOMPUTER 

Reset 

Parallel 
I/O 

VCC 

MC6846 

VMA 
CSO~------------~ 

2 k Bytes ROM 
10 I/O Lines 

3 Lines Timer 

Clock 

Riw 

AO-A15 

VCC 

IRQ 

MR 

VMA 

E 
R/W 

MC6802 
MPU 

00-07 

AO·A15 

-=-

Res 

Halt 

RE 

NMI 

SA 

Xtal 

Xtal 

0 

Figure 1 is a block diagram of a typical cost effective microcomputer. The MPU is 
the center of the microcomputer system and is shown in a minimum system inter­
facing with a ROM combination chip. It is not intended that this system be limited to 
this function but that it be expandable with other parts in the M6800 Microcomputer 
family. 

This is advance information and specifications are subject to change without notice. 
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.MC6802 

MOS 
(N-CHANNEL, SILICON-GATE, 

DEPLETION LOAD) 

MICROPROCESSOR 
WITH CLOCK AND RAM 

L SUFFIX 
CERAMIC PACKAGE 

CASE 715 

P SUFFIX 
PLASTIC PACKAGE 

CASE 711 

PIN ASSIGNMENT 

0 
VSS Reset 40 

2 Xtal 39 

3 MR EXtal 38 

4 IRQ E 37 

5 VMA RE 36 

6 NMI 
VCC 

Standby 35 

7 SA R/W 34 

8 VCC DO 33 

9 AO. 01 32 

10 A1 02 31 

11 A2 03 30 

12 A3 04 29 

13 A4 05 28 

14 A5 06 27 

15 A6 07 26 

16 A7 A15 25 

17 A8 A14 24 

18 A9 A13 23 

19 A10 A12 22 

20 All VSS 21 

©MOTOROLA INC .. 1977 
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MC6802 . 

A16 A14 ... ,3 A12 A" A10 A9 A8 A7 Ae A5 A4 A,3 A,2 A, AO 
26 2.. 23 22 20 19. 18 17 16 15 ,. 13 12 " 10 9 

FIGURE 7 - MC6802 
EXPANDED BLOCK DIAGRAM 

Memory Ready 3 

Hiit 2 

Interrupt Requed 4 

Valid M_mory Addr ... 

RMdtW'fita 

Vee" Pin8. 35 
Vss" P;m 1,21 

In .... uction 
Regi .... 

26 27 28 oN 30 31 32 33 
01 CMS 05 04 03 02 D1 00 

TABLE 4 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

IMMED DIRECT INDEX EXTND IMPLIED 

CONDo CODE REG. 

S 4 3 2 1 0 

POINTER OPERATIONS MNEMONIC OP - # OP - # OP - # OP - # 0; - # BOOLEAN/ARITHMETIC OPERATION H I N Z V C 

Compare Index Reg CPX 8C 3 3 9C 4 2 AC 6 2 BC 5 3 XH - M. XL - (M + 1) • • (j) :@. 
Decrement Index Reg DEX 09 4 1 X-l .... X • • • t • • 
Decrement Stack Pntr DES 34 4 1 SP-l .... SP • • • • • • I Increment Index Reg iNX I I I I I I I 08 I 4 I 1 X + 1 .... X 1.1.1. : I. • 
Increment Stack Pntr INS I I I I I I I I 31 I 4 I 1 I SP + 1 .... SP 1·1·1· ·1· ·i 

I load Index Reg LOX I CE I 3 3 I DE I 4 I 2 I EE 6 I 2 FE I S 131 I I I M .... XH. (M + 1) .... Xl I.I.I®I rl R ·1 
! load Stack Pntr LOS BE 3 3 9E 4 2' AE 6 21 BE 5 3 M .... SPH.(M+I) .... SPl IO'liDI: A 

·1 
Store Index Reg STX OF 5 2 EF 7 2 FF 6 3 XH .... M. Xl .... (M+ 1) • .® I R • 
Store Stack Pntr STS 9F 5 2 AF 7 2 ' BF 6 3 SPH .... M. SPl .... (M + 1) • .®·l R • 
Indx Reg .... Stack Pntr TXS 

I 
35 4 1 X - I .... SP • ., ·1· • • Stack Pnlr .... Inlll( Reg TSX 30 4 1 SP + 1 .... X • ·i • • • • 

TABLE 5 - JUMP AND BRANCH INSTRUCTIONS 
CONDo CODE REG. 

RelATIVE INDEX EXTND IMPLIED S 4 3 2 1 0 

OPERATIONS MNEMONIC OP - # OP - # OP - # OP - # BRANCH TEST H I N Z V C 

Branch Always BRA 20 4 2 None • • • • • • 
Branch If Carry Clear BCC 24 4 2 C=O • • • • • • 
Branch If Carry Set BCS 2S 4 2 C = 1 • • • • • • 
Branch If = Zero BEQ 27 4 2 Z=1 • • • • • • 
Branch If ~ Zero BGE 2C 4 2 N (j) V = 0 • • • • • • 
Branch If > Zero BGT 2E 4 2 Z + (N (j) V) = 0 • • • • • • 
Branch If Higher BHI 22 4 2 C+l=O • • • • • • 
Branch If ~ Zero BlE 2F 4 2 Z + (N (j) V) = 1 • • • • • • 
Branch If Lower Or Same BLS 23 4 2 C+Z=1 • • • • • • 
Branch If < Zero BlT 20 4 2 N (j) V = 1 • • • • • • 
Branch If Minus BMI 2B 4 2 N=1 • • • • • • 
Branch If Not Equal Zero BNE 26 4 2 Z=O • • • • • • 
Branch If Overflow Clear BVC 28 4 2 V=O • • • • • • 
Branch If Overflow Set BVS 29 4 2 V=1 • • • • • • 
Branch If Plus BPl 2A 4 2 N=O • • • • • • 
Branch To Subroutine BSR 80 8 2 I • • • • • • 
Jump JMP 6E 4 2 7E 3 3 See Special Operations • • • • • • 
Jump To Subroutine JSR AD 8 2 BD 9 3 • • • • • • 
No Operation NOP 01 2 1 Advances ProQ. Cntr. Only • • • • • • 
Return From Interrupt RTI 3B 10 1 --@--
Return From Subroutine RTS 

I 
39 5 1 

I TnO'T Software Interrupt SWI 3F 12 1 See Special Operations · · · ·1· · Wait for Interrupt* WAI 3E 9 1 • @ •••• 
·WAI puts Address Bus, R/W, and Data Bus In the three-state mode while VMA IS held low. 
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MC6802 ' 

TABLE 3 - ACCUMULATOR AND MEMORY INSTRUCTIONS 

ADDRESSING MDDES 

IMMED DIRECT INDEX EXTND 

OPERATIONS MNEMONIC OP - = OP - = OP - = OP -
Add AOOA 3B 2 2 9B 3 2 AB 5 2 BB 4 

AOOB CB 2 2 DB 3 2 EB 5 2 FB 4 
Add Acmltrs ABA 
Add with Carry AOCA 89 2 2 99 3 2 A9 5 2 B9 4 

AOCB C9 2 2 09 3 2 E9 5 2 F9 4 
And ANOA 84 2 2 94 3 2 A4 5 2 B4 4 

lINOB C4' 2 2 04 '3 2 E4 5 2 F4 4 
Bit Test BITA 85 2 2 95 3 2 A5 5 2 B5 4 

BITB C5 2 2 05 3 2 E5 5 2 F5 4 

Clear CLR 6F 7 2 7F 6 
CLRA 
CLRB 

Compare CMPA 81 2 2 91 3 2 Al 5 2 Bl 4 

CMPB Cl 2 2 01 3 2 El 5 2 F1 4 
Compare Acmltrs CBA 
Complement,l's COM 63 7 2 73 6 

COMA 
COMB 

Complement, 2's NEG 60 7 2 70 6 
(Negatel NEGA 

NEGB 
Decimal Adjust, A OAA 

Decrement DEC 6A 7 
217A 

6 
OECA 
OECS 

Exclusive OR EORA 88 2 2 98 3 2 A8 5 2 B8 4 
EORB C8 2 2 08 3 2 E8 5 2 Fa 4 

Increment INC 6C 7 2 7C 6 
INCA 
INCB 

load Acmltr LOAA 86 2 2 96 3 2 A6 5 2 B6 4 
LOAB C6 2 2 06 3 2 E6 5 2 F6 4 

Or, Inclusive DRAA· 8A 2 2 9A 3 r 5 2 SA 4 
DRAB CA 2 2 OA 3 2 EA 5 2 FA 4 

Push Data PSHA 
PSHB 

Pull Data PULA 
PULB 

Rotate Left ROl 69 7 2 ,79 6 
ROlA 
ROlB 

Rotate Right ROR' 66 7 2 76 6 
RORA 
RORB 

Shift left, Arithmetic ASl 68 7 2 78 6 
ASlA 
ASlB 

Shift Right, Arithmetic ASR 6/ 7 2 77 6 
ASRA 
ASRB 

Shift Right, logic lSR 64 7 2 74 6 
lSRA 
lSRB 

Store Acmltr. STAA 97 4 2 A7 6 2 B7 5 
STAB 07 4 2 E7 6 2 F7 5 

Subtract SUBA 80 2 2 90 3 2 AO 5 2 BO 4 
SUBB CO 2 2 00 3 2 EO 5 2 FO 4 

Subtract Acmitrs. SBA 
Subtr. with Carry SaCA 82 2 2 92 3 2 A2 5 2 B2 4 

SBCB C2 2 2 02 3 2 E2 5 2 F2 4 
Transfer Acmltrs TAB 

TBA 
Test, Zero or Minus TST 60 7 2 70 6 

TSTA 
TSTB 

LEGENO: 

OP Operation Code IHexadecimail; Boolean Inclusive 0 R; 
Number of MPU Cycles; e Boolean Exclusive OR; 
Number of Program Bytes; II Complement of M; 
Arlthmet,c Plus; Transfer Into; 

Allthmetic Minus; 0 Bit; Zero; 

Boolean AND; 00 Byte = Zero; 

MSp Contents of memory location pointed to be·Stack Pointer; 

Note - Accumulator addressing mode Instructions are included In the column for IMPLIED addressing 

IMPLIED 

= OP - = 
3 
3 

IS 2 1 
3 
3 
3 
3 
3 
3 
3 

4F 2 1 
5F 2 1 

3 
3 

11 2, 1 
3 

43 2 1 
53 2 1 

3 
40 2 1 
50 2 1 
19 2 1 

3 
4A 2 1 
5A 2 I' 

3 
3 
3 

4C 2 1 
5C 2 1 

3 
3 

3 
3 

36 4 1 
37 4 1 
32 4 1 
33 4 1 

3 
49 2 1 
59 2 1 

3 
46 2 1 

56 2 1 
3 

48 2 1 
58 2 1 

3 
47 2 1 
57 2 1 

3 
44 2 1 
54 2 1 

3 
3 
3 
3 

10 2 1 
3 
3 

16 2 1 
17 2 1 

3 
40 2 1 
50 2 1 

BDDLEAN/ARITHMETIC OPERATIDN COND 'CODE REG 

(All register labels 
refer to contentsl 

A + M-A 
B + M-B 
A+B-A 
A+M+C-A 
B+M+C-B 
A'M-A 
B'M-B 
A'M 
B'M 
OO-+M 
OO-A 
00 -+B 
A-M 
B-M 
A-B 
M-M 
A-A 
S"';'S 

00 - M-+M 
00 - A-+A 
OO-B-+B 
Converts Binary Add. of BCD Characters 
into B CO For mat 
M-l-+M 
A -1-A 
B-l-B 
A@M-A 
B@M-+B 
M + I-+M 
A + 1-A 
B + 1 - B 
M-A 
M-B 
A+ M-A 
B +M-B 
A- MSp, SP - 1 ... SP 
B ... MSP, SP - 1 ... SP 
SP + 1 ... S~, MSp - A 
SP + 1 - SP, MSP"" 8 

~} CD - CJIITII];J 
B C b7 - bO 

~} CO - CIIIIIID=J 
B C b7 - bO 

-n 0- rn::r::rrrn- 0 
C b7 bO 

M}C6Iilln A -0 
B b7 bO C 

-:} o -CIIIIJII] - 0 
b7' bO C 

A-M 
B-M 
A-M-A 
S - M-B 
A-B-A 
A-M-C-A 
B-M-C-B 
A-B 
B-A 
M - 00 
A-DO 
B - 00 

CONDITION COOE SYMBOLS: 

Half·carry from bit 3; 
Interrupt mask 
Negative (sign bit) 
Zero (by tel 

V Overflow, 2's complement 
C Carry from bit 7 
R Reset Always 
S Set Always 

5 4 3 2 1 0 
H 'I N Z V C 

! • t ! ! ! 
! • ! ! t t 
t • ! ! ! ! 
! • t ! ! t 
! • ! t ! ! 

• • t ! R • 

• • ! ! R • 

• • ! ! R • 

• • ! ! R • 

• • R S R R 

• • R S R R 

• • R S R R 

• • ! ! ! ! 

• • ! ! ! ! 
' .. ! ! ! ! 

• • ! ! R S 

• • ! ! R S 

• • I ! R S 

• • ! !'1' (i) 

• • ! L<D (Z) 

• • ! !(j) 
~ • • ! ! ! 

• • ! ! 4 • 

• • ! t 4 • 

• • ! t 4 • 

• • ! ! R • 

• • t ! R • 

• • t !~. 
• • ! t~. 
• • t ! ct· 
• • ! ! R • 

• • ! t R • 

• • t t R • · . ! t R • 

• • • • • • 
• • • • • • · . . • • • · . • • • • · . t! '6 ! · . ! t ~ t · . t t l' t 

• • t t ~ t · . t t ~ t 

• • t t ~ t · . t t ~ t 
~ • • t t ! 

• • t t ~ t · . t t ~ t · . t t ~t · . t t Irs t 

• • R t I~t 
• • R t I~t 
.' • R ! I®t 
• • t t R • · . t ! R • 

• • t t ! i 

• • t t t t 
• • 1 t t t 

• • t t t t · . t ! t t · . i t R • · . t t R • 

• • t t R R · . t t R R · . t t R R 

H I N Z V C 

Test and set ,f true, cleared otherwise 
• Not Affected 

'--------® MOTOROLA Semiconductor Products Inc. ---------' 
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SINGLE·CHIP MICROCONTROLLER 

The MC3870 is a complete 8-bit microcomputer on a single MOS 
integrated circuit. Utilizing' ion-implanted, N-channel silicon-gate 
technology and advanced circuit design techniques, the single-chip 
3870 offers maximum cost effectiveness in a wide range of control 
and logic replacement applications. 

• Software Compatible with F8 Family 

• 2048 Byte Mask Programmab!e ROM 

• 64 Byte Scratchpad RAM 

• 32 Bits (4 Ports) TTL Compatible I/O 

• Programmable Binary Timer 

Interval Timer Mode 
Pulse Width Measurement Mode 
Event Counter Mode 

• External Interrupt 

• Crystal, LC, RC, External, or Internal Time Base 

• 
• 

Low Power (275 mW Typ.) 

Single +5 Volt ± 1 0% Power Supply 

Clock 
XTL l--i 

XTL2~ 
'------~ 

ROM 

Address 
Registers 

PO, P, DC, DCl 

Indirect 

Scratchpad 
Address 

Register 

Port 0 

Test 

FIGURE 1 - Block Diagram 

2048 X 8 
Program 

ROM 

Scratch pad 
Registers 

Main Data Bus 

Port 4 

This is advance information and specifications are subject to change without notice. 

Published by Motorola Inc. with permission of Mostek, Inc. 

~ f998 

MC387.0 

PIN CONNECTIONS 

XTL 1 vcc 
XTL 2 2 39 'RESET 

PO-O 3 Ext Int 

PO-1 4 37 P1-0 

I I 
PO-2 

~: 
36 Pi -1 

PO-3 35 P1-2 

Strobe P1-3 

I I P4-0 8 P5-0 

P4-1 9 32 P5-1 

P4·2 10 31 P5-2 
MC3870 

P4-3 11 30 P5-3 

P4-4 12 29 P5-4 

P4-5 13 28 P5-5 

P4-6 14 27 P5-6 

P4-7 15 26 P5-7 

PO-7 16 25 P1-7 

PO-6 17 24 P1-6 

PO-5 18 23 P1-5 

PO-4 19 22 P1-4 

Gnd 20 21 Test 

Ext Int 

Accumulator 
and 

ALU 
Status Control 

Register Logic 

Port 5 

I 
ReSet 

ADI-445 

@lIe MASTER 1979 
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MC3870 INSTRUCTION SET 

(F8 COMPATIBLE) 

ACCUMULATOR GROUP INSTRUCTIONS 

Mnemonic Machine Status Bits 
Operation OpCode Operand Function Code Bytes Cycles OVF ZERO CRY SIGN 

ADD CARRY LNK ACC+-(ACC) + CRY 19 1 1 1/0 1/0 1/0 1/0 

ADD IMMEDIATE AI ACC+-(ACC) + H'ii' 24ii 2 2.5 1/0 1/0 1/0 1/0 

AND IMMEDIATE NI ACC+-(ACC) 1\ H 'ii' 21ii 2 2.5 0 1/0 0 1/0 

CLEAR CLR ACC+-H'OO' 70 1 1 

COMPARE IMMEDIATE CI H'ii' + (ACC) + 1 25ii 2 2.5 1/0 1/0 1/0 1/0 

COMPLEMENT COM ACC+-(ACC) e H'FF' 18 1 0 1/0 0 1/0 

EXCLUSIVE OR IMMEDIATE XI ACC+-(ACC) e H'ii' 23ii 2 2.5 0 1/0 0 1/0 

INCREMENT INC ACC+-(ACC) + 1 lF 1 1 1/0 1/0 1/0 1/0 

LOAD IMMEDIATE LI ACC+-H'ii' 20ii 2 2.5 

LOAD IMMEDIATE SHORT LIS ACC+-H'Oi' 7i 1 1 

OR IMMEDIATE 01 ACC+-(ACC) V H'ii' 22ii 2 2.5 0 1/0 0 1/0 

SHIFT LEFT ONE SL SHIFT LEFT 1 13 0 1/0 0 1/0 
SHIFT LEFT FOUR SL 4 SHIFT LEFT 4 15 0 1/0 0 1/0 
SHIFT RIGHTONE SR SHIFT RIGHT 1 12 0 1/0 0 
SHIFT RIGHT FOUR SR 4 SHIFT RIGHT 4 14 0 1/0 0 

BRANCH INSTRUCTIONS In all conditional branches PCO+-(PCO) + 2 if the test condition is not met. Execution is complete in 3.0 cycles. 

Mnemonic Machine Status Bits 

Operation OpCqde Operand Function Code Bytes Cycles OVF ZERO CRY SIGN 

BRANCH ON CARRY BC ail PCO+-[ (PCO) + 11 + H'aa' if CRY = 1 82aa 2 3.5 

BRANCH ON POSITIVE BP aa PCO+-[ (PCO) + 11 + H'aa' if SIGN = 1 81aa 2 3.5 

3RANCH ON ZERO ,sZ aa PCO+-[ (PCO) + 11 + H'aa' if ZERO = 1 84aa 2 3.5 

BRANCH ON TRUE BT taa PCO+-[ (PCO) + 11 + H'aa' if any test is true 8taa 2 3.5 

t = TEST CONDITION 

BRANCH IF NEGATIVE BM aa PCO+-[ (PCO) + 11 + H'aa' if SIGN = 0 91aa 2 3.5 

BRANCH IF NO CARRY BNC aa PCO+-[ (PCa) + 1] + H'aa' if CARRY = d 92aa 2 3.5 

BRANCH IF NO OVERFLOW BNO aa PCO+-[ (PCO) + 11 + H'aa' if OVF = a 98aa 2 3.5 

BRANCH IF NOT ZERO BNZ aa PCo+-[(PCO) + 1] + H'aa' if ZERO,= 0 94aa 2 3.5 

BRANCH IF FALSE TEST BF taa PCO+-[ (PCa) + 11 + H'aa' if all false test bits 9taa 2 3.5 

as 
0. 
~ 

BRANCH IF ISAR (LOWER) =1= 7 BR7 aa PCO+-[ (PCa) + 11 + H'aa' if ISARL =1= 7 8Faa 2 2.5 0, ..... 
PCO+-(PCO) + 2 if ISARL = 7 2.0 O· 

BRANCH RELATIVE BR aa PCO+-[ (PCO + 11 + H'aa' 90aa 2 3.5 ~" 
""'i;" '-- .. 

JUMP* JMP aaaa PCO+-H 'aaaa' 29aaaa 3 5.5 

*Privileged instruction 

1--______ @ MOTOROLA SelTJiconducf:or Producf:s Inc. ---------' 
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MC3870 

MEMORY REFERENCE INSTRUCTIONS In all Memory Reference Instructions, the Data Counter is incremented DC~De + 1 

Mnemonic Machine Status Bits 

Operation OPCode Operand Function Code Bytes Cycles OVF ZERO CRY SIGN 

ADD BINARY AM ACC~(ACC) + [(DC)] 88 2.S 1/0 1/0 110 110 

ADD DECIMAL AMD ACC ...... (ACC) + [(DC)] 89 2.S 1/0 110 110 1/0 

AND NM ACC ...... (ACC)A[(DC)] 8A 2.S 0 1/0 0 1/0 

COMPARE CM [(DC)] + (ACC) + 1 8D 2.S 1/0 1/0 1/0 110 

EXCLUSIVE OR XM ACC ...... (ACC) G} [(DC)] 8C 2.S 0 1/0 0 1/0 

LOAD LM ACC~[(DC)] 16 2.S 

LOGICAL OR OM ACC ...... (ACC) V [(DC)] 88 25 0 1/0 0 1'0 

STORE ST (DC)~(ACC) 17 2.S 

ADDRESS REGISTER GROUP!NSTRUCT!ONS 

Mnemonic Machine Status Bits 

Operation OPCode Operand Function Code Bytes Cycles OVF ZERO· CRY· SIGN 

ADD to DATA COUNTE R ADC DC~(DC) + (ACC) 8E 1 2.S 

CALL to SUBROUTINE* PK PCoU ...... (r12); PCoL ...... (r13); PC1~(PCO) OC 4 

CALL to SUBROUTINE IMMEDIATE* PI aaaa PC1 ...... (PCO); PCo~H'aaaa' 28aaaa 3 6.S 

EXCHANGE DC XDC DCo~DCl 2C 2 

LOAD DATA COUNTER LR DC,Q DCU ...... (r14); DCL~(rlS) OF 4 

LOAD DATA COUNTER LR DC,H DCU ...... (rl0); DCL~(rl1) 10 1 4 

LOAD DC IMMEDIATE DCI aaaa DC~H'aaaa' 2Aaaaa 3 6 

LOAD PROGRAM COUNTER LR PO,Q PCoU~(r14); PCoL ...... (rlS) OD 4 

LOAD STACK REGISTER LR P,K PCl U ...... (r12); PCl L~(r13) 09 4 

RETURN FROM SUBROUTINE" POP PCO~(PC1) lC 2 

STORE DATA COUNTER LR Q,DC r14 ...... mCU); rlS ...... (DCL) OE 4 

STORE DATA COUNTER LR H,DC rl0 ...... (DCU); rl1 ...... (DCL) 11 4 

STORE STACK REGISTER LR K,P r12 ...... (PC1U); r13~(PCl L) 08 4 

SCRATCHPAD REGISTER INSTRUCTIONS (Refer to Scratchpad Addressing Modes) 

Mnemonic Machine Status Bits 

Operation OPCode Operand Function Code Bytes Cycles OVF ZERO CRY SIGN 

ADD BINARY AS ACC ...... (ACC) + (r) Cr 1 1 110 110 110 110 

ADD DECIMAL ASD ACC ...... (ACC) + (r) Dr 2 1/0 110 1/0 110 

DECREMENT DS r--(r) + H'FF' 3r 1.S 1/0 110 110 110 

LOAD LR A,r ACC~(r) 4r 

LOAD LR A,KU ACC--(r12) 00 

LOAD LR A.KL ACC ...... (r13) 01 

LOAD LR A,QU ACC~(r14) 02 

LOAD LR A,QL ACC--(rlS) 03 

LOAD LR rA r--(ACC) Sr 

as LOAD LR KU,A r12--(ACC) 04 

(5 LOAD LR KL,A r13 ..... (ACC) OS 
~ 

LOA!;> LR QU,A r14 ...... (ACC) 06 0 
~ LOAD LR QLA rlS--(ACC) 07 0 
~ AND NS ACC--(ACC)A (r) Fr 0 110 0 110 

EXCLUSIVE OR XS ACC ...... (ACC) G} (r) Er 0 1/0 0 1/0 

"Privileged Instruction. 

-------® MOTOROLA Sen'1iconductor Products Inc. ---------' 
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MC3870 

MISCELLANEOUS INSTRUCTIONS 

Mnemonic 

Operation OPCode Operand 

DISABLE INTERRUPT 01 

ENABLE INTERRUPT* EI 

INPUT IN 

INPUT SHORT INS 

LOAD ISAR LR 

LOAD ISAR LOWER LlSL 

LOAD ISAR UPPER LlSU 

LOAD STATUS REGISTER* LR 

NO-OPERATION NOP 

OUTPUT OUT 

OUTPUT SHORT OUTS 

STORE ISAR LR 

STORE STATUS REG LR 

*Privileged Instruction 

**3-Bit Octal Digit 

***2 Machine Cycles for CPU Ports 

NOTES 

Each lowercase character represents a Hexadecimal d,igit. 

Each cycle equals 4 machine clock periods. 

Lowercase denotes variables specified by programmer. 

Function Definitions 

is replaced by 

the contents of 

(- ) Binary "1 "s complement of 

+ Arithmetic Add (Binary or Decimal) 

G3 Logical OR exclusive 

1\ Logical AND 

V Logical OR inclusive 

H' Hexadecimal digit 

Register Names 

Address Variable 

Accumulator 

Data Counter (Indirect Address Register) 

aa 

IS,A 

W.J 

aa 

A,IS 

J,W 

A 

DC 

DCa 
DCl 

DCL 

DCU 

H 

Data Counter ;:to (Indirect Address Register .#0) 

Data Counter ==1 (Indir~ct Address Register .t'1) 

Least significant 8 bits of Data Counter Addressed 

Most significant 8 bits of Data Counter Addressed 

Scratchpad Register #10 and #11 

i and ii 

ICB 

IS 

ISAR 

ISARL 

ISARU 

Immediate Operand 

Interrupt Control Bit 

Indirect Scratchpad Address Register 

Indirect Scratchpad Address Register 

Least significant 3 bits of ISAR 

Most significant 3 bits of ISAR 

Scratchpad Register #9 

Machine Status Bits 

Function 

RESETICB 

SETICB 

ACC+-(INPUT PORT aa) 

AC(;;+-(lNPUT PORT a) 

ISAR+-(ACC) 

ISARL+-a 

ISARU+-a 

W+-(r9) 

PCO<--(PCO) + 1 

OUTPUT PORT aa+-(ACC) 

OUTPUT PORT a<--(ACC) 

ACC+-(ISAR) 

r9+-(W) 

K 

KL 
KU 
PCO 

PCOL 

PCOU 

PCl 

PC1L 

PC1U 

Q 

QL 

QU 

Code Bytes 

1A 

lB 

26aa 

Aa 

OB 

1101a** 

01100a** 

10 

2B 

27aa 

Ba 

OA 

lE 

Registers #12 and #13 

Register #13 

Register #12 

Program Counter 

1 

2 

1 

2 

Cycles OVF 

2 

2 

4 0 

4**" 0 

1 

2 1/0 

4 

4*** 

Least signfiicant 8 bits of Program Coumer 

Most significant 8 bits of Program C,ounter 

Stack Register 

ZERO 

1/0 

1/0 

1/0 

Least significant 8 bits of Program Counter 

Most signficant 8 bits of Active Stack Register 

Registers .:tt14 and #15 

Register #15 

Register #14 

Scratchpad Register (any address through 11) 

W Status Register 

Scratch pad Addressing Modes (Machine Code Format) 

CRY 

0 

0 

1/0 

C (Hexadecimal), Register Addressed by ISAR (Unmodified) 

SIGN 

1/0 

1/0 

1/0 

o (Hexadecimal), Register Addressed by ISAR, ISARL Incremented 

E (Hexadecimal). Register Addressed by ISAR, ISARL Decremented 

F (No operation performed) 

o (Hexadecimal), Register 0 through 11 addressed directly from the 
through B Instruction 

Status Register 

1/0 

CRY 

OVF 

SIGN 

ZERO 

No change in condition 

is set to "1" or "0" depending on conditions 

Carry Flag 

Overflow Flag 

Sign of Result Flag 

Zero Flag 

r----__ @ MOTOROLA Se",iconduc'for Produc'fs Inc. --------
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8-BIT MICROPROCESSING UNIT (MPU) 

The MC6800 is a monolithic 8-bit microprocessor forming the 

central control function for Motorola's M6800 family. Compatible 

with TTL, the MC6800, as with all M6800 system parts, requires 

only one +5.0-volt power supply, and no external TTL devices for 

bus interface. 

The MC6800 is capable of addressing 65K bytes of memory with 

its 16-bit address lines. The 8-bit data bus is bidirectional as well as 

3-state, making direct memory addressing and multiprocessing 

appl ications real izable. 

• Eight-Bit Parallel Processing 

• Bidirectional Data Bus 

• Sixteen-Bit Address Bus..:.. 65K Bytes of Addressing 

• 72 Instructions - Variable Length 

• Seven Addressing Modes - Direct, Relative, Immediate, 
Indexed, Extended, Implied and Accumulator 

• Variable Length Stack 

• Vectored Restart 

• Maskable Interrupt Vector 

• Separate Non-Maskable Interrupt - Internal Registers Saved 
in Stack 

• Six Internal Registers - Two Accumulators, Index 
Register, Program Counter, Stack Pointer and 

Condition Code Register 

• Direct Memory Addressing (DMA) and Multiple 
Processor Capabil ity 

• Simplified Clocking Characteristics 

• Clock Rates as High as 2.0 MHz 

• Simple Bus Interface Without TTL 

• Halt and Single Instruction Execution Capabil ity 

MIL-STD-883B 

MIL-STD-883C 

1.5 MHz 

ORDERING INFORMATION 

-55 to +1250 C 

This is advance information and specifications are subject to change without notice. 

2002 

MeG800 
(1.0 MHz) 

MeGSAOO 
(1.5 MHz) 

MeG8BOO 
(2.0 MHz) 

PIN ASSIGNMENT 

o 
Vss 

2 Halt 

40 

39 

38 

37 

36 

35 

34 

33 

6 NMI 

7 BA 

8 Vee 
9 AO 

10 Al 

11 A2 

12 A3 

13 A4 

14 A5 

15 A6 

16 A7 

17 A8 

18 A9 

19 Al0 

20 All 

©MOTOROLA INC., 1978' 

01 32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

Vss 21 

OS 9471 

@IC MASTER 1171 



MC6800. MC68AOO· MC68BOO -

A15 A14 A13 A12 A.ll Al0 A9 A8 
25 24 23 22 20 19 18 17 

Clock, oj>l 

Clock, <:>2 37 

ReSiirt 40 

Non-Maskabla Interrupt 

Go/Halt 

Interrupt Request 

Three-State Control 39 

Data 8us Enable 36 

8U$ Available 

Valid Memory Address 

Read/Write 34 

VCC = Pin 8 
VSS = Pins 1,21 

26 27 28 29 30 31 32 33 
07 06 05 04 03 02 01 DO 

TABLE 6-
HEXADE;CIMAL VALUES 
OF MACHINE CODES 

Notes: 1. Addressing Modes: 

A = Accumulator A 
B = Accumulator B 
REL = Relative 
INn = Indexed 
IMM = Immediate 
OIR = Direct 

2. Unassigned code indicated by .. • .. 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
oc 
00 
OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
18 
1C 
10 
1E 
1F 
20 
21 

122 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
20 
2E 
2F 
30 
31 

,32 
33 
34 
35 
36 
37 
38 
39 
SA 
3B 
3C 
3D 
3E 
3F 

NOP 

TAP 
TPA 
INX 
OEX 
CLV 
SEV 
CLC 
SEC 
CLI 
SEI 
S8A 
CBA 

TAB 
TBA 

OM 

ABA 

BRA 

8HI 
8LS 
BCC 
acs 
8NE 
BEQ 
Bve 
BVS 
BPL 
BMI 
BGE 
BLT 
BGT 
BLE 
TSX 
INS 
PUL 
PUL 
DES 
TXS 
PSH 
PSH 

RTS 

RT! 

WAI 
SWI 

A 
8 

A 
B 

A7 A6 A5 A4 A3 A2 Al AO 
16 15 14 13 12 11 10 9 

FIGURE 7 - EXPANDED BLOCK DIAGRAM 

40 NEG· A 80 SUB A IMM CO SU8 8 IMM 
41 81 CMP A IMM C1 CMP 8 IMM 
42 82 SBC A IMM C2 sac 8 IMM 
43 COM A 83 C3 
44 LSR A 84 AND A IMM C4 AND 8 IMM 
45 85 81T A IMM C5 81T B IMM 
46 ROR A 86 LOA A IMM C6 LOA 8 IMM 
47 ASR A 87 C7 
48 ASL A 88 EOR A IMM C8 EOR 8 IMM 
49 ROL A 89 ADC A IMM C9 ADC 8 IMM 
4A DEC A 8A ORA A IMM CA ORA 8 IMM 
48 88 ADD A IMM C8 ADD 8 IMM 
4C INC A 8C CPX A IMM CC 
40 TST A 80 BSR REL CD 
4E 8E LOS IMM CE LOX IMM 
4F CLR A 8F CF 
50 NEG 8 90 SU8 A OIR DO SUB B OIR 
51 91 CMP A DlR 01 CMP 8 OIR 
52 92 SBC A OIR 02 S8C 8 OIR 
53 COM 8 93 03 
54 LSR 8 94 AND A OIR 04 AND B OIR 
55 95 BIT A OIR 05 BIT B OIR 
56 ROR 8 96 LOA A OIR OS LOA B OIR 
57 ASR 8 97 STA A OIR 07 STA 8 DlR 
58 ASL B 98 EOR A OIR 08 EOR 8 OIR 
59 ROL B 99 AOC A OIR D9 AOC B OIR 
5A DEC 8 9A ORA A OIR OA ORA 8 OIR 
5B 98 ADD A OIFi DB ADD B DlR 
5C INC 8 9C CPX OIR DC 
50 TST 8 90 DO 
5E 9E LOS OIR DE LOX OIR 
5F CLR B 9F STS DlR OF STX OIR 

REL 60 NEG INO AO SU8 A INO EO SU8 8 INO 
61 A1 CMP A INO E1 CMP 8 INO 

REL 62 A2 S8C A INO E2 S8C 8 INO 
REL 63 COM INO A3 E3 
REL 64 LSR INO A4 AND A INO E4 AND 8 INO 
REL 65 A5 81T A INO E5 BIT B INO 
REL 66 ROR INO A6 LOA A INO E6 LOA B INO 
REL 67 ASR INO A7 STA A INO E7 STA B INO 
REL 68 ASL INO AS EOR A IND E8 EOR B INO 
REL 69 ROL INO A9 ADC A INO E9 ADC B INO 
REL 6A DEC IND M ORA A INO EA ORA 8 INO 
REL 6B AB ADD A lNO E8 ADD B INO 
REL 6C INC IND AC CPX IND EC 
REL 60 TST INO AD JSR INO ED 
REL 6E JMP INO AE LOS INO EE LOX IND 
REL 6F CLR INO AF STS IND EF STX IND 

70 NEG EXT SO SUB A EXT FO SU8 8 EXT 
71 81 CMP A EXT F1 CMP 8 EXT 
72 B2 sac A EXT F2 sac 8 EXT 
73 COM EXT B3 F3 
74 LSR EXT B4 AND A EXT F4 AND B EXT 
75 B5 BIT A EXT F5 BIT 8 EXT 
76 ROR EXT B6 LOA A EXT F6 LOA B EXT 
n ASR EXT B7 STA A EXT F7 STA B EXT 
78 ASL EXT B8 EOR A EXT F8 ADC 8 EXT 
79 ROL EXT B9 ADC A EXT F9 ADC 8 EXT 
7A DEC EXT BA ORA A EXT FA ORA 8 EXT 
7B 8B ADD A EXT FB ADD B EXT 
7C INC EXT BC CPX EXT FC 
7D TST EXT 80 JSR EXT FO 
7E JMP EXT 8E LOS EXT FE LOX EXT 
7F CLR EXT BF STS EXT FF STX EXT 

1--______ ®. MOTOROLA Sen'1iconductor Products Inc. ----------' 
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MC6800. MC68AOO· MC68BOO 

TABLE 7 - ACCUMULATOR AND MEMORY OPERATIONS 
The accumulator and memory operations and their effect on the CCR are shown in Table 7. 

Included are Arithmetic Logic, Data Test and Data Handling instructions. 

ADDRESSING MODES BOOLEAN/ARITHMETIC OPERATION CONDo CODE REG. 

IMMEO DIRECT INDEX EXTND 

OPERATIONS MNEMONIC OP - = OP - = OP - = OP -
Add ADDA 3B 2 2 9B 3 2 AB 5 2 BB 4 

ADDB CB 2 2 DB 3 2 EB 5 2 FB 4 
Add Acmltrs ABA 
Add WIth Carry ADCA 89 2 2 99 .3 2 A9 5 2 B9 4 

ADCB C9 2 2 09 3 2 E9 5 2 F9 4 
And ANDA 84 2 2 94 3 2 A4 5 2 B4 4 

ANDB C4 2 2 04 3 2 E4 5 2 F4 4 
Bit Test BITA 85 2 2 95 3 2 A5· 5 2 B5 4 

BIT8 C5 2 2 05 3 2 E5 5 2 F5 4 

I Ciear CLR 

I 
I 

6F 7 
217F 

6 
CLRA 
CLRB 

! Compare CMPA 81 2 ~ ! ~~ 3 ~ ! ~! 5 ~ , ~~ 4 
CMPB C1 2 " I U I 

3 Lie I :. Lit I .. 
Compare Acmitrl CSA 

I 
Complement.l's COM 63 7 2 73 6 

COMA 
COMB 

Compliment, 2's NEG 60 7 2 70 6 
(Negate) NEGA 

NEGB 
Decimal Adlust, A DAA 

Decrement DEC 6A 7 2 7A 6 
DECA 
DECB 

Exclusive 0 R EORA 88 2 2 98 3 2 A8 5 2 B8 4 
EORB C8 2 2 08 3 2 E8 5 2 F8 4 

Increment INC 6C 7 2 7C 6 
INCA 
INCB 

Load Acmltr LDAA 86 2 2 96 3 2 A6 5 2 B6 4 
LDAB C6 2 2 06 3 2 E6 5 2 F6 4 

Dr. Inclusive ORAA 8A 2 2 9A 3 r 5 2 BA 4 
ORAB CA 2 2 DA 3 2 EA 5 2 FA 4 

Push Data PSHA 
PSHB 

Pull Data PULA I 
PULB I 

1

69 
21

79 Rotate Left ROl 7 6 
ROLA I 
ROLB ~ 

Rotate Right ROR 66 7 2 76 6 
RORA 
RORB 

Shift Left. Arithmetic ASL 68 7 2 78 6 
ASLA 
ASLB 

ShIft Right. Arithmetic ASR 61 7 2 77 6 
ASRA 
ASRB 

Shift RIght. Logic LSR 64 7 2 74 6 
LSRA 
LSRB 

Store Acmltr. STAA 97 4 2 A7 6 2 B7 5 
STAB 07 4 2 E7 6 2 F7 5 

Subtract SUBA 80 2 2 90 3 2 AO 5 2 BO 4 
SUBB CO 2 2 DO 3 2 EO 5 2 FO 4 

Subtract Acmltrs. SBA 
Subtr. with Carry SBCA 82 2 2 92 3 2 A2 5 2 B2 4 

SBCB C2 2 2 02 3 2 E2 5 2 F2 4 
Transfer Acmltrs TAB 

TBA 
Test, Zero or Minus TST 60 7 2 7D 6 

TSTA 
TSTB 

LEGEND: 

OP Operation Code (Hexadecimal); Boolean Inclusive 0 R; 
Number of MPU Cycles; e Boolean Exclusive 0 R; 

# Number of Program Bytes; M Complement of M; 
Arithmetic Plus; Transfer Into; 
Arithmetic Minus; Bit; Zero; 
Boolean AND; 00 Byte; Zero; 

Msp Contents of memory location pointed to be Stack Pointer; 

Note - Accumulator addressing mode instructions are included in the column for IMPLIED addressing 

IMPLIED 

= OP - :: 

3 
3 

lB 2 1 
3 
3 
3 
3 
3 
3 

314F 2 1 
5F 2 1 

31 

31 
11 2 i 

3 
43 2 1 
53 2 1 

~ 

40 2 1 
50 2 1 
19 2 1 

3 
4A 2 1 
SA 2 1 

3 
3 
3 

4C 2 1 
5C 2 1 

3 
3 

3 
3 

36 4 1 
37 4 1 
32 4 1 
33 4 1 

3 
49 2 1 
59 2 1 

3 
46 2 1 
56 2 1 

3 
48 2 1 

31

58 2 1 

47 2 1 
57 2 1 

3 
44 2 1 
54 2 1 

3 
3 
3 
3 

10 2 1 
3 
3 

16 2 1 

17 2 1 
3 

40 2 1 
50 2 1 

(All register labels 
refer to contents) 

A + M ~A 
B+M .... B 
A+B~A 

A+M+C .... A 
B+M+C .... B 
A' M~A 
B' M .... B 
A'M 
B'M 
OO"'M 
00 .... A 
00 .... B 
A-M 
B-i\ii 
A-B 
g"'M 
J. ... A 
il .... B 
00 - M"'M 
00 - A"'A 
00'-8"'B 
Converts Binary Add. 01 B CD Characters 
into BCD Format 
M -1 .... M 
A -1 .... A 
B-l .... B 
A@M"'A 
B@M .... B 
M + l .... M 
A + 1 ~A 
B + 1 .• B 
M .... A 
M .... B 

A+M .... A 
B +M .... B 
A .... MSp. SP - 1 -- SP 
B -- MSp, SP - 1 .... SP 
SP + 1 ~SP, MSp .... A 
SP+ I"'SP, MSp .... B 

:}C;-~ 
B C b7 - bO 

:} CO - o:m::r:r:D=J 
B C b7 - bO 

-n 0- o::IJIII]J- 0 
C b7 bO 

M}Cbio:rJ A - 0 
B b7 bO C 

n -
O-OIIIJ:D] - 0 

b7 bO C 

A"'M 
B--M 
A-M"'A 
B - M"'B 
A-B .... A 
A-M-C"'A 
B-M-C"'B 
A .... B 

B"'A 
M - 00 
A-DO 
B - 00 

CONDITION CODE SYMBOLS: 

Hall·carry from bit 3; 
Interrupt mask 
Negative (sign bid 
Zero (byte) , 

V Overflow, 2's complement 
C Carry from bit 7 
Ii Reset Aiways 
S Set Always 

5 4 3 2 1 0 
H I N Z V C 

i 
• i 

i t t 
t 

• t 
t t t 

t 
• t 

t t t 
t • t t t t 
t 

• t 
t t t 

• • t t R • 

• • t t R • 

• • t t R • 

• • t t R • 

I: 0"1' 
R R 

• R S R R 

• R S R R 

I· • t t t t 

I· :1: 1:1: I: I • ..... I 

• • t t R S 

• • t t R S 

• • t t R S 

• • · tlq:J~ + 

• • t t I<D (i) 
• • t tG)<i) 
• • i t t (J) 

• • t ~ 4 • 

• • t t 4 • 

• • t t 4 • 

• • t t R • 

• • t t R • 

• • t ;1 • • • t • 
• • i • 
• • i t R • 

• • t i R • 

• • i t R • 

• • t t R • 

• • • • • • 
• •• • • • 
• • • • • • 
• • • • • • 
• • : t : 
• • t t i 

• • i i t 

• • t t t 
• • t ! j t 
• • t t 
• • t t 
• • t t 6 t 

• • t t ~ t 

• • t tl~ : 
• • t t t 
• • ! trs t 

• • R ti~t 
• • R tl~ ! 

• • R tl® t 
• • t t R • 

• • t t R • 

• • t t t t 

• • t t t t 
• • t t t t 
• • t t t t 

• • t : t ! · . t t R • · . 1 t R • 

• • 1 1 R R · . t t R R · . 1 t R R 

H I N Z V C 

t Test and set if true, cleared otherwise 
• Not Affected 

L-... ______ ® MOTOFlOLA Se,,"iconductor Products Inc. ----__ ---1 
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HIGH-PERFORMANCE MICROPROCESSOR 

• MC6800 COMPATIBLE 

• Hardware - Interfaces With All M6800 Peripherals 

• Software - Upward Compatible Instruction Set and 
Addressing Modes 

• HARDWARE FEATURES 

• On-Chip Oscillator (MC6809)' 

• Optional 71 External Clock Inputs (MC6809E) 

• MRDY Input Extends Data Access Times for Use 
With Slow Memory 

'. BREQ/TSC Allows Quick Access to Bus for DMA and 
Memory Refresh 

• Last Instruction Cycle Output for Identification of 
Opcode Fetch (MC6809E) 

• Fast Interrupt Request Input Stacks Only Program Counter 

and Condition Code 

• Interrupt Acknowledge Output Allows Vectoring by Device 

• Busy Output Eases Multiprocessor Design (MC6809E) 

• ARCHITECTURAL FEATURES 

• Two 8-Bit Accumulators Can Be Concatenated to Form 
One 16-Bit Accumulator 

• Two 16-Bit Index Registers 

• Two 16-Bit Indexable Stack Pointers 

.' Direct Page Register Allows Direct Addressing 
Throughout Memory Space 

• INSTRUCTION SET 

• Extended Range Branches 

'. 16-Bit Arithmetic 

• Push/Pull Any Register or Set of Registers 
To/From Either Stack 

• 8 X 8 Unsigned Multiply 

• Transfer/Exchange Any Two Registers of Equal Size 

• Enhanced Pointer Register Manipulation 

• ADDRESSING MODES 

• All MC6800 Modes, Plus PC Relative, Extended Indirect, 
Indexed Indirect, and PC Relative Indirect 

• Direct Addressing Available for All Memory Access 

Instructions 

• Index Mode Options Include Accumulator or Up to 16-Bit 
Constant Offset, and Auto-Increment/Decrement 
(by 1 or 2) With Any of the Four Pointer Registers 

This is advance information and specifications are subject to change without notice. 

©IC MASTER 1979 

MC6809(E) 
(1.0 MHz) 

MC68A09(E) 
(1.5 MHz) 

MC68B09(E) 
(2.0 MHz) 

FIGURE 1 .:- BLOCK DIAGRAMS 

Ein AO-A15 

Qin 00-07 

TSC 

Halt R;W 
MC6809E 

Reset BA 

NMI BS 

FIRQ Busy 

,IRQ LlC 

EXtal AO-A15 

Xtal 00-07 

MROY 

BREQ Qout 

Halt MC6809 RNi 

Reset BA 

NMI BS 

FIRQ 

IRQ 

FIGURE 3 - PROGRAMMING MODEL 

A I I B I Accumulators 

,-------------.. / 
V 

D 

X 

as 
y (5 

~ 

Index O· 
Registers 

..... 
0 

U :E",e_, }",. Pointers 
.. ~::,,", 

S 

I, PC I ~~Oug~~: 

CCR 
I Condition Code 

Register 

DPR 
I Direct Page 

Register 
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MC6809(E) • MC68A09(E) • MC68B09(E) 

Addressing Modes 

I I ~ 111 ~ 
TABLE 2 - 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS :c 

I 
$ 

I i I ~ ,.: I .: 
III 

"C G) G) "C :.0 I~ .! ... G) > > 
G) u )( .';::; .';::; 

Q. E ~ 
G) G) G) G) III III ... ... "C "C Gi Gi .§ .§ )( )( 

Mnemonic(s) Operation 0 w w .: .: a: a: 
ADCA, ADCB Add memory to accumulator with carry - X X X X X X X X 

ADDA, ADDB Add memory to accumulator - X X X X X X X X 

ANDA,ANDB And memory with accumulator - X X X X X X X X 

ASL Arithmetic shift left memory location - - X X X X X X X 

ASLA,ASLB Arithmetic shift left accumulator X - - - - - - - -
ASR Arithmetic shift right memory location - - X , X X , X , X X I X 

I ASRA, ASRB I Arithmetic shift right accumulator X - - - - - - -, I -

BITA, BITB Bit test memory with accumulator - X X X X X X .x. X 

CLR Clear memory location - - X X X X X X X 

CLRA, CLRB Clear accumulator X - - - - - - - -
CMPA, CMPB Compare memory with accumulator - X X X X X X X X 

COM Complement memory location - - X X X X X X X 

COMA, COMB Complement accumulator X - - - - - - - -

DAA Decimal adjust A-accumulator X - - - - - - - -
DEC Decrement memory location - - X X X X X X X 

DECA,DECB Decrement accumulator X - - - - - - - -
EORA, EORB Exclusive or memory with accumulator - X X X X X X X X 

EXGR1,R2 Exchange Rl with R2 (Rl, R2 = A, B, CC, DP) X - - - - - - - -
INC Increment memory location - - X X X X X X X 

INCA,INCB I ncrement accumulator X - - - - - - - -

LDA, LDB Load accumulator from memory - X X X X X X X X 

LSL Logical shift left memory location - - X X X- X X X X 

LSLA, LSLB Logical shift left accumulator X - - - - - - - -

LSR Logical shift right memory location - - X .X X X X X X 

LSRA, LSRB Logical shift right accumulator X - - - - - - - -

MUL Unsigned multiply (AXB -+ D) X - - - - - - - -

NEG Negate memory location - - X X X X X X X 

NEGA,NEGB Negate accumulator X - - - - - - - -

ORA, ORB Or memory with accumulator - X X X X X X X X 

ROL Rotate memory location left - - X X X X X X X 

ROLA, ROLB Rotate accumulator left X - - - - - - - -

ROR Rotate memory location right - - X X X X X X X 
RORA, RORB Rotate accumulator rigAt X - - - - - - - -
SBCA, SBCB Subtract memory from accumulator with borrow - X X X X X X X X 

STA, STB Store accumulator to memory - - X X X X X X X 

SUBA, SUBB Subtract memory from accumulator - X X X X X X X X 

TST Test memory location - - X X X X X X X 

TSTA,TSTB Test accumulator X - - - - - - - -
TFR, Rl, R2 Transfer R1 to R2 (Rl, R2 = A, B, CC, DP) X - - - - - - - -

NOTE: A and a may be pushed to (pulled from) either stack with PSHS, PSHU (PULS, PULU) instructions. See Table 3. 

J..--______ @ MOTOROLA Sen-ticonductor Products Inc. ---------' 
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MC6809(E) • MC68A09(E) • MC68809(E) 

Addressing Modes .. 
u .. ti :!! u 
:0 :!! :!! 

TABLE 3 - 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS .: :0 :0 
S "0 "0 .: .: 
IV CD CD "0 "0 CD CD "0 :0 .! .. "0 "0 CD CD .~ > 
CD U C C )( )( .;; 

Q. E :!! S S CD CD IV IV 

.§ .§ )( )( "0 "0 a; a; 
Mnemonic(s) Operation C w w .: .: a: a: 

ADDD Add memory to D accumulator - X X X X X X X X 

CMPD Compare memory with D accumulator - X X X X X X X X 

EXG D, R Exchange D with X, Y, S, U, or PC X - - - - - - - -
LDD Load D accumulator from memory - X X X X X X X X 

SEX Sign Extend X - - - - - - - -
STD Store D accumulator to memory - - X X X X X X X 

SUBD Subract memory from D accumulator - X X X X X X X X 

TFR D, R Transfer D to X, Y, S, U, or PC X - - - - - - - -

TFR R, D Transfer X, Y, S, U, or PC to D X - - - - - - - -

Addressing Modes .. 
u .. .. :!! u u 
:0 :!! ~ 

TABLE 4 - INDEX REGISTER/STACK POINTER INSTRUCTIONS .: :0 :0 
S "0 "0 .: .: 
IV CD CD "0 "0 CD CD "0 :0 .! .. "0 "0 CD CD .~ > 
CD U C C )( )( .;; 

a. E .~ ~ ~ CD CD IV IV 

.§ E' )( )( "0 "0 a; a; 
Mnemonic(s) Operation C w w .: .: a: a: 
CMPS, CMPU Compare memory with stack pointer - X X X ~ X X X X 

CMPX, CMPY Compare memory with index register - X X X X X X X X 

EXG R1, R2 Ex.change D, X, Y, S, U, or PC with D, X, Y, S, U, or PC X - - - - - - - -

LEAS, LEAU Load effective address into stack pointer - - - - X X X X X 

LEAX, LEAY Load effective address into index register - - - - X X X X X 

LDS, LDU Load stack pointer from memory - X X X X X X X X 

LDX,LDY Load index register from memory - X X X X X X X X 

PSHS Push any registeds) onto hardware stack (except S) X - - - - - - - -

PSHU Push any registeds) onto user stack (except U) X - - - - - - - -

PULS pun any registeds) from hardware stack (except S) X - - - - - - - -

PULU Pull any registeds) from hardware stack (except U) - X - - - - - - - -

STS, STU Store stack pointer to memory - - X X X X X X X 

STX, STY ,Store index register to memory - - X X X X X X X 

TFR R1, R2 Transfer D, X, U, or PC to D, X, S, U, or PC X - - - - - - - -

ABX Add B-accumulator to X (unsigned) X - - - -' - - - -

'--------® MOTOROLA Sern;conduc-t~r Produc-ts Inc. -------
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MC6809(E) • MC68A09(E) • MC68B09(E) 

Addressing Modes 

t; ... ... e u u 
:s e e 

TABLE 5 - BRANCH INSTRUCTIONS .E :s :s 
$ "CI "CI .E .E 
IV GI GI "CI "CI GI GI "CI :s .! ... "CI "CI GI GI .~ > 
GI U C C )( )( .';::; 

a. E e $ GI GI GI IV IV ... "CI "CI "i "i .§ .§ )( )( 
Mnemonic(s) Operation is w w .E .E a: a: 
BCC,LBCC Branch if carry clear - - - - - - - X -
BCS,LBCS Branch if carry set - - - - - - - X -

BEO,LBEO Branch if equal - - - - - - - X -

BGE, LBGE Branch if greater than or equal (signed) - - - - - - - X -

BGT, LBGT Branch if greater (signed) - - - - - - - X -

BHi, LBHi Branch if higher iunsignedi - I - I - - I - - - X -
BHS,LBHS Branch if higher or same (unsigned) - - - - - - - X -

BLE,LBLE Branch if less than or equal (signed) - - - - - - - X -

BLO,LBLO Branch if lower (unsigned) - - - - - - - X -

BLS, LBLS Branch if lower or same (unsigned) - - - - - - - X -

BLT,LBLT Branch if less than (signed) - - - - - - - X -

BMI, LBMI Branch if minus - - - - - - - X -
BNE, LBNE Branch if not equal - - - - - - - X -
BPL,LBPL Branch if plus - - - - - - - X -

BRA, LBRA Branch always - - - - - - - X -
BRN, LBRN Branch never (3, 5 Cycle NOP) - - - - - - - X -

BSR, LBSR Branch to subroutine - - - - - - - X -
BVC, LBVC Branch if overflow clear - - - - - - - X -
BVS,LBVS Branch if overflow set - - - - - - - X -

Addressing Modes 

... 
u ... ... ' e u u 
:s e ~ 

TABLE 6 - MISCELLANEOUS INSTRUCTIONS .E :s :s 
~ "CI "CI .E .E 
IV III GI "CI "CI GI GI "CI :s .! ... "CI "CI GI GI .~ > 
GI U C C )( )( .';::; 

a. E f ~ $ GI GI IV IV 

.§ .§ )( )( "CI "CI a; a; 
Mnemonic(s) Operation is w w .E .E a: a: 

ANDCC AND condition code register - X - - - - - - -
CWAI AND condition code register, then wait for interrupt - X - - - - - - -

NOP No operation X - - - - - - - -

ORCC OR condition code register - X - - - - - - -

JMP Jump - - X X X X X X X 

JSR Jump to subroutine - - X· X X X X X X 

RTI Return from interrupt X - - - - - - - -

RTS Return from subroutine X - - - - - - - -

SWI, SWI2, SWI3 Software interrupt (absolute indirect) X - - - - - - - -

SYNC Synchronize with interrupt line X - - - - - - - -

L--______ (fJ;J MOTOROLA Se,"iconductor Products Inc. ---------' 
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INDUSTRIAL CONTROL UNIT 

The MC14500B Industrial Control Unit (lCU) is a single bit 
CMOS processor. The ICU is designed for use in systems requiring 
decisions based on successive single bit information. An external 
ROM stores the control program. With a program counter (and 
output latches and input multiplexers, if required) the ICU in a 
system forms a stored program controller that replaces combinatorial 
logic. Applications include relay logic processing, serial data mani­
pulation and control. The ICU also may control an MPU or be 
controlled by an MPU. 

• 16 Instructions 

• DC to 1.0 MHz Operation atVDD = 5 V 

• On Chip Clock (Oscillator) 

• Executes One Instruction per Clock Cycle 

• 3 V to 18 V Operation 

• Noise Immunity Typically 45% of VOO 

• Quiescent Current 5.0 /JAde Typical at VOD = 5 V 

• Capable of Driving One Low-Power Schottky Load or Two Low­
Power TTL Loads over Full Temperature Range 

Detailed operation and appUcations are given in the "MC14500B 
Industrial Control Unit" handbook. 

BLOCK DIAGRAM 
3 

Datao-~~.-~--------------------~~~ 

X11~41EN 
13 OSC 

X2 . . 

7 
10 

~----~C ~----~~ 

11 

12 

13 

6 

5 

4 

INST 
REG 

RST~ 

RESULT 
REG. (RR) 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Rating Symbol 

DC Supply Voltage VDD 

Input Voltage, All Inputs Vin 
DC Current Drain per Pin I 

Operating Temperature Range - AL Device TA 
CL/CP Device 

Storage Temperature Range Tstg 

16 
+V--oVDD 

8 

.r-<' VSS 

15 
"X>--------o R R 

12 A f-<)JMP 
11 J"l r-oRTN 
10 

~r-oFlagO 
J\r!oFlag F 

Value 

-0.5 to +18 

"";0.5 to VDD + 0.5 

10 

-55 to +125 
..:40 to +85 

-65 to +150 

This is advance information and specifications are subject to change without notice. 
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Unit 

Vdc 

Vdc 

mAdc 

°c 

°c 

MC14500B 

CMOS LSI 
(LOW.pOWER COMPLEMENTARY MOS) 

INDUSTRIAJ,. CONTROL UNIT 

,.fIIIIIM , ..... , ~ ~ n ,ryrrnn ~ 
L SUFFIX 

CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

ORDERING INFORMATION 

Mel.XXX. l1SUffiX Denote. 

L Ceramic Package 
P Plastic Package 

A Extended Operating 
Temperature Range 

C Limited Operating 
Temperature Range 

PIN ASSIGNMENT 

RST VDD 16 

2 Write RR 15 

3 Data X1 14 

4 13 X2 13 

5 12 JMP 12 

6 11 RTN 11 

7 10 10 

8 VSS Flag F 9 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that V in and 
Vout be constrained to the range Vss o!iI; 

(Vin or Vout )';;;;; VDD. 

©MOTOROLA INC., 1978 . OS 9466 
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MC14500B 

X1 

4 Bit 
Instruction 

SKZ 

TIMING WAVEFORMS 

Instructions SKZ, JMP, RTN RR, lEN, OEN remain unaffec:Md 

-l PWc I--

JMP RTN JMP 

RST "Instructions Ignored. r-
--------------------------------~/I 

RR 

JMP Flq 

RTNF'ag ______________________________________________ ~/ 
~RF 

\\..----
SKP F/F I 
In.rna' _____ ~ ~ _____ -.JI \ 

Instructions LD, LOC, AND, ANOC, OR, ORC, XNOR, lEN 

4 Bit 
, nltruction 

Oat8 

RR 

lEN Regisur 
(In.r_1) 

X1 ~ 

4·Bit 
Instruction 

Data 

RR 

OEN Register 
(jnurnal) 

Wriu 

STO 
STOC 

Instructions STO, STOC, OEN 

STO 
STOC 

NOTE 1. Valid output data. 

NOP OEN 

Valid when RST - L 

STO 
STOC 

Valid when RST - L 

L 

L..-_______ (M) MOTOROLA Sen1;conduc'for Produc'fs Inc. --____ ---J 
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MC14500B 

ELECTRICAL CHARACTERISTICS 
Voo Tlow " 2SoC Thigh" 

Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit 

Output Voltage "0" Level VOL 5.0 - 0.05 - 0 0.05 - 0.05 Vde 

Vin = VDO orO 10 - 0.05 - 0 0.05 - 0.05 
15 - 0.05 - 0 0.05 - 0.05 

"1" Level VOH 5.0 4.95 - 4.95 5.0 - 4.95 - Vdc 

Vin = 0 or VDD 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 ->. 14.95 -

Input Voltage # "0 Level" VIL Vdc 
RST,D,X2 

(VO = 4.5 or 0.5 Vdc) 5.0 - 1.5 - 2.25 1.5 - 1.5 
(VO = 9.0 or 1.0 Vdc) 10 - 3.0 - 4.50 3.0 - 3.0 
(VO = 13.5 or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 - 4.0 

"1" Level VIH Vdc 
(VO = 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 3.5 -
(VO = 1.0 or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(VO = 1.5 or 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -

Input Voltage # "0" Level VIL Vdc 
10,11,12,13 

(VO = 4.5 or 0.5 Vdc) 5.0 - 0.8 - 1.1 0.8 - 0.8 
(VO = 9.0 or 1.0 Vdcl 10 - 1.6 - 2.2 1.6 - 1.6 
(VO = 13.5 or 1.5 Vdc) 15 - 2.4 - 3.4 2.4 - 2.4 

"1" Level VIH Vdc 
(VO = 0.5 or 4.5 Vdc) 5.0 2.0 - 2.0 1.9 - 2.0 -
(VO = 1.0 or 9.0 Vdc) 10 6.0 - 6.0 3.1 - 6.0 -
(VO = 1.5 or 13.5 Vdc) 15 10 - 10 4.3 - 10 -

Output Drive Current Source IOH mAdc 
Data, Write (AL!CLlCP Device) 

(VOH = 4.6 Vdc) 5.0 -1.0 - -1.0 -2.0 - -1.0 -
(VOH = 9.5 Vdc) 10 - - - -6.0 - - -

(VOH = 13.5 Vdcl 15 - - - -12 - - -
(VOL = 0.4 Vdc) Sink IOL 5.0 1.6 - 1.6 3.2 - 1.6 - mAdc 
(VOL = 0.5 Vdc) 10 - - - 6.0 - - -
(VOL = 1.5 Vdc) 15 - - - 12 - - -

Output Drive Current Source IOH 

I 
mAdc 

Other Outputs (AL Device) 

(VOH = 2.5 Vdc) 5.0 -3.0 - -2.4 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.64 - -0.51 -0.88 - I ","0.36 -
(VOH = 9.5 Vdc) 10 -1.6 - -1.3 -2.25 - -0.9 - , 

(VOH = 13.5 Vdcl .15 -4.2 - -3.4 8.8 - -2.4 -

(VOL = 0.4 Vdc) Sink IOL 5.0 0.64 - 0.51 0.88 - 0.36 - mAde 
(VOL = 0.5 Vdc) 10 1.6 - 1.3 2.25 - 0.9 -
(VOL = 1.5 Vdc) 15 4.2 - 3.4 8.8 - 2.4 -

Output Drive Current Source IOH mAdc 
Other Outputs (CL!CP Device) 

(VOH = 2.5 Vdcl 5.0 -2.5 - -2.1 -4.2 - -1.7 -
(VOH = 4.6 Vdc) 5.0 -0.52 - -0.44 -0.88 - -0.36 -
(VOH = 9.5 Vdc) 10 -1.3 - -1.1 -2.25 - -0.9 -

(VOH = 13.5 Vdc) 15 -3.6 - -3.0 -8.8 - -2.4 -

(VOL = 0.4 Vdc) Sink lOt. 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc 
(VOL = 0.5 Vdc) 10 1.3 - 1.1 2.25 - 0.9 -

(VOL = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 2.4 -

VOO Tlow " 25°C Thigh" 
Characteristic Symbol Vdc Min Max Min Typ, Max Min Max Unit 

Input Current, RST (AL/CL/CP Device) lin 15 25 - - 150 - - 250 /lAdc 

Input Current (AL Device) lin 15 - ±0.1 -' ±0.OOOO1 ±0.1 - ±1.0 /lAdc 

Input Current (CL!CP Device) lin 15 - ±0.3 - ±0.00001 ±0.3 - ± 1.0 /lAdc 

Input Capacitance (Data) Cin - - - - 15 - - - pF 

Input Capacitance (All Other Inputs) Cin - - - - 5.0 7.5 - - pF 
(Vin = 0) 

Quiescent Current (AL Device) 100 5.0 - 5.0 - 0.005 5.0 - 150 /lAdc 
(Per Package) 10 - 10 - 0.010 10 ~ 300 

15 - 20 - 0.015 20 - 600 

Quiescent Current (CL!CP Device) 100 5.0 - 20 - 0.005 20 - 150 /lAdc 
(Per Package) 10 - 40 - 0.010 40 - 300 

15 -: 80 - 0.015 80 - 600 

"Total Supply Current at an External IT - IT = (1.5 /lA/kHz) f + 100 /JAdc 
Load Capacitance (CL) on IT = (3.0 /JA/kHz) f + 100 
All Outputs IT = (4.5 /JA/kHz) f + 100 

* TLow = -550 C for AL Device, -400 C for CL!CP Device. •• The formulas given are for the typical characteristics only at 25°C. 
Thigh = +1250 C for AL Device, +850 C for CL!CP Device. # Noise immunity specified for worst-case input combination. 

~------ (fi;) MOTOROLA Semiconductor Products Inc. -------..... 
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MC14500B 

SWITCHING CHARACTERISTICS (TA == 25°C; tr = tf = 20 ns for X and I inputs; CL = 50 pF for JMP, Xl, RR, Flag 0, Flag F; 
CL = 130 pF + ITTL load for Data and Write.) 

Characteristic Symbol 

Propagation Delay Time Xl to RR tdR 

Xl to Flag F, Flag 0, RTN, JMP tdF 

Xl to Write tdW 

Xl to Data tdD 

RST to RR tdRRR 
I I 

RST to Xl tdRX 

RSTto Flag F, FlagO,RTN,JMP tdRF -

RST to Write, Data tdRW 

Minimum Clock Pulse Width, Xl PWC 

Minimum Reset Pulse Width, RST PWR 

Setup Time - Instruction tiS 

Data tos 

Hold Time - Instruction tlH 

Data toH 

NOTE 1. Maximum Reset Delay may extend to one-half clock period. 
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FIGURE 1 - TYPICAL CLOCK FREQUENCY 
versus RESISTOR (RC) 
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RC. CLOCK FREQUENCY RESISTOR 
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Voo 

Vdc 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 I 
15 

5.0 
10 
15 
5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

All Types 

Min Typ Max Unit 

- 250 500 ns 
- 125 250 
- 100 200 

- 200 400 ns 
- 100 200 
- 85 170 

- 225 450 ns 
- 125 250 
- 100 200 

- 250 500 ns 
- 120 240 
- 100 200 

- 250 500 ns 
- 125 I 250 
- 100 200 

- 450 Note 1 ns 
- 200 
- 150 

- 400 800 ns 
- 200 400 
- 150 300 
- 450 900 ns 
- 225 450 
- 175 350 

- 200 400 ns 
- 100 200 
- 90 180 

- 250 500 ns 
- 125 250 
- 100 200 

400 200 - ns 
250 125 -
180 90 -
200 100 - ns 
100 50 -
80 40 -
100 0 - ns 
50 0 -
50 0 -

200 100 - ns 
100 50 -
100 50 -

Pin No. Function Symbols 
1 Chip Reset RST 
2 Write Pulse Write 
3 Data In/Out Data 
4 MSB I nstruction Word 13 
5 Bit 2 Instruction Word 12 
6 Bit 1 Instruction Word 11 
7 LSB Instruction Word 10 
8 Negative Supply (Ground) Vss 
9 Flag on NOP F Flag F 
10 Flag on NOP 0 Flag 0 
11 Subroutine Return Flag RTN 
12 Jump Instruction Flag JMP 
13 Oscillator Input X2 
14 Oscillator Output Xl 
15 Result Register RR 
16 Positive Supply Voo 

'---------® MOTOROLA Selniconducf:or Producf:s Inc. ---------' 
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MC14500B 

Memory 

~ 

~: 
oe 
E-ti II" ~« 

Program 
Counter 

X1 

RST 

lEN 
Regl.,., 

OEN 
Regl.,., 

TABLE 1. MC14600B INSTRUCTION SET 

Instruction Code Mnemonic Action 
0 0000 NOPO No change in registers_ RR - RR, Flag 0 -.n 
1 0001 LD Load result register. Data- RR -2 0010 LDC Load complement. Dete-+ RR 

3 0011 AND Logical AND. RR·Date-RR 

4 0100 ANDC Logical AND complement. RR· i5iita -+ RR 

,5 0101 OR LogicalOR. RR + Data - RR 

6 0110 ORC Logical OR complement. RR + i5iita - RR 
7 0111 XNOR Exclusive NOR. If RR z Data, RR - 1 

8 1000 STO Store. RR - Data Pin, Write - IL 
9 1001 STOC Store complement. RR - Date Pin. Write -.n 
A 1010 lEN Input enable. Date - I EN Register 

B 1011 OEN OutPUt enable. Data - OEN Register 

C 1100 JMP Jl.\mp. JMP Flag- IL 
0 1101 RTN R.eturn. RTN Flag - .It.. and skip next instruction 

E 1110 SKZ Skip next instruction if RR := 0 

F 1111 NOPF No change in registers. RR - RR,.Flag F .... IL 

FIGURE 2 - OUTLINE OF A TYPICAL ORGANIZATION FOR A MC14500B-BASED SYSTEM 

I Additional 
I I 

I Output Devices I I L _________ -' 
I' 
I . I 

I/O Addres. \ MC14599B --" 

cG 
8-Bit ~ddr_bla Latch 

ou:'uts ) 
'With Bidirectional Data 

e 

" 0 MC14512 
U V 8 I Q. 8-Channel 

1\ Inputs 
0 Data Selector I-- . 
iii 

'" I r----------, I 

; I Additional I I 
I 

ID I Input Devices I I 
"- .. I I I 

10. 11. 12. 13 ~ 
I I I I I ) , 

MC14500B 
leu 

Cloc:k 
Date r---

TIMING WAVEFORMS 

Instructions NOPO. NOPF 
RR. lEN, OEN remIIin unaffected 

~PWR~t<tRXI---

To Peripheral 
Devices 

RR \ 
-------I--~----------------------------------- I--t<tRRR 

. NOPQ NOPF 

~ ( ... J L-----.Jr\~ 
FLAGF ________________________________________ --J~ \~ ____________ -

FLAG 0 

L...-______ ® MOTOROLA Setniconducf:or Producf:s Inc. -------
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ABBREVIATIONS OF COMPANY NAMES 

AD Analog Devices Monosil Monosil 
AMD Advanced Micro Devices MOS MOS Technology 
AMI American Microsystems, Inc. Mostek Mostek 
Amperex Amperex Electronics Corp. Motorola Motorola Semiconductor 
Analogic Analogic Corp. National National Semiconductor 

NCR NCR Corp., Microelectronics Division 
Beckman Beckman Instruments, Helipot Division NEC America NEC America 
BEl BEl Electronics NEC Micro NEC Microcomputers 
Burr-Brown Burr-Brown Research Nitron Nitron 

Cermetek Cermetek Nortec Nortec Electronics 
Novonics Novonics 

Cherry Cherry Semiconductor NPC Nucleonic Products Co. 
CMA Consumer Microcircuits of America 
Cybernetic Cybernetic Micro Systems OEI Optical Electronics, Inc. 

Data General Data General 
OKI OKI Semiconductor 

Datel Datel Systems Panasonic Panasonic, Matsushita Electric Corp. 
DOC Data Devices Corp. Photo Therm Photo Therm 
Delco Delco Electronics Plessey Plessey Semiconductors 
Dionics Dionics Inc. PMI Precision Monolithics, Inc. 

EA Electronic Arrays Raytheon Raytheon Semiconductor 
EMM/Semi EMM Semi, RCA RCA Solid State Division 

Div. of Electronic Memories & Magnetics Reticon Reticon 
Essex Essex International RIFA RIFA 
Exar Exar Integrated Systems Rockwell Rockwell Microelectronic Devices 

RTC Real Time Corp. 
Fairchild Fairchild 

Sanken Sanken Electric Ferranti Ferranti Electric 
Fujitsu Fujitsu Sanyo San yo Electric 

SGS SG8-Ates Semiconductor 
GI General Instrument Siemens Siemens 

Signetics Signetics (Philips) 
Harris Harris Semiconductor Silicon G Silicon General 
Hitachi Hitachi America Ltd. Siliconix Siliconix 
Holt Holt Inc. Silicon Sys. Silicon Systems, Inc. 
Hughes Hughes Aircraft Solid State Products Silitronics Silitronics 
Hybrid Sys Hybrid Systems SMC Standard Microsystems 
HyComp HyComp Solitron Solitron Devices 

IMI International Microcircuits, Inc. 
Sprague Sprague Electric Company 
Supertex Supertex, Inc. 

Intech/FMI Intech/Function Modules Inc. SSM Solid State Microtechnology for Music 
Intel Intel SSS Solid State Scientific 
Interdesign Interdesign Synertek Synertek 
Intersil Intersil 
IPI Integrated Photomatrix, Inc. Telaris Telaris 

Teledyne C Teledyne Crystalonics 
Lambda Lambda Electronics Teledyne P Teledyne Philbrick 
LSI LSI Computer Systems Teledyne S Teledyne Semiconductor 

Telefunken AEG-Telefunken 
Mamman Maruman Integrated Circuits TI Texas Instruments 
Master Logic Master Logic TMX TMX 
Matrox Matrox Electronics Systems Toshiba Toshiba 
Micro Net Micro Networks Trans-Data Trans-Data 
Micropac Micropac Industries TRW TRW 
Micro Power Micro Power Systems 
Micro Tech Microcircuits Technology Unitrode Unitrode 
Mitel Mitel Semiconductor Western Western Digital 
. Mitsubishi Mitsubishi Electric Co. 
MMI MonoHthic Memories, Inc. Zilog Zilog 



~National 
D Semiconductor 

IDM2901 A-1 4-Bit Bipolar Microprocessor 

General Description 
The IDM2901A-l 4-bit bipolar microprocessor slice is a 
cascadable device designed for use in Central Processing 
Units, programmable microprocessors, peripheral con­
trollers, and other "high-speed" applications where 
economy, hardware/software flexibility, and easy expan­
sion are system prerequisites_ The building-block 
architecture and microinstruction format of the 
I DM2901 A-l permits efficient emulation of most digital­
based systems_ 

As shown in the simplified block diagram, the 
IDM2901A-1 device consists of a 16-word by 4-bit 
2-port RAM, a high-speed ALU, and the required 
shifting, decoding, and multiplexing circuits_ The 9-bit 
microinstruction word is organized into three groups of 
three bits each - the first group (bits 0 - 2) selects ALU 
source operands, the second group (bits 3 - 5) selects the 
ALU function, and the last group (bits 6..: 8) selects the 
destination register within the ALU_. The slice micro­
processor is cascadable with full look-ahead or ripple 
carry; all outputs are TRI-STATE® and four status-trag 
outputs are available_ To minimize power consumption 
and to maximize speed and reliability, the 40-pin LSI 
chip is fabricated using state-of-the-art (Low-Power 
Schottky) technology_ 

Block Diagram 

CLOCK -----~::R=_---___, 

A (READ) 
ADDRESS 

B (READ/WRITE) 
ADDRESS 

Features and Benefits 

• Multiple-address architecture improves system 
speed by providing simultaneous yet independent 
access to two working registers. 

• Multifunction ALU - performs addition, two sub­
traction operations, and five logic functions on two 
source operands. 

• Flexihle data-source selection - for every ALU 
function, data is selected from five source ports for a 
total of 203 source operand pairs. 

• Left/right shift independent of ALU - an arithmetic 
operation and a left or right shift can be obtained on 
the same machine cycle. 

• Four status flags - carry ,overflow, zero, and func­
_ ti,onal sign are available as outputs. 

• Expandable - Connect any number of IDM2901A-1s 
together for longer word lengths. 

• Microprogrammable - three groups of 3 bits each for 
source operand, ALU function, and destination 
control. 

ALU DATA SOURCE 
SElECTOR 

©IC MASTER 1979 
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MICROPROCESSOR National Semiconductor 
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Guaranteed Operating Conditions 
Over Temperature and Voltage 

, Table 1. Cycle Time and Clock Characteristics 

When operated in a system, the timing requirements for the 
IOM2901A-1 IOM2901A-l are defined in tables 1, 2, and 3_ Table 1 

provides clock characteristics of the I OM2901 A-l, table 2 Time OC.NC OM.OM/883 
gives the combinational delay times from input to output, Read-Modify-Write Cycle 
and table 3 specifies setup and hold times. If used according (time from selection of 

60ns to the specified delay and setup times, the device is guaran- A, B registers to end of 750s 

teed to function properly over the entire operating range. cycle) 
Table 3 defines the time prior to the end of the cycle (low- Maximum Clock Frequency to 
to-high transition of clock pulse) that each input must be Shift Q Register (50% duty 16MHz 16MHz 
stable to guarantee that the correct data is written into one cycle) 
of the internal registers. 

Minimum Clock Low Time 25ns 30ns 

Minimum Clock High Time 25ns 30ns 

Minimum Clock Period 60ns . 75ns 

Table 2. Maximum Combinational Propagation Delays 
(all in ns;CL" 50pF) 

~ 
Commercial Military 

IDM2901A-1 DC, NC (O°C to +70°C; SV ± S%I IDM2901A-1 OM, DM/883 (-SSOC to +125"C; SV ± 10%1 

To Output F=O Shift Outputs F=O Shift Outputs 
y F3 Cn+4 G/P RL = OVR 

RAMO Co 
y F3 Cn+4 G/P RL = OVR 

RAMO Co 
From Input 470 RAM3 03 470 RAM3 03 

A, B 50 50 SO 45 55 60 55 - 60 60 60 60 65 75 65 -

D (arithrtletic mode) 32 32 32 30 32 40 35 - 40 40 40 40 40 50 45 -

D (I = X37) 32 32 - - 32 - 35 - 40 40 - - 40 - 45 -
Cn 25 22 16 - 30 25 35 - 32 30 20 - 40 35 45 -

12.1,0 40 35 35 30 40 45 45 - SO 45 45 40 50 55 55 -

15A,3 35 35 35 32 40 45 45 - 45 45 45 40 50 55 55 -

IS,7,6 25 - - - - - 30 30 35 - - - - - 35 35 

OE Enable/Disable 20/20 - - - - - - - 25/25 - - - - - - -

A Bypassing AlU (I = 2xx) 40 - - I - - - - - 50 - - - - - - -

Clock ~ (Note 6) 50 45 45 40 SO 55' 55 30 60 55 55 50 60 65 65 35 

Table 3. Maximum Setup and Hold Times (aU in nsl - Note 1 

CommerciallOM2901A-1 ~C, NC Military IOM2901A-1 OM,OM/883 

(O°C to +70°C, 5V t 5%) (-55°C to +125°C, 5V t 10%) 

From Input Notes Setup Time Hold Time Setup Time Hold Time 

A, B Source 2,3,4,5 60, tpwL + 20 0 75, tpwL + 25 0 

B Destination 2,4 tpwL + 15 0 tpwL + 15 0 

D (arithmetic mode) 40 0 50 0 

D (I = X37) 5 40 0 50 0 

Cn 35 0 40 0 

12,1,6 45 0 55 0 

15,4,3 45 0 55 0 

IS,7,6 4 tpwL + 15 0 tpwL + 15 0 

RAMO,3/00,3 15/10 0 25/15 0 

Note 1: See figures 9 and 10_ 

Note 2: If the B address is used as a source operand, allow for the "A, 8 Source" setup time; if it is used only for the destination 
address, use the "8 Destination" setup time. 

Note 3: Where two numbers are shown, both must be met. 

Note 4: "tpwL" is the clock low time. 

Note 5: ova is the fastest way to load the RAM from the D inputs. This function is obtained with 1= X37_ 

Note 6: Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 

@IC MASTER 1179 2017 

'-. 
-0-, ..... 
o 
::J 

"'0 
c: 
o 
o 
E 
(]) 

C/): 

(ij 
C 
o ..... 
ctS 
Z 



'-o -o 
::::::I 

"C 
C 
o 
o 
E 
CD en 
(ij 
c 
o -CU 
Z 

~National 
D Semiconductor 

PreliminarY 
JULY 1978 

INS8250 Asynchronous Communications Element 
General Description 
The I NS8250 is a 'programmable Asynchronous Com­
munications Element (ACE) chip contained in a standard 
40-pin dual-in-line package. The chip, which is fabricated 
using N-channel silicon gate technology, functions as a 
serial data input/output interface in a microcomputer 
system. The functional configuration of the I NS8250 is 
programmed by the system software via a TR I·STATE@ 
8-bit bidirectional data bus. 

The INS8250 performs serial-to-parallel conversion on 
data characters received from a peripheral device Oi a 
MODEM, and paraflel-to~seria! conversion on data 
characters received from the CPU. The CPU can read the 
complete status of the INS8250 at any time during the 
functional operation. Status information reported 
includes the type and condition of the transfer operations 
being performed by the I NS8250, as well as any error 
conditions (parity, overrun, framing, or break interrupt). 

In addition to providing control of asynchronous data 
communications, the INS8250 includes a programmable 
Baud Generator that is capable of dividing the timing 
reference clock input by divisors of 1 to (2 16 _1), and 
producing a 16x clock for driving the internal transmitter 
logic. Provisions are also 'included to use this 16x clock 
to drive the receiver logic. Also included in the I NS8250 
is a complete MODEM-control capability, and a processor­
interrupt system that may be software tailored to the 
user's requirements to minimize the computing time 
required to handle the communications link. 

Features 

• Designed to be Easily Interfaced to Most Popular 
Microprocessors. 

INS8250 MICROBUS Configuration 

07·00 
07·00 

MEMR or I/OR 
OISTR 

MEMWor I/OW 
OOSTR 

INTR 
INTRPT 

M • RESET 
MR 

I AD 
C AD 
R AT 0 Al 
B A2 
U A2 
S 

ADS XTAll 

"0" 

"I" 

* Trademark, National Semiconductor Corp. 

• Adds or Deletes Standard Asynchronous Communica­
tion Bits (Start, Stop, and Parity) to or from Serial 
Data Stream 

• Full Double Buffering Eliminates Need for Precise 
Synchronization 

• Independently Controlled Transmit, Receive, Line 
Status, and Data Set Interrupts 

• Programmable Baud Rate Generator Allows Division 
of Any Input Clock by 1 to (2 16 - 1) and Generates 
the Internal 16x Clock 

• Independent Receiver Clock Input 

• MODEM Control Functions (CTS, RTS, DSR, DTR, 
R I, and Carrier Detect) 

• Fully Programmable Serial-Interface Characteristics 

5-,6-, 7-, or 8-Bit Characters 
Even, Odd, or No-Parity Bit Generation and Detection 
1-, 1 %-, or 2-Stop Bit Generation 

Baud Rate Generation (DC to 56k Baud) 

• False Start Bit Detection 

• Complete Status Reporting Capabilities 

• TRI-STATE TTL Drive Capabilities for Bidirectional 
Data Bus and Control Bus 

• Line Break Generation and Detection 

• Internal Diagnostic Capabilities 

- Loopback Controls for Communications Link Fault 
Isolation 
Break, Parity, Overrun, Framing Error'Simulation 

• Full Prioritized Interrupt System Controls 

• Single +5-Volt Power Supply 

• MICROBUSTM* Compatible 

TO RS-232 
INTERFACE 
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Absolute Maximum Ratings 
Temperature Under Bias ......................... O°C to + 70°C 
Storage Temperature ........................ -65°C to +150°C 
All Input or Output Voltages with Respect to VSS .... -0.5 V to +7.0 V 
Power Dissipation ... , ............................ 400 mW 

Absolute maximum ratings indicate limits beyond which permanent 
damage may occur. Continuous operation at these limits is not intended; 
operation should be limited to those conditions specified under DC 
Electrical Characteristics. 

DC Electrical Characteristics 
T A = o°c to +70°C, vcc = +5 Vi 5%, Vss = 0 V, unless otherwise specified. 

Symbol Parameter Min Typ Max 

VILX Clock Input Low Voltage -0.5 0.8 

VIHX Clock Input High Voltage 2.0 VCC 

VIL Input Low Voltage -0.5 0.8 

. VIH Input H ig,h Voltage 2.0 VCC 

VOL Output Low Voltage 0.4 

VOH Output High Voltage 2.4 

ICC (AV) Avg Power Supply Current (VCC) 65 80 

IlL I nput Leakage ±10 

ICL Clock Leakage ±10 

Capacitance 
TA = 25°C, Vec = Vss = OV 

Symbol Parameter Min Typ Max 

CXIN Clock I nput Capacitance 15 20 

CXOUT Clock Output Capacitance 20 30 

CIN Input Capacitance 6 10 

COUT Output Capacitance 10 20 

TYPICAL SUPPL Y CURRENT vs 
TEMPERATURE. NORMALlZED(J) 

1.5 

I I 
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I 
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a: 
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::::I 
Vol . 

0.5 : 

0 +25 +50 
AMBIENT TEMPERATURE (OC) 
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Units 

V 

V 

V 

V 

V 

V 

mA 

J1A 

J1A 

Units 

pF 

pF 

pF 

pF 

+75 

Test Conditions 

} IOl = 1.6 rnA on all outputs, 
IOH = -100J1A 

Test Conditions 

fc= 1 MHz 
Unmeasured pins returned to VSS 
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AC Electrical Characteristics 
T A = 0° C to ± 70° C, V CC = +5 V ± 5% 

Symbol Parameter 

tAW Address Strobe Width 

tAS Address Setup Time 

tAH Address Hold Time 

tcs Chip Select Setup Time 

tCH Chip Select Hold Time I 

tcss Chip Select Output Delay from Strobe [ 
I 

tOlD DISTRIDISTR Strobe Delay I 
tDIW DISTR/DISTR Strobe Width 

tRC Read Cycle Delay 

RC Read Cycle = tAW + tOlD + tDIW + tRC 

too DISTR/DISTR to Dri\"er Disable Delay i 
tODD Delay from OISTR/DISTR to Data 

tHZ DISTR/DISTR to Floating Data Delay I 
! -

0 J 
I too I UUSTR/OOSTR Strobe Delay 

tDOW DOSTR/OOSTR Strobe Width 

twc Write Cycle Delay 

WC Write Cycle - tAW + toa~ + tDOW + twc 

tos Data Setup Time I 

tDH Data Hold Time ! 

tCSC* Chip Select Output Delay from Select 

tRA* Address Hold Time from DISTR/OISTR 

tRCS* Chip Select Hold Time from DISTR/DISTR 

tAR* OISTRIDISTR Delay from Address 

tCSR* OISTR/OISTR Delay from Chip Select 

tWA* Address Hold Time from DOSTRIDOSTR 

tWCS* Chip Select Hold Time from OOSTR/DOSTR 

tAW* OOSTR/OOSTR Delay from Address 

tCSW* DOSTRIDOSTR Delay from Select 

tMRW Master Reset Pulse Width 

... Applicable only when ADS input is tied permanently low. 

2020 

Min Max Units Test Conditions 

90 - ns 

110 i - ns 

0 - ns 

110 - ns 

0 i - ns ! 
0 90 I ns i -@ 100 pF loading ; I 

0 i - ns 

175 - ns i 

1735 : - ns ~ 

2000 i - ns I 

-- : 150 i ns -@ 100 pF loading 

- 250 ns -@ 100 pF loading 

100 ! - ! ns I 
-@ 100 pF loading I 

I 
I -50 I no; 

175 - ns 

1785 - ns 

2100 - ns 

175 i - i ns 

60 I - I ns 

- i 200 ns -@ 100 pF loading 

50 \ 
- ns 

50 - i ns 

110 I - I ns 1 
110 \ 

- I ns i 
50 

\ 
- i ns I 

50 if - ns 

160 - ns 

160 - ns 

25 - J1S 

I 

©IC MASTER 1179 



AC Electrical Characteristics (cont'd.) 

Symbol ; Parameter Min 

BAUD GENERATOR 

N Baud Rate Divisor 1 

tBLD Baud Output Negative Edge Delay 

tBHD Baud Output Positive Edge Delay 

tLW Baud Output Down Time 425 typ 

tHW Baud Output Up Time 330 typ 

RECEIVER 

tSCD Delay from RCLK to Sample Time 

tSINT Delay from Stop to Set Interrupt 

tRINT Delay from DISTR/DISTR (RD RBR/RDLSR) to 
Reset Interrupt 

TRANSMITTER 

tHR Delay from DOSTR/DOSTR (WR THR) to Reset Interrupt 
---- -------

tlRS Delay from Initial INTR Reset to Transmit Start 

tSI Delay from Initial Write to Interrupt 

tss Delay from Stop to Next Start 

tSTI Delay from Stop to Interrupt (THRE) 

tlR Delay from DISTR/DISTR (RD IIR) to Reset Intenupt 
(THRE) 

MODEM CONTROL 

tMDO Delay from DOSTR/DOSTR (WR MCR) to Output 

tSIM IDelay to Set Interrupt from MODEM Input 

tRIM Delay to Reset Interrupt from DISTR/DISTR (RD MSR) 

©IC MASTER 1979 

Max Units 

216 - 1 

250 typ ns 

250 typ ns 

ns 

ns 

2 typ JiS 

2 typ JiS 

1 typ JiS 

1 typ I1S 
f-----------1-------

16 typ BAUDOUT 
Cycles 

24 typ BAUDOUT 
Cycles 

1 typ I1S 

8 typ 
BAUDOUT 
Cycles 

1 typ I1s 

1 typ I1s 

1 typ I1s 

1 typ I1s 

Test 
Conditions 

100 pF Load 

100 pF Load 

100pF Load 

100pF Load 

100pF Load 

100 pF Load 

100 pF Load ," 
---

100 pF Load 

100pF Load 

100pF Load 

I 100pF Load 
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1NS8250 Block Diagram 

2022 

AO 
Al 

A2 

CSO 

SElECT 
& 

CONTROL 
DISTR lOGIC 
DISTR 

DOSTR 

0iiS'i'li 
DDiS 

CSOUT 

XTAl1 

XTAL2 

POWER{~+5V 
SUPPLY ~GND 

NOTE: APPLICABLE PINOUT NUMBERS ARE 
INCLUDED WITHIN PARENTHESES. 

INS8250 Functional Pin Description 

The following describes the function of all INS8250 
input/output pins. Some of <.:hese descriptions reference 
internal circuits. 

NOTE 
In the following descriptions, a low represents a 
logic a (0 volt nominal) 'and a high represents a 
logic 1 (+2.4 volts nominal). 

INPUT SIGNALS 

Chip Select (CSO, CS1, CS2), Pins 12-14: When CSO and 
CSl are high and CS2 is low, the chip is selected. Chip 
selection is complete when the decoded chip select signal 
is latched with an active (low) Address Strobe (ADS) 
input. This enables communication between the I NS8250 
and the CPU. 

Data Input Strobe (DISTR, i5i'SfR), Pins 22 and 21: 
When DISTR is high or DISTR is low while the chip is 
selected, allows the CPU to read status information or 
data from a selected register of the I NS8250. 

NOTE 
Only an active DISTR or DISTR input is required 
to transfer data from the INS8250 during a read 
operation. Therefore, tie either the DISTR input 
permanently low or the DISTR input permanently 
high, if not used. 

RClK 

(151 
BAU"IrnliT 

TRANSMTTER 
TIMING 

& 
CONTROL 

SOUT 

rn 
ffi 
iffii 
DSR 
RISb 
m 
OUTI 

OUT2 

(301 
INTRPT 

Data Output Strobe (DOSTR, DOSTR), Pins 19 and 18: 
When DOSTR is high or DOSTR is low while the chip is 
selected, allows the CPU to write data or control words 
into a selected register of the I NS8250. 

NOTE 
Only an active DOSTR or DOSTR input is required 
to transfer data to the I NS8250 during a write 
operation. Therefore, tie either the DOSTR input 
permanently low or the DOSTR input permanently 
high, if not used. 

Address Strobe (ADS), Pin 25: When low, provides 
latching for the Register Select (AD, A 1, A2) and Chip 
Select (CSO, CS1, CS2) signals. 

NOTE 
An active ADS input is required when the Register 
Select (AO, A 1, A2) signals are not stable for the 
duration of a read or write operation. If not 
required, tie the ADS input permanelltly low. 

Register Select (AO, A 1 ,A2), Pins 26 - 28: These three 
inputs are used during a read or write operation to select 
an I NS8250 register to read from or write into as 
indicated in the table below. Note that the state of the 
Divisor Latch Access Bit (DLAB), which is the most 
significant bit of the Line Control Register, affects the 
selection of certain INS8250 registers. The DLAB must 
be set high by the system software to access the Baud 
Generator Divisor Latches. 

©IC MASTER 1971 



DLAB A2 A1 Ao Register 

0 0 0 0 Receiver Buffer (read), Transmitter 
Holding Register (write) 

0 0 0 1 Interrupt Enable 

X 0 1 0 Interrupt Identification (read only) 

X 0 1 1 Line Control 

X 1 0 0 MODEM Control-

X 1 0 1 Line Status 

X 1 1 0 MODEM Status 

X 1 1 1 None 

1 0 0 0 Divisor Latch (teast significant byte) 

1 0 0 1 Divisor Latch (most significant byte) 

Master Reset (MR), Pin 35: When high, clears all the 
registers (except the Receiver Buffer, Transmitter 
Holding, and Divisor Latches), and the control logic of -
the I NS8250. Also, t~e state of various output signals 
(SPUT, INTRPT, OUT 1, OUT2, RTS, DTR) are affec· 
ted by an active MR input. (Refer to table 1.) 

Receiver Clock (RCLK), Pin 9: This input is the 16x 
baud rate clock for the receiver section of the chip. 

Serial Input (SIN), Pin 10: Serial data input from the 
co~munications link (peripheral device, MODEM, or 
data set). 

Clear to Send (CTS), Pin 36: The CTS signal is a MODEM 
control function input whose condition can be tested by 
the CPU by reading bit 4 (CTS) of the MODEM Status 
Register. Bit a !DCTS) of the MODEM Status Register 
indicates whether th~ CTS input has changed state since 
the previous reading of the MODEM Status Register. 

NOTE 
Whenever the CTS bit of, the MODEM Status 
Register changes state, an interrupt is g'enerated if 
the MODEM Status Interrupt is enabled. 

Data Set Ready (DSR), Pin 37: When low, indicates that 
the MODEM or data set is ready to establish the com­
munications link and transfer data with the INS8250. 
The DSR signal is a MODEM-control function input 
whose condition can be tested by the CPU by reading bit 
5 (DSR) of the MODEM Status Register. Bit 1 (DDSR) 
of the MODEM Status Register indicates whether the 
DSR input has changed state since the previous reading 
of the MODEM Status Register. 

NOTE 
Whenever the DSR bit of the MODEM Status 
Register changes state, an interrupt is generated if 
the MOD EM Status I nterrupt is enabled. 

Received Line Signal Detect (RlSD), Pin 38: When low, 
indicates that the data carrier has been -detected by the 
MODEM or data set. The RLSD signal is a MODEM­
control function input whose condition can be tested by 
the CPU by reading bit 7 (R LSD) of the MODEM Status 
Register. Bit 3 (DRLSD) of the MODEM Status Register 
indicates whether the R LSD input has changed state 
since the previous reading of the MODEM Status 
Register. 

NOTE 
Whenever the R LSD bit of the MODEM Status 
Register changes state, an interrupt is generated if 
the MODEM Status Interrupt is enabled. 
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Ring Indicator (Ri), Pin 39: When low, indicates that a 
telephone ringing signal has been received by the MODEM 
or data set. The ffi signal is a MODEM-control function 
input whose condition can be tested by the CPU by 
reading bit 6(RI) of the MODEM Status Register. Bit 2 
(TE R I) of the MODEM Status Register indicates whether 
the Rl input has changed from a low to a high state since 
the previous reading of the MODEM Status Register. 

N'OTE 
Whenever the RI bit of the MODEM Status Register 
changes from a high to a low state, an interrupt is 
generated if the MODEM Status Interrupt is enabled. 

VCC, Pin 40: +5-volt supply._ 

VSS, Pin 20: Ground (a-Volt) reference. 

OUTPUT SIGNALS 

Data Terminal Ready (DTR), Pin 33: When low, informs 
the MODEM or data set that the INS8250 is ready to 
communicate, The DTR output signal can be set to an 
active low by programming bit a (DTR) of the MODEM 
Control Register to a high level. The DTR signal is set 
high upon a Master Reset operation. 

Request to Send (RTS), Pin 32: When low, informs the 
MODEM or data set that the I NS8250 is ready to trans­
mit data. The RTS output signal can be set to an active 
low by programming bit 1 (RTS) of the MODEM Control 
Register. The RTS signal is set high Lipon a Master Reset 
operation. 

Output 1 (OUT 1), Pin 34: User-designated output that 
can be set to an active low by programming bit 2 (OUT 1) 
of the M.ODEM Control Register to' a high level. The 
OUT 1 signal is set high upon a Master Reset operation. 

Output 2 (OUT 2), Pin 31: User-designated output that 
can be set to an active low by programming bit 3 (OUT 2) 
of the MODEM Control Register to a high level. The 
OUT 2 signal is set high upon a Master Reset oper~tion. 

Chip Select Out (CSOUT), Pin 24: When high, indicates 
that the chip has been selected by active CSO, CS1, and 
CS2 inputs. No data transfer can be initiated until the 
CSOUT signal is a logic 1. 

Driver Disable (DDIS), Pin 23: Goes low whenever the 
CPU is reading data from the INS8250. A high-level 
DDIS output can be used to disable an external trans­
ceiver (if used between the CPU and INS8250 on the 
D7 - DO Data Bus) at all times, except when the CPU is 
reading data. 

Baud Out (BAUDOUT), Pin 15: 16x clock signal for the 
transmitter section of the INS8250. The clock rate is 
equal to the main reference oscillator frequency divided 
by the specified divisor in the Baud Generator Divisor 
Latches. The BAUDOUT may also be used for the 
receiver section by tying this output to the RCLK input 
of the chip. 

Interrupt (lNTRPT), Pin 30: Goes high whenever any 
one of the following interrupt types has an active high 
condition and is enabled via the IE R: Receiver Error 
Flag; Received Data Available; Transmitter Holding 
Register Empty; and MODEM Status. The I NTRPT 
signal is reset low upon the appropriate interrupt service 
or a Master Reset operation. 
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Serial Output (sour), Pin 11: Composite serial data 
output to the communications link (peripheral, MODEM 

Pin Configuration or data set). The SOUT signal is set to the Marking 
(logic 1) state upon a Master Reset operation. 

oo-~r-vcc 
INPUT /OUTPUT SIGNALS 01- 2 39 r-Ri 

Data (07 - DO) Bus, Pins 1 - 8: This bus comprises eight 
02- 3 38 r-lIT!li 
03- 4 37 r-OSR 

TRI-STATE input/output lines. The bus provides bidirec- 04- 5 3& r-CTS 
tional communications between the I NS8250 and the 05- 6 35 r-MR 
CPU. Data, control words, and status information are 0&- 7 34 r-1IUfl 

transferred via the 07 - DO Data Bus. 07- 8 33 r-ilfR 
RClK- 9 32 r-RTS 

SIN- 10 INS8250 31 r-1!1J'r2 
External Clock Input/Output (XTAL 1, XTAL2), Pins SOUT- 11 30 r-INTRPT 
16 and 17: These two pins connect the main timing cso- 12 29 r- NC 

reference (crystal or signal clock) to the I NS8250. CS1- 13 28 -AO 
CS2- 14 27 -AI 

BAUDOUT- 15 26 -A2 
XTAU- 1& 25 -ADS 
XTAl2- 17 24 -CSOUT 

I iiDmi- 18 23 -OOIS 

I OOSTR- 19 '22 ;""'OISTR 
vss- 20 21 -DiSfii 

1 

Table 1. ACE Reset Functions 

Register /Signal Reset Control Reset State 

Interrupt Enable Register Master Reset 
All Bits Low 

(0 - 3 forced and 4 - 7 permanent) 

Interrupt Identification Register Master Reset 
Bit 0 is High, Bits 1 and 2 Low 
Bits 3 - 7 are Permanently Low 

Line Control Register Master Reset All Bits Low 

MODEM Control Register Master Reset All Bits Low 

Line Status Register Master Reset 
All Bits Low, 

Except Bits 5 & 6 are High 

I Bits 0 - 3 Low 
MODEM Status Register Master Reset 

Bits 4 - 7 - Input Signal 

~ SOUT Master Reset High 0 
+oJ 
C,) INTRPT (RCVR Errs) Read tSR/MR Low 
::J 
'0 INTRPT (RCVR Data Ready) Read RBR/MR Low C 
0 

INTRPT (THRE) Read II RIWrite TH R/M R Low C,) 

E I INTRPT (Modem Status Changes) Read MSR/MR Low 
Q) 
'J) ---

Master Reset OUT2 High 
~-

(ij --
Master Reset High 

C 
RTS 

0 --
Master Reset High DTR .... 

('Ij 
OUT 1 Master Reset High Z 

~ 
,~, 

~ ~. 
~ " 
~ 
~ 
; \ 

~ 
~ 

" ~ 
~l, 

-
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INS8250 Accessible Registers Bits 0 and 1: These two bits specify the number of bits 
in each transmitted or received serial character. The 

The system programmer may access or control any of encoding of bits 0 and 1 is as follows: 

the I NS8250 registers summarized in table 2 via the 
CPU. These registers are used to control I NS8250 Bit 1 Bit 0 Word Length 

operations and to transmit and receive data. 0 0 5 Bits 

0 1 6 Bits 

INS8250 LINE CONTROL REGISTER 
1 0 7 Bits 

1 1 8 Bits 
The system programmer specifies the format of the 
asynchronous data communications exchange via the Bit 2: This bit specifies the number of Stop bits in each 
Line Control Register. In addition to controlling the transmitted or received serial character. If bit 2 is a 
format, the programmer may retrieve the contents of the logic 0, 1 Stop bit is generated or checked in the trans-
Line Control Register for inspection. This feature mit or receive data, respectively. If bit 2 is a logic 1 
simplifies system programming and eliminates the need when a 5-bit word length is selected via bits 0 and 1, 1 "h 
for separate storage in system memory of the line Stop bits are generated or checked. If bit 2 is a logic 1 
characteristics. The contents of the Line Control Register when either a 6-, 7-, or 8-bit word length is selected, 2 
are indicated in table 2 and are described below. Stop bits are gener'ated or checked. 

Table 2. Summary of INS8250 Accessible Registers 

Register Address 

o DLAB =0 o DLAB = 0 , DLAB = 0 2 3 4 5 6 o DLAB =, , DLAB = , 

Receiver Transmitter 
Interrupt 

Interrupt 
Line MODEM Line MODEM 

Buffer Holding Identification Divisor Divisor 

Register Register 
Enable 

Register 
Control Control Status Status Latch Latch 

Bit No. (Read Only) (Write Only) 
Register 

(Read Only) 
Register Register Register Register (LS) (MS) 

RBR THR IER IIR LCR MCR LSR MSR DLL DLM 

Enable ! I 

I 
Received "0" if Word Length 

Data 
I Delta Clear I ! 

0 Data Bit O' Data Bit 0 
Data 

Interrupt Select Bit 0 
Terminal Data Ready 

to Send 

I 
Bit 0 Bit 8 Available 

Pending (WLSO) 
Ready (DR) 

.(DCTS) 
Interrupt (DTR) 
(ERBFI) I 

Enable I 
! 

i Transmitter I 

I 
I 

Holding I Interrupt Word Length, Request to Overrun 
I 

Delta Data 
1 Data Bit 1 Data Bit 1 'Register' 

I 
ID Select Bit 1 I Send Error Set Ready Bit 1 Bit 9 

Empty Bit (0) (WLSl) ! (RTS) (OR) I (DDSR) 
Interrupt 

i (ETBEI) : 
, 

Enable I I 
! 

Trailing 
Receiver I 

Line I Interrupt I Number of 
I 

Parity Edge 

I 

I 
2 Data Bit 2 

I 
Data Bit 2 

Status 
ID 

I 

Stop Bits Out 1 Error Ring Bit 2 Bit 10 

Interrupt 
Bit (1) (STB) 

i 

(PE) Indicator I 

(ELSI) 
i 

(TERI) 

Enable 
I 

I : Delta 

I 
I i Receive 

I MODEM 

I 

Parity 

I 

: Framing 
Line 3 Data Bit 3 Data Bit 3 I Status 0 Enable Out 2 i Error 

Signal Bit 3 Bit 11 

I Interrupt (PEN) 
I 

! (FE) 
I Detect 

i (EDSSI) I I (DR LSD) I I 
Even 

I 
I 

I I Parity I Break' I Clear to 
I 4 Data Bit 4 Data Bit 4 0 0 Loop ! Interrupt 

, 
Send Bit 4 Bit 12 

! 
Select 

I 

I 
I (BI) I (CTS) 

I (EPS) I 
I 

I I I I Transmitter Data I 
I I 

I I 
Stick 

I Holding 
Set 

5 Data Bit 5 Data Bit 5 0 0 Parity 0 
I ~e~i;~~r Ready 

Bit 5 i Bit 13 

! I I I I I (THRE) (DSR) 
I I i I I I 

I ! 
I 

Transmitter I 
i 

I 
Set Shift 'I Ring 

6 I Data Bit 6 I Data Bit 6 0 0 

I 

Break 
0 I Register 

i 
Indicator Bit 6 Bit 14 

I I 

I 

Empty 
I 

(RI) 

I I (TSRE) I I 
i 

I 
! Divisor 

I 
Received 

I 
I 

! Latch I Line I 

7 Data Bit 7 Data Bit 7 0 
! 0 Access 

I 
0 0 Signal Bit 7 I Bit 15 

I 
! Bit I Detect 

I j (DLAB) i (RLSD) 
i 

• Bit 0 is the least significant bit. It is the first bit serially transmitted or received. 
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Bit 3: This bit is the Parity Enable hit. When bit 3 is a 
logic 1, a Parity bit is generated (transmit data) or 
checked (receive data) between the last data word bit 
and Stop bit of the serial data. (The Parity bit is used to 
produce an even or odd number of 1 s when the data 
word bits and the Parity bit are summed.) 

Bit 4: This bit is the Even Parity Select bit. When bit 3 
is a logic 1 and bit 4 is a logic 0, an odd number of 
logic 1 s is transmitted or checked in the data word 
bits and Parity bit. When bit 3 is a logic 1 and bit 4 is a 
logic 1, an even number of bits is transmitted or checked. 

Bit 5: This bit is the Stick Parity bit. When bit 3 is a 
logic 1 and bit 5 is a logic 1, the Parity bit is transmitted 
and then detected by the receiver as a logic a if bit 4 is a 
logic 1 or as a logic 1 if bit 4 is a logic O. 

Bit 6: This bit is the Set Break Control bit. When bit 6 is 
a logic 1, the serial output (SQUT) is forced to the 
Spacing (logic 0) state and remains there regardless of 
other transmitter activity. The set break is disabled by 
setting bit 6 to a logic O. This feature enables the CPU 
to alert a terminal in a computer communications 
system. 

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It 
must be set high (logic 1) to access the Divisor Latches 
of the Baud Rate Generator during a Read or Write 
operation. It must beset low (logic 0) to access the 
Receiver Buffer, the Transmitter Holding Register, or 
the Interrupt Enable Register. 

INS8250 PROGRAMMABLE BAUD RATE 
GENERATOR 

The I NS8250 contains a programmable Baud Rate 
Generator that is capable of taking any clock input (DC 
to 3.1 MHz) and dividing it by any divisor from 1 to 
(2 16 - 1). ihe output frequency of the Baud Generator 
is 16x. the Baud rate [divisor ::; = (frequency input) -:­
(baud rate x 16)J. Two 8-bit latches store the divisor 
in a 16-bit binary format. These Divisor Latches must be 
loaded during initialization in order to insure desired 
operation of the Baud Rate Generator. Upon loading 
either of the Divisor Latches, a 16-bit Baud counter is 

Table 3. Baud Rates Using 1.8432 MHz Crystal 

I 
Desired I Divisor Used I Percent Error 
Baud i to Generate I Difference Between 

I Rate 16x Clock i Desired & Actual 

50 2304 

! 
-

75 1536 -

110 1047 I 0.026 
134.5 857 0.058 
150 768 -

I 
300 384 -

600 192 -

1200 96 -

1800 64 -

2000 58 0.69 
2400 48 -

3600 32 -

4800 24 -
7200 16 -

9600 12 -

19200 6 -
38400 3 -

56000 2 2.86 

NOTE: 1.8432 MHz is the standard 8080 frequency divided by 10.' 

immediately loaded. This prevents long counts on initial 
load. 

Tables 3 and 4 illustrate the use of the Baud Rate 
Generator with crystal frequencies of 1.8432 MHz 
and 3.072 MHz respectively. For baud rates of 38400 
and below the error obtained is minimal. The accuracy 
of the desired baud rate is dependent on the crystal 
frequency chosen. 

NOTE 
The maximum operating frequency of the Baud 
(Jenerator is 3.'1 MHz. However, when using divisors 
of 3 and below, the maximum frequency is equal 
to the divisor in MHz. For example, if the divisor 
is 1, then the maximum frequency is 1 MHz. In no 
case should the data rate be greater than 56k Baud. 

LINE STATUS REGISTER 

This8-bit register provides status information to. the 
CPU concerning the data transfer. The contents of the 
Line Status Register aie indicated in tabie 2 and are 
described beiow. 

Bit 0: This bit is the receiver Data Ready (DR) indicator. 
Bit a is set to a logic 1 whenever a complete incoming 
character has been received and transferred into the 

• Receiver Buffer Register. Bit a may be reset to a logic a 
either by the CPU reading the data in the Receiver 
Buffer Register or by writing a logic a into it from the 
CPU. 

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 
indicates that data in the Receiver Buffer Register was 
not read by the CPU before the next character was 
transferred into the Receiver Buffer Register, thereby 
destroying the,previous character. Th,e OE indicator is 
reset when'ever the CPU reads the contents of the Line 
Status Register. 

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 
indicates that the received data character does not have 
the correct even or odd parity, as selected' by the even· 
parity-select bit. The PE bit is set to a logic 1 upon 
detection of a parity error and is reset to a logic 0 when· 
ever the CPU reads the contents of the Line Status 
Register. 

Table 4. Baud Rates Using 3.072 MHz Crystal 

Desired Divisor Used Percent Error 
Baud to Generate Difference Between 
Rate 16x Clock Desired & Actual 

50 3840 -

75 2560 -

110 1745 0.026 
134.5 1428 0.034 
150 1280 -

300 640 -

600 320 -

1200 160 -
1800 107 0.312 
2000 96 -
2400 80 .-

3600 53 0.628 
4800 40 -

7200 27 1.23 
960b 20 -

19200 10 -

38400 5 -
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Bit 3: This bit is the Framing Error (FE) indicator. Bit 3 
indicates that the received character did not have a valid 
Stop bit. Bit 3 is set to a logic 1 whenever the Stop'bit 
following the last data bit or parity bit is detected as a 
zero bit (Spacing level). 

Bit 4: This bit is the Break Interrupt (BI) indicator. Bit 4 
is set to a logic 1 whenever the received data input is 
held in the Spacing (logic 0) state for longer than a full 
word transmission time (that is, the total time of Start 
bit + data bits + Parity + Stop bits). 

NOTE 
Bits 1 through 4 are the error conditions that 
produce a Receiver Line Status interrupt whenever 
any of the corresponding conditions are detected. 

Bit 5: This bit is the Transmitter HOlding Register 
Empty (THRE) indicator. Bit 5 indicates that the 
I NS8250 is ready to accept a new character for trans· 
mission. In addition, this bit causes the INS8250 to 
issue an interrupt to the CPU when the Transmit Holding 
Register Empty Interrupt enable is set high. The THRE 
bit is set toa logic 1 when a character is transferred from 
the Trans"mitter Holding Register into the Transmitter 
Shift Register. The bit is reset to logic 0 concurrently 
with the loading of the Transmitter Holding Register 
by the CPU. 

Bit 6: This bit is the Transmitter Shift Register Empty 
(TSRE) indicator. Bit 6 is set to a logic 1 whenever the 
Transmitter Shift Register is idle. It is reset to logic 0 
upon a data transfer from the Transmitter Holding 
Register to the Transmitter Shift Register. Bit 6 is a 
read-only bit. 

Bit 7: This bit is permanently set to logic O. 
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INTERRUPT IDENTIFICATION REGISTER 

The INS8250 has an on-chip interrupt capability that 
allows for complete flexibility in interfacing to all the 
popular microprocessors presently available. In order to 
provide minimum software overhead during data charac­
ter transfers, the INS8250 prioritizes interrupts into 
four levels .. The four levels of interrupt conditions are as 
follows: Receiver Line Status (priority 1); Received 
Data Ready (priority 2); Transmitter Holding Register 
Empty (priority 3); and MODEM Status (priority 4). 

Information indicating that a prioritized interrupt is 
pending and the type of that interrupt are stored in 
the I nterrupt I dentification Register (refer to table 5). 
The Interrupt Identification Register (II RI. when 
addressed during chip-select time, freezes the highest 
priority interrupt pending and no other interrupts are 
acknowledged until the particular interrupt is serviced 
by the CPU. The contents of the IIR are indicated in 
table 2 and are described below. 

Bit 0: This bit can be used in either a hardwired priori­
tized or polled environment to indicate whether an 
interrupt is pending. When bit 0 is a logic 0, an interrupt 
is pending and the II R contents may be used as a pointer 
"to the appropriate interrupt service routine. When bit 0 
is a logic 1, no interrupt is pending and polling (if used) 
continues. 

Bits 1 and 2: These two bits of the II R are used to 
identify the highest priority interrupt pending as 
indicated in table 5. 

Bits 3 through 7: These five bits of the II R are always 
logic O. 
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INTERRUPT ENABLE REGISTER 

This 8-bit register enables the four types of interrupts of 
the INS8250 to separately active the chip Interrupt 
(I NTRPT) output signal. I t is possible to totally disable 
the interrupt system by resetting bits a through 3 of the 
Interrupt Enable Register. Similarly, by setting the 
appropriate bits of this register to a logic 1, selected 
interrupts caA be enabled. Disabling the interrupt system 
inhibits the Interrupt Identification Register and the 
active (high) INTRPT output from the chip. All other 
system functions operate in their normal manner, 
including the setting of the Line Status and MODEM 
Status Registers. The contents of the I nterrupt Enable 
Register are indicated in table 2 and are described below. 

Bit 0: This bit enables the Received Data Available 
Interrupt when set to logic 1. 

Bit 1: This bit enables the T,"ansmitter Holding Register 
Empty Interrupt when set to logic 1. 

Bit 2: This bit enables the Receiver Line Status Interrupt 
when set to logic 1. 

Bit 3: This bit enables the MODEM Status Interrupt 
when set to logic 1. ' 

Bits 4 through 7: These four bits are always logic O. 

MODEM CONTROL REGISTER 

This 8-bit register controls the interface with the MODEM 
or data set (or a peripheral device emulating a MODEM). 
The contents of the MODEM Control Register are 
indicated in table 2 and are described below. 

Bit 0: This bit controls the Data Terminal Ready (DTR) 
output. When bit a is set to a logic 1, the DTR output is 
forced to a logic O. When bit a is reset to a logic 0, the 
DTR output is forced to a logic 1. 

NOTE 
The DTR output of the INS8250 may be applied 
to an E IA inverting line driver (such as the DS 1488) 
to obtain the proper polarity input at the succeed­
ing MODEM or data set. 

Bit 1: This bit controls the Request to Send (RTS) 
output. Bit 1 affects the RTS output in a manner identi­
cal to that described above for bit O. 

Bit 2: This bit controls the Output 1 (OUT 1) signal, 
which is an auxiliary user·designated output. Bit 2 
affects the OUT 1 output in a manner identical to that 
described above for bit O. 

Bit 3: This bit controls the Output 2 (OUT 2) signal, 
which is an auxiliary user-designated output. Bit 3 affects 
the OUT 2 output in a manner identical to that described 
above for bitO. 

Bit 4: This bit provides a loopback feature for diagnostic 
testing of the I NS8250. When bit 4 is set to logic 1, the 
following occur: the transmitter Serial Output (SOUT) 
is set to the Marking (logic 1) state; the receiver Serial 
Input (SIN) is disconnected; the output of the Trans­
mitter Shift Register is "looped back" into the Receiver 
Shift Register input; the four MODEM Control inputs 
(CTS, DSR, RLSD, and.Ai) are disconnected; and the 

.four MODEM Control outputs (DTR, RTS, OUT 1, and 
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OUT 2) are internally connected to the four MODEM 
Control inputs. In the diagnostic mode, data that is 

transmitted is immediately received. This feature allows 
the processor to verify the transmit- and receive-data 
paths of the I NS8250. 

In the diagnostic mode, the receiver and transmitter 
interrupts are fully operational. The MODEM Control 
Interrupts are also operational but the interrupts' sources 
are now the lower four bits of the MODEM Control 
Register instead of the four MODEM Control inputs. 
The interrupts are still controlled by the Interrupt 
Enable R'egister. 

The I NS8250interrupt system can be tested by writing 
into the lower six bits of the Line Status Register and 
the lower four bits of the MODEM Status Register. 
Setting any of these bits to a logic 1 generates the 
appropriate interrupt (if enabled). The resetting of these 
interrupts is the same as in normal INS8250 operation. 
To return to normal operation, the registers must be 
reprogrammed for normal operation and then bit 4 of 
the MODEM Control Register must be reset to logic O. 

Bits 5 through 7: These bits are permanently set to logic O. 

MODEM STATUS REGISTER 

This 8·bit register provi.des the current state of the 
control lines from the MODEM (or peripheral device) 
to the CPU. In addition to this current-state information, 
four bits of the MODEM Status Register provide change 
information. These bits are set to a logic 1 whenever a 
control input from the MODEM changes state. They are 
reset to logic a whenever the CPU reads the MODEM 
Status Register. 

The contents of the MODEM Status Register are indicated 
in table 2 and are described below. 

Bit 0: This bit is the Delta Clear to Send (DCTS) indi­
cator. Bit a indicates that the CTS input to the chip has 
changed state since the last time it was read by the CPU. 

Bit 1: This bit is the Delta Data Set Ready (DDSR) 
indicator. Bit 1 indicates that the DSR input to the chip 
has changed state since the last time it was read by the 
CPU. 

Bit 2: This bit is the Trailing Edge of Ring Indicator 
(TERI) detector. Bit 2 indicates that the R1 input to the 
chip has changed from an On (logic 1) to an Off (logic 0) 
condition. 

Bit 3: This bit is the Delta Received Line Signal Detector 
(DRLSD) indicator. Bit 3 indicates that the RLSD iflput 
to the chip has changed state. 

NOTE 
Whenever bit 0, 1, 2, or 3 is set to logic 1, a 
MODEM Status interrupt is generated. 

Bit 4: This bit is the complement of the Clear to Send 
(CTS) input. If bit 4 (loop) of the MCR is set to a 1, 
this bit is equivalent to RTS in the MCR. 

Bit 5: This bit is the complement of the Data Set Ready 
(DSR) input. If bit 4 of the MCR is set to a 1, this bit is 
equivalent to DTR in the MCR. 

Bit 6: This bit is the complement of the Ring Indicator 
(Ai) input. If bit 4 of the MCR is set to a 1, this bit is 
equivalent to OUT 1 in the MCR. 

Bit 7: This bit is the complement of the Received Line 
Signal Detect (RLSO) input. If bit 4 of the MCR is set to 
a 1, this bit is equivalent to OUT 2 of the MCR. 
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~National 
~ Semiconductor 

AUGUST 1978 
PUB. NO. 426305290-0010 

INS8060 Single-Chip 8-Bit N-Channel 
Microprocessor (SC/MP Family) 
General Description 
The INS8060 is the N-channel version of National's 
SC/MP family (an acronym for Simple, Cost-effective 
MicroProcessor). This family consists of slngle-chip, 
8-blt microprocessors packaged in standard 40-pin 
dual-ln-Iine packages. N-channel, silicon gate, deple­
Hon mode standard-process technology gives the 
INS8060 high performance, high reliability, and high 
produclbility. 

The INS8069 Is Intended for use in general-purpose 
applications where cost per function is the most 
significant criterion. But cost efficiency is only a part 
of the INS8060's story. It goes on to Include a variety 
of useful functions that are not even provided by 
some ot' the expensive microprocessors, like self­
contained timing circuitry, 16-blt (6Sk) addressing 
capability, serial or parallel data-transfer capability 
and common memory/peripheral Instructions. The 
built"in features in conjunction with the low initial 
cost describe what the INS8060 really is - a micro­
processor specifically designed to provide the 
simplest and most efficient solution to many 
application requirements. 

Features 
• Simple interfacing 

• Bidirectional TRI-STATE~ a-bit data bus 
• TIL-compatible input/output interface 

Block and Connection Diagrams 

© 1978 National Semiconductor Corp. 
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• Silicon-gate N-channel ion-implant process 

• Direct Memory Access (DMA) and multiprocessor 
capabilities . 
• Handshake bus-access control on chip· 

• Simplified programming 
• Multiple addressing modes - program­

counter-relative, Immediate data, Indexed, 
auto-indexed, and implied 

• Direct control output 
• Three user-accessible control-flag outputs 

• Simple I/O hardware 
• Separate serial-data input and outpuf ports 
• Two sense inputs 
• Direct Interfacing to standard memory parts 

• Simple timing hardware 
• On-chip clock generator 

• Interface flexibility 
• Capability to interface with memories or peri­

pherals of any speed 

• Large system capability 
• Address capability to 6Sk bytes of memory 

• Simplified power requirements 
• Single 5-volt supply 
• Low power 

• Low Cost 
• Plastic package 

NWDS 
NRDS 

NENIN 
NENOUT 

NBREn 
NHOlD 

NRST 
CO NT 

DB7 
DB6 
DB5 
DB4 
DBJ 
DB2 
OBI 
DBO 

SENSE A 
SENSE·B 
FlAG·O 

GND 

Vee 
NADS 
XOUT 
XIN 
ADII 
ADIO 
ADD9 
AD08 
AD07 
AD06 
AD05 
A004 
AOOl 
AD02 
ADDI 
ADDD 
SIN 
SOUT 
FlAG·2 
FLAG·1 

INSS060 Pin Configuration 

DA-B2M88IPrinted in U.S.A. 
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Functional Description 

The INS8060 Is a self-contained general-purpose· 
microprocessor designed for ease of implementation 
in stand-alone, OMA (Direct Memory Access), and 
multiprocessor applications. Communications 
between the INS8060 and external memory/ 
peripheral devices are effected via a 12-bit dedicated 
address bus and an 8-bit bidirectional data bus. 
During the address interval of each input/output 
cycle, the INS8060 employs both busses to provide a 
16-bit address output: the 12 least significant 
address bits are sent out over the 12-bit address bus 
and the 4 most significant address bits (083- 080) 
are sent out over the 8-bit data bus along with 4 

status bits (087 - 084). Separate strobe outputs from 
the INS8060 (NAOS, NWOS, NRDS) indicate when 
valid address information is present on the two 
busses, and when valid Input/output memory or 
peripheral data are present on the 8-bit bus. To 
further extend application flexibility serial data 
input/output ports are also provided so that serial 
data transfers can be effected under program 
control. The remaining Input/output signals shown In 
figure 1 are dedicated to general-purpose control and 
status functions, including initialization, bus 
management, microprocessor halt, interrupt request, 
input/output cycle extension, and user-specified 
hardware/software Interface functions. A detailed 
description of each input/output signal is provided in 
table 1. 

4 ~S8 

ADDRESS •••••••••••••• III ••••• II.~<J ~2D~I~Ess 
•

__ A 

2030 

• • _--1-1--1--------­
~~ 

OUTPUT ADDRESS 
(HIGHI 

PROGRAM COUNTER 
(HIGHI 

POINTER REGISTER 1 
(HIGH! 

POINTER REGISTER 2 
(HIGH! 

POINTER REGISTER 3 
(HIGH! 

4-81T 
INCREMENTER 

N8REO 5 >---..; 
BUS I NENIN 
ACCESS I 

'NENOUT 4 >----1 

DATA 

110 NWDS 1 ">---..; 

GATING AND 
'--~---""fUNCTION 

CONTROL 

CONT 8 >----1 

NRST 7 ">----t 

INSTRUCTION 
OECODE 

AND 
CONTROL 

8-81T DATA I/O 

-<ill GND 

SENSE AI 
INTERRUPT 

r------I .... -C.18 SENSE 8 

'---....... -<J!] FLAG 0 

'---....... <:!!lFLAG 1 

"-----1 ..... ~-<m FLAG 2 

FIGURE 1. INSS060 Detailed Block Diagram 
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TABLE 1. Input/Output Signal Description 

Signal 
Mnemonic Functional Name Description 

NRST Reset Input Set high for normal operation. When set low, aborts in-process 
operations. When returned high, internal control circuit zeroes 
all programmer-accessible registers; then, first instruction is 
fetched from memory location 000116. 

CONT Continue Input When set high, enables normal execution of program stored in 
external memory. When set low, the I NS8060 operation is 
suspended (after completion of current instruction) without loss of 
internal status. 

NBREO Bus Request Input/Output Associated with the I NS8060 internal allocation logic for system 
bus. Can be used as bus request output or bus busy input. Requires 
external load resistor to VCC. 

NENIN Enable Input Associated with the I NS8060 internal allocation logic for system 
bus. When set low, the I NS8060 is granted access to system busses. 
When set high, places the I NSS060's bus pins in high-impedance 

. (TRI-STATE®) mode. 

NENOUT Enable Output Associated with INS8060 internal allocation logic for system bus. 
Set low when NENIN is low and the INS8060 is not using system 
busses (NBREO-high). Set high at all other times. 

NADS Address Strobe Output Active-low strobe. While low, indicates that valid address and 
status output are present on system busses. 

NRDS Read Strobe Output Active-low strobe. On trailing edge, data are input to the INS8060 
from 8-bit bidirectional data bus. High-impedance (TRI-STATE®) 
output when input/output cycle is not in progress. 

NWDS Write Strobe Output Active-low strobe. While low, indicates that valid output data are 
present on 8-bit bidirectional data bus. High-impedance (TRI· 
ST ATE®) output when input/output cycle not in progress. 

NHOLD Input/Output Cycle Extend When set low prior to trailing edge of NRDS or NWDS strobe, 
Input stretches strobe to extend input/output cycle; that is, strobe is 

held low until NHOLD signal is returned high. 

SENSE A Sense/Interrupt Request Serves as interrupt request input when the I NS8060 internal IE 
Input (I nterrupt Enable) flag is set. When I E flag is reset, serves as user-

designated sense condition input. Sense condition testing is 
effected by copying status register to accumulator. 

SENSE B Sense Input User-designated sense-condition input. Sense-condition testing is 
effected by copying status register to accumulator: 

SIN Serial Input to E Register Under software control, data on this line are right-shifted into E 
register by execution of SIO instruction. 

sour Serial Output from E Under software control, data are right-shifted onto this line from 
Register E register by execution of SIO instruction. Each data bit remains 

latched until execution of next SIO instruction. 

FLAGS Flag Outputs User-designated general-purpose flag outputs of status register. 
0, 1,2 Under program control, flags can be set and reset by copying 

accumulator to status register. 

ADOO- Address Bit 00 through Twelve TRI-STATE® address output lines. The I NS8060 outputs 
AD11 Address Bit 11 12 least significant address bits on this bus when NADS strobe is 

low. Address bits are then held valid until trailing edge of read 
(NRDS) or write (NWDS) strobes. After trailing edge of NRDS or 
NWDS strobe, bus is set to high-impedance (TRI-STATE®) mode 
until next NADS strobe. 

NOTE: 
The 8-bit bidirectional data bus is set to the high'-impedance (TR I-STATE®) mode except when it is actually in use 
by the INS8060 (NADS, NRDS, or NWDS low). During the addressing interval of each iiwut/output cycle (NADS 
low). the INS8060 provides address and status outputs over the bus; during the ensuing data-transfer interval (NRDS 
or NWDS low), 8-bit input or output data bytes are routed over the bus. 
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TABLE 1. Input/Output Signal Description (Continued) 

Signal Mnemonic/ 
Pin Designation 

Output at NADS Time Input at Output at 
~------------------- ---------~------~ 

Functional Name Description NRDS Time NWDS Time 

DBa Address Bit 12 Fourth most significant bit of 16-bit 
address. 

1 r DB1 Address Bit 13 Third most significant bit of 16-bit 
address. 

DB2 Address Bit 14 Second most significant bit of 16·bit 
address. Input data 

I 
Output data 

DB3 

DB4 

Address Bit 15 Most significant bit of 16-bit address. are expected are valid 

R·Flag When high, data input cycle is start· 
ing; when low, data output cycle is 
starti ng. 

on the eight on the eight 
(DBO·OB7) (OBO-OB7) 

lines" lines., 

OB5 I·Flag When high, first byte of instruction 
is being fetched. 

I I I OB6 O-Flag When high, indicates delay cycle is 
starting; that is. second byte of OL y 
instruction is being fetched. I_L __ 1_~_ 

~
Note: The DBa through OB7 
(A012-HFLG) lines are a 
high-impedance (open circuit) 
load when the I NS8060 does 

OB7 H-Flag When high, indicates that Halt 
Instruction has been execl,lted. (In 
some system configurations, the H­
Flag output is latched and, in 
conjunction with the CONTinue 
input, provides a programmed halt.) 

I not have access to the 
I input/output bus. 

DRIVERS AND RECEIVERS 

Equivalent circuits for the INS8060 drivers and 
receivers are shown below. All inputs have static 
charge protection circuits consisting of an RC filter 
and voltage clamp. These devices still should be 
handled with care, as the protection circuits can be 
destroyed by excessive static charge. 

2032 

RECEIVER DRIVER 
------------- .. ----------~ 

~~~1 c;:>--ID--v-i' s -iHVCC 

: NWDS SIN P 
~~::: T -i ' NRDS 

: 1> GND VCCGND : S -IH' NADS NENIN C>----0--1 NENDUT 
NHOlD " -I: ~~3t2 

· GJ ~ P ~;: 
N'REQ~I GNQ : : QQ-Q, 

i ~I-SIG GND GND I 

XIN~S :MADOm 
: GND GND : 

[ ~vcc ?XQUT 
: GND : 
L ___ ~ _____________________ --_~ 

rftI = INPUT ----'V'I/'y * 'f L!.J PROTECTION = T= IOns 

GND 

INSS060 Driv~r and Receiver Equivalent Circuits 

TIMING CONTROL 

All necessary timing signals are provided by a three­
stage inverter ring oscillator contained on the 
INS8060 chip. Two control pins, XIN and XOUT, 
permit the frequency of the oscillator to be controlled 
by. any of the following methods: 

1. Leave the XOUT pin unterminated and drive the 
XIN pin with an externally generated TIL clock 
that conforms to the parameters shown in figure 
2A. For this method, the frequency of the 
oscillator is equal to the frequency of the external 
clock input. 

2. Connect a resistor-capacitor feedback network 
between the XIN and XOUT pins and GND as 
shown in figure 2B. 

3. Connect a crystal with low-pass filter network 
between the XIN and XOUT pins and GND as 
shown in figure 2C (for above 1 megahertz) or 
figure 20 (for 1 megahertz or below). For this 
method, the frequency of the oscillator is equal to 
the resonant frequency of the crystal and the low­
pass filter prevents unwanted harmonic oscilla­
tions. 

In addition to illustrating appropriate frequency­
control networks for the on-chip oscillator, figures 2A 
through 20 also show how an optional driver may be 
used to derive a system clock from the oscllator 
Signal present at the XOUT pin. 

In the discussions that follow, instruction execution 
and Input/output timing are described in terms of 
microcycles .. 
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The time Interval of a mlcrocycle is four times the period of the oscillator; that Is: 

period of one microcycle = 2T c 

1 
Tc = 2(-) 

fosc 

where: 

2(_1_) 
fXIN 

T c time period for two cycles of on-chlp or external osclllat,or 

fosc = frequency on on-chlp oscillator 

fres resonant frequency of crystal connected between XIN and XOUT pins 

fXIN frequency of external clock applied to XIN pin 

A. External Clock Input C. Crystal with Low-Pass Filter (Above 1 MHz) 

DRIVER 

EXTERNAL 
CLOCK XIN 

B. Resistor-Capacitor Feedback Network 

XIN 

--

c: 

I-z 
c:( 

l;; 
z 
8 
~ 
~ 
u 
a: 

INSB060 

.... R R 
AA 

XOUT 

OP TIDNAL 
RIVER 0 

• • OPTIONAL .. ......... 1. ... " ... .~ 
:~ •• SYSTEM 

• CLOCK 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

o 
I 

NOTE: 100.;; R.;; 2k 

Typical Oscillator Frequency 
vs RC Time Constant 

If 
I J 

/ 
J 

I V i 
J : ! 

; 

i )t' I I 
L I 

iL j 

1 I ! 
1 

o 0.2 0.4 0.6 O.B 1.0 1.2 1.4 1.6 1.8 2.0 

CLOCK PERIOD (l/fMHzl 

INSS060 

XIN 

Rp 

XOUT 

OPTIONAL 
ORIVER 
•• OPTIONAL 

... : ... _.. SYSTEM 
.. ~ CLOCK 

Suggested values for Crystal with Low-Pass Filter Network 
(Above 1 MHz) 

Crystal. 

2MHz 
3.58MHz 
4MHz 

Rp 

100kU 
100kn 
100kU 

C, 

56pF 
27pF 
27pF 

XTAL is parallel resonant with maximum series resonance equal 
to 1 kn. 

D. Crystal with Low-Pass Filter (1 MHz or Below) 

INS8060 

XIN 

Rp 

XOUT 

OPTIONAL 
DRIVER 
... OPTIONAL ... >-- -. SYSTEM 
.... CLOCK 

Suggested values for Crystal with Low-Pass Fil~r Network 
(1 MHz or Below) 

Crystal Rp C2 R2 

100 kHz lMn 1000 pF 2kn 
200kHz lMU 1000 pF 1 kU 
500kHz lMn 1000pF 1 kU 
700 kHz lMU 500pF 2kn 
1 MHz lMU 120pF lkU 

FIGURE 2. Frequency Control Networks for On-Chip Oscillator 
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~Nalional 
~ Semiconductor 

COP410L Single-Chip 
N-Channel Microcontroller 

General Description 
The COP410L Single-Chip N-Chann'=l Microcontroller 
is a member of the Control Oriented Processur (COP) 
family, fabricated using N-channel. silicon gate MOS 
technology. It lis a complete microcomputer 
containing al! system timing, internal logic, ROM, 
RAM and 1/0 necessary to implement dedicated 
contra! functions in a variety of applications 
Features include single supply operation, a variety of 
output configuration options, with an instruction set, 
internal architecture and. I/O scheme designed to 
facilitate keyboard input, display output and BCD 
data manipulation. It IS an appropriate choice for use 
in numerous human interface cont'rol environments. 
Standard test procedures and renable high-density 
fabrication techniques provide the medium to large 
volume customers with a customized Control 
Oriented processor at a low end-product cost. 

COP410L Block Diagram 

1/0 CONTROLS 

GND 

~1 

INSTRUCTION CI.OCK ISYNC) 

PROGRAM MEMORY. 
512 x R ROM 

© 1978 National Semiconduct'lr Corp. 
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ADVANCE INFORMATION 
SEPTEMBER 1978 

Features 
• Low I.;OSt 

• Powedul Instruction set 
• 512x8 ROM. 32x4RAM 
• 19.1.10 lines 
• Two-Ievei subroutine stack 
• 16us Instruction time 
• Single wide-range supply (4.5 - 9.5 V) 
• Lov.J current dra~n (6mA irlax) 
• inter nai binary counter register with serial 1/0 

Capability 
• General purpose and TRI-STATE' outputs 
• LSTTUCMOS compatible in and out 
• Direct drive of LED digit and segment lines 
• Software/hardware compatible with other 

members of COP400 family 
• Extended temperature range device available 

(- 40°C to + 85°C) 

21 

0 22 
REGISTER 

& 2J 
BUFfER 

24 

16 

ZO 

G 19 
REGISTER 

& 18 
BUFFER 

4 
17 

14 
SERIAL 110 REGISTER 

SI03 SI02 SIOI SIOO 

15 

10 II 12 13 

OJ 

02 

01 

DO 

SK 

GJ 

Gz 

Gl 

Go 

SI 

SO 

DA·B25M981Prinled in U.S.A. 
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Connection Diagrams 
GNO 00 
CKO 01 
CKI 02 

03 
17 G3 
L6 G2 
L5 G1 
l4 GU 

VCC SK 
L3 so 
lZ SI 
L1 lO 

Functional Characteristics 
Oscillator 

bO. Open-Drain - an active device to ground only, 
allowing external pull-up as required by the user's 
application. 

c. Push-Pull - an active device to ground in con­
junction with a pull-up paralleled by an active 
device to Vee· This configuration has been 
provided to allow for fast rise and fall times when 
driving capacitive loads. . 

,d. LEO Direct Segment Drive - an active device to 
ground and to Vee, meeting the typical current 
sourcing requirements of the segments of an LED 
display. 

e. L~D Direct Digit Drive - a high-current device to 
ground, meeting the current sinking needs of a 
small LED digit. 

There are four basic clock oscillator configurations: . 

a. Ceramic Resonator Controlled Oscillator. 

f. TRI-STATE@ Push-Pull - an active device to 
ground and Vee intended to meet the require­
ments associated with connection of these 
outputs to a data bus shared by other bus drivers . . b. External Oscillator. 

c. RC Controlled Oscillator. eKO Pin Options 

d. Externally Synchronized Oscillator. 

1/0 Options 

COP outputs have the following optional configura­
tions: 

a. Standard - an active device to ground in con­
junction with a pull-up to Vee, compatible with 
LSTTL and CMOS input requirements. 

In a resonator controlled oscillator system, CKO is 
used as an output to the resonator network. As an 
option CKO can be a general purpose input. As 
another option, CKO can be a RAM power supply pin 
(VA), allowing its connection toa standby/backup 
power supply to maintain the integrity of RAM data 
with minimum power drain (1.5 mA maximum at 
3.3V). 

COP410L Instruction Set 

(/) 

Z 
Q 
r-
u 
::J 
a:: 
~ 
en 
~ 

S:2 
r-w 
~ 
I 
r-
ii 
<I: 

-I 
0 
a:: 
r-en 
Zz 
00 u-
LL~ 

o~ 
a:: II 
Wr-
LLen 
enZ 
Z-
<I: 
a:: 
r-

ASC Add with Carry, S~ip on COMA Copy a to RAM, A I 
Carry 

Load RAM into A. LD r 
ADD Add A to RAM Exclusive-OR Br with r 

AISC Y Add Immediate, Skip on (/) LaiD Load a Indirect 
Carry (yioO) Z 

RMB Reset RAM Bit n 0 n 
CLRA Clear A i= 5MB Set RAM Bit n U n 
COMP Ones complement of A ::J 

STII Store Memory Immediate to A a:: y 
~ and Increment Bd en 

NOP No Operation ~ X r Exchange RAM with A, 
RC Reset C w Exclusive-OR Br with r u 
SC Set C Z 

w XAD r,d Exchange A with RAM 

XOR Exclusive-OR A with a:: pointed to directly by r,d 
w 

RAM LL XDS r Exchange AAM with A w 
a:: and Decrement Bd, 
>- Exclusive-OR Br with r a:: 
0 XIS r Exchange RAM with A 
~ and Increment Bd, w 

JID Jump Indirect ~ Exclusive-ON Br with r 

JMP Jump 

JP Jump within Page 

JSRP Jump to Subroutine w 
Page CAB Copy A to Bd u 

JSR Jump to Subroutine 
Z CBA CopyBd to A wen 
a::Z 

LBI r,d Load B Immediate with RET Return from Subroutine wo LL- r,d 
RETSK Return from Subroutine, w~ 

a:: u 
then Skip ::J LEI y Load EN Immediate a:: a:: 

W~ 
~(/) 

~z 
e>-
W 
a:: 

National Slmicondu<:tor 
Corporation 
2900 Semiconductor Drive 
Santa Clara. California 95051 
Tel (408) 737·5000 

National Simiconductor GmbH 
8000 Miinchen 21 
Eisenheimerstrasse 61/2 
West Germany 

NS International. Inc. , Japan 
Miyake Building 
1·9 Yotsuya, Shinjuku-ku 160 
Tokyo, Japan 

National Semiconductor 
(HonG KDRglltd. 
8th Floor, 
Cheung Kong ElectroOic Bldg 
4 Hlng YIp Street 

TWX (910) 339·9240 
Tel .. 089/9 15027 
Telex 05·22772 

Tel.; (03) 355·3711 
TWX 232·2015 NSCJ-J Kwun Tong 

Kowloon. Hong Kong 
Tel 3·411241·8 
Telex 73865 NSEHK HX 
Cable NATSEMI 

(/) 
SKC Skip is e is True Z 

0 SKE Skip if A Equals RAM i= 
u SKGZ Skip if G is Zero ::J 
a:: (all 4 bits) 
~ 
(/) SKGBZ h Skip if G Bit is Zero 
~ 
r- SKMBZ n Skip if RAM Bit is Zero 
(/) 
w 
~ 

(/) ING Input G ports to A Z 
0 INL Input L Ports to RAM, A 
i= 
u OBD Output Bd to 0 Output 
::J 
a:: OMG Output RAM to, G Ports t-en 

XAS Exchange A with SIO ~ 
~ 
::J 
CL 
~ 
::J 
0 
i== 
::J 
CL 

~ 

NS Electronics DD BrasH NS Electronics Ply. ltd. 
Avda Bngadeiro Faria Lima 844 Cnr. Stud Rd. & Mtn. Highway 
11 Andar Conlunto 1104 Bayswater, Victoria 3153 
Jardim Paulistano Australia 
Sao Paulo. Brasil Tel 03·729·6333 
Telex: Telex 32096 

1121008 CABINE SAO PAULO 

National does not assume any responSibility lor use 01 any Circuitry descnbed; no circuit patent licenses are implied, and Nallonal reserves the nght, at any time withOut notice, to change said cirCUitry 
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~Nat1onal 
~ Semiconductor 

COP411L Single-Chip 
N·Channel Microcontroller 

General Description 
The COP411 L Slngle-Crlip N-Channel Mlcrocontroller 
is the smaliest <.thd !1)West-cost member ot the 
Control Oriented Plocessor (COP) family, fabric;:ltcej 
using N-channel, silicon qate MOS technology It is a 
complete microcomputer containlnlj all system 
timing, internal ioglc ROM, RAM and 110 necessary 
to implement dedicated controi fLlnctlons In 3 variety 
of applications Features iji~:ude Single supply 
operation. a varIety oi OUTput cI)nfiguratlon optIons. 
with an instruction se1, i'nternal architecture and 110 
scheme designed t.o facilitate keyboard input. 
display output and BCD data manipulation. It IS an 
appropriate choice for use In n1:Jmerous human 
interface control envlronrnents. Standard test 
procedures and reliable high-denSity fabrtcation 
techniques prOVide the rnedlum to large volume 
customers with a clJstomized Control Oriented 
processor al a low end-product cost. 

COP411 L Block Diagram 

INSTRucno", CLOCK (:;~NC: 

ADVANCE INFORMATlOI\I 
SEPTEMBER 1978 

Features 
• LOW("st cost I 
• NarrLJw, 20-pln dual-in-Ilne package 
• Powerful instruction set 
• 512x8ROM,32x4RAM 
• lb 1/0 iines 
• Tvyo-!evei subroutine stack 
• lfi;.Js Instruction time 
ii :)iilgie wide-range suppiy (4,5 - 9.5 V) 
• Luw current drain (6mA max) 
• Internal binary counter register with serial 1/0 

capability 
• General purpose and TRI-STATE' outputs 
• LSTTUCMOS compatible in and out 
• LED direct drive outputs 
• Softvvare/hardware compatible with other 

members of COP400 family 
• Extended temperature range device available 

( _. 40 uC to + 85°C) 

CKI 

....-------, I 
RESET ~, 17 RESET 
LOGIC ~ 

0 
REGISTER 

& 14 
01 BUFFER 

15 
DO 

SK 

G 13 
G2 REGISTER 

& 12 
BUFFER Gl 

3 
11 

Go 

SERIAL 110 REGISTER SI 

5103 SI02 SID1 SIOO 

SO 

1978 National Semiconductor Corp DA-B25M98IPrinted in U.S.A. 
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Connection Diagram 

VCC- 1 20 --- l5 

L4- 2 t9-l6 

L3-J 18-L7 

L2- 4 17 - RESET 

Ll- 5 16-CKI 
C0P411 L 

lO- 6 15-00 

SI-7 14~01 

SO- 8 13~G2 

SK- 9 12~Gl 

GNO- 10 lt~GO 

Functional Characteristics 
Oscillator 

b. Open-Drain - an active device to ground only, 
allowing external pull-up as required.by the user's 
appl icat ion. 

c. Push-Pull - an active device to ground in con­
junction with a pull-up paralleled by an active 
device to Vee. This configuration has been 
provided to allow for fast rise and fall times when 
driving capacitive loads. 

d. LED Direct Segment Drive- an active device to 
ground and to Vee, meeting the typical current 
sourcing requirements of the segments of an LED 
display. 

e. LED Direct Digit Drive - a high-current device to 
ground, meeting the current sinking needs of a 
small LED digit. 

There are two basic clo'ck oscillator configurations: 

f. TRI-STATE® Push-Pull - an active device to 
ground and Vee intended to meet the require­
ments associated with connection of these 
outputs to a data bus shared by other bus drivers. a. External Oscillator. 

b. RC Controlled Oscillator. 

110 Options 

COP outputs have the following optional configura­
tions: 

a. Standard...,.... an active device to ground in con­
junction with a pull-up to Vee, compatible with 
LSTTL and CMOS input requirements. 

COP411 L Instruction Set 

ASC Add with Carry, Skip on 
Carry 

ADD Add A to RAM 
C/) 
Z AISC Y Add Immediate, Skip on 
0 Carry (y*O) 
i= 
0 CLRA Clear A 
=> 
a:: COMP . Ones complement of A 
f-C/) to A 
~ NOP No Operation 
0 
i= RC Reset C 
w 
:E SC Set C 
:t: 
f- XOR Exclusive-OR A with a: RAM <! 

JID Jump Indirect 

-I JMP Jump 
0 
a:: JP Jump within Page 
f-C/) 
Zz JSRP Jump to Subroutine 
00 Page 0-
LLf- JSR Jump to Subroutine 
og 
a:: a:: RET Return from Subroutine 
wf-
LLC/) RETSK Return from Subroutine, C/)Z 
Z- then Skip 
<! 
a:: 
f-

National S.IIIicOlicluetor 
Corporation 

COMA Copy a to RAM, A 

LD r Load RAM into A, 
Exclusive-OR Br with r 

C/) LaiD Load a Indirect 
Z 
0 RMB n Reset RAM Bit n 
i= 5MB 0 n Set RAM Bit n 
=> 
a:: STII y Store Memory Immediate 
f-
'(f) and Increment Bd 
~ X r Exchange RAM with A, 
w Exclusive-OR Br with r 0 
Z XAD r,d Exchange A with RAM w 
a:: pointed to directly by r,d 
w 
LL XDS r Exchange RAM with A w 
a:: and Decrement Bd, 
>- Exclusive-OR Br with r 
a:: 
0 XIS r Exchange RAM with A 
:E and Increment Bd, w 
:E Exclusive-OR Br with r 

w CAB Copy A to Bd 0 
Z 
w(f) CBA Copy Bd toA 
a::Z 

LBI Load B Immediate with wo r,d 
LL- r,d wf-
a:: 0 

=> LEI Y Load EN Immediate 
a:: a:: 
Wf-
f-(f) 
(f)z 
(3-
w 
a:: 

NS Intunatlanal Inc .• Jlpan Nitional Semiconductor 
Miyake Building ;Hong Kong) Ltd. 
1·9 Votsuya. Shinjuku·ku 160 8th Floor, 

C/) 
'z 

0 
i= 
0 
=> 
a:: 
f-
(f) 
~ 
f-C/) 
w 
f-

(f) 
Z 
0 
i= 
0 
=> 
a:: 
f-C/) 

~ 
f-
=> a.. 
f-
=> 
0 
f::: 
=> a.. 
~ 

2900 SemIconductor Drive 
Santa Ciara, California 95051 
Tel (408) 737·5000 

NItIoIIaI Semiconductor GmbH 
8000 Munchen 21 
Eisenhellnerstrasse 6112 
West Germany TOkyo. Japan Cheung Kong ElectroniC Bldg 

TWX: (910) 339·9240 
Tel 08919 15027 
Telex: 05·22772 

Tel.. (03) 355·3711 4 Hmg VIP Street 
TWX: 232·2015 NSCJ·J Kwun Tong 

Kowloon. Hong Kong 
Tel. 3·411241·8 
Telex. 73866 NSEHK HX 
Cable. NATSEMI 

SKC Skip is C is True 

SKE Skip if A Equals RAM 

SKGZ Skip if G is Zero 
(all 4 bits) 

SKGBZ n Skip if G Bit is Zero 

SKMBZ n Skip it RAM Bit is Zero 

ING Input GtPorts to A 

INL Input L Ports to RAM, A 

OBD Output Bd to D Output 

OMG Output RAM to G Ports 

XAS Exchange A with SIO 

NS Electronics Do BrlSH NS Electronics Ply. Ltd. 
Avda Brigadelfo Faria lima 844 Cnr Stud Rd. & Mtn. HIghway 
11 Andar Conjullto 1104 Bayswater, VIctoria 3153 
Jardom Paulistano Australia 
Sao Paulo. Brasil Tel. 03· 729·6333 
Telex Telex. 32096 

1121008 CABINE SAO PAULO 

National dOes not assume any responsibility far use 01 any circuitry described; no cirCUIt patent licenses are implied. and National reserves the right, at any time without notice. to change said Circuitry, 
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~National 
~ Semiconductor 

COP420UCOP421L Single-Chip 
N-Channel Microcontrollers 

General Description 
The COP420L and COP421L Single-Chip N-Channel 
Microcontrollers are members of the Control 
Oriented Processor (COP) family, fabricated using 
N-channel, silicon gate MOS technology. They are 
complete microcomputers containing all system 
timing, internal logic, ROM, RAM and 1/0 necessary 
to implement dedicated control functions in a variety 
of applications. Features inciude singie suppiy 
operation, a variety of output configuration options, 
with an instruction set, internal architecture and 1/0 
scheme designed to facilitate keyboard input, 
display output and BCD data manipulation. The 
COP421 L is identical to the COP420L, except with 19 
110 lines instead of 23. They are an appropriate 
choice for use in numerous human interface control 
environments. Standard test procedures and reliable 
high-density fabrication techniques provide the 
medium to large volume customers with a 
customized Control Oriented processor at a low end­
product cost. 

COP420U421 L Block Diagram 

• 

1/0 CONTRO lS 

COP420l ONl Y 

Vee GNO 

~ 11 +1 
TlME·BASE 
eOUt1ITER 

(OIVIDE BY 1024) 

PROGRAM MEMORY 
lkx8ROM 

ADDRESS 

10 

--, 

ADVANCE INFORMATION 
SEPTEMBER 1978 

Features 
• Low cost 
• Powerful instruction set 
• 1kx8 ROM, 64x4 RAM 
• 23110 lines (COP420L) 
• True vectored interrupt, plus restart 
• Three-level subroutine stack 
• 16,us instruction time 
• Single wide-range supply (4.5- 9.5V) 
• Low current drain (8mA max) 
• Internal time-base counter for real-time 

processing 
• Internal binary counter register with serial 110 

capability 
• General purpose and TRI-STATE® outputs 
• LS nUCMOS compatible in and out 
• Direct drive of LED digit and segment lines 
• Software/hardware compatible with other 

members of COP400 family 
• Extended temperature range device available 

( - 40°C to + 85 °C) . 

OJ 

0 
02 REGISTER 

& 27 
D, BUFFER 

28 
DO 

18 
SK 

GJ 

G 23 
G2 REGISTER 

& G, BUFFER 

4 21 
. Go 

16 
SERIAL 1/0 REGISTE.R SI 

SIOJ SI02 SIO, SIDO 

17 
SO 

5 6 1 8 12 13 14 15 

20 10 9 19 
IfII3 'fII2 INl INO 

(C 1978 National Semiconductor Corp. DA·B25M~Print&d In U.S.A. 
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Connection Diagrams 
GND 28 DO GND 
CKO 21 Dl CKO 
CKI 26 D2 CKI 

mET 25 D3 Ii£ID 
L1 24 G3 L1 
L6 23 G2 L6 COP421L 

L5 Gl L5 
L4 CDP420L GO L4 

INI IN3 Vec 
IN2 10 INO 13 

VCC 11 SK L2 

L3 12 SO 11 

L2 13 SI 

11 14 LO 

Functional Characteristics 
Oscillator 

24 DO 

23 Dl 

22 D2 

21 D3 

20 G3 

19 G2 

18 Gl 

11 GO 

16 SK 

15 SO 

14 51 

13 LO 

b. Open· Drain - an active device to ground only. 
allowing external pull-up as required by the user's 
application. 

c. Push·~ull - an active device to ground in con­
junction with a pull-up paralleled by an active 
device to Vcc. This configuration. has been 
provided to allow for fast rise and fall times when 
driving capacitive loads. 

d. LED Direct Segment Drive - an active device to 
ground and to VCC. meeting the typical current 
sourcing requir~ments of the segments of an LEO 
display. 

There are four basic clock oscillator configurations: 

e. LED Direct Digit Drive - a high-current device to 
ground, meeting the current sinking needs of a 
small LED digit. 

a. Crystal Controller Oscillator. 

b. External Oscillator. 

c. RC Controlled Oscillator. 

d. Externally Synchronized Oscillator. 

I/O Options 

f. TRI·STATE@ Push·Pull an active device to 
ground and Vcc intended to meet the require­
ments associated with connection of these 
outputs to a data bus shared by other bus drivers. 

eKO Pin Options 

COP outputs have the following optional configura­
tions: 

In a crystal controlled oscillator system, CKO is used 
as an output to the crystal network. As an option 
CKO can be a general purpose input. As another 
option, CKO can be a RAM power supply pin (VR), 

allowing its connection to a standby/backup power 
supply to maintain the integrity of RAM data with 
minimu]TI power drain (3mA maximum at 3.3V). 

a. Standard - an active device to ground in con­
junction with a pull-up to Vcc, compatible with 
LSTIL and CMOS input requirements. 

COP420U421 L Instruction set 

ASC Add with Carry, Skip on CAMO Copy A, RAM to a 
Carry COMA COpy a to RAM, A 

ADD Add A to RAM LD r Load RAM into A, 
(/) 

Z ADT Add Ten to A (/) Exclusive-OR Br with r 
0 AISC Add Immediate, Skip on Z 

LDD r,d Load A with RAM i= y 0 
u Carry (y*O) i= pOinted to directly by r,d 
::::> u a: CASC Complement and Add ::::> LaiD Load a Indirect ..... 

with Carry, Skip on Carry a: 
(/) ..... RMB Reset RAM Bit n 
~ (/) n 

CLRA Clear A ~ 5MB n Set RAM Bit n () 

i= COMP Ones complement of A w 
STII Store Memory Immediate w to A () y 

~ Z and Increment Bd 
I NOP No Operation 

w, 
..... a: X r Exchange RAM with A, a: w 

RC ResetC u. Exclusive-OR Br with r « w 
sc Set C a: XAD r,d Exchange A with RAM 

>- pOinted to directly by r,d XOR Exclusive-OR A with a: 
0 RAM ~ XDS r Exchange RAM with A 
w and Decrement Bd, 

JID Jump Indirect ~ Exclusive-OR Br with r 

..J JMP Jump XIS r Exchange RAM with A 
0 and Increment Bd, a: JP Jump within Page Exclusive-OR Br with r ..... U) 
Zz JSRP Jump to Subroutine w 00 Page CAB Copy A to Bd u- () 

u. ..... JSR Jump to Subroutine ~(/) CBA Copy Bd to A 
og a:Z 
a: a: 
w ..... RET Return from Subroutine wo LBI r,d Load B Immediate with 

u.-
u.U) RETSK Return from Subroutine, w ..... 
(/)Z a: U 
Z- then Skip ::::> 

a: a: « 
a: 
..... 

Nltlonal Semiconductor 
Corporltion 
2900 Semiconductor Drive 
Santa Clara, Callforma 95051 
Tel (408) 737-5000 
TWX (910) 339-9240 

Wf-, 
..... (/) 
(/)Z 
(3-
w 
a: 

Nitional Semiconductor GmbH 
8000 Miinchen 21 
Eisenheimerstrasse 61/2 
West Germany 
Tel 089/9 15027 
Telex 05-22772 

r,d 

LEi" y Load EN Immediate 

XABR Exchange A with Br 

PIS Intlrnatlonallnc,. Jlpan 
Miyake Building 
1-9 Votsuya, ShlnlUku-ku 160 
TOkyo, Japan 
Tel (03) 355-3711 
TWX 232-2015 NSCJ-J 

Nitlonal Semiconductor 
{Hong Kong) Ltd. 
8th Floor, 
Cheung Kong Electronic Bldg 
4 Hmg VIP Street 
Kwun Tong 
Kowloon. Hong Kong 
Tel 3-411241-8 
Telex. 73866 NSEHK HX 
Cable NATSEMI 

(/) 
SKC Skip is C is True Z 

0 SKE Skip ·if A Equals RAM i= 
() SKGZ Skip if G is Zero ::::> 
a: (all 4 bits) ..... 
(/) SKGBZ n Skip if G Bit is Zero 
~ 
..... 
(/) 

SKMBZ n Skip if RAM Bit is Zero 
w SKT Skip on Timer ..... 
(/) ING Input G p,orts to A Z 
0 ININ Input IN Inputs to A 
i= 
U 
::::> 

INIL Input IL Latches to A 
a: INL Input L Ports to RAM. A ..... 
(/) 

OBD Output Bd to 0 Output ~ 
..... OGI y Output to G Ports 
::::> Immediate 0. 
..... 

OMG Output RAM to G Ports ::::> 
0 
j:: XAS Exchange A with SIO 
::::> 
0. 

~ 

NS Electronics Do Brasil NS Electronics PIy_ LId, 
Avda Bngadelro Fana Lima 844 tnr Stud Rd. & Mtn. Highway 
11 Andar Conjunto 1104 Bayswater, Victoria 3153 
Jardim Paulistano Australia 
Sao Paulo. Brasil Tel 03-729-6333 
Telex Telex. 32096 

1121008 CABINE SAO PAULO 

National does not assume any responsibility tor use ot any circuitry described; no circuit patent licenses are implied, and National reserves the right, at any lime without notice, to change said Circuitry. 
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CO P420C/COP421 C Single-Chip 
CMOS Microcontrollers 

General Description 
The COP420C and COP421C Single-Chip CMOS 
Microcontrollers are members of the Control 
Oriented Processor (COP) family, fabricated using 
Complementary MOS technology. They are complete 
microcomputers containing all system timing, 
internal logic, ROM, RAM and I/O necessary to 
implement dedicated control functions in a variety of 
applications. Features incluae Single supply 
operation, a variety of output configuration options, 
with an instruction set, internal architecture and I/O 
scheme designed to facilitate keyboard input, 
display output and BCD data manipulation. The 
COP421C is identical to the COP420C, except with 19 
I/O lines instead of 23. They are an appropriate 
choice for use in numerous human interface control 
environments. Standard test procedures and reliable 
high-density fabrication techniques provide the 
medium to large volume customers with a 
customized Control Oriented processor at a low end­
product cost. 

COP420C/421C Block Diagram 

J/D CONTROLS 

C0P420C DNl Y 

TIME·BASE 
COUHTfA 

GNO 

~1 

(DIVIDE BY 1024) 

-----, 

l DRIVERS 

ADVANCE INFORMATION 
SEPTEMBER 1978 

Features 
• Lowest power diSSipation (65IJW) 
• Full Military ter:nperature range ( - 55°C to 

+ 125°C) 
• Powerful instruction set 
• 1kx8 ROM, 64x4 RAM 
• 23 I/O lines (COP420C) 
• True vectored interrupt, plus restart 
• Three-level subroutine stack 
• 16J.1s instruction time, plus software selectable 

oscillators 
• Single supply operation (2.4 - 6.3 V) 
• Internal time-base counter for real-time 

processing 
• Internal binary counter register with serial 110 

capability 
• General purpose and TRI-STATE@ outputs 
• nUCMOS compatible in and out 
• LED direct drive outputs 
• MICROBUSTM compatible 
• Software/hardware compatible with other 

members of COP400 family 

CKI CKO 

16 

17 

03 

02 

01 

DO 

SK 

G3 

G2 

Gl 

Go 

$I 

SO 

5 6 1 • 12 13 14 15 

20 10 • 19 
11'13 IN2 IN, 11'10 

Ie, 1978 National Semiconductor Corp. DA·B25M98IPrinted in U.S.A. 
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Connection Diagrams 
DO GNO 
01 CKO 
02 CKI 

REID 
17 t7 
L6 L6 

DO 

01 

02 

03 

Gl 

G2 

a. Standard - an active device' to ground in con­
juncti<;m with an active device to Vee, compatible 
with LSTTL and CMOS input requirements. 

b. Open-Drain - an active device to ground only, 
allowing external pull-up as required by the user's 
application. 

L5 L5 eOP421C Gl c. LED Direct Drive - an active device to ground 'and 
to Vee, meeting t,he typical current sourcing 
requirements of the segments of an LED display. 
The sourcing device is clamped to limit current 
flow. 

L4 GO L4 GO 
INI IN3 Vec SK 

IN2 L3 10 SO 

Vce L2 11 SI 

L3 L1 12 LO 

L2 

L1 LO 

Functional Characteristics 
Oscillator 

There are four basic clock oscillator configurations: 

d. TRI·STATE® Push·Pult - an active device to 
ground and Vee intended to meet the require­
ments associated with the MICROBUSTM option. 
These outputs are TRI-STATE® outputs, allowing 
for connection of these outputs to a data bus 
shared by other bus drivers. 

a. Crystal Controlled Oscillator. 

b. External Oscillator. eKO Pin,Options 

c. RC Controlled Oscillator. 

d. Externally Synchronized Oscillator. 

Optionally" the user may connect a 32kHz watch 
crystal to CKO/CKI, and a 161ls RC combination to 
G3; he may then software-select between the RC 
oscillator for faster processing, or the crystal for 
minimum current drain (25IlA) while maintaining a 
real-time dock. 

In a crystal controlled oscillator system, CKO is used 
as an output to the crystal network. As an option 
CKO can be a general purpose input, read into bit 2 of 
A (accumulator) upon execution of an INIL 
instruction. 

Power Drain 

When operating at a 161ls instruction cycle, the 420C 
will draw 600ilA at 5V. When operating at minimum 
speed/power (e.g., from a 32 kHz watch crystal), 
current drain is 251lA at 2.4V (50IlA at 5V), and the 
instruction cycle is 2441ls. 

1/0 Options 

COP outputs have the following optional configura­
tions: 

COP420C/421 C Instruction Set 
ASC 

ADD 
(/J 

ADT Z 
a AISC i= y 
(,) 
:::> 
a: CASC 
f-
(/J 

~ 
(,) 

CLRA 

i= COMP 
W 
~ 
I 
f- NOP 
(C RC 
oCt 

SC 

XOR 

JID 

..J JMP 
a a: JP 
f-(/J 
Zz JSRP 
89 
~g JSR 

a: a: RET 
wf-
u.(/J RETSK (/JZ 
Z-
oCt 
a: 
f-

Nationll Semk:onductor 
Corporltlon 

Add with Carry, Skip on 
Carry 

Add A to RAM 

Add Ten to A 

Add Immediate, Skip on 
Carry (y"O) 

Complement and Add 
with Carry, Skip on Carry 

Clear A 

Ones complement of A 
to A 

No Operation 

Reset C 

Set C 

Exclusive-OR A with 
RAM 

Jump Indirect 

Jump 

Jump within Page 

Jump to Subroutine 
Page 

Jump to Subroutine 

Return from Subroutine 

Return from Subroutine, 
then Skip 

CAMO Copy A, RAM to a 

COMA Copy a !oRAM, A 

LD r Load RAM into A, 
(/J Exclusive-OR Br with r 
Z LDD r,d Load A with RAM 0 
i= pOinted to directly by r,d 
(,) 
:::> LaiD Load a Indirect 
a: 
f- RMB n Reset RAM Bit n (/J 

~ 5MB n Set RAM Bit n 
W 

STII Store Memory Immediate (,) Y 
Z and Increment Bd 
W 
a: X r Exchange RAM with A, W 
u. 
W 

Exclusive-OR Br with r 
a: XAD r,d Exchange A with RAM 
>- pointed to directly by r,d a: 
a XDS r Exchange RAM with A ~ 
W and Decrement Bd, 
.~ Exclusive-OR Br with r 

XIS r Exchange RAM with A 
and Increment Bd, 
Exclusive-OR Br with r 

W 
(,) CAB Copy A to Bd 
Z 
w(/J CBA Copy Bd to A 
a:z 

LBI r,d Load B Immediate with wa 
u.- r,d wf-
a:g LEI y LQad EN Immediate a: a: 
Wf- XABR Exchange A with Br f-(f) 
(/JZ 
B-
w 
a: 

NS International Inc., Japan 
Miyake Building 

National Semiconductor 
(Hong Kong) ltd, 
8th Floor, 

(f) 
Z 
9 
f-
U 
:::> 
a: 
f-
(/J 

~ 
f-
(/J 
W 
f-

(/J 
Z 
0 
i= 
(,) 
:::> 
a: 
f-
(/J 

~ 
f-
:::> 
Q. 
f-
:::> 
a 
j::. 
:::> 
Q. 

~ 

2900 Semiconductor Drive 
Santa Clara, California 95051 
Tel. (408) 737-5000 

Nltionat Semiconductor GmbH 
8000 Munchen 21 
Eisenheimerstrasse 61/2 
West Germany 
Tel. 089/9 15027 
Telex: 05-22772 

1-9 Yotsuya, Shin/uku-ku 160 
Tokyo, Japan 
Tel. (03) 355·3711 
TWX 232·2015 NSCJ·J 

Cheung Kong Electronic Bldg 
4 Hing YIp Street 

TWX (910) 339-9240 Kwun Tong 
Kowloon, Hong Kong 
Tel. 3·411241·8 
Telex, 73866 NSEHK HX 
Cable NATSEM I 

SKC Skip is C is True 

SKE Skip if A Equals RAM 

SKGZ Skip if G is Zero 
(all 4 bits) 

SKGBZ n Skip if G Bit is Zero 

SKMBZ n Skip if RAM Bit is Zero 

SKT Skip on Timer 

ING Input G ports to A 

ININ Input IN Inputs to A 

INIL Input IL Latches to A 

INL Input L Ports to RAM, A 

OBD Output Bd to D Output 

OGI y Output to G Ports 
Immediate 

OMG Output RAM to G Ports 

XAS Exchange A with SIO 

NS ElectroniCS Do Brasil NS Electronics Pty. Ltd. 
Avda Brigadeiro Faria lima 844 Cnr. Stud Rd, & Mtn. Highway 
11 Andar Conjunto 1 J 04 Bayswater, Victoria 3153 
Jardim Paulistano Australia 
Sao Paulo, BraSil Tel.: 03·729-6333 
Telex Telex: 32096 

1121008 CABINE SAO PAULO 

National does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and National reserves the fight. at any time without notice, to change said circuitry, 
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ADVANCE INFORMATION 
SEPTEMBER 1978 

COP400-PDS Product Development System 

General Description 
Finally, a single development tool which supports 
microcontroller development activities through every 
phase from concept to production. The COP400 
Product Development System is built around a 
powerful 16-bit microcomputer to allow rapid 
execution of sophisticated, efficient utilities. The 
system meets the total product development need. 
An editor and assembler are provided to handle 
source code entry, conversion" to object code and 
maintenance of documentation. The emuiator card 
attachment allows object code to be executed under 
the careful control of the COPMONITOR debug 
utility. A cable can be connected from the PDS to the 
final product; in this mode, the full power and versa­
tility of the PDS is extended to the product-to-be 
during its research and development phase. When a 
program is complete and ready to be committed to 
production, the PDS generates a transmittal disk 
that NSC will use to assure accurate masking of the 
final components. The usefulness of the PDS does 
not end there: a fixture is available for the incoming 
functional test of the ROM programmed COP400 
devices. Thus, the COP400-PDS actively supports 
every step of a microcontroller product.development 
activity. 

System Diagram 

a 
----.-----~ =:~ ____ §l['l 

© 1978 National Semiconductor Corp. 

2042 
i 

Features 
• Supports the entire COP400 microcontroller 

family 

• A total concept-to-production tool 

• Low cost 

• 32k bytes R/W memory 

• 12k bytes PROM (firmware) 

• Disk-based 

• Macro-assembler 

• RS-232 and current loop peripheral interfaces 

• Automatic baud rate selection (110- 9600) 

• Comprehensive in-circuit emulation (ICE), with 
Single-step, breakpOint & trace 

• Functional test module for incoming inspection 

• ROM pattern transmission by disk 

DA·B25M98IPrlnted in U.S.A. 

©IC MASTER 1979 
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COP400 Product 
Development System 

FIRMWARE (ROM) 

Executive 

• Entered on a power-up or initialization. 

• Provides for system definition. 

• Allows loading and executing disk based 
programs by file name. 

Diagnostics 

• Memory address, bit and word test. 

• CPU operation. 

• Disk read test. 

• Diagnostics are called by pressing diag. button on 
front panel. 

SOFTWARE (Disk) 

File Manager 

• Create and delete disk files. 

• Control file directory. 

• Protect disk files. 

• Pack disk files. 

• Copy disk to disk. 

DSKIT 

• Initialize disk. 

• Disk read/write diagnostic. 

COP Monitor 

• In-circuit emulator (ICE). 

• Software breakpoints. 

• External hardware breakpoint (2 lines). 

• Lists user specified registers when selected 
breakpoint is detected. 

• Real-time trace operation displays 256 address 
sequences. Synchroni~ation may be pre, post or 
center and may be software or external event 
initiated. 

• Mnemonic modification of object code. 

• Single step. 

• Step-list-restart. 

• PROM programmer is built into the COP400-PDS 
front panel. 

o UV erasable PROMs (MM5204Q). 

• Single supply bipolar PROMs (DM74S296). 

Editor 

• . Read text from disk or terminal. 

o Display text on terminal. 

• Write edited text to disk or printer. 

• Gener ate source code for assemblers. 

• Extensive word processing functions. 

• Edit source files larger than the edit, buffer. 

Macro Assembler 

• Macro generation capabilities. 

o Listing controls. 

o Conditional assembly operators. 

• Wide variety of directives. 

©IC MASTER 1979 

• Diagnostic messages that include error position 
ill source line. 

• MASKTRAN creates a disk file for transmission of 
customer ROM patterns and device I/O options to 
National Semiconductor. 

PERIPHERALS 

• The COP400-PDS will interface to a wide range of 
peripheral devices. 

o Both RS-232 and current loop ports are provided. 

o Console interface .. 

• Printer interface (RS-232 serial). 

• Emulator card for in-circuit emulation. 

• Functional test module for incoming in$pection. 

SYSTEM COMPONENTS 

COP400-PDS 

• Host microprocessor. 

o 32k byte R/W memory. 

• Single disk drive. 

fI System power supply. 

• 12k byte ROM (all firmware described). 

• Emulator cable. 

• External connectors (3). 

• Two master diskettes (all software described). 

• Operator's Manual. 

• PROM programmer. 

Emulator Card 

An emulator card is 'ordered separately for each of 
the COPS family ot devices to be used. The emulator 
card allows real-time emulation in your applications 
circuitry using PROM memory or the development 
system R/W memory for program storage. 

• PC assembly with the appropriate COP400 
ROM less device and its support circuitry. 

o Sockets for UV erasable or fusible link PROMs. 

o In-circuit emulation cable with emulated COP 
device plug. 

o 1 tle emulator card i5 shipped assembled and 
tested. 

- Video Display Terminal 

The video display lIll1t operates at baud rates from 
110 to 9600. It f-ir()VideS keyboard input and video 
output for source program entry and editi~g, and 
system softvvare operation. 

Ordering Inforrr-ation 
u.s. Version (60Hz, 120v'AC): 
Part Number I.OP400·PDS. 

European Vel'siofl (50 Hz, 220 VA,:): 
Part Number COP400 PDSE 

• Video display terminal: 
Part Number COP400-842 

o COP420 ernll!ator board: 
Part Number COP400-E02 

o Master dlskette0. 
Part Number COP400-DOi. 

• Operator's ManuaL 
Publicatlc.n Number 420305~48-001 

• Inr;omlf'tg Inspection test unit Part number 
COP40CTor AVCllidble March 1979. 
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MICROPROCESSOR National Semiconductor 

~ NATIONAL SEMICONDUCTOR COP400MICROCONTROLLER FAMILY GUIDE 
SEPTEMBER 1978 ~ 

Specifications ~ ROM less Devices Single-Chip Microcontrollers 

402 1 402M 404L 410L I 411L 420 I 420L I 420C 421 I 421L I 421C 440 I 444L 

M up to up to 
E .ROM x 8 2048 512 1024 1024 2048 
M 1024 ext. ext. .. 
0 - --

R RAM x 4 64 128 32· 64· 64· 128· 
Y 

I Inputs 4 0 4 0 8 4 
N 
P --
U Bidirectional TRI-STATeM 1/0 8 8 8 8 8 T 
S --
/' 

Bidirectional 110 4 4 3 4 4 8 4 0 
U --
T 
P Outputs 4 4 2 4 4 8 4 
U --
T 
S Serial 110 and External Event Gounter Yes Yes Yes Yes Yes 

Interrup't Yes No Yes No Yes No Yes 

G --
E Stack Levels 3 2 3 3 3 
N 
E 
R MICROBUS™ Option No Yes No No Yes ~s No Yes No A 
L - f---- --- ---

Instruction Cycle ~s) 4 16 16 4 16 4' 16 4 16 
-

P 
Supply Voltage 4.5-6.3 0 4.'5-9.5 4.5-9.5 4.5-6.3 4.5-9.5 2.4-6.3 4.5-6.3 4.5-9.5 2.4-6.3 4.5-6.3 4.5-9.5 

W -- --
E 
R 

..,-/ 
Supply Current (rnA) 28 14 5 25 7 .. 25 7 * • 35 11 

P -
K Package Size (pins) 
G 

40 24 20 28 24 40 28 
-------

• RAM keep-alive option (except 420C/421 C) •• Fast 600uA. Slow 2C-, "A SIr>r>n' S "ll. 



~National 
SEPTEMBER 1978 

D Semiconductor 

COP402lCOP402M ROMless N·Channel Microcontrollers 

General Description· 
The COP402 and COP402M ROMless Microcontrol­
lers are members of the Control Oriented Processor 
(COP) family, fabricated using N-channel silicon gate 
MOS technology. Each part contains CPU, RAM and 
110, and is identical to a COP420 device, except the 
ROM has been removed; pins have been added to 
output the ROM address and to input ROM data. In a 
system, the COP402.;or 402M will perform exactly as 
the COP420; this important benefit facilitates 
development and debug of a COP420 program prior 
to masking the final part. These devices are also 
appropriate in low volume applications, or when the 
program· may require changing. The COP402M is 
identical to the COP402, except the MICROBUSTM 
interface option has been implemented. 

Features 
• low cost 
• Exact circuit equivalent of COP420 

• Standard 40-pin dual-in-Iine package 

• Interfaces with standard PROM or ROM 

• 64x4 RAM, addresses up to 1kx8 ROM 

• MICROBUSTM compatible (COP402M) 

• Powerful instruction set 

• True vectored interrupt, plus restart 

• Three-level subroutine stack 

• 4.0""s instruction time 
.• Single supply operation (4.5V to 6.3V) 

• Internal time-base counter for real-time 
processing 

The COP402 may also be used to emulate the 
COP410l, 411 l, 420l or 420C by appropriately 
reducing the clock frequency. 

• Internal binary counter register with serial 110 
capability 

34 
P9~3~5 +---f 
Ps--:'"'""""-t--j 

IP7 10 
IP6 36 

::: 3 

IP3 --:-+"--1 
IP2 '-'::-+--1 
IP1~-+-,....j 

IPo .... -r--j 

SKIP 
(NOT USED) 

P 
BUFFERS 

IP 
BUFFERS 

I/O CONTROLS 

AD/DATA 

10 

27 16 15 26 

IN3 IN2 INl INO 

• Software/hardware compatible with other 
members of COP400 family 

G 
REGISTER 

& 
BUFFER 

4 

SERIAL I/O REGISTER 

SI03 SI02 SIOl SIOo 

11 12 13 14 lS 19 20 21 

L7 L6 L5 L4 LJ L2 L1 Lg 

Figure 1. COP402I402M Block Diagram 

39 

40 

25 

31 

24 

03 

02 

01 

DO -

SK 

G3 

G2 

Gl 

Go 

SI 

SO 

© 1978 National Semiconductor Corp. DA-B25M88/Printed in U.S.A. 

©IC MASTER 1979 

0 
0 
"U 
~ 
0 
~ 
0 
0 
"U 
~ 
0 
I\) 

3: 
.::D 
0 
3: -CD 
fA 
fA 

Z 
• 
0 =r 
C» 
:::s 
:::s 
CD· -
3: --n ... 
0 n 
0 
:::s .... ... 
2--CD ... 
fA 

J-
O . ...... 
0 
::J. 
"0 
C 
0 
0 

E 
Q) 

Cf). 

(ij 
C 
0 :;:::. 
«l 
Z 

2045 



~ 

0 
+-' 
Q 
::J 

1:J 
C 
0 
0 

E 
Q) 

en 
as 
C 
0 
+-' as 
Z 

Absolute ~aximum Ratings 
Voltage at Any Pin Relative to GND 
Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 
Power Dissipation 

-0.5Vto +7V 
ODCto + 70 DC 

- 65°C to + 150 DC 
300 DC 

0.75 Watt at 25°C 
0.4 Watt at 70 °C 

Absolute maximum ratings indicate limits beyond which 
damage to the device may occur. DC and AC electrical specifica­
tions are not ensured when operating the device at absolute 
maximum ratings. 

DC Electrical Characteristics ODC ~ TA ~ + 70 DC, 4.5V ~ Vee ~ 6.3V unless otherwise noted. 

Parameter 
I 

Conditions Min Max 

Operating Voltage (Ved 4.5 6.3 

Operating Supply Current Vee = 5V, TA = 25°C 30 
(all inputs and outputs open) 

Input Voltage Levels 

CKI Input Levels 
Logic High (V'H) 2.0 
Logic Low (V,d 0.4 

RESET .Input Levels 
Logic High 0.7 Vee 
Logic Low 0.6 

RESET Hysteresis 1.0 

SO Input Level (Test mode) 2.0 3.0 

I All Other Inputs 

I Logic High Vee = max 
1 

3.0 
Logic High Vee = 5V ± 5% 2.0 
Logic Low 0.8 

Output Voltage Levels (Note 2) 

I 
TIL Operation Vee = 5V ± 5% 

Logic High (VOH) IOH = 100jJA 2.4 
Logic Low (Vod IOl = -1.6mA 0.4 

I CMOS Operation 
Logic High (VOH) IOH = 10 lolA Vee - 1 
Logic Low {Vod IOl = - 1OIJA 0.2 

Output Current Levels 

LED Direct Drive Output Vee = 6V 
Logic High (IOH) VOH = 2.0V 2.5 14 

TRI-STATE@ Output -10 +10 
Leakage Current 

2048 

Units 

V 

mA 

V 
V 

V 
V 

V 

V 

V 
V 
V 

V 
V 

V 
V 

mA 

lolA 
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AC Electrical Characteristics O°C ~ TA ~ + 70°C, 4.5V ~ Vee ~ 6.3V unless otherwise noted. 

Parameter Conditions Min Max 
, 

Instruction Cycle Time - te figure 3 4 10 

CKI Using Crystal (figure 8) 
Input Frequency - fl +16 mode 1.6 4 
Duty Cycle (Note 2) figure 3a 30 55 

INPUTS: (figure 3a) 

IN3-INo, G3-GO, L7- Y:l 
tSETUP 1.7 

tHOLD 100 

SI,IP7-IPo 
I tSETUP 0.3 

tHOLD 100 

OUTPUTS: 

COP TO CMOS PROPAGATION 4.5V ~ Vee ~ 6.3V, CL = 50pF, 
DELAY VOH = 0.7Vee, VOL = 0.3Vec 

SK as a Logic-Controlled Clock 

tPD1 1.1 

tpDO 0.3 

SO, SK as a Data Output 

tpD1 1.4-
tpDO 0.3 

t pD1 VOH = 2V 0.7 

03 - Do, G3 - Go 

tpD1 1.6 

tpDO 0.6 

L7- Y:l (LED Direct Drive) 

tpD1 VOH = 2V 2.4 

tpDO 0.4 

COP TO TTL PROPAGATION fanout = 1 Standard TTL Load 
DELAY Vee = 5V ± 5%, CL = 50pF, 

VOH = 2.4V, VOL = 0.4V 

AD/DATA 

tpD1 0.5 
t pDO 0.5 

SKIP 

tpD1 0.6 

tpDO 0.6 

©Ie MASTER 1979 

Units 

lAs 

MHz 
% 

lAS 

ns 

lAS 

ns 

lAS 
lAS 

~s 

lAS 
lAS 

lAS 
lAS 

lAS 
lAS 

lAS 

lAs 

lAS 
lAS 
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AC Electrical Characteristics (continued) O°C < TA < + 70°C, 4.5V < Vee < 6.3V unless otherwise noted. 

Parameter Conditions Min Max Units 

OUTPUTS (cont.): 

SK as a Logic-Controlled Clock 
tpOl 

\ 
0.8 "'s 

tpoo 0.8 "'s 
SK as a Data Output, SO 

tpOl 1.0 "'S 
tpoo 1.0 "'S 

03-00, G3-GO 
tp01 1.3 "'S 
tpoo 1.3 "'s 

L7 -Lo 
/ I tp01 1.4 "'S 

0.4 

IP7-IPO, Pg, Pa 
tpOl 1.5 "'S 
tpoo 1.5 ",5 

CKO (figure 3a) 
tp01 0.2 ",s 
tpoo 0.2 ",5 

MICROBUSTM TIMING CL = 5OpF, Vee = 5V ± 5% 
(COP402M) 

A. Read Operation (figure 4) 
Chip Select Stable before 50 ns 
RD - tesR 
Chip Select Hold Time for 5 ns 
RD - tRes 
RD Pulse Width - tRR 300 ns 
Data Delay from RD - tRO 250 ns I RD to Data Floating - tOF 200 ns 

I B. Write Operation (figure 5) I I 
I I I 

Chip Select Stable before 20 ns 
WR - tesw 
Chip Select Hold Time for 20 ns 
WR - twes 
WR'Puls~ Width - tww 300 ns 
Data Setup Time for 200 ns 
WR - tow 
Data Hold Time for 40 ns 
WR - two 
INTR Transition Time from 700 ns 
WR - tWI 

Note 1: Duty Cycle = tWI/(tWI + twO). 

Note 2: See figure 11 for additional 110 characteristics. 

-
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CKO 40 

CKI 39 

IP4 38 

RESET 37 

IP3 

IP2 

IPI 

IPO 

IP1 SKIP 

IP6 10 COP402 G3 
COP402M 

L7 11 G2 

12 Gl 

13 GO 

14 INJ 

15 INO 

16 SK 

11 SO 

18 SI 

19 VSS 

20 LO 

Figure 2. Connection Diagram 

Pin Description Pin 08scrlptlon 

L7-Lo a bidirectional 110 ports with SKIP Instruction skip output 
TRI-STATE<!> 

C.KI System oscillator input 
G3-GO 4 bidirectional 110 ports 

CKO System oscillator output 
03-00 4 general purpose outputs 

RESET System reset input 
IN3-INo 4 general purpose inputs 

Vee Power supply 
SI Serial input (or counter input) 

GND Ground 
SO Serial output (or general purpose 

IP7-IPO a bidirectional ROM address and data output) 
ports 

SK Logic-controlled clock (or general pa, P9 2 ROM address outputs purpose output) 

AD/DATA Address out/data in flag 

CKI 

_tpoo 
AD/DATA. SK -~r-----T"""\I VOL 

(AS A CLOCK) \..,;~I-~-tS-ET-U-P--'~I~I-~-:'tHOLD 
IN3-INO. 

G3- GO. L1- LO. _________ -:-__ X X'-_____ _ 
CKO & SI 

INPUTS ~ tpDl -+} 
G3- Go. 03- 00. __________ s..! __ .... ,=VOH 
L 1- LO. SO. SK 

©IC MASTER 1979 

OUTPUTS 

- 1- tpDl --I tpDO 1--
SKIPOUTPUT-P tPD1 __ 1 ~tPD0rl 

P9. P8. IP1 -IPO I 7 - - - - - - - - - '" " 
OUTPUTS 1_ tSETUP_ 1_ tHOLD 

IP7-IPO---------~X X::::::::::::: INPUTS _________ .... '-. ____ ...,.-__ 

Figure 3a. Input/Output Timing Diagrams (Crystal + 16 Mode) 

two +-I---I.-two 
CK'SlSl5 

CKO--i\nlT 

"" ~ f:' -:r ~ "DO 

Figure 3b. CKO Output Timing 
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"1 need to know if this device exists, and if there are 
any alternate sources. Where do I start?" 

• Memory IC • CMOS· 
• RAM • 250 Nanoseconds 
• Static • 5 Volts 
• 1024xl 

If you're spending hours to solve a problem similar 
to the one above, youre behind the times ... 

It only takes a few seconds with uTHE MASTER~" 

Clear your desk for action with the 
newly revised 1979 IC Master. Its all­
under-one-cover features include: Over 
40,000 standard products from more 
than 87 different companies ... five 
different selection guides (memory, 
microprocessor, interface, linear and digital.) 

(EtC:) 
IC MASTER 

$65. 
suggested 
domestic 

resale price 

United Technical Publications 
645 Stewart Avenue 
Garden City, New York 11530, USA 

... alternate source directory for 
pin- for- pin, function- for- function 
replacements ... applications directory ... 
complete military section. . . a complete 
part numbering gUide ... etc. 

You don't have to search through 
stacks of catalogs. Simply look up the 
specs and function you need. You don't 
need a part number to start with. 

All you need is a problem to use The 
Master. Does the device exist? Who 
makes it? Is there an alternate source? 
What's the part number? Is there an 

. applications note? Who is my closest 
distributor - etc. 



NEe Microcomputers. Inc. 
NEe 

JLCOM·42 4·81T SINGLE CHIP MICROCOMPUTER 

DESCR IPTION The ~COM-42 (Part No. ~PD548) is a single chip microcomputer that is ideally suited 
for Electronic Cash Register (ECR), Point of Sale (POS) and Electronic Scale 
applications. 

Containing a 4-bit Parallel ALU, ROM for program storage and RAM for data storage, 
the ~COM-42 provides an economical and simple solution to many Vending/Calculatin~ 
requirements. 

" Because of its extensive instruction set and five input/output ports, the pCOM-42 is 
capable of controlling an ,8 x 4 keyboard, an 8 digit display and low cost ECR-type 
printers. 

Finally, the on-chip RAM space can be augmented by an external CMOS RAM for 
applications requiring low power data reten"tion. 

FEATURES • Stand Alone 4-bit Microcomputer 

PIN CONFIGURATION 

©IC MASTER 1979 

• All 72 Instructions are Single Byte 
• 1 0 ~sec Instruction Cycle 
• 1920 x 10-Bit Program Memory (ROM) 
• 96 x 4-Bit Data Memory (RAM) 
• 4- Level Stac k 
• 2 Interrupt Request Lines 
• I/O Compatible with TTL 
• 10 Discrete Output Ports (FO-F:9) 
• Two 8-Bit Outp'ut Ports (UO-U7, RO-R7) 
• One 4-Bit Input Port (KO-K3) 
• One 4-Bit Input/Output Port (So-S3) 
• One Single Bit Testable Input Port (K4) 
• Single Phase TTL Level Clock (200 KHz Max.) 
• Single Supply, -10V PMOS Technology 
• 42 Pin Plastic DLJaHn-Line Package 

RES 

KO 
K1 
K2 
K3 

TEST 
So 
S1 
S2 
S3 
IA 
IS 

FO 
F1 

F2 
F3 
F4 
F5 
F6 
F7 

GND 

I1PD 
548 

¢ 

VGG(-10V) 
K4 
R7 
R6 
R5 
R4 
R3 
R2 
R1 
RO 
U7 
U6 
U5 
U4 
U3 
U2 
U1 
Uo 
Fg 
F8 

RES 

KO-K3 

TEST 

SO-S3 

IA,IB 

FO-Fg 

UO-U7 

RO-R7 

K4 

¢ 

PIN NAMES 

Reset 

Input Port K 

Input for Testing 

(Normally V GG) 

Input/Output Port S 

I nterrupt I nput Ports 

Output Port F 

Output Port U 

Output Port R 

Input Port for 
Condition Test 

Clock Input 

1 
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fLCOM-42, 

IA,IB 

I\r-----' KO-3 

, Program Coo nter 

The ll-bit program counter is composed of two sections, a 4-bit page register and a 
7-bit polynomial counter. The page register selects one page out of 15, each consisting 
of 128 words addressed by the 7-bit polynomial counter. The contents of the page 
register are independent of the operation of the polynomial counter, so that it is not 
affected by polynomial counter overflow. 

Stack Register 

In order to store the program counter contents upon an interrupt or subroutine call, 
four l1-bit stack registers are provided to enable a combination of subroutine calls and 
interrupt nesting to four levels. The stack register is a LIFO (Last in, First-Out) type. 

ROM (Read Only Memory) 

The on-chip ROM consists of 1,920 words of ten bits each and is divided into 15 pages. 
A page is selected by the page register, the upper four bits of the program counter. 
Each p'age consists of 128 words addressed by the polynomial counter, the lower seven 
bits of the program counter. 

RAM (Data Memory) 

The data memory is a 96 x 4-bit RAM addressed by a 7-bit data pointer (OP). The RAM 
is divided into six rows of 16 4-bit columns each. The 7-bit data pointer consists of an 
upper 3-bit register (DPH) which selects the row address and a lower 4-bit register (OPL) 
which selects the column address. 

DPH DPL 

Data memory (96 x 4) 

2052 

BLOCK DIAGRAM 

FUNCTIONAL DESCRIPTION 
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FUNCTIONAL DESCRIPTION 
(CONT.) 

fLCOM-42 

Internal Registers 

The Accumulator (ACC) is connected with the ALU and the carry flip-flop (C) and is· 
able to perform either binary or decimal arithmetic by testing the decimal addition 
flip-flop (OAF) and the decimal subtraction flip-flop (OSF). Constants are loaded into· 
the ACC as immediate data from ROM and variable data are loaded from or exchanged 
with 'RAM. The ACC is also connected with the temporary register (TR), the parallel 
I/O port S and the parallel input port K. The TR is an auxiliary register used for 
temporary storage of 4-bit data. The Q register is an 8-bit serial-in/parallel-out shift 
register designed for display digit strobing and generation of printer hammer triggers. 

I/O Ports 

The R port is an 8-bit parallel port that may be loaded from the Q register for digit 
strobing or loaded with the 4-bit TR and the 4-bit OPL for external RAM addressing. 
The U port is an 8-bit parallel port that is loaded with immediate data. It is usually 
used for outputting segment information for display and digit information for key 

. scanning. The K port is a 4-bit input port that is usually used for key scan input. The 
K4 port is a single bit port that is testable by software. The S port is a 4-bit parallel 
I/O port that is typically used as the data bus to external RAM. The F port consists of 
ten discrete output lines that can be individually set or r~set under program control. 

Interrupt Ports 

Two interrupt input lines, IAand IB, are available to accept an interrupt request when 
interrupts are enabled. IA has a higher priority level than lB. Thus when concurrent 
interrupts occur o'n both' IA and IB only the IA interrupt is accepted and both are 
disabled. But a single IB interrupt disables only the IB interrupt and leaves IA 
enabled. 

, INSTRUCTION SET The t-tCOM-42 has a powerful 72, 10-bit word, instruction set. All instructions are single 
words. There are a number of multi-function instructions which reduce the number of 
program steps. In' addition, automatic data pointer modification, single word sub­
routine calls andN-way branch capability all help improve operation speed and reduce 
ROM requirements. The t-tCOM-42 instruction set is summarized below. 

MNEMONIC CYCLES 

CMA 1 

CIA 1 

INA 1/2 

OEA 1/2 

RFC 1 

SFC 1 

OSM 1 

DAM 1 

AD 1/2 

AOC 1 

AOI 1/2 

LM , 
XM , 

XMI 1/2 

i 
I XMO 1/2 

LI 1 

LOI 1 

INO '/2 

OED 1/2 

XOP 1 

ZAG 1 

©IC MASTER 1979 

DESCR.IPTION 

ACC +- (ACC) 

Aee +- (Ace) + 1 

Aec +- (ACC) + 1 

ACC +- (ACC) - 1 

C+-O 

C+-1 

Oecim,,1 Subtract Mode 

Decimal Add Mode 

ACC +- (AcCH [OP] 

ACC, C +- (ACC) + [OP] + (C) 

ACC +- (ACC) + 13 12 I, 10 

Ace +- [OP] 
OPH +- (OPH) v M2 M, MO 

(ACC) - [OP] 
OPH +- (OPH) v'M2 M1 ~O 

(Ace) - [OP] 
OPH +- (OPH) v M2 M1 MO 
OPL +- (OPL) + , 

(Ace) ... [OP]; OPH +- (OPH) 
M2M1 MO; OPl +- (OPL) - , 

Ace +- 13 1211 10 

OP +-16-10 

OPL +- (OPL) + 1 

OPL +- (OPL) - 1 

(OP) - (OP') 

OOOOPL +- (OP) 

, 

i 
I 
! 

CONDITIONS 
FOR SKIP 

Carry = 1 

Borrow * 1 

Carry = 1 

Carry = 1 

(OPL) = 8 Or (OPL) = 0 

(OPL) = F or (OPLJ = 7 

(OPL) = 8 Or (OPL) = 0 

(OPL) = F or (OPL) = 7 

3 
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fLCOM-42 

MNEMONIC 

XTA 

LTI 

oSl 

OSO 

SB 

RB 

SBT 

SC 

SEM 

SEI 

SK4 

JPT 

JPA 

JCP 

CAL 

rn 

RTS 

EIA 

OIA 

EIB 

DIB 

OIU 

ERO 

ORO 

OaR 

OTR 

SFS 

RFS 

IS 

IK 

RFl 

SFl 

RF2 

SF2 

RF3 

SF3 

RF4. 

SF4 

RFS 

SFS 

RF6 

SF6 

RF7 

SF7 

RFa 

SFa 

RF!:\ 

SF9 

RFO 

SFO 

NOP 

CYCLES 

1 

1 

1 

1 

1 

1 

1/2 

1/2 

1/2 

1/2 

1/2 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

/ CONDITIONS 
DESCRIPTION FOR SKIP 

(ACC)" (TR) 

TR <- 13 12 11 10 

an + 1 - an. 00 - 1 

an + 1 +- an, 00 .... 0 

(DP, B" Bol -1 

(OP, B,. Bol +- 0 

Skip if lOP, B" Bol = 1 B, BO= 1 

Skip if (C) = 1 (C) = 1 

Skip if (ACC) = IOPl (ACC) = IOPl 

Skip if (ACC) = 13 12 11 10 (ACC) = 13 1211 10 

Skip if K4 = 1 K4= 1 

PC .... (TR), Ps-o· 

PCs--4 +- P6--4 

PC3-0 +- P3-0V (ACC) 

PCs-o +- Ps-o 

(STACK] +- (PC) 

PC +-1000 Ps Ps P4 P3 P2 P, Pc 

PC--- [STACK] 

PC +- 1ST ACKl 
PC +- (PC) + 1 

Enable IA port 

Disable IA port 

Enable IB port 

Disable IB port 

U7-0+- 17-0 
R7-0 +- (07-0) 

Enable R port 

Disable R port 

R +- (a) 

R7-4 +- (TR), RJ.-O +- (OPL) 

S +- (ACC) 

S port Input Mode 

ACC +- S 

ACC +- K 

F, +- 0 

F, +- 1 

F2 +- 0 

I F2 +- 1 

F3 +- 0 

F3 +- 1 

F4 +- 0 

F4 +- 1 

FS+-O 

FS +- 1 

F6 +-0 

F6 +- 1 

F7 +- 0 

F7 +-1 

Fa+- 0 

Fa +- 1 

Fg+-O 

Fg +- 1 

FO+-O 

FO +-1 

No Operation 

SP42-9-7 8-G N-CA T 
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NEe 
NEe Microcomputers, Inc. p..PD555 

EVACHlp·42 

DESCR IPTION The JlPD555 is a system evaluation chip designed to support both hardware and softwa 

debugging of the JlCOM-42 (PPD548) one-chip microcomputer system. 

The JlPD555 and the J,LPD548 have the same functionality in all aspects except that the 

J,LPD555 does not contain a read only memory, but provides addressing capabiHty to 

external memory and HOLD function for step-by-step operation. 

F EATU RES • 4-Bit Parallel Processor 

PIN CONFIGURATION 

©IC MASTER 1979 

• Powerful 72 Instruction Set Including Decimal/Binary Arithmetic Operations 

• 10J.,Ls Ins~ructionCycle Time 
• Addressing Capability up to 1920 Words by 1 O-Bits of External Program Memory 

• 96 Words by 4-Bit Data Memory On Chip 

• 4-Level Subroutines 
• Two Interrupt Input Lines (lA and IB) 

• HOLD Capability 

• A Variety of I nput/Output Ports -
10 Discrete Output Ports (F9-FO) 

Two 8-Bit Output Ports (UTUO, R7-RO) 
4-Bit I nput Port (K3-KO) 

4-Bit Input/Output Port (53-SO) 

I/O Level Compatible with J,LPD510l 

1-Bit Test I nput Line 

• P-Channel MOS 

• Open Drain Output 
• Single Power Supply: -1 OV 

• Available in a 64 Pin Ceramic Dual-in-Line Package 

GND Uo 
P3 U1 
P2 U2 
P1 U3 
Po U4 
A6 U5 
A5 U6 
A4 U7 
A3 Fg Po- P3 
A2 F8 
A1 F7 

AO-A6 

AO F6 10- 19 
10 F5 HOLD 
11 F4 
12 

~PD 
F3 

13 F2 

RO- R7 

If> 
14 555 F1 RES 
15 FO 
16 S3 

K4 

17 S2 KO- K3 

18 S1 TEST 
Ig So 

HOLD IA IA,IB 

RO 18 So - S3 
R1 TEST 
R2 K3 
R3 K2 

I FO - Fg 

UO- U7 

R4 K1 
R5 KO 
R6 K4 
R7 RES 

(-10V) VGG ¢ 

PIN NAMES 

Page Output 

Address Output 

Instruction Input 

HOLD Input 

Output Port R 

Clock Input 

Reset Input 

K4 Test Input Line 

K Input Port 

Ie Test Input 

Interrupt Input 

Input/Output Port S 

Output Port F 

Output Port U 
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R7-0 

p.PD555 
U7-0 Fg - FO HOLD IA IB 

S3-0 TEST K3-0 

IS-O 

r----'-" P3-0 
r---"""T"'V A6-0 

STACK 0 

RES 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -10°C to +70°C 
Storage Temperature ............................... -40°C to +125°C 
Supply Voltage VGG ............................... -15 to +0.3 Volts 
All Input Voltages •................................ -20 to +0.3 Volts 
All Output Voltages ....................... : ........ - 20 to +0.3 Volts 

COMMENT: Stress above those listed under" Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional Ot'eration of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
impl ied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Capacitance CI 15 pf 

Output Capacitance Co 15 pf f = 1 MHz 

Input/Output Capacitance CIO 15 pf 

2056 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

CAPACITANCE 
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DC CHARACTE RISTICS Ta = -10°C to +70°C; VGG = -10V ± 10%, unless otherwise noted. 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT 

High Level Input VIH 0 -2.0 V 
Voltage 

Low Level Input VILl -4.3 V 
Voltage 

VIL2 -7.0 V 

High Level Input ILiH +10 JJ.A 
Leakage Current 

Low Level Input ILiL -10 JJ.A 
Leakage Current 

High Level OutpiJt IOH -1.0 mA 
Current 

Low Level Output 'LOLl -30 JJ.A 
Leakage Current 

High Level Output VOH -1.75 V 
Voltage 

Low Level Output ILOL2 -10 JJ.A 
Leakage Current 

Power Supply IGG -30 -60 mA 
Current 

AC CHARACTE RISTICS Ta = -10°C to +70°C, VGG = -10V ± l00ib, unless otherwise noted. 

PARAMETER 

Clock Frequency 

-Clock Pulse Width 

Clock Rise and 
Fall Times 

I nput Setup Time 
from Output 

©IC MASTER 1979 

LIMITS 

SYMBOL MIN TYP 

f<p 

1¢w 

tr, tf 

tiS 

100 

2.25 

P3-0 0---. 
AS-O 

MAX 

200 

0.5 

2.5 

LOAD CIRCUIT 

UNIT 

KHz 

JJ.s 

JJ.s 

fLPD555 

TEST 
CONDITIONS 

S, <p, 19-0 

Except S, <p, 19-0 

VI = -lV 

VI=-llV 

Vo =: -1 V, except 
Sport 

Vo = -11V, 
except Sport 

IOH = -100 JJ.A, 
Sport 

Vo = -5V, 
Sport 

TEST 
CONDITIONS 

CL = 100 pF, 
RL = 5.1 KQ 
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p.PD555 

t-II----l/ffj>---...... 

P3-0 
A6-0 _________ ~ __ ___ J' 

19-0 
I - -- - - ---________________ __ J 

ITEM MI LLIMETERS INCHES 

A 82.0 MAX ,3.23 MAX 
B 1.6 0.063 
C 2.54 0.1 
0 0.43 ± 0.1 0.017 ± 0.004 
E 78.8 3.1 
F 1.27 0.05 

,G 3.2 MIN 0.13MIN 
H 1.3 MIN 0.05 MIN 
I 3.9 0.154 
J 5.2 MAX 0.205 MAX 
K 22.96 0.904 

'L 20.3 0.8 
M 0.3 ± 0.1 0.012 ± 0.004 
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NEe Microcomputers, Inc. 
NEe 

JLCOM·43/~4/45 4·81T SINGLE CHIP 
MICROCOMPUTERS 

DESCRIPTION The J.LCOM-43 Family consists of three device types'designed to offer a full range of 
cost/performance tradeoffs. All three devices share compatible hardware and instruc­
tion set. The J.LCOM-43 Family is designed for general purpose controller applications 
and offers ideal devices for industrial controls, appliance controls, games, etc. 

©Ie MASTER·1979 

All three devices contain the functional blocks necessary to enable their use for both 
industrial and non-industrial controller applications. These blocks include: a 4-bit 
parallel ALU; 8-bit wide ROM for program storage; 4-bit wide RAM for data storage; 
stack register for subroutines; extensive I/O; and an on-ch4J clock generator. 

The instruction set of the J.LCOM-43 Famiiy is designed to perform controller-oriented 
functions and for efficient use of the fixed program memory space. The instruction 
set includes a number of multifunction instructions, powerful I/O instructions 
including single bit manipulation, and test-and:skip instructions for conditional 
processing. 

The three device types comprising the J.LCOM-43 Family are differentiated .by ROM/ 
RAM size and I/O lines. The J,LCOM-43 has 2000 x 8 ROM, 96 x 4 RAM and 35 I/O 
lines. The J,LCOM-44 has 1000 x 8 ROM, 64 x 4 RAM and 35 I/O lines. The J.LCOM-45 
has 1000 x 8 or 640 x 8 ROM, 32 x 4 RAM and 21 I/O lines. In addition, the 
J.LCOM-43 has real hardware interrupt, 3 level stack and programmable timer, while 
the J.LCOM-44/45 have pseudo-interrupt capability and a single level stack. 

,FEATURES • Stand Alone 4-Bit Microcomputers for Control Applications 

• Powerful Instruction Set Capable of: Binary Addition; Decimal Addition and 
Subtraction; Logical Operations 

• 10 J.LS Instruction Cycle 

• Choice of ROM Size: 2000 x 8 - J.LCOM-43 
1000 x 8 - J.LCOM-44 
1000 x 8 - J.LCOM-45 

640 x 8 

• Choice of RAM Size: 96 x 4 - J.LCOM-43 
64 x 4 - J.LCOM-44 
32 x 4 - J,LCOM-45 

• Choice of I/O Ppwer: 35 lines - J.LCOM-43 
35 lines - J.LCOM-44 
21 lines - J.LCOM-45 

• All Capable of Single Bit Manipulation and 4-Bit Parallel Processing. 

• Interrupt Capability 

• On-Chip Clock Generator 

• Open Drain Outputs 

• Choice of PMOS or CMOS Technology, Both Requiring Single Supplies 

• Available in 42 Pin or 28 Pin Plastic Dual-in-Line Packages 
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JLCOM·43144145 

Cl1 
pCo 
PCl 
PC2 
PC3 
INT 
RES 
POO 
POl 
P02 
-P03 
PEO 
PEl 
PE2 
PE3 
PFO 
PFl 
PF2 
PF3 

TEST 
:OV) GNO 

P1O-2 

PHO-3 

PGO-3 

PFO-3 

PEO-3 

PDO-:,! 

Cll 

PCO 
PCl 
PC2 
PC3 

POO 

POl 
P02 

P03 
PEO 
PEl 
PE2 
PE3 

VSS(OV) 

pCOM 
43/ 
44 

pCOM 
45 

Clo 
VGG(-10V) 
PB3 
PB2 
PBl 
PBO 
PA3 
PA2 
PAl 
PAO 
PI2 
PI1 
Pia 
PH3 
PH2 
PH 1 
PHO 
PG3 
PG2 
PGl 
PGo 

Clo 

VGG(-10V) 
RES 

INT 

PA3 

PA2 
PAl 

PAO 

PGO 
PF3 

PF2 

PF1 
PFO 
TEST 

PIN NAMES 

CLO-CL1 External Clock Source 

PCO-PC3 Input/Output Port C 

INT Interrupt Input 

RES Reset 

PDO-PD3 Input/Output Port D 

~O-PE3 Output Port E 

PFO-PF3 Output Port F 
1-----

TEST Input for Testing 
(Normally GNDJ --

PGO-PG3 Output Port G 

PHO-PH3 Output Port H 

P1O-PI3 Output Port I 

PAO-PA3 Input Port A 

PBO-PB3 Input Port B 

PIN NAMES 

CLO-CL1 External Clock Source 

PCO-PC3 Input/Output Port C 

PDO-PD3 Input/Output Port D 

PE O- PE 3 Output Port E 

PFO-PF 3 Output Port F 

PGO Output Port G 

PAO-PA3 Input Port A 

INT Interrupt Input 

RES Reset 

INSTRUCTION--BUS 8 bit 

CONTROL 
& 

DECODE 

! 
RES 

ROM 
2000x8 

STACK 1 

STACK 2 

PIN CONFIGURATIONS 

BLOCK DIAGRAM 
J,lCOM-43 



BLOCK DIAGRAMS 
JlCOM-44 

JlCOM-45 

FUNCTIONAL 
DESCRIPTION 

©IC MASTER 1979 

PIO-2 

PFO-3 

PEO-3 

PDO-3 

PGO 

PFO-3 

PEO-3 

PDO-3 

PCO-3 PBO-3 PAO-3 

RAM 
DECODER 

-PCO-3 P AO-3 

Program Counter 

JLCOM-43/44145 

INSTRUCTiON-BUS 8 bit 

CONTROL 
& 

DECODE 

8 bit 

8 bit 

! 
INT RES 

INSTRUCTION-BUS 8 bit. 

CONTROL 
& 

DECODE 

8 bit 

8 bit 

! 
INT RES 

ROM 
1000x8 

ROM 
640x8 

1000x8 

The 11-bit program counter (1 O-bit for t.tCOM-44/45) is organized as a 3-bit register 
(2-bit for t.tCOM-44/45) and an 8-bit binary up-counter (lower eight bits). T,he contents 
of the upper register specify one of the fields of the ROM. The 8-bit" binary counter is 
divided so that the contents of the higher two bits specify one of four pages in a field 
and the lower six bits specify one of 64 addresses in a page. The contents of the lower 
eight bits of the program counter (8-bit binary up-counter) are simply incremented to 
execute the instructions sequentially. In a field, a page is automatically extended to the 
next one and four pages (256 bytes) are automatically executed. 

Stack Register 

The stack register is a last-in-fi rst-out (LI FO). push down stack register organized as 3 
words x 11 bits (1 word x 10 bits for t.tCOM-44/45). This register is used to save the 
contents of the program counter (return address) when a subroutine is called or an 
interrupt is acknowledged. 

ROM (Read-Only Memory) 

The user's application program is stored in the 8-bit wide mask programmable read-only 
memory (ROM). The ROM is organized into fields and pages. The 2000 word ROM of 
the t.tCOM-43 'has eight fields, the 1000 word ROM of the t.tCOM-44/45 has four fields 
and the 640 word ROM of the low-end t.tCOM-45 has two fields. Each field is divided 
into four pages of 64 words each, and each word consists of eight bits. 
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p.COM-43144145 
RAM (Data Memory) 

The RAM is organized in a multi-row by 16 column configuration. It is addressed by a 
data pointer of which the higher bits (DPH) address the row and the lower bits (DPL) 
address the column. The exact RAM size for each device is shown below. 

ROW/COLUMN 
RAM ORGANIZATION DPH DPl 

J.lCOM-43 96 x 4 6 x 16 3 4 

J.lCOM-44 64 x 4 4 x 16 2 4 

J.lCOM-45 32 x 4 2 x 16 1 4 

Internal Registers 

The ALU (Arithmetic Logic Unit) and the ACe {Accumulator) form the heart of the 
JlCOM-43 Family microcomputer system. The ALU, performs arithmetic and logical 
operations and tests for operation results. The result of an operation by the ALU is 
stored in the ACC and in the carry F/F. The ACC is a 4-bit register which stores ALU 
results and other data to be processed. The carry F/F is a single bit flip-flop which 
indicates when a carry bit is generated during addition. 

Flag Register ""COM-43 Only) 

A 4-bit word in the RAM can be specifically used as a software controlled general 
purpose flag register. The individual flag bits can be set or reset and tested for either a 
1 or a O. This can be done directly without modifying the RAM data pointer. 

Working Registers (pCOM-43 Only) 

There are six words in RAM that can be used as 4-bit general purpose working registers. 
These registers can be directly manipulated without modification of the data pointer and 
are used for data transfer and exchange between the data pointer and the working 
register, and between the ACC and the working register. 

Programmable Interval Timer (J.lCOM-43 Only) 

The J.lCOM-43 contains a software programmable interval timer composed of a 6-bit 
polynomial counter and a 6-bit programmable binary counter. 

The initial setting of the timer is done using the timer set instruction STM, with the 
timer starting to count at the end of the STM instruction execution. The STM 
instruction cpntains six binary bits of immediate data which is loaded in the 6-bit 
programmable binary counter upon 'STM instruction execution. By varying the 6-bit 
immediate data, one of 64 time intervals can be programmed. 

I/O Ports 

The J.lCOM-43/44 have 35 input/output ports (J.lCOM-45 has 21) for communication 
with and control of the external world. These ports are organized into nine input/output 
ports (A to I). Eight ports (A to H) are composed of four bits each and the last port (I) 
is composed of three bits. 

4 

2062 

Input Ports 

Input/Output Ports 

Output Ports 

Output Ports 

. (4 bits each): A, B CD 

(4 bits each): C, 0 

(4 bits each): E, F, G CZ>, H CD 

(3 bits): I CD 

Notes: CD Not on J.lCOM-45. 

~ G Port on J.lCOM-45 is a single line. 

FUNCTIONAL 
DESCRIPTION (CONT.) 

@Ie MASTER 1979 ) 



FUNCTIONAL 
o ESCR I PTI ON( CONT.) 

p,COM-43/44/45 

In order to provide flexible and efficient use of these I/O ports, a variety of input/ 
output instructions are provided which enable single bit set/reset, single bit test and 
conditional skip, 4-bit parallel input/output and 8-bit immediate parallel output. The 
I/O instructions are divided into two types, the ones dedicated to specific ports and the' 
ones that use the 4-bit data in the DPL to select a desired port. The former include such 
instructions as IA and OE that specifically access port A and E, respectively. The latter 
require that a 4-bit code assigned to the desired port be loaded into the DPL using data 
pointer manipulation instructions prior to I/O instruction execution. 

I NSTR UCTI ON SET The J1COM-43 has an 80 instruction set. The J1COM-44/45 have a 58 instruction subset 
of the J1COM-43. The majority of the 22 instruction difference is related to added 
hardware features of the J1COM-43. The instruction set is summarized below. 

MNEMONIC BYTES CYCLES DESCRIPTION CONDITION FOR SKIP 

CLA ACC+--D 

CMA 

CIA ACC ....... (ACCl+l 

INC 1/2-3 ACC ....... (ACCl+l ; skip if Carry arry 

DEC 1/2-3 ACC<-(ACCl-l; skip if Borrow Borrow 

CLC C+--D 

AD 1/2-3 

1/2-3 
Carry ADS 

ADC 

DAA ACC<-(ACcl+6 

DAS ACC<-(ACC)+10 

EXL ACC<-(ACC)V [(DP)] 

LI ACC<-13 1211 10 

S [(DP)] ....... (ACCl 

l ACC<-[ (DP)] 

LM ACC<-[ (DP)] ; OPH<-(OPH)VOMl Mo 

X (ACC)o=O[ (DP)] 

XM (ACC)o=O[(DP)]; DPW-(DPH)VOM1MO 

(ACC)o=O[ (DP)]; DPL ....... (OPLl-l; 
XD 1/2-3 (OPL)=F 

skip if (DPL)=F 

XMD 1/2-3 
(ACC)o=O[ (DP)] ; DPH<-(DPH)VOMl MO; (OPL)=F 
OPL<-(DPL)-l; skip if (DPL)=F 

(ACC)o=O[ (DP)] ; OPL ....... (DPL)+l; 
(DPL)=O XI 1/2-3 

skip if (DPL)=O 

XMI 1/2-3 
(ACC)o=O[ (DP)] ; OPH ....... (DPH)VOMl MO; 

(OPLI=O 
DPL ....... (DPL)+l; skip if (DPL)=O 

LDI 2 2 DP ....... 16- IO 

LOZ 1 DPH ....... O; DPL ....... 13121110 

DED 1/2-3 DPL ....... (DPL)-l; skip if (DPL)=F (DPL)=F 

IND 1/2-3 DPL <-(DPL)+l; skip if (DPL)=O (OPL)=O 

TAL DPL<-(ACC) 

TLA Acc<-(DPLI 

©IC MASTER 1979 2063 
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fL'COM-43/44/45 

BYTES CYCLES 

These instructions apply only to the IlCOM-43. 

DESCRIPTION 

INSTRUCTION SET 

CONDITION FOR SKIP 

SP43/44/45-9-78-GN-CAT ) 
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NEe 
NEe Microcomputers, Inc. JLPD556 

EVACHIP·43 

OESCR I PTION The llPD556 is an evaluation chip for the IlCOM-43/44/45 single chip microcomputers. 
Designed to be used for both hardware and software debugging, the EVACH I P-43 is 
functionally equivalent to the IlCOM-43, except that it does not contain on-chip ROM. 
Instead, it is able to address external memory. In addition, in order to facilitate debug­
ging, the IlPD556 is capable of displaying the contents of the internal accumulator and 
data pointer and of being single stepped. -

When the IlPD556 is being used to evaluate IlCOM-44/45 designs, the external memory 
capacity should be restricted to that of the respective on-chip ROM and the instructions 
should be restricted to the 58 comprising the IlCOM-44/45 instruction set. 

F EA TU R ES • 4-bit Parallel Processor 

PIN CONFIGURATION 

©IC MASTER 1979 

• Full 80 Instruction Set of IlCOM-43 

• 10 IlS I nstruction Cycle 

• Capable of addressing 2K x8-bits of external program memory 

• Single step capability 

• Full Functionality of IlCOM-43 

• Single supply: -10V PMOS Technology 

• Available in a 64-pin Ceramic Quad-in-Line Package 

POo 
GG 

RES 
INT 

PC3 
PC2 

PC, 
PIN NAMES 

",PO 
556 

PCo 
PB3 

PB2 
PB, 

PBo 
PA3 

PA2 
PA1 

PAo 
PI2 

PI1 
PIO 

PH3 
PH2 

PH, 
PHo 

PG3 ' 
PG2 

PG, 
PGo 

PF3 
PF2 
P~1 

PFo 
TEST 

i 

PFo PF3 

PGo PG3 

PHo PH3 

PIO PI2 

PAo PA3 

PBO - PB3 

PCO PC3 

INT 

RES 

PDO -- PD3 

PEO -- PE3 

BREAK 

STEP 

ACC/PC 

Po -- PlO 

10 - 17 

CLO - CLl 

TEST 

Output Port F 

Output POI! G 

Output Port H 

Output Port I 

Input Port A 

Input Port B 

Input/Output POrt C 

Interrup.t Input 

Reset 

Input/Output Port D 

Output Port E 

Hold Input 

Single Step Input 

Display ACC/PC Input 

PC Output 

Instruction Input 

i External Clock Source 

I Tied to VSS (GNDI 
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p.PD556 

PA3-0 

PB3-0 

PC3-0 

PD3-0 

RAM 
96 x 4 

RAM 
DECODER 

8-BIT 

BLOCK DIAGRAM 

ACC/PC 

I 
BREAK _-BREAK 

AND I 
STEP 

CONTROL _ STEP 

STACK 1 

AND 
DECODE 

CO~~~Oll-----TNT 

~ ___ ~ __ ----,+RES 
Cll ClO 

Operati ng T em perature. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 10° C to + 70° C 
Storage Temperature ... _ ........................... -40°C to +125°C 
Supply Voltage VGG ............................... -15 to +0.3 Volts 
All I nput Voltages ................................. -15 to +0.3 Volts 
All Output Voltages ................................ -15 to +0.3 Volts 
Output Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -4 mA CD 

co Note: CD All output pins. 
+J 
::s 
0. COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
E damage to the device. This is a stress rating only and functional operation of the device at these or 
8 any other conditions above those indicated in the operational sections of this specification is not 
~ implied Exposure to absolute maximum rating conditions for extended periods may affect device 
o reliability. 

::E *T a = 25°C 
o 
W Ta = 25°C 
Z 

PARAMETER 

Input Capacitance 

Output Capacitance 

I nput/Output Capacitance 

2066 

LIMITS 

SYMBOL MIN TYP MAX 

Cl 15 

Co 15 

CIO 15 

TEST 
UNIT CONDITIONS 

pf 

pf f = 1 MHz 

pf 

ABSOLUTE MAXIMUM 
RATINGS* 

CAPACITANCE 
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) 



fLPD556, 

DC CHARACTERISTICS <D 
LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input High VIH 0 -2.0 V Port A to D, 17 t~ 
Voltage -, BREAK, STEP, INT, RES, 

and AcclPC 

Input Low VIL -4.3 VGG V Port A to 0,17 to la, 
Voltage BREAK, STEP, INT, RES, 

CI1d Acc/PC 

Clock High VOH a -0.8 V CLO Input 
Voltage 

Clock Low VOL -6.0 VGG V CLO InPl:lt 
Voltage 

+10 IlA Port A and B, 17 to 10 

Input Leakage INT, RES, BREAK, STEP 

Current High IUH 
+30 IlA ACC/PC, VI = -lV 

Port C and 0; V I = - 1 V 

-10 IlA Port A and B, 17 to 10 

Input Leakage TN'f, RES, BREAK, STEP 

Current Low ILiL 
-30 IlA ACC/PC, VI =-llV 

Port C and 0, V I';" -llV 

Clock Input ILOH +200 IlA CLO Input, VOH = OV 
Leakage High 

Clock Input ILOL -200 IlA CLO Input, VOL = -llV 
Leakage LCMI 

VOHl -1.0 V Port C to I, PlO to Po 

Output High IOH =-1.0mA 

Voltage VOH2 -2.3 V Port C to I, PlO to Po 
IOH=-3.3mA 

Output Leakage ILOL -30 IlA Port C to I, PlO to Po 
Current Low Va ';"-11V 

Supply Current IGG -30 -50 mA 

Note: CD Relative to Vss = OV 

AC CHARACTERISTICS 
LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Frequency f 150 440 KHz 

Clock Rise and Fall Times t r, tf 0 0.3 IlS 

Clock Pulse Width High tcj)WH 0.5 5.6 IlS 

Clock Pulse Width Low tc!>WL 0.5 5.6 IlS 

Input Setup Time tiS 5 IlS 

Input Hold Time tlH a IlS 

BR EAK to STEP Interval tBS 80 tey 

STEP to RUN Interval tSB 80 tey 

STEP Pulse Width tws 12 tey 

B..REAK to Acc Interval tBA 80 tey 

Acc/PC Pulse Width twA 12 tey 

STEP to Acc Interval !SAl 80 tcy 

PC to STEP Overlap tsA2 2 tey 

PC to RUN Interval tAB a IlS 

tOAPl 6 tey 
Acc/PC --> PlO-PO Delay 

tOAP2 6 tey 

CLOCK WAVEFORM 
.... ,....-------1/f -------... 

~WL ~WH 

---- -O.8V 

-----6.0V 

VGG----
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J-LPD556 

~"'f--
P10-0 ____ >t= (PC) 

_________ " __ ~ __ tl_S_;t 

17-0 

BREAKj 
tBS tSB 1-STEP tRAr--

tWA 
-tSA1~ 

~~I H tAB 

ACC/PC 

tDAP1:::..j 

I '\ . I 

tDAP2 

Pl0-0 (Pc)n (Pc)n 

(Pc)n 

ITEM MILLIMETERS INCHES 

A 41.5 1.634 MAX 

8 1.05 0.042 

C 2.54 0.1 

0 0.5 ± 0.1 0.2 ± 0.004 

E 39.4 1.55 

F 1.27 0.05 

G 5.4 MIN 0.21 MIN 

I 2.35 MAX 0.13 MAX 

J 24.13 0.95 

·K 19.05 0.75 

L 15.9 0.626 

M 0.25 ± 0.05 0.01.± 0.002 

2068 

TIMING WAVEFORM 

PACKAGE OUTLINE 
ILPD5568 
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~EC" 
NEe Microcompute"rs. Inc. pPD780 

fLPD780-1 

8·BIT N-CHANNEL MICROPROCESSOR 
COMPLETELY Z80™ COMPATIBLE 

o ESC R I PT I ON The JlPD780 and JlPD780-1 processors are single chip microprocessors developed from 
third generation technology. Their increased computational power produces higher 
system through-put and more efficient memory utilization, surpassing tnat of any 
second generation microprocessor. The single voltage requirement of the JlPD780 and 
JlPD780-1 processors makes it easy to implement them into a system. All output sig­
nals are fully decoded and timed to either standard memory or peripheral circuits. An 
N-channel, ion implanted, silicon gate MOS process is utilized in implementing the 
circuit. 

The block diagram shows the functions of the processor and details the internal register 
structure. The structure contains 26 bytes of ReadIWrite (R/W) memory available to 
the programmer. Included in the registers are two sets of six general purpose registers, 
which may be used as 8-bit registers individually, or as 16-bit register pairs. Also 
included are two sets of accumulator and flag registers. 

Through a group of exchange instructions the programmer has access to either set of 
"main or alternate registers. The alternate register permits foreground/background mode 
of operation, or may be used for fast interrupt response. A 16-bit stack pointer is also 
included in each processor, simplifying implementation of multiple level interrupts, 
permitting unlimited subroutine nesting, and simpl"ifying many types of data handling. 

The two 16-bit index registers simplify implementation of relocatable code and manipu­
lation of tabular data. The Refresh register will automatically refresh external dynamic 
memories. A powerful interrupt response mod43 will use the I register to form the 
upper 8-bits of a pointer td an interrupt service address table, while the interrupting 
apparatus supplies the lower 8-bits of the pointer. An indirect call will then be made to 
service this address. 

F EA TU R ES • Single Chip, N-Channel Silicon Gate Processor 

PIN CONFIGURATION 

• 158 Instructions - Including all 78 of the 8080A Instructions, Permitting Total 
Software Compati bi I itv 

• New 4-, 8-, and 16-Bit Operations Featuring Useful Addressing Modes such as 
.Indexed, Bit and Relative 

• 17 Internal Registers 
• Three Modes of Rapid Interrupt Response, and One Non-Maskable Interrupt 
• Directly Connects Standard Speed Dynamic or Static Memories, with Minimum 

Support Circuitry 
• Single-Phase +5 Volt Clock and 5 VDC Supply 
• TTL Compatibility 
• Automatic Dynamic RAM Refresh Circuitry 
• Available in Plastic Package 

A11 A10 
A12 Ag 
A13 AS 
A14 A7 
A1S A6 

rp AS 
04 A4 
03 A3 
Os A2 

06 JlPD Al 
+SV 780/ AO 

02 780-1 GNO 

07 RFSH 

DO M1 

01 RESET 

INT BUSRO 
NMI WAIT 

HALT BUSAK 
MREO WR 
IORO RO TM: ZOO is a registered trademark of Zilog, Inc. 
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p,PD780 

PROCESSOR 
SYSTEM PROCESSOR BUS 

~r CON;:'ROLIf-,C~NI;OL 

I~ 10 II IS It: - ~ ffi ~ _ a: a: 10 Ia: ~ <{ <{ If- I::! w :::> :::> I::! ::! Q a: ~ a: I ~ ~ z a: al al 

+5V 

GND 

NO. 

1-5, 
30-40 

7-10, 
12-15 

27 

19 

20 

21 

2070 

INSTRUCTION DECODE 
AND 

PROCESSOR CONTROL 

.. 

.. 

ADDRESS 
CONTROL 

~ 

16-BIT 
ADDRESS BUS 

PIN 

SYMBOL NAME 

Ao-A15 Address Bus 

00-0 7 Data Bus 

M1 Machine Cycle 

One 

MREO Memory Request 

iORO Input/Output 
Request 

RO Memory Read 

INSTRUCTION 
REGISTER 

8-BIT 
DATA BUS 

DATA BUS 
CONTROL 

INTERNAL 
DATA BUS 

ALU 

MAIN REGISTER SET ALTERNATE REGISTER SET 

ACCUMULATOR FLAGS ACCUMULATOR FLAGS 

A· F A' F' 

B C B' C' 

D !: D' E' 

H L H' L' 

INTERRUPT VECTOR I MEMORY REFRESH R 

INDEX REGISTEij IX 

INDEX REGISTER IY 

ST ACK POINTER SP 

PROGRAM COUNTER PC 

SPECIAL PURPOSE REGISTERS 

FUNCTION 

I 

3-State Output, active high. Pins AO-A15 constitute a 
16-bit address bus, which provides the address for 
memory and I/O device data exchanges. Memory 
capacity 65,536 bytes. AO-A 7 is also needed as 
refresh cycle. 

3-State input/output, active high. Pins 00-07 compose 
an 8-bit, bidirectional data bus, used for data exchanges 
with memory and I/O devices. 

Output, active low. M1 indicates that the machine cycle 
in operation is the op code fetch cycle of an instruction 
execution. 

3-State output, active low. MREO indicates that a valid 
address for a memory read or write operation is held in 
the address. 

3-State output, active low. The I/O request 
signal indicates that the lower half of the address bus 
holds a valid address for an I/O read or write operation. 
The 10RO signal is also used to acknowledge an 
interrupt command, indicating that an interrupt 
response vector can be placed on the data bus. 

3-State output, active low. RO indicates that the 
processor is requesting data from memory or an 
I/O device. The memory or I/O device being addressed 
should use this signal to gate data onto the data bus. 

BLOCK DIAGRAM 

PIN IDENTIFICATION 

I 
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PIN IDENTIFICATION 
(CONT.) 
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NO. 

22 

28 

18 

24 

16 

17 

26 

25 

23 

PIN 

SYMBOL NAME 

WR Memory Write 

RFSH Refresh 

i=iALT Halt State 

WAIT Wait 

iNT Interrupt Request 

NMI Non-Maskable 
Interrupt 

RESET Reset 

BUSRO Bus Request 

BUSAK Bus Ackpowledge 

pPD780 

FUNCTION 

3-State output, active low. The memory write signal 
indicates that the processor data bus is holding valid 
data to be stored in the addressed, memory or 1/0 
device. 

Output, active low. R FSH indicates that a refresh 
address for dynamic memories is being held in the 
lower 7-bits of the address bus. The MR'EQ signal 
should be used to implement a refresh read to all 
dynamic memories. 

Output, active low. HA'i::Tindicates that the processor 
has executed a HALT software instruction, and will 
not resume operation until either a non-maskable or a 
maskable (with mask enabled) interrupt has been 
implemented. The processor will execute NOP's while 
halted, to maintain memory refresh activity. 

Input, active low. WAIT indicates to the processor 
that the memory or 1/0 devices being addressed are 
not ready for a data transfer., As long as this signal is 
active, the processor will 'reenter wait states. 

Input, active low. The jj\jf signal is produced by 1/0 
devices. The request will be honored upon completion 
of the current instruction, if the interrupt enable 
flip-flop (I F F) is enabled by the internal software. 
There are three modes of interrupt response. 
Mode 0 is identical to 8080 interrupt response mode. 
The Mode 1 response is a restart location at 0038H. 
Mode 2 is for simple vectoring to an interrupt service 
routine anywhere in memory. 

Input, active low. The non-maskable interrupt has a 
higher priority than I NT. It is always acknowledged at 
the end of the current instruction, regardless of the 
status of the interrupt enable flip-flop. When the NMI 
signal is given, the JLPD780 processor automatically 
restarts to location 0066H. 

I nput, active low. The R'ES'ff signal causes the 
processor to reset the interrupt enable flip-flop (I F F), 
clear PC and I and R registers, and set in.terrupt to 
8080A mode. During the reset time, the address bus 
and data bus go to a state of high impedance, and all 
control output signals become inactive, after which 
processing continues at OOOOH. 

Input, active low. BUSRO has a higher priority than 
NMI, and is always honored at the end of the current 
machine cycle. It is used to allow other devices to 
take control over the processor address bus, data bus 
signals; by requesting that they go to a state of high 
impedance. 

Output, active low. BUSAK is used to inform the 
requesting device that the processor address bus, 
data bus and 3-state control bus signals have entered 
a state of high impedance, and the external device can 
now take control of these signals. 
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JLPD780 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. oOe to +70o e 
Storage Temperature ................................... -65°e to +150

o
e 

Voltage on any Pin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 to +7 Volts <D 
Power Dissipation ............................................... 1.5W 

Note: CD With Respect to Ground. i 

COMMENT: Stress above'those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only ~nd functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods meW affect device 
rei iabi I ity. 

Ta = O°C to +70°C; VCC = +5V ± 5% unless otherwise specified. 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Clock Input low Voltage VllC -0.3 0.45 V 
, 

Clock Input High Voltage VIHC Vee- O.2 Vee V 1 

Input low Voltage VIL -0.3 0.8 V 

Input High Voltage VIH 2.0 Vee V 

Output Low Voltage VOL 
. 0.4 V, IOl = 1.8 rnA 

Output High Voltage VOH 2.4 V IOH=- 25O IlA 

IIlPD780 ICC 150 rnA te = 400 ns 
Power Supply Current I 

ICC 90 200 rnA te = 250 ns Il PD780·' 

Input Leakage Current III 10 IlA VIN = 0 to Vee 

Tri·State Output Leakage Current in Float ILOH 10 IlA VOUT = 2.4 to Vee 

Tri·State Output Leakage Current in Float ILOL -10 IlA VOUT = 0.4 V 

Data Bus Leakage Current in Input Mode ILD ±10 IlA 0";; VIN";; Vee 

LIMITS TEST 

PARAMETER SYMBOL MIN TYP . MAX UNIT CONDITIONS· 

Clock Capacitance CcJ> 35 pF fc = 1 MHz 

Input Capacitance CIN 5 pF Unmeasured Pins 

Output Capacitance COUT 10 pF Returned to Ground 

2072 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 
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PACKAGE OUTLINES 
pPD780C 

pPD780C-1 
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fLPD780 

-' A' --i ~K~ 

Hc{~~!' '. :;Jf~~-
--:.8-.. Fr- - -~ C '-- .-.j ~ . 0° - 150J '\--

: . I Ie 0" I 

ITEM 

A 

B 

C 

0 

E 

F 

G 

H 

I 

J 

K 

L 

M 

pPD780C 
pPD780C-1 

(Plastic) 

MILLIMETERS 

51.5 MAX 

1.62 

2.54 ± 0.1 

0.5 ± 0.1 

48.26 

1.2 MIN 

2.54 MIN 

0.5MIN 

5.22 MAX 

5.72 MAX 

15.24 ' 

13.2 

+ 0.1 
0.25 

- 0.05 

INCHES 

2.028 MAX 

0.064 

0.10 ± 0.004 

0.019 ± 0.004 

1.9 

0.047 MIN 

0.10MIN 

0.019 MIN 

0.206 MAX 

0.225 MAX 

0.600 

0.520 

+ 0.004 
0.010 

- 0.002 



TIMING WAVEFORM <D 

<I' 

.AO-15 

AO-A15 

r 00-7 

OUT 

'tOL (Mli 

iVi1 

RFSH 

MREO 

RO 

WR 

iOAQ 

RO 

~ WR 
Q) IS (WT) IH ..... 
::J 
0-
E WAiT 
0 -------, 
0 
0 
~ HALT 
.~ 
~ 

U INT 

W 
Z 

NMI 

RESET 

Note: CD Timing measurements are made at the following voltages unless otherwise specified: 

2074 

ts (BO) tH 

"I" 
CLOCK 4.2V 
OUTPUT 2.0V 
INPUT 2.0V 
FLOAT j.V 

"0" 

O.SV 

O.SV 
O.SV 

±O.5V 

fLPD780 

1-

1

--¥ 
',_ ../1--­

tOH;j;(WR) 

"- ./ 
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fLPD780 

Instruction Op Code Fetch 

The contents of the program counter (PC) are placed on the address bus at the start 
of the cycle. MREO goes Cictive one-half clock cycle later, and the falling edge of this 
signal can be used directly as a chip enable to dynamic memories. The memory data 
should be enabled onto the processor data bus when RD goes active. The processor 
takes data with the rising edge of the clock state T3. The processor internally decodes 
and executes the instruction, while clock states T3 and T 4 of the fetch cycle are used 
to refresh dynamic memories. The refresh control signal R FSH indicates that a refresh 
read should be done to all dynamic memories. 

1-4--------M I Cycle------........ 

WAIT 

MI 

, Memory· Read or Write Cycles 

This diagram illustrates the timing of memory read or write cycles other than an op 
code fetch (M1 cycle). The function of the MREO and RD signals is exactly the same 
as in the op code fetch cycle. When a memory write cycle is implemented, the MR EO 
becomes active and is used directly as a chip enable for dynamic memories, when the 
address bus is stable. The WR line is used directly as a R!W puls~ to any type of semi­
conductor memory, and is active when data on the data bus is stable. 

~--Memory Read Cycle--.... ~;--..--Memory Write Cycle----. 

-t------+-----+...-..{IN DATA OUT 

WAIT JL--~~: ____ -_ J\..- ~-_-__ -= 

8 
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TIMING WAVEFORMS 
(CONT.) 

Input or Output Cycles ""PD780 
This illustrates the timing for an I/O read or I/O write operation. A single wait-state 
(TW) is automatically inserted in I/O operations to allow sufficient time for an I/O 
port to decode its address and activate the WAIT line, if necessary. 

2078 

} 
Read 

\---4---- Cycle 

WAIT 

} Write +---{:::t:===t:1 :ffiOU[[T :::t==::::pl i--' Cyd, 

WR 

Interrupt Request/ Acknowledge Cycle 

The processor samples the interrupt signal with the rising edge of the last clock at the 
end of any instruction. A special Ml cycle is started when an interrupt is accepted. 
During the Ml cycle, the lORa (instead.of MREO) signal becomes active, indicating 
that the interrupting device can put an 8-bit vector on the data bus. Two wait states 
(TW) are automatically added to this cycle. This makes it easy to implement a ripple 
priority interrupt scheme. 

Last M Cycle - __ ~--------MI--------­
--of Instruction 

INT 

MI 

MREO 

IORO 

WAIT 

RD 

INSTRUCTION SET The following summary shows the assembly language mnemonic and the symbolic 
operation performed by the instructions of the J,LPD780 and J,LPD780-1 processors. 
The instructions are divided into 16 categories: 

Miscellaneous Group 8-Bit Loads 
Rotates and Shifts 16-Bit Loads 
Bit Set, Reset imd Test Exchanges 
Input and Output Memory Block Moves 
Jumps Memory Block Searches 
Calls 8-Bit Arithmetic and Logic 
Restarts 16-Bit Arithmetic 
Returns General Purp'ose Accumulator and Flag Operations 

The addressing Modes include combinations of the following: 

Indexed Immediate 
Register Immediate Extended 
Implied Modified Page Zero 
Register Indirect Relative 
Bit Extended 

~IC MASTER ·1919 



JLPD780' 

MNEMONIC 
SYMBOLIC 

DESCRIPTION 
NO. NO.T 

OPERATION BYTES STATES C 

ADC HL, 55 '" HL-HL+ss+CY Add with carry reg. pair ss to HL 1 11 t 

ADCA, r A-A + r + CY Add with carry Reg. r to ACC 1 4 i 
ADCA,n A+-A + n + CY Add with carry value n to ACC 7 t 

ADCA, (HLI A - A + (HL) + CY Add with carry loc. (HLI to ACC 7 t 
ADC A, (IX + dl A -- A + (IX + dl + CY Add with carry loc. (IX + dl to ACC 19 i 

ADC A, (ly + dl A - A + (tY + d) + CY Add with carry loc. (lY + d) to ACC 19 t 

ADD A, n A-A+n Add value n to ACC 2 7 t 

ADD A, r A-A+r Add Reg. r to ACC 1 4 t 
ADDA, (HL) A--A+ (HL) Add location (HL) to ACC 1 7 t 

ADDA, (lX+d) A+-A+ (lX+dl Add location (IX + d) to ACC 3 19 t 

ADD A, (ty +dl A+-A + (ly +d) Add location (ly + d) to ACC 3 19 t 

ADD HL, 5S HL-- HL+"ss Add Reg. pair 55 to H L 1 11 t 
ADD IX, pp IX +- IX + pp Add Reg. pair pp to I X 2 15 t 

ADD IY, rr IY--\Y + IT Add. Reg. pair rr to IY 2 15 t 

ANDr A+-AAr Logical' AND' of Reg. r A ACC 4 0 
ANOn A- AAn Logical 'AND' of value n A ACC 7 0 

AND (HL) A+- AA(HLl Logical 'AND' of loc. (HLI A ACC 7 0 
AND (IX +d) A--AA(lX + d) l,ogical 'AND' of loc. (IX + d) A ACC 19 0 

AND (lY+d) A +-AA(lY + dl Logical 'AND' of loc. (ly + d) A ACC 19 0 

BITb, (HL) Z-- (HLl b Test BIT bof 10catioD (HL) 2 12 • 
BIT b, (IX + d) Z+-(lX+d)b Test BIT b at location (IX + d) 4 20 • 

BtTb,(lY+d) Z +- (lY + d) b 
i 

Test BIT b at location (lY + d) 4 20 • 

BtTb, r Z --7p Test BIT of Reg. r 2 8 • 
CALLcc, nn If condition cc false continue, Call subroutine at location nn if 3 10 • 

else same as CALL nn condition ccis true 

CALL nn (SP - 1) +- PC
H Unconditional call subroutine at 3 17 • 

(SP - 21 - PCL location nn 
PC <- nn 

CCF GY <- CY Complement carry flag 1 4 t 
CPr A-r Compare Reg. r with ACe 4 t 
cpn A-n Compare value n with ACC 7 t 

CP (HL) A- (HLI Compare loc. (HL) with ACC 7 t 
CP (IX + d) A- (IX + d) Compare loc. (IX + dl with ACC 19 i 

! CP (lY + d) Compare loc. ItY + d) with ACC 19 t 

CPO A- (HL) Compare location (HL) and ACC, 2 16 • 
HL<-HL-l clecrement HL and BC 
BC +- BC - 1 

CPOR A - (HL) Compa!e location (HLI and ACC, 2 21 if BC = 0 • 
HL +- HL-'l decrement HL and BC, repeat until and A" (HL) 
BC <- BC - 1 BC =0 16 if BC = 0 
until A = (HL) or BC = 0 or A '" (HL) 

©IC MASTER 1979 

INSTRUCTION SET TABLE 

FLAGS OPCODE 
Z PIV S N H 76 543 210 

t V t 0 X 11 101 101@ 
01 s s 1 010 

t V t 0 t 10 001 rrr® 
t V t 0 t 11 001 110 

nn nnn nnn 
t V t 0 t 10 001 110 
t V t 0 t 11 011 101 

10 001 110 
dd ddd ddd 

t V i 0 t 11 111 101 
10 001 110 
dd ddd ddd 

t V t 0 t 11 000 110 
nn nnn nnn 

t V i 0 t 10 000 rrr® 

t V . t 0 t 10 000 110 

t V t 0 t 11 011 101 
10 000 110 
dd ddd ddd 

t V t 0 t 11 111 101 
10 000 110 
dd ddd ddd 

• • • 0 X 00 s51 001@ 

• • • 0 X 11 011 101© 
00 ppl 001 

• • · . 0 X 11 111 101@ 
00 r r 1 001 

t P t 0 i 10 100 rrr® 
i P t 0 t 11 100 110 

nn nnn nnn 
t P t 0 i 10 100 110 
t P t 0 t 11 011 101 

10 100 110 
dd ddd ddd 

t P t 0 t 11 111 101 
10 100 110 
dd ddd ddd 

t X X 0 1 11 001 011® 
01 bbb 110 

t X X 0 1 11 011 101® 
11 001 011 
dd ddd ddd 
01 bbb 110 

t X X 0 1 11 111 101® 
11 001 011 
dd ddd ddd 
01 bbb 110 

t X X 0 1 11 001 011
00 01 bbb rrr E 

• ;:) • • • 11 +-cc-> 100® 
nn nnn nnn 
nn nnn nnn 

• • • • • 11 001 101 
nn nnn nnn 
nn nnn nnn 

• • • 0 X 00 111 111 

t V t 1 t 10 111 rrr® 
t V f 1 t 11 111 110 

nn nnn nnn 
t V t 1 i 10 111 110 
t V i 1 t 11 011 101 

10 111 110 
dd ddd ddd 
11 111 101 

t V i 1 t 10 111 110 
dd ddd ddd 

t@ tG) t 1 t 11 101 101 
10 101 001 

t@ tG) t 1 t 11 101 101 
10 111 001 
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MNEMONIC 

CPI 

CPIR 

CPL 

DAA 

DEC r 
DEC (HL) 
DEC (IX + d) 

DEC (lY +d) 

DECiX 

DECIY 

DEC ss 

01 

DJNZ, e 
\ 

EI 

EX (SP), HL 

EX (SP), IX 

EX (SP), IY 

EX AF, AF' 

EX D,E, HL 

EXX 

HALT 

IMO 

IMl 

1M 2 

INA, (n) 

IN r, (C) 

INC (HL) 

INC IX 

INC (IX + d) 

INC IY 

INC (ly +d) 

INCr 

INC 55 

INO 

2078 

SYMBOLIC 
OPERATION 

A - (HL) 
HL .... HL+l 
BC .... BC-l , 

A- (HL) 
HL .... HL+l 
BC .... BC- 1 
until 
A = (HL) or BC = 0 

A-A 

r- r - 1 
(HLl - (HL) - 1 
(IX + d) - (IX + d) - 1 

I (lY + d) - (ly + d) - 1 

I 
IX - IX - 1 

IY-IY-l 

ss +- SS - 1 

IFF -0 

B - B-1 if B = 0 
continue if B '" 0 
PC- PC+ e 

IFF -1 

H- (SP+ 1) 
L- (SP) 

IX H -(SP+l) 
IX

L 
.... (SP) 

IY
H 

... (SP + 1) 
IY

L 
... (SP) 

AF .... AF' 

DE- HL 

BC- BC' 
DE ... DE' 
HL- HL' 

Processor Halted 

A- (n) 

r-(C) 

(HLl - (HL) + 1 

IX -IX.+ 1 

(IX + d) - (IX + d) + 1 

IY -IY+ 1 

(ly + d) ... (ty + d) + 1 

r -r + 1 

S5 .... ss + 1 

(HL)-(C) 
B ... B'- 1 
HL-HL-l 

DESCRIPTION 
NO. NO. T 

BYTES STATES 

Compare location (HL) and ACC, 2 16 
increment HL and decrement BC 

Compare location (HL) and ACC, 2 21 if BC = 0 
increment HL, decrement BC and A 'I (HL) 
Repeat until BC = C 16 if BC '" 0 

or A = (HL) 

Complement ACC (1's camp.) 1 4 

Decimal adjust ACC 1 4 

Decrement Reg. r 4 
Decrement loc. (HL) 11 
Decrement loc: OX + d) 23 

Decrement loc. (IY + d) 23 

Decrement IX 2- 10 

Decrement IY 2 10 

Decrement Reg. pair ss 1 6 

Disable interrupts 1 4 

Decrement B and jump relative if 2 8 
B=O 

Enable interrupts 1 4 

Exchange the location (SP) and HL 1 19 

Exchange the location (SP) and IX 2 23 

Exchange the location (SP) and IY 2 23 

Exchange the contents of AF, AF ' 1 4 

Exchange the contents of DE and HL 1 4 

Exchange the contents of BC, DE, HL 1 4 
with contents of BC', 0 E " H L " 
respectively 

HAL T (wait for interrupt or reset) 1 4 

Set Interrupt mode 0 2 8 

Set Inte~r(lpt mode 1 2 8 

Set Interrupt mode 2 2 8 

Load ACC with input from device n 2 11 

Load Reg. r with input from device 2 12 
(C) 

Increment location (HL) 1 11 

Increment IX 2 10 

Increment location OX + d) 3 23 

Increment IY 2 10 

Increment location (ly + dl 3 23 

Increment Reg. r 1 4 

Increment !=teg. pair 55 1 6 

Load location (HL) with input from 2 16 
port (C), decrement HL and B 

f'PD780 

FLAGS OPCODE 
C Z PN S N H 76 543 210 

• t@ iDs 1 t 11 101 101 
10 100 001 

• t@ t<D t 1 t 11 101 101 
10 110 001 

• • • • 1 1 00 101 111 

t t P t • t 00 100 111 

• t V t 1 t 00 rrr 101@ 

• t V t 1 t 00 110 101 

• t V t 1 t 11 011 101 
00 110 101 
dd ddd ddd 

• t V t 1 t 11 111 101 
00 110 101 

I dd ddd ddd 

I • • • • • • 11 011 101 
00 101 011 

• • • • • • 11 111 101 
00 101 011 

• • • • • • 00 S 5 1 011@ 

• • • • • • 11 110 011 

• • • • • • 00 010 000 
~-2--

• • • • • • 11 111 011 

• • • • • • 11 100 011 

• • • • • • 11 011 101 
11 100 011 

• • • • • • 11 111 101 
11 100 011 

• • • • • • 00 001 000 

• • • • • • 11 101 011 

• • • • • • 11 011 001 

• • • • • • 01 110 110 

• • • • • • 11 101 101 
01 000 110 

• • • • • • 11 101 101 
01 010 110 

• • • • • • 11 101 101 
01 011 110 

• • • • • .. 11 011 011 
nn nnn nnn 

• t P t 0 t 11 101 101<D 
01 rrr 000 

• t V t 0 t 00 110 100 

• • • • • • 11 011 101 
00 100 011 

• t V t 0 t 11 011 101 
00 110 100 
dd ddd ddd 

• • • • • • 11 111 101 
00 100 011 

• t V t 0 t 11 111 101 
00' 110 100 
dd ddd ddd 

• t V t 0 t 00 rrr l00® 

• • • • • • 00 ssO 011@ 

• t® X X 1 X 11 101 101 
10 101 010 

11 

<Il>1C MASTER 111'9 



JLPD780 

SYMBOLIC 
DESCRIPTION 

NO. NO. T 
MNEMONIC OPERATION BYTES STATES 

INDR (HL) - (C) Load location (HU with input from 2 21 
B - B-1 port (C). decrement HL and decre· 
HL - HL - 1 until B = a ment B, repeat until B = 0 

INI (HL)·- (C) Load location (HL) with input from 2 
\ 

16 
B - B-1 port (C); and increment HL and 
HL-HL+l decrement B 

INIR (HL) - (C) Load location (HL) with input from .2 21 
B·- B-1 port (C), increment HL and deere· 
H L -, H L + 1 until B = a ment B, repeat until B = 0 

JP (HL) PC·- HL Unconditional jump to (HL) 1 4 

JP (IX) PC·- IX Unconditional jump to (I X) 2 8 

JP (IV) PC· IV Unconditional jump to (IV) 2 8 

JP cc, nn If cc true PC . nn else·continue Jump to location nn if condition cc 3 10 
15 true 

JP nn PC·- nn Unconditional jump to location nn 3 10 
I 

JR C, e If C = 0 continue Jump relative to PC + e, if carry ~ 1 2 7 if condition 
If C = 1 PC:· PC ,+ e met. 12, if 

not 

JR e PC·- PC + c Unconditional jump relative to PC + e 2 12 

JR NC, e If C = 1 continue Jump relative to PC + e if carry = 0 2 7 
If C = 0 PC •. PC t e 

JR NZ, e If Z = 1 continue Jump relative to PC + e if non·zero 2 7 
(Z ~ 0) 

JR Z, e If Z = 0 continue Jump relative to PC + elf zelo 2 7 
(Z = 1) 

LD A, (BC) A·- (BC) Load ACC with location (BC) 1 7 

LD A, (DE) A - (DE) Load ACC with location (DE) 1 7 

LD A, I A·- I Load ACC with I 2 9 

LD A, (nn) A·- (nn) Load ACC with location nn 3 13 

LD A, R A··, R Load ACC with Reg. R 2, 9 

LD (BCl. A (BC) . A Load location (BC) wIth ACC 1 7' 

LD IDEO), A lnr\ A I Load location (lJE) with /\CC 1 I 7 \LJ'-' . 

LD (HL), n (HL) . n Load location (HL) with value n 2 10 

LD 55, nn 55 ... nn Load Reg. pair 55 with value nn 4 20 

LO HL, (nn) H· (nn + 1) Load HL with location (nn) 3 16 
L· (nn) 

LO (HL), r (HL) . I Load location (HL) With. Reg. r 1 7 

LDI,A ' . A Load I with ACC 2 9 

LO IX, nn IX - nn Load IX with value nn 4 19 

LO IX, (nn) IX
H

' (nn + 1) Load IX with location (nn) 4 20 
IX L - (nn) 

LD (IX ~ cJ), n (IX + d) • n Load location (IX + d) with value n 4 19 

U)(lX+d),r (IX + d)· r Load location (IX + d) with Reg. I 3 19 

©IC MASTER 1979 

INSTRUCTION SET TABl.E 
(CONT.) 

FLAGS OPCODE 
C Z P/V S N H 76 543 210 

• 1 X X 1 X 11 101 101 
10 111 010 

• :<1> X X 1 X 11 101 101 
10 100 010 

· 1 X X 1 X 11 101 101 
10 110 010 

• • • • • • 11 101 1001 

• • • • • • 11 011 101 
11 101 001 

• • • • • • 11 111 101 
11 101 001 

• • • • • • 11 +-{;c- 010(8) 
nn nnn nnn 
nn nnn nnn 

· • • • I • • 11 000 all 
" nn nnn nnn , 

nn nnn nnn 

• • • • • • 00 111 000 
--e·2--

• • • · • • 00 011 000 
--e·2---

• • • • · • 00 110 000 
_e·2 __ 

• • • • · • 00 100 000 
--e·2 ___ 

• • • • • • 00 101 000 
--e-2---

• · • • • • 00 001 010 

• • • • • · 00 an 010 

• IFF : a a 11 101 101 
01 010 111 

· • • • • • 00 111 010 
nn nnn nnn 
nn nnn nnn 

• IFF 0 0 11 101 101 
01 011 111 

• • • • • • 00 000 010 

I. • · • , e 100 Ole 010 

• . · · • • • 00 110 110 
nn nnn nnn 

· · • • • • 00 550 001@ 
nn nnn nnn 
nn nnn nnn 

• • • • • • 00 101 010 
nn nnn nnn 
nn nnn nnn 

• • • • • • 01 110 rrr® 

· • • • • • 11 101 101 
01 000 111 

• • • • • • 11 011 101 
00 100 001 
nn nnn nnn 
nn nnn nnn 

· • · · • • 11 all 101 
00 101 010 
nn nnn nnn 
nn nnn nnn 

• · · · · • 11 all 101 
00 110 110 
dd ddd ddd 
nn nnn nnn 

• • · • • • 11 011 101® 
01 110 rrr 
dd ddd ddd 
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MNEMONIC 

LD IY, nn 

LD IY, (nn) 

LD 55, (nn) 

LD (ly + d), n 

LO ilY +d}, r 

I I 
LD (nn), A 

LD (nn), 55 

( 

LD (nn), HL 

LD (nn), IX 

LD (nn), IY 

LD R, A 

LDr, (HL) 

LDr,(lX+d) 

LD r, (IY + d) 

LD r, n 

LD, r, r 

LDSP,HL 

LD SP, IX 

LD SP, IY 

LDD 

LDDR 

LO! 

LDIR 

NEG 

2080 

SYMBOLIC 
OPERATION 

IY +- nn 

IY
H 

+- (nn + 1) 
IY

L 
<-- (nn) 

-
5S

H 
+- (nn + 1) 

sSL +- (nn) 

(IY+d)+-n 

(ly + dj +- r 

(nn) +- A 

(nn + 1) <- S5H 
(nn) <- S5

L 

(nn+l).-H 
(nn) +- L 

(nn + 1) +- IX
H 

(nn) +- IX
L 

(nn + 1) +- IY H 
(nn) +- IY L 

R+-A 

r +- (HU 

r - (!X + d) 

r- (ty + dl 

r +- n 

r +- r 

SP +- HL 

SP +- IX 

SP +- IY 

(DE) ... (HL) 
DE+-DE-l 
HL.- HL - 1 
BC +- BC- 1 

(DE) +- (HU 
DE .... DE - 1 
HL·- HL 1 
BC - BC· 1 until BC = 0 

(DE). (HL) 
DE ... DE + 1 
HL +- HL + 1 
Be +- BC - 1 

(DE)'" (HU 
DE ..... DE + 1 
HL +- HL + 1 
Be +- BC - 1 until BC = 0 

A-O-A 

DESCRIPTION 
NO. NO. T 

BYTES STATES 

Load IY with value nn 4 14 

Load IY with location (nn) 4 20 

Load Reg. pair dd with location (nn) 4 20 

Load (ly + d) with value n 4 19 

I ~ 
Load location (ly + d) with Reg. r I 3 , 19 

I I I 
Load location (nn) with ACC 3 13 

Load location (nn) with Reg. pair dd 4 20 

I I 
I 

Load location (nn) with HL 3 16 

Load location (nn) with IX 4 20 

Load location (nn) with IY 4 20 

Load R with ACC 2 9 

Load Reg. r with location (HL) 1 7 

Load Reg. r with location (IX + d) 3 19 

Load Reg. r with location (lY + d) 3 19 

Load Reg. r with value n 2 7 

Load Reg. r with Reg. r 1 4 

Load SP with HL 1 6 

Load SP with IX 2 10 

Load SP with IY 2 10 

Load location (DE) with location 2 16 
(HLI, decrement DE, HL and BC 

Load location (DEI with location 2 21 
(HU 

Load location (DE) with location 2 16 
(HU, increment DE, HL; decrement 
BC 

Load location (DE) with location 2 21 if Be f 0 
(HU, increment DE, HL; decrement 16 if BC ~ 0 
Be and repeat until BC = 0 

Negate ACC (2'5 complement) 2 8 

I 

JLPD780 

FLAGS OPCODE 
C Z P/V S N H 76 543 210 

• • • • • • 11 111 101 
00 100 001 
nn nnn nnn 
nn nnn nnn 

• • • • • • 11 111 101 
00 101 010 
nn nnn nnn 
nn nnn nnn 

• • • · • • 11 101 101® 
01 S S 1 011 
nn nnn nnn 
nn' nnn nnn 

• • • · · • 11 111 101 
00 110 110 
dd ddd ddd 
nn nnn nnn 

• • • • • • I 11 111 101@ 

I m 110 rrr 
dd ddd ddd 

• • • • • • 00 110 010 
nn nnn nnn 
nn nnn nnn 

· · • • • • 11 101 101® 
01 ssO 011 
nn nnn nnn 
nn nnn nnn 

• · • • · • 00 100 010 
nn nnn nnn 
nn nnn nnn 

• • • • • · 11 011 101 
00 100 010 
nn nnn nnn 
nn nnn nnn 

• • • • • • 11 111 101 
00 100 010 
nn nnn nnn 
nn nnn nnn 

• · • • • • 11 101 101 
01 001 111 

• • • • • • 01 rrr 110® 

• • • • · • 11 011 101@ 
01 rrr 110 
dd ddd. ddd 

• • • • · • 11 111 101@ 
01 rrr 110 
dd ddd ddd 

• • • • • • 00 rrr 11O® 
nn nnn nnn 

· • • • • • 01 rrr r'r'r'® 

• • • • • • 11 111 001 

• • • • • • 11 011 101 
11 111 001 

• • · • • • 11 111 101 
11 111 001 

• • t • 0 0 11 101 101 
10 101 000 

• • 0 • 0 0 11 101 101 
10 111 000 

• · 1G). 0 0 11 101 101 
10 100 000 

• • 0 • 0 0 11 101 101 
10 110 000 

t i V t 1 ! 11 101 101 

1 01 000 100 
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p.PD780 

MNEMONIC 
SYMBOLIC 

DESCRIPTION 
NO. NO. T 

OPERATION BYTES STATES 

NOP No operation 1 4 

OR r A+- AV r Logical 'OR' of Reg.r and ACC 4 
OR n A+-AVn Logical 'OR' of value nand ACC 1 

A+- AV (HL) OR (HL) Logical 'OR' of loc. (HLI and ACC 7 
OR (IX +dl A +- (IX + dl Logical 'OR' of loc. OX + dl /\ ACC 19 

OR (ly +dl A+-AVOY+dl Logical 'OR' of loc. (IV + dl /\ ACC 19 

OTOR (C) +- (HLI Load output port (C) with contents 2 21 if 8 t- 0 
8+-8-1 of location (H L), decrement HL 16 if 8 = C 
HL +- HL - 1 until 8 = 0 and 8, repeat until 8 = 0 

OTIR (CI <- (HL) Load output port (C) with location 2 21 if 8 t- 0 
8 -8-1 (HL), increment HL. decrement 8, 16 if 8 = C 
HL +- HL + 1 until 8 = 0 repeat until 8 = 0 

OUT (C),r (C)-r Load output port (C) with Reg. r 2 12 

OUT (nl, A (nl-A Load output port (n) with ACC 2 11 

aUTO (C) <- (HL) Load output port (C) with location 2 16 
8+-8-1 (Htl, increment HL and 
HL - HL - 1 decrement 8 

OUT I (C) -(HL) Load output port (C) with location 2 16 
8 - B-1 (HL). increment HL and 
HL-HL+l decrement B 

PQPIX IX
H 

+- (SP + 1) Load IX with top of stack 2 14 
IX

L 
+- (SP) 

PQPIY IY H <- (SP + 1) Load IY with top of stack 2 14 
IY

L 
- (SP) 

PQPqq QQH+-(SP+l) Load Reg. pair qq with top of stack 1 10 
qqL +- (SP) 

PUSH IX (SP - 2) +- IX
L Load IX onto stack 2 15 

(SP - 1) +-IXH 

PUSHIY (SP - 2) +- IY L Load IY onto stack 2 15 
(SP - 1) - IY H 

PUSH qq (SP - 2) +- qqL Load Reg. pair qq o'nto stack' 1 11 
(SP- 1) -qqH 

RES ti, r Sb +- 0 Reset Bit b of Reg. r 8 

RES b, (HL) Sb <- 0, (HL) Reset Bit b of loc. (HI,.) 15 

RES b, (IX + d) Sb <- 0, (IX + d) Reset Bit b of loc. (I X + d) 23 

RES b, (lY + d) Sb-O,(IY+d) Reset Bit b of loc. (ly + d) 23 
.-

RET PCL <- (Sp) Return from subroutine 1 10· 
PCH - (SP + 1) 

RETcc If condition cc is false Return from subroutine if condition 1 5 if CC false 
coot. else (PCL +- (SP) cc is true 11 if CC true 
PCH <- (SP + 1 ) 

RETI Return from interrupt 2 
, 

14 

RETN Return from non-maskable interrupt 2 14 

RLr Rotate left through carry Reg. r 2 

RL (HL) Rotate left through carry loc. (HL) 4 

RL(IX+d) ~ Rotate left through carry loc. OX + d) 6 

m or,(HL), 

RL (ly +d) (IX +9), 
(lY +dl.A 

Rotate left through carry loc. (IY + d) 6 

RLA Rotate left ACC through carry 1 4 

14 
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INSTRUCTION SET TABLE 
(CONT.) 

FLAGS OPCODE 
Z P/V S N H 16 543 210 

• • • • • 00 000 000 

t P t 0 t 10 110 rrr® 
t 'p ! 0 t 11 110 110 

nn nnn nnn 
t P t 0 t 10 110 110 
t f> t 0 t 11 011 101 

10 110 110 
dd ddd ddd 

t P t 0 t 11 111 101 
10 110 110 
dd ddd ddd 

1 X X 1 X 11 101 101 
10 111 011 

1 X X 1 X 11 101 101 
10 110 011 

'. • • · • 11 101 101@ 
01 rrr 001 

• · • • · 11 010 011 
nn nnn nnn 

l@ X X 1 X 11 101 101 
10 101 011 

;0) X X 1 X 11 101 101 
I 

IV iOO 011 

• · • • • 11 011 101 
11 100 001 

· • • • · 11 111 101 
11 100 001 

• • • • • 11 qqO 001@ 

• • • • • 11 011 101 
11 100 101 

• • • • • 11 111 101 
11 100 101 

• • • • · 11 qqO 101@ 

011$ • • • • • 11 001 
10 bbb rrr 

• • • • • 11 001 011 
10 bbb 110 

• • • • • 11 '011 101 
11 001 011 
dd ddd ddd 
10 bbb 110 

• • • • • 11 111 101 
11 001 011 
dd ddd ddd 
10 bbb 110 

• • • • • 11 001 001 

• • • • • 11 -cc~ OOO® 

· • • · • 11 101 101 
01 001 101 

• • • · · 11 101 101 
01 000 101 

t P t 0 0 11 001 011@ 

00 010 rrr 

t P ; 0 0 11 00.1 011 
00 010 110 

1 P t 0 0 11 011 101 
11 001 011 
dd ddd ddd 
00 010 110 

t P ; 0 0 11 111 101 
11 001 011 
.dd ddd ddd 
00 010 110 

• • • 0 0 00 010 111 

2081 
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MNEMONIC 

RLC (HL) 

RlC (IX + dl 

RlC (ly + dl 

RlC r 

I 
RLCA 

RlD 

RR r 

RR (HL) 

RR (IX +dl 

RR(IY+dl 

RRA 

RRCr 

RRC (HL) 

I RRC (IX'" d) 

RRC (lY + d) 

RRCA 

RRD 

RSTt 

SSC A, r 
SSC A, n 

SSC A, (HU 
SSC A, (Ix +dl 

SSC A, (IY + dl 

SSC HL, ss 

SCF 

SET b, (HL) 

SETh,(lX+dl 

2082 

SYMBOLIC 
OPERATION 

~ 
m=r, (HU, 
(IX+dl,(IY+dl.A 

I 
I 

A~IHLJ 
j 

L:[tf}~ 
mc:;r,(HU, 
(lX+d),(lY+dl,A 

I 
I 

L:[fj}L§) 
m=r,(HU, 
(IX+d),(lY+d),A 

A~(Hl) 
(SP .- 1 I +- PCH 
(SP .. 2) +- PCl 
PCH ~. 0, PCl - T 

A---A·· r CY 
A~· A - n- CY 

A---A-(HU-CY 
A---A-(lX+d)-CY 

A +- A - (I Y + dl - CY 

HL <- HL - ss . CY 

CY <-·1 

(HUb --- 1 

(lX+d)b~l 

NO. NO. T 
DESCRIPTION BVT&S STATES 

Rotate location (HU left circular 2 15 

Rotate location (IX + dl left circular 4 23 

Rotate location (ly + dl left circular 4 23 

I 
Rotate Reg. r I eft circular 2 8 

Rotate left circular ACC 1 4 

Rotate digit left and right between 2 18 
ACC and location (HLl 

Rotate right throu~h carry Reg. r 2 

I Rotate right through carry loc. (HL) 4 

Rotate right through carry loc. 6 
(IX + dl 

Rotate right through carry loc. 6 
(ly + dl 

Rotate right ACC through carry 1 4 

Rotate Reg. r right circular 2 

Rotate loc. (HL) right circular 4 

Rotate loc. (I X + dl right circular 6 

Rotate loc. (ly + dl right circular 6 

Rotate right circular ACC 1 4 

Rotate digit right and left between 2 18 
ACC and location (HL) 

Restart to location T 1 11 

Subtract Reg. r from ACC w/carry 1 4 
Subtract value n from ACC with 7 
carry 
Sub. loc. (HL) from ACC w/carry 7 
Subtract loc. (IX + d) from 19 
ACC with carry 

Subtract loc. (IY + d) from 19 
ACC with carry 

Subtract Reg. pair 55 from Hl with 2 15 
carry 

Set carry flag (C ~ 1 I 1 4 

Set Bit bof location (HLl 2 15 

Set Bit b of iocptior. (IX t dl 4 23 

J.LPD780 

FLAGS OPCODE 
C Z P/V S N H 76 543 210 

t 1 P 1 0 0 11 001 011 
00 000 110 

I t P 1 0 0 11 011 101 
11 001 011 
dd ddd ddd 
00 000 110 

1 ! P t 0 0 11 111 101 

I 
11 001 011 
dd ddd ddd 
00 000 110 , 

t P , 0 0 1 11 001 Oii®1 I I 00 000 rrr 

1 • • • a 0 00 000 111 

• 1 P t 0 0 11 101 101 
01 101 111 

1 t P 1 0 0 11 001 011® 
00 011 rrr 

~ : P 1 0 0 11 001 011 
00 011 110 

I 1 P ! 0 0 11 011 101 
11 001 011 
dd ddd ddd 
00 011 110 

1 ! P t 0 0 11 '111 101 
11 001 011 
dd ddd ddd 
00 011 110 

t • • • 0 0 00 011 111 

1 1 P 1 0 0 11 001 011® 
00 001 rrr 

1 , P ! 0 0 11 001 all 
00 001 110 

: P ! 0 0 11 011 101 
11 001 all 
dd ddd ddd 
00 001 110 

! 1 P I 0 0 11 111 101 
11 001 all 
dd ddd ddd 
00, 001 110 

• • • 0 0 00 001 111 

• , P I 0 0 11 101 101 
01 100 111 

• • • • • • 11 ttt 111 

t t V t 1 • 10 011 rrr® 
I ! V t 1 I 11 011 110 

nn nnn nnn 
t t V t 1 t 10 011 110 
I t V I 1 I 11 011 101 

10 011 110 
dd ddd ddd 

j t V t 1 j 11 111 101 
10 011 110 
dd ddd ddd 

: I V· I 1 X 11 101 101@ 
01 550 010 

1 • • • 0 0 00 110 111 

• • • • • • 11 001 011@ 
11 bbb 110 

• • • • • • 11 011 101® 
11 001 011 
dd ddd ddd 
11 bbb 110 
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fLPD780 

Ta = O"C to +70"C; VCC ~ +5V ' 5%, unless otherwise specified. 

PARAMETER 

Clock Period 

Clock Pulse Width, Clock High 

Clock Pulse Width, Clock Low 

Clock Rise and Fall Time 

Address Output Delay 

Delay to Floal 

Addres6 Stable Prior to MREO (Memory Cycle) 

Address Stable Prior to 10RO, RD or WR 0[0 Cycle) 

Address Stable from RD or WR 

Address Stable from RD or WR During Float 

Data Output Delay 

Delay to Float During Write Cycle 

Data Setup Time to Rising Edge of Clock During Ml Cycle 

Data Setup Time 10 Falling Edge of Clock During M2 to M5 Cycles 

Data Slable Prior to WR (Memory Cycle) 

Data Stable Prior 10 WR (110 Cycle) 

Dala Slable from WR 
-

Any Hold Time for Selup Time 

MREQ Delay from Falling Edge of Clock 10 MREO low 

MREO Delay from Rising Edge of Clock to MREO High 

MREO Delay from Falling Edge of Clock to MREO High 

Pulse Width, MREO Low 

Pulse Width, MREO High 

10RO Delay ~rom R'lsing Edye of Clock to 10RO low 

10RO Delay from Falling Edge of Clock to 10RO low 

10RO Delay from Rising Edge of Clock to 10RO High 

10RO Delay from Falling Edge of Clock to 10RO High 

RD Delay from Rising Edge of Clock 10 RD Low 

RD Delay from Falling Edge of Clock to RD low 

RD Delay from Rising Edge of Clock 10 RD High 

RD Delay from Falling Edge of Clock to RD High 

WR Delay from Rising Edge of Clock 10 WR low 

WR Delay from Falling Edge of Clock 10 WR low 

WR Delay from Falling Edge of Clock 10 WR High 

Pulse Widlh to WR low 

MI Delay from Rising Edge of Clock to MI Low 
--

MI Delay from Rising Edge of Clock 10 MI High 

RFSH Delay from Rising Edge of Clock 10 RFSH low 

RFSH Delay from RIsing Edge of Clock 10 RFSH High 

WAIT Setup Time to Falling Edge of Clock 

HAL T Delay Time from Falling Edge of Clock 

INT Setup Time 10 RiSing Edge of Clock 

Pulse Width, NMI low 

BUSRO Selup Time 10 Rising Edge of Clock 

BUSAK Delay from Rising Edge of Clock 10 BUSAK low 

BUSAK Delay from Falling Edge of Clock to BUSAK High 

RESET Selup Time to Rising Edge of Clock 

Delay 10 Float (MREO, 10RO, RD and WR) 

MI Slable Prior 10 10RO (Interrupt Ack.) 

Notes: CD lacm = tw('I.H) + If -65 (75)' 

@ laci " tc -70 (80)' 
@ lea = Iw ('I>L) + Ir ·50 (40)' 

~ 
Icaf = Iw ('I,L) + Ir -45 (60)' 

5Idcm=tc170(210)* 
6 tdei = Iw ('I>L) + tr -170 (210)* 

SYMBOL 

tc 

Iw ('I,H) 

tw (·I.L) 

tr,f 

ID(AD) 

tF(AD) 

tacm 

taci 

tca 

Icaf 

tD(D) 

tF(D) 

tS,I>(D) 

IS;j;(D) 

tdcm 

tdci 

tcdf 

IH 

tDl;j;(MR) 

tDH'I.(MR) 

tDHq,(MR) 

tw(MRL) 

Iw(MRH) 

tDl'I>(IR) 

IDl;j;"(lR) 

IDH'I>(IR) 

IDH;j;OR) 

IOl<I>(RD) 

IDl;j;(RDl 

IDH'I.(RD) 

IDH;j;(RD) 

IDlQ,(WR) 

IDl'I>(WR) 

tDH'I'(WR) 

Iw(WRL) 

IDUM!) 

IDH(MI) 

tDURF) 

IDH(RF) 

Is(WT) 

to(HT) 

IsOT) 

Iw(NML) 

Is(Bo) 

tDUBAl 

tDHIBAl 

IsIRS) 

tFIC) 

tmr 

i Icdf = tw (,j.L) + Ir -70 (80)' 
8 Iw (MRL) = tc ,30 (40)* 

9 tw (MRH) = Iw ( ••• H) + If 20 (30)" 

@ Iw (WR) = Ic -30 (40)* 

FROM OUTPUT 
UNDER TEST 

® tmr = 21e + Iw ('I'H) + If 65 (80)* 
@ Ic c Iw ('I,H) + Iw ( ••• L) + Ir + If 

* These values apply to the ,..PD780. 

LIMITS 

,..PD780 /-IPD780-1 TEST 

MIN MAX MIN MAX UNIT CONDITIONS 

0.4 @ 0.25 @ IlS 

180 110 ns 

180 2000 110 2000 i ns 

30 30 ns 

145 110 ns 

110 90 ! ns 

CD CD ns 
CL" 50pF 

@ @ ns 

@ @ ns 

® ® ns 

230 150 ns 

90 90 ns 

50 35 ns 

60 50 I ns Cl=200pF 

® @. ns 

® ® ns 

ill (j) ns 

0 0 ns 

100 85 ns 

100 85 ns 

100 85 ns 

® @ ns 

@ ® ns 

90 75 ns 

110 85 ns 

100 85 os 

110 85 ns CL = 50pF 

100 85 ns 

130 95 ns 

100 85 ns 

110 85 ns 

80 65 ns 

90 80 ns 

100 80 ns 

@ @> ns 

130 100 ns 

\30 100 
(;l = 30 pF 

ns 

180 130 ns 

150 120 ns 

70. 70 ns 

300 300 ns Cl = 50 pF 

80 80 ns 

80 80 ns 

80 50 ns 

120 100 ns 

110 100 
Cl = 50pF 

ns 

90 60 ns 

100 80 ns 

® ® ns 

TEST POINT 

R1 + 2.1 kn 

LOAD CIRCUIT FOR OUTPUT 

6 
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MNEMONIC 

SET b,!lY + d) 

SETb, r 

SLA r 

SLA (HU 

SLA (IX +d) 

SLA (IV + d) 

ISRAc I 
I I 

SRA (HLl 

SRA (IX + d) 

SRA (IV + d) 

SRL r 

SRL (HLl 

SRL!lX+d) 

SRLIIY+d) 

SUB r 
SUB n 

SUB (HLl 
SUB (IX + d) 

SUB(lY+d) 

XOR r 
XOR n 

XOR (HLl 
XOR (IX +d) 

XOR (IV + d) 

SYMBOLIC 
DESCRIPTION 

NO_ 
OPERATION BYTES 

(lV+d)b~l Set Bit b of location !lY + d) 4 

rb~ 1 Set Bit b of Reg. r 2 

Shift Reg. r left arithmetic 

~o Shift loc_ (HLlleft arithmetic 

Shift lac. (IX + d) left arithmetic 

mE r, (HLl, (IX + dl. (ly + d) 

, 

Shift lac. (lY + d) left arithmetic 

I Shift Rea. r riaht arithmetic I ~ ~ I 

~ 
Shift lac. (HLl right arithmetic 

Shift loc. (IX + d) right arithmetic 

m == r, (HLl, (IX + d), (ly + d) 

Shift loc. (IV + d) right arithmetic 

Shift Reg. r right logical 

o~ 
Shift loc. (HLl right logical 

Shift lac. (IX + d) right logical 

m:= r, (HLl, (IX + d), (IV + d) 

Shift loc. (IV + d) right logical 

A -A - r Subtract Reg. r from ACC 
A <-A - n Subtract value n from ACC 

A-A-(HL) Subtract loc. (HL) from ACC 
A ... · A - (IX + d) Subtract lac. (IX + d) from ACC 

A -A -!lY +d) Subtract loc. (IV + d) from ACC 

A-AVT Exclusive 'OR' Reg. rand ACC 
A -AVn Exclusive 'OR' value nand ACC 

A - AV (HLl Exclusive 'OR' loc. (HLl and ACC 
A-AV!lX+d) Exclusive 'OR' loc. (IX + d) and ACC 

A +-AV (ly + d) Exclusive 'OR' loc. (IV + d) and ACC 

Z FLAG NOTES: 

<D P/V flag is 0 if B-l=O, else P/V=l 

® Z=l if A~(HU, else Z=O 

@ ® © @ ® ® @ 

@ If B-l=O, Z flag set, else reset 

FLAG DEFINITIONS: 

• = Flag not affected 

o = Flag reset 

Flag set 

X Flag unknown 

R'!2. s s 

BC 00 
DE 01 
HL 10 
SP 11 

Reg 

.A 
B 
C 
D 
E 
H 
L 

Flag affected according to result of operation 

V = Overflow set 

P = Parity set 

IFF"" Interrupt flip-flop set 

2084 

r Reg pp Reg r r 

111 BC 00 BC 00 
000 DE 01 DE 01 
001 IX 10 IY 10 
010 SP 11 SP 11 
011 
100 
101 

FLAG DESCRIPTION: 

C = Carry/Link 
Z = Zero 

P!V = Parity/Overflow 

Bit 

0 
1 
2 
3 
4-
5 
6 
7 

b Reg r,r' Reg qq 

000 A 111 BC 
001 B 000 DE 
0;0 C 001 HL 
011 D 010 AF 
lOa E 011 
101 H 100 
110 L 101 
111 

S = Sign 
N = Add/Subtract 
H = Half 'Carry 

00 
01 
10 
11 

NO_ T 
STATES 

23 

8 

8 

15 

23 

23 

8 

15 

23 

23 

8 

15 

23 

23 

4 
7 

7 
19 

19 

4 
7 

7 
19 

19 

INSTRUCTION SET TABLE 
(CONT.) 

FLAGS OPCODE 
C Z PIV S N H 76 543 210 

• • • • • • 11 111 101® 
11 001 011 
dd ddd ddd 
11 bbb 110 

• • • • • • 11 001 011® 
11 6bb r r r 

t t P t 0 0 11 001 011@ 
00 100 r r r 

t t P t 0 0 11 001 011 
00 100 110 

I t P t 0 0 11 011 101 
11 001 011 
dd ddd ddd 
00 100 110 

t t P t 0 0 11 111 101 
11 001 011 
dd ddd ddd 
00 100 110 

t ! P t {} 0 Iii OOi 011@ 
00 10i r r r 

I t P I 0 0 11 001 011 
00 101 110 

I I P t 0 0 11 011 101 
11 001 011 

. dd rldd ddd 
00 101 110 

t t P t 0 0 11 111 101 
11 001 011 
dd ddd ddd 
00 101 110 

! I P t 0 0 11 001 011® 
00 111 rr r 

t t P t 0 0 11 901 011 
00 111 110 

t t P t 0 0 11 011 101 
11 001 011 
dd ddd ddd 
00 111 110 

! t P t 0 0 11 111 101 
11 001 011 
dd ddd ddd 
00 111 110 

I t V t 1 t 10 010 rrr® 
1 i V t 1 I 11 010 110 

nn nnn nn!l 
! t V t 1 t 10 010 110 
t ! V t 1 t 11 011 101 

10 010 110 
pd ddd ddd 

! t V j 1 t 11 111 101 
10 010 110 
dd ddd ddd 

! ! P t 1 ! 10 101 rrr® 
t t P t 1 t 11 101 110 

nn nnn nnn 
I t P t 1 ! 10 101 110 
t ! P t 1 t 11 011 101 

10 101 110 
dd ddd ddd 

j t P t 1 t 11 111 101 
10 101 110 
dd ddd ddd 

® <D 
CC Condition Relevant Flag Reg r 

000 NZ Non Zero Z B 000 
001 Z Zero Z C 001 
010 NC Non Carry C D 010 
011 C Carry C E 011 
tOO PO Parity Odd PIV H 100 
101 PE Parity Even P/V L 101 
110 P Sign Positive S F 110 
111 M Sign Negative S A 111 

SP780-7-78-GN-CAT 
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NEe Microcomputers, Inc. 

SINGLE CHIP 8·BIT 
MICROCOMPUTER 

NEe 
ILPD8021 

OESCR IPTION The NECIlPD8021 is a,stand alone 8-bit parallel microcomputer incorporating the­
following features usually found in external peripherals. The IlPD8021 contains: 
1 K ~ 8·bits of mask ROM program memory, 64 x 8 bits of RAM data memory, 21 
I/O lines, an 8-bit interval timer/event counter, and internal clock circuitry. 

FEATURES • 8-Bit Processor, ROM, RAM, I/O, Timer/Counter 

PIN CONFIGURATION 

@IC MASTER 1979 

• Single +5V Suppl.y (+4.5V to+6. 5V) 
• NMOS Silicon Gate Technology 
• 10lls Cycle Time 
• All Instructions 1 or2 Cycles 
• Instructions are Subset of IlPD8048/8748/8035 
• High Current Drive Capability - 2 I/O Pins 
• Clock Generation Using Single Resistor or Inductor 
• Zero-Cross Detection Capability 
.' Expandable I/O Using IlPD8243's 
• Available in 28 Pin Plastic Package_ 

P22 Vee 

P23 P21 
PROG P20 

Poo P17 

P01 P16 

P02 P15 

Pro 
",PO P14 

8021 
PQ4 P13 

Pos P12 
P06 P11 
P07 P10 

ALE RESET 
T1 XTAL2 

VSS XTAL1 

2085 
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fLPD8021 
The NEC IlPD8021 is a single component, 8-bit, parallel microprocessor using 
N-channel silicon gate MOS technology. The self-contained 1 K x 8-bit ROM, 
64 x 8-bit RAM, 8-bit timer/counter, and clock circuitry allow the IlPD8021 to 
operate as a single-chip microcomputer in applications ranging from controllers to 
arithmetic processors. 

The instruction set, a subset of the IlPD8048/8748/8035, is optimum for high-volume, 
low cost applications where I/O flexibility and instruction set power are required. The 
IlPD8021 instruction set is comprised mostly of single-byte instructions with no 
instructions over two bytes. 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to +70
o
C 

Storage Temperature (Ceramic Package) ................... -65°C to +150°C 
(Plastic Package) .................... -65°C to +125°C 

Voltage on Any Pin ................•............. -0.5 to +7 Volts<D 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 Watt 

Note: <D With Respect to Ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

T - oOe to +70
o
e' Vee - +5 5V + lV' Vss - OV a_ - - - -

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage 
VIL -0.5 + 0.8 V 

(All Except XTAL 1, XTAL 2) 

Input High Voltage 
VIH 2.0 Vee V Vee = 5.0V ± l()O,t 

(All Except XTAL 1, XTAL 2) 

Input High Voltage 
VIH1 3.0 Vee V Vce = 5.5V ± lV 

(All Except XTAL 1, XTAL 2) 

Output Low Voltage 'OL 0.45 V IOL 

Output Low Voltage 
VOL1 2.5 V IOL = 7 mA 

(PlO, Pll) 

Output High Voltage 
VOH 2.4 V IOH = 50pA 

(All Unless Open Drain) 

Output Leakage Current VCC ~ VIN ~ VSS 
IOL -10 pA 

(Open Drain Option - Port '0) +0.45V 
:.: 

• Vce Supply Current ICC 60 mA 

2086 

FUNCTIONAL DESCRIPTION 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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I4PD8021 , 
PIN ,IDENTIFICATION PIN 

NO. SYMBOL FUNCTION 

1-2, P2o-P23 P2o-P23 comprise the 4-bit bi-directionall/O port 
26-27 (Port 2) which is also used as the expander bus for the 

tlPD8243. 

3 PROG' PROG is the output strobe pin for the tlPD8243. 

4-11 POo-P07 One of the two 8-bit quasi bi-directional I/O ports. 
(Port 0) , 

12 ALE Address Latch Enable output (active-high). Occurring 
once every 30 input clock periods, ALE can be used 
as an output,clock. 

13 T1 Testable input using transfer functions JT1 and JNT1. 
T1 can be made the counter/timer input using the 
STRT CNT instruction. T1 also provides zero-cross 
sensing for low-frequency AC input signals .. 

14 Vss Processor's grou nd potential. 

15 XTAL 1 One side of frequency source input using resistor, 
inductor, crystal or external source. (non-TTL 
compatible VIH). 

16 XTAL 2 The other side of frequency source input. 

17 RESET RESET initializes the processor, setting program 
counter to zero and clearing status flip~flops. 

, 18-25 Pl0·P17 The second of two 8-bit quasi bi-directional I/O ports. 
(Port 1) 

28 VCC +5V power supply input. 

AC CHA RACTE R ISTICS Ta =cfc to +70°C; VCC = 5.5V ± 1 V; Vss = OV 

PACKAGE OUTLINE 
IlPD8021C 

@Ie MASTER 1979 

" LIMITS 

PARAMETER SYMBOL MIN TYP 

Cycle Time TCY 10.0 

Oscillator Frequency Variation .6.F -20 
(Resistor Mode) 

Note: CD Control outputs: CL = 80 pF; RL = 2.2K/4.3K 

ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

B 2.49 0.098 

C 2.54 0.10 

D 0.5 ± 0.1 0.02 ± 0.004 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN. 0.10MIN. 

H 0.5MIN. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.6 

L 13.2 0.52 

M 025 + 0.10 + 0.004 
. - 0.05 0.01 _ 0.002 

MAX UNIT TEST CONDITIONS 

50.0 /..I.S 3 MHz XTAL =10 p.s CD 
+20 % F = 25 MHzG) 
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MNEMONIC 

ADD A, = data 

Add A, Rr 

ADDA,@Rr 

ADDC A, = data 

ADDC A, Rr 

ADDCA,@Rr 

ANL A, = data 

ANL A, Rr 

ANL A,@Rr 

I CPLA I 

CLR A 

DAA 

DECA 

INCA 

ORL A, = data 

ORL A, Rr 

ORL A@Rr 

RLA 

RLCA 

RR A 

RReA 

I 
SWAP A 

XRL A, = data 

XRLA, Rr 

XRL A,@Rr 

DJNZ Rr, addr 

JC addr 

JMP addr 

JMPP@A 

JNC addr 

'JNTl addr 

JNZ addr 

JTF addr 

JT1 addr 

JZ addr 

2088 

FUNCTION 

(A) - (A) + data 

(A) - (A) + (Rr) 
for r = 0 - 7 

(A) - (A) + ((Rr)) 
for r = 0-1 

(A) - (A) + (C) + data 

(A) ;- (A) + (C) + (Rr) 
for r = 0 - 7 

(A) - (A) + (C) + ((Rr)) 
for r = 0-1 

(A) - (A) AND data 

(A);- (A) AND (Rr) 
for r = 0 - 7 

(A) <- (A) AND «(Ad) 

- -for r - 0 1 

(A)-NOT (A) I 

(A)-O 

(A)-(A) -1 

(A) +- (Al + 1 

(A) - (A) OR data 

(AI - (AI OR (Ad 
for r = 0 - 7 

(A) - (AI OR ((Rr)) 
for r = 0-1 

(AN + 1)+- (AN) 
(AO) +- (A7) 
for N = 0 - S 

(AN+ll-(AN);N=O-S' 
(Aol-(C) 
(C) +- (A71 

(AN) - (AN + 11; N = O-S 
(A71·· (AO) 

(AN) - (AN +lI;N =0-6 
(A71 +- (C) 
IC) +- (AO) 
(A4-7) ~ (AO - 3) 

(A) <- (A) XOR data 

(A) +- (A) XOR (Rr) 
for r = 0 - 7 

(A) +- (A) XOR ((Rr)) 
for r = 0 - 1 

(Rr) +- (Rr) - 1; r = 0 - 7 
If (Rr) *0 
(PC 0 - 7) <- addr 

(PC 0 - 7) +- addr if C = 1 
(PCI +- (PC) + 2 if C = 0 

(PC 8 - 10) <- addr 8 - 10 
(PC 0 - 7) +- addr 0 - 7 
(PC 11) +- DBF 

(PC 0 - 7) - ((All 

(PC 0 - 7) +- addr if C = 0 
(PC) - (PC) + 2 if C = 1 

(PC 0 - 7) +-addr if Ti = 0 
(PC) - (PC) + 2 if T1 = 1 

(PC 0 - 7) +- addr if A = 0 
(PCI +- (PC) + 2 if A = 0 

(PC 0 - 7) - addr if TF = 1 
(PC) +- (PC) + 2 if TF = 0 

(PC 0 - 7) - addr if Tl = 1 
(PC) +- (PC) + 2 if T1 = 0 

(PC 0 - 7) - addr if A = 0 
(PC) +- (PC) + 2 if A = 0 

DESCRIPTION 07 06 
ACCUMULATOR 

Add immediate the specified Data to.the 0 0 
Accumulator. d7 dS 

Add contents of designated register to 0 1 
the Accumulator. 

Add indirect the contents the data 0 1 
memory location to the Accumulator. 

Add immediate with carry the specified 0 0 
data to the Accumulator. d7 dS 

Add with carry the contents of the 0 1 
designated register to the Accumulator. 

Add indirect with carry the contents of 0 1 
data memory location to the 
Accumu lator. 

Logical and specified Immediate Data 0 1 
with Accumulator. d7 dS 

Logical and contents of designated 0 1 
register with Accumulator. 

Logical and Indirect the contents of data 0 1 

I Complement the conte!"!ts Of the 0 0 

memory With Accumulator 

Accumulator. 

CLEAR the contents of the Accumulator. 0 0 

DECIMAL ADJUST the contents of the 0 1 
Accumulator. 

DECREMENT by 1 the Accumulator's 0 0 
contents. 

Increment by 1 the Accumulator's 0 0 
contents. 

Logical OR specified immediate data 0 1 
with Accumulator d7 dS 

Logical OR contents of designated 0 1 
register with Accumulator. 

Logical OR Indirect the contents of data 0 1 
memory location with Accumulator. 

Rotate Accumulator left by 1-bit with- 1 1 
out carry. 

Rotate Accumulator left by 1-bit through 1 1 
carry. 

Rotate Accumulator right by 1-bit 0 1 
without carry. 

Rotate Accumulator right bv 1-bit 0 1 
through carry. 

Swap the 24-bit nibbles in the 0 1 
Accumulator. 

Logical XOR specified immediate data 1 1 
with Accumulator. d7 dS 

Logical XOR contents of designated 1 1 
register with Accumulator . 

Logical XOR Indirect the contents 01 data 1 1 
memory location' with Accumulator. 

BRANCH 

Decrement the specified register and 1 1 
test contents. a7 as 

Jump to specified address il carry flag 1 1 
is set a7 a6 

Direct Jump to specified address within alO a9 
the 2K address block. a7 as 

Jump indirect to specified address with 1 0 
address page. 

Jump to specified address if carry flag is 1 1 
low. a7 as 
Jump to specified address if Test 1 is low. 0 1 

a7 as 

Jump to specified address if 1 0 
Accumulator is non-zero. a7 as 

Jump to specified address if Timer Flag 0 0 
is set to 1. a7 as 
Jump to specified address if Test 1 is a 1. 0 1 

87 as 

Jump to specified address if Accumulator 1 1 
is O. I a7 as 

INSTRUCTION SET 

INSTRUCTION COOE FLAG 

Os 04 03 02 01 DO CYCLES BYTES C 

0 0 0 0 1 1 2 2 · dS d4 d3 d2 dl do 
1 -0 1 r r r 1 1 · 
1 0 0 0 0 r 1 1 • 
0 1 0 0 1 1 2 2 · d5 d4 d3 d2 dl do 
1 1 1 r r r 1 1 · 
1 1 0 0 0 r 1 1 · 
0 1 0 0 1 1 2 2 

d5 d4 d3 d2 dl dO 

0 1 1 r r r 

I 
1 1 

0 1 0 0 0 r 1 1 

1 1 C 1 1 1 I 1 i 
I I 

1 0 0 1 1 1 1 1 

0 1 0 1 1 1 1 1 · 
0 0 0 1 1 1 1 1 

0 1 0 1 1 1 1 1 

0 0 0 0 1 1 2 2 

d5 d4 d3 d2 dl dO 

0 0 1 r r r 1 1 

0 0 0 0 0 r 1 1 

1 0 0 1 1 1 1 1 

1 1 0 1 1 1 1 1 · 
1 1 0 1 1 1 1 1 

1 0 0 1 1 1 I 1 1 I · 
0 0 0 1 1 1 1 1 

0 1 0 0 1 1 2 2 

d5 d4 d3 d2 dl dO 

0 1 1 r r r 1 1 

0 1 0 0 0 r 1 1 

1 0 1 r r r 2 2 

a5 a4 a3 a2 a1 ao 

1 1 0 1 1 0 2 2 

a5 a4 a3 a2 a1 ao 

a8 0 0 1 0 0 2 2 

a5 a4 a3 a2 a1 ao 

1 1 0 0 1 1 2 1 

1 0 0 1 1 0 2 2 

a5 a4 a3 a2 al SO 

0 0 0 1 1 0 2 2 

a5 a4 a3 a2 a1 SO 

0 1 0 1 1 0 2 2 

a5 84 a3 a2 al ao 

0 1 0 1 1 0 2 2 
85 a4 a3 a2 al ao 

0 1 0 1 1 0 2 2 
as a4 a3 a2 a1 ao 

0 0 0 1 1 0 2 2 
a5 84 a3 a2 a1 ao 
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INSTRUCTION CODE 
MNEMONIC FUNCTION DESCRIPTION 07 06 Os 04 03 ~ 01 Do CYCLES 

DATA MOVES 

MOVA, = data (A) +- data Move Immediate the specified data into 0 0 1 0 0 0 1 1 2 
the Accumulator. d7 ds dS ~ d3 d2 dl do 

MOVA, Rr (A)-(Rrl;r=0-7 Move the contents of the designated 1 1 1 1 1 r r r 1 
registers into the Accumulator. 

MOVA,@Rr (A) +- ((Rr)); r = 0 - 1 Move Indirect the contents of data 1 1 1 1 0 0 0 r 1 
memory location into the Accumulator. 

MOV Rr, = data (Rr) +- data; r = 0 - 7 Move Immediate the specified data into 1 0 1 1 1 r r r 2 
. the designated register. d7 dS dS d4 d3 d2 dl do 

MOVRr,A (Rr) +- (A); r = 0 - 7 Move Accumulator Contents into the 1· 0 1 0 1 r r r 1 
designated register. 

MOV@Rr,A ((Rr))-(A);r=O-l Move Indirect Accumulator Contents 1 0 1 0 0 0 0 r 1 
into data memory location. 

MOV @ Rr, = data ((Rr)) +- data; r = 0 - 1 Move Immediate the specified data into 1 0 1 1 0 0 0 r 2 
data memory. d7 dS dS d4 d3 d2 dl dO 

MOVPA,@A (PC 0 - 7) +- (A) Move data in the current page into the 1 0 1 0 0 0 1 1 2 
(A) +- ((PC)) Accumulator. 

XCH A, Rr (A) ~ (Rr);r = 0-7 E)!:change the Accumulator and desig- 0 0 1 0 1 r r r 1 
nated register's contents. 

XCH A,@Rr (A)~((Rr));r=O-l Exchange Indirect contents of Accumu- 0 0 1 0 0 0 0 r 1 
lator and location in data memory. 

XCHD A.@Rr (A 0 - 3) ~ ((Rr)) 0 - 3)); Exchange Indirect 4-bit contents of 0 0 1 1 0 0 0 r 1 
r = 0-1 Accumulator and data memory. 

FLAGS 

CPL C (C) - NOT (C) Complement Content of carry bit. 1 0 1 0 0 1 1 1 1 

eLR C (C) -0 Clear content of carry bit to O. 1 0 0 1 0 1 1 1 1 

INPUT/OUTPUT 

ANLD pP. A (Pp) +- (Pp) AND (A 0 - 3) Logical and contents of Accwnulator witt 1 0 0 1 1 1 p p 2 
p=4-7 designated port (4 - 7)_ 

IN A,Pp (A) - (Pp ); p = 1 - 2 Input data from designated port (1 - 2) 0 0 0 0 1 0 p p 2 
into Accumulator. 

MOVD A, Pp (A 0 - 3) - (Pp); p = 4 - 7 Move contents of designated port (4 - 7) 0 O' ° 0 1 1 p p 2 
(A 4 - 7) - 0 into Accumulator. 

MOVD Pp, A (Pp) - A 0 - 3; p = 4 - 7 Move contents of Accumulator to desig- 0 0 1 1 1 1 p p 1 
nated port (4 - 7). 

ORLD pp• A (Pp) +- (Pp) OR (A 0 - 3) Logical or contents of Accumulator 1 0 0 0 1 1 p p 1 
p=4-7 with designated port (4 - 71. 

OUTL Pp' A (Pp) - (A); p = 1 - 2 Output contents of Accumulator to 0 0 1 1 1 0 p p 1 
de~ignated port (1 - 2). 

REGISTERS 

INC Rr (Arl - (Ad + 1; r = 0 - 7 Increment by 1 contents of designated 0' 0 0 1 1 r r r 1 
reHi::i"i.~r. 

INC@Rr $(Rr)) -«Rd) +1; Increment Indirect by 1 the rontents of 0 0 0 1 0 0 0 r 1 
r=O-l data memory location. 

SUBROUTINE 

CALL addr ((SP)) +- (PC), (PSW 4 - 7) Call designated Subroutine. al0 ag as 1 0 1 0 0 2 

(SP) - (SP) + 1 a7 as as a4 a3 a2 al aO 
(PC 8 -10) -addr S -10 
(PC 0 - 7) +- addr 0 - 7 
(PC 111 +- DBF 

RET (SP) ... (SP) - 1 Return from Subroutine without restor- 1 0 0 0 0 0 1 1 2 
(PC) +- «SP)) ing Program Status Word. 

TIMER/COUNTER 

MOVA, T (A) +- (T) Move contents of Timer/Counter into 0 1 0 0 0 0 1 0 1 
Accu mu lator. 

MOVT,A (T) +- (A) Move contents of Accumulator into 0 1 1 0 0 0 1 0 1 
Timer/Co\lnter. 

STOP TCNT Stop Count for Event Counter. 0 1 1 0 0 t 0 1 1 

STRT CNT Start Count for Event Counter. 0 1 0 '0 0 1 0 1 1 

STRTT Start Count for Timer. 0 1 0 1 0 1 0 1 1 

MISCELLANEOUS 

NOP No Operation performed. 0 0 0 0 0 0 0 0 1 

Nates: CD Instruction Code Designations rand p farm the 'binary representation of the Registers and Parts involved. 

@ The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in. 

@) References to the address and data are specified in bytes 2 and/or 1 of the instruction. 

@ Numerical.Subscripts appearing in the FUNCTION column reference the specific bits affected. 

Symbol Definitions 

SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

A The Ac~mulator T Timer 

addr Program Memory Address (12 bits) Tl Testable Flag 1 

C Carry Flag X External RAM 

CLK Clock Signal = Prefix for Imm~diate Data 

CNT Event Counter @ PrefiX' for Indirect Address 
0 Nibble Designator (4 bits) $ Program Counter's Current Value 

data Number or Expression (8 bits) (x) Contents of External RAM Location 
P "In-Page" Operl!tion Designator ((x)) Contents of Memory Location Addressed 

fLPD8021 
FLAG 

BYTES C 

2 

1 

1 

2 

1 

1 

2 

1 

1 

1 

1 

1 . 
1 . 
1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

Pp Port Designator (p = 1, 2 or 4 - 71 by the Contents of External RAM Location 

Rr Register Design~tor (r = 0, 1 or 0 - 7) <- Replaced By 

SPS021.9-78-G N'CA T 
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NEe 
NEe Microcomputers, Inc. ,."PD8041 

p.PD8741* 

2090 

UNIVERSAL PROGRAMMABLE PERIPHERAL 
INTERFACE 8·BIT MICROCOMPUTERS 

OEseR I PTION The pPD8041 and pPD8741 are 8-bit single component microcomputers which 
function as general purpose programmable interfaces between the host processor and 
many various peripheral devices. The pPD8041 and pPD8741 differ only in their 
internal program memories. The pPD8041 contains 1024 x 8 bytes of mask ROM, 
while the pPD8741 contains 1024 x 8 bytes of UV EPROM. Some of the features 
offered by both devices include 64 x 8 bytes of RAM data memory, an 8-bit program­
mable counter/timer, 16 TTL compatible I/O lines, and two test inputs. 

FEATURES • Fully Compatible with 8080A, 8085A, and 8048 Families 
• Single +5V Supply 
• Fully Compatible ROM and EPROM Versions 
• 1024 x 8 ROM/EPROM, 64 x 8 RAM 
• 18 Programmable I/O Lines 
• Expandable I/O 
• Two Single Level Interrupts 
• Single Package: 8-Bit Processor, ROM, RAM, Timer, I/O and Clock 
• Asynchronous Data Register for Master Processor Interface 
• Available in Both Plastic and Ceramic 40-Pin Packages 

PIN CONFIGURATION TO Vee 
Xl Tl 
X2 P27 

RESET P26 
SS P25 
es P24 
EA P17 
RD P16 
AO pPO P15 
WR 

8041/ P14 
SYNC 

8741 P13 
DO P12 
Dl P11 
D2 PlO 
D3 VDD 
D4 PROG 
D5 P23 
D6 P22 
D7 P2l 

VSS P20 

* All data pertaining to the MPD8741 is preliminary. 
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P.PD8041/8741 
CRYSTAL. LC. OR CLOCK MASTER SYSTEM INTERfACE 

2 

~ 
X, X2 RESET PROG SS SYNC EA CS WR 

Ao RD 

CONTROL LOGIC 

DATA BUS 

BUffER 

REGISTER 

1024 x 8 

{ 

VOO _ PROGRAM POWER SUPPL Y 

POWER VCC _ +5V SUPPLY 

Vss __ GROUND 

Operating TernpI~rature ........ '.' . . . . . . . . . . . . . . . . . . . . .. O°C to +70°C 
Storage TempelCllure (Ceramic Package) ................. -65°C to +150°C 
Storage Tempelature (Plastic Package) ........ : . . . . . . . . .. -65°C to +125°C 
Voltage on Any Pin. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to +7 Volts CD 
Power Dissipation ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.5 Watt 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This IS a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

Note: CD With respect to ground. 

~Ta = 25C 

T a " O"C \0 + 70
v
C; VOO ; VCC = +5V ± 5%; Vss = OV 

PARAMETER SYMBOL MIN 

Input Low Voltage VIL -0.5 
(All except Xl and X2) 

Input High Voltage VIHl 2.0 
(All except Xl. X2. RESET) 

Input High Voltage VIH2 3.0 
IXl. X2. 'FfES'ET) 
Output Low Voltage VOLl 
lDo-07. SYNC) 

OutPUt Low Voltage VOL2 
(All other outputs except PROG) 

Output Low Voltage (PROG) VOL3 

Output High Voltage (00-07) VOHl 2.4 

Output High Voltage VOH2 2.4 
(All other outputs) 

Input Leakage Current IlL 
(TO. T,. RD.WR. CS, EA. Aol 

Output leakage Current IOl 
(Do-07; High Z State) 

VOO Supply Current 100 

Total Supply Current ICC + 100 

low Input Source Current ILl1 
(Pl0-P17; P20-P27) 

Low Input Source Current 
ISS; RE'S'Ef) 

ILI2 

LIMITS TEST 
TYP MAX UNIT CONDITIONS 

+0.8 V 

VCC V 

VCC V 

0.45 V IOL = 2.0mA 

0.45 V IOL = 1.6mA 

0.4.5 V IOL'" 1.0mA 

V IOH = -400p.A 

V IOH = -50p.A 

±10 p.A VSS" VIN" 
VCC 

±10 p.A Vss + 0.45" 

VIN" VCC 

25 mA 

135 mA 

0.4 mA VIL = 0.8V 

0.2 mA VIL = 0.8V 

©Ie MASTER 1979 

BLOCK DIAGRAM 
PERIPHERAL INTERFACE 

STACK 

REGISTER BANK 0 

DATA MEMORY 

RESIOENT 
RAM 

64x8 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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PIN IDENTIFICATION 

2092 

NO. 

1,39 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12-19 

20 

21-24, 
35-38 

25 

26 

27-34 

40 

PIN 

SYMBOL 

TO, T1 

Xl 

X2 

RESET 

SS 

CS 

EA 

RD 

AO 

WR 

SYNC 

00-07 BUS 

VSS 

P20-P27 

PROG 

VOO 

P10-P17 

VCC 

,.,.PD8041/8741 

FUNCTION 

Testable input pins using c,onditional transfer functions 
JTO, JNTO, JT1, JNT1. Tl can be made the counter/ 
timer input using the STRT CNT instruction. The PROM 
programmin~ and verification on the 8741 uses TO. 

One side of the crystal input for external oscillator or 
frequency source. 

The other side of the crystal input. 

Active-low input for processor initialization. RESET is also 
used for PROM programming, verification, and power down. 

Single Step input (active-low). SS together with SYNC out-
p ut allows the j1 PD8741 to "sin le-steo" throuah each 9 
instruction in program memory. 

Chip Select input (active-low). CS is used to select the 
appropriate j1PD8041 /8741 on a common data bus . 

External Access input (active-"": . ). A logic "1" at this input 
commands the j1PDS041 /S741 to perform all program 
memory fetches from external memory. 

Read strobe input (active-low). RD will pulse low when the 
master processor reads data and status words from the DATA 
BUS BUFFER or Status Register. 

Address input which the master processor uses to indicate if 
a byte transfer is a command or data. 

Write strobe input (active-low). WR will pulse low when the 
master processor writes data or status words to the DATA 
BUS BUFFER or Status Register. 

The SYNC output pulses once for each pPDS041 /8741 
instruction cycle. It can function as a strobe for external 
circuitry. SYNC can also be used together with SS to 
"s'ingle-step" through. each instruction in program memory. 

The 8-bit, bi-directional, tri-state DATA BUS BUFFER lines 
by which the j1PDS041 /8741 interfaces to the S-bit master 
system data bus. 

Processor's ground potential. 

PORT 2 is the second of two 8-bit, quasi-bi-directional I/O 
ports. P20-P23 contain the four most significant bits of the 
program counter during external memory fetches. P20-P23 
also serve as a 4-bit I/O bus for the j1PD8243, 
INPUT/OUTPUT EXPANDER. 

Program Pulse. PROG is used in programming the j1PD8741. 
It is also used as an output strobe for the j1PD8243. 

VDD is the programming supply voltage for programming 
the pP08741. It is +5V for normal operation of the 
pP08041 /8741. VDO is also the Low Power Standby 
input.for the ROM version. 

PORT 1 is the first of two 8-bit quasi-bi-directional I/O ports. 

Primary power supply. V CC must be +5V for programming 
and operation of the pPD8741 and for the operation of the 
pP08041. 
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,",PD804118741 
Ta = O°C to +70°C; VDD = VCC = +5V; Vss = OV 

LIMITS 

I'P08041 PPD8741 TEST 
PARAMETER SYMBOL MIN MAX MIN MAX UNITS CONDITtONS 

DBB READ 

. CS, AO Setup to RD .j. tAR 0 60 ns 

CS, AO Hold after RD t tRA 0 30 ns 

RD Pulse Width tRR 250 300 2xtCY ns tCY = 2.5 SlS 

CS, AO to Data Out Delay tAD 150 370 ns 

RD .j. to Data Out Delay tRD 150 200 ns 

RD t to Data Float Delay tDF 10 10 ns 

100 140 ns 

Recovery Time between tRV 1 1. IlS 
Reads and/or Writes 

Cycle Time tCY 2.5 2.5 I'S 6 MHz Crystal 

DBBWRITE 

CS, Ao Setup to WR .j. tAW 0 60 ns 

CS, AO Hold after WR t twA 0 30 ns 

WR Pulse Width -tww 250 300 2 x tCY ns tCY = 2.51ls 

Data Setup to WR t tow 150 250 ns 

Data Hold after WR t two 0 30 ns 

READ OPERATION - DATA BUS BUFFER REGISTER 

SYSTEM 
CSor AO 

tAR "1_, 
II ...... ~--tRR----o-1 J,.----------./. 

ADDRESS BUS 

AD ----II---_./. 
READ CONTROL 

'RD ~'DF LJ ~ ' ~ ~~;p~~~ ____ .. __ -__ tA_D __ ..... ~ATA VALID >:::-0------

WRITE OPERATION - DATA BUS BUFFER REGISTER 

CsorAWoR~'AW1l-4--l .. _ ~'"A-r----- ~~S:::SSBUS 
~ tww---.J-" ---, --------- WRITE CONTROL 

_tDW~ tWD __ 

_
_ ~D!AT~A~C!!AN~c;:?!;H~AN~G:!E_~'\t~==::::.:D!!A~TA~V~A~LI~D-:::::!:ifK,'--_-:_-~D!A-T~A!C_;A-N'!.:.-C::H;A-N~-G~E:.:.~­

DATA BUS 
ONPUTI 

©IC MASTER 1979 
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PACKAGE OUTLINE 
pP08041 C/O 
J,LP08741 C/O 

fLPD8041 /8741 

I' A I ~~~ 

~: ::' ~~J1.- ~~-J_ I J I I __ l , 
Ht I : . IHI : : : G M 

--JB~- ff-- ~c r- ~~' . I 00 _150 
\--

I . E ________ D~ ______ ~. 
I 

(Plastic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.10 ± 0.004 

0 0.5 ± 0.1 0.019 ± 0.004 

E 48.26 1.9 

F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

+ 0.1 + 0.004 
M 0.25 

- 0.05 
0,010 

- 0.002 

(Ceramic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.100 ± 0.004 

0 0.50 ± 0.1 0.0197 ± 0.004 

E 48.26 ± 0.2 1.900 ± 0.008 

F 1.27 0.050 

G 3.2MIN 0.126 MIN 

H 1.0 MIN 0.04 MIN 

I 4.2 MAX 0.17 MAX 

J 5.2 MAX 0.205 MAX 

K 15.24 ± 0.1 0.6 ± 0.004 

L 13.5 
+ 0.2 

- 0.25 
0.531 

+ 0.008 

- 0.010 

M 0.30 ± 0.1 0.012 ± 0.004 
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p,.PD8041 187 41 INSTRUCTION SET 

INSTRUCTION CODE FLAGS 

MNEMONIC FUNCTION DESCRIPTION D7 D& Os 04 03 D2 0, DO CYCLES BYTES C AC FO F1 ~BF gBF 
ACCUMI LATOR 

ADDA. = data (AI - (AI + data Add Immediate the specified Data to the 0 0 0 0 0 0 1 1 2 2 · Accumulator. d7 ds dS d4 d3 d2 dl dO 

ADDA. Rr (AI - (AI + (Rd Add contents of designated register to 0 1 1 0 1 r r r ·1 1 · forr = 0- 7 the Accumulator. 

ADDA.@Rr (AI - (AI + ((Rdl Add Indirect the contents the data 0 1 1 0 0 0 0 r 1 1 · forr =0··1 memory location to the Accumulator. 

ADDC A. :: data (AI - (AI + (C) + data Add Immediate with carry the specified 0 0 0 1 0 0 1 1 2 .2 · data to the Accumulator. d7 ds dS d4 d3 d2 dl dO 

ADDC A. Rr (AI - (A) + (CI + (Rrl Acid with carry the contents of the 0 1 1 1 1 r r r 1 1 · forr=0-7 designated register to the Accumulator. 

AD[lC A.@Rr (AI - (AI + (CI + ((Rr)) Add Indirect with carry the contents of 0 1 1 1 0 0 0 r 1 1 · for r = 0- 1 data memory location to the 
Accumulator. 

ANL A. = data (A) - (A) AND data Logical and specified Immediate Data 0 1 0 1 0 0 1 1 2 2 
with Accu~ulator. d7 ds dS d4 d3 d2 dl dO 

ANL A. Rr (A)-(AIAND(Rrl Logical and contents of designated 0 1 0 1 1 r r· r 1 1 
for r = 0 - 7 register with Accumulator. 

ANLA.@Rr (A) - (AI AND ((Rdl Logical and Indirect the contents of data 0 1 0 1 0 0 0 r 1 1 
forr = O· 1 memory with Accumulator. , 

CPL A (A) -NOT (A) Complement the contents of the 0 0 1 1 0 1 1 1 1 1 
Accumulator. 

CLR A (A)-O CLEAR the contents of the Accumulator. 0 0 1 0 0 1 1 1 1 1 

DAA DECIMAL ADJUST the contents <:)f the 0 1 0 1 0 1 1 1 1 1 · Accumulator. 

DECA (A)-(A) 1 . DECREMENT by 1 the accumulator's 0 0 0 0 0 1 1 1 1 1 
contents. 

INCA (A)-(A) + 1 Increment by 1 the accumulator·s. 0 0 0 1 0 1 1 1 i 1 
contents. 

ORL A. :: data (A) - (A) OR data Logical OR or specified immediate data 0 1 0 0 0 0 1 1 2 2 
with Accumulator d7 d6 dS d4 d3 d2 dl dO 

ORLA. Rr (AI - (A) OR (Rr) Logical OR contents of designated 0 1 0 0 1 r r r 1 1 
for r = 0 - 7 register with Accumulator. 

ORL A.@Rr (A) - (AI OR ((Rr)) Logical OR Indirect the contents of data 0 1 0 0 0 0 0 r 1 1 
lorr=O-l memory location with Accumulator. 

RLA (AN + 1) - (AN) Rotate Accumulator left by l·bit witho';t 1 1 1 0 0 1 1 1 1 1 
(AO) - (A7) carry. 

for N = 0 - 6 

RLC A (AN + 1) - (AN); N = 0- 6 Rotate Accumulator left by l·bit through 1 1 1 1 0 1 1 1 1 1 · (Ac)-(C) carry. 
(C) - (A7) 

RR A (ANI - (AN + 1); N = 0 - 6 Rotate Accumulator right by l·bit 0 1 1 -1 0 1 1 1 1 1 
(A7) - (AO) without carry. 

RRC A (AN) - (AN + 1); N = 0 - 6 Rotate Accumulator right by l·bit 0 1 1 0 0 1 1 1 1 1 · (A7) -(C) through carry. 
(C)-(AO) 

SWAP A (A4-7) -.: (Ac - 3) Swap the 24·bit nibbles in the 0 1 0 0 0 1 1 1 1 1 
Accumulator. 

XRL A ... data- (A) - (A) XOR data Logical XOR specified immediate data 1 1 0 1 0 0 1 1 2 2 
with Accumulator. d7 d6 dS d4 d3 d2 dl dO 

XRL A. Rr (A)-(A)XOR(Rd Logical XOR contents of !lesignated 1 1 0 1 1 r r r 1 1 
for r = 0-7 register with Accumulator. 

XRLA.@Rr (A) - (AI XOR ((Rdl Logical XOR I ndirect the contents of data 1 1 0 1 0 0 0 r 1 1 
forr =0-1 memory location with Accumulator. 

BRANCH s,o;. 
DJNZ Rr. addr (Rr) - (Rd - 1; r = 0 - 7 Decrement the specified register and 1 1 1 0 1 r r r 2 2 Q) 

If (Rr! *' 0: test contents. a7 a6 as a4 a3 a2 a, ao 
.......; 

(PC 0 - 7) - addr ::J. 
JBb addr (PC 0 - 7) - addr if Bb = 1 Jump to specified address if b2 bl bO 1 0 0 1 0 2 2 0.. 

(PC) - (PC) + 2 if Bb = 0 Accumulator bit is set. a7 a6 as a4 a3 a2 al ao E 
JC addr (PC 0 - 7) - addr if C = 1 Jump to specified address if carry flag 1 1 1 1 0 1 1 0 2 2 0, .. 

(PC) - (PCI + 2 if C = 0 is set. a7 a6 as 34 a3 a2 al ao 0; 
JFO addr (PC 0 - 71 - addr if FO = 1 Jump to specified address if Flag FO is 1 0 1 1 0 1 1 0 2 2 et (PC) -)(PCI + 2 if FO = 0 set. a7 a6 as a4 a3 a2 al ao 

JFl addr (PC 0- 7) -addr if Fl = 1 Jump to specified address if Flag Fl is 0 1 1 1 0 1 1 0 2 2 0.· 
(PC) - (PC) + 2 if fl = 0 set. a7 a6 as a4 a3 a2 al ao ~.;. 

JMP addr (PC 8 - 101 - addr 8 - 10 Direct Jump to specified address within alQ a9 a8 0 0 1 0 0 2 2 
(PC'() - 7) -addr 0- 7 the 2K address block. a7 a6 as a4 a3 a2 al ao U. (PC 111 --DBF 

W 
JMPP@A (PC 0- 7) - ((A)) Jump indirect to specified address with 1 0 1 1 0 0 1 1 2 1 

Z with address page. 

JNC addr (PC 0 - 7) - addr if C = 0 Jump to specified address if carry flag is 1 1 1 0 0 1 1 0 2 2 
(PC) ... (PC) + 2 if C = 1 low. a7 as as "4 a3 a2 81 ao 

JNIBF addr (PC 0 - 7) ... addr if IBF = Jump to specified address if input buffer 1 1 0 1 0 1 1 0 2 2 
,:.! (PC) ... (PC) + 2 if IBF = 1 full flag is low. a7 as as 34 a3 a2 al ao. 

JOBF (PC 0 - 7) - addr if OBF = 1 Jump to specified address if output 1 0 0 0 0 ·1 1 0 2 2 

j ~ (PC) - (PC) + 2 if OBF = 0 buffer full flag is set. a7 a6 as a4· a3 a2 31 ao ~ 
~ :.: 
~ 

~ :.: 
~ 

:! -~ . 

• 
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INSTRUCTION SET (CONT.) 

MNEMONIC FUNCTION D7 06 

BRAN :HI(;UN. 

JNTO addr (PC 0 - 71 - addr if TO = 0 Jump to specified address if Test 0 is low. 0 0 
(PCI - (PC) + 2 if TO = 1 a7 8S 

JNTt addr (PC 0": 7) - addr if Tt = 0 Jump to specified address if Test 1 is low. 0 1 
(PC) •. (PC) + 2 if Tt = 1 a7 as 

JNZ add. (PC 0 - 71 - addr if A * 0 Jump to specified address if accumulator 1 0 
(PC) .-(PC) + 2if A = 0 is non· zerO. a7 as 

JTF add. (PC 0 - 7) - addr if TF = 1 Jump to specified address if Timer Flag 0 0 
(PC)·- (PC) + 2if TF = 0 is set to 1. a7 as 

JTO add. (PC 0- 7) -addr if TO = 1 Jump to specified address if Test 0 is a I. 0 0 
(PC) - (PC) + 2 if TO = 0 a7 as 

JTt addr (PC 0 - 7) - addr if Tl = 1 Jump to specified address if Test 1 is a I. 0 1 
(PC) - (PC) + 2 if Tl = 0 a7 as 

JZ addr (PC 0 - 7) - addr if A = 0 Jump to specified address if Accumulator 1 1 
(PC) - (PC) + 2 if A I 0 isO. a7 as 

CONTROL 

EN I 

\ 

Enable the External Interrupt input. 0 0 

DIS I Disable the External,interrupt input. 0 0 

SEL ABO (BSI- 0 Select Bank 0 (locations 0 - 7) of Data 1 1 
Memory. 

SEL ABI I (BS) -1 Select Bank 1 (locations 24 ·31) of 1 1 
Data Memory. 

DATA MOVES 

MOV A', = data (A)-data Move Immediate the specified data into 0 0 
the Accumulator. d7 dS 

MOV A, Ar (A)- (Ar); r = 0 - 7 Move the contents of the designated 1 1 
registers into the Accumulator. 

MOVA,@Ar (A)- ((Ad); r = 0 - 1 Move I ndirect the contents of data 1 1 
memory location into the Accumulator. 

MOVA,PSW (A) - (PSW) Move contents of the Program Stat", 1 1 
Word into the Accumuiator. 

MOV Ar, ,. data (Ad ~ data: r = a;- 7 Move Immediate the specified data into 1 0 
the designated register. d7 dS 

MOV Ar, A (Rd - (A); r = 0 - 7 Move Accumulator Contents into the 1 0 
designated register. 

MOV@Rr,A ((Ar))-(A);r=O-1 Move Indirect Accumulator Contents 1 0 
into data memory location. 

MOV @ Ar, '" data «Ar)) - data; r = 0 - 1 Move Immediate the specified data into 1 0 
data memory. d7 dS 

MOV PSW, A (PSW)-(A) Move contents of Accumulator into the 1 1 
program status word. 

MOVPA,@A (PC 0'- 7)-(A) Move data in the current page into the 1 0 
(A)-(PC)) Accumulator. 

MOVP3 A,@A (PC 0 - 7) - (A) Move Program data in Page 3 into the 1 1 
(PCB-10)-011 Accumulator. 
(A)-«PC)) 

XCH A, Ar (AI ~ (Ar); r = 0 - 7 Exchange the Accumulator and 0 0 
designated register's contents. 

XCHA,@Ar (AI~IIAr)): r=O-1 Exchange Indirect conte.,t, of Accumu- a a 
lator and location in data memory. 

XCHD A,@Ar (A 0- 3) C; (Ar)) 0- 3)): Exchange Indirect 4-bit contents of 0 0 
r = 0- 1 Accumulator and data memory. 

FLAGS 

CPL C (CI-NOT(C) Complement Content of carry bit. 1 0 

CPL Fa (FO) - NOT (FO) Complement Content of Flag FO. 1 0 

CPL Fl (Ft)-NOT(Fll Complement Content of Flag Fl 1 0 

CLA C (C) -0 Clear content of carry bit to O. 1 0 

CLA FO (FO) +- 0 Clear content of Flag 0 to O. 1 0 

CLA F1 (Ft) -0 Clear content of Flag 1 to O. 1 0 

-2096 

IJ. PD8041 /8741 

INSTRUCTION COOE FLAGS 

05 04 03 02 01 DO CYCLES BYTES C AC FO F1 IBF OBF 

1 0 0 1 1 0 2 2 
as a4 a3 82 al ao 

0 0 0 1 1 0 2 2 
as a4 a3 a2 al ao 

0 1 0 1 1 0 2 2 
a5 a4 a3 a2 al ao 

0 1 0 1 1 0 2 2 
as a4 a3 a2 al ao 

1 1 0 1 1 0 2 2 
as a4 a3 a2 al ao 

0 1 0 1 1 0 2 2 
as a4 a3 a2 al ao 

0 0 0 1 1 0 2 2 
a5 a4 a3 a2 al ao 

0 0 0 1 0 1 1 1 

0 1 0 1 0 1 1 1 

0 0 0 1 0 1 1 1 

0 1 0 1 0 1 1 1 

1 0 0 0 1 1 2. 2 
d5 d4 d3 d2 d1 dO 

1 1 1 r r r 1 1 

1 1 0 0 0 r 1 1 

0 0 0 1 1 1 1 1 

1 1 1 r r r 2 2 
d5 d4 d3 d2 dl dO 

1 0 1 r r r 1 1 

1 a 0 0 0 r 1 , 
1 1 0 0 0 r 2 2 

dS d4 d3 d2 dl dO 

0 1 0 1 1 1 , 1 

1 0 0 0 1 1 2 1 

1 0 0 0 1 , 2 1 

1 0 1 r r r , 1 

1 0 a a a r 1 , 
, 1 0 0 0 r 1 1 

1 0 0 1 1 1 1 1 . 
0 1 0 1 0 1 1 1 . 
1 1 a 1 a 1 1 1 . 
0 1 a 1 1 1 1 1 . 
0 0 0 1 0 1 1 1 . , 0 0 1 0 , 1 1 . 
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pPD8041/8741 
INSTRUCTION SET (CONT.) 

INSTRUCTION CODE FLAGS 

MNEMONIC FUNCTION DESCRIPTION 07 D6 05 04 03 •. 02 01 00 CYCLES BYTES C AC FO 

INPUT/OUTPUT 

ANL Pp, ~ data (Ppl ~ (Ppl AND data Logical and Immedi~te specified data 1 0 0 1 1- 0 p p 2 2 

p = 1 - 2 with designated port ( 1 or 21 d7 d6 dS d4 d3 d2 dl dO 

ANLD pP. A (Ppl ~ (Ppl AND (A 0 - 31 Logical and contents of Accumulator 1 0 0 1 1 1 p p 2 1 

p=4-7 with designated port (4 - 7l- . 
IN A. Pp (AI ~ (Ppl; p = 1 - 2 Input data from designated port (1 - 21 0 0 0 0 1 0 P P 2 1 

into Accumulatol. 

INA,.DBB (AI~(DBBI Input strobed DBB data into 0 0 1 0 0 0 1 0 1 1 

Accumulator 8!!d "'ear IBF 

MOVDA. Pp IAO-31 ~ (Ppl;p = 4-7 Move contents of designated port (4 - 71 0 0 0 0 1 1 P P 2 1 

(A4 - 71-0 into Accumulator. 

MOVD pP. A (PPI - A 0 - 3; p = 4 - 7 Move contents of Accumulator to 0 0 1 1 1 1 p p 1 1 

designated port 14 - 71. 

OfILD pP. A IPpl ~ IPplOR (A 0 - 31 Logical or contents of Accumul.ator with 1 0 0 0 1 1 p p 1 1 

p=4-7 designated port 14 - 71. 

OR L Pp, :z data IPPI - (Ppl OR data Logical or Immediate specified data with 1 0 0 0 1 0 P P 2 2 

p = 1 - 2 designated port 11 - 21 d7 ds dS d4 d3 d2 dl do 

OUT DBB,A (DBBI (AI OutpUt contents of Accumulator onto 
DBB and set OBF. 

0 0 0 0 0 0 1 0 1 1 

OUTLPp, A (Ppl - (AI; p = 1 - 2 Output contents of Accumulator to 0 0 1 1 1 0 p P 1 1 

designated port II - 21. 

REGISTERS 

DECRr (RrI IRrI- (RrI-l;r =0-7 Decrement by 1 contents of designated 1 1 0 0 1 r r r 1 1 

register. 

INC Rr (Rrl- (RrI +1; r = 0 - 7 Increment by 1 contents of designated 0 0 0 1 1 r r r 1 1 

register. 

INC@Rr ({Rrll-((Rrll + 1; Increment Indirect by 1 the contents of 0 0 0 1 0 0 0 r 1 1 

r = 0 1 data memory location. 

SUBROUTINE 

CALL addr ((SP)) - (PCI. (PSW 4 71 Call designated Subroutine. al0 a9 as 1 0 1 0 0 2 2 

ISPI ~ (SPI + 1 a7 a6 as a4 a3 a2 al ao 

(PCS-l01-addrS-l0 
(PC 0 - 71 - addr 0 - 7 
(PC111-DBF 

RET (SP) - (SP) - 1 Return from Subroutine without 1 0 0 0 0 0 1 1 2 1 

(PC) ~ ((SPII restoring Program Status Word. 

RETR (SPI - (SPI - 1 Return from Subroutine restoring 1 0 0 1 0 0 1 1 2 1 

(PCI ~ ((SP)) Program Status Word. 
(PSW4 7) - ((SP)) 

TIMER/COUNTER 

EN TCNTI Enable Internal interrupt Flag for 0 O. 1 0 0 1 0 1 1 1 

Timer/Counter output. 

DIS TCNTI Disable Internal interrupt Flag for 0 0 1 1 0 1 a 1 1 1 

Timer/Counter output. 

MOVA, T (A)-(T) Move contents of Timer/Counter into a 1 0 a a a 1 a 1 1 

Accumulator. 

MOVT, A (TI-(AI Move contents of ,c.ccumulator into a 1 1 0 a a 1 a 1 1 

Timer/Counter. 

STOP :rCNT Stop Count for Event Counter. a 1 1 a a 1 a 1 1 1 

STRTCNT Start Count for Event Counter. a 1 a a a 1 a 1 1 1 

STRTT Start Cou'nt for Timer. a 1 a 1 0 1 a 1 1 1 

MISCELLANEOUS 

NOP No Operation performed. a a a 0 0 0 0 0 1 1 

Notes CD Instruction Code DeSignations rand p form the binary representation of 'he Registers 3nd Port> ."vorv,-d 

@ The dot under the app'~p'late flag bit ,nd,cates that ItS conte"t IS subject to change by the ,n511'uCll0n t appeil" ·n 

@ References to the address and data are specified In bytes 2 and· Or 1 of the ,nstructlon 

® Numeflcal Subscrrpts appearing in the F UNCTION column reference the specific bits ~ffected., 

Symbol Definitions: 

SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

A The Accumulator Po Port Designator (p = 1, 2 or 4 - 7) 
AC The Auxiliary Carry Flag PSW Program Status Word 

addr Program Memory Address (12 bits) Rr Register Designator (r = 0, 1 or 0 - 7) 
Bb Bit Designator (b = 0 - 7) SP Stack Pointer 
BS The Bank Switch T Timer 

BUS The BUS Port TF Timer Flag 
C Carry Flag TO, Tl Testable Flags 0, 1 

ClK Clock Signal X External RAM 
CNT Event Counter # Prefix for Immediate Data 

0 Nibble Designator (4 bits) @ Prefix for Indirect Address 
data Number .or Expression (8 bits) $ Program Counter's Current Value 
DBF Memory BanI<: Flip-Flop (x) Contents of External RAM location 

F1 

FO, Fl Flags 0, 1 ((x)) Contents of Memory location Addressed 

IBF OBF 

• 

. 

I Interrupt by the Contents of External RAM location. 

P "In-Page" Operation Designator ~ Replaced By 

IBF Input Buffer Full Flag OBF Output Buffer Full 
DBB Data Bus Buffer 

r;" 

The information presented in this document is believed to be accurate and reliable. The information is subject to change without notice_ 
SPS041/8741-9-78-GN-CAT. 
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NEe 
NEe Microcomputers"lnc. p..PD8048 

IJ-PD8748* 
J.LPD8035 

2098 

p..PD8048 FAMILY OF SINGLE CHIP 
8·BIT MICROCOMPUTERS -

DESCRIPTION The pPD8048 family of single chip 8-bit microcomputers is comprised of the pPD8048, 
pPD8748 and pPD8035. The processors in this family differ only in their jnternal pro­
gram memory options: the pPD8048 with 1 K x 8 bytes of mask ROM, the pPD8748 
with 1 K x 8 bytes of UV erasable EPROM and the pPD8035·with external memory. 

F EA TU RES • Fully Compatible With Industry Standard 8048/8748/8035 
• NMOS Silicon Gate TechnoiogY'Requiring a Single +5V Supply 
• 2.5 ps Cycle Time. All Instruction 1 or 2 Bytes 
• Interval Timer/Event Counter 
• 64 x 8 Byte R~M Data Memory 
• Single Level Interrupt 
• 96 Instructions: 70% Single Byte 

• 27 I/O Lines 
• Internal Clock Generator 
• 8 Level Stack 
• Compatible With OOOOA/OO85A Peripherals 
• Available in Both Ceramic and Plastic 40 P'in Packages 

PIN CONFIGURATION TO Vee 
XTAL1 T1 
XTAL2 P27 
RESET P26 

SS P25 
INT P24 
EA P17 
RD pPD P16 

PSEN 8048/ P15 
WR 8748/ 

P14 
P13 ALE 

8035 
DBO P12 

DB1 P11 

DB2 P10 
DB3 VDD 
DB4 PROG 
DB5 P23 

DB6 P22 
DB7 P21 

Vss P20 , , 

* All data pertaining to the ~PD8748 is preliminary. 
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p,PDS048 FAMILY 

The NEe IlPD8048, IlPD8748 andllPD8035 are single component, 8-bit, parallel 
microprocessors using N-channel silicon gate MOS technology. The IlPD8048/8748/ 
8035 efficiently function in control as well as arithmetic application$. The flexibility 
of the instruction set allows for the direct set and reset of individual data bits within 
the accumulator and the I/O port structure. Standard logic function implementation 
is facilitated by the large variety of branch and table look-up instructions. 

The IlPD8048/8748/S035 instruction set is comprised of 1 and 2 byte instructions 
with over 70% single-byte and requiring only 1 or 2 cycles per instruction with over 
50% single-cycle. 

The IlPD8048 series of microprocessors will function as sta':ld alone microcomputers. 
Their functions can easily be expanded using standard S080A/80S5A peripherals and 
memories. 

The IlPDS04S contains the following functions usually found in external peripheral 
devices: 1024 x S bits of ROM program memory; 64 x 8 bits of RAM data memory; 
27 I/O lines; an 8-bit interval timer/event counter; oscillator and clock circuitry. 

The IlPD8748 differs from the IlPDB048 only in its 1024 x 8-bit UV erasable 
EPROM program memory in~tead of the 1024 x 8-bit ROM memory. It is useful in 
preproduction or prototype applications where the software design has not yet been 
finalized or in system designs whose quantities do not require a mask ROM. 

The IlPD8035 is intended for applications using external program memory only. It 
contains all the features of the IlPD8048 except the 1024 x 8-bit internal ROM. The 
external program memory can be implemented using standard 8080A/8085A memory 
products. 

I l Voo 

PROGRAM 

POWf..ASUPPlY 

I 
tee 

ILOW POWER 
STANDBY' 

FUNCTIONAL 
DESCRIPTION 

SLOCK DIAGRAM 

EXPANSION" TO ADDITIONAL 

REGISTER 1 

REGISTER 3 

AEGISTEA4 

REGISTER 5 

REGISTER 6 

REGISTER 7 

(VARIABLE WORD LENGn-1J 

PTIDNAl SECOND 

BUS 
BUFFER 

LATCH 
PORT 1 

RESIDENT DATA MEMOAY 

OSCILLATOR ADDRESS PROGRAM SINGLE REAOWAITE 
LATCH STEP STROBES 

STROBEl ENABLE 
CYCLE 
CLOCK 

2 
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PIN IDENTIFICATION-

I 
I 

2100 

NO. 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 - 19 

20 

21 - 24, 
35 - 38 

25 

26 

27 - 34 

39 

40 

PIN 

SYMBOL 

TO 

XTALl 

XTAL 2 

RESET 

SS 

I 
INT 

i 

EA 

RD 

PSEN 

WR 

ALE 

DO - D7 BUS 

VSS 

P20 - P27: 
PORT2 

PROG 

VDD . 

P10 - P17: 
PORT 1 

T1 

VCC 

jLPD8048 FAMILY 

FUNCTION 

Testable input using conditional transfer functions JTO and 
JNTO. The internal State Clock (CLK) is available to TO 
using the ENTO CLK instruction. TO can also be used 
during programming as a testable flag. 

One side of the crystal input for external oscillator or 
frequency (non TTL compatible V IH)' 

The other side of the crystal input. 

Active low input for processor initialization. RESET is 
also use<;l for PROM programming verification and power-
down '(non TTL compatible V H-I)' 

Single Step input (active-Iowl. SS together with ALE allows 
the processor to "single-step" through each instruction in 
program memory. 

I Interrupt input (active-Iowl. INT wi" start an interrupt if 

i an enable interrupt instru~ has been executed. A reset 
wi!! disable the interrupt. INT can be tested by issuing a 
conditional jump. instruction. 

External Access input (active-high). A logic "1" at this 
input commands the processor to perform all program 
memory fetches from external memory" 

READ strobe output (active-Iowl. RD will pulse low when 
the processor performs a BUS READ. RD will also enable 
data onto the processor BUS from a peripheral device and 
function as a READ STROBE for external DATA MEMORY. 

Program Store Enable output (active-low). PSEN becomes 
active only during an external memory fetch. 

WR ITE strobe output (active-Iowl. WR will pulse low when 
the processor performs a BUS WR ITE. WR can also function 
as a WRITE STROBE for external DATA MEMORY. 

Address l<:tch Enable output (3ctivehigh). Occurr.ing once 
each cycle, the falling edge of ALE latches the address for 
external memory or peripherals. ALE can also be used as 
a clock output. 

8-bit, bidirectional port. Synchronous reads and writes can 
be performed on this port using R D and WR strobes. The 
contents of the DO - D7 BUS can be latched in a static 
mode. 

During an external memory fetch, the DO - D7 BUS holds 
the least significant bits of the program counter. PSEN 
controls the incoming addressed instruction. Also, for an 
external RAM data ~e ins!.!:!!£tion the DO - D7 BUS, 
co,rtro"ed by ALE, RD and WR, contains address and data 
information. 

Processor's GROUND potential. 

Port 2 is the second of two 8-bit quasi-bidirectional ports. 
For external data memory fetches, the four most significant 
bits of the program counter are contained in P20 - P23. Bits 
P20 - P23 are also used as a 4-bit I/O bus for the IlPD8243, 
INPUT/OUTPUT EXPANDER. 

Program Pulse. A +25V pulse applied to this input is used 
for programming the IlPD8748. PROG is also used as an out-
put strobe for the IlPD8243. 

Programming Power Supply. VDD must be set to +25V for 
programming the IlPD8748, and to +5V for the ROM and 
PROM versions for normal operation. VDD functions as the 
Low Power Standby input for the IlPD8048. 

Port 1 is one of two 8-bit quasi~bidirectional ports. 

Testable input using conditional transfer functions JT1 and 
JNT1. T1 can be made the counter/timer input using the 
STRT CNT instruction. 

Primary Power Supply. VCC must be +5V for programming 
and operation of the IlPD8748, and for operation of the 
IlPD8035 and IlPD8048. 
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.JLPD8048 FAMILY 

Operating Temperature ..... . 
Storage Temperature (Ceramic Package) . 
Storage Temperature (Plastic Package) . 
Voltage on Any Pin 
Power Dissipation ........ . 

Note: CD With respect to ground. 

aOc to +70°C 
-65°C to +150°C 

. -65°C to +125°C 
- 0.5 to +7 Volts CD 
........ 1.5W 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is' not 
implied. Exposure to absolute maxirnumrating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta = o"C to +70"C; vce = voo = +5V ± 5%; VSS = OV 

LIMITS 
PARAMETER SYMBOL 

MIN TYP MAX 
UNIT TEST CONDITIONS 

Input Low Voltage 
VIL '0.5 0.8 V 

(All Except XT AL 1, XT AL 2) 

Input High Voltage 
VIH 2.0 VCC V 

(All Except XTAL 1, XTAL 2, RESET) 

Input High Voltage I VIH1 3.0 I VCC V 
(RESET, XTAL 1, XTAL 2) I i 
Output Low Voltage (SUS, RD,., ! 

VOL 
! ! 0.45 V iOL ~ 2.U mA 

WR, PSEN, ALE) I 
i 

Output Low Voltage (All Other I 

Outputs Except PROG) VOLl 0.45 V IIOL = 1.6 mA 

Output Low Voltage (PROG) VOL2 I 
0.45 V ! 

Output High Voltage (BUS, RO, 
VOH 2.4 [ . V IOH=-100 IlA 

I WR, PSEN, ALE) 

I Output High Voltage (All Other 1 

Outputs) VOHl 2.4 V IOH = '-50IlA 

Input Leakage Current 
IlL ±10 IlA VSS';:;; VIN ,;:;; Vec 

(T" EA, INT) 

Output Leakage Current 
IOL ·10 IlA Vec;;;' VIN ~ VSS + 0.45V 

(BUS, TO - High Impedance State) I 

Power Down Supply Current 100 10 20 mA Ta=25°e 

Total Supply Current· IOD + ICC 65 135 mA Ta = 25°C 

Ta = 25"C ± 5' e; VCC = +5V ± 5%; VOD = +25V ± 1V 

LIMITS 
PARAMETER SYMBOL UNIT TEST CONDITIONS 

MIN TYP MAX 

VDO Program Voltage High·Level VDOH i 24.0 i 26~ V 
I 

I J 

VOO Voltage Low·Level , VDOL 4.75 :,;..\~~, V 
I 

: PROG Voltage High·Level I 
VPH .... 

I \\'t ~'--I 24.5 V i 

PROG Voltage Low·Level !~~~ 0.2 V I 
I EA Program or Verify Voltage High·Level I ~EAH 
I---

21.5 i 24.5 V 

! EA Voltage Low·Level I VEAL· 5.25 V 

; VOO High Voltage Supply Current 100 30.0 mA 

PROG High Voltage Supply Current IPROG 16.0 mA 

EA High Voltage Supply Current lEA 1.0 mA 

4 
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AC CHARACTERISTICS 

2102 

}LPD8048 FAMILY 
READ, WRITE AND INSTRUCTION FETCH - EXTERNAL 

DATA AND PROGRAM MEMORY 
Ta = o°c to +70°C; Vcc '" Voo = +5V ± 5%; VSS = OV 

PARAMETER SYMBOL 

ALE Pulse Width tLL 
Address Setup before ALE tAL 

Address Hold from ALE tLA· 

Control Pulse Width (PSEN, RO, WR) tcc 

Data Setup before WR tow 

Data Hold after WR two 

Cycle Time tCY 
Data· Hold tOR 

PSEN, RO to Data In tRO 

Address Setup before WR tAW 

Address Setup before Data ! n t" ~ 
'I-\U 

Address Fioat to RO, PSEN tAFC 

Notes: CD For Control Outputs: CL = 80 pF 

o For Bus Outputs: CL = 150 pF 

@ tCY =0 2.51ls 

MIN 

400 

150 

80 

900 

500 

120 

2.5 

0 

230 

0 

LIMITS 

TYP 

PORT 2 TIMING 

LIMITS 

PARAMETER SYMBOL MIN TYP 

Port Co~etup before Falling 
Edge of PROG tcp 110 

Port Control Hold after Falling 
Edge of PROG tpc 140 

PROG to Time P2 Input must be 
Valid tpR 

Output Data Setup Time top 220 

Output Data Hold Time tPD 65 

Input Data Hold Time tpF 

PROG Pulse Width tpp 1510 

Port 2 I/O Data Setup tPL 400 

Port 2 I/O Data Hold tLP 150 

MAX UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

15.0 IlS 

200 ns 

500 ns 

ns 

950 ns 

ns 

MAX UNIT 

ns 

ns 

810 ns 

ns 

ns 

150 ns 

ns 

ns 

ns 

PROGRAMMING SPECIFICATIONS - .uPD8748 
Ta = 25°C ± 5°C; VCC = +5V ± 5%; VDD = +25V ± 1V 

LIMITS I 

PARAMETER SYMBOL MIN TYP MAX UNIT 

Address Setup Time before RESET t tAW 4 tCY 

Address Hold Time after RESET t tWA 4tCY 

Data In Setup Time before PROG t tow 4tCY 

Data In Hold Time after PROG ~ two 4 tCY 

RESET Hold Time to VERIFY tpH 4 tCY 

VDD tVDDW 4 tCY.,. ~'-{ 
VDD Hold Time after PROG ~ tVDDH I"~~'·" 
Program Pulse Width tP.W \\1 ~" 50 60 ms 

Test 0 Setup Time before Program ~",". 

Mode ~)~TW 4tCY 

Test 0 Hold Time after Program 
Mode tWT 4 tCY 

Test 0 to Data Out Delay too 4 tCY 

RESET Pulse Width to Latch 
Address tww 4tCY 

VOO and PROG Rise and Fall Times t r, tf 0.5 2.0 IlS 

Processor Operation Cycle Time tey 5.0 IlS 

RESET Setup Time before EA t tRE 4 tey 

TEST 
CONDITIONS 

CL = 20 pF 

6 MHz XTAL 

TEST 

CONDITIONS 

TEST 
CONDITIONS 

5 
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~PD8048 FAMilY 

ALE 

~""--tLL--..t-. -tCY-~·1 
~ ~I ________ ~I~~L 

TIMING WAVEFORMS 

BUS 

INSTRUCTION FETCH FROM EXTERNAL MEMORY 

ALE L 

FLOATING FLOATING 
BUS 

READ FROM EXTERNAL DATA MEMORY 

ALE L 

BUS FLOATING 

WRITE TO EXTERNAL MEMORY 

@Ie MASTER 1979 2103 



"-
CD 
+-' 
::::l 
a. 
E 
o 
o 
o 
"-o 
~ 
() 
w 
z 

TIMING WAVEFORMS 
(CaNT.) 

2104 

p.PD8048 FAMILY 

EXPANDER 
POAT 
OUTPUT 

EXPANDER 
PORT 
OUTPUT 

PCH 

--------------~l~1 --
PORT 2 TIMING 

!-------PROGRAM-------... +-1---VERIFv---rt-----PROGRAM-----

__ tTW-_ 

VDD 

PROG 

TO 
RESET 

DBa-DB7 

P20 - P, 

LAST 
..ADDRESS 

~ 

=>---< 
X 

ADDRESS 
(()'7) VALID 

ADDRESS /8-91 VAllO 

PROGRAM/VERIFY TIMING 
(pPD8748 ONLY) 

I \ 

X DATA OUT >- -~-< VALID 

X 

VERIFY MODE TIMING 
(pPD8048/8748 ON L Y) 

Notl:~ CD Conditions CS TTL L0t41' "1", Ao TTL LogiC "0" must be met 
(us.e 10K res.ISIQ( 10 Vee for Cs, and 10K reSIStor to VSS fOr Ao) 

® ICV 5 J.,IS can he achceVl!d uSln~ a 3 MH .. lrequencv SOurce (Le. 
XTAl or elClernaIJ at the XTAL 1 and XTAL 210PUIS 

-< NEXT ADD, RESS>C 
- - VAllO 

NEXT ADDRESS 

\~-------------

I ~ 
NEXT X NEXT DATA >----ADDRESS OUT VALID 
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fLPD8048 .FAMll Y INSTRUCTION SET 

INSTROCTION CODE FLAGS 
MNEMONIC FUNCTION DESCRIPTION D7 Os 05 04 03 02 01 DO CYCLES BYTES C AC FO F1 

ACCUMULATOR 

ADD A," data (A) .:.. (A) + data Add Immediate the specified Data to the 0 0 0 0 0 0 1 1 2 2 · Accumulator. d7 dS . d5 d4 d3 d2 dl dO 

ADD A. Rr (A) -(A) + (Rd Add contents of designated register to 0 1 1 0 1 r r r 1 1 · for r = 0- 7 me Accumulator. 

ADO A,@Rr (A) +- (A) + ((Rd) Add Indirect the contents the data 0 1 1 0 0 0 0 r 1 1 · for r = 0- 1 memory location to the Accumulator. 

ADDC A. = data (A) +- (A) + (C) + data Add Immediate with carry the specified 0 0 0 1 0 0 1 1 2 2 · data to the Accumulator. d7 dS d5 d4 d3 d2 dl dO 

ADDC A. Rr (A) ·-(A) + (C) + (Rd Add with carry the contents of the 0 1 1 1 1 r r r 1 1 · for r = 0 - 7 designated register to the Accumulator. 

ADDC A. @Rr (A) +- (A) + (C) + ((Rd) Add Indirect with carry the contents of 0 1 1 1 0 0 0 r 1 1 · for r = 0- 1 data memory location to the 
Accu mu I ator. 

ANL A, =data . (A) +- (A) AND data Logical and specified Immediate Data 0 1 0 1 0 0 1 1 2 2 
with Accumulator. d7 dS d5 d4 d3 d2 dl dO 

ANL A. Rr (A) +- (A) AND (Rd Logical and contents of designated 0 1 0 1 1 r r r 1 1 
for r = 0 -·7 register with Accumulator. 

ANLA.@ Rr (A) +- (A) AND ((Rd) Logical and Indirect the contents of data '0 1 0 1 0 0 0 r 1 1 
for r = 0··1 memory with Accumulator. 

CPL A (A) +- NOT (A) Complement the contents of the 0 0 1 1 0 1 1 1 1 1 
Accumulator. 

CLR A (A) -0 CLEAR the contents of the Accumulator. 0 0 1 0 0 1 1 1 1 1 

DAA DECIMAL ADJUST the contents of the 0 1 0 1 0 1 1 1 1 1 · .' 
Accumulator. 

DEC A (A)· (A) 1 c DECREMENT by 1 the accumulator's 0 0 O· O. 0 1 1 1 1 1 
contents. 

INC A (A)·- '(A) + 1 Increment by 1 the accumulator's 0 0 0 1 0 1 1 1 1 1 
contents. 

ORL A. = data (AI r' (A) OR data Logical OR specified immediate data 0 1 0 0 0 0 1 1 2 2 
with Accumulator d7 dS d5 d4 d3 d2 d1 dO "'." 

ORL A. Rr (A) .- (A) OR (Rd Logical OR contents of designated 0 1 0 0 1 r r r 1 1 
for r = 0 .. 7 register with Accumui.ator. 

ORL A.@Rr (A, - (A) OR URd) Logical OR Indirect the con,ent5 of data 0 1 0 a 0 0 0 r 1 1 
I for r = 0 .. 1 memory location with Accumulator. , 

RLA (AN + 1) -. (AN) Rotate Accumulator left by l·bit without 1 1 1 0 0 1 1 1 1· 1 
(AO) +- (A71 carry. 

., 

for N = 0 - S 

RLC A (AN + 11 +- (AN); N = 0 - S Rotate Accumulator left by l·bit through 1 1 1 1 0 1 1 1 1 1 · (AO)-(C) carry. 
(C) +- (A7) 

RR A (AN) +- (AN + 1 ); N = 0 - S Rotate Accumulator right by l·bit 0 1 1 1 0 1 1 1 1 1 
(A7) -. (AO) without carry. 

RRC A (AN) +- JAN + 1); N = 0 - 6 Rotate Accumulator right by l·bit 0 1 1 0 0 1 1 1 1 1 · (A7) - (C) throu9h carry. 
(C) + (AOI 

SWAPA (A4-7) '::. (AO - 3) Swap the 24·bit nibbles in the 0 1 0 0 0 1 1 1 1 1 
Accumulator. 

XRL A. = data (AI - (AI XOR data Logical XOR specified immediate data 1 1 0 1 0 0 1 1 2 2 
with Accumulator. d7 dS d5 d4 d3 d2 dl dO 

"-XRL A. Rr (A) +- (A) XOR (Rr) Logical XOR contents of designated 1 1 0 1 1 r r r 1 1 
~ for r = 0 - 7 register with Accumulator. 

XRLA.@Rr (A) •.. (AI XOR ((Rd) Logical XOR I ndirect the contents of data 1 1 0 1 0 0 0 1 1 
::;, 

r a. for r = 0 - 1 memory location with Accumulator. 

E BRANCH 

DJNZ Rr. addr (Rd +- (Rd - 1; r = 0 - 7 Decrement the specified register and 1 1 1 0 1 2 2 
0 

r r r 0 
If (Rr) '* 0: test contents. a7 as a5 a4 a3 a2 al ao 0 
(PC 0 - 7) +- addr "-

JBb addr (PC 0 - 7) +- addr if Bb = 1 Jump to specified address if b2 bl bO 1 0 0 1 0 2 2 .2 
(PC) •. (PC) + 2 if Bb = 0 Accumulator bit is set. a7 as a5 a4 a3 a2 al ao ~ 

JC addr (PC 0 - 7) +- addr if C = 1 Jump to specified address if carry flag 1 1 1 1 0 1 1 0 2 2 
(PC) +. (PC) + 2 if C = 0 is set. 'a7 as a5 a4 a3 a2 al ao 0 

JFO addr (PC 0 - 7) +- addr if FO = 1 Jump to specified address if Flag FO is 1 0 1. 1 0 1 1 0 2 2 W 
(PC) + )(PC) + 2 if FO = 0 set. a7 as a5 a4 a3 a2 al ao Z 

JFl addr (PC 0 - 7) +- addr if Fl = 1 Jump to specified address if Flag F 1 is 0 1 1 1 0 1 1 0 2 2 
(PC) • (PC) + 2 if Fl = 0 set. a7 as a5 a4 a3 a2 a1 ao 

JMP addr (PC 8 ·10), addr 8 10 Direct Jump to specified address within al0 a9 a8 0 0 1 0 0 2 2 
(PC 0 - 7) +- addr 0 - 7 the 2K address block. a7 as a5 a4 a3 a2 al ao ~ (PC 11) • DBF 

~ JMPP@A (PC 0 ·7) +- ((A)) Jump indirect to specified address with 1 0 1 1 0 0 1 1 2 1 

~ with address page. 

JNC addr (PC O· 7) +- addr if C = 0 Jump to specified address if carry flag is 1 , 1 0 0 1 1 0 2 2 

~ (PC) • (PC) + 2 if C = 1 low. a'7 as a5 a4 a3 a2 al ao 

JNladdr (PC 0 .. 7) +- addr if I = 0 Jump to specified address if interrupt 1 0 0 0 0 1 1 0 2 2 (e 
(PC) . (PC) + 2 if I = 1 is low. a7 as a5 a4 a3 a2 . al ao ~ 

~ 
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INSTRUCTION SET (CONT.) 

MNEMONIC FUNCTION DESCRIPTION 0-, 06 

BRANCH (CONT.I 

JNTO addr (PC 0 - 71 <- addr if TO ; 0 Jump to specified address if Test 0 is low. 0 0 
(PC I ~ (PCI + 2 if TO = 1 a7 a6 

JNTl addr (PC 0 - 71 <- addr if T1 = 0 • Jump to specified address if Test 1 is low. 0 1 
(PCI - (PCI + 2 if T1 = 1 37 a6 

JNZ addr (PC 0 - 71 <- addr if A * 0 Jump to specified address if accumulator 1 0 
(PCI .- (PCI + 2 if A = 0 is non-zero. a7 a6 

JTF addr (PC 0 - 71 <- addr if TF = 1 Jump to specified address if Timer Flag 0 0 
(PCI <- (PCI + 2if TF = 0 is set to 1. a7 a6 

JTO addr (PC 0 - 71 <- addr if TO = 1 Jump to specified address if Test 0 is a I. 0 0 

(PCI <- (PCI + 2 if TO = 0 a7 a6 

JT1 addr (PC 0 - 71 <- addr if T1 = 1 Jump to specified address if Test 1 is a 1. 0 1 
(PCI .- (PCI + 2 if T1 = 0 a7 a6 

JZ addr (PC 0 - 7) <- addr if A ; 0 Jump to specified address if Accumulator 1 1 
(PC) .- (PC) + 2 if A I 0 is O. a7 a6 

CONTROL 

I EN! I I Enable the External Interrupt input. I 0 0 

' DIS I I 
• Disable the External Interrupt input 0 0 

ENTO CLK I Enable the Clock Output pin TO. I 0 1 

SEL MBO (oBF) <- 0 Select Bank 0 !locations 0 - 20471 of 1 1 
Program Memory. 

SEL MB1 (DBF)· 1 Select Bank 1 !locations 2048· 4095) of 1 1 
Program Memory. 

SEL RBO (BS) - 0 Select Bank 0 (locations 0 - 71 of Data 1 1 
Memory. 

SEL RS1 (BS)' i Select Bank 1 (locations 24 31) of 1 1 
Data Memory. 

DATA MOVES 

MOV A, = data (A) - data Move Immediate the specified data into 0 0 
the Accumulator. d7 d6 

MOV A, Rr (A) - (Rd; r = 0 7 Move the contents of the designated 1 1 
registers into the Accumulator. 

MOVA,@Rr (A) .- «Rd); r = 0·· 1 Move Indirect the contents of data 1 1 
memory location into the Accumulator. 

MOV A, PSW (A) . (PSW) Move contents of the Program Status 1 1 
Word into the Accumulator. 

MOV Rr, = data (Rd -. data; r = 0 - 7 Move Immediate the specified data into 1 0 
the designated register. d7 d6 

MOV Rr. A (Ad - (AI; r = 0 7 Move Accumulator Contents into the 1 0 
designated register. 

MOV@Rr,A «Rd) - (A); r = 0··1 Move Indirect Accumulator Contents 1 0 
Into data memory location. 

MOV @ Rr, = data ((Rrii - data; r ~ 0 1 Move Immediate the specified data into 1 0 
data memory. d7 d6 

MOV f'sw, A (PSW)·- (A) Move contents of Accumulator lrito the 1 1 
program status word. 

MOVPA,@A (PC 0 7) -. (A) Move data in the current page Irlto th.e 1 0 
(A) . «PC)) Accumulator. 

MOVP3 A,@A (PC 0 7)·· (A) Move Program data in Page 3 into the 1 1 
(PC 8 10) - 011 Accumulator. 
(A) . «PC)) 

MOVX A, @R (AI - ((Rd); r = 0 1 Move Indirect the contents of external 1 0 
data memory into the Accumulator. 

MOVX@R, A «Rd) •.. (A); r = 0·· 1 Move Indirect the contents of the 1 0 
Accumulator into external data memory. 

XCH A, Rr (A)+c(Rr);r=O-7 Exchange the Accumulator and 0 0 
designated register's contents. 

XCH A,@Rr (AI;:: «Rr)); r; 0 - 1 Exchange Indirect contents of Accumu- 0 0 
lator and location in data memory. 

XCHD A,@Rr (A 0- 31 ~ «RrI) 0- 3)1; Exchange Indirect 4-bit contents of 0 0 
r;0-1 Accumulator and data memory. 

FLAGS 

CPL C (CI' NOT (C) Complement Content of carry bit. 1 0 

CPL FO (FO) - NOT (FO) Complement Content of Flag FO. 1 0 

CPL F1 (Fll . NOT (F11 Complement Content of Flag F 1 1 0 

CLR C (e) • 0 Clear content of carry bit to O. 1 0 

CLR FO (FO) <- 0 Clear content of Flag 0 to O. 1 0 

CLR.Fl (F1) . 0 Clear content of Flag 1 to O. 1 0 

2106 

j'PD8048 FAMILY 

INSTRUCTION CODE FLAGS 

05 04 03 02 01 DO CYCLES BYTES C AC FO Fl 

1 0 0 1 1 0 2 2 
as a4 a3 a2 a1 ao 

0 0 0 1 1 0 2 2 
as a4 a3 a2 a1 ao 

0 1 0 1 1 0 2 2 
as a4 a3 a2 a1 ao 

0 1 0 1 1 0 2 2 
as .a4 a3 a2 a1 ao 

1 1 0 1 1 0 2 2 
as a4 a3 a2 a1 ao 

0 1 0 1 1 0 2 2 
as a4 a3 a2 a1 ao 

0 0 0 1 1 0 2 2 
a5 04 a3 a2 01 ao 

0 0 O. 1 0 1 I 1 1 

I 0 1 0 1 0 1 1 1 
I 1 1 0 1 0 1 i i 

1 0 0 1 0 1 1 1 

1 1 0 1 0 1 1 1 

0 0 0 1 0 1 1 1 

0 1 0 1 0 1 1 1 

1 0 0 0 1 1 2 2 
d5 d4 d3 d2 dl dO 

1 1 1 r r r l 1 

1 1 0 0 0 r 1 1 

0 0 0 1 1 1 1 1 

1 1 1 r r r 2 2 

d5 d4 d3 d2 dl dO 

I 1 0 1 r r r 1 1 

1 0 0 0 0 r 1 1 I 
1 1 0 0 0 r 2 2 

d5 d4 d3 d2 dl dO 

0 1 0 1 1 1 1 1 

1 0 0 0 1 1 2 1 

1 0 0 0 1 1 2 1 

0 0 0 0 0 r 2 1 

0 1 0 0 0 r 2 1 

1 0 1 r r r 1 1 

1 0 0 0 0 r 1 1 

1 1 0 0 0 r 1 1 

1 0 0 1 1 1 1 1 . 
0 1 0 1 0 1 1 1 . 
1 1 0 1 0 1 1 1 . 
0 1 0 1 1 1 1 1 . 
0 0 0 1 0 1 1 1 . 
1 0 0 1 0 1 1 1 . 
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J.LPD8048 FAMILY INSTRUCT-rON SET (CONT.) 

INSTRUCTION CODE 

MNEMONIC FUNCTION DESCRIPTION 07 06 05 04 03 

INPUT/OUTPUT 

ANL BUS, == data (BUS) ~ (BUS) AND data Logical and Immediate-specified data 1 0 0 1 1 
with contents of BUS_ d7 d6 d5 d4 d3 

ANL Pp, = data (Pp) - (Pp) AND data Logical and Immediate specified data 1 0 0 1 1 
p ~ 1 - 2 with designated port (lor 2) d7 d6 d5 d4 d3 

ANLD Pp, A (Pp) - (Pp) AND (A 0 - 3) Logical and contents of Accumulator with 1 0 0 1 1 
p ~ 4 ·7 de~ignated port (4 - 71. 

IN A, Pp (A) ~ (Pp); p = 1 .. 2 Input data from designated port il - 2) 0 0 0 0 1 
into Accumulator. 

INS A, BUS (A) ~- (BUS) Input strobed BUS data into Accumulator. 0 0 0 0 1 

MOVD A, Pp (-A 0 - 3) - (Pp); p = 4 - 7 Move contents of designated port (4 ·7) 0 0 0 0 1 
(A 4·· 7) ~O into Accumulator. 

MOVD Pp, A (Pp) ~ A 0- 3; p = 4 .. 7 Move contents of Accumulator to 0 0 1 1 1 
designated port (4 71. 

OR"L BUS, = data (BUS) .. (BUS) OR data Logical or Immediate specified data with 1 0 0 0 1 
contents of BUS. d7 d6 d5 d4 d3 

ORLD Pp, A (Pp) - (Pp) OR (A 0·- 3) Logical or contents of Accumulator with 1 0 0 0 1 
p~4 7 designated port (4 - 7). 

ORL'Pp, = data (Pp) - (Pp) OR data Logical or Immediate specified data with 1 0 0 0 1 
p = 1 2 designated port (1 2) d7 d6 d5 d4 d3 

OUTL BUS, A (BUS)' (A) Output contents of Accumulator onto 0 0 0 0 0 
BUS. 

OUTL Pp, A (Pp) .- (AI; p ~ 1 2 Output contents of Accumulator to 0 0 1- 1 1 
designated port (1 21-

REGISTERS 

DEC Rr (Rrl (Rrl - (RrI 1; r = 0···7 Decrement by 1 contents of designated 1 1 0 0 1 
register. 

INC Rr (Rr}-(Rr}+1;r=O-7 Increment by 1 contents of designated 0 0 0 1 1 
rEgister. 

INC@Rr ((Rr))- ((Rrl) + 1; Increment Indirect by 1 the contents of 0 0 0 , 0 
r = 0 - 1 data memory location. 

SUBROUTINE 

CALL addr ((SPI) . (PCI, (PSW 4 71 Call designated Subroutine. alO a9 a8 1 0 

(SPI' (SPI + 1 a7 a6 a5 a4 a3 
(PC8·10)- addr 8 10 
(PC 0 -- 71 - addr 0 7 
(PC 111 - DBF 

RET (SPI' (SPI -1 Return from Subroutine without 1 0 0 0 0 
. (PCI' «SP)I restoring Program Status Word. 

RETR (SPI' (SP) 1 Return from Subrout!ne !1?c;~0ri.r)g 1 0 0 1 0 
(PC)" ((SP)) Program Status Word. 
(PSW 4 71 - ((SP)) 

TIMER/COUNTER 

EN TCNTI Enable I nternal interrupt F lag for 0 0 1 0 0 
Timer/Cou nter output. 

DIS TCNTI Disable Internal interrupt Flag for 0 0 1 1 0 
Timer/Counter output. 

MOV A, T (A) • (T) Move contents of Timer/Counter into 0 1 0 0 0 
Accu,mulator. 

MOV T, A, (TI· (AI Move contents of Accumulator into 0 1 1 0 0 
Timer/Counter. . 

STOP TCNT Stop Count for Event Counter. 0 1 1 0 0 

STRT CNT Start Count for Event Counter. 0 1 0 0 0 

STRT'T Start Count for Timer. 0 1 0 1 0 

MISCELLANEOUS 

NOP No Operation performed. 0 0 0 0 0 

Notes: <D Instruction Code Designations rand p form the binary representation of the Registers and Ports involved. 

@ The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in, 

@ References to the ~ddress and data are specified in bytes 2 and/or 1 of the instruction. 

® Numerical Subscripts appearing In the F UNCTION column reference the specific bits affected. 

Symbol Definitions: 

SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

02 

0 
d2 

0 
d2 

1 

0 

0 

1 

1 

0 
d2 

1 

0 

d2 

0 

0 

r 

r 

0 

1 

a2 

0 

0 

1 

1 

0 

0 

1 

1 

1 

0 

01 

0 

dl 

P. 
dl 

p 

p 

0 

p 

p 

0 

dl 

p 

p 

dl 

1 

p 

r 

r 

0 

0 

al 

1 

1 

0 

0 

1 

1 

0 

0 

0 

0 

A The Accumulator Pp . Port Designator (p = 1, 2 or 4 - 7) 

AC The Auxiliary Carry Flag PSW Program Status Word 

addr Program Memory Address (12 bits) Rr Register Designator (r = 0, 1 or 0 - 7) 

Bb Bit Designator (b = 0 - 7) SP Stack Pointer 

BS The Bank Switch T Timer 

BUS The BUS Port TF Timer Flag 

C Carry Flag TO, T1 Testable Flags 0, 1 

ClK Clock Signal X External RAM 
CNT Event Counter = Prefix for Immediate Data 

D Nibble Designator (4 bits) @ Prefix for Indirect Address 
data Number or Expression (8 bits) $ Program Counter's Current Value 
DBF Memory Bank Flip-Flop (x) Contents of External RAM location 

DO 

0 

dO 

P 
dO 

p 

p 

0 

p 

P. 

0 

dO 

p 

p 

dO 

0 

p 

r 

r 

r 

0 

ao 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

FO, F1 Flags 0,1 {(x)) Contents of Memory location Addre~sed 

CYCLES 

2 

2 

2 

2 

2 

2 

1 

2 

1 

2 

1 

1 

1 

1 

1 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

I Interrupt by the Contents of External RAM location. 

P "In-Page" Operation Designator +-- Replaced By 
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FLAGS 

BYTES C AC FO F1 

2 
\ 

2 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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LOGIC SYMBOL 

PACKAGE OUTLINES 
~PD8048C/D 
~PD8748.D 
~PD8035C/D 

2108 

RESET 

SINGLE 
STEP J,LPD 

8048 
FAMILY 

INTERRUPT 

BUS 
8 

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.10 ± 0.004 

0 0.5 ± 0.1 0.019 ± 0.004 

E 48.26 1.9 

F 1.2MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

M 0.25 
+ 0.1 

0.05 
0.010 

+ 0.004 

0.002 

Ceramic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.100 ± 0.004 

0 O.SO ± 0.1 0.0197 ± 0.004 

E 48.26 ± 0.2 1.900 ± 0.008 

F 1.27 0.050 

G 3.2 MIN 0.126 MIN 

H 1.0MIN 0.04 MIN 

I 4.2 MAX 0.17 MAX 

J 5.2 MAX 0.205 MAX 

K 15.24 ± 0.1 0.6 ± 0.004 

L 
+ 0.2 

13.5 _ 0.25 0.531 
+ 0.008 

- 0.010 

M 0.30 ± 0.1 0.012 ± 0.004 

8 

8 

~ PD8048 FAMILY 

PORT ::;:1 

PORT =2 

READ 

WRITE 

PROGRAM STORE 
ENABLE 

ADDRESS LATCH 
ENABLE 

PORT EXPANDER 
STROBE 

SPS04S-7-7S-GN-CAT 

@Ie MASTER 1979 



NEe Microcomputers, Inc. 
NEe 

ILPD8049 
ILPD8039 

~rn~M~~~illrnW 

SINGLE CHIP 8·BIT MICROCOMPUTERS 

DESC R I PT ION The NEC JlPD8049 and'JlPD8039 are single chip 8-bit microcomputers. The processors 
differ only in their internal program memory options: the JlPD8049 with 2K x 8 bytes 

of mask ROM and the JlPD8039 with external program memory. 

F EATU R ES • Fully Compatible with Industry Standard 8049/8039 

• Pin Compatible with the JlPD8048/8748/8035 
• NMOS Silicon Gate Technology Requiring a Single +5V Supply 

• 2.5 JlS Cycle Time. All Instructions 1 or 2 Bytes 

• Interval Timer/Event Counter 
• 2K x 8 Bytes of ROM, 128 x 8 Bytes of RAM 

• Single Level Interrupt 
• 96 Instructions: 70 Percent Single Byte 

• 27 I/O Lines 
• I nternal Clock Generator 
• Compatible with 8080A/8085A Peripherals 
• Available in Both Ceramic an'd Plastic 40-Pin Packages 

PIN CONFIGURATION TO Vee 
XTAL1 T1 
XTAL2 P27 
RESET P26 

SS P25 
INT P24 
EA P17 
RD P16 

PSEN JlPD P15 
WR 8049/ Pl4 

ALE 8039 P13 

DBO P12 

DB1 P11 

DB2 P10 
DB3 vDD 
DB4 PROG 
DB5 P23 
DBS P22 
DB7 P21 

vss P20 
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J.L P D8049/8039 

The NEe J.LPDS049 and J.LPDS039 are single component, S-bit, parallel microprocessors 
using N.-channel silicon gate MOS technology. The J.LPD8049 and J.LPD8039 efficiently 
function in control as well as arithmetic applications. The flexibility of the instruction 
set allows for the direct set and reset of individual data bits within the accumulator and 
the I/O port structure. Standard logic function implementation is facilitated by the 
large variety of branch and table look-up instructions. 

The J.LPDS049 and J.LPDS039 instruction set is comprised of land 2 byte instructions 
with over 70 percent single-byte and requiring only 1 or 2 cycles per instruction with 
over 50 percent single-cycle. 

The J.LPDS049 and J.LPDS039 microprocessors will function as stand-alone micro­
computers. Their functions can easily be expanded using standard SOSOA/SOS5A 
peripherals and memories. 

The pPD8049 contains the following functions usually found in external peripheral 
devices: .204S x 8 bits of mask ROM program memory; 12S x S bits of RAM data 
memory; 27 I/O lines; an S-bit interval timer/event counter; and oscillator and clock 
circuitry. 

The J.LPDS039 is intended for appl ications using external program memory only. It 
contains all the features of the J.LPDS049 except the 204S x S-bit internal ROM. The 
external program memory can be implemented using standard S080A/80S5A memory 
products. 

FUNCTIONAL 
DESCRIPTION 

BLOCK DIAGRAM 

E)(PANSjOH TO AODITtONAL 

2 

2110 

INTERRUPT 

CYCLE 
CLOCK 

~ REGISTER 1 

REGISTER 3 

REGISTER .. 

REGISTER 5 

REGISTER 6 

REGISTER 7 

lEVEL STACK 

(VARIABLE WORO LENGTHI 

T .aNA L SECOND 

eGISTEA BANI( 

RESIDENT DATA MEMOflY - RAM 

(l21h81 
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PIN IDENTIFICATION 
PIN 

NO. SYMBOL 

1 TO 

2 XTAL1 

3 XTAL2 

4 RESET 

5 SS 

6 INT 

7 EA 

8 RD 

9 PSEN 

10 WR 

11 ALE 

12 - 19 00- 07 BUS 

t 

20 VSS· 

21 - 24, P20 - P27: 
35- 38 PORT 2 

25 PROG 

26 VDD 

27 - 34 PlO - P17: 
PORT 1 

39 T1 

40 VCC 

©Ie MASTER 1979 

l' PD804918039 

FUNCTION 

Testable input using conditional transfer functions JTO and 
JNTO. The internal State Clock (CLK) is available to TO 
using the ENTO CLK instruction. TO can also be used 
during programming as a testable flag. 

One side of the crystal input for external oscillator or 
frequency' (non TTL compatible V IH ). 

The other side of the crystal input. 

Active low input for processor initialization. RESET is 
also used for PROM programming verification and power-
down (non TTL compatible V IH). 

Single Step input (active-Iowl. SS together with ALE allows 
the processor to "single-step" through each iOnstruction in 
program memory. 

Interrupt input (active-l owl. INT will start an interrupt if 
an enable interrupt instruc..!!.2.n has been executed. A reset 
will disable the in!errupt. INT can be tested by issuing a 
conditional jump instruction .. 

External Access input (active-high). A logic "1" at this 
input commands the processor. to perform all program 
memory fetches from external memory. 

READ strobe output (active-lowl. RD will pulSe low when 
the processor performs a BUS READ. RD will also enable 
data onto the processor BUS from a peripheral device and 
function as a READ STROBE for external DATA MEMORY. 

Program Store Enable output (active-low). PSEN becomes 
active only during an external memory fetch. 

WRITE strobe output (active-Iowl. WR..cill pulse low when 
the processor performs a BUS WRITE. WR can also function 
as a WRITE STROBE for external DATA MEMORY. 

Address Latch Enable output (active-high). Occurring once 
each cycle, the falling edge of ALE latches the address for 
external memory or peripherals. ALE can also be used as 
a clock output. 

8-bit, bidirectional port. Synchronous reads and writes can 
be performed on this port using R 0 and WR strobes. The 
contents of the DO - 07 BUS can be latched in a static 
mode. 

During an external memory fetch, the DO - 07 BUS holds 
the least significant bits of the program counter. PSEN 
controls the incoming addressed instruction. Also, for an 
external RAM data store instruction the DO - 07 BUS, 
controlled by ALE, RD and WR, contains address and data 
information. 

Processor's GROUND potential. 

Port 2 is the second of two 8-bit quasi-bidirectional ports. 
For external data memory fetches, the four most significant 
bits of the program counter are contained in P20- P23. Bits 
P20 - P23 are also used as a 4-bitl/O bus for the JJPD8243, 
INPUT/OUTPUT EXPANDER. 

. PROG is the output stro~e f<?r the JJP08243 I/O expander. 

VOO is +5V for normal operation. It also functions:as low 
power standby pin. 

Port 1 is one of two 8-bit quasi-bidirectional ports. 

Testable input using conditional transfer functions JT1 and 
JNT1. T1 can be made the. counter/timer input using the 
STRT CNT instruction. 

Primary Power supply. VCC is +5V during normal 
operation. 
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J.L PD8049/8039 

Operating Temperature ......... . 
Storage Temperature (Ceramic Package) . 
Storage Temperature (Plastic Package) . 
Voltage on Any Pin . 
Power Dissipation .. 

Note: <D With respect to ground. 

o°C to +70°C 
-65°C to +150°C 

. -65°C to +125°C 
- 0.5 to +7 Volts <D 
. ....... 1.5W 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 2SoC 

Ta = O°C to +70°C; vee = voo.= +5V ± 5%; Vss = OV 

PARAMETER 

Input low Voltage 
(All Except XT All, XT Al 2) 

Input High Voltage 
(All Except XTAl 1, XTAl 2, RESET) 

Input High Voltage 
(RESET, XTAl 1, XTAl 2) 

Output low Voltage (BUS, RO, 
WR, PSEN, ALE) 

Output low Voltage (All Other 
Outputs Except PROG) 

Output low Voltage (PROG) 

Output High Voltage (BUS, RO, 
WR, PSEN, ALE) 

Output High Voltage (All Other 
Outputs) 

Input Leakage Current 
(Tl, EA, INT) 

Output leakage Current 
(BUS, TO - High Impedance State) 

Power Down Supply Current 

Total Supply Current 

4 

2112 

RESET 

SINGLE 
STEP 

INTERRUPT 

BUS 
8 

I 

SYMBOL 

Vil 

VIH I 

VIH1 

VOL 

VOLl 

VOl2 

VOH 

VOH1 I 

III 

IOl 

100 

100 + ICC 

~PD 
80491 
8039 

LIMITS 

MIN TYP MAX 

-0.5 0.8 

2.0 IvCC 

3.0 VCC 

0.45 

0.45 

0.45 

2.4 I 
I 

2.41 I 
±10 

-10 

20 50 

75 140 

8 

8 

I 
I 

UNIT TEST CONDITIONS 

V 

V I 

V 

V IOl = 2.0 mA 

V IOl = 1.6mA 

V 

V IOH = -1001-'A 

V IIOH = -50~A 

~A VSS';;;; VIN .;;;; VCC 

~A VCC ~ VIN ~ Vss + 0.45V 

mA Ta = 25°C 

mA Ta = 25°C 

PORT #1 

PORT #2 

READ 

WRITE 

PROGRAM STORE 
ENABLE 

ADDRESS LATCH 
ENABLE 

PORT EXPANDER 
STROBE 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

LOGIC SYMBOL 
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AC CHARACTERISTICS 

TIMING WAVEFORMS 

©Ie MASTER 1979 

fL PD804918039 

READ, WRITE AND INSTRUCTION FETCH - EXTERNAL 
DATA AND PROGRAM MEMORY 

Ta = O';C to +70°C; VCC '-= Voo = +5V ± 5%; VSS = OV 

LIMITS 

PARAMETER SYMBOL 

ALE Pulse Width tLL 
Address Setup before ALE tAL 
Address Hold from ALE tLA 
Control Pulse Width (PSEN, RD, WR) tcc 
Data Setup before WR tDW 

Data Hold after WR two 
Cycle Time tCY 
Data Hold tOR 
PSEN, RD to Data In tRD 
Address Setup before WR tAW 
Address Setup before Data In tAD 
Address Float to RD, PSEN tAFC 

Notes: CD For Control Outputs: CL = 80 pF 

CV For Bus Outputs: CL = 150 pF 

@ tCY '" 2.5JJ.s 

MIN TYP 

400 

150 

80 

900 

500 

120 

2.5 

0 

230 

0 

PORT 2 TIMING 
Ta = oOe to +7oo e; Vee = +5V ± 5%; Vss = OV 

LIMITS 

PARAMETER SYMBOL MIN TYP 

Port Control Setup before Falling 
Edge of PROG tcp' 110 

Port Control Hold after Falling 
Edge of PROG tpc 140 

PROG to Time P2 Input must be 
Valid tPR 
Output Data Setup Time top 220 

Output Data Hold Time tPD 65 

Input Data Hold Time tPF 0 

PROG PLilse Width tpp 1510 

Port 2 I/O Data Setup tPL 400 

Port 2 I/O Data Hold tLP 150 

MAX 

15.0 

20Q 

500 

950 

MAX 

810 

150 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

JJ.s 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

·1 ~~ __ ----------------tCY----------------~~ 
~tLL--.t 

ALE I --1 I~ ____ ----, 

BUS 

INSTRUCTION FETCH FROM EXTERNAL MEMORY 

TEST 
CONDITIONS 

CL = 20 pF 

6 MHz XTAL 

TEST 

CONDITIONS 

L 
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fLPD825118251A 

PIN 

NO. SYMBOL NAME 

1,2, 07- DO Data Bus .Buffer 
27,28 
5-8 

26 VCC VCC Supply Voltage 

4 GND Ground 

Read/Write Control Logic 

21 RESET Reset 

20 ClK Clock Pulse 

10 WR Write Data 

13 RD Read Data 

12 C/O Control/Data 

11 CS Chip Select 

Modem Control 

22 DSR Data Set Ready 

24 DTR Data Terminal Ready 

23 RTS Request to Send 

17 CTS Clear to Send 

©IC MASTER 1979 

FUNCTION 

An 8-bit, 3-state bi-directional buffer used to 
interface the ILPD8251 and ILPD8251 A to the 
processor data bus. Data is transmitted or 
received by the buffer in response to input/ 
output or Read/Write instructions from the 
processor. The Data Bus Buffer also transfers 
Control words, Command words, and Status. 

+5 volt supply 

Ground 

This logic block accepts inputs from the pro-
cessor Control Bus and generates control signals 
for overall USART operation. The Mode 
Instruction and Command Instruction registers 
that store the control formats for device func-
tional definition are located in the Read/ 
Write Control logic. 

A "one" on this input forces the USART into the 
"Idle" mode where it will remain until reinitial-
ized with a new set of control words. Minimum 
RESET pulse width is. tCY. 

The ClK input provides for internal device tim-
ing and is usually connected to the Phase 2 (TTL) 
output of the ILPB8224 Clock Generator. 
External inputs and outputs are not referenced 
to ClK, but the ClK frequency must be 30 
times the Receiver or Transmitter clocks in the 
synchronous mode and 4.5 times for the 
asynchronous mode. 

A "zero" on this input instructs the ILPD8251 
and ILPD8251 A to accept the data or control 
word which the processor is writing out to 
the USART via the data bus. 

A "zero" on this input instructs the ILPD8251 
and ILPD8~51 A to place the data or status 
information onto the Data Bus for the processor 
to read. 

The Control/Data input, in conjunction with the 
WR and RD inputs, informs USART to accept or 
provide either a data'character, Control word or 
status information via the Data Bus. 
o = Data; 1 = Control. 

A "zero" on this input enables the USART for 
reading and writing to the processor. 

The ILPD8251 and ILPD8251 A have a set of 
control inputs and outputs which may be used to 
simplify the interface to a Modem. 

The Data Set Ready input can be tested by the 
processor via Status information. The DSR input 
is normally used to test Modem Data Set Ready 
condition. 

The Data Terminal Ready output can be con-
trolled via the Command word. The DTR output 
is normally used to drive Modem Data Terminal 
Ready or Rate Select lines. 

The Request to Send output can be controlled 
via the Command word. The RTS output is 
normally used to drive the Modem Request to 
Send line. 

A "zero" on the Clear to Send input enables the 
USART to transmit serial data if the TxEN bit in 
the Cor:nmand I nstruction register is enabled 
(one). 

PIN IDENTIFICATION 

2209 
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p.PD825118251A 

"PO 
82511 
8251A 

ADDRESS BUS 

CONTROL BUS 

DATA BUS 

CRT 
TERMINAL 

ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL. 
DC to 9600 BAUD 

PHONE 
LINE 

INTER­
FACE 

t 
TELEPHONE 

LINE 

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
'--"'--f DEVICE 

SYNDET....--_ ... 

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 

SYNC 
MODEM 

PHONE 
LINE 

INTER­
FACE 

t 
TELEPHONE 

LINE 

SYNCHRONOUS INTERFACE TO TELEPHONE LINES 

©Ie MASTER 1979 

APPLICATION OF THE IlPD8251 
AND IlPD8251A 
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TIMING WAVEFORMS 
(CaNT.) 

MODE 1 

MODE 2 

©IC MASTER 1979 

p. PD8255/8255A·5 

iiiiR ------""'"\.I 

6BF -----------~~----~ .. 

INTR --------+-... 11 

ill -------+---------.... -""'\.I 

OUTPUT TO PERIPHERAL 

STB FROM PER IPHERAL 

IBF --------'1 

tSIT r-"1 .. ---... 1 
INTR--___________ +_~ 

RD-----------------~--~~I 

INPUT FROM 
PERIPHERAL 

INTR--_ 

ACK FROM PERIPHERAL 

STB FROM PERIPHERAL 

IBF ---------011 
PERIPHERAL 

BUS 

RD----------~--------~~~----~ 

DATA FROM 
PERIPHERAL TO IlPD8255 

AND IlPD8255A-5 
IlPD8255 AND IlPD8255A-5 

TO PERIPHERAL 
READ DATA FROM 

IlPD8255 AND IlFD8255A-5 
TO IlPD8080A 

Note: CD Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(lNTR = IBF . MASK· STB· RD + OBF . MASK· ACK· WR) 

@ When the IlPD8255A-5 is set to Mode 1 or 2, OBF is reset to be high (logic 1). 

2233 
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'-
Q) 

+-I 
::s 
a. 
E 
0 
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() 
W 
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P. PD8049/8039 

ALE --1 L 

FLOATING FLOATING 
BUS 

READ FROM EXTERNAL DATA MEMORY 

ALE L 

BUS FLOATING 

WRITE TO EXTERNAL MEMORY 

ALE ;-

EXPANDER PORT 

PCH 

EXPANDER PORT 

PCH 

PROG------------------i. r----tpp----i ,..-__ 

PORT 2 TIMING 

2114 

TIMING WAVEFORMS 
(CaNT.) 
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INSTRUCTION SET 

MNEMONIC FUNCTION DESCRIPTION 07 06 

ACCUMULATOR 

ADD A.:: data (AI, (AI + data Add _Immediate the specified Data to the 0 0 
Accumulator. d7 d6 

ADD A, Rr (AI· (AI + (RrI Add contents of designated register to a , 
for r = 0-"1 the Accumulator. 

ADD A, @Rr (AI·- (AI + ((Arll Add Indirect the contents the data a 1 
for r = 0 1 mi!mory location to the Accumulator. 

ADDC A, " data (AI· (AI + (CI + data Add Immediate with carry the specified a a 
data to the Accumulator. d7 d6 

ADDe A, Ar (AI· (AI + (CI + (Ar) Add with carry the contents of the a , 
for r = a 7 designated register to the Accumulator. 

ADDC A,@Ar (AI .- (AI + (CI + ((Rrll Add Indirect with carry the contents of 0 1 
for r = a , data memory location to the 

Accumulator_ 

ANL A.:: data (AI' (AI AND data Logical and specified Immediate Data 0 1 
with Accumulator. d7 d6 

ANL A. Rr (AI - (AI AND (RrI Logical and contents of designated 0 1 
for r = a 7 register with Accumulator. 

ANLA,@Rr (AI·- (AI AND ((Rr)1 Logical and Indirect the contents of data 0 1 
for r = a 1 memory with Accumulator. 

CPL A (AI- NOT (AI Complement the contents of the a a 
Accumulator. 

CLR A (Al- a CLEAR the contEints of the Accumulator_ a 0 

DAA DECIMAL ADJUST the contents of the 0 1 
Accumulator. 

DEC A (AI, (A) 1 DECREMENT by I-the accumulator's a a 
contents. 

INC A (AI· (AI + 1 Increment by 1 the accumulator's a a 
contents_ 

ORL A. = data (AI' (AI OR data Logical OR specified immediate data a 1 
with Accumulator d7 d6 

ORL A, Rr (A) •. (AI OR (Rr) Logical OR contents of designated 0 1 
for r = a ·7 register with Accumulator. 

ORL A.@ Ar (A) - (AI OR ((Rr)) Logical OR Indirect the contents of data a 1 
for r = a ·1 memory location with Accumul~or. 

RLA (AN + 1) -. (AN) Aotate Accumulator left by I-bit without 1 1 
(AOI"': (A71 carry. 

for N = 0-6 

RLC A (AN + 1.1- (ANI; N = 0- 6 Rotate Accumulator left by I-bit through 1 1 
(AOI- (CI carry. 
IC) - (A7) 

RR A (AN) - (AN + 1); N = 0-6 Rotate Accumulator right by I-bit 0 1 
(A71 -. (AO) without carry. 

ARC A (ANI - (AN -I- 1); N = 0-6 Aotate Accumulator right by I-bit 0 1 
(A71 - (C) through carry. 
(C) - (AO) 

SWAP A (A4-71 .:: (AO - 31 Swap the 2 4-bit nibbles in the 0 1 
Accumulator. 

XAL A. = data (AI - (AI XOA data Logical XOR specified immediate data 1 1 
with Accumulator. d7 d6 

XRL A, Rr (AI - (AI XOR (Ar) Logical XOR contents of designated 1 1 
for r = 0 - 7 register with Accumulator. 

XALA.@Rr (AI, (AI XOR ((Rdl Logical XOR Indirect the contents of data 1 1 
for r =0 - 1 memory location with -Accumulator. 

BRANCH 

DJNZ Rr, addr (Rr) - (Ar) - 1; r = 0 - 7 Decrement the specified register and 1 1 

If (Rr) * 0: test contents. a7 36 
(PC 0 - 71 - addr 

JBb addr (PC a - 71 - addr if Bb = 1 Jump to specified address if b2 bl 
(PC) • (PC) + 2 if Bb = 0 Accumulator bit is set. a7 a6 

JC addr (PC 0 - 7) - add< if C = 1 Jump to specified address if carry flag 1 1. 
(PC) • (PCI + 2 if C = 0 is set. a7 a6 

JFOaddr (PC a - 7) - addr if FO = 1 Jump to specified address if Flag Fa is 1 a 
(PC) . )(PC) + 2 if FO " 0 set. a7 a6 

JFl addr (PC 0 - 7) - addr if F 1 = 1 Jump to specified address if Flag FI,s 0 1 
(PC) • (PC) + 2 if Fl = a set. a7 a6 

JMP addr (PC 8 10) , addr 8 10 Direct Jump to specified add,ess Within alO a9 
(PC 0·- 7) '-addr 0·- 7 the 2K address block. 3.7 a6 
(PC 11)' DBF 

JMPP@A (PC a 71· ((A)) Jump indirect to specified address with 1 0 
with address page. 

JNC addr (PC 0 7) •. addr if C = 0 Jump to specified address If carry flag IS 1 1 
(PCI' (PCI + 2" C = 1 low. a7 a6 

JNI addr (PC a 71 .- addr if I " a Jump to specified address" Interrupt 1 0 
(PCI' (PCI + 2" I ' 1 is low. a7 a6 

©IC MASTER 1979 

INSTRUCTION COOE 

05 04 03 02 

a a 0 a 

d5 d4 d3 ti2 

1 a 1 r 

1 a '0 a 

a , a a 

d5 d4 d3 d2 , 1 , .r 

1 , a a 

a 1 0 a 

d5 d4 d3 d2 

0 1 , r 

0 1 a 0 

1 1 a 1 

1 a 0 1 

a 1 a 1 

0 a 0 1 

a 1 a 1 

a a 0 a 

d5 d4 d3 d2 

a 0 1 r 

a a a a 

1 a a 1 

1 1 a 1 

1 1 0 1 

1 0 0 1 

0 0 0 1 

0 1 0 a 
d5 d4 d3 d2 

0 1 1 r 

0 1 0 0 

1 a 1 r 
a5 a4 a3 a2 

bO 1 b a 
a5 a4 a3 a2 

1 1 a 1 

a5 a4 a3 a2 

1 1 a 1 

a5 a4 a3 a2 

1 1 0 1 

a5 a4 a3 a2 

a8 0 0 1 

a5 a4 a3 a2 

1 1 0 a 

1 a 0 1 

a5 rt4 a3 "2 

a 0 0 1 

a5 a4 a3 32 

01 DO 

, , 
d, dO 

I I 

a I 

1 , 
til dO 

r I 

a r 

1 1 
dl dO 

r. r 

0 r 

1 1 

1 1 

1 1 

1 l' 

1 1 

1 1 
dl dO 

r r 

a r 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 
dl dO 

r r 

0 r 

r r 

al ao 

1 0 
al ao 

1 0 
al ao 

1 a 
a, ao 

1 a 
a, aO 

0 0 
a, ao 

1 1 

1 a 
a, ao 

1 0 
a, ao 

JL PD804918039: 
FLAGS 

CYCLES BYTES C AC FO F1 

2 2 · 
1 1 · 
1 1 · 
') 2 · 
1 1 · 
1 1 · 
2 2 

1 1 

1 1 

1 1 

1 1 

1 1 .. 
1 1 

1 1 

2 2 
I.-

1 1 

1 1 

1 1 

1 1 · 
1 1 

1 1 · 
1 1 

2 2 

1 1 

1 1 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

2 1 

2 2 

2 2 
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fL PD8049/8039 

MNEMONIC FUNCTION 

JNTOaddr (PC 0 - 71 - addr if TO = 0 
(PCI - (PCI + 2 if TO = 1 

JNT1 addr (PC 0 - 71 - addr if Tl = 0 
(PCI· (PCI + 2 if T1 ~ 1 

JNZ addr (PC 0 - 71 - addr if A " 0 
(PCI' (PCI + 2 if A -- 0 

JTF addr (PC 0 - 71 - addr if TF = 1 
(PCI· (PC)+2ifTF:O 

JTO addr (PC 0 - 7) - addr if TO = 1 
(PC) - (PC) + 2 if TO = 0 

JT1 addr (PC 0 -- 7) 0- addr if T1 = 1 
(PC) . (PC) + 2 if T1 0 

JZ addr (PC 0 - 7) - addr if A = 0 
(PC) • (PCI + 2 If A : 0 

EN I I DIS I 

ENTO CLK. 

SEL MBO (OBF) .- 0 

SELMBI mBF)· 1 

SEL ABO (BS) • 0 

SEL ABI (BSI' 1 

MOV A, = data (A) . data 

MOV A, Ar (AI, (Ad;. 0 0 7 

MOVA,@Ar tAl, ((Adl; r = 0 1 

MOV A, PSW tAl· tpSWI 

MOV Rr, = data tRd .- data; r = 0 7 

MOV Rr, A (Ad .- tAl; r = 0 7 

MOV@Ar,A ((Ad)·· (AI; r = 0 - 1 

MOV @ Ar, = data ((Rdl' data: r = 0 ,. 
MOV PSW, A (PSWI· (A) 

MOVPA,@A tpc 0 7)·· (A) 
(AI' ((PC)) 

MOVP3 A,@A (PC 0 7)· (A) 
(PC8 10) -011 
(AI· ((PCI) 

MOVX A.@R tAl - ((Rdl: r = 0 1 

MOVX@R,A ((Rdl -- (A); r = 0 1 

XCH A. Rr (AI;c(Rr);r=O-7 

XCH A.@Rr (AI;: ((Rr11; r = 0 - 1 

XCHD A.@Rr (A 0- 3) ~ ((Rd) 0- 3)); 

r = 0- 1 

CPL C (CI' NOT (CI 

CPL FO (FOI - NOT (FOI 

CPL Fl IF11· NOT(Fll 

CLR C (CI' 0 

CLA FO (FOI-O 

CLA Fl (Fl) • 0 

2116 

DESCRIPTION D7 06 
BRANCH (CONT.} 

Jump to specified address if Test 0 is low. 0 0 
a7 as 

Jump to specified address if Test 1 IS low. 0 1 
a7 as 

Jump to ~peclfled address If accumulator 1 0 
IS non-zero. a7 as 

Jump to specif,ed address If Timer Flag 0 0 

IS set to 1. a7 as 

Jump to specified address if Test 0 is a 0 0 
a7 as 

Jump to specified address if Test 1 is a 1. 0 1 
a7 as 

Jump to specified address if Accumulator 1 1 

is O. a7 as 

CONTROL 

I Enable the External Interrupt input. I 0 0 

Disable the External Interrupt input. 0 0 

Enable the Clock Output pin TO. 0 1 

Select Bank 0 (locations 0 - 2047) of 1 1 
Program Memory. 

Select Bank 1 (locations 2048 4095) of 1 1 
Program Memory. 

Select Bank 0 lIocations 0 - 7) of Data 1 1 
Memory. 

Select Bank 1 (locations 24 311 of 1 1 
Data Memory. 

DATA MOVES 

Move Immediate the speCIfied data into 0 0 
the Accumulator. d7 dS 

Move the conteflts of the designated 1 1 
regIsters onto the Accumulator. 

Move Indi.ect the contents of data 1 I 
memory locatIon Into the Accumulato •. 

Move contents of the Program Status 1 1 
Word into the Accumulator. 

Move Immediate th~ speCIfied data into 1 0 
the designated regIster. d7 dS 

Move AccumulatOr Conte ... ts Into the 1 0 
deSIgnated register. 

Move Indirect Accumulator Contents 1 0 
into data memory locatIon 

Move ImmedIate the specif,ed data into 1 0 
data memory. d7 dS 

Move contents of Accumulator Into the 1 1 
program status word. 

Move data in the current page into the 1 0 
Accumulator. 

Move Program data ,n Page 3 onto the 1 1 
Accumulator. 

Move Indirect the contents of external 1 0 
data memory into the Accumulator. 

Move Indirect the contents of the 1 0 
Accumulator into external data memory. 

Exchange the Accumulator and 0 0 
designated register's contents. 

Exchange Indirect contents of Accumu- 0 0 
lator and location in data memory. 

Exchange Indirect 4-bit contents of 0 0 
Accumulator and data memory. 

FLAGS 

Complement Content of carry bit. 1 0 

Complement Content of Flag FO. 1 0 

Complement Content of F-Iag F 1 1 0 

Clear content of carry bit to O. 1 0 

Clear content of Flag 0 to O. 1 0 

Clear content of Flag 1 to O. 1 0 

INSTRUCTION SET (CONT.) 

INSTRUCTION CODE FLAGS 

05 04 03 02 01 DO CYCLES BYTES C AC FO Fl 

1 0 0 1 1 0 2 2 
a5 a4 a3 a2 al ao 

0 0 0 1 1 0 2 2 
a5 a4 a3 a2 al ao 

0 1 0 1 1 0 2 2 
a5 a4 a3 a2 al ao 

0 1 0 1 1 0 2 2 
a5 a4 Co3 a2 al ao 

1 1 0 1 1 0 2 2 
a5 a4 a3 a2 al ao 

0 1 0 1 1 '0 2 2 
a5 a4 a3 a2 al ao 

0 0 0 1 1 0 2 2 
a5 a4 a3 a2 a, ao 

0 0 0 1 0 1 I 1 I 1 

I 0 1 0 1 0 1 1 1 I 
1 1 0 1 0 1 1 1 

1 0 0 1 0 1 1 1 

1 1 0 1 0 1 1 1 

0 0 0 1 0 1 1 1 

0 1 0 1 0 1 1 I 

I 0 0 0 1 1 2 2 
d5 d4 d3 d2 dl dO 

1 1 1 r r r 1 1 

I 1 0 0 0 r 1 1 

0 0 0 1 1 1 1 1 

1 I 1 r r r 2 2 

d5 d4 d3 d2 dl dO 

I 0 1 . r r 1 1 

1 0 0 0 0 r 1 1 

1 1 0 0 0 r 2 2 
d5 d4 d3 d2 dl dO 

0 1 0 1 1 1 1 1 

1 0 0 0 1 1 2 1 

1 0 0 0 I 1 2 1 

0 0 0 0 0 r 2 1 

0 1 0 0 0 r 2 1 

1 0 I r r r 1 1 

1 0 0 0 0 r 1 1 

1 I 0 0 0 r 1 1 

1 0 0 1 1 1 1 1 . 
0 1 0 1 0 1 1 1 . 
1 1 0 1 0 1 1 1 . 
0 1 0 1 1 1 1 1 • 
0 0 0 1 0 1 1 1 . 
1 0 0 1 0 ,. 1 1 . 

@IC MASTER 1171 



I 

INSTRUCTION SET (CONT.) 

INSTRUCTION CODE 

~EMONIC FUNCTION DESCRIPTION 07 06 05 04 03 

INPUT/OUTPUT 

A.NL BUS, ;t data (BUS) +- (BUS) AND data Logical and Immediate-specified data 1 0 0 1 1 
with contents of BUS. d7 d6 d5 d4 d3 

ANL Pp, # data (Pp) - (POl) AND data Logical and Immediate specified data 1 0 0 1 1 
p = 1 - 2 with designated port (1 or 2) d7 d6' d5 d4 d3 

ANLD Pp, A (PP) .... (Pp) AND (A 0 - 3) Logical and contenJs of Accumulator with 1 0 0 1 1 
p = 4··7 designated port (4 .- 71-

IN A, Pp (A) +- (Pp); p = 1 -·2 Input data from designated port i1 2) 0 0 0 0 1 
i'nto Accumulator. 

INS A. BUS (A) +- (BUS) Input st~obed BUS data into Accumulator. 0 0 0 0 1 

MOVD A. Pp (A 0 - 3) .... (Pp); p = 4 - 7 Move contents of designated port (4 7) 0 0 0 0 1 
(A 4- 7) .... 0 into Accumulator. 

MOVD Pp, A (Pp) ..... A 0 - 3; p = 4 - 7 Move contents of Accumulator to 0 0 1 1 1 
designated port (4 7). 

OR L BUS, = data (BUS) - (BUS) OA data Logical or Immediate specified data with 1 0 0 0 1 
cOr)tents of BUS. d7 d6 d5 d4 d3 

OALOPp, A (Pp) .... (Pp) OA (A 0 - 3) logical or contents of Accumulator with 1 0 0 0 1 
p=4-7 designated port (4 - 71. 

OA L Pp, = data (Pp) - (Pp) OA data Logical or Immediate specified data with 1 0 0 0 1 
p=1-2 designated port (1 2) d7 d6 d5 d.4 d3 

OUTL BUS, A (BUS) .... (A) Output contents of Accumulator onto 0 0 0 0 0 
BUS. 

OUTLPp, A (Pp) +- (A); p = 1 - 2 Output contents of Accumulator to 0 0 1 1 1 
designated port (1 21. 

AEGISTERS 

DEC Ar (Ad (Ad .... (Arl-1;r=0-7 Decrement by 1 contents of designated 1 1 0 0 1 
register. 

INCAr (Ar! .... (Ar) +1; r = 0 - 7 Increment by 1 contents of designated 0 0 0 1 1 
register. 

INC@Ar ((Ar)) - ((Ad) + 1; Increment Indirect by 1 the contents of 0 0 0 1 0 
r = 0-1 data memory location. 

SUBROUTINE 

CALLaddr «SP)) - (PC), (PSW 4 -- 7) Call designated Subroutine. al0 a9 ag 1 0 

(SP) .... (SP) + 1 a7 a6 a5 a4 a3 
(PC 8 - 10)' addr 8 - 10 
(PC 0 - 7) .... addr 0 - 7 
(PC 11)- DBF 

AET (SP) - (SP) - 1 Return from Subroutine without 1 0 0 0 0 
(PC) - ((SP)) restoring Program Status Word. 

AETA (SP) - (SP) - 1 Return from Subroutine restoring 1 0 0 1 0 
(PC) - «SP)) Program Status Word. 
(PSW 4 - 7) - ((SP)) 

TIMER/COUNTER 

EN TCNTI Enable Internal interrupt Flag for 0 0 1 0 0 
Timer/Counter output. 

DIS TCNTI Disable Internal interrupt Flag for 0 0 1 1 0 
Timer/Counter output. 

MOVA, T (A) - IT) Move contents of Timer/Counter into 0 1 0 0 0 
Accumulator. 

MOVT. A IT).- (A) Move contents of Accumulator into 0 1 1 0 0 
Timer/Counter. 

STOP TCNT Stop Count for Event Counter. 0 1 1 0 0 

STATCNT Start Count for Event Counter. 0 1 0 0 0 

STATT Start Count for Timer. 0 1 0 1 0 

MISCELLANEOUS 

NOP No Opl'ration performed. 0 0 0 0 0 

Notes: <D Instruction Code Designations rand p form the binary representation of the Registers and Port~ Involved. 

@ The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appe<Jrs ,n. 

@ References to the address and data are specified in bytes 2 and/or 1 of the instruction. 

@) Numerical Subscripts appearing in the F UNCTION column reference the specific bits affected. 

Symbol Definitions: 

SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

02 

0 
d2 

0 
d2 

1 

0 

0 

1 

1 

0 
d2 

1 

0 

d2 

0 

0 

r 

r 

0 

1 

a2 

0 

0 

, 
1 

0 

0 

1 

1 

1 

0 

01 

0 
d1 

p 
d1 

p 

p 

0 

p 

p 

0 

dl 

p 

p 

dl 

1 

p 

r 

r 

0 

0 

al 

1 

1 

0 

0 

1 

1 

0 

0 

0 

0 

A The Accumulator Pp Port Designator (p = 1,2 or 4 - 7) 

AC The Auxiliary Carry Flag PSW Program Status Word 
addr Program Memory Address (12 bits) Rr Register Designator (r = 0, 1 or 0 - 7) 
Bb Bit Designator (b = 0 - 7) SP . Stack Pointer 

BS The Bank Switch T Timer 

BUS The BUS Port TF Timer Flag 

C Carry Flag TO, T1 Testable Flags 0, 1 

ClK Clock SiQrlal X External RAM 
CNT Event Counter = Prefix for Immediate D~ta, 

D Nibble Designator (4 bits) @ Prefix for Indirect Address 
data Number or Expression (8 bits) $ Program Counter's Current Value 
DBF Memory Bank Flip·Flop (x) Contents of External RAM location 

00 

0 
. dO 

p 
dO 

p 

p 

0 

p 

p 

0 

dO 

p 

p 

dO 

0 

p 

r 

r 

r 

0 

ao 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

FO,F1 Flags 0,1 ((x)) Contents of Memory location Addressed 

fL PDS049/8039, 

FLAGS 

CYCLES BYTES C AC FO Fl 

2 2 

2 2 

2 1 

2 1 

2 1 

2 1 

1 1 

2 2 

i 1 

2 2 

1 1 

,1 1 

1 1 

1 1 

1 1 

2 2 

2 1 

2 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

I Interrupt by the Contents of External RAM location. 

P "In-Page" Operation Designator .... Replaced By 
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ITEM 

A 

B 

C 

0 
E 

F 

G 
H 

i 

J 

K 

L 

M 

ITEM 

A 

B 

C 

0 

E 
F 

G 

H 

I 
J 

K 

L 

M 

Plastic 

MILLIMETERS 

51.5 MAX 

1.62 

2.54 ± 0.1 

0.5 ± 0.1 

48.26 

1.2 MIN 

2.54 MIN 

0.5MIN 

5.22 MAX 

5.72 MAX 

15.24 

13.2 

0.25 
+ 0.1 

- 0.05 

Ceramic 

MILLIMETERS 

51.5 MAX 

1.62 

2.54 ± 0.1 

0.50 ± 0.1 

48.26 ± 0.2 

1.27 

3.2MIN 

1.0MIN 

4.2 MAX 

5.2 MAX 

15.24 ± 0.1 

+0.2 
13.5 _ 0.25 

0.30 ± 0.1 

INCHES 

2.028 MAX 

0.064 

0.10 ± 0.004 

0.019 ± 0.004 

1.9 

0.047 MIN 

0.10MIN 

0.019 MIN 

0.206 MAX 

0.225 MAX 

0.600 

0.520 

+ 0.004 
0.010 

0.002 

INCHES 

2.028 MAX 

0.064 

0.100 ± 0.004 

0.0197 ± 0.004 

1.900 ± 0.008 

0.050 

0.126 MIN 

0.04 MIN 

0.17 MAX 

0.205 MAX 

0.6 ± 0.004 

0.531 
+ O.OOB 

- 0.010 

0.012 ± 0.004 

PACKAGE OUTLINES 
I-tP08049C/O 
I-tP08039C/O 

SP8049/8039-9-78-GN-CA T 
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NEe 
NEe Microcomputers, Inc. fL PD8080AF 

fL PD8080AF-2 
JL PD8080AF-1 

JLPD8080AF 8-BIT N-CHANNEL 

MIROPROCESSOR FAMILY 

. DESCRIPTION The JlPDBOBOAF is a complete 8-bit parallel processor for use in general purpose 
digital computer systems. It is fabricated on a single LSI chip using N-channel silicon 
gate MOS process, which offers much higher performance than conventional micro­
processors (1.2B J.1.s minimum instruction cycle). A complete microcomputer system 
is formed when the J.1.PDBOBOAF is interfaced with I/O ports (up to 256 input and 256 
output ports) and any type or speed of semiconductor memory. it is available in a 
40 pin ceramic or plastic package. 

FEATURES • 7B Powerful Instructions 

PIN CONFIGURATION 

©Ie MASTER 1979 

• Three Devices - Three Clock Frequencies 
JlPDBOBOAF - 2.0 MHz 
J.1.PDBOBOAF-2 - 2.5 MHz 
J.1.PDBOBOAF-1 - 3.0 MHz 

• Direct Access to 64K Bytes of Memory with 16-Bit Program Counter 
• 256 B-Bit Input Ports and 256 8-Bit Output Ports 
• Double Length Operations Including Addition 
• Automatic Stack Memory Operation with 16-Bit Stack Pointer 
• TTL Compatib!e (Except Clocks) 
• Multi-byte Interrupt Capability 
• Fully Compatible with Industry Standard BOBOA 
• Available in either Plastic or Ceramic Package 

Al0 A11 
VSS A14 
04 A13 
05 A12 
06 A15 
07 Ag 
03 AS 
02 A7 
01 

IlPD A6 
DO 10 A5 

Vss 118080AF A4 
RESET A3 
HOLD VDD 

INT A2 
1>2 Al 

INTE AO 
DSIN WAIT 

WR READY 
SYNC 1>1 

VCC HLDA 

Rev/1 
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fLPD8080AF 
The pPD8080AF contains six 8-bit data registers, an 8-bit accumulator, four testable 
flag bits, and an 8-bit parallel binary arithmetic unit. The pPD8080AF also provides 
decimal arithmetic capability and it includes 16-bit arithmetic and immediate operators 
which greatly simplify memory address calculations, and high speed arithmetic 
operations. 

The pPD8080AF utilizes a 16-bit address bus to directly address 64K bytes of 
memory, is fully TTL compatible (1.9 mA), and utiHzes the following addressing 
modes: Direct; Register; Register Indirect; and Immediate. 

The pPD8080AF has a stack arch itecture wherein any portion of the external memory 
can be used as a last in/first out (LIFO) stack to store/retrieve the contents of the 
accumulator, the flags, or any of the data registers. 

The pPD8080AF also contains a 16-bit stack pointer to control the addressing of this 
external stack. One of the major advantages of the stack is that multiple level inter­
rupts can easily be handled since complete system status can be saved when an inter­
rupt occurs and then restored after the interrupt is complete. Another major advantage 
is that almost unlimited subroutine nesting is possible. . 

This processor is de~igned to greatly simplify system design. Separate 16-line address 
and 8-line bidirectional data busses are employed to allow direct interface to memories 
and I/O ports. Control signals, requiring no decoding, are provided directly by the 
processor. All busses, including the control bus, are TTL compatible. 

Communication on both the address lines and the data lines can be interlocked by 
using the HOLD input. When the Hold Acknowledge (HLDA) signal is issued by the 
processor, its operation is suspended and the address and data lines (Ire forced to be in 
the FLOATING state. This permits other devices, ~uch as direct memory access chan­
nels (DMA), to be connected to the address and data busses. 

The pPD8080AF has the capability to accept a multiple byte instruction upon an inter­
rupt. This means that a CALL instruction can be inserted so that any address in the 
memory can be the starting location for an interrupt program. This allows the assign­
ment of a separate location for each interrupt operation, and as a result no polling is 
required to determine which operation is to be performed. 

NEC offers three versions of the pPD8080AF. These processors have all the features 
of the pPD8080AF except the clock frequency ranges from 2.0 MHz to 3.0 MHz. 
These units meet the performance requirementsof a variety of systems while maintain­
ing software and hardware compatibil ity with other 8080A devices. 

2120 

TIMING Ii CONTROL 

STATE CNTR CYCLE CNTR 

DECODER 

IR(SI 

FLAG REGISTER 
BIT 7- S:SIGN 08 0-7 (THREE STATE) 
81T 6 - l:lERO 
BIT 5 - 0: ALWAYS "0' 
81T 4 - ACY:AUXILIARY CARRY 
BIT 3- O:AL_YS'o" 
81 T 2 - P: PARITY 
BIT I - l:ALWAYS "l" 
BIT 0 - CY:CARRY 

AS O-I~ (THREE STATE) 

L(S) 

O(S) E(S) 

8(8) C(S) 

-TEMPORARY REGISTER 

FUNCTIONAL 
DESCRIPTION 

-BLOCK DIAGRAM 
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PIN IDENTIFICATION 
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pPD8080AF 
PIN 

NO. SYMBOL NAME FUNCTION 

1, A15 -AO Address Bus The address bus is used to address memory (up to 64K 8-bit words) 
25-27, (output three- or specify the I/O device number (up to 256 input and 256 output 
29-40 state) devices). AO is the least significant bit. 

2 VSS Ground (input) Ground 

3-10 D7 - DO Data Bus (input/ The bidirectional data bus communicates between the processor, 
output three-state) memory, and I/O devices for instructions and data transfers. Dur-

ing each sync time, the data bus contains a status word that 
describes the Current machine cycle. DO is the least significant bit. 

11 VBB VBB Supply Voltage -5V ± 5% 
(input) 

12 RESET Reset (input) If the RESET signal is activated, the program counter is cleared. 
After RESET, the program starts at location 0 in memory. The 
INTE and HLDA flip-flops are also reset. The'flags, accumulator, 

stack pointer, and registers are not cleared. (Note: External syn-
chronization is not required for the RESET input signal which 
must be active for a minimum of 3 clock periods.! 

13 HOLD Hold (input) HOLD requests the proceSSor to enter the HOLD state. The HOLD 

state allows an external device to gain control of the IlPD8080AF 
address and data buses as soon as the IlPD8080AF has completed 

its use of these buses for the current machine cycle. It is recog-
nized under the following conditions: 

· The processor is in the HALT state. 

· The processor is in the T2 or TW stage and the READY signal 
is active. 

As a result of entering the HOLD state, the ADDRESS BUS 
(A15 - AO) and DATA BUS (D7 - DO) are in their high imped-
ance state. The processor indicates its state on the HOLD 
ACKNOWLEDGE (HLDA) pin. 

14 INT Interrupt Request The IlPD8080AF recognizes an interrupt request on this line at 
(input) the end of the current instruction or while halted. If the 

IlPD8080AF is in the HOLD state, or if the Interrupt Enable 
flip-flop is reset, it will not honor the request. 

15 92 Phase Two (input) Phase two of processor clock. 

16 INTE CD Interrupt Enable INTE indicates the content of the internal interrupt enable flip-
("output) flop. This flip-flop is set by the Enable (EI) or reset by the 

Disable (DI) interrupt instructions and inhibits interrupts from 

being accepted by the processor when it is reset. INTE is auto-
matically reset (disabling further interrupts) during T 1 of the 
instruction fetch cycle (M 1) when an interrupt is accepted and 
is also reset by the RESET signal. 

17 DBIN Data Bus In DBIN indicates that the data bus is in the input mode. This 
(output) signal is used to enable the gating of data onto the IlPD8080AF 

data bus from memory or input ports. 

18 WR Write (output) WR is used for memory WRITE or I/O output control. The data 
on the data bus is valid while the WR signal is active (WR = 0). 

19 SYNC Synchronizing Signal The SYNe signal indicates the beginning of each machine cycle. 
(Qutput) 

20 Vee, Vce Supply +5V ± 5% 
Voltage (input) 

21 HLDA Hold Acknowledge HLDA is in response to the HOLD signal and indicates that the 
(output) data and address bus will go to the high impedance state. The 

HLDA signal begins at: 

· T3 for READ memory or input operations. 

· The clock period following T3 for WRITE memory or 
OUTPUT operations. 

In either case, the HLDA appears after the rising edge of ¢1 and 
high impedance occurs after the rising edge of ¢2. 

22 91 Phase One (input) Phase one of processor clock. 

23 READY Ready (input) The READY signal indicates to the IlPD8080AF that valid mem-
oryor input data is available on the IlPD8080AF data bus. 
READY is used to synchronize the processor with slower memory 
or I/O devices. If after sending an address out, the IlPD8080AF 
does not receive a high on the READY pin, the IlPD8080AF enters 
a WAIT state for as long as the READY pin is low. (READY can 

also be used to single step the processor.! 

24 WAIT Wait (output) The WAIT sigrial indicates that t!)e processor is in a WAIT state. 

28 VDD VDD Supply Voltage +12V ± 5% 
(input) 

Note: CD After the EI instruction, the IJPD8080AF accepts interrupts on the second instruction following the EI. This 
allows proper execution of the RET instruction if an interrupt operation is pending after the service routine. 
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J.L PD8080AF 
Operating Temperature ., .............................. O°C to +70°C 
Storage Temperature (Ceramic Package). . . . . . . . . . . . . . . . . .. -6SoC to +150°C 
Storage Temperature (Plastic Package) ................... -40°C to +12SoC 
All Output Voltages G) ............................ -0.3 to +20 Volts 
All Input Voltages CD ............................. -0.3 to +20 Volts 
Supply Voltages VCC, VDD and VSS <D ................. -0.3 to +20 Volts 
Power Dissipation ........................................ , 1.SW 
Note: <D Relative to Vss. 

COMMENT: Stress above those listed lH1der "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

Ta = O°C to +70°C, VDD = +12V ±.5%, VCC = +5V ± 5%, VSS = -5V ± 5%, Vss = OV, 

unless otherwise specified. 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Clock I nput Low VILC Vss- 1 I VSS +0.8 I v 
Voltage \ 

I Clock Input High VIHC I 9.0 I I VDD+ 1 I V 
Voltage I I 
Input Low Voltage VIL Vss- 1 VSS + O.B V 

Input High Voltage VIH 3.3 VCC+ 1 V 

Output Low Voltage VOL 0.45 ! V IOL = 1.9 mA on all outputs 

Output High Voltage VOH 3.7 V IOH = -150pA ~ 

Avg. Power Supply IDD(AV) 40 70 mA 

I Current (VDD) 

Avg. Power Supply ICC(AV) 60 

I 
BO mA 

i tCY min 
Current (VCC) I 

I 
Avg. Power Supply IBB(AV) 0.01

1 
1 mA I 

Current (VSS) I I 
I I 

I nput Leakage IlL i ±10 (2) pA VSS ~ VIN ~ VCC 

Clock Leakage ICL I ±10 (2) pA VSS ~ VCLOCK ~ VDD 

Data Sus Leakage IDL CD I -100 (Z) pA VSS ~ VIN ~ VSS + O.BV 
in Input Mode -2 mA VSS + O.BV ~ VIN ~ VCC 

Address and Data Sus IFL ! +10 pA VADDR/DATA = VCC 
Leakage During HOLD I -100 <Zl VADDR/DATA = VSS + 0.45V 

TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALIZED @ 

1.5r-------~------~~------~ 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

I­
Z 
w 
a: 

~ 1.0t---......;; ... _~---+-----4 
u 
>­
...J 
~ 
~ 
:::> 
!/l 

Notes: CD When DSIN is high and VIN > VIH internal active 
pull-up resistors will be switched onto the data bus. 

@ Minus (-) designates current flow out of the device. 
@ .al suppJy/.aTa =1-0.45%fc • 

O.5------'------....L-----.-..J 
o +25 +50 +75 

AMBIENT TEMPERATURE eel 

Ta = 25°C, VCC = VDD = VSS = OV, VSS = -5V. . CAPACITANCE 
LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Clock Capacitance OJ> 17 25 pF fc = 1 MHz 
I nput Capacitance CIN 6 10 pF Unmeasured Pins 

Output Capacitance COUT 10 20 pF Returned to Vss 
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PROCESSOR STATE 
TRANSITION DIAGRAM 

RESET JLPD8080AF 

READY + HLTA 

YES 

SET INTERNAL 
HOLD F/F 

<D 

INT p INTE 

SET INTERNAL 
HOLD F/F 

HOLD 

I 
I 

- I 
I 
I 
I 
I 

HOLD 
MODE 

RESET INTERNAL 
HOLD F/F 

'---__ -I l-__ ----A~ - - .J 

HOLD 

RESET INTERNA 
HOLD F/F 

RESET HLTA 

HOLD 

Notes: <D INTE F/F IS RESET IF INTERNAL INT F/F IS SET. 
<V INTERNAL INT F/F IS RESET IF INTE F/F IS RESET. 
~ IF REQUIRED, T 4 AND T5 ARE COMPLETED SIMULTANEOUSLY 

WITH ENTERING HOLD STATE. 
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J.LPD8080AF 

I 

I 

Ta = o°c to +70°C, VDD = +12V ± 5%, VJ:;C= +5V ± 5%, VBB = -5V ± 5%, VSS = OV, unless otherwise 
specified. 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Clock Period tCY@ 0,48 2.0 ~sec 

Clock Rise and Fall Time t r, tf 0 50 nsec 

1/>1 Pulse Width tl/>1 60 nsee 

1/>2 Pulse Width tl/>2 220 nsec 

Delay 1/>1 to 1/>2 t01 0 nsec 

Delay 1/>2 to I/> 1 tD2 70 nsec 

Delay 1/>1 to 1/>2 Leading Edges tD3 80 nsec 

Address Output Delay From 1/>2 tDA @ 200 nsec 

Data Output Delay From 1/>2 too @ 220 
CL=100pF 

nsec 

Signal Output Delay From 1/>1, 
or 1/>2 (SYNC, WR, WAIT, 

CL = 50 pF HLDA) tDC @ 120 nsec 

DBIN Delay From ,1/>2 tDF @ 25 140 nsec 

Delav for Inout Bus to Enter I I 

~.I! d Input I 0 e tDi tDF nsec 

Data Setup Time During 1/>1 and 
DBIN tDS1 30 nsec 

Data Setup Time to 1/>2 During 
DBIN tDS2 150 nsec 

Data Hold Time From 1/>2 During 
DBIN tDH CD <D nsec 

INTE Output Delay From ct>2 tiE @ 200 nsec CL = 50 pF 

READY Setup Time During 1/>2 tRS 120 nsec 

HOLD Setup Time to 1/>2 tHS 140 nsec 

INT Setup Time During 1/>2 
(During 1/>1 in Halt Mode) tiS 120 nsec 

Hold Time from 1/>2 (READY, 
INT, HOLD) tH 0 nsec 

Delay to Float During Hold 
(Address and Data Bus) tFD 120 nsec 

Address Stable Prior to WR tAW @ ® nsec 

Output Data Stable Prior to WR tow @ ® nsec 

Output Data Stable From WR two @ (7) nsec CL = 100 pF: Address, 

Address Stable from WR tWA 0 (J) nsec Data 

HLDA to Float Delay tHF 0 @) nsec CL =,50 pF: WR, 

WR to Float Delay tWF 0 ® nsec HLDA,DBIN 

Address Hold Time after DBIN 
during HLDA tAH ® -20 nsec 

! 

Notes: <D Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time 

2124 

is assured. tDH = 50 ns or tDF, whichever is less. 

@ Load Circuit. 

~PD8080AF l"'P--..... --... --t( 

OUTPUT 

@ Actual tCY = tD3 + trct>2 + tl/>2 + tfl/>2 + tD2 + trl/>l > tCY Min. 

.s 
>-
<{ 
...J 
W 
0 
I-
:J 
Cl. 
I-
:J 
0 
<l 

+20 

+10 

0 

TYPICAL ~ OUTPUT DELAY VS. 
~ CAPACITANCE 

/ 
V 

/ '- SPEC 

-10 

/ -20 
-100 -50 o +50 

~ CAPACITANCE (pf) 

(CACTUAL - CSPEC)' 

+5V 

-= 

+100 

AC CHARACTERISTICS 
JlPD8080AF 
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AC CHARACTERISTICS 
~PD8080AF-2 
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","PD8080AF 

Ta = O°C to +70°C, VDD = +12V ± 5%, VCC = +5V ± 5%, VBB = -5V ± 5%, VSS = OV, unless otherwise 
specified. 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Clock Period tCY @ 0.38 2.0 IJsec 

Clock 'Rise and Fall Time t r, tf 0 50 nsec 

4>1 Pulse Width t4>l 60 nsec 

4>2 Pulse Width t4>2 175 nsec 

Delay 4>1 to 4>2 tDl a nsec 

Delay 4>2 to 4>1 tD2 70 nsec 

Delay 4>1 to 4>2 Leading Edges tD3 70 nsec 

Address Output Delay From 4>2 tDA @ 175 nsec 

Data Output Delay From 4>2 tDD @ 200 nsec 
CL = l00pF 

Signal Output Delay From 4>1, 
or 4>2 (SYNC, WR, WAIT, 

CL = 50 pF HLDA) tDC @ 120 nsec 

DBIN Delay From 4>2 tDF @ 25 140 nsec 

Delay for Input Bus to Enter 
Input Mode tDI CD tDF nsec 

Data Setup Time During 4>1 and 
D81N tDSl 20 nsec 

Data Setup Time to 4>2 During 
DBIN tDS2 130 nsec 

Data Hold Time From 4>2 During 
DBIN tDH CD <D nsec 

INTE Output Delay From 4>2 tiE @ 200 nsec CL = 50 pF 

READY Setup Time During 4>2 tRS 90 nsec 

HOLD Setup Time to 4>2 tHS 120 nsec 

INT Setup Time During 4>2 
(for all modes) tiS 100 nsec 

Hold Time from 02 (READY, 
INT, HOLD) tH a nsec 

Delay to Float During Hold 
(Address and Data Bus) tFD 120 nsec 

Address Stable Prior to WR tAW @ ® nsec 

Output Data Stable Prior to WR tow @ ® nsec 

Output Data Stable From WR tWD @ (J) - nsec CL ,= 100 pF: Address, 

Address Stable from WR tWA ® (!) nsec Data 

HLDA to Float Delay tHF @ ® nsec CL = 50 pF: WR, 

WR to Float Delay tWF ® ® nsec HLDA,DBIN 

Address Hold Time after DBIN 
during HLDA tAH @ -20 nsec 

Notes Continued: 

@ The following are relevant when interfacing the IJPD8080AF to devices having VIH = 3.3V. 

a. Maximum output rise time from 0.8V to 3.3V = 100 ns at CL = SPEC. 
b. Output delay when measured to 3.0V = SPEC +60 ns at CL = SPEC. 
c. If CL '" SPEC, add 0.6 ns/pF if CL > CSPEC, subtract 0.3 ns/pF (from modified delay) if 

CL < CSPEC. 
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Ta = O°C to +70°C, VOD = +12V ± 5%, VCC = +5V ± 5%, VBB = -5V ± 5%, VSS = OV, unless otherwise 

specified. 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Clock Period tCY @ 0.32 I 2.0 ).Lsec 

Clock Rise and Fall Time t r, tf 0 25 nsec 

411 Pulse Width t¢l 50 nsec 

412 Pulse Width t¢2 145 
I 

nsec 

Delay 411 to 412 tDl 0 I nsec 

Delay 412 to 411 tD2 60 nsec 

Delay 411 to 412 Leading Edges tD3 60 I nsec 

. Address Output Delay From 412 tDA @ I 150 nsec 

Oata Output Delay From 412 tDD @ 180 
CL = 50 pF 

nsec 

Signal Output Delay From 411, 
or 412 (SYNC, WR, WAIT, 

CL = 50 pF HLDAi tDC @ 110 nsec 

DBIN Delay From (/)2 I tDF @ 25 I I 130 I nsec I 
Delay for Input Bus to Enter 
Input Mode tDI G) tDF nsec 

Data Setup Time During (/)1 and 
DBIN tDSl 10 nsec 

Data Setup Time to (/)2 During 
DBIN 1 tDS2 120 i I nsec 

Data Hold Time From (/)2 During 
DBIN tDH G) G) nsec 

INTE Output Delay From (/)2 tlE@ 200 nsec CL = 50 pF 

READY Setup Time During (/)2 tRS 90 nsec 

HOLD Setup Time to (/)2 tHS 120 nsec 

I NT Setup Time During 412 
(for all modes) tiS 100 nsec 

Hold Time from (/)2 (READY, 
INT, HOLD) tH 0 nsec 

C Jlay to Float During Hold 
(Address and Data Bus) tFD 120 nsec 

Address Stable Prior to WR tAW @ ® nsec 

Output Data Stable Prior to WR tDW @ ® nsec 

Output Data Stable From WR tWD @ (j) nsec CL = 50 pF: Address, 

Address Stable from WR tWA ® (j) nsec Data 

HLDA to Float Delay tHF 0 ® nsec CL = 50 pF: WR, 

WR to Float Delay tWF ® ® nsec HLDA, DBIN 

Address Hold Time after DBIN 
during HLDA tAH @ -20 nsec 

a. Notes Continued: ® 
E 
o 
(.) 

Device tAW 

j.LPD8080AF 2 tev - tD3 - t uP2 - 140 

o 
"-

).LPD8080AF~2 2 tCY - tD3 - t r(/)2 - 130 
j.LPD8080AF-l 2 tCY - tD3 - t r¢2 - 110 

(.) 

:::E ® Device tow 

U w 
Z 

2126 

).LPD8080AF tCY - tD3 - tr(/)2 - 170 
j.LPD8080AF-2 tCY - tD3 - t r(/)2 - 170 
j.LPD8080AF-l tCY - tD3 - t r(/)2 - 150 

(j) If not HLDA, tWD = tWA = tD3+ t r(/)2 + 10 ns. If HLDA, tWD = twA '= tWF. 

® tHF = tD3 + tr(/)2 - 50 ns. 

® tWF = t03 + t r(/)2 - 10 ns. 

I 

AC CHARACTERISTICS 
MPD8080A F-1 
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TIMING WAVEFORMS 0 (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V, 
"0" =: 1.0V; INPUTS "1" = 3.3V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 

tCY . -. tOI -

<P, 

--~t¢' 
J J t\ ll\ ,1\ 

_t¢2_1 

-J~ 
-1 f- ~ -1 

I r- ~ 
, <P2 

--t03 -1 --I t021-

--- -=1 
..-toA-f 

. 
~1 - --- -- 1""--- ~-- --- ---- -- 1---

tAw - 1--" ... ----I tWA 
A'5-Ao 

-- too--, --- tOI 1-- ~ toHI- ~-too--" 

- r . .j.:-'" '\-r-DAT IN + .J _~_:x DATA OUT ----- -- ...... -iF=- - _/ 
1----- - -- -l-

I - .. tOS! r r---tOW f----- 4I---c-- two 

T -L !-- tos 2 -. 

D7-DO 

SYNC 

-- toc 1--- - tocl ... - I 

DBIN /'" t I 
-tOF~ -- tOF -

----------- t- ,'--WR 
toc ~--I 

- " 
LtH-rJ"""-- .. . toc 

------------ -I "0S' [ - ~~ --, 
tRsl--- tRS toe-I 

tH . -
1--

-l.. 
toc ---

,_ t
H 

__ l-rQ> ~ 
---I t HS -

READY 

WAIT 

HOLD 

HLDA 

-_I.- --KG rx 
tISi=:-= 

INT 

/\ 
-f-

I 

- t FO I--- ~-- ----1'-- ... -
~, 

------ 1'- ....... , ... 

-+ ~tAH 

~1-

I 

-- ~tWF_ 
_t

HF
_ 

• toc -
J~ 

-I. . t~~ 

I NT< I-',,~tl'"-------------
Notes: CD 

@ 
@ 

® 

® 
® 

Data in must be stable for this period during OBI N • T3. Both tOS1 and tOS2 must be satisfied. 

Ready signal must be stable for this period during T2 or TW. (Must be externally synchronized.) 

Hold signal must be stable for this period during T2 or TW when entering hold mode, and during T3, T 4, T5 and TWH when in hold mode. 
(External synchronization is not required.! 

Interrupt signal must be stable du'ring this period of the last clock cycle of any instruction in order to be recognized in the following instruction. 
(External synchronization is not required,) 

This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 

Timing measurements are made at the followihg reference voltages: CLOCK "1" = B.OV, "0" = 1,0V; INPUTS "1" = 3.3V; "0" = 0.8V; 
OUTPUTS "1" = 2.0V, "0" = O.BV. 
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fL~D8080AF 
The instruction set includes arithmetic and logical operators with direct, register, 
indirect, and immediate addressing modes. 

Move, load, and store instruction groups provide the ability to move either 8 or 16 
bits of data between memory, the six working registers and the accumulator using 
direct, register, indirect, and immediate addressing modes. 

The ability ~o branch to different portions of the program is provided with direct, 
conditional, or computed jumps. Also the ability to call and return from subroutines 
is provided both conditionally and unconditionally. The RESTART (or single byte 
call instruction) is useful for interrupt vector operation. 

Conditional jumps, calls and ret,urns execute based on the state of the four testable 
flags (Sign, Zero, Parity and Carry). The state of each flag is determined by the result 
of the last instruction executed that affected flags. (See I nstruction Set Table.) 

The Sign flag is set (High) if bit 7 of the result is a "1"; otherwise it is reset (Low). The 
Zero flag is set if the result is "0"; otherwise it is reset. The Parity flag is set if the 
modulo 2 sum of the bits of the result is "0" (Even Parity); otherwise (Odd Parity) it 
is reset. The Carry flag is set if the last instruction resulted in a carry or a borrow out 
of the most significant bit (bit 7j of the resuit; otherwise it is reset. 

In addition to the four testable flags, the ILPD8080AF has another flag (ACY) that is 
not directly testable. It is used for multiple precision arithmetic operations with the 
DAA instruction. The Auxiliary Carry flag is set if the last instruction resulted in a 
carry or a borrow from bit 3 into bit 4; otherwise it is reset. 

Double precision operators such as stack manipulation and double add instructions 
'extend both the arithmetic and interrupt handling capability of the ILPD8080AF. 
The ability to increment and decrement memory, the six general registers and the 
accumulator are provided as well as extended increment and decrement instructions to 
operate on the register pairs and stack pointer. Further capability is provided by the 
ability to rotate the accumulator left or right through or around the carry bit. 

Input and output may be accomplished using memory addresses as I/O ports or the 
directly addressed I/O provided for in the ILPD8080AF instruction set. 

The special instruction group completes the ILPD8080AF instruction set: NOP, HALT 
stop processor execution; DAA provides decimal arithmetic capability; STC sets the 
carry flag; CMC complements it; CMA complements the contents of the accumulator; 
and XCHG exchanges the contents of two 16-bit register pairs directly. 

Data in the ILPD8080AF is stored as 8-bit binary integers. All data/instruction trans­
fers to the system data bus are in the following format: 

1071061051041031021011001 
MSB DATA WORD LSB 
Instructions are one, two, or three bytes long. Multiple byte instructions must be 
stored in successive locations of program memory. The address of the first byte is used 
as the address of the instruction. 

One Byte Instructions 

Two Byte Instructions 

10 71 061 D51 D4 1 D3 10 2 1 D1 I DO I OP CODE 

ID7106105104103 1021 D 1 IDol OPERAND 

Three .Byte Instructions 

TYPICAL INSTRUCTIONS 

Register to register, memory 
reference, arithmetic or logica~ 
rotate, return, push, pop, enable, 
or disable interrupt instructions 

Immediate mode or I/O instruc­
tions 

I D71 06 1 D51 D4.1 03 I D2 1 D1 I DO I OP CODE ~~o~~;nCs~l:u~~i~i~~ct load and 

10 71 061 0 51 04 1 D3 1 D21 D1 1 DO I LOW ADDRESSOR OPERAND 1 

107106105104103 I D21 01 I DO 1 HIGH ADDRESS OR OPERAND 2 

INSTRUCTION SET 

DATA AND INSTRUCTION 
FORMATS 

2128 ©IC MASTER 1979 



INSTRUCTION SET TABLE p.PD8080AF 

MNEMONIC' 

MOVd,s 
MOVM,s 
MOVd,M 
MVI d,D8 
MVI M,D8 

INRd 
DCRd 
INR M 
OCR M 

ADDs 
ADCs 

SUBs 
SBB s 

ANAs 
XRAs 

ORAs 
CMPs 

ADDM 
ADCM 

SUBM 
SB8 M 

ANAM 
XRA M 

ORAM 
CMPM 

ADID8 
ACID8 

SUI 08 
SBIDB 

ANI 08 
XRID8 

ORID8 
CPID8 

RLe 

RRC 

RAL 

RAR 

INSTRUCTION CODE
2 

DESCRIPTION 07 Os Os 04 03 02 0, Do 

MOVE 

Move register to register 

Move register to memory 

Move memory to register 

Move immediate to.register 

Move immediate to memory 0 

Increment register 
Decrement register 

Increment memory 
Decrement memory 

INCREMENT/DECREMENT 

ALU - REGISTER TO ACCUMULATOR 

Add register to A 
Add register to A with 

carry 
Subtract register from A 

Subtract register from A 

with borrow 
AND register with A 
Exclusive OR Register 

with A 

OR register with A 
Compare register with A 

ALU - MEMORY TO ACCUMULATOR 

Add memory to A 
Add memory to A with 

carry 

Subtract memory from A 
Subtract memory from A 

with borrow 
AND memory with A 
Exclusive OR memory 
with A 

OR memory with A 
Compare memory with A 

ALU - IMMEDIATE TO ACCUMULATOR 

Add immediate to A 
Add immediate to A with 

carry 

Subtract immediate from A 
Subtract immediate from A 

with borrow 

AND immediate with A 
Exclusive QR immediate 

with A 
OR immediate with A 
Compare immediate with A 

Rotate A left, MSB to 
carry (8-bill 

Rotate A right, LSB to 
carry IS-bit) 

Rotate A left through 
carry (9-bill 

Rotate A right through 
carry (9-bit) 

ALU ROTATE 

JUMP 

Clock 
Cycles3 

10 

10 
10 

-. 

MNEMONIC1 DESCRIPTION 

LXI B,016 Load immediate register 
pair Be 

LX I D,016 Load immediate register 
pair DE 

LXI H,D16 Load immediate register 
pair HL 

LXI SP,D16 Load immediate Stack 
Pointer 

PUSH B 

PUSH 0 

PUSH H 

PUSH PSW 

POP B 

POP 0 

POP H 

POP PSW 

DAD B 
DAD 0 
DAD H 
DADSP 

INX 8 
INX 0 
INX H 
INX SP 

DCX B 
DCX 0 
DCX H 
DCX SP 

STAX B 
STAX 0 
LDAX 8 
LDAX 0 

Push register pair Be 
on stack 

Push register pair DE 

on stack 

Push register pair HL 

on stack 

Push A and flags on stack 

Pop register pair BC off 
stack 

Pop register pair DE off 

stack 
Pop register pai r H L off 

stack; 

Pop A and flags off stack 

Add BC to HL 
Add DE to HL 
Add HL to HL 
Add Stack Pointer to HL 

Increment Be 
Increment DE 
Increment HL 
I ncrement Stack Poi mer 

Decrement BC 

Decrement DE 
Decrement HL 

Decrement Stack Pointer 

Store A at ADDR in BC 
Store A at ADDR in DE 
Load A at AD DR in 8C 
Load A at ADDR in DE _ 

STA ADDR Store A direct 
LOA ADDR Load A direet 
SHLD ADDR Store HL direct 
LHLD ADDR Load HL direct 

XCHG Exchange DE and HL 
register pairs 

INSTRUCTION CODE
2 

Clock 
OJ Os Os 04 03 02 0, Do Cydftl 

LOAD REGISTER PAIR 

PUSH 

POP 

DOUBLE ADD 

0, 

0-

INCREMENT REGISTER PAIR 

DECREMENT REGISTER PAIR 

REGISTER INDIRECT 

o 
o '0 

DIRECT 

o 
o l' 

MOVE REGISTER PAIR 

10 

10 

10 

10 

11 

11 

11 
11 

10 

10 

10 
10 

10' 
10 
10 
10 

5 
5 

13 
13 
16 
16 

~------------------------------------------------------------~ XTHL Exchange top of stack 

and HL JMP ADDR Jump unconditional 
JNZ ADDR Jump on not zero 
JZ ADDR Jump on zero 
JNC ADDR Jump on no carry 
JC AD DR Jump on carry 
JPO ADDR Jump on parity odd 
JPE ADDR Jump on parity even 
JP ADDR Jump on positive 
JM AD DR Jump on minus 

CALL 

10 
10 
10 
10 
10 
10 
10 
10 
10 

SPHL 
PCHL 

IN A 
OUT A 
EI 
01 
RST A 

HL to Stack Pointer 

HL to Program Counter 

Input 
Output 
Enable interrupts 

Disable interrupts 

Restart 

,1 

INPUT/OUTPUT 

A A A 

18 
5 

10 
10 

11 

CALL ADDR Call unconditional 17 MISCELLANEOUS 
CNZ ADDR Call on not zero 11/17 
CZ ADDR Call on zero 11/17 
CNC AD DR Call on no carry 11/17 
CC ADDR Call on carry 11/17 
CPO ADDR Call on parity odd 11/17 
CPE AD DR Call on parity even 11/17 
CP ADDR Call on pOSitive 11/17 

CMA 
STC 
CMC 
DAA 
NOP 
HLT 

Complement A 
Set carry 
Complement carry 

Decimal adjust A 
No operation 
Halt 

CM AD DR Call on minus 11/17 
1----------------------------------------------------------1 Notes: 

I-_________________________ R_E_T_U_R_N _________________________ --I 10perand Symbols used 
A == 8-bit address or expression 

RET 
RNZ 
RZ 
FlNC 

I
I~~ 

RPE 
RP 
RM 

Return 

Return on not zero 

Return on zero 

Return on no carry 

Return on carry 

Return on parity odd 
Return on parity everi 
Return on positive 

Return on minus 

10 

5/11 
5/11 
5/11 
5111 
5/11 
5111 
5/11 
5111 

s == source register 

d ::: destination register 

PSW = Processor Status Word 

SP : Stack Pointer 

08 = S-bit data quantity, expression, or 

constant, always B2 of instruction 

016::: 16-bit data quantity. expression, or 

constant. always 83B2 of instruction 
A ODR = 1 &.bit Memory address expression 

4 

7 

2ddd Or 55S - 000 8 - 001 C - 0100 - 011 E - 100 H­
lOlL -110 Memory -111 A. 

3Two possible cycle times (5/11) indicate 

instruction cycles dependent on condition 

flags. 

4. : flag affected 
: flag not afleeted 

o = flag reset 
1 : flag set 

1 

cY 
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",PD8080AF 

One to five machine cycles (M 1 - MS) are required to execute an instruction. Each 
machine cycle involves the transfer of an instruction or data byte into the processor 
or a transfer of a data byte out of the processor (the sole exception being the double 
add instruction). The first one, two or three machine cycles obtain the instruction 
from the memory or an interrupting I/O controller. The remaining cycles are used to 
execute the instruction. Each machine cycle requires from three to five clock times 
(T 1 - TS). During <1>1 • SYNC of each machine cycle, a status word that identifies the 
type of machine cycle is available on the data bus. 

Execution times and machine cycles used for each type of instruction are shown 
below. 

, 

I 
I 

2130 

CLOCK TIMES 

INSTRUCTION MACHINE CYCLES EXECUTED (MIN/MAX) 

AST X and PUSH AP PCA5 G) SPW3 ® SPW3 ® 11 

All CALL Instructions PCA5 CD PCA3 @ PCA3 @ SPW3 ® SPW3 ® 11/17 

C d·· I T"RN on tt;ona. I "'. , ..... .... .... ...., .... 1=;/11 ... 
Instructions 

AET Instruction PCA4 CD SPA3 @ SPA3 @) 10 

XTHL PCA4 G) SPA3 @ SPA3 @ SPW3 ® SPW5 ® 18 

DAOAP PCR4 <D PCX3 ® PCX3® 10 

INR R; INX RP. OCR R; PCR5 <D 5 
DCX AP; PCHL; 
MOV A. A; SPHL 

All JUMP Instructions PCA4 <D PCR3 (j) PCA3 (j) 10 

and LXI AP 

POP AP PCA4 CD SPA3 @ SPR3 @ 10 

LDA PCA4 <D PCR3 @ PCR3 G) BBR3 G> 13 

STA PCA4 G) PCA3 @ PCA3 @ BBW3 

LHLO PCA4 CD PCA3 @ PCA3 @ BBR3 

SHLD PCA4 CD PCR3 @ PCA3 G) BBW3 

STAX 8 PCA4 <D BCW3 @ 
STAX 0 I PCA4 CD DEW3 @ 
LDAX B I PCR4 (i) BCR3 G> 
LDAX D PCR4 CD DER3 G) 
MOV A. M; ADD M; PCA4 Q) HLR3 (3) 
ADC M; SUB M; SB B M; 
ANA M; XRA M; 
OAA M;CMPM 

INA M and DCR M PCA4 <D HLR3 (j) HLW3 @ 
MVIM PCR4 CD PCA3 <y HLW3 @ 

MVI R; ADI; ACI; SUI; PCA4 Q) PCR3 (3) 
S81; ANI; XRI; ORI; CPI 

MOV M. R PCR4 CD H LW3 @ 

EI; DI ADD A; PCR4 Q) 
ADC R; SU8 A; 
SSB R; ANA R; XAA R; 
OAA A; CMP R; RLC; 
AAC; AAL; AAA; 
DAA; CMA; STC; 
CMC; NOP; XCHG 

OUT PCA4 <D PCA3 G> A8W3 IJ) 
IN PCA4 (j) PCR3 (i) A8A3 (6) 
HLT PCA4 <D PCX3 ® 

Machine Cycle Symbol Definition 

xx Y Z @-tStatus word defining type of machine XX l H L 

T T 1 : i 'v',. IS •• S<.,u, Wo'd Ch.,,' - BC 
Number of clocks for this machine cycle DE 

, R = Read cycle - data into processor SP 

I W = Write cycle - data out of processor BB 
, X = No data transfer AB L-----.-=-tl PC = Program Counter used as address 

G) 13 
! 

@ BBR3 @ 16 

G) BBW3 () 16 

7 

I 7 
I 

7 

7 

7 

10 

10 

7 

7 

4 

10 

10 

7 

Registers Hand L used as address 
Registers Band C used as address 
Registers D and E used as address 
Stack Pointer used as address 
Byte 2 and 3 used as address 
Byte 2 used as address 

Underlined (XXYZ(~)l indicates machine cycle is executed if condition is True. 

INSTRUCTION CYCLE 
TIMES 
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STATUS INFORMATION 
DEFINITION 

STATUS WORD CHART 

©IC MASTER 1979 

J.L PD8080AF 

SYMBOLS DATA BUS BIT DEFINITION 

INTA (j) DO Acknowledge signal for INTERRUPT 
request. Signal should be used to gate 
a restart or CALL instruction onto 
the data bus when DBIN is active. 

WO D1 Indicates that the operation in the 
current machine cycle will be a 
WR ITE memory or OUTPUT function 
(WO = 0). Otherwise, a READ 
memory or INPUT operation will be 
executed. 

STACK D2 Indicates that the address bus holds 
the pushdown stack address from the 
Stack Pointer. 

HLTA D3 Acknowledge signal for HALT 
instruction. 

OUT D4 Indicates that the address bus conta~ns 
the address of an output device and 
the data bus will contain the output 
data when WR is active. 

M1 D5 Provides a signal to indicate that the 
CPU is in the fetch cycle for the first 
byte of an instruction. 

INP CD D6 Indicates that the address bus contains 
the address of an input device and the 
input data should be p~aced on th~ data 
bus when DBIN is active. 

MEMR <D D7 Designates that the data bus will be 
used for memory read data. 

Nate: <D These three status bits can be used to control the flaw of data onto the 
IlPD8080AF data bus. 

TYPE OF MACHINE CYCLE 

00 INTA 0 0 0 0 0 0 0 1 0 

01 Wr5 1 1 0 0 1 0 1 1 1 

02 STACK 0 0 0 1 1 0 0 0 0 0 

03 HLTA 0 0 0 0 0 0 0 0 1 1 

04 OUT 0 0 0 0 0 0 1 0 0 0 

05 M1 1 0 0 0 0 0 0 1 0 1 

06 INP 0 0 0 0 0 1 0 0 0 0 

07 MEMR 0 0 0 0 0 0 
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/I- PD8080AF 

~- ------. A -I II ~. "II 
HJ=,;! 'w~, i! !J}-~-----'jJ-
T ~G +~ Ij 1\ 
~B\=_ - F --j C r; ---g- -. i 0° - 15° I-

pPD8080AFC 
(Plastic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

8 1.62 0.064 

C 2.54 0.10 

0 0.5 ± 0.1 0.019 ± 0.004 

E 48.26 1.9 

I F 1.2 MIN I 0.047 MIN 

G 2.54 MIN 0.10MIN 

H 0.5MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

+ 0.1 + 0.004 
M 0.25 0.010 

-- 0.05 -- 0.002 

~------ ------- -A _ ·1 
• ' I,! ! • r 'r II iJ 

'l~ i V V V ~ V IT Vii IT IT V V IT V V V V V-IG
L 

--jBr-- --iFf-- --j c f-- --g- ! ---

I t---- E vi 

pPD8080AFD 
(Ceramic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 0.100 

0 0.50 ± 0.1 0.0197 ± 0.004 

E 48.26 ± 0.2 1.900 ± 0.008 

F 1.27 0.050 

G 3.2 MIN 0.126 MIN 

H 1.0MIN 0.04 MIN 

f 4.2 MAX 0.17 MAX 

J 5.2 MAX 0.205 MAX 

K 15.24 0.6 

L 13.5 0.531 

M 0.30 ± 0.1 0.012 ± 0.004 
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NEe Microcomputers. Inc. 

p.PD8085A SINGLE CHIP 8·BIT 
N·CHANNEL MICROPROCESSOR 

NEe 
/LPD8085A 

OESCR IPTION The JIPD8085A is a single chip 8-bit microprocessor which is 100 percent software 
compatible with the industry standard 8080A. It hasthe ability of increasing system 
performance of the standard 8080A by operating at a higher speed. Using the 
IlPD8085A in conjunction with its family of ICs allows the designer complete 
flexibility with minimum chip count. 

FEATURES • Single Power Supply: +5 Volt 

PIN CONFIGURATION 

©IC MASTER 1979 

• Internal Clock Generation and 
System Control 

• Internal Serial In/Out Port. 

• Fully TTL Compatible 

• Internal 4- Level Interrupt Structure 

• Multiplexed Address/Data Bus for 
Increased System Performance 

• Complete Family of Components for 
Design Flexibility 

• Software Compatible with St~ndard 8080A 

• Available in Either Plastic or Ceramic Package 

Xl Vee 

X2 HOLD 

RO HlDA 

SOD elK (OUT) 

SID RESET IN 

TRAP READY 

RST 7.5 loiM 
RST6.5 Sl 

RST 5.5 RD 

INTR pPD WR 

INTA 8085A ALE 

ADO So 
ADl A15 
AD2 A14 

AD3 A13 

AD4 A12 

AD5 All 

AD6 AlO 

AD7 Ag 

VSS AS 
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JLPD8085A 

The pPD8085A contains six 8-bit data registers, an 8-bit accumulator, four testable 
flag bits, and an 8-bit parallel binary arithmetic unit. The pPD8085A also provides 
decimal arithmetic capability and it includes 16-bit arithmetic and immediate operators 
which greatly simplify memory address calculations, and high speed arithmetic 
operations. 

The pPD8085A has a stack architecture wherein any portion of the external memory 
can be used as a last in/first oLit(LlFO) stack to store/retrieve the contents of the 

, accumulator, the flags, or any of the data registers. 

2134 

The pPD8085A also contains a 16·bit stack pointer to control the addressing of this 
external stack. One of the major advantages of the stack is that multiple level inter­
rupts can easily be handled since complete system status can be saved when an inter­
rupt occurs and then restored after the interrupt is complete. Another major advantage 
is that almost unlimited subroutine nesting is possible. . 

The pPD8085A was designed with speed and simplicity of the overall system in mind. 
The multiplexed address/data bus increases available pins for advanced functions in the 
processor and peripheral chips "."hile providing increased system speed and less critical 
timing functions. All signals to and from the pPD8085A are fully TTL compatible. 

The internal interrupt structure of the ,uPD8085A features 4 levels of prioritized 
interrupt with three levels internally maskable. 

Communication on both the address lines and the data lines can be interlocked by using 
the HOLD input. When the Hold Acknowledge (H LOA) signal is issued by the pro­
cessor, its operation is suspended and the address, data and control lines are forced to be 
in the FLOATING state. This permits other devices, such as direct memory access 
channels (DMA), to be connected to the address and data busses. 

The IlPD8085A features internal clock generation with status outputs available for 
advanced read/write timing and memory /10 instruction indications. The clock may be 
crystal controlled, RC controlled, or driven by an external signal. 

On chip serial in/out port is available and controlled by the newly added R 1M and SIM 
instructions. 

FLAG REGISTER 

. S SIG'" 

BIT 6 - Z,ZERO 

BIT 4 - ACV:AUXIUARV CARRY 

BIT 3 -- 0 ALWA YS "0" 
81T 2 - P'PARITV 
BIT 1 - 1 'ALWAYS "1" 

BIT 0 - CY'CARRY 

Note <,'j":'TEMPORARV REGISTER 

AD7 - ADo 

~Vcc 

LlSI 

Elal 

CISI 

FUNCTIONAL 
DESCRIPTION 

BLOCK DIAGRAM 
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PIN IDENTIFICATION 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

©IC MASTER 1979 

JLPD8085A 

PIN 

NO. SYMBOL NAME FUNCTION 

1,2' X1, X2 Crystal In Crystal, RC, or external clock input 

3 RO Reset Out Acknowledge that the processor is being reset to be 

used as a system reset 

4 SOD Serial Out Data 1·bit data out by the SIM instruction 

5 I SID Serial In Data 1·bit data into ACC bit 7 by the RIM instruction 

6 1 Trap 

i 
Trap Interrupt Highest priority nonmaskable restart interrupt 

i Input 

I 
7 

I 
RST 7.5 Restart Priority restart interrupt inputs, of which 7.5 is"the 

8 I RST 6.5 Interrupts highest and 5.5 the lowest priority 

9 RST 5.5 

\ 
10 INTR Interrupt A general interrupt input which stops the PC from 

I Request In incrementing, generates INTA, and samples the data 

~ 
bus for a restart or call instruction 

11 INTA Interrupt An output which indicates that the processor has 

I 
: 

I 

I 

I 

I 
I 

I 
I 

Acknowledge responded to INTR 

12·19 ADO - AD7 Low Multiplexed low address and data bus 

Address/Data Bus 

20 VSS Ground Ground Reference 

21·28 
i A8 - A15 ! High Address Bus Nonmultiplexed high 8-bits of the address bus 

29,33 SO, S1 

I 
Status Outputs I Outputs which indicate data bus status: Halt, Write, 

I ! 
I Read, Fetch 

30 I ALE 

! 
Address Latch A signal which indicates that the lower 8·bits of 

I Enable Out address are valid on the AD lines 

31,32 

I 
WR,RD Write/Read Signals out which are used as write and read strobes 

I 

Strobes Out for memory and I/O devices 

34 
! 

10/M 
I 

I/O or Memory I A signal out which indicates whether RD or WR 
I 

I Indicator I strobes are for I/O or memory devices 

35 Ready Ready Input I An input which is used to increase the data and 

i address bus access times (can be used for slow 
: memory) 

36 
I 

Reset In 

I 
Reset Input 

I 
An input which is used to start the processor activity 

at address 0, resetting IE and HLDA flip-flops 

37 CLK I Clock Out I System Clock Output 

38,39 HLDA,HOLD I Hold Acknowledge Used to request and indicate that the processor should 

I 

Out and Hold relinquish the bus for DMA activity. When hold is 

Input Request acknowledged, RD, WR, 10/M, Address and Data 
busses are all 3-stated. 

40 
I 

VCC 5V Supply Power Supply Input L 

Operating Temperature ...................... . . . . . . . . .. O°C to +70°C 
-65°C to +150°C Storage Temperature (Ceramic Package) ........... . 

(Plastic Package) . . ...... . -40°C to +125°C 
All Output Voltages .... . -0.3 to +7 Volts 
All Input Volt.ages ....................... . -0.3.to +7 Volts 
Supply Voltage VCC .... . -0.3 to +7 Volts 
Power Dissipation ....................... . ........ 1.5W 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the d.evice at these or 

any other conditions above those indicated in the operational sections of this specification is not 

implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

Ta z O°C to +70
c

C, VCC z +5V ± 5%, VSS z GND, unless otherwise specified 

I SYMBOL 

LIMITS J TEST 
PARAMETER MIN TYP MAX I UNIT CONDITIONS 

Input Low Voltage VIL VSS - 0.5 VSS + 0.8 V 

Input High Voltage VIH 2.0 VCC + 0.5 V 

1 Output Low Vo~tage i VOL 0.45 V 10L = 2 mA on all outputs I 
Output High Voltage [ VOH i 2.4 

I 

V : 10H z -400 J.lS CD : 
! Power Supply Current (VCC) ICC (AV) : 170 mA ! tCymin 

Input Leakage IlL I ±10 CD J.lA VIN z VCC 

Output Leakage ILO I I : ±10 CD J.lA 0.45V.;: VOUT .;: VCC 

Input Low Level, Reset VILR -0.5 +0.8 V 

Input High Level, Reset VIHR 2.4 I VCC + 0.5 V 

; Hysteresis, Reset VHY 0.25 I i V I 
Note: CD Minus (-) designates current flow out of the device. 

i 
: 

I 

I 
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2136 

Ta = 0 C to +70°C; VCC = 5V t 5%; VSS = OV 

PARAMETER SYMBOL 

ClK Cycle Period TCYC 

ClK Low Time tl 

ClK High Time t2 

ClK Rise and Fall Time tr,tf 

Address Valid Before Trailing Edge of ALE tAL 

Address Hold Time After ALE tlA 

I ALE Width I tll 
! ALE Low During ClK High I tlCK 

Trailing Edge of ALE to leading Edge of ! tlC ! 
Control ! 
Address Float After leading Edge of tAFR 
READ (INTA) 

Valid Address to Valid Data In tAD 

READ (or INTA) to Valid Data tRD 
-- --

Data Hold Time Afte, READ (INTA) 

Trailing Edge of READ to Re-Enabling 

I 
'RAE I 

of Address 

Address (AS-A15) Valid After Control CD I teA 

Data Valid to Trailing Edge of WRITE tow 

I Data Valid After Trailing Edge of WRITE two 

I Width of Control low (RD, WR, INTAl tcc 

I Trailing Edge of Control to leading Edge I 
tel 

I I of ALE 

i ! I READY Valid from Address Valid 
I tARY 

READY Setup Time to leading Edge of ClK tRYS 

! READY Hold Time tRYH 

I HlDA Valid to Trailing Edge of ClK ! tHACK 

Bus Float After HlDA tHABF I 
H lDA to Bus Enable tHABE 

" 

ALE to Valid Data In tlDR 

Control Trailing Edge to leading Edge of tRV 
Next Control 

• 

I 

Address Valid to leading Edge of Control I tAC : f-------------.-.--- ---.-

J I I HOLD_S-=t~~~~rne to Trailing Edge of ClK tHDS 

HOLD Hold Time I tHDH I 

INTR Setup Time to leading Edge of ClK tiNS 

I (Ml, T1 only) Also RST and TRAP 

INTR Hold Time I tlNH 

Note CD 101M, SO, 51 

LIMITS 

MIN TYP 

320 

80 

120 

110 

100 

140 

I 
i 

100 I 
130 ! 

I 

I 

I 
o ! 

150 

I 
120 

420 

100 I 

400 I ! 
50 i 

I I 

I 

110 : 

0 I 

110 I 
! 
I 

! 

I I 

400 I 
I i 

270 ! 
170 

0 

160 

0 

MAX UNIT 

2000 ns 

ns 

ns 

30 ns 

i ns 

I ns 

ns 

ns 

ns 

0 ns 

575 ns 

300 ns 

I n < 
! 

i ns 

I 

ns 

ns 

ns 

ns 

I ns 

I 

220 ns 

I ns 

ns 

ns 

210 I ns 

210 ns 

460 I ns 

I 
ns 

ns 

ns 

ns 

ns 

ns 

I 

TEST 
CONDITIONS 

TCYC = 320 ns 

Cl = 150 pF 

Output Voltages: 

Vl = 0.8 Volts 

VH = 2.0 Volts 

Input Voltages: 

VL = 0.8 Volts 

I. I :::: 1 " \Inlt~ ~t "n 
20 _ ns nse an d f II ,3" 

times 

For outputs where 

Cl I 150 pf, correct 
as follows: 

25 pf ~ Cl < 150 p! 

. -0.10 ns/p! 

150 pf < Cl <;; 

300 pf + 0.30 ns!pf 

OutputS measured 

with only 
capacitive load 

CLOCK TIMING 

tCYC---' 

READ OPERATION 

Tl T2 TWAIT T3 Tl 

ClK 

~---+--------+--tAD-----------~ 

ADO-AD7 
--~-----+------~ 

__ ---+------tcc---------_: ...----+---tRD -I ~ 

II --

~------~II~-------------------------READY 

AC CHARACTERISTICS 

TIMING WAVEFORMS 

©IC MASTER 1979 



TIMING WAVEFORMS 
(CONT.) 

©IC' MASTER 1979 

fLPD8085A 
WRITE OPERATION 

ClK 

ALE 

WR--t---1r----~~----L--------

HOLD OPERATION 

T 2 T 3 T HOLD 
T HOLD T 1 

CLK 
, I , I I , \ 

l I II 

-r.. -¥L\ 
.~ ~tHDH~ tHAC~L 

HOLD 

HlDA ~ \ 

tHABF I 
J tHABE~ 

(ADDRESS, CONTROLS) H:-
I II 

BUS 

·INTERRUPT TIMING 

A~15:lr::::::::::t::::~----------------~ 

ADO.7 ..... ~_..J 

I'----BUS FlOATlNG<D-.........,~-

.~ 
1~ __ ~ ____ ~ ____ ~ ____________ t_H_A_BE_~~ . ~ 

, '\ I 
t
HDS 

••• ~t-f.HbD ... H ___________ "'"'" 1 
HLDA J 1~---------

-------. -. -tH-A-C-K~ - tHABF 

Note:G)IO/M is also floating during this time. 
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JLPD8085A 

1-.----- RESET 

SET 
INTA FF 
RESET 

INTE FF 

(READY + Bil CD 

READY + BI CD 

RESET 
HLDA FF 

NO 

SET 
HLDA FF 

HOLD 

YES 

Notes: CD BI indicates that the bus is idle during this machine cycle. 

RESET 
HALT Ff 

SET 
INTA FF 
RESET 
INTE FF 

® CK indicates the number of clock cycles in this machine cycle. 

2138 
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CLOCK INPUTS <D 

p..PD8085A 

As stated, the timing for the MPD8085A may be generated in one of three ways; 
crystal, RC, or external clock. Recommendations for these methods are shown 
below. 

Clock 

In 

Clock 

In 

X1 

20 pf I 

x, 

20pf I 

+5V 

• 
X1 

RC 

CRYSTAL 

I20 Pf 

EXTERNAL 

~3 MHz Input Frequency 
RC Resonance 

1-6 MHz Input Frequency 
Parallel Resonant Crystal 

+5V 

470 

1-6 MHz 25-50% DC 
X2 not used 

1-6 MHz> 50% DC 

Note: CD Input frequency must be twice the internal operating frequency. 

STATUS OUTPUTS The Status Outputs are valid during ALE time and have the following meaning: 

S1 SO 

Halt 0 0 
Write 0 1 

Read 0 
Fetch 

These pins may be decoded to portray the processor's data bus status. 

©IC MASTER 1979 2139 
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JLPD8085A 

The pPD8085A has five interrupt pins available to the user. INTR is operationally the 
same as the 8080 interrupt request, three (3) internally maskable' restart interrupts: 
RESTART 5.5, 6.5 and 7.5, and TRAP, a nonmaskable restart. 

RESTART 
PRIORITY INTERRUPT ADDRESS 

Highest TRAP 24 16 

I RST 5.5 2C16 

I RST 6.5 3416 

I RST 7.5 3C16 

Lowest INTR 
I 

INTR, RST 5.5 and RST 6.5 are all leve1 sensing inputs while RST 7.5 is set on a rising 
edge. TRAP, the highest priority interrupt, is nonmaskable and is set on the rising edge­
or positive level. It must make a low to high transition and remain high to be seen, but 
it will not be generated again until it makes another low to high transition. 

INTERRUPTS 

Serial input and output is accomplished with two new instructions not included in the SERIAL I/O 
8080: RIM and SIM. These instructions serve several purposes: serial I/O, and reading 
or setting the interrupt mask. 

The R 1M (Read Interrupt Mask) instruction is used for reading the interrupt mask and 
for reading serial data. After execution of the R 1M instruction the ACC content is as 
follows: 

I 
PENDING 

I 
INTERRUPT SERIAL 

DATA 
IN 

INTERRUPTS MASKS 

INTERRUPT 
ENABLE • 

Note: After the TRAP interrupt, the R 1M instruction must be executed to preserve the 
status of IE. 

The SIM (Set Interrupt Mask) instruction is used to program the interrupt mask and to 
output serial data. Presetting the ACC for the SIM instruction has the following 
meaning: 

SERIAL 
OUT 

DATA 

SERIAL 
OUT 

DATA 
ENABLE 

(1 = ENABLE) 

RESET 
RST7.5 
ENABLE 

MASK 
SET 

ENABLE 
(1 = ENABLE) 

I 
RST 

MASKS 
(1 = SET) 

©IC MASTER 1979 



fLPD8085A· 

INSTRUCTION SET The instruction set includes arithmetic and logical operators with direct, register, 
indirect, and immediate addressing modes. 

DATA AND INSTRUCTION 
FORMATS 

©IC MASTER 1979 

Move, load, and store instruction groups provide the ability to move either 8 or 16 bits 
of data between memory, the six working registers an9 the accumulator using direct, 
register, indirect, and immediate addressing modes. 

The ability to branch to different portions of the program is provided with direct, con­
ditional, or computed jumps. Also, the ability to call and return from subroutines is 
provided both conditionally and unconditionally. The RESTART (or single byte call 
instruction) is useful for interrupt vector operation. 

Conditional jumps, calls and returns execute based on the state of the four testable 
flags (Sign, Zero, Parity and Carry). The state of each flag is determined by the result 
of the last instruction executed that affected flags. (See Instruction Set Table.) 

The Sign flag is set (High) if bit 7 of the result is a "1"; otherwise it is reset (Low). The 
Zero flag is set if the result is "0"; otherwise it is reset. The Parity flag is set if the 
modulo 2 sum of the bits of the result is "0" (Even Parity); otherwise (Odd Parity) it 
is reset. The Carry flag is set if the last instruction resulted in a carry or a borrow out 
of the most significant bit (bit 7) of the result; otherwise it is reset. 

In addition to the four testable flags, the pPD8085A has another flag (ACY) that is 
not directly testable. It is used for multiple precision arithmetic operations with the 
DAA instruction. The Auxiliary Carry flag is set if the last instruction resulted in a 
carry or a borrow from bit 3 into bit 4; otherwise it is reset. 

Double precision operators such as stack manipulation and double add instructions 
extend both the arithmetic and interrupt handling capability of the pPD8085A. The 
ability to increment and decrement memory, the six general registers and the accumu­
lator are provided as well as extended increment and decrement instructions to 
operate on the register pairs and stack pointer. Further capability is provided by the 
ability to rotate the accumulator left or right through or around the carry bit. 

Input and output may be accomplished using memory addresses as I/O ports or the 
.directly addressed I/O provided for in the pPD8085A instruction set. 

Two instructions, RIM and SIM, ar.e used for reading and setting the internal interrupt 
mask as well as input and output to the serial I/O port. 

The special instruction group completes the pPD8085A instruction set: NOP, HALT 
stop processor execution; DAA provides decimal arithmetic capability; STC sets the 
carry flag; CMC complements it; CMA complements the contents of the accumulator; 
and XCHG exchanges the contents of two 16-bit register pairs directly. 

Data in the pPD8085A is stored as 8-bit binary integers. All data/instruction transfers 
to the system data bus are in the following format: 

ID7IDsID~1 D41 D31D21D1 IDol 
MSB DATA WORD LSB 

Instructions are one, two, or three bytes long. Multiple byte instructions must be 
stored in successive locations of program memory. The address of the first byte is used 
as the address of the instruction. 

One Byte Instructions 

Two Byte Instructions 

I D71 DS\ D51 D4 I D3 \ D2 I D1 \ DO I OP CODE 

I D71DsI D51 D41 D3 ID2 ID1 IDol OPERAND 

Three Byte Instructions 

TYPICAL INSTRUCTIONS 

Register to register, memory 
reference, arithmetic or logical 
rotate, return, push, pop, enable, 
or disable interrupt instructions 

Im·mediate mode or I/O instruc­
tions 

Jump, call or direc.t load and I D71 DS I D51 D4 I D3 I D2 I D1 I DO I OP CODE store instructions 

I D71 D61 D51 D41 D3 I D21 D1 I DO I LOW ADDRESS OR OPERAND 1 

I D71 D61 D51 D41 D 3 I D21 D1 I DO I HIGH ADDRESS OR OPERAND 2 
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MNEMONICI 

MOVd,s 
MOVM,s 
MOVd,M 
MVI d,D8 
MVI M,D8 

INR d 
DCRd 
INR M 
OCR M 

ADDs 
ADCs 

SUB s 

SS8 s 

ANAs 
XRAs 

ORA, 
CMPs 

ADDM 
ADCM 

SUB M 
SBB M 

ANA M 
XRA M 

ORAM 
CMP M 

ADID8 
ACID8 

SUI 08 
SBID8 

ANI 08 
XRID8 

ORID8 
CPID8 

DESCRIPTION 

Move register to register 
Move register to memory 

Move memory to register 

INSTRUCTION COOE
2 

07 06 05 04 03 02 01 DO 

MOVE 

Move immediate to register 0. 

Move immediate to memory 0 

Increment register 
Decrement register 
Increment memory 

Decrement memory 

INCREMENT/DECREMENT 

ALU - REGISTER TO ACCUMULATOR 

Add register to A 

Add register to A wIth 

carr\. 

Subtract register from A 
Subtract register from A 
with borrow 

'AND register with A 

Exclusive OR Register 

with A 

OR register with A 

Compare register with A 

. ALU - MEMORY TO ACCUMULATOR 

Add I'nemory to A 
Add memory to A with 

carry 
Subtract memory from A 
Subtract memory from A 

with borrow 
AND memory wIth A 

Exclusive OR memory 

wIth A 

OR memory with A 

Compare memory w,tt"l A 

ALU - IMMEDIATE TO ACCUMULATOR 

Add ImmedIate to A 

Arid immp.diate to A with 

carry 

Subtract immediate from A 

Subtract Immediate from A 

With borrow 

AND Hnmedlate WIth A 

Exclusll/e OR Immediate 

V'\IITn A 
OR Imrnp.rl'~fP WIth A 

Compare Immediate with A 

ALU - ROTATE 

RLC Rotate A left, MSB to 

RRC 

RAL 

RAR 

JMPADDR 
JNZ ADDR 
JZ ADDR 
JNC ADDR 
JC ADDR 
JPO ADDR 
JPE ADDR 
JP ADDR 
JM ADDR 

CALL ADDR 
CNZ I>.DDR 
CZ ADDR 
CNC ADDR 
CC ADDR 
CPO ADDR 
CPE ADDR 
CP ADDR 
eM AD DR 

RET 
RNZ 
RZ 
RNC 
RC 
RPO 
RPE 
RP 
RM 

2142 

Rotate A right, lSB to 

carry f8-bitl 
Rotate A left through 

carry (9-blt) 

Rotate A right through 

carry (9-b'tl 

Jump unconditional 

Jump on not zero 

Jump on zero 

Jump on no carry 

Jump on carry 

Jump on parity odd 

Jump on parity even 

Jump on positive 

Jump on minus 

Call unconditIonal 

Call on not zero 
Call on zero 

Call on no carry 

Call on carry 
Call on parity odd 

Call on panly even 
Call on POSitive 

Call on minUs 

Return 
Return on nOI zerO 

Return on zero 
Return on no carry 

Return on eaffY 

Return on parity odd 

R ... 'urn on P2~!'Y even 

Return on positive 
RerU! n on minus 

JUMP 

CALL 

RETURN 

Clock 
Cycles3 

10 

10 
10 

10 
7/10 
7/10 
7/10 
7/10 
7/10 
7/W 
7/10 
7/10 

18 
9/18 
9/18 
9/18 
9/18 
9/18 
9/18 
9/18 
9/18 

10 
6/12 
6/12 
6/12 
6/12 
6/12 
6/12 
6/12 
6112 

MNEMONICI 

LXI 8,016 

LXI 0,016 

LXI H,D16 

DESCRIPTION 

Load immediate register 
pair Be 

Load immediate register 
pair DE 

Load immediate register 
pair HL 

LXI SP,DI6 Load immediate Stack 
Pointer 

PUSH B Push register pair Be 
on stack 

PUSH 0 Push register pair DE 
on stack 

PUSH H Push register pair H L 

on stack 

PUSH PSW 

INSTRUCTION SET 
TABLE 

INSTRUCTION COOE
2 

Clock 

OJ 06 05 04 03 02 01 DO Cycles3 

LOAD REGISTER PAIR 

PUSH 

10 

10 

10 

10 

12 

12 

12 
12 Push A and flags on stack 

·1~--------------------pO-P--------------------

POP 8 

POP 0 

POP H 

POP PSW 

DAD B 
DAD 0 
OAD H 
OADSP 

INX 8 
INX 0 
INX H 
INX SP 

DCX 8 
DCX 0 
DCX H 
DCX SP 

STAX 8 

LDAX B 
LDAX 0 

Pop register pair Be off 

stack 

Pop register pair DE off 

stack 
Pop register pair Hl. off 

stack 

Pop A and flags off stack 

Add BC to HL 
Add OE to HL 
Add HL to HL 
Add Stack Pointer to HL 

Increment BC 

Increment DE 
Increment Hl 
Increment Stack Pointer 

Decrement Be 
Decrement DE 
Decrement Hl 
Decrement Stack POinter 

Store A at ADDR ,n 8C 
SlOre ,; Jf ADD;':; In DE 
Load A at ADDR on BC 
Load A at ADDR on OE 

STA ADDR Store A direct 
LOA ADDR Load A direct 
SHLD ADDR Store HL d"ect 
LHLD ADDR Load HL direct 

XCHG Exchange DE and HL 

XTHL 

SPHL 
PCHL 

IN A 
OUT A 
EI 
01 

RIM 
SIM 
RST A 

register pairs 

Exchange top of s~ack 
and HL 

Hl to Stack Pointer 

HL to Program Counter 

Input 

Output 
Enable mterrupts 
Disable interrupts 

Read Interrupt Mask 

Set Interrupt Mask 

Restart 

CMA Complement A 
STC Set carry 
CMC Complement carry 
DAA 
NOP 

HLT 

Notes 

Decimal adjust A 
No operation 

Halt 

10perand Symbols used 
A :: 8·bit address or expression 
s :: source register 
d =- destination register 

PSW :: Processor Status Word 
SP = Stack Pointer 

DOU8LE ADD 

o 
o 

INCREMENT REGISTER PAIR 

DECREMENT REGISTER PAIR 

REGISTER INDIRECT 

DIRECT 

MOVE REGISTER PAIR 

INPUT/OUTPUT 

1 
A A A 

MISCELLANEOUS 

o 
o 

10 

10 

10 
10 

10 
10 
10 
10 

13 
13 
16 
16 

16 
6 
6 

10 
10 

12 

4 
4 

2ddd or sss - 000 B 001 C - 0100 - 011 E - 100 H-
101 L - 110 Memory - 111 A. 

3Twa pOSSible cycle tImes (7/10) indIcate 
instruction cycles dependent on condition 
flags. 

08 == 8-blt data quantIty, e1(pressron, or 
constant, always 82 of instruction 

016 = 16-blt data quantIty, expression, or 
constant, always 8382 of instruction 

ADDR :: 16.~it Memory address expression 

4. " flag aflected 
. flag pot affected 

o = flag reset 
1 c flag set 
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INSTRUCTION CYCLE 
TIMES 

©Ie MASTER 1979 

/-,PD8085A 

One to five machine cycles (M1 - M5) are required to execute an instruction. Each 
machine cycle involves the transfer of an instruction or data byte into the processor or 
a transfer of a data byte out of the processor (the sole exception being the double add 
instruction). The first one, two or three machine cycles obtain the instruction from the 
memory or an interrupting I/O controller. The remaining cycles are used to execute the 
instruction. Each machine cycle requires from three to five clock times (T 1 - T5). 

Machine cycles and clock states used for each type of instruction are shown below. 

INSTRUCTION MACHINE CYCLES EXECUTED CLOCK STATUS 
TYPE MIN/MAX MIN/MAX 

ALU R 1 4 
CMC 1 4 
CMA 1 4 
DAA 1 4 
OCR R 1 4 
01 1 4 
EI 1 4 
INR R 1 4 
MOV R, R 1 4 
Nap 1 4 
ROTATE 1 4 
RIM 1 4 
SIM 1 4 
STC 1 4 
XCHG 1 4 
HLT 1 5 
DCX 1 6 
INX 1 6 
PCHL 1 6 
RET CONDo .1/3 6/12 
SPHL 1 6 
ALU I 2 7 
ALU M 2 7 
JNC 2/3 7/10 
LDAX 2 7 
MVI 2 7 
MOV M, R 2 7 
MOV R, M 2 7 
STAX 2 7 
CALL CONDo 2/5 9/18 
DAD 3 10 
OCR M 3 10 
IN 3 10 
INR M 3 10 
JMP 3 10 
LOAD PAIR 3 10 
MVIM 3 10 
OUT 3 10 
POP 3 10 
RET 3 10 
PUSH 3 12 
RST 3 12 
LOA 4 13 
STA 4 13 
LHLD 5 16 
SHLD 5 16 
XTHL 5 16 
CALL 5 18 
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p.PD8085A 

I' A I Ii' ~~ 
~
~~J _1 ______ _ 

HJ- : : : J_ 
61 ~ IHI : : I G M 

'-JBt=- *-.jC~ T .j 
Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54.± 0.1 0.10 ± 0.004 

0 O.5± 0.1 0.019 ± 0.004 

E 48.26 1.9 

F 1.2 MIN 0.047 MIDI 

G 2.54 MiN 0.10 MIN 

H 0.5MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

+ 0.1 + 0.004 
M 0.25 0.010 

- 0.05 - 0.002 

A- 1 

- - 1 J .-

H : I i V V V V V V V IT i V V V V V V V V V i I tl 
:B~ - ~F-- _~ ___ --lol--________ --l 

Ceramic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.100 ± 0.004 

0 0.50 ± 0.1 0.0197 ± 0.004 

E 48.26 ± 0.2 1.900 ± 0.008 

F 1.27 0.050 

G 3.2MIN 0.126 MIN 

H 1.0MIN 0.04 MIN 

I 4.2 MAX 0.17 MAX 

J 5.2 MAX 0.205 MAX 

K 15.24 ± 0.1 0.6 ± 0.004 

L 13.5 
+ 0.2 

- 0.25 

53 + 0.008 
O. 1 _ 0.010 

M 0.30 ± 0.1 0.012 ± 0.004 

2144 
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IlPD8085A FAMILY MINIMUM 
SYSTEM CONFIGURATION 

INTERRUPTS 

I It ! ~ f 
RST 7.5 RST 6.5 RST 5.5 TRAP 

---=.:::L..::" X1 

JLPD8085A 

A minimum computer system consisting of a processor, ROM, RAM, and 
I/O can be built with only 3-40 pin packs. This system is shown below with 
its address, data, control busses and I/O ports. 

Vcc 

PORTA PORTC PORT B 

ri '1111
'
111 ( 

I 

'1111
'
1111' ~ 1 t t 1111 IIII 

RESET IN SID SOD S1 SO PAO-- - --- PA7 PCO -.- - - - PC 5 PBO - - - - - PB7 

... 
I--

TIMER 
IN 

U J.tPDS156 RAM-I/O (256 KS) /JPDS085A PROCESSOR :::I 
0 

X2 ... -- w ~> ~~ 
0 
-I 

ADO - - - - --AD7 AS -- - - -- A15 
-I 10 ICC 00 -I W 0 
<tCC~-CC U CC :I: 

] 
ADo. --
AD1 

AD2 

AD3 

AD4 

AD5 

AD6 

AD7 

AS 

Ag 

A10 

A11 

A12 

A13 

A14 

A15 

ALE 
-
RD 

WR 

101M 

ROY 

ClK 

RESET 

HOLD 

HlDA 

INTR 

INTA 

FEATURES OF /JPDSOS5A 
MINIMUM SYSTEM 

2K - BYTE ROM 
256 - BYTE RAM 

1 - INTERVAL TIMER 
4 - S-BIT I/O PORTS 
1 - 6-BIT I/O-STATUS 
4 INTERRUPT lEVELS -

©IC MASTER 1979 

<t 
CC l<t 0 ...... -I 
~ ~ :I: 

w 1:2 CIl 

W -110 ICC (3 W 
I-- TIMER 

OUT 
ADo -- - -- AD7 U<tCC~_CC 

1 -

W 0 m IX) CIl ~ _ > 1:2 ICC' 0 
U .; <t <t ~ d ~ e ~ Icc 

ALE ADO - - - .- - AD7 

IlPDS355 ROM-I/O 

IlPDS7SSA PROM-I/O 2K X S 

PAO - - - - - - -- PA7 PBO - - - - - - - - PB7 

IIIIII 
I 

PORTA 

11111 
I 

PORT B 

III 

-

I- DATA 

-
-

ADR 

-
-

CON 

-

SP8085A-8-78-GN-CAT 13; 
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NEe 
NEe Microcomputers, Inc. p.PD765 

SINGLE/DOUBLE DENSITY FLOPPY DISK CONTROLLER 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

TM:Z80 is a registered trademark of Zilog 

2148 

The /lPD765 is a LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and contra'i 
functions for interfacing a processor to 4 floppy Disk Drives. It is capable of supporting either 
IBM 3740 single density format (FM), or IBM System 34 Double Density format (MFM) including 
double sided recording. The /lPD765 provides control signals which simplify the design of an 
external phase locked loop, and write precompensation circuitry. The FDC simplifies and handles 
most of the burdens associated with implementing a Floppy Disk Interface. 

Hand-shaking signals are provided in the /lPD765 which make DMA operation easy to incorporate 
with the aid of an external DMA Controller chip, such as the /lPD8257. The FDC will operate in 
either DMA or Non-DMA mode. In the Non-DMA mode, the FDC generates interrupts to the 
processor every time a data byte is available. In the DMA mode, the processor need only load the 
command into the FDC and all data transfers occur under control of the /lPD765 and DMA 
controller. 

There are 15 separate commands which the /lPD765 will execute. Each of these commands require 
multiple 8-bit bytes to fully specify the operation which the processor wishes the FDC to perform. 
The following commands are available: 

Read Data Scan High or Equal 
Read ID Scan Low or Equal 
Read Deleted Data Specify 
Read a Track Write Data 
Scan Equal Format a Track 

Write Deleted Data 
Seek 
Recalibrate (Restore to Track 0) 
Sense I nterrupt Status 
Sense Drive Status 

Address mark detection circuitry is internal to the F DC which simplifies t~e phase locked loop and 
read electronics. The'track stepping rate, head load time, and head unload time may be programmed 
by the user. The /lPD765 offers many additional features such as multiple sector transfers in both 
read and write with a single command, and full IBM compatibility -in both single and double 
density modes. 

• IBM Compatible in Both Single and Double Density Recording Formats 
• Programmable Data Record Lengths: 128,256,512, or 1024 Bytes/Sector 
• Multi-Sector and MUlti-Track Transfer Capabil ity 
• Drive Up to 4 Floppy Disks 
• Data Scan Capability - Will Scan a Single Sector or an Entire Cylinder's Worth of Data Fields, 

Comparing on a Byte by Byte Basis, Data in the Processor's Memory with Data Read from the 
Diskette 

• Data Transfers in DMA or Non-DMA Mode 
• Parallel Seek Operations on Up to Four Drives 
• Compatible with Most Microprocessors Including 8080A, 8085A, J..LPD780 (Z80™) 
• Single Phase 8 MHz Clock 
• Single +5 Volt Power Supply 
• Available in 40 Pin Plastic Dual-in-Line Package 

RESET VCC 
RD SEEK/ RW 
WR 3 LCT/DIR 

CS 4 FR/STP 

AO HLD 
DBO 6 RDY 
DB, WP/TS 
DB2 8 FL T/TRO 
DB3 9 J1PD PSO 
DB4 10 765 PS1 
DB5 11 WDA 
DB6i 12 USo 
DB7 US1 
DRQ SS 

DACK MFM 
TC WE 

IDX VCO 
INT RD 

CLK RDW 
GND WCK 
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J.L PD765 

DBO·7 

TERMINAL 
COUNT 

DRG 

6ACK 
INT 

AD 
ViR 
AO 

RESET 

DATA BUS 
BUFFER 

ClK ~ 

VCC ~ 

Operating Temperature. 
Storage Temperature 
All Output Voltages. 
All Input Voltages .. 
Supply Voltage Vee 
power Dissipation ., 

REGISTERS 

SERIAL 
INTERFACE 

CONTROLLER 

DRIVE 
INTERFACE 

CONTROLLER 

WR DATA 

WR ENABLE 

PRE·SHIFT 0 

PRE·SHIFT 1 

RD DATA 

READ DATA WINDOW 

VCO SYNC 

READY 

WRITE PROTECT/TWO SIDE 

INDEX 

FAULT /TRACK 0 

UNIT SELECT 0 
UNIT SELECT 1 

MFMMODE 

SEEK/WR 

HEAD LOAD 
SIDE SELECT 

LOW CURRENT/DIRECTION 
FAULT RESET/STEP 

oOe to +70o e 
-40°C to +125°e 
-0.5 to +7 Volts 
-0.5 to +7 Volts 
-0.5 to +7 Volts 

. . . . . .. 1 Watt 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. . 

Ta = O°Cto +70°C; VCC = +5V ± 5% unless otherwise specified. 

LIMITS TEST 
PARAMETER SYMBOL I TypQ)1 

UNIT 
CONDITIONS MIN MAX 

Input Low Voltage VIL T -0.5 I 1 0.8 V 

Input High Voltage VIH 2.5 i VCC + 0.5 V 

Output Low Voltage VOL 0.45 , V IOL = 1.6 mA 

Output High VOH 2.4 VCC I V IOH ~ -150 /lA 
I 

Voltage I for Data Bus 

IOH = -80/lA 
I I for other I 

. 
outputs 

Input Low Voltage VIL(I») -0.5 0.8 V i i 
(CLK + WR Clock) , 

Input High Voltage I VIH«I») VCC - 0.75 VCC + 0.5;- V 

(CLK + WR Clock) ! 

VCC Supply ICC 85 130 ! mA 1 

Current ! i i i 
Input Load Current 

III 1 

10 ;- /lA ; VIN = VCC 
(All Input Pins) 

I -10 /lA VIN = OV 

High Level Output ILOH 10 I /lA i VOUT = VCC 
Leakage Current i I i I i 
Low Level Output + ILOL 

I 
I -10 /lA VOUT = OV 

Leakage Current I j 

Note: CD Typical values for Ta = 25°C and nominal supply voltage. 

©IC MASTER 1979 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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PIN IDENTIFICATION 

I 
I 
1 

2148 

PIN 

NO. SYMBOL NAME 

1 RST Reset 

2 RD Read 

3 WR Write 

4 CS Chip Select 

5 AO Data/Status Reg Select 

6·13 DBO·DB7 Data Bus 

14 ORO Data DMA Request 

15 I DACK ! DMA Acknowledge , 

16 TC Terminal Count 

17 lOX Index 

18 INT Interrupt 

19 ClK Clock 

20 GND Ground 

21 WCK Write Clock 

22 ROW Read Data Window 

23 ROD Read Data 

24 VCO I VCO Sync 

25 WE Write Enable 

26 MFM MFM Mode 

27 SS Side Select 

28,2! US1,USo Unit Select 

30 WD.A. Write Data 

31,31 PS1,PSO Precompensation 

i 

33 FLT/TRC FaultITrack 0 

34 WPITS Write Protect/ 
Two-Side 

35 ROY Ready 

36 HLD Head Load 

37 FR/STP Fit Reset/Step 

38 LCT/DIR Low Current/ 
Direction 

39 SEEK/RW SEEK/Read Write 

40 VCC +5V 

Note: CD Disabled when CS = 1. 

JLPD765 

INPUT/ CONNECTION 

OUTPUT TO 
FUNCTION 

Input Processor Places FDC in idle state. Resets output 
lines to FDD to "0" (low). 

InputeD Processor Control signal for transfer of data from 
FDC to Data Bus, when "rJ' (low). 

InputeD Processor Control signal for transfer of data to 
FDC via Data Bus, when "rJ' (low). 

Input Processor IC selected when "0" {low}, allowing RD 
and WR to be enabled. 

InputeD Processor Selects Data Reg (Ao=l) or Status Reg 
(AO=O) conte-nts of the FDC to be sent to 
Data Bus. 

Input/G) Processor Bi-Directional 8-bit Data Bus. 
Output 

Output DMA DMA Request is being made by FDC when 
DRo="1". 

I Input DMA i DMA cycle is active when "0" (low) and 

J ; Controller is performing DMA transfer. 

Input DMA Indicates the termination of a DMA trans-
fer when "1" (high). 

Input FDD Indicates the beginning of a disk track. 

Output Processor Interrupt Request Generated by FOe. 

Input Single Phase 8 MHz Squarewave Clock. 

I I I D.C. Power Return. 

Input Write data rate to FDD. FM = 500 kHz, 
MFM = 1 MHz, with a pulse width of 
250 ns for both FM and MFM. 

Input Phase Lock Loop Generated by PLL, and used to sample 
data from FDD. 

Input FDD Read data from FDD, containing clock 
and data bits. 

Output Phase Lock Loop Inhibits VCO in PLL when "0" (low), 
enables VCO when "1". 

Output FDD Enables write data into FDD. 

Output Phase Lock Loop MFM mode when "1", FM mode when 
"0". 

Output FDD Head 1 selected when "1" (high), 
Head 0 selected when "0" {lowl. 

Output FDD FDD Unit Selected. 

Output FDD Serial ciock and data bits to FDD. 

Output FDD Write precompensation status during 
MFM mode. Determines early, late, and 

normal times. 
Input FDD , Senses FDD fault condition, in Read/ I Write mode; and Track 0 condition in 

Seek mode. 

Input FDD ! Senses Write Protect status III Read/ 
.1 Write mode; and Two Side Media in Seek 

mode. 

Input FDD Indicates FDD is ready to send or receive 
data. 

Output FDD Command which causes read/write head 
in FDD to contact diskette. 

Output FDD Resets fault F.F. in FDD in Read/Write 
mode, contains step pulses to move 
head to another cylinder in Seek mode. 

Output FDD Lowers Write current on inner tracks in 
Read/Write mode, determines direction 
head will step in Seek mode. 

Output FDD When "1" (high) Seek mode selected 
and when "0" (low) ReadlWrite mode 
selected. 

D.C. Power 
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p.PD765 
Ta = -lifc to+70°C; VCC = +5V ± 5% unless otherwise specified. 

LIMITS TEST 

PARAMETER SYMBOL MIN TYP 1 MAX UNIT CONDITIONS 

Clock Period <l>CY 1.0 8.0 9.0 MHz 

Clock Active (High) <1>0 35 ns 

Clock Rise Time <l>r 20 ns 

Clock Fall Time <l>f 20 ns 

AO. CS. DACK Set Up Time to RD ~ TAR 30 ns 

AO. CS. DACK Hold Time from RD t TRA 5.0 ns 

RDWidth TRR 300 ns 

Data 'Access Time from RD ~ TRD 200 i ns 

DB to Float Delay Time from RD t TDF 20 100 ! ns 

AO. CS, DACK Set Up Time to WR ~ TAW 50 ! ns 

AQ. CS, DACK Hold Time to WR t TWA 30 ns 

WR Width TWW 300 ns 

Data Set Up Time to WR t TOW 250 ns 

Data Hold Time from WR t TWO 30 ns 

INT Delay Time from RD t TRI 500 n9 

INT Delay Time from WR t TWI 500 ns 

ORO Cycle Time TMCY 13 ~s : 

ORO Delay Time from DACK t TAM 1.0 ~s 

WR or RD Response Time from ORO t TRWM 1.0 ~s 

TC Width TTC 300 ns 

Rest Width TRST I 3.0 ~s 

2 or 4 2 MFM = 0 
WCK Cycle Time TCY 

I 
~s 

lor 2 MFM= 1 

WCK Active Time (High) TO I 150 250 350 ns 

WCK Rise Time Tr I 
30 ns 

WCK Fall Time Tf i 30 ns 

Pr~Shift Delay Time from WCK ~ TCp 20 150 ns 

WDA Delay Time from WCK t TCD 20 150 ns 

ROD Active Time (High) TROD 100 ns 
I 

2.0 MFM = 0 
Window Cycle Time TWCY ~s 

1.0 MFM = 1 

Window·Hold Time to/from ROD 
TROW 

100 ns 
TWRD 

USO. 1 Hold Time to SEEK/RW t TUS 12 ~s 

SEEK/RW Hold Time to LOW CURRENT/ 
TSD 

DIRECTION t 
7 ~s 

LOW CURRENT/DIRECTION Hold Time to 
TOST 1.0 

8 MHz Clock 

FAUL T RESET/STEP t -, ~s 
Period 

USO. 1 Hold Time from FAULT 
TSTU 

RESET/STEP t 
1.0 ~s 

STEP Active Time (High) TSTP I 5.0 ~s 
r 

i 

LOW CURRENT/DIR ECTION Hold Time from 
TSTD FAUL T RESET/STEP.( 

I. 5.0 ~s 

STEP Cycle Time TSC G) G) ms 

FAUL T RESET Active Time (High) TFR 8.0 10 
8 MHz Clock 

~s 
Period 

Notes: CD Typical values for T a = 25° C and nominal supply voltage. 

@ The former value of 2 and 1 are applied to Standard Floppy. and the. latter value of 4 and 2 are 
applied to Mini-floppy. 

@ Under Software Control. The range is-from 1 ms to 16 ms at 8 MHz Clock Period, and 2 to 32 ms 
at 4 MHz Clock Period. 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

MIN TYP MAX CONDITIONS 

Clock Input Capacitance CIN(¢) 35 pF 

Input Capacitance CIN 10 pF All Pins Except Pin Under 

Test Tied to AC Ground 

Output Capacitance COUT 20 pF 

©IC MASTER 1979 

AC CHARACTERISTICS 

CAPACITANCE 

2149 

"-
CD 
~ 

:3 
0-
E 
o 
() 

o 
"-
() 

~ 

o w 
z 



TIMING WAVEFORMS 

~ 

Q) ..... 
:::s 
0. 
E 
0 
0 
0 
~ 

0 

~ 
() 
W 
Z 
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PROCESSOR READ OPERATION 

AO. CS. DACK --v-________ ~X 
~ 1'"----
TAR~ '---TRR ___ I ,--TRA 

AD ---X I 
L..---.-' ~'TDF'---

DATA I TAD i~---+-! -'1)_ - - - -,­
~ TRI---.-l 

INT --------------t-
PROCESSOR WR ITE OPERATION 

INT '-

CLI< 

DMA OPERATION 

1 r DRQJ: \ 
TAM-1 I--- I IcC I TMCY --

i5ACi< r: \ 
-I r--TRWM 

WR OR RD \ t 
FDD READ OPERATION 

--t I---To 

WRITE CLOCK 
I 

1 1 I I 
11--1 ~TF I--TCy---I 

TR __ ' '-- . I 

" I '--WRITE ENABLE J I 
1 1 
~ t--Tcp 

PRESHIFTOOR ~ tk X 'C.. 
--I ~TCD 

I 
WRITE DATA 

PRESHIFT 0 PRESHIFT 1 

NORMAL 0 0 

LATE 0 1 

EARLY 1 0 

INVALID 1 1 

pPD765 
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p.PD765 

SEEK OPERATIO'" 

usa, 1 =x:~_X· X )( 
. -..: I~TUS I '-----------

i ;, \: / 
I I '-----".---1 

rTSDV-.. ___ -tYI I', Ii f'- . X X __ _ 
SEEK/RW 

DIRECTION 

TDST~: :--: I ~ TSTD , 

STEP ~ TSTU---! J:\~ ____ _ 
_____ -J .. : . ~TSTP : 

I I 
I~~.----------TSC----------~ .. ~I 

FLT RESET 
I I 

FAULT RESET = - ____ ,J~ .... ____ _ 

FILE UNSAFE RESET I I 
--I TFR L.-

FDD READ OPERATION 

READ DATA ~ ____________ ~~~I __________ _ 

~I I~ TROD f-4- TWRD ...l I--TRDW ..,! 
I I I I I I 

_ __ ,---J~ I UII-READ DATA WINDOW ~ A-
I ...... t------TWCY--'----'l ... _: 

Note: Either polarity data window is valid. 

TERMINAL COUNT 

TC~ 
--l ~TTC 

RESET 
I I 

RESET --f1--­
---I I--- TRST 

TIMING WAVEFORMS 
(CONT.) 

ThetLPD765 contains two registers which may be accessed by the main system INTERNAL REGISTERS 
processor; a Status Register and a Data Register. The 8-bit Status Register contains the 
status information of the FDC, and may be accessed at any time. The 8-bit Data 
Register (actually consists of several registers in a stack with only one register pre-
sented to the data bus at atime), which stores data, commands, parameters, and FDD 
status information. Data bytes are read out of, or written into, the Data Register in 
order to program or obtain the results after a particular command. The Status 
Register may only be read and is used to facil itate the transfer of data between the 
processor and tLPD765. 

The relationship between the Status/Data registers and the signals RD, WR, and AO 
is shown below. 

AO RD WR FUNCTION 

0 0 1 Read Status Register 

0 1 0 Illegal 

0 0 0 Illegal 

1 0 0 Illegal 

1 0 1 Read from Data Register 

1 1 0 Write into Data Register 

. ©IC MASTER 1979 2151 
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INTERNAL REGISTERS 
(CONT.) 

PACKAGE OUTLINE' 
MPD765C 

COMMAND SEQUENCE 

2152 

The bits in the.5tatus Register are defined as follows: 

BIT NUMBER NAME SYMBOL DESCRIPTION 

DBO I FDD 0 Busy DOB FDD number 0 is in the Seek mode. 

DB1 FDD 1 Busy D1B FDD number 1 is in the Seek mode. 

DB2 FDD 2 Busy D2B FDD number 2 is in the Seek mode. 

DB3 FDD 3 Busy D3B FDD number 3 is in the Seek mode. 

DB4 FDC Busy CB A read or write command is in 
process. 

DB5 Non·DMA mode NOM The FDC is in the non·DMA mode. 

DB6 Data Input/Output 010 I ndicates direction of data transfer 
between FDC and Data Register. If 
Q 10 = "1" then transfer is from 
Data Register to the Processor. If 
010 = "0", then transfer is from the 

Processor to Data Register. 

DB7 Request for Master ROM Indicates Data Register is ready to 
send or receive data to or from the 
Processor. Both bits 010 and ROM 

I I I should be used to perform the. hand· I 
I I 

I ~h~kin~ fu~ctions of "ready" and ., 
'direction·· to the processor. i 

The 010 and RDM bits in the Status Register indicate when Data is ready and in which 

direction data will be transferred on the Data Bus. 

Out FDC and Into Processor 
Data IniOut 
(010) Out Processor anrl Into FDC I 

h--
Ready 

Request for Master I 
(ROM)· I 

ITEM 

A 

M 

I 

WR ~r--...----. 
AD 

I I 

U 
I 

I I I I 

AI B I A IBI A C AI 

Notes: 0 . Data rt:9,ster rearly a be written onto by processor 

~ - Data register not ready.1O be wrotlen Into by processor 

@] -. Data register ready for ne><t data byte 10 be read by the processor 

[Q] - Data register not re.;dy for next data byte to be read by processor 

-------------------------A ------------------------~., 

~c -.-
D - .......... -.- E - -

MilliMETERS INCHES 

51.5 MAX 2.028 MAX 

1.62 0.064 

2.54! 0.1 0.1O! 0.004 

0.5; 0.1 0.019; 0.004 

48.26 1.9 

1.2MIN 0.047 MIN 

2.54 MIN 0.10 MIN 

0.5MIN 0.019 MIN 

5.22 MAX 0.206 MAX 

5.72 MAX 0.225 MAX 
15.24 0.600 
13.2 0.520 

0.25 
+ 0.1 + 0.004 

0.05 0.010 0.002 

fLPD765 

The pP0765 is capable of performing 15 different commands. Each command is initiated by a 
multi-byte transfer from the processor, and the result after execution of the command may also 
be a multi-byte transfer back to the processor. Because of this multi-byte interchange of informa­
tion between the pP0765 and the processor, it !s convenient to consider each command as 
consisting of three phases: 

Command Phase: 

Execution Phase: 

Result Phase: 

The FOC receives all information required to perform a particular 
operation from the processor. 

The FOC performs the operation it was instructed to do. 

After completion of the operation, status and other housekeeping 
information are made available to the processor. 
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J-LPD765 
DATA BUS 

PHASE RIW 07 06 Os 04 03 02 01 DO REMARKS 

READ DATA 

Command W MT MF SK 0 0 1 1 0 Command Codes 

W X X, X X X HD USl usa 
W C Sector 10 information prior 
W H to Command execution 
W R 
W N 
W EOT 
W GPL 
W DTL 

Execution Data-transfer between the 
F DO and main-system 

Result R STO Status information after 
R ST 1 Command execution 
R ST 2 
R C Sector 10 information after 
R H Command execution 
R R 
R N 

READ DELETED DATA 

Command W MT MF SK 0 1 1 0 0 Command Codes 

W X X X X X HD USl usa 
W C Sector 10 information prior 
W H to Command execution 
W R 
W N 
W EOT 
W GPI.: 
W DTL 

Execution Data-transfer between the 
F DO and main-system 

Result R ST 0 Status information after 
R ST 1 Command execution 
R ST 2 
R C Sector 10 information after 
R H Command execution 
R R 
R N 

WRITE DATA 

I Command W MT MF 0 0 0 1 0 1 Command Codes 

I 

i 

I 

W X X X X X HD US1 usa 
W C Sector 10 information prior 
W H to Command execution 
W R 
W N 
W EOT 
W GPL 
W DTL 

Execution Data-transfer between the 
main-system and FDD 

Result R STO Status information after 

R ST 1 Command execution 

R ST 2 

R C Sector 10 information after 

R H Command execution 

R R 
R N 

WRITE DELETED DATA 

Command W MT MF 0 0 1 0 0 1 Command Codes 

W X X X X X HD USl usa 
W C Sector 10 information prior 

W 1/ to Command execution 

W R 
W N 
W EOT 
W GPL 
W DTL 

Execution Data-transfer between the 
FDD and main-system 

Result R STO Status information after 
R ST 1 Command execution 
R ST 2 
R C Sector 10 information after 
R H------- Command execution 
R R 
R N 

I. 

Note: CD Symbols ysed in this table are described at the end of th is section. 

@ AO should equal binary 1 for all operations. 

@ X = Don't care, usually made to equal binary O. 
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PHASE R/W 

Command W 

W 

W 
W 
W 
W 
W 
W 
W 

Execution 

Result R 
R 
R 
R 
R 
R 
R 

Command W 

W 

Execution 

Result R 
R 
R 
R 
R 
R 
R 

Comman,d W 

W 

W 
W 
W 
W 

Execution 

Result R 
R 
R 
R 
R 
R 
R 

Command W 

W 

W 
W 
W 
W 
W 
W 
W 

Execution 

Result R 
R 
R 
R 
R 
R 
R 

INSTRUCTION SET CD @ 

DATA BUS 

07 06' Os 04 03 02 01 DO I REMARKS 

READ A TRACK 

0 MF SK 0 0 0 1 0 Command Codes 

X X X X X HD USl uso 
C Sector 10 information prior 
H to Command execution 
R 
N 

EOT 
GPI.: 
DTL 

Data-transfer between t he 
FDD and main-system. FDC 
reads all of cylinders contents 
from index holE!'to Ear_ 

STO Status information after 
ST 1 Command execution 
ST2 

C Sector 10 information after 
H Command execution 
R 
N 

READ 10 

0 MF 0 0 1 0 1 0 Commands 

X X X X X HD USl usa 

The first correct 10 information 
on the Cylinder is stored in 
Data Register 

STO Status information after 
-----ST1 Command execution 

ST 2 
C Sector 10 information during 
H Execution Phase 

R 
N 

FORMAT A TRACK 

0 MF 0 0 1 1 0 1 Command Codes 

X X X X X HD US1 USO 

N Bytes/Sector 
SC Sectors/Track 

GPL Gap 3 
0 Filler Byte 

FDC formats an entire cylinder 

STO Status information after 
STl Command execution 
ST 2 

C In this case, the 10 information 
H ha,s no meaning 
R 
N 

SCAN EQUAL 

MT MF SK 1 0 0 0 1 Command Codes 

X X X X X HD US1 usa 
C Sector 10 information prior 

H to Command execution 

R 
N 

EOT 
GPL 
STP 

Data-compared between the 
FOD and main-system 

STO Status information after 

ST 1 Command execution 
ST 2 

C Sector 10 information after 
H Command execution 
R 
N 
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INSTRUCTION SET 
(CONT.) 

DATA BUS 

PHASE R/W I 07 06 Os 04 03 02 01 Dol 
SCAN LOW DR EQUAL 

Command W MT MF SK , , a a , 
W X X X X X HD US, usa 
W C 
W H 
W R 
W N 
W EOT 
W GPL 
W STP 

Execution 

Result R ST a 
R ST' 
R ST 2 
R C 
R H 
R R 
R N 

SCAN HIGH DR EQUAL 

Command I W MT MF SK 1 1 1 0 1 

W X X X X X HD US, USC 

W C 
W H 
W R 
W N 
W EDT 
W GPL 
W STP 

Execution 

Result R ST a 
R ST 1 
R ST2 
R C 
R H 
R R 
R N 

REMARKS 

Command Codes 

Sector 10 information prior 
Command execution 

Data-compared between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 

Command Codes 

Sector 10 information prior 
Comm3nd execution 

Data-compared between the 
FDD and main-system 

Status information after 
Comma'nd execution 

Sector 10 information after 
Command execution 

DATA BUS 

PHASE R/W I 07 06 Os 04 03 02 01 DO 

RECALIBRATE 

Command W a a a a 0 , , , 
w X X X )( X 0 us, usa 

Execution 

SENSE INTERflUPT STATUS 

Command W a a a a , 0 a a 

Result R STO 
R PCN 

SPECIFY 

Command W a a a a Q a , , 
W -SRT .. • HUT-
W HLT ~ NO 

SENSE DRIVE STATUS 

Command I W a 0 a a a , a a 
W X X X X X HD US, usa 

I Result R ST 3 

SEEK 

Command W a a a a 1 , 1 , 
W X X X X X HD US, usa 
W NCN 

Execution 

INVALID 

Command W Invalid Codes 

Result R ST a 

COMMAND SYMBOL 
DESCRIPTION 

SYMBOL NAME DESCRIPTION 

AO An stands for control signal AO (pin 5) 

C 

I 
Cylinder Number C stands for the current/selected Cylinder 

I (track) number 0 through 76 of the 
medium. 

0 Data o stands for the data pattern which is 
going to be written into a Sector. 

07- 0 0 Data Bus 8-bit Data Bus, where 07 stands for a most 

significant bit, and DO stands for a least 
significant bit. 

OTL Data Length When N is defined as 00, OTL stands for 
the data length" which users are going to 
read out or write into the Sector. 

EOT End of Track EOT stands for the final Sector number 
on a CYlinder. 

GPL Gap Length GPL stands for the length of Gap 3 
(excluding VCO Sync. Field). 

I H Head Address H stands for head number 0 or " as 
specified in 10 field. 

HD Head HD stands for a selected head number 0 

or 1. 

HLT Head Load Time HL T stands for the head load time in the 
FOO (2 to 256 ms in 2 ms increments). 

HUT Head Unload Time HUT stands for the head unload time 

after a read or write operation has 
occurred (0 to 240 ms in 16 ms 
increments). 

MF FM or MFM Mode If MF is low, FM mode is selected, and if 

it is high, MFM mode is selected. 

"MT Multi-Track If MT is high, a multi-track operation is to 

be performed. (A cylinder "'nder both 
HDO and HDl will be read or wriHen.) 

2154 

JLPD765 

REMARKS 

Command Codes 

Head retracted to Track a 

Command Codes 

Status information at the end 
of seek-operation about the FDC 

Command Codes 

Command Codes 

St3tus information about FDD I 
Command Codes 

Head is positioned Over 
proper Cylinder on 
Diskette 

Invalid Command Codes 
(NoOp - FDC goes into 
StandbY Sta te) 

ST a = 80 
(16) 

; 
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SYMBOL NAME DESCRIPTION 

N Number N stands for the number of data bytes 
written in a Sector. 

NCN New Cylinder Number NCN stands for a new Cylinder number, 

NO 

PCN 

R 

R/W 

SC 

SK 

SRT 

ST a 
ST 1 
ST 2 
ST3 

STP 

US 

J.lPD8257 

Non-DMA Mode 

Present Cylinder 
Number 

Record 

Read/Write 

Sector 

Skip 

Step Rate Time 

Status a 
Status 1 
Status 2 
Status 3 

Unit Select 

DB0-7 

MEMR 

lOR 

MEMW 

lOW 

Cs 
HRQ 

HLDA 

DRQ 

DMA 
CONTROLLER DACK 

TC 
TERMINAL 

COUNT 

which is going to be reached as a result of the 
Seek operation. Desired position of Head. 

NO stands for operation in the Non-DMA Mode. 

PCN stands for the Cylinder number at the com-
pletion of SENSE INTERRUPT STATUS 
Command. Position of Head at present time. 

R stands for the Sector number, which will 
be read or written. 

R/W stands for either ReadlR) or Write (W) 
signal. 

SC indicates the number of Sectors per 
Cylinder. 

SK stands for Skip Deleted Data Address Mark. 

SRT stands for the Stepping Rate for the F DO. 
(1 to 16 ms in 1 ms increments.) Must be 
defined for each of the four drives. 

ST ()'3 stand for one of four registers which 
store the status information ~fter a command 
has been executed. This information is 
available during the result phase after command 
execution., These registers should not be con-
fused with the main status register (selected by 
AO = 0). ST ().3 may be read only after a com-
mand has been executed and contain information 
relevant to that particular command. 

During a Scan operation, if STP = 1, the data in 
contiguous seCtors is compared byte by byte 
with data sent from the processor (or DMA); 
and if STP = 2, then alternate sectors are read 
and compared. 

US stands for a selected drive num ber a or 1. 

MEMORIES 

8080 SYSTEM BUS 

AO 

DB0-7 

AD 
WR 
Cs 
INT 

RESET 

J.lPD765 
FDC 

READ 
DATA 

WINDOW 

RD DATA 

INPUT CONTROL 

OUTPUT CONTROL 

COMMAND SYMBOL 
DESCRIPTION (CONT.) 

SYSTEM CONFIGURATION 
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p.PD765 

PROCESSOR INTERFACE During Command or Result Phases the Main Status Register (described earlier) must be 
read by the processor before each byte of information is written into or read from the 
Data Register. Bits D6 and D7 in the Main Status Register must be in a 0 and 1 state, 
respectively, before each byte of the command word may be written into the pPD765. 
Many of the commands require multiple bytes, and as a result the Main Status Register 
must be read prior to each byte transfer to the pPD765. Also, bits 6 and 7 in the Status 
Register must appear as D6 = 0 and D7 = 1 before the byte transfer is executed. During 
the Result Phase, D6 and D7 in the Main Status Register must both be 1's (D6 = 1 and 
D7 = 1) before reading each byte from the Data Register. Note, this reading of the 

2156 

'Main Status Register before each byte transfer to the pPD765 is required in only the 
Command and Result Phases, and NOT during the Execution Phase. 

During the Execution Phase, the Main Status Register need not be read. If the pPD765 
is in the NON-DMA Mode, then the receipt of each data byte (if pPD765 is reading data 
from FDD) is indicated by an Interrupt signal on pin 18 (INT = 1). The generation of a 
Read signal (RD = 0) will reset the Interrupt as vve!! as output the Data onto the Data 
Bus. If the processor cannot handle interrupts f~st enough (every 13 ps) then it may 
poll the Main Status Register and then bit D7 (ROM) functions just like the Interrupt 
sjgnal. If a Write Command is in process then the WR signal performs the reset to the 
Interrupt signal. 

If the pPD765 is in the DMA Mode,·no Interrupts are generated during the Execution 
Phase. The pPD765 generates DRO's (DMA Requests) when each byte of data is avail­
able. The DMA Controller responds to this request with both a DACK = 0 (DMA 
Acknowledge) and a RD = 0 (Read signal). When the DMA Acknowledge signal goes 
low (DACK = 0) then the DMA Request is reset (DRO = 0). If a Write Command has 
been programmed then a WR signal will appear instead of RD. After the Execution 
Phase has been completed (Terminal Count has occurred) then an Interrupt will occur 

(I NT = 1). This signifies the beginning of the Result Phase. When tre first byte of data 
is read during the Result Phase, the Interrupt is automatically reset (I NT = 0). 

It is important to note that during the Result Phase all bytes shown in the Command 
Table must-be read. The Read Data Command, for example has seven bytes of data in 
the Result Phase. All seven bytes must be read in order to successfully complete the 

Read Data Command. The pPD 765 will not accept a new command until all seven 
bytes have been read. Other commands may require fewer bytes to be read during the 
Result Phase. 

The pPD765 contains five Status Registers. The Main Status Register mentioned above 
may be read by the processor at any time. The other four Status Registers (STO, ST1, 
ST2, and ST3) are only available during the Result Phase, and may be read only after 
successfully completing a command. The particular command which has been executed 
determines how many of the Status Registers will be read. 

The bytes of data which are sent to the pPD765 to form the Command Phase, and are 
read out of the pPD765 in the Result Phase, must occur in the order shown in the Com­
mand Table. That is, the Command Code must be sent first and the other bytes sent in 
the prescribed sequence. No foreshortening of .the Command or Result Phases are 
allowed. After the last byte of data in the Command Phase is sent to the,pPD765, the' 
Execution Phase automatically starts. In a similar fashion, when the last byte of data is 
read out in the Result Phase, the command is automatically ended and the pPD765 is 
ready for a new command. A command may be truncated (prematurely ended) by 
s.imply s~nding a Terminal Count signal to pin 16 (TC = 1). This is a convenient means 
of ensuring that the processor may always get the pPD765's attention even if the disk 
system hangs up in an abnormal manner. 
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p.PD765 
READ DATA 

A set of nine (9) bYte words are required to place the FOC into the Read Data Mode. After the Read Data 
command has been i!sued the FOC loads the head (if it is in the unloaded state), waits the specified head 
settling time (defined in the Specify Command). and begins reading 10 Address Marks and ID fields. When 
the current sector number ("R") stored in the ID Register (lOR) compares with the sector number read off 
the diskette, then the FOC outputs data (from the data field) byte-to-byte to the main system via the data 
bus. 

After completion of the read operation from the current sector, the Sector Number is incremented by one, 
and the data from the next sector is read and output on the data bus. This continuous read function is called 
a "Multi-Sector Read Operation." The Read Data Command may be terminated by the receipt of a Terminal 
Count signal. Upon receipt of this signal, the F I?C stops outputting data to the processor, but will continue 
to read data from the current sector, check CRC (Cyclic Redundancy Count) bytes, and then at the end of 
the sector terminate the Read Data Command. 

The amount of data which can be handled with a single command to the FOC depends upon MT (multi­
track), MF (MFM/FM), and N (Number of Bytes/Sector). Table 1 below shows the Transfer Capacity. 

Multi- Track MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector Read 
MT MF N (Bytes/Sector) (Number of Sectors) from Diskette 

0 0 00 (128) (26) = 3,328 26 at Side 0 

0 1 01 (256) (26) =- 6,656 26 at Side 1 

1 0 00 (128) (52) = 6,656 
26 at Side 1 

L 1 1 01 (256) (52) = 13,312 

i 
0 0 01 (256) (15) = 3,840 15 at Side 0 

0 1 02 (512) (15) = 7,680 15 at Side 1 

1 0 01 (256) (30) = 7,680 
15 at Side 1 

1 1 02 (512)(30) = 15,360 

0 () 02 (512) (8) .. 4,096 8 at Side 0 
0 1 03 (1024) (8) = 8,192 8 at Side 1 

1 0 02 (512) (16) = 8,192 
8at Side 1 

L-1 1 03 (1024) (16) = 16,384 

Table 1. Transfer Capacity 

The "multi-track" function (MT) allows the FOC to read data from both sides of the diskette. For a 
particular cyl inder, data will be transferred 5tarting at Sector 0, Side 0 and completing at Sector L, Side 1 
(Sector L = last sector on the side). Note, this function pertains to only one cylinder (the same track) on 
each side of the diskette. 

When N = 0, then DTL defines the data length which the FDC must treat as a sector. If DTL is smaller than 
the actual data lengtl;1 in a Sector, the data beyond DTL in the Sector, is not sent to the Data Bus. The FOC 
reads (internally) the complete Sector performing the CRC check, and depending upon the manner of com­
mand termination, may perform a Multi-Sector Read Operation. When N is non-zero, then DTL has no 
meaning. 

At the completion of the Read Data Command, the head is not unloaded until after Head Unload Time 
Interval (specified in the Specify Command) has elapsed. If the processor issues another command before 
the head unloads then the head settling time may be saved between subsequent reads. This time out is 
particularly valuable when a diskette is copied from one drive to another. 

If the F DC reads all the data in the final sector of a cylinder and the read operation is not terminated by 
the processor, then the FDC sets the EN (End of Cylinder) flag in Status Register 1 to a 1 (high), and ter­

minates the Read Data Command. 

If the FDC detects the Index Hole twice without finding the right sector, (indicated in "R"), then the FDC 
sets the NO (No Data) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command. 

After reading the 10 and Data Fields in each sector, the FOC checks the CRC bytes. If a read error is 
detected (incorrect CRC in 10 field), the FOC sets the DE (Data Error) flag in Status Register 1 to a 1 (high).'--' 
and if a CRC error occurs in the Data Field the FDC also sets the DO (Data Error in Data Field) flag in 
Status Regi<;ter 2 to a 1 (high), and terminates the Read Data Command. 

If the F DC reads a Deleted Data Address Mark off the diskette, and the SK bit (bit 05 in the first Command 
Word) is not set (SK = 0), then the FOC sets the OM (Control Mark) flag in Status Register 2 to a 1 (high), 
and terminates the Read Data Command, after reading all the data in the Sector. If SK = 1, the FOG skips 
the sector with the Deleted Data Address Mark and reads the next sector. 

During disk data transfers between the FDC and the processor, via the data bus, the FDC must be serviced 
by the processor every 27 IlS in the FM Mode, and every 13 IlS in the MFM Mode, or the FDC sets the OR 

(Over Run) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command. 

If the processor terminates a read (or write) operation in the FOC, then the 10 Information in the Result 
Phase is dependent upon the state of the MT bit and EOT byte. Table 2 shows the values for C, H. R. and 
N. when the processor terminates the Command. 
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p.PD765 

MT EOT Final S~tor Transferred to Processor 
ID Information at Result Phase 

C N R 

1A Sector 1 to 25 at Side 0 

OF Sector 1 to 14 at Side 0 NC NC R + 1 

08 Sector 1 to 7 at Side 0 

1A Sector 26 at Side 0 

OF Sector 15 at Side 0 C+1 NC R = 01 
08 Sector 8 at Side 0 

0 
1A Sector 1 to 25 at Side 1 

OF Sector 1 to 14 at Side 1 NC NC R + 1 
08 Sector 1 to 7 at Side 1 

1A Sector 26 at Side 1 

OF Sector 15 at Side 1 C+1 

I 
NC R = 01 

08 Sector 8 at Side 1 

1A Sector 1 to 25 at Side 0 ! , , 
OF SeCtor 1 to 14 at Side 0 NC NC R + 1 

08 Sector 1 to 7 at Side 0 

1A Sector 26 at Side 0 

OF Sector 15 at Side 0 NC LSB R = 01 

08 Sector 8 atSide 0 
I 1 

lA Sector 1 to 25 at Side 1 

OF Sector 1 to 14 at Side 1 NC NC R+l 

08 Sector 1 to 7 at Side 1 

lA Sector 26 at Side 1 

OF Sector 15 at Side 1 C+1 LSB R = 01 

08 . Sector 8 at Side 1 

Notes: CD NC (No Change): The same value as the one at the beginning of command execution. 

@ LSB (Least Significant Bit): The least significant bit of H is complemented. 

Table 2: 10 Information When Processor Terminates Command 

WRITE DATA 

N 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

A set of nine (9) bytes are required to set the FDC into the Write Data mode. After the Write Data command 
has been issued the FDC loads the head (if it is in the unloaded state I. waits the specified heat settling time 
(defined in the Specify Command), and begins reading ID Fields. When the current sector number ("R"). 
stored in the ID Register (IDR) compares with the sector number read off the diskette, then the FDC takes 
data from the processor byte·by-byte via the data bus, and outputs it to the FDD. 

After writing data into the current sector, the Sector Number stored in "R" is incremented by one, and the 
next data field is written into. The F DC continues this "Multi-Sector Write Operation" until the issuance of 
a Terminal Count signal. If a Terminal Count signal is sent to the FDC it continues writing into the current 
sector to complete the data field. If the Terminal Count signal is received while a data field is being written 
then the remainder of the data field is filled with 00 (zeros). 

The FDC reads the 10 field of each sector and checks the CRC bytes. If the FDC detects a read error 
(incorrect CRC) in one of the ID Fields, it sets the DE (Data Error) flag of Status Register 1 to a 1 (high), 
and terminates the Write Data Command. (Status Registe.r 0 also has bits 7 and 6 set to 0 and 1 respectively.) 

The Write Command operates in much the same manner as the Read Command. The following items are the 
same, and one should refer to the Read Data Command for details: 

• Transfer Capacity • Head Unload Time Interval 
• EN (End of Cylinder) Flag ID Informatio~ when·the processor terminates command (see Table 2) 
• ! NO (No Data) Flag • Definition of DTL when N = 0 and when N =1= 0 

In the Write Data mode, data transfers between the processor and F DC, via the Data Bus, must occur every 
31}.1s in the FM mode, and every 15}.1s in the MFM mode."lfthe time interval between data transfers is 
longer than this then the FDC sets the OR (Over Run) flag in Status Register 1 to a 1 (high), and terminates 
the Write Data Command. (Status Register 0 also has bit 7 and 6 set to 0 and 1 respectively.) 

WRITE DELETED DATA 

This command is the same as the Write Data Command except a Deleted Data Address Mark is written at the 
beginni ng of the Data Field i Ilstead of th e normal Data Address Mark. 

READ DELETED DATA 

This command is the same as the Read Data Command except that when the F DC detects a Data Address 
Mark at the beginning of a Data Field (and SK = 0 (low), it will read all the data in the sector and set the 
OM flag in Status Register 2 to a 1 (high), and then terminate the command. If SK = 1, then the FDC skips 
the sector with the Data Address Mark and reads the next sector. 
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READ A TRACK 

This command is similar to READ DATA Command except that this is a continuous READ operation 
where the entire contents of the track are read. Immediately after encountering the INDEX HOLE, the 
FDC starts reading all data on the track, Gap bytes, Address Marks and Data are all read as a continuous 
data stream. If the FDC finds an error in the 10 or OAT A CRC check bytes, it continues to read data 
from the track. The F DC compares the ID information read from each sector with the value stored in the 
lOR, and sets the NO flag of Status Register 1 to a 1 (high) if there is no comparison. Multi-track or skip 
operations are not allowed with this command. 

This command terminates when EaT number of sectors have been read (EaT max = FFhex = 255decl. 
If the FDC does not find an 10 Address Mark on the diskette after it encounters the INDEX HOLE for the 
second time, then it sets the MA (missing address mask) flag in Statlis Register 1 to a 1 (high), and termi­
nates the command. 

READ 10 

The READ 10 Command is used to give the present position of the recording head. The FDC stores the 
values from the first 10 Field it is able to read. If no proper 10 Address Mark is found on the diskette, 
before the INDEX HOLE is encountered for the second time then the MA (Missing Address Mark) flag in 
Status Regis~er 1 is set to a 1 (high), and if no data is found then the NO (No Datal flag is also set in Status 
Register 1 to a 1 (high). The command is then terminated with Bits 7 and 6 in Status Register 0 set to 0 
and 1 respectively. 

FORMAT A TRACK 

, The Format Command allows an entire track to be formatted. After the INDEX HOLE is detected, Data is 
~itten on the Diskette; Gaps, Address Marks, 10 Fields and Data Fields, all per the IBM System 34 (Double 
Density) or System 3740 (Single Density) Format are recorded. The particular format which will be written 

is controlled by the values programmed into N (number of bytes/sector), SC (sectors-cylinder), GPL (Gap 
Length), and 0 (Data Pattern) which are supplied by the processor during the Command Phase. The Data 
Field is filled with the Byte of data stored in D. The ID Field for each sector is supplied by the processor; 
that is, four data requests per sector are made by the FDC for C (Cylinder Number), H (Head Numbed, 
R (Sector Number) and N (Number of Bytes/Sector). This allows the diskette to be formatted with non­
sequential sector numbers, if desired. 

After formatting each sector, the processor must send new values for C, H, R, and N to the J,LPD765 for 
each sector on the track. The contents of the R register is incremented by one after each sector is 
formatted. thus, the R register contains a value of R + 1 when it is read during the Result Phas'e. This 
incrementing and formatt1ng continue~ for ~h8 whole cylinder until the FDC encounters the INDEX HOLE 
for the second time, whereupon it terrT~inates tf,~ command. 

If a F AUL T signal is received from the F DO at the end of a write operation, then the F DC sets the 
EC flag of St,atus Register 0 to a 1 (high), and terminates the command after setting bits 7 and 6 of Status 
Register 0 to 0 and 1 respectively. Also the loss of a READY signal at the beginning of a command 
execution phase causes bits 7 and 6 of Status Register 0 to beset to 0 and 1 respecitvely. 

Table 3 shows the relationship between N, SC, and GPL for various sector sizes: 

FORMAT SECTOR SIZE N SC GPL CD GPL (?) REMARKS 

128 bytes/Sector 00 ! lA( 161 i .07 1B(16) IBM 0 iskette 1 

FM Mode 256 01 OF(16) OE(16) 2A(16) IBM 0 iskette 2 

512 02 08 I 1B(16) 3A(16) 

I 1024 bytes/Sector 03 04 I - -

I 
I 

FM Mode 

1

2048 
1

04 02 I - -

i 

4096 105 01 I - -

1

256 

I 
I 
: 01 1A(16) i OE,(16) 36(16) IBM Diskette 20 

I 1512 
1

02 OF(16) 1B(16) 54(16) ! 
i 1 1024 ! 03 08 35(16) 74(16) IBM 0 iskette 20 
i MFM Mode I 

104 
i 2048 

105 

04 - -

i ! 4096 02 - -

, I 

106 : 8192 01 I - -

Table 3 

Note: G) Suggested values of GPL in Read or Write Commands to avoid splice point between data field 
and 10 field of contiguous sections. 

(1) Suggested values of GPL in format command. 
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fLPD765 
SCAN COMMANDS 

The SCAN Commands allow data which is being read from the diskette to be compared against data which 
is being supplied from the main system (Processor in NON-DMA mode, and DMA Controller in DMA mode). 
The FDC compares the data on a byte-by-byte basis, and looks for a sector of data which meets the condi­

tions of DFDD = DProcessor, DFDD :0:;;; DProcessor, or DFDD ~ DProcessor. Ones complement arith­
metic is used for comparison (FF = largest number, 00 = smallest number). After a whole sector of data 
is compared, if the conditions are not met, the sector number is incremented (R + STP ~ R), and the scan 
operation is continued. The scan operation continues until one of the following conditions occur; the con­
ditions for scan are met (equal, low, or high), the last sector on the track is reached (EaT), or the terminal 
count signal is received. 

If the conditions for scan are met then the FDC sets the SH (Scan Hit) flag of Status Register 2 to a 1 
(high), and terminates the Scan Command. If the conditions for scan are not met between the starting 
sector (as specified by R) and the last sector on the cylinder (EaT), then ~e FDC sets the SN (Scan Not 
Satisfied) flag of Status Register 2 to a 1 (high), and terminates the Scan Command. The receipt of a 
TERMINAL COUNT signal from the Processor or DMA Controller during the scan operation will cause the 
FDC to complete the comparison of the particular byte which is in process, and then to terminate the com­
mand. Table 4 shows the status of bits SH and SN under various conditions of SCAN. 

STATUS REGiSTER 2 
COMMAND COMMENTS 

BIT 2 = SN BIT 3 = SH 

0 1 DFDD = DProcessor 
Scan Equal 

1 0 DFDD =1= DProcessor 

I 
0 1 DFDD = DProcessor 

I 
Scan Low or Equal 0 0 DF DO < DProcessor 

1 a DFDD 4. DProcessor 

0 1 DFDD = DProcessor 

Scan High or Equal a a DFDD < DProcessor 

1 a DFDD ~ DProcessor 

Table 4 

If the FDC encounters a Deleted Data Address Mark on one of the sectors (and SK = a), then it regards the 
sector as the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 to a 1 (high) and 
terminates the command. If SK = 1, the FDC skips the sector with the Deleted Address Mark, and reads 
the next sector. In the second case (SK = 1), the FDC sets the CM (Control Mark) flag of Status Register 2 
to a 1 (high) in order to show that a Deleted Sector had been encountered_ 

When either the STP (contiguous sectors = 01, or alternate sectors = 02 sectors are read) or the MT (Multi­
Track) are programmed, it is necessary to remember that the last sector on the track must be read. For 
example, if STP = 02, MT = a, the sectors are numbered sequentially 1 through 26, and we start the Scan 
Command at sector 21; the following will happen. Sectors 21, 23, and 25 will be read, then the next sector 
(26) will be skipped and the I ndex Hole will be encountered before the EaT value of 26 can be read. This 
will result in an abnormal termination of the command. If the EaT had been set at 25 or the scanning 
started at sector 20, then the Scan Command would be completed in a normal manner. 

During the Scan Command data is supplied by either the processor or DMA Controller for comparison 
against the data read from the diskette. In order to avoid having the OR (Over Run) flag set in Status 
Register 1, it is necessary to have the data available in less than 2711s (FM Mode) or 13 llS (MFM Mode). If 
an Overrun occurs the F DC ends the command with bits 7 and 6 of Status Register a set to 0 and 1, 
respect ivel y. 

SEEK 

The read/write head within the FDD is moved from track to track under control of the Seek Com-
mand. The FDC compares the peN (present Cylinder Number) which is the current head position with the 
NCN (New Cylinder Number), and if there is a difference performs the following operation: 

PCN < NCN: Direction signal to FDD set to a 1 (high), and Step Pulses are issued. 
PCN > NCN: Direction signal to FDD set to a a (low), and Step Pulses are issued. 

The rate at which Step Pulses are issued is controlled by SRT (Stepping Rate Time) in the SPECIFY Com­
mand. After each Step Pulse is issued NCN is compared against PCN, and when NCN = PCN, then the SE 
(Seek End) flag is set in Status Register 0 to a 1 (high), and the command is terminated. . 

During the Command Phase of the Seek operation the F DC is in the F DC BUSY state, but duri ng the 
Execution Phase it is in the NON BUSY state. While the FDC is in the NON BUSY state, another Seek 
Command may be issl!ed, and in this manner parallel seek operations may be done on up to 4 Drives at 

once. 

If a FDD is in a NOT READY state at the beginning of the comm.and execution phase or during the seek 
operation, then the NR (NOT READY) flag is set in Status Register a to a 1 (high), and the command is 
terminated after bits 7 and 6 of Status Register a are set to 0 and 1 respectively. 
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RECALIBRATE 

The function of 1his command is to retract 1he read/write head within the FDD to the Track 0 position. The 
FDC clears the contents-of the PCN counter, and checks the status of the Track 0 signed signal from the 
FDD. As long as the Track 0 signal is low, the Direction signal remains 1 (high) and Step Pulses are issued. 
When the Track 0 signal goes high, the SE (SEEK END) flag in Status Register 0 is set to a 1 (high) and the 
command is terminated. Ifthe Track 0 signal is still low after77 Step Pulse have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags of Status Register 0 to both 1s (highs), and 
terminates the command after bits 7 and 6 of Status Register 0 is set to 0 and 1 respectively. 

The ability to do overlap RECALIBRATE Commands to multiple FDDs and the loss of the READY signal, 
as described in the SEEK Command, also applies to the RECALIBRATE Command. 

SENSE INTERRUPT STATUS 

An I nterrupt signal is generated by the FDC for one of the following reasons: 

1. Upon entering the Result Phase of: 
a. Read Data Command 
b. Read a Cylinder Command 
c. Read 10 Command 
d. Read Deleted Data Command 
e. Write Data Command 
f. Format aCyl inder Command 
g. Write Deleted Data Command 
h. Scan Commards 

2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during normal command operations and are easily dis­
cernible by the processor. However, interrupts caused by reasons 2 and 3 above may be uniquely identified 
with the aid of the Sense Interrupt Status Command. This command when issued resets the interrupt signal 
and via bits 5, 6, and 7 of Status Register 0 identifies the cause of the interrupt. 

SEEK END INTERRUPT CODE 

BIT5 
CAUSE 

BIT6 BIT7 

0 1 1 Ready Line changed state, either polarity 

1 0 0 Normal Termination of Seek or Recalibrate Command 

1 1 0 Abnormal Termination of Seek or Recalibrate Command 

Table 5 

Neither the Seek or Recalibrate Command have a Result Phase. As a result it is mandatory to use the ~ense 
Interrupt Status Command after these commands to effectively terminate them and to provide verification 
of where the head is positioned (PCN). 

SPECIFY 

The Specify Command sets the initial values for each of the three internal timers. The HUT (Head Unload 
Time) defines the time from the end of the Execution Phase of one of the ReadIWrite Commands to the 
head unload state. This timer is programmable from 0 to 240 ms in increments of 16 ms (00 = 0 ms, 01 = 
16 ms, 02 = 32 ins, etc.). The SRT (Step Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 16 ms in increments of 1 ms (01 = 1 ms, 02 = 2 ms, 03 = 3 ms, 
etc.). The H L T (Head Load Time) defines the time between when the Head Load signal goes high and when 
the Read/Write operation starts. This timer is programmable from 2 to 256 ms in increments of 2 ms 
(00 = 2 ms, 01 = 4 ms, 02 = 6 ms, etc.). 

The time intervals mentioned above are a direct function of the clock (CLK on pin 19). Times indicated 
above are for an 8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy application) then all time 
intervals are increased by a factor of 2. 

The choice of DMA or NON-DMA operation is made by the NO (NON-DMA) bit. When this bit is high 
(NO = 1) the NON-DMAmode is selected, and when NO = 0 the DMA mode is selected. 

SENSE DRIVE STATUS 

This command may be used by the processor whenever it wishes to obtain the status of the FDDs. 

INVALID 

If an invalid command is sent to the FDC (a command not defined above), then the FDC will terminate the 
command after bits 7 and 6 of Status Register 0 are set to 1 and 0 respectively. A Sense Interrupt Status 
Command must be sent after Seek or Recalibrate Commands, otherwise the FOe will consider the next 
command to be an I nvalid Command. 

In some applications the user may wish to use this command as a No-Op command, to place the FDC in a 
standby or no operation state. 
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I 
I 

NO. 

07 

06 

05 

04 

03 

02 

01 
DO 

07 

06 

05 

04 

03 

02 

BIT 
NAME 

Interrupt 
Code 

I 

Seek End 
I 

Equipment 
Check 

Not Ready 

Head 
Address 

Unit Select 0 
Unit Select 1 

End of 
Cylinder 

Data Error 

Over Run 

No Data 

JLPD765 

SYMBOL 
DESCRIPTION 

STATUS REGISTER 0 

07 == 0 and 06 == 0 
IC Normal Termination of Command, (NT). Com-

mand was completed and properly executed. 

07 == 0 and 06 = 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not 
successfully completed. 

07 = 1 and 06 = 0 
Invalid Command issue, (lC). Command which 

t was issued was never started. 

I 07 = 1 and 06 = 1 
Abnormal Termination because during command; 
execution the ready signal from FDD changed I 

state. 

SE When the FOC completes the SEEK Command, 
this flag is set to 1 (high). 

EC If a fault Signal is received from the FOD, or if 
the Track 0 Signal fails to occur after 77 Step 
Pulses (Recalibrate Command) then this flag is 
set. 

NR When the FOO is in the not-ready state and a 
read or write command is issued, th is flag is set. 
If a read or write command is issued to Side 1 of 
a single sided drive, then th is flag is set. 

HO This flag is used to indicate the state of the head 
I at 1 nterrupt. 

usa These flags are used to indicate a Drive Unit 
US 1 Number at Interrupt 

STATUS REGISTER 1 

EN When the FDC tries to access a Sector beyond 
the final Sector of a Cylinder, this flag is set. 

Not used. This bit is always 0 (low). 

DE When the F DC detects a eRC error in either the I 

10 field or the data field, this flag is set. 

OR If the FOC is not serviced by the main-systems 
during data transfers, within a certain time 
interval, this flag is set. 

Not used. This bit always 0 (low). 

NO During execution of READ OATA,WRITE 
DELETED DATA or SCAN Command, if the 
FOC cannot find the Sector specified in the lOR 
Register, this flag is set. 

During executing the READ 10 Command, if 
the F DC canl10t read the 10 field without an 
error, then this flag is set. 

During the execution of the READ A Cylinder 
Command, if the starting sector cannot be 
found, then this flag is set. 
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BIT 

NO. NAME 

01 Not 

Writable 

DO Missing 
Address 
Mark 

07 

I 
06 Control 

I 
Mark 

I 
! 

L 
I 05 Data Error in 

Data Field 

04 Wrong 

i 
Cylinder 

I 
03 Scan Equal 

I Hit 
I 02 Scan Not 
I Satisfied I 

I 

I 
01 Bad 

Cylinder 

DO Missing 

Address Mark 

in Data Field 

07 Fault 

06 Write 

Protected 

D5 Ready 

04 Track a 
~ 

03 Two Side 

I 
02 Head Address 

l 
I 01 Unit Select 1 
I 

DO Unit Select a 
I 
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DESCRIPTION 
SYMBOL 

STATUS REGISTER 1 (CONT.) 

NW During execution of WRITE DATA, WRITE 

DELETED DATA-or Format A Cylinder Com-

mand, if the FDC detects a write protect signal 

from the FOD, then this flag is set. 

MA If the FDC cannot detect the 10 Address Mark 

after encountering the index hold twice, then 

th is flag is set. 

If the FDC cannot detect the Data Address Mark 

or Deleted Data Address Mark, this flag is set. 

Also at the same time, the MD (Missing Address 

Mark in Data Field) of Status Register 2 is set. 

STATUS REGISTER 2 

Not used. This bit is always a (low). 

CM During executing the READ DATA or SCAN 

Command, if the F DC encou nters a Sector vyh ich 

contains a Deleted Data Address Mark, th is 

flag is set. 

DO If the FDC detects a CRC error in the data field 

then this flag is set. 

WC This bit is related with the NO bit, and when the 

contents of C on the medium is different from 

that stored in the lOR, this flag is set. 

SH i During execution, the SCAN Command, jf the 
I condition of "equal" is satisfied, th is flag is set. 

SN During executing the SCAN Command, if the 

FDC cannot find a Sector on the cylinder which 

meets the condition, then this flag is set. 

BC This bit is related with the NO bit, and when the 

content of C on the medium is different from 

that stored in the I DR and the..content of C is 

FF, then this flag is set. 

MD Wh en data is read from the mediu m, if the F DC 

carmot find a Data Address Mark or Deleted 

Data Address Mark, th en th is fl ag is set. 

STATUS REGISTER 3 

FT This bit is used to indicate the status of the 

Fault signal from the FDD. 

WP This bit is used to indicate the status of the 

Write Protected signal from the F DO. 

RY This bit is used to indicate the status of the 

l Ready signal f~~~~~p~_ 
TO I This bit is used to indicate the status of the 

Track a signal from the FOO. 

TS This bit is used to indicate the status of the 

Two Side signal from the FOD. 

HD This bit is used to indicate the status of Side 

Select signal to the FDO. 

US 1 This bit is used to indicate the status of the Unit 

Select 1 signal to the FDO. 

usa This bit is used to indicate the status of the Unit 

Select a signal to the FOO. 

j 
! 

I 

STATUS REGISTER 
IDENTIFICATION (CONT.) 
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NEe Microcomputers, Inc. NEe 

2048 BIT STATIC MOS RAM WITH 
110 PORTS AND TIMER 

fLPD8155 
,uPD8156 

OESCR IPTI ON The JlPD8155 and UPD8156 are JlPD8085A family components having 256 X 8 Static 
RAM, 3 programmable I/O ports and a programmable timer. They directly interface 
to the multiplexed JlPD8085A bus with no external logic. The JlPD8155 has an active 
low chip enable while the JlPD8156 is active high. 

FEATURES • 256 X 8-Bit Static RAM 

• Two Programmable 8-Bit I/O Ports 

• One Programmable 6-Bit I/O Port 

• Single Power Supplies: +5 Vellt 

• Directly Interfaces to the JlPD8085A 

• Available in 40 Pin Plastic Packaqes 

PIN CONFIGURATION PC3 vcc 
PC4 PC2 

TIMER IN PC, 
RESET PCO 

PCs PB7 
TIMER OUT PBS 

loiM PBS 
CE/CE* PB4 

RD PB3 

WR J.tPD PB2 
8155/ PB1 ALE 

ADO 8156 PBo 

AD1 PA7 

AD2 PAS 

AD3 PAS 

AD4 PA4 

ADs PA3 
ADS PA2 

AD7 PAl 

VSS PAo 

*~PD81SS: CE 

~PD81SS: CE 
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The pPD8155 and pPD8156 contain 2048 bits of Static RAM organized as 256 X 8. 
The 256 word memory location may be sel~cted anywhere with in the 64K memory 
space by using combinations of the upper 8 bits of address from the pPD8085A as a 
ch i p sel eet. 

The two genenll purpose 8-bit ports (PA and PB) may be programmed for input or 
output either in interrupt or status mode. The single 6-bit port (PC) may be used as 
control for PA and PB or general purpose input or output port. The pPD8155 and 
pPD8156 are programmed for their system personalities by writing into their 
Command/Status Registers (C/S) upon system initialization. 

The timer is a single 14-bit down counter which is programmable for 4 modes of oper­
ation; see Timer Section. 

8 
AD 7 - AD 0 ~-+--t---'-~ 

10 (M ---+---..-t 

ALE ---t--~ 

WR ---+---__ 

RESET ---~-~ 

TIMER IN ---t--~ 

L 
A 
T 
C 
H 

v CC (+5V) 

TIMER 

Vss (OV) 

TIMER OUT 

Operating Temperature. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to +70°C 
Storage Temperature (Plastic Package) .................... -40°C to +125°C 
Voltage on Any Pin ............................... -0.3 to +7 Volts<D 
Power Dissipation .............................. ~ . . . . . . . .. 1.5 W 

Note: <D With Respect to Ground. 

COMMENT: Stress above those listed under II Absolute Maximum Ratings" may cause perm'anent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*T = 25°C a 
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PIN IDENTIFICATION 

IJ-PD8155/8156 

PIN 

NO. SYMBOL NAME FUNCTION 

I" 2.5 
PC3,PC4,PC5 Port C 

. 
Used as control for PA and 

39,38,37 PC2,PC1,PCO PB or as a 6-bit general 
purpose port 

3 TIMER IN Timer Clock In Clock input to the 14-bit 
.::- binary down counter 

4 RESET Reset In From J,LPD 8J85A system reset 

I 
to set PA, PB, PC to the input 

mode 
----I _ ...... ,.. ,.. 1_. - . ....... A r- n l-r I 6 I l.ltV;cn au I I Ilmer t,oumer uutput I I ne output ot tne timer 

I function 

7 10/M 

! I 

8 CE/CE 

9 RD 

10 WR 

11 ALE~ 

,12-19 ADO - AD7 

20 VSS 

21-28 PAO - PA7 

29-36 PBO - PB7 

40 VCC 

I/O or Memory 
Indicator 

Chip Enable 

Read Strobe 

Write Strobe 

Address low Enable 

low Address/Data 

Ground 

Port A 

Port B 

5 Volt Input 

I Selects whether operation to 
and from the chip is directed 
to the internal R AM or to 
110 ports 

Chip Enable Input. Active 

low for J,LPD8155 and 
active high for J,LPD8156 

Causes Data Read 

Causes Data Write 

latches low order address 
in when valid 

3-State addressldata bus 
, to interface directly to 

J,LPD8085A 

-Ground Reference 

General Purpose I/O Port 

General Purpose 1/0 Port 

Power Supply 

I 

I 
i 

8 DC CHARACTERISTICS Ta = o°c to +70°C; VCC = 5V ± 5% 
o 
~ 

o 
~ 
() 
W 
Z 

2166 

PARAMETER 

Input Low Voltage 

Input High Voltage 

Output Low Vol tage 

Output High Voltage 

Input Leakage 

Output Leakage Current 

VCC Supply Current 

Chip 
J,LPD8155 

Enable 
J,LPD8156 

Leakage 

SYMBOL MIN 

VIL -0.5 

VIH 2.0 

VOL 

VOH 2.4 

IlL 

ILO 

ICC 

IIL(CE) 

IIL(CE) 

LIMITS TEST 
TYP MAX UNIT CONDITIONS 

0.8 V 

VCC+O·5 V 

0.45 V IOl = 2mA 

V IOH = 4ooJ,LA 

±10 J,LA VIN = VCC to OV 

±10 J,LA 0.45V ~ VOUT 
~VCC 

180 rnA 

+100 J,LA 
-100 J,LA 

VIN = VCC to OV 
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AC CHARACTERISTICS 
LIMITS 

TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Address to Latch Set Up Time tAL 50 ns 

Address Hold Time after latch tlA 80 ns 

latch to READ/WRITE Control tlC 100 ns 

Valid Data Out Delay from READ Control tRD 170 ns 

Address Stable to Data Out Valid tAD 400 ns 

Latch Enable Width tll 100 ns 

Data Bus Float After READ tRDF 0 100 ns 

READ/WRITE Control to Latch Enable tCl 20 ns 

READ/WRITE Control Width tcc 250 ns 

Data In to WRITE Set Up Time tow 150 ns 

Data In Hold Time After WRITE two , 0 i ns 

Recovery Time Between Controls tRV : 300 ns 

! WR ITE to Port Output twP 400 ns 

i Port Input Setup Time tPR 70 ns 

Port Input Hold Time 50 
150 pF Load 

tRP ns 

Strobe to Buffer Full tSBF 400 ns 

,Strobe Width tss 200 ns 

READ to Buffer Empty tRBE 400 ns 

Strobe to I NTR On tSI 400 ns 

READ to INTR Off tRDI 400 ns 

I Port Setup Time to Strobe Strobe tpss 50 I ns 

Port Hold Time After Strobe tPHS 120 ns 

Strobe to Buffer Empty I tSBE J400 ns 

i WRITE to Buffer Full twBF : 400 ns 

WRITE to INTR Off tWI 1
400 ns 

TIMER-IN to TIMER-OUT low tTL i 1400 ns 

I TIMER-IN to TIMER-OUT High : tTH I i i 400 i ns 

, Data Bus Enable from READ Control I tRDE 10 I I I ns 

READ CYCLE TIMING WAVEFORMS 
CE 

~ ~ ~ 
(j.lPDS",551 

OR 

CE 
Ij.lPD8156) 

I 

101M 

tAD 

AD~7 

-tLA_[ 
"-

ALE CD 
~ 

:::J 
a. 

Ro E 
0 
0 
0 
"-
.~ 

WRITE CYCLE ~ 

CE ) t ~ 
Ij.lPD8155) 

OR 

CE 
Ij.lPD8156) 

IOliiii 

ADO-7 

ALE 

WR 
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TIMING WAVEFORMS 
(CaNT.) 

JLPD8155/8156 
STROBED INPUT MODE 

BF -------' 
tSBF 

INTR 

INPUT DATA FROM PORT __________ ~~ ____ ~~~ ________________________________ __ 

STROBED OUTPUT MODE 

SF 

INTR 

WR 

r-- twp 

OUTPUT DATA y-
TOPORT ________________________ ~~~-----------------------------------

BASIC INPUT MODE 

FlO It-~ __ :) F
tRP 

INPUT :::::::5( __ ~_._tP_R ___ k= 
DATA BUS::-:::::x ______ _ 

BASIC OUTPUT MODE 

,'----s 
DATA BU5:::_-.:::::X Xl":':-': 

OUTPUT ______________ ~ 

TIMER OUTPUT 
LOAD 

COUNTER 
FROMCLR ~ 

RELOAD 

FCRO~~~~~ -~ 
COUNT I , 0 '. I 0 I 

TIMER-IN 

TIMER-OUT 
(PULSE) 

TIME-OUT 
(SQ. WAVE) - - - - -

COUNTDOWN FROM 3 TO 0 

TCYC 320 ns MIN. 

tRISE & tFALL 30 ns MAX. 
11 80 ns MIN. 
t2 120 ns MIN. 
tTL TIMER-IN TO TIMER-OUT LOW (TO BE DEFINED!. 
tTH TIMER-IN TO TIMER-OUT HIGH (TO BE DEFINED!. 
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The Command Status Register is an 8-bit register which must be programmed before 
the tLPD8155/8156 may perform any useful functions. Its purpose is to define the 
mode of operation for the three ports and the timer. Programming of the device may 
be accomplished by writing to I/O address XXXXXOOO (X denotes don't care) with a 
specific bit pattern. Reading of the Command Status Register can be accomplished by 
performing an I/O read operation at address XXXXXOOO. The pattern returned will 
be a 7-bit status report of PA, PB and the Timer. The bit patterns for the Command 
Status Register are defined as follows: 

COMMAND STATUS WRITE 

I TM2 TMl IEB lEA PB PA 

where: 

TM2-TMl Define Timer Mode 

IEB Enable Port B Interrupt 

lEA Enable Port A Interrupt 
-PC2-PCl Define Port C Mode 

PBfPA Define Port BfA as I n or Out <D 

The Timer mode of operation is programmed as follows during command status write: 

TM2 TMl TIMER MODE 

a a Don't Affect Timer Operation 

a 1 Stop Timer Counting 

1 a Stop Counting after TC 

1 1 Start Timer Operation 

Interrupt enable status is programmed as follows: 

IEB/IEA INTERRUPT ENABLE PORT B/A 

a No 

1 Yes 

Port C may be placed in four possible modes of operation as outlined below. The modes 
are selected duringcommand status write as follows: 

PC2 PCl PORT C MODE 

a a ALT 1 

a 1 ALT 3 

1 a ALT4 

1 1 ALT2 

The function of each pin of port C in the four possible modes is outlined as follows: 

PIN ALT 1 ALT2 ALT 3 C6l ALT 4 C6l 
pca IN OUT AINTR AINTR 

PCl IN OUT A BF ABF 

PC2 IN OUT A STB ASTB 

PC3 IN OUT OUT BINTR 

PC4 IN OUT OUT B BF 

PC5 IN OUT OUT B STB 

Notes: CD PB/PA Sets Port B/A Mode: 0 = Input; 1 = Output 

(2) In AL T 3 and AL T 4 mode the control signals are initialized as follows: 

CONTROL 

STB (Input Strobe) 

INTR (Interrupt Request) 

BF (Buffer Full) 
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Input Control 

Low 

Low 

OUTPUT 

Input Control 

High 

Low 

COMMAND STATUS 
REGISTER 
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COMMAND STATUS 
REGISTER (CaNT.) 

COMMANDSTATOSREAD 
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TI 
INTE 

B 
B 

BF 
INTR 

B 

INTE 
A 

A 
BF 

INTR 
A 

Where the function of each bit is as follows: 

TI 

INTE B/A 

BfA BF 

INTR B/A 

Defines a Timer Interrupt. Latched high at TC and 
reset after reading the CS register or starting a new 
count. 

Defines If Port B/A Interrupt is Enabled. 
High::: enabled. 

Defines If Port B/A Buffer is Fuii- input Mode or 
Empty-Output Mode. High = active. 

Port B/ A Interrupt Request. High = active. 

The programming address summary for the status, ports, and timer are as follows: 

1/0 Address Number of Bits Function 

XXXXXOOO 8 Command Status 

XXXXXOOl 8 PA 

XXXXX010 8 PB 

XXXXX011 6 PC 

XXXXX100 8 Timer-Low 

XXXXX101 8 Timer-High 

TI ME R The Internal Timer is a 14-bit binary down counter capable of operating in 4 modes. Its 
desired mode of operation is programmable at any time during operation. Any TTL 
clock meeting timer in requirements (See AC Characteristics) may be used as a time 
base and fed to the timer input. The timer output may be looped around and cause an 
interrupt or used as I/O control. The operational modes are defined as follows and 
programmed along with the 6 high bits of timer data. 

M2 M1 Operation 

0 0 High at Start, Low During Second Half of CO"unt 

0 1 Square Wave 
(Period::: Count Length, Auto Reload at TC) 

1 0 Single Pulse at TC 

1 1 Single Pulse at TC with Auto Reload 

Programming the timer requires two words to be written to the ,uPD8155/8156 at I/O 
address XXXXX100 and XXXXX101 for the low and high order bytes respectively. 
Valid count length must be between 2H and 3FFFH. The bit assignments for the high 
and low programming words are as follows: 

Word Bit Pattern I/O Address 

High Byte M2 I M 1 I T 1 3 I T12 I T 11 I T10 I T9 I T8 I XXX XX 1 01 

Low Byte T7 I T6 I T5 I T4 I T3 I T2 I Tl I TO I XXXXX 100 

The control of the timer is performed by TM2 and TM1 of the Command Status Word. 
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ILPD8155/8156 

ITEM MILLIMETERS 

A 51.5 MAX 

B 1.62 

C 2.54 ± 0.1 

0 0.5± 0.1 

E 48.26 

F 1.2 MIN 

G 2.54 MIN 

H 0.5MIN 

I 5.22 MAX 

J 5.72 MAX 

K 15.24 

L 13.2 

+ 0.1 
M 0.25 . 

- 0.05 

@JC MASTER 1979 

INC!"IES 

2.028 MAX 

0.064 

0.10± 0.004 

0.019 ± 0.004 

1.9 

0.047 MIN 

0.10 MIN 

0.019 MIN 

0.206 MAX 

0.225 MAX 

0.600 

0.520 

+ 0.004 
0.010 _ 0.002 

PACKAGE OUTLINE 
IlPD8155C 
IlPD8156C 

SPS155/S156-S-78-GN-CAT . 
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EIGHT-BIT INPUT/OUTPUT PORT 

DESCRIPTION The MPB8212 input/output port consists of an 8-bit latch with three-state output 
buffers along with control and device selection logic. Also included is a service request 
flip-flop for the control and generation of interrupts to the microprocessor. 

The device is multimode in nature and can be used to implement latches, gated buffers 
or multiplexers. Thus, all of the principal peripheral and input/output functions of a 
microcomputer system can be implemented with this device. 

FEATURES • Fully Parallel 8-Bit Data Register and Buffer 

• Service Request Flip-Flop for Interrupt Generation 

• Low Input Load Current - 0.25 rnA Max. 

• Three State Outputs 

• Outputs Sink 15 rnA 

• 3.65V Output High Voltage for Direct Interface to 8080A Processor 

• Asynchronous Register Clear 

• Replaces Buffers, Latches and Multiplexers in Microcomputer Systems 

• Reduces System Package Count 

• Available in 24-pin Plastic and Cerdip Packages 

PIN CONFIGURATION 
OS1 VCC 

MO INT 

011 018 PIN NAMES 

0°1 008 011 -.018 Data In 

012 01 7 001 - 008 Data.Out 

0°2 MPB 007 

013 
8212 

016 

DS1,DS2 Device Select 

MD Mode 

003 006 STB Strobe 

014 01 5 INT Interrupt (Active Low) 

0°4 005 CLR Clear (Active Low) 

STB CLR 

GNO OS2 

Rev/l 
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Data Latch 

The 8 flip-flops that compose the data latch are of a "0" type design. The output (a) 

of the flip-flop follows the data input (D) while the clock input (C) is high. Latching 
occurs when the clock (C) returns low. 

The data latch is cleared by an asynchronous reset input (CLR). 
(Note: Clock (C) Overrides Reset (CLR).) 

Output Buffer 

The output of the data latch (0) are connected to three-state, non-inverting output 
buffers .. These buffers have a common control line (EN); enabling the buffer to trans­
mit the data from the outputs of the data latch (0) or disabling the buffer, forc::-ig the 
output into a high impedance state (three-state). 

This high~impedance state allows the designer to connect the pPB8212 directly to the 
microprocessor bi-di"rectional data bus. 

Control Logic 

The pPB8212 has four control inputs: OS1, OS2, MO and STB. These inputs are 
employed to control device selection, data latching, output buffer state and the 
service request flip-flop. 

OS" DS2 (Device Select) 

These two inputs are employed for device selection. When OS1 is low and OS2 is high 
(OS1 • OS2) the device is selected. In the selected state "the output buffer is enabled and 
the service request flip-flop (SR) is asynchronously set. 

Service Request Flip-Flop (SR) 

The (SR) flip-flop is employed to generate and control interrupts in microcomputer 
systems. It is asynchronously set by the CLR input (active low). When the (SR) flip­
flop is set it is in the non-interrupting state. 

The output (0) of the (SR) flip-flop is connected to an inverting input of a "NOR" 
gate. The other input of the "NOR" gate is non-inverting and is connected to the 
device selection logic (OS1 • OS2). The output of the "NOR" gate (lNT) is active 
low (interrupting state) for connection to active low input priority generating circuits. 

MD (Mode) 

This input is employed to control the state of the output buffer and to determine,the 
source of the clock input (C) to the data latch. 

When MO is in the output mode (high) the output buffers are enabled and the source 
of clock (C) to the data latch is from the device selection logic (OS1 • OS2). 

When MO is in the input mode (low) the output buffer state is determined by the 
device selection logic (OS1 • OS2) and the source of clock (C) to the data latch is 
the STB (Strobe) input., 

STB (Strobe) 

STB is employed as the clock (C) to the data latch for the input mode (MO = 0) and 
to synchronously reset the service request flip-flop (SR), 

Note that the SR flip~flop triggers on the negative edge of STB which overrides CL~. 

Operating Temperature .............................. O°C to +70°C 
Storage Temperature .............................. , "':'-65°C to +150°C 
All Output or Supply Voltages .......................... -0.5 to +7 Volts 
All Input Voltages ................................. -1.0 to +5.5 Volts 
Output Currents ......................................... 125 mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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FUNCTIONAL DESCRIPTION 

ABSOLUTE MAXIMUM 
RATINGS* 
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BLOCK DIAGRAM 

STB MD (OS1 • DS2) 
DATA OUT 

EQUALS 

I 0 0 I 0 Three-State 

1 0 0 Three-State 

0 1 0 Data Latch 

1 1 0 Data latch 

0 0 1 Data Latch 
1 0 1 Data In 

0 1 1 Data In 

1 1 1 Data In 

DC CHARACTERISTICS 

2174 

CLR (OS1 ·OS21 STB SR (2) INT 

0 0 0 1 1 

0 1 0 1 0 

1 0 0 Q) Q) 

1 ~ 0 1 1 

1 0 """'-- 0 0 

1 1 0 1 0 

1 1 ~ 0 0 

PARAMETER SYMBOL 

Input Load Current ACK. OS2. IF 

CR. 011 - Olslnputs 

Input Load Current MO Input IF 

Input Load Current OSl Input IF 

Input Leakage Current ACK. IR 

OS. CR. 011 - OIS Inputs 

Input leakage Current MO IR 

Input 

Input Leakage Current OSl IR 
Input 

Input Forward Voltage Clamp Vc 
Input "Low" Voltage VIL 
Input "High" Voltage VIH 
Output" Low" Voltage VOL 
Output "High" Voltage VOH 
Short Circuit Output Current ISC 

Output Leakage Current High 10 

Impedance State 

Power Supply Current ICC 

,.,.PB8212 

Notes: CD ClR resets data latch sets SR flip-flop. (No effect on output buffer) 

(2) Internal SR flip-flop 

@ Previous data remains 

LIMITS 

TYP 
UNIT TEST CONDITIONS 

MIN MAX 

-0.14 -0.25 mA VF = 0.45V 

-0.25 -0_75 mA VF = 0.45V 

-0.26 -1.0 mA VF = 0.45V 

10 J1A VR = 5.25V 

30 J1A VR = 5.25V 

40 J1A VR = 5.25V 

-0.S5 -1.3 V Ic=-5mA 

0.85 V 

2.0 V 

0.26 0.45 V IOL = 15 mA 

3.65 4.0 V IOH=-1mA 

-15 -38 -75 mA VO·=OV 

20 J1A Vo = 0.45V /5.25V 

103 130 mA 
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fLPB8212 
Ta = O°C to +70°C; VCC = +5V ± 5% 

LIMITS 
PARAMETER SYMBOL 

MIN TYP MAX 
UNIT TEST CONDITIONS 

Pulse Width tpw 30 ns Input Pulse 

Data To Output Delay tpd 20 30 ns Amplitude = 2.5V 

Write Enable To Output Delay twe 40 ns Input Rise and Fall 

Data Setup Time tset 15 ns Times = 5 ns 

Data Hold Time th 20 ns Between 1 V and 2V 

Reset to Output Delay tr 40 ns Measurement made 

Set To Output Delay ts 30 ns at 1.5V with 15 rnA 

Output Enable/Disable Time te/td 45 ns CD I and 30 pF 
I Test Load 

Clear To Output Delay tc 55 ns ~ 

Notes: CD R1 = 300Q/10KQ; R2 = 600Q/l KQ 

~ R1 = 300Q; R2 = 600Q 

Vee 

r1R 
TO 1 

D.U.T R 

CD 30 pF J. -= 2 

TEST CI RCUIT 

Note: CD Including Jig and Probe Capacitance 

'osvx---- ---:-- -- !'osv 
------ -' t;=tpw I tH~'7----

STB or Os, ._DS_2 _______ 'os-Jv/ \1.5V 

_________ ~_~~X,:~----o----------

DATA 

OUTPUT 

OUTPUT 

____ ,_Osv..J/ \os_v____ oSV 
____ l--_O_tEj9? _______ ~~~ t V

OH ________ ../\ ~ t' 
I---- tpw ----I + VOL 

----------., I I oSV 
'SV\ fosv 

\. tc~ 
_______________ \Io..'Os_v ___ _ 

DO 

DATA ,oSV'X --- - - - - - - 'foSV 

------J~tSET I' tH~'------

L "v\~ __ 
_______ tP_D::1~-- _______ _ 
_ _ _ __ _ _ -I\ .... 's_V ____ . _______ _ 

STB or OS, • 052 

OUTPUT 

STB ____ ~~,-Os_V ____________ _ 
!---tpw ° 

'oSV 
Note: <D Alternative Test Load 
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TIMING WAVEFORMS 
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CAPACITANCE CD Ta = 25°C; VCC = +5V; VBIAS = 2.5V; f = 1 MHz 

j.LPB8212 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance CIN 7 12 pF OSl, MD 

Input Capacitance CIN 4 9 pF 052, CLR, STB, 011 - DiS 
Output Capacitance COUT 6 12 pF 001 - DOS 

Not.p: CD This parameter is periodically sampled and not 100% tested 

TYPICAL CHARACTERISTICS INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. 

2176 

50 

I I 
I I I I Vcc =: +5.0V 

'I I 

IT •. J] 
/ i. 

Ta = 75'C 

~"ifC ' , 
f ~ I I' 

I 

I I I I I 

250 

300.3 ·2 ·1 0 +1 +2 +3 
INPUT VOLTAGE (V) 

OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 

;{ 
.§ 
I-

ffi 20 
a: 
a: 
::J 
u 
I-
~ 30 
I-
::J 
0 

40 

50 
0 1.0 2.0 3.0 4.0 5.0 

OUTPUT "HIGH" VOLTAGE (V) 

DATA TO OUTPUT DELAY 
VS. TEMPERATURE 

22 
VCC = +S.OV 

~~--~--~~--~----~--~ 
c: __ " 

~18~--~--~r_--_~_~~,+-+~--~ 

~16~--~-~---~----~--~--~ 
o 
~14~--~--~~--~--~~--~ 
I-
612~--~----~.--~----~--~ 

o 
I- 10~---r----~--~ ___ --~~--~ 

~ _ '--
~ 8 I----+----f---+---~--_I 

o +25 +50 +15 +100 
TEMPERATURE (oC) 

OUTPUT "LOW" VOLTAGE 

100 I .j 
VCC % "5.0~ 

I I 
ro~----+-----+-----~---~ 

~ I 
- I 
~ 60 t------+----+------+7">~~_f 
a: 
a: 
::J 
u 
I­
~40t------+-----~~~ 
I­
::J 
o 

20~----~~L-+_----~----~ 

O'----"--.L..----....I..------'-----....J 
o 

50 

40 

30 

20 

10 

o 
o 

OUTPUT "LOW" VOLTAGE (V) 

DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 

VCC = +5.0V I I \ I T a = +25'C I I 
, I I I I 

I I I i 

I 
\ 

'++ /---- .... -----f-- ,--~ --------------
I 

50 100 150 200 250 300 
LOAD CAPACITANCE (pF) 

WRITE ENABLE TO OUTPUT DELAY 
Vs. TEMPERATURE 

VCC = +5.0V 

I 
-ST8 

~!.--D~ --
\" --- I---~ --'-+ 
" '+-

& , --
OSl 

+25 +50 +15 +100 
TEMPERATURE (OC) 
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PACKAGE 0 ~PB8212C/D UTLINE 

SP8212-8-77 -GN-CAT 
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J.L PB8214 

PRIORITY INTERRUPT CONTROLLER 

DESC R I PTI ON The pPB8214 is an eight-level priority interrupt controller. Designed to simplify 
interrupt driven microcomputer systems, the pPB8214 requires a single +5V power 
supply and is packaged in a 24 pin plastic Dual-in-line package. 

The pPB8214 accepts up to eight interrupts, determines which has the highest priority 
and then compares that priority with a software created current status register. If the 

incoming requires is of a higher priority than the interrupt currently being serviced, an 
interrupt request to the processor is generated. Vector information that identifies the 
interrupting device is also generated. 

The interrupt structure of the microcomputer system can be expanded beyond eight 
interrupt levels by cascading .uPB8214s. The pPB8214's interrupt and vector informa­
tion outputs are open collector and control signals are provided to simplify expansion 
of the interrupt structure. 

F EATU R ES • Eight Priority Levels 

• Current Status Register and Priority Comparator 

• Easily Expanded Interrupt Structure 

• Single +5 Volt Supply 

PIN CONFIGURATION BO vcc PIN NAMES 
B1 ECS 

Inputs' 

8 2 R7 RO R7 Request levels (R 7 Highest Prior ity) I 
SGS R6 BO' B2 Cu rre nt Sta tus 

jjiJf R5 
SGS Status Group Select 

1 

ECS Enable Current Status 

ClK pPB R4 
8214 INTE R3 

INTE Interrupt Enable 

ClK Clock (INT F-F) 

ElR Enable level Read 

AO R2 ETLG Enable This level Group 

A1 R, 
A2 RO 

Outputs: 

AO-A2 Request levels IOpen 

INT Interrupt (Act. low) I Collector 

ElR ENlG ENlG Enable Next level Group 

GND ETlG 
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ELR 11~--------------------------------~ 

ETLG 13~-----------------------------'--~ 

REQUEST ACTIVITY 

(OPEN COLLECTOR) 

AS 
R6 

R7 

ECS 

General 

} A 

A>B 

} B 

PRIORITY 

COMPARATOR 

S 
D Q~-----------------------' 

tc 

INTERRUPT 
DISABLE 

FLIp-FLOP 

tc 

INTERRUPT 
FLIP-FLOP 

The ,uPB8214 is an LSI device designed to simplify the circuitry required to 
implement an interrupt driven microcomputer system. Up to eight interrupting 
devices can be connected to a ,uPB8214, which will assign priority to incoming 
interrupt requests and accept the highest. It will also compare the priority of the 
highest incoming request with the priority of the interrupt being serviced. If the 
serviced interrupt has a higher priority, the incoming request will not be accepted. 

A system with more than eight interrupting devices can be implemented by inter­
connecting additional ,uPB8214s. In order to facilitate this expansion, control 
signals are provided for cascading the controllers so that there is a priority estab­
lished among the controllers. In addition, the interrupt and vector information 
outputs are open collector. 

Priority Encoder and Request Latch 

The priority encoder portion of the ,uPB8214 accepts up to eight active low 
interrupt requests (RO-R 7). The circuit assigns priority to the incoming requests, 

with R7 having the highest priority and RO the lowest. If two or more requests. 
occur simultaneously, the ,uPB8214 accepts the one having the highest priority. 
Once an incoming interrupt request is accepted, it is stored by the request latch and 
a three-bit code is output. As shown in the following table, the outputs, (AO-A2) 
are the complement of the request level (modulo 8) and directly correspond to the 
bit pattern required to generate the one byte RESTART (RST) ·instructions 
recognized by an 8080A. Simultaneously with the AO-A2 outputs, a system 
interrupt request (lNT) is output by the ,uPB8214. It should be noted that incoming 
interrupt requests that are not accepted are not latched and must remain as an 
input to the ,uPB8214 in order to be serviced. 

@ICMASTER 1979 
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2180 

FUNCTIONAL 
DESCRIPTION 

(CONT.) 

RESTART GENERATION TABLE 

I °7 06 Os °4 °3 °2 °1 DO 
PRIOFtITY 

Ai" ! AO REQUEST I RST 1 1 Ai 1 1 1 

LOWEST RO 7 1 1 1 1 1 1 1 T .. 
R1 ! 6 1 1 1 1 0 1 1 1 

R2 i S I 1 1 1 0 1 1 1 1 

R3 I 4 i 1 1 1 0 0 1 1 1 

R4 3 1 1 0 1 1 1 1 1 

RS 2 : 1 1 0 1 0 1 1 1 

R6 1 i 1 1 0 0 1 1 1 1 

HIGHEST R7 O· 1 1 0 0 0 1 1 1 

'CAUTION: RST 0 will vector the program counter to location 0 (zero) and 
invoke the same routine as the "RESET" input to 8080A. 

Current Status Register 

jLPB8214 

The current status register is designed to prevent an incol11ing interrupt request from 
overriding the servicing of an interrupt with higher priority. Via software, the priority 
level of the interrupt being serviced by the microprocessor is written into the current 
status register on BO-B2' The bit pattern written should be the complement of the 
interrupt level. 

The interrupt level currently being serviced is written into the current status register 
by driving ECS (Enable Current Status) low. The J.lPB8214 will only accept interrupts 
with a higher priority than the value contained by the current status register. Note 
that the programmer is free to use the current status register for other than as above. 
Other levels may be written into it. The comparison may be completely disabled by 
driving SGS (Status Group Select) low when ECS is driven low. This will cause the 
J.lPB8214 to accept incoming interrupts only on the basis of their priority to each 
other. 

Priority Comparator 

The priority comparator circuitry compares the level of the interrupt accepted by the 
priority encoder and request latch with the contents of the current status register. 
If the incoming request has a priority level higher than that of the current status 
register, the INT output is enabled. Note that this comparison can be disabled by 
loading the current status register with SGS=O. 

Expansion Control Signals 

A microcomputer design may often require more than eight different interrupts. The 
J.lPB8214 is designed so that interrupt system expansion is easily performed via the 
use of three signals: ETLG (Enable This Level Group); ENLG (Enable Next Level 
Group); and ELR (Enable Level Read). A high input to ETLG indicates that the 
J.lPB8214 may accept an interrupt. In a typical system, the ENLG output from one 
J.lPB8214 is connected to the ETLG input of another J.lPB8214, etc. The ETLG of 
the J.lPB8214 with the highest priority is tied high. This configuration sets up 
priority among the cascaded J.lPB8214's.The ENLG output wiil be high for any 
device that does not have an interrupt pending. thereby allowing a device wit,!1lower 
priority to accept interrupts. The ELR input is basically a chip enable and allows 
hardware or software to selectively disable/enable individual J.lPBS214's. A low on 
the ELR input enables the device. 
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Interrupt Control Circuitry 

The JlPB8214 contains two flip-flops and several gates which determine whether an 
accepted interrupt request to the JlPB8214 will generate a system interrupt to the 
8080A. A condition gate drives the D input of the interrupt flip-flop whenever an 
interrupt request has been completel.y accepted. This requires that: the ETlG 
(Enable This level Group) and INTE (Interrupt Enable) inputs to the JlPB8214 are 
high; the ElR input is low; the incoming request must be of a higher priority than 
the contents of the current status register; and the JlPB8214 must have been enabled 
to accept interrupt requests by the clearing of the interrupt disable flip-flop. 

Once the condition gate drives the D input of the interrupt flip-flop high, a system 
interrupt (INT) to the 8080A is generated on the next rising edge of the ClK input 
to the JlPB8214. This ClK input is typically connected to the ¢2(TTl) output of an 
8224 so that 8080A set-up time specifications are met. WhenlNT is generated, it 
sets the interrupt disable fliJ5-flop so that no additional. system interrupts will be 
generated until it is reset. It is reset by driving ECS (Enable Current Status) low, 
thereby writing into the current status register. 

It should be noted that the open collector INT output from the JlPB8214 is active 
for only one clock period and thus must be externally latched for inputting to the 
8080A. Also, because the INT output is open collector, when JlPB8214's are 
cascaded, an INT output from anyone will set all of the interrupt disable flip­
flops in the array. Each JlPB8214's interrupt disable flip-flop must then be 
cleared ~ndividually in order to generate subsequent system interrupts. 

oo----~------------8~0~8~0~A~0~A~T~A~B~U~S~------------------00 
01 01 
02 02 
03 03 
04 D4 
05 05 
06 06 
07 07 

~++----~A6 VCc~~~~~-----------+~~4-~ 
¢2 (TTL) 7 ClK 1K } 1K . - !1OK 

i"NTE 15 triTE INT 5 ~-.!.J STB INT 23 ~INT 
-~ 16 ~ --J DO oOOT TO 8080A 
Ai -+-++-+-1-=d7 ~ ~ 01 DO 1 -a--
R2 18 ~ 8 9" 02 002..,.-0-

INTERRUPT R3 19 ~ AD P-:9~1-+---~03 003-::-::---
REQUESTS R4 20 ~ A_1 10 16 04 pPB 004~1-=-5_....J 

R5 21 ~ A2 18 0582120051-1.."...7_--.J 
R6 22 R6 IIPB ~ 06 0061-1..::..9------.J 
R 7 R t'" .11 07 DO 7' .2:::...:1'---__ -----.J 

7 8214 13 '14 _ r-

ETlG ClR SBO 
~B1 3 -
~~ 

ENABLE L---< SGS 
CURR ENT ___ 23~ ECS 

STATUS L...:;E lrr,R.:,,-__ --l 

(FROM I/O PORT DECODER) 111 
GNO 

OS2 MO OS1 

U 13 12 11 
- GNO 
INT A--------' 

Operating Temperature ................................ O°C to +70°C 
Storage Temperature ............................... -65°C to +125°C 
All Output and Supply Voltages ........................ -0.5 to +7 Volts 
All Input Voltages ................................ -1.0 to +5.5 Volts 
Output Currents ........................................ 100 rnA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to -absolute maximum rating conditions for extended periods may affect device 
reliability. 
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FUNCTIONAL 
DESCRIPTION 
(CONT.) 

TYPICAL J,LPB8214 
CIRCUITRY 

ABSOLUTE MAXIMUM 
RATINGS* 
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JL PB8214 

DC CHARACTERISTICS Ta = oOe to +7o
o
e, vce = SV ± S% 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYP.<D MAX. 

Input Clamp Voltage (all inputs) Vc -1.0 V Ic=-5mA 
Input Forward Current: ETlG input IF - .15 -0.5 mA VF=0.45V 

all other inputs -.08 -0.25 mA 
Input Reverse Current: ETLG input IR 80 IJ.A VR=5.25V 

all other inputs 40 IJ.A 
Input LOW Voltage: all inputs VIL 0.8 V VCC=5.0V 
Input HIGH Voltage: all inputs VIH 2.0 V VCC=5.0V 
Power Supply Current ICC 90 130 mA CV 
Output LOW Voltage: all outputs VOL .3 .45 .V IOL=10mA 
Output HIGH Voltage: ENLG output VOH 2.4 3.0 V IOW- 1mA 
Short Circuit Output Current: ENLG output lOS -20 -35 -55 mA VOS=OV, VCC=5.0V 

Output Leakage Current: INT and AO-A2 ICEX 100 IJ.A VCEX=5.25V 

CAPACITANCE ® Ta = 2soe 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYp.CD MAX. 

Input Capacitance CIN 5 10 Pf= VBIAS=2.5V 

Output Capacitance COUT 7 12 pF VCC=5V 
f=1mHz 

AC CHARACTERISTICS Ta = oOe to +70°C, Vee = +SV ± 5% 

PARAMETER SYMBOL 
LIMITS 

UNIT TEST CONDITIONS 
MIN. TYP.Q) MAX. 

ClK Cycle Time tCY 80 50 ns Input pulse 

ClK, ECS, INT Pulse Width tpw 25 15 ns amplitude: 2.5 Volts 

INTE Setup Time to ClK tlSS 16 12 I ns 

INTE Hold Time after ClK !ISH 20 10 ns 

E:TlG Setup Time to ClK tETCS® 25 12 -ns Input rise and fall 

ETlG Hold Time After ClK tETCH® 20 10 ns times: 5 ns between 

ECS Setup Time to ClK tECCS@ 80 50 ns 1 and 2 Volts 

ECS Hold Time After ClK tECCH@ 0 ns 

ECS Setup Time to ClK tECRS@ 110 70 ns 

, ECS Hold Time After ClK tECRH@ 0 Output loading of 

ECS Setup Time to ClK tECSS® 75 70 ns 15 mA and 30 pF. 

ECS Hold Time After ClK tECSH® 0 ns 

SGS and BO-82 Setup Time to ClK tDCS® 70 50 ns 

SGS and BO-82 Hold Time After ClK tDCH@) 0 ns Speed measurements 

RO-R7 Setup Time to ClK tRCS@ 90 55 ns taken at the 1.5 Volts 

RO-R7 Hold Time After ClK tRCH@ 0 ns levels. 

INT Setup Time to ClK tiCS 55 35 ns 

ClK to INT Propagation Delay tCI 15 25 ns 

RO-R7 Setup Time to INT tRIS® 10 0 ns 

RO-R7 Hold Time After TNT tRIH® 35 20 ns 

RO-R7 to AO-A2 Propagation Delay tRA 80 100 ns 

ElR to AO-A2 Propagation Delay tELA 40 55 ns 

ECS to AO-A2 Propagation Delay tECA 100 120 ns 

ETlG to AO-A2 Propagation Delay tETA 35 70 ns 

SGS and BO-82 Setup Time to ECS tDECS@ 15 10 ns 

SGS and 80-82 Hold Time After ECS tDECH@ 15 10 ns 

RO-tf] to ENlG Propagation Delay tREN 45 70 ns 

El TG to ENlG Propagation Delay tETEN 20 25 ns 

ECS to ENlG Propagation Delay tECRN 85 90 ns 

ECS to ENlG Propagation Delay tECSN 35 55 ns 

Notes: CD Typical values are for T a=25° C, V CC=5.0V 
® BO-B2' SGS, ClK, RO-R4 grounded, all other inputs and all outputs 

open. 
This parameter is periodically sampled and not 100% tested. 
Required for proper operation if INTE is enabled during next clock pulse. 
These times are not required for proper operation but for desired 
change in interrupt flip-flop. 
Required for new request or status to be properly loaded. 

I 
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JLPB8214 
FiO-Fi7 ~-----------------X - X--------

_______ 1 . , '- ____ _ J . 

tRCS tRCH tRIS 

---------+-- r----------- ----
ETLG 

INTE 

tECRN 

tETA 
tRA 

tECA 

----' 
tETEN 

tREN 
tECSN 

ENLG ------- -:-------- --X ___ ~ ________ . _______ _ 
Vee 

300n 

OUT 0---+-----.. 

: 30 pf 600n 

TEST CIRCUIT 

~--------~--A-------------~ Ir-~~I 
l~H---~ . 

1\0 
- - 0-15 

-B-----C-- _F_· 
__ ----------E-_D _______ _ 

ITEM MILLIMETERS INCHES 

A 33 MAX. 1.28 
2,53 0.1 
2.54 0,1 
0.5 ± 0.1 0.02 ± 0.004 

27.94 1.1 
1.5 0.059 

:1 3.2 MIN. 0.125 MIN. 
H .1 0.5 MIN. 0.02 MIN. 

i 5.22 MAX. 0.205 MAX. 
5.72 MAX, 0.225 MAX. 

15.24 0.6 
13.2 0.52 

M 0.25 + 0.1 0.01 ± 0.004 
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NEe 
NEe Microcomputers, Inc. fLPB8216 

,...PB8226 

4 BIT PARALLEL BIDIRECTIONAL 
BUS DRIVER 

DESCRIPTION All inputs are low power TTL compatible. For driving MOS, the DO outputs provide 
a high 3.65V (VOH), and for high capacitance terminated bus structures, the DB 
outputs provide a high 55 mA (loll capability. 

FEATURES • Data Bus Buffer Driver for /olCOM-8 Microprocessor Family 

• -Low Input Load Current - 0.25 mA Maximum 

• High Output Drive Capability for Driving System Data Bus 

• 3.65V Output High Voltage for Direct Interface to /olCOM-8 Microprocessor 
Family 

• Three State Outputs 

• Reduces System Package Count 

• Available in 16 pin packages: Cerdip and Plastic 

PIN CONFIGURATION 
cs 

0°0 

DBO 

01 0 PIN NAMES 

0°1 01
3 

DBa - DB3 Data Bus Bi-Directional 

010 - 01 3 Data Input 

OB 1 
DOO - 003 Data Output 

DIEN Data in Enable Direction ~ontrol 

011 
CS Chip Select 

GND 

Rev/2 
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",PB8216/82~6 

Miaoprocessors like the pPD8080A are MOS devices and are generally capable of 
dri,!ing a single TTL load. This also applies to MOS m~mory devices. This type of drive 
is sUfficient for small systems with a few components, but often it is necessary to , 
buffer the microprocessor and memories when adding components or expanding to a 
multi-board system. 

The pPD8216/8226 is a four bit bi-directional bus driver specifically designed to buffer 
microcomputer system components. 

Bi-Directional Driver 

Each buffered line of the four bit driver consists of two separate buffers. They' are 
three state in nature to achieve direct bus interface and bi-directional capability. On 
one side of the driver the output of one buffer and the input of another are tied 
together (DB), this is used to interface to the system side components such as mem­
ories, I/O, etc. Its interface is directly TTL compatible and it has high drive (55 mAl. 
For maximum flexibility on the other. side of the driver the inputs and outputs are 
separate. They can be tied together so that the driver can be used to buffer a true 
bi-directional bus such as the 8080A Data Bus. The DO outputs on this side of the 
driver have a special high voltage output drive capability (3.65V) so that direct inter­
face to the 8080A processor is achieved with an adequate amount of noise immunity 
(650 mV worst case). 

Control GatingCS, OlEN 

The CS input is used for device selection. When CS is "high" the output drivers are 
all forced to their high-impedance state. When it is "low" the device is selected 
(enabled) and the data flow direction is determined by the 01 EN input. 

The OlEN input controls the data flow direction (see Block'Diagrams for complete 
truth table). This directional control is accomplished by forcing one of the pair of 
buffers to its high impedance state. This allows the other to transmit its data. This is 
accomplished by a simple two gate circuit. 

The IlPB8216/8226 is a device that will reduce component count in microcomputer 
systems and at the same time enhance noise immunity to assure reliable, high 
perf,ormance operation. 

8216 8226 

010 010 
OBO 

0°0 0°0 

01 1 011 
OB 1 _--0 DB, 

0°1 0°1 

012 
OB 2 

01
2 

0°2 0°2 

013 01.3 
OB3 

0°3 0°3 

~-----+~------oCS ~-----r __ ------OCS 
OlEN o--..... ---~ o I EN o-'-_e_---...J 
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FUNCTIONAL 
DESCRIPTION 

BLOCK DIAGRAMS 

DiEN cs RESULT 

0 0 OI ... OB 

1 0 DB ~oo 

0 1 
) High 1 mpedance 

1 1 
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ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE CD 

2186 

fLPB8216/8226 
Operating Temperature ................................. OoC to 70°C 
Storage Temperature (Cerdip) . . . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 

(Plastic) ......................... -65°C to +125°C 
All Output and Supply Voltages ........................ -0.5 to +7 Volts 
All Input Voltages .......... : . . . . ................ -1.3 to +5.5 Volts 
Output Currents ........................................ 125 mA 

COMMENT: Stress above those listed under "Absolute MaXimtlm Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

I 

I 

Ta = OU C to +70vC vce = +5V+5% 
~ -

LIMITS 
PARAMETER SYMBOL UNIT TEST CONDITIONS 

MIN TYP(1) MAX 

Input Load Current IFl -0.5 mA VF = 0.45 
OlEN. CS 
Input Load Current All IF2 -0.25" mA VF = 0.45 
Other Inputs 

Input Leakage Current IRl 20 I1A VR = 5.25V 
OlEN. CS 
Input Leakage Current IR2 10 I1A VR = 5.25V 
01 Inputs 

Input Forward Voltage Vc -1.0 V IC = -5 mA 
Clamp 

Input "Low" Voltage VIL 0.95 V 

Input "High" Voltage VIH 2.0 V 

Output Leakage Current DO 10 20 
I1A Vo = 0.45/5.25V 

(3·State) DB 10 100 

Power Supply Curlent 8216 ICC 130 mA 
8226 ICC 120 mA 

Output "Low" Voltage VOLl 0.48 V DO Outputs 10L - 15 mA 
DB Outputs 10L = 25 mA 

Output "Low" Voltage 
8216 VOL2 0.7 V DB Outputs 10L = 55 mA 

8226 VOL2 0.7 V DB Outputs 10H = 50 mA 

Output "High" Voltage VOH1 3.65 V DO Outputs 10H - -1 m~ 

Output "High" Voltage VOH2 2.4 V DB Outputs 10H - -10 mA 

Output Short Circuit lOS -15 -65 mA DO Outputs Vo - OV 
Current lOS -30 -120 mA DB Outputs VCC - 5.0V 

Note: <D Typical values are for Ta = 25°C. VCC = 5.0V. 

LIMITS TEST 
PARAMETER SYMBOL UNIT CONDITIONS MIN TYP MAX 

Input Capacitance CIN 8 pF VBIAS:::: 2.5V 
Output Capacitance COUTl 10@ pF VCC:::: 5V 

Output Capacitance COUT2 18@ pF Ta=25°C 
f'= 1 MHz 

Notes: G) This parameter is periodically sampled and not 100% tested. 

(£> DO Output. 

@ DB Output. 
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II. PB8216/8226 

LIMITS 
PARAMETER SYMBOL 

TYP (j) MIN MAX 

Input to Output Delay tPD1 25 
DO Outputs 

Input to Output Delay 8216 tpD2 30 

DB Outputs 8226 tPD2, 25 

Output Enable Time 8216 tE 65 

8226 tE 54 

Output Disable Time to 35. 

Notes: <D Typical values are for Ta = 25°C, VCC = 5.0V 

(i) DO Outputs, CL = 30 pF, Rl = 300/10 Kn, R2 = 600/1 Kn, 

DB Outputs, CL = 300 pF, Rl = 90/10 Kn, R2 = 180/1 Kn. 

@ DO Outputs, CL = 5 pF, R 1 = 300/10 Kn, R2 = 600/1 Kn, 

DB Outputs, CL = 5 pF, Rl = 90/10 Kn. R2 = 180/1 Kn. 

® Input pulse amplitude: 2.5V 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 

@Ie MASTER 1979 

INPUTS 

OUTPUT 
ENABLE 

OUTPUTS 

K 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ITEM 

M 

ITEM 

I 

i 

M 
I 

TEST CONDITIONS 

CL = 30 pF, Rl = 3oon, 
R2=600n@ 

CL = 300 pF, Rl = 90n, 

R2=18On 4 

(i) ® 

@ ® 

OUT 0--+---"" 

TEST CIRCUIT 

Cerdip 
. MILLIMETERS 

19.9 MAX 

1.06 

2.54 

0.46' 0.10 

17.78 

1.5 

2.54 MIN 

0.5 MIN 

4:S~.~,,:x 
5.08 MAX 

7.62 

6.4 

0.25 + 0.10 
. 0.05 

Plastic 
MILLIMETERS 

19.4 MAX 

O.Sl 

254 

0.5 

17.78 

1.3 

2.54 MIN 

0.5MIN 

4.05 MAX 

4.55 MAX 

7.62 

6.4 

+0.10 
0.25 

0.05 

i 

! 

INCHES 

0.784 MAX 

0.042 

0.10 

0.Q18 • 0.004 

0.70 

0.059 

0.10MIN 

0.019 MIN 

0.181 MAX 

0.20 MAX 

0.30 

0.25 

O.OOOS + ~:~: 

INCHES 

0.76MA)< 

0.03 

0.10 

0.02 

0.70 

0.051 

0.10MIN 

0.02 MIN 

0.16 MAX 

0.18 MAX 

0.30 

025 

0.01 

AC CHARACTERISTICS 

TIMING WAVEFORMS 

PACKAGE OUTLINE 
IiPB8216C/D 
pPB8226C/D 

SP8216/8226-8-77-GN-CAT 
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NEe 
NEe Microcomputers, Inc. fLPB8224 

2188 

CLOCK GENERATOR AND DRIVER FOR 
8080A PROCESSORS 

DESCRIPTION The ~B8224 is a single chip clock generator and driver for 8080A processors. 
The clock frequency is determined by a user specified crystal and is capable of 
meeting the timing requirements of the entire 8080A family ·of processors. MOS 
and TTL level clock outputs are generated. 

Additional logic circuitry of the ~B8224 provides signals for power-up reset, an 
advance status strobe and properiy synchronizes the ready signai to the processor. 
This greatly reduces the number of chips needed for 8080A systems. 

The ~B8224 is fabrkated using NEC's Schottky bipolar process. 

FtATU R ES • Crystal Controlled Clocks 

PIN CONFIGURATION 

• Oscillator Output for External Timing 

•. MOS Level Clocks for 8080A Processor 

• TTL Level Clock for DMA Activities 

• Power-up Reset for 8080A Processor 

• Ready Synchronization 

• Advanced Status Strobe 

• Reduces System Package Count 

• Available in 16-pin Cerdip and Plastic Packages 

RESET Vee 

RESIN XTAL 1 

RDYIN XTAL 2 

READY TANK 

S_YNe ose 

<1>2 (TTL) <1>1 

STSTB <1>2 

GND VDD 

Rev/1 

PIN NAMES 

RESIN Reset Input 

RESET Reset Output 

ROY IN Ready Input 

READY Ready Output 

SYNC Sync Input 

STsTB Status STB 
Output 

Ql } Processor 

Q2 Clocks 

XTALl } Crystal 

XTAL 2 Connections 

Used With 

TANK Overtone 

Crystal 

Oscillator 
OSC Output 

Q2 CLK 
Q2 (TTL) (TTL Levell 

VCC +5V 

Voo +12V 

GNO OV 
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p..PD8224 
Clock Generator 

The clock generator circuitry consists of a crystal controlled oscillator and a 
divide-by-nine counter. The crystal frequency is a function of the 8080A 
processor speed and is basically nine times the processor frequency, i.e.: 

Crystal frequency. = ~ 
tCY 

where tCY is the 8080A processor clock period. 

A series resonant fundamental mode crystal is normally used and is connected 
across input pins XTAL 1 and XTAL2.U an overtone mode crystal is used, an 
additional LC network, AC coupled to ground, must be connected to the 
TAN K input of the J1PB8224 as shown in the following figure. 

The formula for the LC network is: 

LC =(_1 )2 
21l"F 

LC =(-!...} r----- -, 2rrF) 
I FOR OVERTONE CRYSTAL:> ONLY 
I L 
I 
I 
I 

il 
I 
I 

D1 ,. __ ,3-10pF 

I I(ONL Y NEEDED 
L - _oJ ABOVE 10 MHz) 

L _______ 13 14 

12 

TANK XTAL1 
XTAL2 .-11_-t 

,uPB8224 

10 

4 

..-_1.-t
2 

RESET 

t------,1"'"19 SYNC 

where F is the desired frequency of oscillation. 

The output of the oscillator is input to the divide-by-nine counter. It is also 
buffered and brought out on the OSC pin" allowing this stable, crystal controlled 
source to be used for derivation of other system timing signals. The divide-by­
nine counter generates the two non-overlapping processor clocks, <Pl and ¢2, 
which are buffered and at MOS levels, a TTL level <P2 and internal timing signals. 

The cPl and cP2 high level outputs are generated in a 2-5-2 digital pattern, with <Pl 

FUNCTIONAL DESCR IPTION 

being high for two oscillator periods, 1>2 being high for five oscillator periods, and then 
neither being high for two oscillator periods. The TTL level 1>2,1>2 (TTL), is normally used 
for DMA activities by gating the external device onto the 8080A bus once a Hold 
Acknowledge (HLDA) has been issued. 

/ 

Additional Logic 

In addition to, the clock gener~tor circuitry, the J1PB8224 contains additional logic 
to aid the system designer in the proper timing of several interface signals. 

The STSTB signal indicates, at the earliest possible moment, when the status 
signals output from the 8080A processor are stable on the data bus. STSTB is 
designed to connect directly to the J,LPB8228 System Controller and automatically 
resets the J1PB8228 during power-on Reset. 

The R ESI N input to the PPB8224 is used to automatically generate a RESET 
signal to the 8080A during power initialization. The slow rise of the power 
supply voltage in an external RC network is sensed by an internal Schmitt 
Trigger. The output of the Schmitt Trigger is gated to generate an 8080A com­
patible RESET. An active low manual switch may also be attached to the RC 
circuit for manual system reset. 

The RDYI N input to the PPB8224,accepts an asynchronous "wait request" 
and generates a READY output to the 8080A that is fully synchronized to 
meet the 8080A timing requirements. 

©IC MASTER 1979 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE<D 

2180 

fL PD8224 
XTALl 

OSC 

XTAL2 

TANK 

\'2 (TTL) 

SYNC STSTB 

~ ___ -4_-ID 

SCHMITT 
iNPUT 

, 
r-u----.-.-----1(D RESET 

RDYIN 

Operating Temperature ............... . 
Storage Temperature ................. . 
All Output Voltages (TIL) .... ' .. . 
All Output Voltages (MOS) .. '.' .............. . 
All Input Voltages .................... . 
Supply Voltage VCC ........ . 
Supply Voltage VOO . 
Output Currents 

READY 

... O°C to +70°C 
-65°C to +150°C 
. -0.5 to +7 Volts 

· -1.0 to +13.5 Volts 
. .... -1.5 to +7 Volts 

· .. -0.5 to +7 Volts 
· -0.5 to +13.5 Volts 
......... 100mA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause-permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°C 

PARAMETER SYMBOL LIMITS UNIT TEST CONDITIONS 

MIN TYP MAX 

Input Current Loading 'F ·0.25 rnA VF = 0.45V 

Input Leakage Current IR 10 IJA VR; 5.25V 

Input Forward Clamp Voltage Vc -1.0 V 'C = -5 rnA 

Input "Low" Voltage VU. 0.8 V VCC; 5.0V 

Input "High" Voltage V,H 2.6 V Reset Input 

2.0 All Other Inputs 

RESIN Input Hysteresis VIH,V,L 0.25 V VCC; 5.0V 

Output "Low" Voltage VOL 0.45 V j,;'I. 92), Ready. Reset. STSTS 

'OL; 2.5 rnA 

0.45 V All Other Inputs 

'OL; 15rnA 

Output "High" Voltage VOH 

4>1.4>2 9.4 V 'OH; -100IJA 

READY. RESET 3.6 V 'OH; -100IJA 

All Other Outputs 2.4 V 10H = -1 rnA 

Output Short Circuit Current 'SC ~ -10 -60 rnA Vo = OV 

(All Low Voltage Outputs Only) Vec = 5.0V 

Power Supply Current ICC 115 rnA 

Power Supply Current 100 15 rnA 

Note: <D Caution. 4>1 and 4>2 output drivers do not have short circuit protection 

Ta = 25°C; f = 1 MHz; VCC = 5V; VDD = 12V; VBIAS = 2.5V 

PARAMETER SYMBOL LIMITS UNIT TEST CONDITIONS 

MINTTypl MAX 

Input Capacitance CIN I I 8 pF 

Note: CD This parameter is periodically sampled and not 100% tested. 
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p.PD8224 
Ta = O°C to +70°C; VCC = +5V ±5%; VDD = +12V ±5% 

PARAMETER SYMBOL LlMITS<! UNIT TEST CONDITIONS 

MIN TYP MAX 

</>1 Pulse Width t4>1 2tCY 
-9- -20 ns 

</>2 Pulse Width tcP2 5tCY 9 -35ns 

¢1 to cP2 Delay tD1 0 ns 

cP2 to cP1 Delay tD2 2tCY 9 -14ns CL = 20 pF to 50 pF 

<1>1 to </>2 Delay tD3 2tCY 2tCY 
-9- -9- +20 ns 

¢1 and ¢2 Rise Time tR 20 

</>1 and ¢2 Fall Time tF 20 

cP2 to </>2 (TTL) Delay tD</>2 -5 +15 ns </>2 TTL, CL = 30 pF 

Rl = 300n 

R2 = 600n 

"'2 to STSTB Dg!ay tDSS Gtey 6tCY 
-9- -30ns 

9 
ns 

STSTB Pulse Width tpw tCY ""9 -15ns 
STSTB, CL = 15 pF 

RDYIN Setup Time tDRS 4tCY R1 = 2K 

to STSTB 
50 ns- -9- ns 

R2=4K 

RDYIN Hold Time 
4tCY 

After STSB tDRH -9-

READY or RESET tDR 4tCY Ready and Reset 
9 -25ns ns 

CL = 10pF to 92 Delay 

R1 = 2K 

R2=4K 

Crystal Frequency fCLK JL MHz 

tCY 

Maximum Oscillating fMAX 27 MHz " 

Frequency 

Note: CD tCY represents the processor clock period 

~
VCC 

, Rl 

INPUT 

Cl R2 , .l 
-= GND -= GND 

TEST CIRCUIT 

tR 

___ -f\r----tD2---..., 

"2 (TTLl ___________ _+" 

SYNC 
(FROM PROCESSOR) 

1-------tDSS4-------t-

I i-----tDRH-----i 

RDYIN OR RESiN 

READY 

RESET 

Voltage Measurement Points: ¢1, ¢2 Logic "0" = 1.0V, Logic "1" = 8.0V. 
All other signals measured at 1.5V. 
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CRYSTALREOUIREMENTS Tolerance ..... 

2192 

PACKAGE OUTLINE 
MPB8224C/D 

Resonance 
Load Capacitance 
Equivalent Resistance. 
Power Dissipation (Min) 

Note: CD With tank circuit use 3rd overtone mode. 

- A .. _---

JlPB8224C (Plastic) 

ITEM MILLIMETERS INCHES 

A 19.4 MAX. 0.76 MAX. 

B 0.81 0.03 

C 2.54 0.10 

D 0.5 0.02 

E - 17.78 0.70 

F 1.3 0.051 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN. 0.02 MIN 

I 4.05 MAX 0.16 MAX 

J 4.55 MAX. 0.18 MAX 

K 7.62 0.30 

L 6.4 0.25 

'0.10 
M 025 0.01 

0.05 

--'---..--:--·-'·'-··A -, 

I 
Ti 

H~.hnnn-nn-m1.· I • I ; 1~_.--L. !~G __ 

---jB~ --0- --'E F~ ~ c_r-
i" -

JlPB8224D (Cerdip) 

ITEM MILLIMETERS INCHES 

A 19.9 MAX 0.784 MAX 

B L06 0.042 

C 2.54 0.10 

0 0.46 • 0.10 0018' 0.004 

E 17.78 0.70 

F 1.5 0.059 --- ... ._- - --
G 2.54 MIN 0.10MIN 

H 0.5MIN 0.019 MIN 

I 4.58 MAX 0.181 MAX 

J 5.08 MAX 0.20 MAX 

K 7.62 0.30 

L 6.8 0.27 

M 0.25.+ ~:~~ 0.0098 + 0.0039 
··0.0019 

- K 

i I 
:---·L--·~ 

/-L PD8224 
0.005% at OOe-70oe 

Series (Fundamental) CD 
20-35 pF 

75-20 ohms 
... 4mW 

-

SPS224-S-77-GN-CAT 
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NEe Microcomputers, Inc. 
NEe 

f'PB8228· 
p,PB8238 

8080A SYSTEM CONTROLLER 
AND BUS DRIVER 

DESCRIPTION The pPB8228/8238 is a single chip controller and bus driver for 8080A based 
systems. All the required interface signals necessary to connect RAM, ROM and 
I/O components to a pPD8080A are generated. 

The pPB8228/8238 provides a bi-directional three-state bus driver for high TTL 
fan-out and isolation of the processor data bus from the system data bus for 
increased noise immunity. 

The system controller portion of the pPB8228/8238 consists of a $tatus latch for 
definition of processor machine cycles.and a gating array to decode this information 
for direct interface to system components. The controller can enable gating of a 
multi-bvte interrupt onto the data bus or can automatically insert a RESTART 7 onto 

. the data bus without any additional components. 

Two devices are provided. The pPB8228 for small systems without tight write tim ing 
constraints and the pPB8238 for larger systems. 

F EA TU R ES • System Controller for 8080A Systems 

• Bi-Directional Data Bus for Processor Isolation 

• 3.60V Output High Voltage for Direct Interface to 8080A Processor 

• Three State Outputs on System Data Bus 

• Enables Use of Multi-Byte Interrupt Instructions 

• Generates RST 7 Interrupt Instruction 

• pPB8228 for Small Memory Systems 

• pPB8238 for Large Memory Systems 

• Reduces System Package Count 

• Schottky Bipolar Technology 

PIN CONF1GURATION 
STSTB VCC 

HLDA IIOW 

WR MEMW PIN NAMES 

DBIN IIOR 07- 0 0 Data Bus (Processor Side) 

DB7 - DBO Data Bus (System Side) 

DB4 MEMR IIOR I/O Read 

04 iNTA 
pPB 

BOSEN' . DB7 8228/ 

IIOW I/O Write 

MEMR Memory Read 

MEMW Memory Write 

DBIN DBIN (From Processod 
07 8238 06 INTA Interrupt Acknowledge 

DB3 DB6 
HLDA HLDA (From Processor) 

WR WR (From Processor) 

03 05 BUSEN Bus Enable Input 

DB2 DB5 STSTB Status Strobe (From I'PB8224) 

VCC +5V 

02 0, GND o Volts 

DBO DB, 

GND DO 

NC: No Connection 

Rev/l 
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p.PB8228/8238 
Bi-Directional Bus Driver 
The eight bit, bi-directional bus driver provides buffering between the processor data 
bus and the system data bus. On the processor side, the J,LPB8228/8238 exceeds the 
minimum input voltage requirements (3.0V) of the J,LPD8080A. On the system side, 
the driver is capable of adequate drive current (10 mAl for connection of a large 
number of memory and 1/0 devices to the bus. Signal flow in the bus driver is con­
trolled by the gating array and its outputs can be forced into a high impedance state 
by use of the BUSEN input. 

Status latch 

The Status Latch in the J,LPB8228/8238 stores the status information placed on the 
data bus by the 8080A at the beginning of each machine cycle. The information is 
latched when 'STSTB goes low and is then decoded by the gating array for the 
generation of control signals. 

Gating Array 

The Gating Array generates "active low" control signals for qirect interfacing to system 
components by gating the contents of the status latch with control signals from the 
8080A. 
MEM/R, IIOR and INTA are generated by gating the DBIN signal from the processor 
with the contents of the status latch. IIOR is used to enable an 1/0 input onto the 
system data bus. MEM/R is used to enable a memory input. 

INTA is normally used to gate an interrupt"instruction onto the system data bus. When 
used with the J,LPD8080A processor, the J,LPB8228/8238 will decode an interrupt 
acknowledge status word during all three machine cycles for a multi-byte interrupt 
instruction. For 8080A type processors that do not generate an interrupt acknowledge 
status word during the second and third machine cycles of a multi-byte interrupt 
instruction, the pPB8228/8238 will internally generate an INTA pulse for those 
machine cycles. 

The J,LPB8228/8238 also provides the designer the ability to place a single interrupt 
instruction onto the bus without adding additi,onal components. By connecting the 
+12 volt supply to the INTA output (pin 23) of the J,LPB8228!8238 through a 1 K 
ohm series resistor, RESTART 7 will be gated onto the processor data bus when DBIN 
is active during an interrupt acknowledge machine cycle. 

MEMIW and IIOW are generated by gating the WR signal from the processor with the 
contents of the status latch. IIOW indicates that an output port write is about to 
occur. MEM!W indicates that a memory write will occur. 

The data bus output buffers and control signal buffers can be asynchronously forced 
into a high impedance state by placing a high on the BUSEN pin of the pPB82281 
8238. Normal operation is performed with BUSEN low. 

, 2194 

PROCESSOR 
DATA 
BUS 

VCC®­

GND@-

BI·DIRECTIONAL 
BUS DRIVER 

DRIVER CONTROL 

SYSTEM DATA BUS 

MEMR 

MEMW 

IIOR 

IIOW 

FUNCTIONAL DESCRIPTION 

BLOCK DIAGRAM 
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ABSOLUTE 
MAXIMUM RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 

©Ie MASTER 1979 

Operating Temperature .... . 
Storage Temperature ..... . 
All Output or Supply Voltages 
All Input Voltages .. 
Output Currents 

JLP88228/8238 

...... O°C to +70°C 
-65°C to +150°C 

.. -0.5 to +7 Volts 
-1.5 to 5.5 Volts 

........ 100 rnA 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect aevice' 
reliability. 

*T = 25°C a 

PARAMETER 

Input Clamp Voltage. All Inputs 

Input Load Current. STSTB 

D2 al1d 06 

DO. 01. 04. 05. and 07 

All Other Inputs 

Input Leakage Current. STSTB 

OBO through OB7 

All Other Inputs 

Input Threshold Voltage. All Inputs 

Power Supply Current 

Output Low Voltage. DO through 07 

All Other Outputs 

Output High Voltage. DO through 07 

All Other Outputs 

Short Circuit Current. All Outputs 

Off State Output Current. 
All Control Outputs 

I'NT A Current 

SYMBOL 

Vc 

IF 

IR 

VTH 

ICC 

VOL 

VOH 

lOS 

10(off) 

liNT 

LIMITS 

MIN TYP MAX UNIT 

-1.0 V 

500 y.A 

750 y.A 

250 y.A 

250 y.A 

100 y.A 

20 • y.A 

100 y.A 

0.8 2.0 V 

190 rnA 

0.45 V 

0.48 V 

3.6 V 

2.4 V 

15 90 rnA 

100 y.A 

-100 y.A 

5 rnA 

+12V 

1".K" "'" INTA~ 
liNT 

INTA TEST CIRCUIT 

a 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX 

Input Capacitance CIN 12 

Output Capacitance 
COUT 15 

Control Signals 

I/O Capacitance 
CliO 15 

(0 or DB) 

NOTE: This parameter is periodically sampled and not 100% tested. 

TEST CONDITIONS 

VCC = 4.75V; ICC = -5 rnA 

VCC = 5.25V 

VF = 0.45V 

VCC = 5.25V 

VR = 5.0V 

VCC = 5V 

VCC = 5.25V 

VCC,= 4.75V; 10L = 2 rnA 

10L = lOrnA 

VCC = 4.75V; 10H = -10 y.A 

10H.=-1 rnA 

VCC = 5V 

VCC = 5.25V; Vo = 5.0V 

Vo = 0.45V 

(See Figure below) 

TEST 

UNIT CONDITIONS 

pF VBIAS = 2.5V, 

pF VCC = 5.0V, 

pF f'" 1 MHz 
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STATUS WORD CHART 

2196 

DO INTA 

D1 WO 

02 STACK 

07 MEMR 

24 MEMR 

26 MEMW 

25 IIOR 

27 IIOW 

23 INTA 

PI~ 
NO. , 

o 0 0 0 0 0 0 o 
o o o 

o i 0 0 o o o o 
010 0 o 0 o o o 
000 o 0 o o o 
100 o 0 o o o 
001 0 010 o o o 

o o o o o 

0 0 1 0 1 

0 0 1 

0 1 

0 1 1 

1 0 0 

SIGNAL STATUS 

tIPB8228/8238 CONTROL SIGNALS 

p,PB8228/8238 

l' 

o 

o 

a 
o 

tIPD8080A 

OUTPUT 

tIPB8228/8238 

OUTPUT 
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/L PB8228/8238 
Ta = O°C to 70°C, VCC = 5V ± 5% 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT 

Width of Status Strobe 

Setup Time, Status Inputs 

00-0 7 

Hold Time, Status Inputs 00-07 

Delay from STSTB to any 
Control Signal 

Delay from DBIN to Control 
Outputs 

Delay from DBIN to Enable! 
Disable 8080A Bus 

Delay from System Bus to 
8080A Bus during Read 

Delay from WR to Control 
Outputs 

Delay to Enable System Bus 
DBO-DB7 after STSTB 

Delay from 8080A Bus 00-07 
to System Bus DBO-DB7 during 
Write 

Delay from System Bus Enable 
to System Bus DBO-OB7 

HlDA to Read Status Outputs 

Setup Time, System Bus 
Inputs to H lOA 

Hold Time, System Bus 
Inputs to HlDA 

For 00-07: Rl = 4 Kn. R2 = ~n, 
. Cl = 25 pF. For all other outputs: 

tpw 

tss 

tSH 

tDC 

tRR 

tRE 

tRD 

tWR 

tWE 

two 

tE 

tHO 

tDS 

tDH 

Rl = soon. R2 = 1 Kn, Cl = 100 pF. 

22 

8 

5 

20 60 

30 

45 

30 

5 45 

30 

5 40 

30 

25 

10 

20 

RI 

OUTPUT 
PIN 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

~
VCC 

Cl . R2 

J,. GNO -= GND 

TEST CIRCUIT 

TEST 
CONDITIONS 

Cl = 100 pF 

Cl = 100pF 

Cl = 25 pF 

Cl = 25 pF 

Cl=1OOpF 

CL = 100 pF 

Cl=100pF 

Cl=100pF 

Cl = 100 pF 

PROCESSOR DATA BUS _____ --'1'--+~f_-_1'----------------------

DBIN --------+......,f_--...I'I 

HLDt\ 

INTA, liDA. MEMR 
DURING HLDA 

SYSTEM BUS DURING READ _____ -:.. __ _ 

PROCESSOR BUS DURING READ - -- - - - - - - - t- - - -

WR 

"PBB22B IIOW or MEM W 
tDC 

"PBB238 I/OW Of MeMw 

PROCESSOR BUS DURING WRITE 

SYSTEM BUS DURING WRITE - - - - - - - - - + < t= 
---,tWE 

i 

m;e. '"'O":~:~ ---_n ------~ ~~r ::j'" ~-------

@JC ~~. 1979 

VOL TAGE MEASUREMENT POINTS: 00.07 (when outputs) Log'e "0" "o.av. Log,e 'T' o3.0V. All other signal. measured 

at 1.5V. 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
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J.L P 88228/8238 

2198 

0 0 _15 0 

IlPB8228/8238C 

r--~ (Plastic) 

PACKAGE OUTLINE 
MPB8228/8238C/D 

SP8228/38-9-77 -GN-CAT 
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NEe 
NEe Microcomputers, Inc. p.PD8243 

INPUTIOUTPUT EXPANDER FOR 
JLP 08048/8748/8035 

OESCR IPTION The JlPD8243 input/output expander is directly compatible with the JlPD8048 family 
of single-chip microcomputers. Using NMOS technology the JlPD8243 provides high 
drive capabilities while requiring only a single +5V supply voltage. 

The JlPD8243 interfaces to the JlPD8048 family through a 4-bit I/O port and offers 
four 4-bit bi-directional static I/O ports. The ease of expansion allows for multiple 
IlPD8243's to be added using the bus port. 

The bi-directional I/O ports of the IlPD8243 act as an extension of the I/O capabil,ities 
of the IlPD8048 microcomputer family. They are access,ible with their own AN L, MOV, 
and OR L instructions. 

FEATURES • Four 4-Bit I/O Ports . 
• Fully Compatible with IlPD8048 Microcomputer Family 
• High Output Drive 
• NMOS Technology 
• Single +5V Supply 
• Direct Extension of Resident IlPD8048 I/O Ports 
• Logical AND and OR Directly to Ports 
• Compatible with Industry Standard 8243 
• Available in 24-Pin Plastic and Ceramic Packages 

PIN CONFIGURATION P5q vee 
P40 P51 

P41 P52 

P53 

P43 P60 

es J,tPD P61 
8243 

PROG P62 

P23 P63 
P22 P73 

P21 Pn 

P20 P71 

GND P70 

©IC MASTER 1979 2199-

"-
<I)' 
~, 

:::l' 
Q,; 

E' 
0 
0 
0 
'-
0 

~ 
() 
W 
Z 



"-
CD ..... 
:::J 
Co 
E 
o 
o 
o 
"-o 
~ 
() 
w 
z 

2200 

General Operation 

The I/O capabilities of the JlPD8048/8748/8035 can be enhanced in four 4-bit I/O port 
increments using one or more JlPD8243's. These additional I/O lines are addressed as 
ports 4-7. The following lists the operations which can be performed on ports 4-7. 

• logical AND Accumulator to Port. 
• logical OR Accumulator to Port. 
• Transfer Port to Accumulator. 
• Transfer Accumulator to Port. 

Port 2 (P20-P23) forms the 4-bii bus through which the JlPD8243 communicates with 
the host processor. The PROG output from the JlPD8048/8748/8035 provides the 
necessary timing to the JlPD8243. There are two 4-bit nibbles involved in each data 
transfer. The first nibble contains the op-code and port address followed by the second 
nibble containing the 4-bit data. Multiple JlPD8243's can be used for additional I/O. 
The output lines from the JlPD8048/8748/8035 can be used to form the chip selects 
for the additional f.LPD8243's. 

Power On Initialization 

Applying power to the J.LPD8243 sets ports 4-7 to the tri-state mode and port 2 to the 
input mode. The state of the PROG pin at power on may be either high or low. The 
PROG pin must make a high-to-Iow transition in order to exit from the power on 
mode. The power on sequence is initiated any time VCC drops below 1V. The table 
below shows how the 4-bit nibbles on Port 2 correspond to the JlPD8243 operations. 

Port Address Op-Code 

P21 P20 Address Code P23 P22 I nstruction Code 

0 0 Port 4 0 0 Read 

0 1 Port 5 0 1 Write 

1 0 Port 6 1 0 ORlD 

1 1 Port 7 1 1 ANlD 

For example an 0010 appearing on P20-P23, respectively, would 
result in a Write to Port 4. 

Read Mode 

There is one Read mode in the j.lPD8243. A falling edge on the PROG pin latches the 
op-code and port address from input Port 2. The port address and Read operation are 
then decoded causing the appropriate outputs to be tri-stated and the input buffers 
switched on. The rising edge of PROG terminates the Read operation. The Port 
(4,5,6, or 7) that was selected by the Port address (P21-P20) is returned to the tri-state 
mode, and Port 2 is switched to the input mode. 

Generally, in the read mode, a port will be an input and in the write mode it wiil be an 
output. If during program operation, the j.lPD8243's modes are changed, the first read 
pulse immediately following a write should be ignored. The subsequent read signals are 
valid. Reading a port will then force that port to a high impedance state. 

Write Modes 

There are three write modes in the j.lPD8243. The MOVD Pp,A instruction from the 
j.lPD8048/8748/8035 writes the new data directly to the specified port (4,5,6, or 7). 
The old data previously latched at that port is lost. The OR lD Pp,A instruction per­
forms a logical OR between the new data and the data currently latched at the 
selected port. The result is then latched at that port. The final write mode uses the 
AN lD Pp,A instruction. It performs a logical AND between the new data and the 
data currently latched at the specified port. The result is latched at that port. 

The data remains latched at the selected port following the logical manipulation until 
new data is written to that port. 

FUNCTIONAL 
DESCRIPTION 
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BLOCK DIAGRAM 

PIN IDENTIFICATION 

©IC MASTER 1979 

JLPD8243 

4_----. 

MU'L TIPLEX ER , .... ---T""""T---T'""'T---, 

----II~ CONTROL 
PROG 

NO. 

2-5 
1,21-23 
17-20 
13-16 

6 

7 

8-11 

12 

24 

RESET 

CIRCUIT 

PIN 
SYMBOL 

P40- P43 
P50-P53 
P60-P63 
P70- P73 

CS 

PROG 

P20-P23 

GND 

VCC 

FUNCTION 

The four 4-bit static bi-directionaJ I/O ports. They 
are programmable into the following modes: 
input mode (duriog a Read operation); low 
impedance latched output mode (after a Write 
operation); and the tri-state mode (following a 
Read qperation). Data appearing on I/O lines 

P20-P23 can be written directly. That data can 
also be logically ANDed or ORed with the previous 
data on those lines. 

Chip Select input (active-low). When the IlPD8343 
is deselected (CS = 1), output or internal 
status changes are inhibited. 

Clock input pin. The control and address informa-
tion are present on port lines P20-P23 when PROG 
makes a high-to-Iow transition. Data is present on 
port lines P20-P23 when PROG makes a low-to-high 
transition. 

P20-P23 form a 4-bit bi-directional port. Refer to 
PROG function for contents of P20-P23 at the 
rising and falling edges of PROG. Data from a 
selected port is present on P20-P23 prior to the 
rising edge of PROG if during a Read operation. 

The IlPD8041 /8741 ground potential. 

+5 volt supply. 
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fLPD8243 
Operating Temperature ......... . DOC to +70°C 

- 65°C to +150°C 
- 65°C to +125°C 

Storage Temperature (Ceramic Package) . 
Storage Temperature (Plastic Package) . 
Voltage on Any Pin - 0.5 to + 7 Volts <D 
Power Dissipation lW 

Note: <D With respect to ground. 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied Exposure to absolute maximum rating conditions for extended periods may affect device 
reliabil ity. . 

*Ta = 2SoC' 

i I LIMITS TEST 

l PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage VIL -0.5 0.8 V 

I Input High Voltage VIH 2.0 VCC + 0.5 V I 

Output Low Voltage (Ports 4-7) VOLl 0.45 V IOL=5mACD 

Output Low Voltage (Port 7) VOL2 1 V ! IOL = 20mA 

Output Low Voltage (Port 2) VOL3 0.45 V ! IOL = 0.6 mA 

Output High Voltage (Ports 4-7) VOHl 2.4 V IOH = 240,uA 

Output High Voltage (Port 2) VOH2 2.4 V IOH = loo,uA 

Sum of All 101 From 16 Output; 10l 100 mA 5 mA Each Pin 

Input Leakage Current (Ports 4-7) IILl -10 20 .uA VIN = VCC to OV 

Input Leakage Current (Port 2, IIL2 -10 10 .uA VIN = VCC to OV 
CS, PROG) 

VCC Supply Current ICC 10 20 mA 

Note: CD Refer to graph of "dditional sink current drive. 

Ta = O°C to +70°C; VCC = +5V ± 5% 

I LIMITS I TEST 
PARAMETER SYMBOL I MIN I TYP MAX UNITS CONDITIONS 

I Code Valid Before PROG 
I 

tA I 100 I I I 
ns 80 pF Load 

Code Valid After PROG tB 60 ns 20 pF Load 

Data Valid Before PROG tc 200 ns 80 pF Load 

Data Valid After PROG to 20 ns 20 pF Load 

I Port 2 Floating After PROG tH I 0 I 150 I ns I 20 pF Load 

PROG Negative Pulse Width tK 900 ns 

Ports 4-7 Valid After PROG tpo 700 ns 100 pF Load 

Ports 4-7 Valid Before/After PROG tLPl 100 ns 

Port 2 Valid After PROG IACC 750 ns 80 pF Load 

CS Valid Before/After PROG tcs 50 ns 

PROG 

~-----------------tK------------------~ 

PORT 2 FLOAT FLOAT 

...... ----------tAcc ----------0-1 

PORT 2 

PORTS 4-7 _____ ~------....;P.;.R;.;E.;.\/;.;IO;.;U.;.S.;.O.;.UT.;..P.;U.;.T.;.V.;..A.;.lI-D-----.,...------1' 

PORTS 4-7 ___ , INPUT VALID 

2202 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
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CURRENT SINKING 
CAPABLLITY CD 

PACKAGE OUTLINES 
J.LPD8243C/D 

©IC MASTER 1979 

pPD8243 

125 

-:. 
E 100 
.!::! 
« 
E 
~ 
I- 75 

~ 
a: 
a: 
::J 
u 
I<: 50 
z 
in 
-' « 
I-
0 25 
I-

3 4 5 7 8 10 11 12 13 14 15 16 
MAXIMUM SINK CURRENT AT ANY PIN (VOL = 0.4VI 

MAXIMUM IOL WORST CASE PIN IN rnA. 

Note: G) This curve plots the guaranteed worst case current sinking capability of any I/O port line versus the total sink current of all pins. 

The I1PD8243 is capable of sinking 5 mA (for VOL = O.4V) through each of the 16 I/O lines simultaneously. The current sinking 
curve shows how the individual I/O line drive increases if all the 1/0 lines are not fully loaded. 

~-----------------A----------------~ 

ITEM 

A 

B 

C 

0 

E 

F 

G 

H 

I 

J 

K 

L 

M 

ITEM 

A 

B 

C 

0 

E 

F 

G 

H 

I 

J 

K 

L 

M 

I 

....-It--....-j C '--
D E------------~ 
Plastic 

MILLIMETERS INCHES 

33 MAX 1.3 MAX 

2.53 0.1 

2.54 0.1 

0.5,0.1 0.02 • 0.004 

27.94 1.1 

1.5 0.059 

2.54 MIN 0.1 MIN 

0.5 MIN 0.02 MIN 

5.22 MAX 0.205 MAX 

5.72 MAX 0.225 MAX 

15.24 0.6 

13.2 0.52 

+0.10 +0.004 
0.25 0.01 

-0.05 -0.0019 

MILLIMETERS INCHES 

33.5 MAX. 1.32 MAX. 

2.78 0.11 

2.54 .0.1 

0.46 0,018 

27.94 1.1 

1.5 0.059 

2.54 MIN. 0.1 MIN. 

0.5MIN. 0.019 MIN. 

4.58 MAX. 0.181 MAX. 

5.08 MAX. 0.2 MAX. 

15.24 0.6 

13.5 0.53 

0.25~~:~~ 0.Q1:~:~ SP8243-9-78-G N-CAT 
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NEe 
NEe Microcomputers, Inc. 

p.PD8251 
p.PD8251A* 

PROGRAMMABLE COMMUNICATION INTERFACES 
DESCR I PTION TheJ.LPD8251 and J.LPD8251A Universal Synchronous/Asynchronous Receiver/ 

Transmitters (USARTs) are designed for microcomputer.systems data communications. 
The USART is used as a peripheral and is programmed by the J.LPD8080 or other 
processor to communicate in commonly used serial data transmission techniques includ­
ing IBM Bi-Sync. The USART receives serial data streams and converts them into 
para"el data characters for the processor. While receiving serial data, the USART will 
also accept data characters from the processor in parallel format, convert them to serial 
format and transmit. The USART wi" signal the processor when it has completely 
received or transmitted a character and requires service. Complete USART status 
including data format errors and control signals such as TxE and SYNDET, is avaiiabie 
to the processor at any time. 

FEATURES • Asynchronous or Synchronous Operation 

PIN CONFIGURATION 

Asynchronous: 
5-8 Bit Characters 
Clock Rate - 1, 16 or 64 x Baud Rate 
Break Character Generation 
Select 1, 1-1/2, or 2 Stop Bits 
False Start Bit Detector 
Automatic-Break Detect and Handling (J.LPD8251A) 

Synchronous: 
5-8 B it Characters 
Internal or External Character Synchronization 
Automatic Sync Insertion 
Single or Double Sync Characters 

• Baud Rate - Synchronous - DC to 56K Baud (J.LPD8251) 
- DC to 64K Baud (J,LPD8251A) 

- Asynchronous - DC to 9.6K Baud 
• Full Duplex, Double Buffered Transmitter and Receiver 
• Parity, Overrun and Framing Flags 
• Fully Compatible with 8080/8085/J.LPD780 (Z80™) 
• All Inputs and Outputs are TTL Compatible 
• Single +5 Volt Supply 
• Separate Device, Receive and Transmit TTL Clocks 
• 28 Pin Plastic DIP Package 
• N-Channel MOS Technology 

02 01 

03 DO PIN NAMES 
RxO 

GNO 

04 

05 

06 

07 

T;c 

WR 
cs 

c/o 

RO 

RxROY 

~PD 
8251/ 
8251A 

Vcc 

Rxe 

5TR' 

RTS 
OSR 

RESET 

eLK 

TxO 

TxE 

CTS 
SYNOET (~PD82511 
SYNDET/BD (I'PD8251A) 
TxRDY 

Data Bus (8 bits) 

c/o Control or Data is to be Written or Read 

RD Read Data Command 

WR Write Data or Control Command 

CS Chip Enable 

ClK Clock Pulse (TTL) 

RESET Reset 

TxC Transmitter Clock (TTU 

TxD Transmitter Data 

RxC Receiver Clock (TTU 

RxD Receiver Data 

RxRDY Receiver Ready (has character for 8OBO) 

TxRDY Transmitter Ready (ready for char. from 8080) 

DSR Data Set Ready 

DTR Data Terminal Ready 

SYNDET Sync Detect 

SYNDET IBD Sync Detect/Break Detect 

RTS Request to Send Data 

CTS Clear to Send Data 

TxE Transmitter Empty 

* All data pertaining to the J.LPD8251 A is preliminary 
TM: ZOO.is a r~gistered trademark of Zilog. 

Rev/2 

VCC +5 Volt Supply 

GND Ground 
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fLPD825118251A 

The JLPDS251 and JLPDS251A Universal Synchronous/Asynchronous Receiver/ 
Transmitters are designed specifically for SOSO microcomputer systems but work with 
most S-bit processors. Operation of the JLPDS251 and JLPDS251 A, like other I/O devices 
in the SO SO family, are programmed by system software for maximum flexibility. 

In the receive mode, the JLPDS251 or JLPDS251A converts incoming serial format data 
into parallel data and makes certain format checks. In the transmit mode, it formats 
parallel data into serial form. The device also supplies or removes characters or bits that 
are unique to the communication format in use. By performing conversion and format­
ting services automatically, the USART appears to the processor as a simple or "trans­
parent"input or output of byte-oriented parallel data: 

The JLPDS251A is an advanced design of the industry standard S251 USART. It 
operates with a wide range of microprocessors, including the SOSO, SOS5, and 
JLPD7S0 (ZSOTM). The additional features and enhancements of the JLPDS251 A over 
the JLPDS251 are listed below. 

1. The data paths are double-buffered with separate I/O registers for control, status, 
Data In and Data Out. This feature simplifies control programming and min­
imizes processor overhead. 

2. The Receiver detects and handles "break" automatically in asynchronous 
operations, which relieves the processor-of this task. 

3. The Receiver is prevented from starting when in "break" state by a refined Rx 
initialization. This also prevents a disconne"cted USART from causing unwanted 
interrupts. 

4. When a transmission is concluded the TxD line will always return to the marking 
state unless SBR K is programmed. 

5. The Tx Disable command is prevented from halting transmission by the Tx 
Enable Logic enhancement, until all data previously written has been trans­
mitted. The same logic also prevents the transmitter from turning off in the mid­
dle of a word. 

6. Internal Sync Detect is disabled when External Sync Detect is programmed. An 
External Sync Detect Status is provided through a flip-flop which clears itself 
upon a status read. 

7. The possibility of a false sync detect is minimized by: 

- ensuring that if a double sync character is programmed, the characters be 
contiguously detected. 

- 'clearing the Rx register to all Logic ls (VOH) whenever the Enter Hunt com­
mand is issued in Sync mode. 

S. The R D and WR do not affect the internal operation of the device as' long as the 
JLPD8251A is not selected. 

9. The JLPDS251A Status can be read at any time, however; the status update will 
be inhibited during status read. 

"10. The JLPD8251A has enhanced AC and DC characteristics and is free from 
extraneous glitches, providing higher speed and improved operating margins. 

11. Baud rate from DC to 64K. 

c/o - -- -RD WR CS 
0 0 1 . 0 j..lPDS251/J1PD8251A ~ Data Bus 
0 1 0 0 Data Bus ~ JLPD8251/j..lPD8251A 
1 0 1 0 Status ~ Data Bus 
1 1 0 0 Data Bus ~ Control 
X X X 1 

Data Bus ~ 3-State 
X 1 1 0 

TM:ZSO is a registered trademark of Zilog. 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

INTERNAL 
DATA BUS· 

TRANSMIT 
BUFFER 

(P-Sl 

p.PD8251 18251 A 

TxD 

TxRDY 

TxE 

TxC 

SYNDET (~PD8251) 
SYNDET/BD (~PD8251 A) 

Operating Temperature ................................ -ooe to +70oe 
Storage Temperature ............................... -65°e to +125°e 
All Output Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to +7 Volts 
All Input Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to +7 Volts 
Supply Voltages ......... . . . . . . . . . . . . . . . . . . . . . . • .. -0.5 to +7 Volts 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of th is specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

*Ta = 25°e 
Ta = etc to 70°C; VCC = 5.0V ± 5%; GND = OV 

LIMITS 

PD8251 "PD8251A 

PARAMETER SYMBOL MIN TYP MAX MIN MAX UNIT TEST CONDITIONS 

Input Low Voltage VIL -0.5 0.8 -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC 2.0 VCC V 

"PD8251: 10L = 1.7mA 
Output Low Voltage VOL 0.45 0.45 V 

"PD8251A: 10L = 2.2 mA 

Output High Voltage VOH 24 2.4 
"PD8251: 10H = -100 "A 

V 
"PD8251A: 10H =-400 "A 

-50 -10 VOUT= 0.45V 
Data Bus Leakage IDL 

10 "A 
10 VOUT= VCC 

Input Load Current IlL 10 10 "A At 5.5V 

Power Supply Current ICC 45 80 100 mA 
"PD8251A: All Outputs = 

Logic 1 

CAPACITANCE Ta = 25°C; VCC = GND = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Capacitance CIN 10 pF fc'" 1 MHz 

I/O Capacitance CliO 20 pF Unmeasured 
pins returned 
toGND 
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fLPD8251 18251 A 

LIMITS 

J,tPD8251 I J,tPD8215A TEST 
PARAMETER SYMBOL MIN MAX MIN MAX UNIT CONDITIONS 

READ 

Address Stable before READ, (CS, C/D) tAR 50 0 ns 

Address Hold Time for READ, (CS, CD) tRA 5 0 ns 

READ Pulse Width tRR 430 250 ns 

Data Delay from READ tRD 350 200 ns J,tPD8251: Cl; 100pF 
J,tPD8251A: Cl; 150 pF 

READ to Data Floating tDF 200 100 ns 
J,tPD8251 

Cl-loopF 
25 10 Cl; 15 pF 

WRITE 

Address Stable before WR ITE tAW 20 0 ns 

Address Hold Time for WRITE. tWA 20 0 ns 

WRITE Pulse Width tww 400 250 ns 

Data Set-Up Time for WRITE tDW 200 150 ns 

Data Hold Time for WRITE tWD 40 0 ns 

Recovery Time Between WRITES (6) tRV 6 6 tCY 

OTHER TIMING 

Clock Period @ tCY 0.420 1_35 0_32 1_35 J,ts 
Clock Pulse Width High t¢w 220 0-7tCY 120 tCy-90 ns 
Clock Pulse Width low t'¢w 90 ns 

Clock Rise and Fall Time tR,tF 0 50 5 20 ns 

TxD Delay from Falling Edge of TxC tDTx 1 1 J,ts 

Rx Data Set-Up Time to Sampling Pulse tSRx 2 2 "S "PD8251: Cl = 100 pF 

Rx Data,Hold Time to Sampling Pulse tHRx 2 2 J,tS 
Transmitter Input Clock Frequency fTx 

1 X Baud Rate DC 56 64 kHz 
16X Baud Rate DC 520 310 kHz 
64X Baud Rate DC 520 615 kHz 

Transmitter Input Clock Pulse Width -tTPW 
1 X Baud Rate 12 12 tCY 
16X and 64X Baud Rate 1 1 tCY 

Transmitter Input Clock Pulse Delay tTPD 
1 X Baud Rate 15 15 tCY 
16X and 64X Baud Rate 3 3 tCY 

Receiver I nput Clock Frequency fRx 
lX Baud Rate DC 56 64 kHz 
16X Baud Rate DC 520 310 kHz 
64X Baud Rate DC 520 615 kHz 

Receiver Input Clock Pulse Width tRPW 
lX Baud Rate 12 12 tCY 
16X and 64X Baud Rate 1 1 tCY 

Receiver Input Clock Pulse Delay tRPD 
1 X Baud Rate 15 15 tCY 
16X and 64X Baud Rate 3 3 tCY 

TxRDY Delay from Center of Data Bit lTx 16 8 tCY J,tPD8251: Cl; 50 pF 
RxRDY Delay from Center of Data Bit tRX 20 24 .!.CY. 
Internal SYNDET Delay from Center tiS 25 24 tCY 
of Data Bit 

External SYNDET Set-Up Time before tES 16 16 16 tCY 
Falling Edge_of RxC 

TxEMPTY Delay from Center of Data Bit tTxE 16 20 tcv J,tPD8251: Cl ; 50 pF 

Control Delay from Rising Edge of twc 8 tCY 
WRITE (TxE, DTR, RTS) 

Control to READ Set-Up Time (DSR, CTS) tCR 16 20 tCY 

Notes CD AC timings measured at VOH = 2:0, VOL = 0_8, and w.th load Clrcu.t of F.gure 1. 

@ This'recovery time is for initializat.on only, when MODE, SYNC1, SYNC2, COMMAND and first DATA BYTES are 
written into the USART. Subsequent writing of both COMMAND and DATA are only allowed when TxRDY ; 1. 

@ The TxC and RxC frequencies have the following I.mitations With respect to ClK. 
, For 1 X Baud Rate, fTx or fRx .;; 1/(30 tCY) 

For 16X and 64X Baud Rate, fTX or fRx';; 1/(4.5 tCY) 

@. Reset Pulse Width 6 tCY minimum. 

2V '" ..s 
510n (8251) >-

<l: 
420n (8251A) ..J 

w 
0 
t-
::J 

b.U.T. a... 
t-
::J 

24K (8251) 0 
<I 

6K (8251A) 

Figure 1. 

+20r---~r----'-----.-----' 

+10 

0 

-10 

-20~-,--~--~~--~------

-100 -50 o +50 

L1 CAPACITANCE (pF) 

Typical Ll Output 

+100 

Delay Versus Ll Capacitance (pF) 

TEST LOAD CIRCUIT 
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TRANSMIT BUFFER/ 
CONVERTER 

PIN IDENTIFICATION 
(CONT.) 

E
o. IlPD8251 AND IlPD8251 A 
o INTERFACE TO 8080 
g STANDARD SYSTEM BUS 
J-
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w 
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fLPD8251/8251 A 

The Transmit Buffer/Converter receives parallel data from the Data Bus Buffer via the 
internal data bus, converts parallel to serial data, inserts the necessary characters or 
bits needed for the programmed communication format and outputs composite serial 
data on the TxD output. 

PIN 

NO. SYMBOL NAME 
FUNCTION 

The Transmit Control Logic accepts and outputs 
Transmit Control Logic all external and internal signals necessary for 

serial data transmission. 
15 TxRDY Transmitter Ready Transmitter Read'~ signals the processor that the 

transmitter is ready to accept a data character. 
TxRDY can be used as an interrupt or may be 
tested through the Status information for Polled 
operation. Loading a character from the pro-
cessor automatically resets TxRDY. 

18 TxE Transmitter Empty The Transmitter Empty output signals the 
processor that the USART has no further char-
acters to transmit. TxE is automatically reset 
upon receiving a data character from the pro-
cessor. In half-duplex, TxE can be used to signal 
end of a transmission and request the processor 
to "turn the line around." The TxEn bit in the 
command instruction does not effect TxE. 
In the Synchronous mode,-a "one" on this out-
put indicates that a Sync character or charac-
ters are about to be automatically transmitted 
as "fillers" because the next data character has 
not been loaded. 

9 fXC Transmitter Clock The Transmitter Clock controls the serial charac-
ter transmission rate. In the Asynchronous 
mode, the TxC frequency is a multiple of the 
actual Baud Rate. Two bits of the Mode Instruc-
tion select the multiple to be 1 x, 16x, or 64x 
the Baud Rate. In the Synchronous mode, the 
TxC frequency is automatically selected to 
equal the actual Baud Rate. 
Note that for both Synchronous and Asynchro-
nous modes, serial data is shifted out of the 
USART by the falling edge of TxC. 

19 TxD Transmitter Data The Transmit Control Logic outputs the 
composite serial data stream on this pin. 

-

\ ADDRESS BUS \ 
AO 

~ CONTROL BUS \ 
1/0 R IIOW RESET 

ifJ2 
lTTU 

\ DATA BUS ~ 
A 

8 

() V () ( 

C/O CS 07 - DO RD WR RESET ClK 

IlPD8251 /8251 A 
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J.LP D825118251 A 
The Receiver Buffer accepts serial data input at the RxD pin and converts the data 
from serial to parallel format. Bits or characters required for the specific communica­
tion technique in use are checked and then an eight-bit "assembled" character is 
readied for the processor. For communication techniques which require less than 
eight bits, the JlPD8251 and JlPD8251A sets the extra bits to "zero." 

PIN 
FUNCTION 

NO. SYMBOL NAME 

Receiver Control Logic 
This block manages all activities related to 
incoming data. 

14 RxRDY Receiver Ready The Receiver Ready output indicates that the 
Receiver Buffer is ready with an "assembled" 
character for input to the processor: For Polled 
operation, the processor can check RxRDY 
usir.g a Status Read or RxRDY can be con-
nected to the processor interrupt structure. 
Note that reading the character to the pro-
cessor automatically resets RxR DY. 

25 RxC Receiver Clock The Receiver Clock is the rate at which the 
incoming character is received. In the Asynchro-
nous mode, the R xC frequency may be 1,16 
or 64 times the actual Baud Rate but in the 
Synchronous mode the RxC frequency must 
equal the Baud Rate. Two bits in the mode 
instruction select Asynchronous at 1x, 16x or 
64x or Synchronous operation at 1 x the Baud 
Rate. 

Unlike TxC, data is sampled by the IlPD8251 and 
IlPD8251 A on the rising edge of AXe. <D 

3 RxD Receiver Data -A composite serial data stream is received by 
the Receiver Control Logic on this pin. 

16 SYNDET Sync Detect The SYNC Detect pin is only used in the 
(IlPD8251 r Synchronous mode. The IlPD8251 may be pro-

grammed through the Mode Instruction to 
operate in either the internal or external Sync 
mode and SYNDET then functions as an output 
or input respectively. In the internal Sync mode, 
the SYNDET output will go to a "one" when 
the IlPD8251 has located the SYNC character 
in the Receive mode. If double SYNC 
character (bi-sync) operation has been pro-
grammed, SYNDET will go to '~one" in the 
middle of the last bit of the second SYNC 
character. SYNDET is automatically reset to 
"zero" upon a Status Read or RESET. In the 
external SYNC mode, a "zero" to "one" transi-
tion on the SYNDET input will cause the 
IlPD8251 to start assembling data character 
on the next falling edge of AXe. The length of 
the SYNDET input should be at least one RxC 
period, but may be removed once the 
IlPD8251 is in SYNC. 

16 SYNDET/BD Sync Detect/ The SYNDET/BD pin is used in both Synchron-
(IlPD8251A) Break Detect ous and Asynchronous modes. When in SYNC 

mode the features for the SYNDET pin 
described above apply. When in Asynchron-
ous mode, the Break Detect output will go 
high when an all zero word of the programmed 
length is received. This word consists of: start 
bit, data bit, parity bit and one stop bit. Reset 
only occurs when Rx data returns to a logic 
one state or upon chip reset. The state of 
Break Detect can be read as a status bit. 

- '--------- -------------

I 

! 

I 

! 

I 

Note: <D Since the IlPD8251 and IlPD8251A will frequently be handling both the reception and 

transmission for a given link, the Receive and Transmit Baud Rates will be same. FGC 
and TxC then require the same frequency and may be tied together and connected to 
a single clock source or Baud Rate Generator. 

Examples: If the Baud Rate equals 110 (Async): If the Baud Rate equals 300: 

RxC or TxC equals 110Hz (1x) RxC or TxC equals 300 Hz (1x) A or S 
RxC or TxC equals 1.76 KHz (16x) RxC or TxC equals 4800 Hz (16x) A only 

RECEIVER BUFFER 

PIN IDENTIFICATION 
(CONT.) 

RxC or TxC equals 7.04 KHz (64x) RxC or TxC equals 19.2 KHz (64x) A only 
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OPERATIONAL 
DESCRIPTION 

/-L P 08251/8251 A 
A set of control words must be sent to the J,LPD8251 and J,LPD8251A to define the 
desired mode and communications format. The control words will specify the BAUD 
RATE FACTOR (lx, 16x, 64x), CHARACTER LENGTH (5 to 8), NUMBER OF 
STOP BITS (1, 1-1/2, 2) ASYNCHRONOUS or SYNCHRONOUS MODE, SYNDET 
(IN or OUT), PARITY, etc. 

After receiving the control words, the J,LPD8251 and J,LPD8251A are ready to commun­
icate. TxRDY is raised to signal the processor that the USART is ready to receive a 
character for transmission. When the processor writes a character to the USART, 
TxR DY is automatically reset. 

Concurrently, the J,LPD8251 and J,LPD8251A may receive serial data; and after 
receiving an entire character, the RxRDY output is raised to indicate a completed 
character is ready for the processor. The processor fetch will automatically reset 
RxRDY. 

Note: The J,LPD8251 and J,LPD8251A may provide faulty RxRDY for the first read 
after power-on or for the first read after receive is re-enabled by a command 
instruction (RxE). A dummy read is recommended to clear faulty RxRDY. 
But this is not the case for the first read after hardware or software reset 
after the device operation has once been established. 

The J,LPD8251 and J,LPD8251A cannot transmit until the TxEN (Transmitter 
Enable) bit has been set by a Command Instruction and until the CTS (Clear 
to Send) input is a "zero". TxD is held in the "marking" state after Reset 
awaiting new Command Words. 

IlPD8251 PROGRAMMING The USART must be loaded with a group of two to four control words provided by 
the processor before data reception and transmission can begin. A Reset (internal or 
external) must immediately proceed the control words which are used to program the 
complete operational description of the communications interface. If an external 
RESET is not available, three successive 00 Hex or two successive 80 Hex command 
instructions (C/O = 1) followed by a software reset command instruction (40 Hex) 
can be used to initialize the J.lPD8251 and J,LPD8251A. 

There are two control word formats: 

1. Mode Instruction 
2. Command Instruction 

MODE I NSTR UCTION' This control word specifies the general chara<;:teristics of the interface regarding the 
SYNCHRONOUS or ASYNCHRONOUS MODE, BAUD RATE FACTOR, CHARACTER 
LENGTH, PARITY, and NUMBER OF STOP BITS. Once the Mode Instruction 
has been received, SYNC characters or Command 'I nstructions may be inserted depend­
ing on the Mode I nstruction content. 

COMMAND I NSTR UCTION This control word will be interpreted as a SYNC character definition if immediately 
preceded by a Mode Instruction which specified a Synchronous format. After the 
SYNC character(s} are specified or after an Asynchronous Mode Instruction, all sub­
sequent control words will be interpreted as an update to the Command Instruction. 
Command Instruction updates may occur at any time during the data block. To 
modify the Mode Instruction, a bit may be set in the Command Instruction which 
causes an internal Reset which allows a new Mode Instruction to be accepted. 
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p.PD825118251A 

c/o = 1 

C/D= 1 

C/O = 1 

C/D = 1 

C/O =0 

C/O= 1 

C/D =0 

C/O = 1 

MODE INSTRUCTION 

SYNC CHARACTER 1 

SYNC CHARACTER 2 

COMMAND INSTRUCTION 

"- DATA ,. 
~ 

COMMAND INSTRUCTION 

~ DATA ! 

COMMAND INSTRUCTION 

} 

SYNC MODE 

ONLy<D 

NOTE CD The second SYNC character is skipped if MODE instruction has pro­
grammed the J,tPD8251 and J,tPD8251A to single character Internal 
SYNC Mode. Both SYNC characters are skipped if MODE 
instruction has programmed the J,tPD8251 and J,tPD8251 A to ASYNC 
mode. 

The pPD8251 and pPD8251A can operate in either Asynchronous or Synchronous 
communication modes. Understanding how the Mode Instruction controls the 
functional operation of the USART is easiest when the device is considered to be two 
separate components, one asynchronous and the other synchronous, which share the 
same support circuits and package. Although the format definition can be changed at 
will or "on the fly", the two modes will be explained separately for clarity. 

When a data character is written into the pPD8251 and pPD8251A, the USART 
automatically adds a START bit (low level or "space") and the number of STOP bits 
(high level or "mark") specified by the Mode Instruction. If Parity has been enabled, 
an odd or even Parity bit is inserted just before the STOP bit(s), as specifiedby the 
Mode Instruction. Then, depending on CTS and TxEN, the character may be trans­
mitted as a serial data stream at the TxD output. Data is shifted out by the falling 
edge of TxC at TxC, TxC/16 or TxC/64, as defined by the Mode Instruction. 

Ifno data characters have been loaded into the pPD8251 and pPD8251A, or if all 
available characters have been transmitted, the TxD'output remains "high" (marking) 
in preparation for sending the START bit of the next character provided by the 
processor. TxD may be forced to send a BR EAK (continuously low) by setting the cor­
rect bit in the Command Instruction. 

The RxD input line is normally held "high" (marking') by the transmitting device. 
A falling edge at RxD signals the possible beginning of a START bit and a new 
character. The START bit is checked by testing for a "low" at its nominal center 
as specified by the BAUD RATE. If a "low" is detected, again, it is considered valid, 
and the bit assembling counter starts counting. The bit counter locates the approxi­
mate center of the date, parity (if specified), and STOP bits. The parity error flag (PE) 
is set, if a parity error occurs. Input bits are sampled at the RxD pin with the rising 
edge of RxC. If a high is not detected for the STOP bit, which normally signals tt)e end 
of an input character, a framing error (FE) will be set. After a valid STOP bit, the input 
character is loaded into the parallel Data Bus Buffer of the ,uPD8251 and ,uPD8251A 
and the RxRDY signal is raised to indicate to the processor that a character is ready to 
be fetched. If the processor has failed to fetch the previous character, the new charac­
ter replaces the old and the overrun flag (OE) is set. All the error flags can be reset 
by setting a bit in the Command Instruction. Error flag conditions will not stop sub­
sequent USART operation. 
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MODE 
INSTRUCTION FORMAT 
ASYNCHRONOUS MODE 

TRANSMIT/RECEIVE 
FORMAT 

ASYNCH RONOUS MODE 
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D7 D6 D5 D4 D3 D2 D1 DO J.LPD8251 18251 A 

S2 S1 EP PEN L2 L1 B2 B1 

BAUD RATE F'ACTOR 

~ 0 1 0 1 

0 0 1 1 I 
SYNC 

(1 X) (16X) (64X) I MODE 

CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 
I 

5 6 7 8 I 

BITS BITS BITS BITS I 

PARITY ENABLE - 1 == ENABLE 0= DISABLE 

EVEN PARITY GENERATION/CHE CK 
1 = EVEN 0= ODD 

NUMBER OF STOP BITS 

0 1 0 1 

0 0 1 1 

INVALID 
1 H; 2 

BIT BITS BITS 
'--

TxD MARKING ST~ 
BITS L 

RxD 

TRANSMITTER OUTPUT 

~ 
START DATA BITS 

BIT f \-) __ ~ ___ _ 

RECEIVER INPUT 

CPU BYTE (5·8 BITS/CHAR) 

DATAC~~ 
-----\,~ 

ASSEMBLED SERIAL DATA OUTPUT (TxD) 

f 
START DATA CHARACTER 

BIT 
~----~-------;(f~-----

TRANSMISSION FORMAT 

SERIAL DATA INPUT (RxD) 
( 

CPU BYTE (5·8 BITS/CHAR) <D 

DATACH~~ 
--....{,'~ 

STOt;! 
BITS L 

NOTE(!): IF CHARACTER LENGTH IS DEFINED AS 5,6, OR 7 
BITS; THE UNUSED BITS ARE SET TO "ZERO." 

RECEIVE FORMAT 
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JLPD8251/~251A 
As in Asynchronous transmission, the TxD output remains "high" (marking) 
until the J,lPD8251 and J,lPD8251A receive the first character from the 
processor which is usually a SYNC character. After a Command Instruction has 
set TxEN and after Clear to Send (CTS) goes low, the first character is serially 
transmitted. Data is shif!ed gut on the falling edge of TxC and the same rate as'lX'C':' 

Once transmission has started, Synchronous Mode format requires that the serial data 
stream at TxD continue at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before the J,lPD8251 and J,lPD8251A Transmitter 
Buffer becomes empty, the SYNC character(s) loaded directly following the Mode 
Instruction will be automatically inserted in the TxD data stream. The SYNC 
character{s) are inserted to fill the line and maintain synchronization until new data 
characters are available for transmission. If the J,lPD8251 and J,lPD8251A become 

, empty, and must send the SYNC character{s), the TxEMPTY output is raised to signal 
the processor that the Transmitter Buffer is empty and SYNC characters are being 
transmitted. TxEMPTY is automatically reset by the next character from the processor. 

TxEMPTY go high at the middle of the last data bit when the Transmit Register is 
EMPTY~ TxEMPTY goes low again as sync characters are transmitted. See figure below. 

FOR SINGLE SYNC CHARACTER OPERATION 

TxD -=x: DATA X DATA X SYNC X SYNC X DATA X DATA x= 
DATA WRITE n n n __ _ 

TxEMPTY ------~~ ~~----------
CENTER OF LAST BIT 

FOR DOUBLE SYNC CHARACTER OPERATION (BISYNC) 

TxD =x DATA X SYNC1 X SYNC2 X DATA X DATA x= 
DATA WRITE n n n 

TxEMPTY JT1 
CENTER OF LAST BIT 

TxD =x DATA X SYNC1 X SYNC2 X DATA X DATA x= 
DATA WRITE n n n 

TxEMPTY fTL---ITl 
CENTER OF LAST BIT 

In Synchronous Receive, character synchronization can be either external or internal. 
If the internal SYNC mode has been selected, and the Enter HUNT (EH) bit 
has been set by a Command Instruction, the receiver goes into the HUNT mode. 

Incoming data on the RxD input is sampled on the rising edge of RxC, and the 
'Receiver Buffer is compared with the first SYNC character after each bit has been 
loaded until a match is found. If two SYNC characters have been programmed, the 
next received character is also compared. When the SYNC character{s) programmed 
have been detected, the J,lPD8251 and J,lPD8251A leave the HUNT mode and are in char­
acter synchronization. At this time, the SYNDET (output) is set high. SYNDET is 
automatically reset by a STATUS READ. 

If external SYNC has been specified in the Mode Instruction, a "one" applied 
to the SYNDET (input) for at least one RxC cycle will synchronize the USART. 

Parity and Overrun Errors are treated the same in the Synchronous as in the 
Asynchronous Mode. Framing errors do not apply in the Synchronous format. 

The processor may command the receiver to enter the HUNT mode with a Command 
Instruction which sets Enter HUNT (EH) if synchronization islost. 

©IC MASTER 1979 
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FORMAT 
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fLPD8251 18251 A 
07 06 05 04 03 02 01 DO 

SCS ESD 

SYNC 
CHAR 1 

EP PEN L2 L1 0 0 

CHARACTER LENGTH 

0 1 0 1 
I 

1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE 
(1 = ENABLE) 

- (0 = DISABLE) 

- EVEN PARITY GENERATION/CH 

CPU BYTES (5-8 BITS/CHAR) 

---~, )-oS ----

DATA CHARACTERS 

----if ,.., ---

1 = EVEN 
0=000 

EXTERNAL SYNC DETECT 
1 = SYNDET IS AN INPUT 
0= SYNDET IS AN OUTPUT 

SINGLE CHARACTER SYNC 
1 = SINGLE SYNC CHARACTER 
0= DOUBLE SYNC CHARACTER 

ASSEMBLED SERIAL DATA OUTPUT (TxD) 

~--------~----------~II 
SYNC 

CHAR 2 
DATA CHARACTERS 

---..,1' to----------

TRANSMIT FORMAT 

SERIAL DATA INPUT (RxD) 

~~ 

SYNC DATA CHARACTERS 

CHAR 2 ~f--------
CPU BYTES (5-8 BITS/CHAR) 

DATAC:~RACTERS I 
----41 

RECEIVE FORMAT 

ECK 

©Ie MASTER 1979 



f£'PD825118251A 

After the functional definition of the IlPD8251 and IlPD8251A has been specified by 
the Mode Instruction and the SYNC character(s) have been entered, if in SYNC mode, 
the USART is ready to receive Command Instructions and begin communication. A 
Command Instruction is used to control the specific operation of the format selected 
by the Mode Instruction. Enable Transmit, Enable Receive, Error Reset and Modem 
Controls are controlled by the Com~and Instruction. 

After the Mode Instruction and the SYNC character(s), as needed, are loaded, all 
subsequent "control writes" (C/O = 1) will load or overwrite the Command Instruction 
register. A Reset operation (internal via CMD IR or external via the RESET input) 
will cause the IlPD8251 and IlPD8251A to interpret the next "control write", which 
must immediately follow the reset, as a Mode Instruction. 

It is frequently necessary for the processor to examine the "status" of an active 
interface device to determine if errQrs have occu.rred or to notice other conditions 
which require a response from the processor. The IlPD8251 and IlPD8251A have 
features which allow the processor to "read" the device status at any time. A data fetch 
is issued by the processor while holding the C/O input "high" to obtain device Status 
Information. Many of the bits in the status register are copies of external pins. This 
dual status arrangement allows 'the IlPD8251 and IlPD8251A to be used in both Polled 
and interrupt driven environments. Status update can have a maximum delay of a 16 
clock period. 

When a parity error is detected, the PE flag is set, and is cleared by setting the 
ER bit in a subsequent Command Instruction. PE being set does not inhibit USART 
operation. 

If the processor fails to read a data character before the one following is available, 
the OE flag is set, and is cleared by setting the ER bit in a subsequent Command 
Instruction. Although OE being set does not inhibit USART operation, the 
previously received character is overwritten and lost. 

If a valid STOP bit is not detected at the end of a character, the FE flag is set, and 
is cleared by setting the ER bit in a subsequent Command Instruction. FE being set 
does not inhibit USART operation. 

Note: CD ASYNC mode only. 

©Ie MASTER 1179 
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PACKAGE OUTLINES 
IlPD8251C/D 

~PD8251AC/D 

I 
i 

I 

ITEM 

A 

B 

C 

0 

E 

F 

G 

H 

I 

J 

K 

L 

M 

ITEM 

A 

B ! 

C 
1 

0 

E I 

F I 
G I 

H 

I I 
J ! 

K 

L 

M 

fl,PD825118251A 

Plastic 

MILLIMETERS INCHES 

38.0 MAX. 1.496 MAX. 

2.49 0.098 

2.54 0.10 

0.5 ± 0.1 0.02 ± 0.004 

33.02 1.3 I 

1.5 0.059 

2.54 MIN. 0.10MIN. 

0.5 MIN. 0.02 MIN. 

5.22 MAX. I 0.205 MAX. 

5.72 MAX. 0.225 MAX. 

15.24 0.6 

13.2 0.52 

025 + 0.10 + 0.004 
. 0.05 0.01 0.002 

Ceramic 

MILLIMETERS INCHES 

36.0 MAX. 1.41 MAX. 

1.5 MAX. 0.059 MAX 

2.54 0.1 

0.50 + 0.1 0.02 ' 0.004 

33.0 1.299 

1.27 0.05 

3.2 MIN. 0.126 MIN 

1.0 MIN 0.04 MIN 

3.3 MAX. 0.13 MAX. 

5.2 MAX. 0.20 MAX. 

15.3 0.60 

13.9 0.55 

0.30 t 0.1 0.012 + 0.004 

SP8251/8251A-10-78-GN-CAT 
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NEe Microcomputers, Inc. p.PD8253. 

PROGRAMMABLE INTERVAL TIMER 

DESCRIPTION The NECJlPD8253 contains three independent, programmable, multi-modal 16-bit 
counter/timers. It is designed as a general purpose device, fully compatible with the 
8080 family. The JlPD8253 interfaces directly to the busses of the processor as an 
array of I/O ports .. 

The JlPD8253 can generate accurate time delays under the control of system software. 
The three independent 16-bit counters can"be clocked at rates from DC t~ 2 MHz. The 
system software controls the loading and starting of the counters to prQvide accurate 
multiple time del~ys. The counter output flags the processor at the completion of the 
,time-out cycles. 

System overhead is greatly improved by relieving the software from the maintenance of 
timing loops. Some other common uses for the JlPD8253 in microprocessor based" 
systems are: 

• Programmable Baud Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

F EATU R ES • Three Indpendent 16-Bit Counters 

• Clock Rate: DC to 3 MHz 

• Programmable Counter Modes 

• Count Binary or BCD 

• Single +5 Volt Supply 

• 24 Pin Dual-In-Line Plastic Package 

PIN CONFIGURATION 
07 VCC 

06 FA PIN NAMES 

05 RO 07-0 0 Data Bus (8-Bit) 

04 CS ClKN Counter Clock Inputs 

03 A1 
GATEN Counter Gate Inputs 

OUT N Counter Outputs 
02 JlPD AO RO Read Counter 

01 
8253 ClK 2 W~ Write Command or Data 

DO OUT2 CS Chip Select 

ClK 0 GATE 2 AO,A1 Counter Select 

aUTO ClK 1 
VCC +5 Voltlr 

GNO Ground 
GATE 0 GATE 1 

GNO OUT 1 

Rev/l 
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fLPD8253 
Data Bus Buffer 
The 3-state, 8-bit, bi-directional Data Bus Buffer interfaces the pPD8253 to the 8080A 

FUNCTIONAL 
DESCRIPTION 

.... 
Q) 

oo4ooJ 
::J 
0-
E 
o 
() 

o .... 

microprocessor system. It will transmit or receive data in accordance with the INput or 
OUTput instructions executed by the processor. There are three basic functions of the 
Data Bus Buffer. 

1. Program the modes of the pPD8253 
2. Load the count registers. 
3. Read the count values. 

Read/Write Logic 

The ReadIWrite Logic controls the overall operation of the pPD8253 and is governed 
by inputs received from the processor system bus. 

Control Word Register 

Two bits from the address bus of the processor, AO and A1, select the Controi Word 
Register when both are at a logic "1 " (active-high logic). When selected, the Control 
Word Register stores data from the Data Bus Buffer in a register. This data is then 
used to control: 

1. The operational MOD E of the counters. 
2. The selection of BCD or Binary counting. 
3. The loading of the count registers. 

RD (Read) 

This active-low signal instructs the pPD8253 to transmit the selected counter value to 
the processor. 

WR (Write) 

This active-low signal instructs the j.tPD8253 to receive MODE information or counter 
input data from the processor. 

A1, AO 
The Aland AO inputs are normally connected to the address bus of the processor. 
They control the one-of-three counter selection and address the control word register 
to select one of the six operational MOD ES. 

CS (Chip Select) 
The pPD8253 is enabled when an active-low signal is applied to this input. Reading or 
writing from this device is inhibited when the chip is disabled. The counter operation, 
however, is not affected. 

Counters #0, #1, #2 
The three identical, 16-bit down counters are functionally independent allowing for 
separate MOD E configuration and counting operation.' They function as Binary or 
BCD counters with their gate, input and output line configuration determined by the 
operational MODE data stored in the Control Word Register. The system software 
overhead time can be reduced by allowing the control word to govern the loading of 
the count data . 

. 2 
~ 

The programmer, with READ operations, has access to each counter's contents. The 
pPD8253 contains the commands and logic to read each counter's contents while still 

~ counting without disturbing its operation. 

Z The fdllowing is a table showing how the counters are manipulated by the input signals 
to the ReadIWrite Logic. 

CS RD WR Al AO FUNCTION 
0 1 0 0 0 Load Counter No. 0 
0 1 0 0 1 Load Counter No.1 
0 1 0 1 0 Load Counter No. 2 

0 1 0 1 1 Write Mode Word 

0 0 1 0 0 Read Counter No. 0 

0 0 1 0 1 Read Counter No.1 

0 0 1 1 0 Read Counter No.2 

0 0. 1 1 1 No-Operation, 3-State 

1 X X X X Disable, 3-State 

0 1 1 X X No-Operation, 3-State 
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BLOCK DIAGRAM 

, 

ABSOLUTE MAXIMUM 
RATINGS* 

JLPD8253 
r---------------------------------, I I 

IIOW 
~ ! 

IIOR 
~ ~ 

~ ~ . 
~ -
~ - i 

DATA 
BUS 

BUFFER 

WR 

RD READI 
WRITE 

Al LOGIC 

AO 
CS 

r 

CONTROL 
WORD 

REGISTER 

I 

r--

--
/ 

'" 

Vl 
:> 
<0 
-l 
<{ 

~ ~--""\ 
~~-,/ 
(X) 

~ 
::I. 

COUNTER 
NO.O 

COUNTER 
NO,l 

t 

COUNTER 
NO.2 

t 

I 
I 
I 
I 
I 
I 
I 

CLOCK 0 

GATE 0 

OUTO 

I 
I 
I 
I 
I 
I 
I 
I 
I 

CLOCK 1 

GATE 1 

OUT 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

CLOCK 2 

GATE 2 

OUT 2 

PROCESSOR PROCESSOR .pROCESSOR IlPD8253 ADDRESS CONTROL DATA L. __________________________________ _ 

BUS BUS BUS 

Operating Temperature 
Storage Temperature ..... . 
Voltage on Any·Pin ............ . 

Note: 0 With respect to ground. 

o°c to +70°C 
. . . . . . . . . . . . .. - 65° C to +1 25° C 

-0.5 to +7 Volts0 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Expo'sure to absolute maximum rating conditions for extended periods may affect device 
realiability. 

*Ta = 25°C 

DC CHARACTER ISTICS Ta = O°Cto +70°C; Vce = +5V ±5% 

LIMITS TEST 
PARAMETER SYMBOL 'MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC+O·5 V 

Output Low Voltage VOL 0.45 V IOL = 2.2 mA 

Output High Voltage VOH 2.4 V IOH = -400 ~A 

Input Load Current IlL ±10 ~A V I N = V CC to 0 V 

Output Float Leakage Current IOFL ±10 ~A Vo UT = V CC to 0 V 

VCC Supply Current ICC 95 mA 

CAPACITANCE Ta = 25°C; VCC = GND = OV 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance CIN 10 pF fc = 1 -MHz 

Input/Output Capacitance CI/O 20 pF Unmeasured pins returned 
to VSS. 
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,uPD8253 

Ta = O°C to +70°C; VCC = +5 V ± 5%; GND = 0 V AC CHARACTERISTICSQ) 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

READ 

Address Stable Before READ tAR 50 ns 

Address Hold Time for READ tRA 5 ns 

READ Pulse Width tRR 400 ns 

Data Delay from READ tRD 300 ns CL = 100 pF 

READ to Data Floating tDF 25 125 ns CL = 100 pF 

WRITE 

Address Stable Before WR ITE tAW 20 ns 

Address Hold Time for WR ITE tWA 20 ns 
f-=---"-
WR ITE Pulse Width tww 400 ns 

Data Set Up 'Ti me for WR IT E tow 200 ns 

Data Hold Time for WRITE two 40 I ns 

Recovery Time Between WRITES tRV 1 J,LS 

CLOCK AND GATE TIMING 

Clock Period tCLK 300 DC ns 

High Pulse Width tpWH 200 ns 

Low Pu Ise Width tPWL 100 ns 

Gate Pulse Width High tGW 150 ns 

Gate Set Up Time to Clock t tGS 100 ns 

Gate Hold Time After Clock t tGH 50 ns 

Low Gate Width tGL 100 ns 

Output Delay from Clock ~ too 300 ns CL = 100 pF 

Output Delay from Gate tODG 300 ns CL=100pF 

Note: 0AC Timing Measured at VOH = 2.2 V; VOL = 0.8 V. 

TIMING WAVEFORMS 

READ TIMING 

WRITE TIMING 

CLOCK AND GATE TIMING 
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PROGRAMMING The programmer can select any of the six operational MODES for the counters using 
THE ~PD8253 system SQftware. Individual counter programming is accomplished by loading the 

CONTROL WORD REGISTER with the appropriate control word data (AO, A1 = 11). 

@IC MASTER 1m 

OONTROLWOROFORMAT 

07 

SC1 

06 Os 04 03 02 D1 DO 

SCO RL1 RLO M2 M1 MO BCD 

SC - Select Counter 

SC1 SCO 

0 0 Select Counter 0 

0 1 Select Counter 1 

1 0 Select Counter 2 

1 1 Invalid 

R L - Read/Load 

RL1 RLO 

0 0 Counter Latching Operation 

-1 0 Read/Load Most Significant Byte Only 

0 1 Read/Load Least Significant Byte Only 

1 1 Read/Load Least Significant Byte First, Then Most 
Significant Byte 

BCD 

o Binary Counter, 16-Bits 

1 BCD Counter, 4-Decades 

M-Mode 

M2 M1 MO-

O 0 0 Mode 0 

0 0 1 Mode 1 

X 1 {) Mode 2 

X 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 
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p.PD8253 

Each of the three counters can be individually programmed with different operating OPERATIONAL MODES CD 
MODES by appropriately formatted Control Words. The following is a summary of the 
MOD E operations. 

Mode 0: Interrupt on Terminal Count 
The initial MODE set operation forces the OUTPUT low. When the specified counter is 
loaded with the count value, it will begin counting. The OUTPUT will remain low until 
the terminal count sets it high. It will remain in the high state until the trailing edge of 
the second WR pulse loads in COUNT data. If data is loaded during the counting 
process, the first WR stops the count. Counting starts with the new count data triggered 
by the falling clock edge after the second WR. If a GATE pulse is asserted while count­
ing, the count is terminated for the duration of GATE. The falling edge of ClK follow­
;ing the removal of GATE restarts counting from the terminated point 

CLOCK 

WAn' I I i 
l....!!:.:2U !--n---] 

OUTPUT 
!INTERRUPT) 

WArn 

GATEm 

OUTPUT 

u 
L-,,-.,,--_~-::-,r--

4 3 2 1 0 

Mode 1: Programmable One-Shot 
The OUTPUT is set low by the falling edge of CLOCK following the trailing edge of 
GATE. The OUTPUT is set high again at the terminal count. The output pulse is not 
affected if new count data is loaded while the OUTPUT is low. The new data will be 
loaded on the rising edge of the next trigger pulse. The assertion of a trigger pulse 

while OUTPUT is low, resets and retriggers the One-Shot. The OUTPUT will remain 
low for the full count value after the rising edge of TRIGGER. 

CLOCK 

WAn -, I 
~ 

GATE n 
iTRIGGERI 

OUTPUT 

GATE 
ITRIGGER) 

4 3 2 1 

54 543210 

OUTPUT 

Mode 2: Rate Generator 
The RATE GENERATOR is a variable modulus counter. The OUTPUT goes low for 
one full CLOCK period as shown in following timing diagram. The count data sets the 
time between OUTPUT pulses. If the count register is reloaded between output pulses 
the present period will not be affected. The subsequent period will reflect the new 
value. The OUTPUT will remain high for the duration of the asserted GATE input. 
Normal operation resumes on the falling CLOCK edge following the rising edge of 
GATE. 

CLOCK 

~ 
___ ...;;.4....::..,3 _2;;......;1 0(4) 3 2 1 0(3) 1 0(3) U U,-.:------;U--

OUTPUT 
In = 3) 

3 2 

Note: CD All internal counter events 
occur at the falling edge of the 
aSSOCiated clock in all modes of 
operation. 
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(Cont.) 
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fLPD8253 
Mode 3: Square Wave Generator 
MODE 3 resembles MODE 2 except the OUTPUT will be high for half of the count and 
low for the other half (for even values of data). For odd values of count data the OUT· 
PUT will be high one clock ~~le1 'on~; than when it is low (High Period -+ ~ -

clock cycles; Low Period -+ ~ clock periods, where N is the decimal value of count 
data).· If the count register is reloaded with a new value during counting, the new value 
will be reflected immediately after the output transition of the current count. 

The OUTPUT will be held in the high state while GATE is asserted. Counting will start 
from the full count data after the GATE has been removed. 

CLOCK 

OUTPUT n 

OUTPUTm 

GATE 
IAESETI 

OUTPUTn 

Mode 4: Software Triggered Strobe ;" 
The OUTPUT goes high when MODE 4 is set, and counting begins after the second 
byte of data has been loaded. When the terminal count is reached, the OUTPUT wi" 
pulse low for one clock period. Changes in count data are reflected in the OUTPUT as 
soon as the new data has been loaded into the count registers. During the loading of 
new data, the OUTPUT is held high and counting is inhibited. 

The OUTPUT is held high for the duration of GATE. The counters are reset and 
counting begins from the full data value after GATE is removed. 

CLOCK 

4 3 2 1 0 

OUTPUT n u 
WA m 

Gmm 

OUTPUTm 

_
__ ~43 210 

--u-
Mode 5: Hardware Triggered Strobe 
Loading MODE 5 sets OUTPUT high. Counting begins when COl!nt data is loaded and 
GATE goes high. After terminal count is reached, the OUTPUT will pulse low for one 
clock period. SubSequent trigger pulses will restart the counting sequence with the 
OUTPUT pulsing low on terminal count following the last rising edge of the trigger 
input (Reference bottom half of timing diagram). 

CLOCK 

GATE n 
ITRIGGERl 

OUTPUTn 

GATE n 
ITRIGGERI 

OUTPUT n 

in 41 

4 3 2 1 0 u 

4 3 2 1 
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NEe Microcomputers, Inc. 
NEe 

p.PD8255 
fLPD8255A-5 * 

PROGRAMMABLE PERIPHERAL INTERFACES 

DESCRIPTION The ~PD8255 and ~PD8255A-5 are general purpose programmable INPUT/OUTPUT 
devices designed for use with the 8080A/8085A microprocessors. Twenty-four (24) 
I/O lines may be programmed in two groups of twelve (group I and group II) and used 
in three modes of operation. In the Basic mode, (MODE 0), each group of twelve I/O 
pins may be programmed in sets of 4 to be input or output. In the Strobed mode, 
(MODE 1), each group may be programmed to have 8 lines of input or output. Three 
'of the remaining four pins in each group are used for handshaking strobes and interrupt 
control signals. The Bidirectional Bus mode~ (MODE 2), uses the 8 lines of Port A for 
a bidirectional bus, and five lines from Port C for bus contrpl signals. The ~PD8255 
and ~PD8255A-5 are packaged in 40 pin plastic dual-in-line packages. 

F EATU R ES • Fully Compatible with the 8080A/8085 Microprocessor Families 

• All Inputs and Outputs TTL Compatible 

• 24 Programmable I/O Pins 

• Direct Bit SET/RESET Eases Control Application Interfaces 

• 8 - 2 rnA Darlington Drive Outputs for Printers and Displays (~PD8255) 

• 8 - 4 rnA Darlington Drive Outputs for Printers and Displays (~PD8255A-5) 

• LSI Drastically' Reduces System Package Count 

• Standard 40 Pin Dual-In-Line Plastic Package 

PIN CONFIGURATION PA3 PA4 
PA2 PAS 
PA1 PA6 PIN NAMES 
PAo PA7 
RO WR 07-0 0 Data Bus (Bi-Directional) 

CS RESET RESET Reset Input 

GNO 00 
A1 01 

CS Chip Select 

RD Read Input 

WR Write Input 
AO 

~PD 
02 

PC7 
8255/ 03 

PC6 8255A-5 04 
pcs Os 
PC4 06 
PCo 07 

AO.A, Port Address 

PA7-PAO Port A (Bit) 

PB7-PBO Port B (Bit) 

PC7-PCO Port C (Bit! 

VCC +5 Volts 

GND o Volts 

PC1 Vee 
PC2 PB7 
PC3 PB6 
peo PBS 
PC1 PB4 
PC2 PB3 

*AII data pertaining to the ~PD8255A-5 is preliminary. 

Rev/2 
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fL PD8255/8255A·5 

General FUNCTIONAL DESCRIPTION 
The pPD8255 and pPD8255A-5 Programmable Peripheral Interfaces (PPI) are designed 
for use in 8080A/8085A microprocessor systems. Peripheral equipment can be effectively 
and efficiently interfaced to the 8080A/8085A data and control busses with the pPD8255 
and pPD8255A-5. The pPD8255 and pPD8255A-5 are functionally configured to be 
programmed by system software to avoid external logic for peripheral interfaces. 

Data Bus Buffer 

The 3-state, bidirectional, eight bit Data Bus Buffer (DO-D7) of the JlPD8255 and 
pPD8255A-5 can be directly interfaced to the processor's system Data Bus (DO-D7). 
The Data Bus Buffer is controlled by execution of IN and OUT instructions by the 
processor. Control Words and Status information are also transmitted via the Data Bus 
Buffer. 

Read/Write and Control Logic 

This block manages all of the internal and external transfers of Data, Control and 
Status. Through this block, the processor Address and Control busses can control the 
peripheral interfaces. 

Chip Select, CS, pin 6 

A Logic Low, VIL, on this input enables the JlPD8255 and JlPD8255A-5 for com­
munication with the 8080A/8085A. 

Read, RD, pin 5 

A Logic Low, VIL, on this inpu~ enables the JlPD8255 and JlPD8255A-5 to send Data 
or Status to the processor via the Data Bus Bluffer. 

Write, WR, pin 36 

A Logic Low, VIL, on this input enables the Data Bus Buffer to receive Data or Con­
trol Words from the processor. 

Port Select 0, AO, pin 9 
Port Select 1, A1, pin 8 

These two inputs are used in conjunction with CS, RD, and WR to control the selec­
tion of one of three ports on the ·Control Word Register. AO and A 1 are usually 
connected to AO and A 1 of the processor Address Bus. 

Reset, pin 35 

A Logic High, VIH, on this input clears the Control Register and sets ports A, B, and 
C to the input mode. The input latches in ports A, B, and C are not cleared. 

Group I and Group II Controls 

Through an OUT instruction in System Software from the processor, a control word 
is transmitted to the JlPD8255 and JlPD8255A-5. Information such as "MODE," 
"Bit SET," and "Bit RESET" is used to initialize the functional configuration of each 
I/O port. 

Each group (I and II) accepts "commands" from the Read/Write Control Logic and 
"control words" from the internal data bus and in turn controls its associated I/O 
ports. 

Group I - Port A and upper Port C (PC7-PC4) 
Group II - Port B and lower Port C (PC3-PCO) 

While the Control Word Register can be written into, the contents cannot be read back 
to the processor. 

Ports A, B, and C 

The three 8-bit I/O ports (A, B, and C) in the JlPD8255 and pPD8255A-5 can all be 
configured to meet a wide variety of functional requirements through system software. 
The effectiveness and flexibility of the JlPD8255 and J1PD8255A-5 is further 
,enhanced by spe.cial features unique to each of the ports. 

Port A = An 8-bit data output latch/buffer and data input latch. 
Port B = An 8-bit data input/output latch/buffer and an 8-bit data input buffer. 
Port C = An 8-bit output latch/buffer and a data input buffer (input not latched). 

Port C may be divided into two independent 4-bit control and status ports for use with 
Ports A and B. 
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BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 

©IC MASTER 1979 

1--+5i1 
POWER 

SUPPLIES 1 __ GND 

BI·DIRECTIONAL DATA BUS 

iffi----o--a 

Wil----o--a READI 
WRITE 

A, -----I C~~~~gL 

A.----i 

RESET----i 

~ _____ ..;r 

Operating Tem'perature 
Storage Temperature .. 
All Output Voltages CD. 
All Input Voltages CD 
Supply Voltages CD ... 

8 BIT 
INTERNAL 
DATA BUS 

GR~UP 1/'------' 1/"------"\.1 
CONTROL 

Note: CD Wi,th respect to VSS 

GROUP 
I 

PORT 
A 

(81 

GROUP 
II 

PORT 
B 

(81 

JL PD8255/8255A·5 

I/O 
I'..-__ -./PA,-PA. 

1/0 
I'v---,---./ PC,-PC. 

1/0 
I",,"-.--~./ pc)-pco 

1/0 
1'\. .... .....--,./ PB, -PBo 

DOC to +70°C 

-65°C to +125°C 
-0.5 to +7 Volts 
-0.5 to +7 Volts 
-0.5 to +7 Volts 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absrnute maximum rating conditions for extended periods may affect device 
reliability. 

Ta = oOe to +70
o

e, vce = +5V ± 5%; VSS = OV. 

LIMITS 

/LPD8255 /LPD8255A TEST 
PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage VIL VSS-0.5 O.S -0.5 O.S V 

Input High Voltage VIH 2 Vec 2 Vce V 

Output Low Voltage VOL 0.4 0.45 V (2) 
Output High Voltage VOH 2.4 2.4 V (3) 
Darlington Drive Current IOH(1 1 2 4 -1 -2 -4 mA VOH = 1.5V, REXT = 750n 

Power Supply Current ICC 40 120 40 120 mA Vec = +5V, Output Open 

Input Leakage Current 11iH 10 10 /LA VIN = Vce 

Input Leakage Current 11iL -10 -10 /LA VIN = O.4V 

Output Leakage Current ILOH 10 10 /LA VOUT = Vee; es = 2.0V 

Output Leakage Current ILOL -10 -10 /LA VOUT = O.4V. CS = 2.0V 

Notes: G) Any set of 'eight IS) outputs from either Port A. B. or e can source 2 mA into 1.5V for /LPDS255. or 4 mA into 
1.5V for /LPDS255A. 

@ For /LPDS255: IOl = 1.7 mA 
For /LPDS255A: IOL = 2.5 mA for DB Port; 1.7 mA for Peripheral Ports. 

@ For /LPDS255: IOH = -100 /LS for DB Port; 50 /LS for P.eripheral Ports. 
For /LPDS255A: IOH = -400 /LS for DB Port; -200 /LS for Peripheral Ports. 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance CIN 10 pF fc = 1 MHz 

I/O Capacitance CliO 20 pF Unmeasured pins 
returned to VSS 
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fL P D825518255A·5 
The J-LPD8255 and J-LPD8255A-5 can be operated in modes (a, 1 or 2) which are selected 
by appropriate control words and are detailed below. 

• MODE a provides for basic I nput and Output operations through each of the ports 
A, B, and C. Output data is latched and input data follows the peripheral. No "hand­
shaking" strobes are needed. 

16 different configurations in MODE a 
Two a-bit ports and two 4-bit ports 

Inputs are not latched 

Outputs are latched 

MODE 1 provides for Strobed Input and Output operations with data transferred 
through Port A or B and handshaking through Port C. 

Two I/O Groups (I and II) 

Both groups contain an a-bit data port and a 4-bit control/data port 

Both a-bit data ports can be either Latched I nput or Latched Output 

MODE 2 provides for Strobed bidirectional operation using PAO-7 as the bidirec­
tiona I latched data bus. PC3-7 is used for interrupts and "handshaking" bus flow 
controls similar to Mode 1. Note that PB0-7 and PC0-2 may be defined as Mode a 
or 1, input or output in conjunction with Port A in Mode 2. 

An a-bit latched bidirectional bus port (PA0-71 and a 5-bit control port (PC3-7) 

Both inputs and outputs are latched 

An additional a-bit input or output port with a 3-bit control port 

INPUT OPERATION (READ) , 

Al Ao RD WR CS' 
0 0 0 1 0 PORT A __ DATA BUS 

0 1 0 1 0 PORT B--DATA BUS 
1 0 0 1 0 PORT C __ DATA BUS 

OUTPUT OPERATION (WRITE) 

Al AO RD WR csl 
0 0 1 0 0 I DATA BUS--.PORT A 
0 1 1 0 0 I DATA BUS __ PORT B 

1 0 1 0 0 I DATA BUS_PORT C 
1 1 1 0 0 I DATA BUS-...-CONTROL 

DISABLE FUNCTION 
Al AO RD WR CS 

X X X X 1 
DATABUS~ 

HIGH Z STATE 

X X 1 1 a 
DATA BUS __ 

HIGH Z STATE 

NOTES: G) X means "DO NOT CARE," 

CY All conditions not listed are illegal and should 

be avoided. 

CONTROL WOAD 

107 1 06 05 1 04 1 031 02 1 0, I DO 1 
L.J 

/ GROUP D \ 
PORT C ILOWERI 

~ 1::r INPUT 

o -OUTPUT 

poRTe 
1:: INPUT 
O· OUTPUT 

MODE SELECTION 
O' MOOEO 
1 "'MODE 1 

/ GROUP! \ 
PORT C IUPPER I 
1", INPUT 
0= OUTPUT 

PORT A 
1 '" INPUT 
0= OUTPUT 

MODE SELECTION 
00 - MODE 0 
01 zMODE 1 
,x -MOOE2 

MOoe seT FLAG 

MODE DEFINITION 
1'" ACTIVe 

2234 

CONTROL WORD 

I I I 
x x x 

I I 
I 

DON'T 
CARE 

BIT/RESET 

BIT SETIAESET 
1: seT 
0'" RESET 

BIT SET/RESET FLAG 
0" ACTIVE 

MODES 

MODE 0 

MODEl 

MODE 2 

BASIC OPERATION 

FORMATS 
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PACKAGE OUTLINE 
IlPD8255C/D 

IlPD8255AC/D-5 

©IC MASTER 1979 

fL PD8255/8255A·5 

Members of the IlPD8085 Family are housed in both plastic and ceramic 40 pin 
. packages. The drawings and tables below apply to all five of the NEe Microcomputer 

parts covered in this data sheet. 

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.10 ± 0.004 

D 0.5 ± 0.1 0.019 ± 0.004 

E 48.26 1.9 
F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5 MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 
+ 0.1 + 0.004 

M 0.25 0.010 
0.05 0.002 

Ceramic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.100 ± 0.004 

D 0.50 ± 0.1 0.0197 ± 0.004 

E 48.26 ± 0.2 1.900 ± 0.008 

F 1.27 0.050 

G 3.2 MIN 0.126 MIN 

H 1.0 MIN 0.04 MIN 

I 4.2 MAX 0.17 MAX 

J 5.2 MAX 0.205 MAX 

K 15.24 ± 0.1 0.6 ± 0.004 

+ 0.2 + 0.008 
L 13.5 0.531 

- 0.25 - 0.010 

M 0.30 ± 0.1 0.012 ± 0.004 

SP8255/8255A-5-9-78-G N-CAT 
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PROGRAMMABLE DMA CONTROLLER 

OESCR IPTION The ~PD8257 is a programmable four-channel Direct Memory Access (DMA) controller. 
It is designed to simplify high speed transfers between peripheral devices and memories. 
Upon a peripheral request, the 8257 generates a sequential memory address, thus 
allowing the peripheral to read or write data directly to or from memory. Peripheral 
requests are prioritized within the 8257 so that the system bus may be acquired by the 
generation of a single HOLD command to the 8080. DMA cycle counts are maintained 
for each of the four channels, and a control signal notifies the peripheral when the 
preprogrammed member of DMA cycles has occurred. Output control signals are also 
provided which allow simplified sectored data transfers and expansion to other 8257 
devices for systems requiring more than four DMA channels. 

FEATU RES • Four Channel DMA Controller 
• Priority DMA'Request Logic 
• Channel Inhibit Logic 
• Terminal Count and Modulo 128 Outputs 
• Automatic Load Mode 
• Single TTL Clock 
• Single +5V Supply 
• Expandable 
• 40 Pin Plastic Dual-In-Une Package 

PIN CONFIGURATION IIOR A7 
IIOW AS 

MeMR AS 
MEMW A4 
MARK TC 

READY A3 

PIN NAMES 

07-0 0 Data Bus 

A7-AO Address Bus 

IIOR I/O Read 

I/OW 1/0 Write 

HlDA A2 MEMR Memory Read 

ADDSTB A, MEMW Memory Write 

AEN AO ClK Clock Input 

HRO pPD VCC RESET Reset Input 

CS 8257 DO 
ClK 0 1 

O2 RESET 
DACK2 D3 

READY Ready 

HRO Hold Request (to 808OA) 

HlDA Hold Acknowledge (from 8080A) 

AEN Address Enable 

ADSTB Address Strobe 

DACK3 ~ TC Terminal Count 

DR03 DACKO MARK Modulo 128 Mark 

DR02 DACK, DR03-DROo DMA Request Input 

DR01 Os DACK3-DACKO DMA Acknowledge Out 

DROO Os 
GND 20 0_ 

CS Chip Select 

VCC +5 Volts -, r -, GND Ground 
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p.PD8257 
The 8257 is a programmable, Direct Memory Access (DMA) device and when used with an 8212 
1/0 port device, it provides a complete four-channel DMA controller for use in 8080 based sys­
tems. Once initialized by an 8080 CPU, the 8257 will block transfer up to 16,364 bytes of data 
between memory and a peripheral device without any attention from the CPU, and it will do 
this on all 4-DMA channels. After receiving a DMA transfer request from a peripheral, the follow­
ing sequence of events occur within the 8257. 

• It acquires control of the system bus {placing 8080 in hold mode}. 

• Resolves priority conflicts if multiple DMA requests are made. 

• A 1.6 bit memory address word is generated with the aid of an 8212 in the following manner: 

The 8257 outputs the least significant eight bits (AO-A7) which go directly onto the 
add ress bus. 

The 8257 outputs the most significant eight bits (A8-A 15) onto the data bus where they 
are latched into an 8212 and then sent to the high order bits on the address bus. 

• The appropriate memory and 1/0 readlwrite control signals are generated allowing the 
peripheral to receive or deposit a data byte directly from or to the appropriate memory 
location. 

Block trans~er of data (e.g., a sector of data on a floppy disk) either to or from a peripheral may 
be accomplished as long as the peripheral maintains its DMA Request (DRO ). The 8257 retains 
control of the system bus as long as DROn remains high or until the Termin~1 Count (TC) is 
reached. When the Terminal Count occurs, TC goes high, informing the CPU that the operation is 
complete. 

There are three different modes of operation: 

• . DMA read; which causes data to be transferred' from memory to a peripheral; 

• DMA write; which causes data to be transferred from a peripheral to memory; .and 

• DMA verify; which does not actually involve the transfer of data . 
• The DMA read and write modes are the normal operating conditions for the 8257. The DMA 

verify mode responds in the same manner as readlwrite except no memory or 1/0 readlwrite 
control signals are gene-rated, thus preventing the transfef of data. The peripheral gains control 
of the system bus and obtains DMA Acknowledgements for its requests, thus allowing it to 
access each byte of a data b~ock for check purposes or accumulation of a CRC (Cyclic Redundancy 
Code) checkword. In some applications it is necessary for a block of DMA read or write cycles to 
be followed by a block of DMA verify cycles to allow the peripheral to verify its newly acquired 
data. 

FUNCTIONAL 
DESCRIPTION 

f'.. 
~ DRQO 

BLOCK DIAGRAM 

IIOR 

I/OW 

ClK 

RESET 

READY 

HRQ 

HlDA 

i'ViEiii1R 

MEMW 

AEN 

ADSTB 

TC 

MARK 
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ALTERNATE SOURCE DIRECTORY 

~a:'eacturer I :~:ement Device 
ICMaster Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master IhrIufKturer I Replacement IC Master 

Page Device Source Device Page Device Source Device Page Device Source Device Page 

NCR Corp., Microelectronics I-lPB10133 Motorola. MC10133 I-lPB74LS02 Motorola SN74LS02 p.PB74LS151 Raytheon 74LS151 

Div. 
Signetics 10133 National DM74LS02 Signetics 74LS151 

I-lPB10142 TI SN10l02 Raytheon 74LS02 TI SN74LS151 
I-lPB10144 Motorola MC10144 Signetics 74LS02 ""PB74LSl53 AMD SN74LS153 

NCR1105 Nitron NCll05 Raytheon RC10144 TI SN74LS02 Fairchild 74LS153 

NCR1400 Nitron NC1400 Signetics 10144 I-lPB74LS03 Fairchild 74LS03 Hitachi HD74LS153 

NCR1711 Nitron NC1711 TI SN10144 Hitachi HD74LS03 Motorola SN74LS153 

NCR1721 Nitron NC1721 I-lPB10148 Hitachi. HD10148 Motorola SN74LS03 National DM74LS153 

NCR1731 Nitron NC1731 Signetics 10148 National DM74LS03 Raytheon 74LS153 

NCR2051 Nitron NC2051 TI SN10148 Raytheon 74LS03 Signetics 74LS153 

NCR2055 Nitron NC2055 ~PB10158 Fairchild Fl0158 Signetics 74LS03 n SN74LS153 

NCR2401 Nitron NC2401 Motorola MC10158 TI SN74LS03 ""PB74LSl55 Fairchild 74LSl55 

NCR2450 Nitron NC2450 Signetics 10158 I-lPB74LS04 Fairchild 74LS04 Hitachi HD74LS155 

NCR2805 Nitron NC2805 I-lPB10161 Fairchild Fl0l61 Hitachi HD74LS04 Motorola SN74LS155 

NCR2810 Nitron NC2810 Hitachi HD10161 Motorola SN74LS04 National DM74LS155 
Motorola MC10161 . National DM74LS04 Raytheon 74LS155 

NEC America 
Signetics 10161 Raytheon 74LS04 Signetics 74LS155 

I-lPB10162 Fairchild Fl0162 Signetics 74LS04 TI SN74LS155 
Hitachi HD10162 TI SN74LS04 p.PB74LS157 AMD SN74LS157 

I-lPB10100 Fairchild Fl0l00 Motorola MC10162 I-lPB74LS05 Fairchild 74LS05 Fairchild 74LS157 

Motorola MC10100 Signetics 10162 Hitachi HD74LSOS Motorola SN74LS157 

Signetics 10100 I-lPB10164 Fairchild Fl0164 . Motorola SN74LSOS National DM74LS157 

I-lPB10l01 Fairchild Fl0101 Hitachi HD10164 National DM74LS05 Raytheon 74LS157 

Hitachi HD10101 Motorola MC10164 Raytheon 74LS05 Signetics 74LS157 

Motorola MC10101 Signetics 10164 Signetics 74LS05 TI SN74LS157 

Signetics 10101 TI SN10164 TI SN74LS05 "PB74LS161 AMO SN74LS161 

I-lPB10102 Fairchild Fl0l02 I-lPB10174 Fairchild Fl0174 I-lPB74LS08 Fairchild 74LS08 Fairchild 74LS161 

Hitachi HD10102 Hitachi HD10174 Hitachi HD74LS08 Hitachi H074LS161A 

Motorola MC10l02 Motorola MCI0174 Motorola SN74LS08 Motorola SN74LS161A 

Signetics 10102 Signetics 10174 National DM74LS08 National DM74LS161 

f,tPB10l03 Fairchild Fl0103 TI SN10174 Raytheon 74LS08 Raytheon 74LS161 

Motorola MC10103 I-lPB10180 Fairchild Fl0180 Signetics 74LS08 Signetics 74LS161 

Signetics 10103 Hitachi HD10180 TI SN74LS08 TI SN74LS161A 

I-lPB10l05 Fairchild Fl0l05 Motorola MC10180 I-lPB74LS10 Fairchild 74LS10 p.PB74LSl64 AMO SN74LSl64 

Hitachi HD10105 Signetics 10180 Hitachi HD74LS10 Fairchild 74LS164 

Motorola MC10105 I-lPB10181 Fairchild Fl0181 Motorola SN74LS10 Hitachi HD74LSl64 

National DM10105 Hitachi H010181 National DM74LS10 Motorola SN74LSl64 

Signetics 10105 Motorola MC10181 Raytheon 74LS10 National DM74LS164 

",PBl 01 06 Fairchild Fl0106 Signetics 10181 Signetics 74LS10 Raytheon 74LS164 

Hitachi HD10106 I-lPB74HOO Fairchild 74HOO TI SN74LS10 Signetics 74LSl64 

Motorola MC10l06 National DM74HOO ",PB74LS109 Fairchild 74LS109 TI SN74LSl64 

National DM10106 Raytheon 74HOO Motorola SN74LS109A ""PB74LS175 AMD SN74LS175 

Signetics 10106 Signetics 74HOO National DM74LS109 Fairchild 74LS175 

I-lPB10l07 Fairchild Fl0l07 n SN74HOO Raytheon 74LS109 Hitachi HD74LS175 

Hitachi HD10107 I-lPB74HOl Fairchild 74H01 Signetics 74LS109 Motorola SN74LS175 

Motorola MC10107 National DM74HOl n SN74LS109A National DM74LS175 

Signetics 10107 Raytheon 74HOl I-lPB74LS11 Fairchild 74LS11 Raytheon 74LS175 

I-lPB10109 Fairchild Fl0l09 Signetics 74H01 Hitachi HD74LS11 Signetics 74LS175 

Hitachi HD10l09 TI SN74HOl Motorola SN74LS11 TI SN74LS175 

Motorola MC10109 I-lPB74H04 Fairchild 74H04 National DM74LS11 p.PB74LS192 AMD SN74LS192 

National DM10l09 National DM74H04 Raytheon 74LS11 Fairchild 74LS192 

Signetics 10109 Raytheon 74H04 Signetics 74LS11 Motorola SN74LS192 

",PB10110 Fairchild Fl0110 Signetics 74H04 TI SN74LSll National DM74LS192 

Hitachi HD10ll0 TI SN74H04 p.PB74LSl12 Fairchild 74LS112 Raytheon 74LS192 

Motorola MC10l10 I-lPB74Hl0 Fairchild 74Hl0 Hitachi HD74LS1l2 Signetics 74LS192 

Signetics 10110 National DM74Hl0 National DM74LSl12 n SN74LS192 

I-lPB10l11 Fairchild Fl0ll1 Raytheon 74Hl0 Raytheon 74LSll2 "PB74LSl93 AMD SN74LS193 

Hitachi HD10l11 Signetics 74Hl0 Signetics 74LSll2 Fairchild 74LS193 

Motorola MC10l11 TI SN74Hl0 TI SN74LS112 Motorola SN74LS193 

National DM10111 I-lPB74H20 Fairchild 74H20 "PB74LS113 Fairchild 74LS113 National DM74LS193 

Signetics • 10111 National DM74H20 Hitachi HD74LS113 Raytheon 74LS193 

I-lPB10115 Fairchild Fl0115 Raytheon 74H20 National DM74LS113 Signetics 74LS193 

Motorola MC10115 Signetics 74H20 Raytheon 74LS113 TI SN74LS193 

National DM10l15 TI SN74H20 Signetics 74LS1l3 "PB74LSl94 AMD S,N74LSl94A 

Signetics 10115 I-lPB74H30 Fairchild 74H30 TI SN74LS113 Fairchild 74LSl94 

~10117 Fairchild Fl0117 National DM74H30 "PB74LS138 AMD SN74LSl38 Hitachi HD74LSl94A 

Hitachi HD10117 Signetics 74H30 Fairchild 74LS138 Motorola SN74LSl94A 

Motorola MC10117 TI SN74H30 Hitachi HD74LS138 Raytheon 74LSl94A 

National DM10117 I-lPB74H40 Fairchild 74H40 Motorola SN74LS138 Signetics 74LSl94A 

Signetics 10117 National DM74H40 National DM74LS138 n SN74LSl94A 

~Bl0118 Fairchild Fl0118 Raytheon 74H40 Raytheon 74LS138 "PB74LS195 AMD SN74LS195A 

Hitachi HD10118 Signetics 74H40 SignetiCs 74LSl38 Fairchild 74LS195 

MotQrOla MC10118 TI SN74H40 TI SN74LSl38 Hitachi HD74LS195A 

National DMl0118 ",PB74H51 Fairchild 74H51 "PB74LSl39 AMO SN74LS139 Motorola SN74LS195A 

Signetics 10118 National DM74H51 Fairchild 74LS139 Raytheon .74LSl95A 

I-lPB10124 Fairchild F10124 SlQfletics 74H51 Hitachi H074LS139 Signetics 74LS195A 

Hitachi HD10124 TI SN74H5l Motorola SN74LS139 TI SN74LS195A 

Motorola' MC10124 I-lPB74LSOO Fairchild 74LSoo National DM74LS139 I-lPB74LS20 Fairchild 74LS20 

National DM10124 Hitachi HD74LSOO Raytheon 74LS139 Hitachi HD74LS20 

Signetics 10124 Motorola SN74LSOO Signetics 74LS139 Motorola SN74LS20 

I-lPB10131 Fairchild Fl0131 National DM74LSOO TI SN74LS139 National DM74LS20 

Hitachi HD10131 Raytheon 74LSOO ""PB74LS151 AMD SN74LS151 Raytheon 74LS20 

Motorola MC10131 Signetics 74LSOO Fairchild 74LS151 Signetics 74LS20 

Signetics 10131 TI SN74LSOO I Hitachi HD74LS151A n SN74LS20 

I-lPB10133 Fairchild Fl0133 ",PB74LS02 Fairchild 74LS02 Motorola SN74LS151 "PB74LS21 Fairchild 74LS2l 

Hitachi HD10133 Hitachi HD74LS02 National DM74LS151 Hitachi H074LS2l 

• Discontinued 
The manufacturers report their devices. can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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AC CHARACTERISTICS BUS PARAMETERS 

PERIPHERAL (SLAVE) MODE Ta =oOeto 70°C; Vee = 5V ± 5%; GND =ovCD 
p,PD8257 

LIMITS TEST PARAMETER SYMBOL UNIT CONDITIONS MIN TYP MAX 

READ 

Adr or es,/. Setup to Rd,/. TAR 50 ns 

Adr or CSt Hold from Rdt TRA 0 ns 

Data Access from Rd,/. TRDE 0 300 ns CL = 100pF 

DB-Float Delay from Rd'!' TRDF 150 ns CL = 100pF 

20 ns CL = 15pF 

Rd Width TRW 300 ns 

WRITE 

CS.J, Setup to Wr.j. TCW 300 ns 

CSt Hold from Wrt Twe 20 ns 

Adr Setup to Wr.j. TAW 20 ns 

Adr Hold from Wrt T:WA 20 ns 

Data Setup to Wr.j. TOW 200 ns 

Data Hold from Wrt TWO 35 ns 

WrWidth T'lMJS 200 ns 

OTHER TIMING 

Reset Pulse Width TRSTW 300 ns 

Power Supplyt(VCC) Setup to Reset.J, TRSTD 500 IlS 

Signal Rise Time TI_ 20 ns 

Signal Fall Time Tf 20 ns 

Reset to First IOWR TRSTS 2 tCY 

Note: CD All timing measurements are made at the following reference voltages unless specified 
otherwise: Input "1" at 2.0V, "0" at 0.8V, Output "1" at 2.0V, "0" at 0.8V. 

TIMING WAVEFORMS READ TIMING 
PERIPHERAL (SLAVE) MODE 

CHIP SELECT 

ADDRESS BUS 

DATA BUS 
__________________________ ~_T-RD-F--------

WRITE TIMING 

CHIP SELECT 

ADDRESS BUS 

DATA BUS 

RESET TIMING 

HI:::>E:T 

Vee __ if 
2238 

~------TCW------~._~~ 
TWC 
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fLPD8257 

Ta = O°C to 70°C· VCC = +5V +5%; GND = OV -

PARAMETER 'SYMBOL 

Cycle Time (Period) TCY 

Clock Active (High) T8 

DROt Setup to 8.j. (SI. S4) TOS 

DRO.j. Hold from HLDAt TOH 

HROt or .j.Delay from 8t (SI. S4) TDO 
(measured at 2.0V) 

HROt or .j.Delay from 8t (SI. S4) TD01 
(measured at 3.3V) 

HLDAt or .j.Setup to 8,j. (SI. S4) THS 

AENt Delay from 8.j. (S1) TAEL 

AEN.j. Delay from 8t (SI) TAET 

Adr (AB) (Active) Delay from AENt (S1) TAEA 

Adr (AB) (Active) Delay from 8t (S1) TFAAB 

Adr (AB) (Float) Delay from 8t (SI) TAFAB 

Adr (AB) (Stable) Delay from 8 t (S1) TASM 

Adr (AB) (5table) Hold from 8t (S1) TAH 

Adr (AB) (Valid) Hold from Rdt (S1.51) TAHR 

Adr (AB) (Valid) Hold from Wrt (S1. SI) TAHW 

Adr (DB) (Active) Delay from 8t (S1) TFADB 

Adr (DB) (Float) Delay from 8t (52) TAFDB 

Adr (DB) Setup to Adr 5tb.j. (S1-S2) TASS 

Adr (DB) (Valid) Hold from Adr Stb,j. (S2) TAHS 

Adr Stbt Delay from 8t (S1) TSTL 

Adr Stb,j. Delay from 8t (52) TSTT 

Adr Stb Width (S1-S2) TSW 

Rd.j. or Wr (Ext).j. Delay from Adr Stbt TASC 
(S2) 

Rd,j. or Wr (Ext),!. Delay from Adr (DB) TDBC 
(Float) (S2) 

DACKt Ot Welayfrom eH52, S~l and TAK 
TC/Markt Delay from 8t (S3) and 
TC/Mark.j. Delay from 8t (54) 

Rd.j. or Wr (Ext}.j. Delay from 8 t (S2) and 
Wr.j. Delay from 8t (S3) 

TDCL 

Rdt Delay from 8.j. (51. 51) and TDCT 
Wrt Delay from 8t (S4) 

Rd or Wr (Active) from 8 t (S 1) TFAC 

Rd or Wr (Float) from 8t (SI) TAFC 
. Rd Width (S2-51 or 51) TRWM 

Wr Width (S3-54) TWWM 

Wr (Ext) Width (S2-54) TWWME 

READY Set Up Time to 8t (53. Sw) TRS 

READY Hold Time from 8t (53. Sw) TRH 

Notes: CD Load = 1 TTL 
@ Load = 1 TTL + 50pF 

® Load = 1 TTL + (RL = 3.3K). VOH = 3.3V 
@ Tracking Specification 

® ATAK < 50ns 
@ ATDCL < 50 ns 
CD ATDCT < 50 ns 
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LIMITS 

MIN TYP MAX 

0.330 4 

150 .8TCY 

120 

0 

160 

250 

100 

300 

200 

20 

250 

150 

250 

TASM-50 

60 

300 

300 

TSTT+20 250 

100 

50 

. 200 

140 

TCy-100 

70 

20 

250 

200 

200 

300 

150 

2TCY+ 
T8-5O 

TCy-50 

2TCy-50 

30 

20 

UNIT 

I-lS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

TEST 
CONDITIONS 

@ 

CD 

@ 

CD 
CD 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 

® 
@ 
@ 

CD 
CD 
@ 
@ 

@ 

{D@ 

@@ 

@Q) 

(2) 

@ 
@ 

@ 

@ 

AC CHARACTERISTICS 
DMA (MASTER) MODE 
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jLPD8257 

Internally the 8257 contains six ·d iffe rent states (SO, S1, S2, S3, S4 and SW), the DMA OPE RATION 
duration of each state is determined by the input clock. In the idle state, (S1), no DMA 
operation is being executed. A DMA cycle is started upon receipt of one or more DMA 
Requests (DROn), then the 8257 enters the SO state. During state SO a Hold Request 
(HRO) is sent to the 8080 and the 8257 waits in SO until the 8080 issues a Hold 
Acknowledge (HLDA) back. During SO, DMA Requests are sampled and DMA priority 
is resolved (based upon either the fixed or priority scheme). After receipt of H LDA, the 
DMA Acknowledge line (DACKn)' with the highest priority is driven low selecting that 

particular peripheral for the DMA cycie. The DMA Request line (DRQnJ must remain 
high until either a DMA Acknowledge (DACKn) or both DACK n and TC (Terminal 
Count) occur, indicating the end of a block or sector transfer (burst mode). 

The DMA cycle consists of four internal states; S1, S2, S3 and S4. If the access time 
of the memory or I/O device is not fast enough to return a Ready command to the 
8257 after it reaches state S3, then a Wait state is initiated (SW). One or more than 
one Wait state occurs until a Ready signal is received, and the 8257 is allowed to go 
into state S4. Either the extended write option or the DMA Verify mode may 
eliminate any Wait state. 

If the 8257 should lose control of the system bus ke., H LOA goes low) then the 
current DMA cycle is completed, the device goes into the S1 state, and no more 
DMA cycles occur until the bus is reacquired. Ready setup time (tRS), wr.ite setup 
time (tDW), read data access time (tRD) and HLDA setup time (tOS) shoiJld all be 
carefully observed during the handshaking mode between the 8257 and the 8080. 

During DMA write cycles, the I/O Read (I/O R) output is generated at the beginning 
of state S2 and the Memory Write (MEMW) output isgenerated at the beginning of 
S3. During DMA read cycles, the Memory Read (MEMR) output is generated at the 
beginning of state S2 and the I/O Write (I/O W) goes low at the beginning of state S3. 
No Read or Write control signals are generated during DMA verify cycies. 

READY 

HRO + HLDA 

Notes: CD HRO is set if DROn is active. 

@ HRO is. reset if DROn is not active. 
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. DMA OPERATION 
STATE DIAGRAM 
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TYPICAL 8257 
SYSTEM INTERFACE SCHEMATIC 

DSC 

RDYIN 

RESIN 

....E-
---2. 
-2.c 

2242 

8080A 

INT~ HOLD 

rD~'NTE~ 
HlDA 
DBIN 

WR 

j14 ~5 

5 19 
4 23 SYNC 

1 12 
READY 
RESET 

8224 11>1 11>2 

e-~j 11 

_1,2 

ST'Si1i 7 

1I>2(TTU .. 
6 

25 
26 
27 
29 
30 
31 
32 
33 
34 
35 
1 
40 
37 
38 
39 
36 

13 
r-21 

17 
.... 18 
~ 

10 
9 
8 
7 
3 
4 
5 
6 

~3 4 2 

15 13 

17 16 
12 11 
10 9 
6 5 

19 18 
21 20 
8 8228 7 

MEMR 24 

MEMW 26 

i75R 25 

IIOW 27 

--'" INTA 23 

BUSEN 

22 

I 

CHIP SELECT 
READY 

\ 

DISABLE I/O 
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4~ 
II I ,..~ 
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I II 27 
I 26 

23 
22 
21 

3 
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Ji 

3 
5 
~ 
~ 

16 
18 
20 
22 

VCC ....2!.c 

GND 

7 10 

HlDA HRQ 

~ 
.R-
M..-
35 
37 
38 
39 
40 

19 

8257 
25 

18 

RESET 24 

ClK 
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READY 
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DS2 STB 
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10 

8212 
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p.PD8257 

AO 
I 

I 
I 
II ADDRESS 

BUS 

I 
I 
I 
I 

A15 

CONTROL 
BUS 

DROo 
DACKo 

DRQl 

BACK 1 

DRQ2 
i5ACi<2 

DRQ3 

DACK3 

TC 

MARK 

@IC MASTER 1979 



Operating Temperature. . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to +70°C ABSOLUTE MAXIMUM 
Storage Temperature ....... ~ ....................... -65

b
C to +150°C RATINGS* 

Voltage on Any Pin ............................. -0.5 to +7. Volts <D 
Power Dissipation ................. ~ ................. ,. .. 1 Watt 

Note: <D With Respect to Ground 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
rei iability. 

*Ta = 25°C 

I 

PARAMETER SYMBOL 

Input Low Voltage V IL 

Input High Voltage V IH 

Output Low Voltage VOL 

Output High Voltage VOH 

HRQ Output High Voltage VHH 

Vee eurrent Drain lee 

Input Leakage IlL 

Output Leakage During Float IOFL 

Note: CD Vee> VOUT > GND + 0.45V 

Ta = 25°C; VCC = GND = OV 

PARAMETER SYMBOL 

I nput Capacitance CIN 

I/O Capacitance CliO 

©IC MASTER 1979 

LIMITS 
UNIT TEST CONDITIONS 

MIN. TYP. MAX. 

-0.5 O.S Volts 

2.0 Vee + 0.5 Volts 

0.45 Volts IOL = 1.6 rnA 

2.4 Vee Volts IOH = -150 J1.A for AB, 

DB and AEN 

IOH = -SO J1.A for others 

3.3 Vee Volts IOH = -SOJ1.A 

120 rnA 

10 J1.A V IN = Vee 

10 J.1A vOUTCD 

LIMITS 
UNIT TEST CONDITIONS 

MIN. TYP. MAX. 

10 pF fc = 1 MHz 

20 pF Unmeasured pins 
retu rned to G N D 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ± 0.1 0.10 ± 0.004 

0 0.5 ± 0.1 0.019 ± 0.004 

E 48.26 1.9 

F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10MIN 

H 0.5MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

+ 0.1 + 0.004 
M 0.25 0.010 

- 0.05 - 0.002 

DC CHARACTERISTICS 

CAPACITANCE' 

PACKAGE OUTLINE 

SP8257-1 0-78-GN-CA T 
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fttfEC 
NEe Microcomputers, Inc. fLPD8259 

DESCRIPTION 

JJ. P D8259·5 * 

PROGRAMMABLE INTERRUPT CONTROLLER 

The NEC~PD8259 is a programmable interrupt controller directly compatible with the 
8080A/8085A/~PD780(Z80TM). It can service eight levels of interrupts and contains 
on-chip logic to expand interrupt capabilities up to sixty-four levels with the addition 
of other ~PD8259's. The user is offered a selection of priority algorithms to tailor the 
priority processing to meet his systems requirements. These algorithms can be dynam­
ically modified during operation, expanding the versatility of the microprocessor 
system. 

F EA TU RES • Eight Level Priority Controller 
• Programmable Base Vector Address 
• Expandable to 64 Levels 
• Programmable Interrupt Modes (Algorithms) 
• Individual Request Mask Capability 
• Single +5V Supply (No Clocks) 
• Full Compatibility with 8080A/~PD780(Z80TM) 
• ~PD825g.5 Compatible with 8085A Speeds 
• Available in 28 Pin Plastic and Ceramic Packages 

PIN CONFIGURATION cs vcc 
WR AO 

RD i'NTA PIN NAMES 

D7 tR7 D7 -DO Data Bus (Bi-Directional) 

DS IRS RD Read Input 

DS IRS WR Write Input 

J,LPD IR4 D4 
8259 

AO Command Select Address 

CAS2- CASO Cascade Lines 
D3 IR3 SP Slave Program Input 
D2 IR2 INT I nterrupt Output 

D1 IR1 INTA Interrupt Acknowledge Input 

DO IRO IRO-IR7 Interrupt Request Inputs 

CASO INT 
CS Chip Select 

CAS1 SP 

GNQ CAS 2 

*AII data pertaining to the ~PD825g.5 is preliminary. 

: 280 is a registered trademark of 2i1og, Inc. 
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p.PD8259 
INTERRUPT REQUEST REGISTER (lRR) AND IN,.SERVICE REGISTER (lSR) 

The interrupt request register and in-serv!ce register store the in-coming interrupt 
request signals appearing on the IRO-7 lines (refer to functional block diagram). The 
inputs requesting service are stored in the IRR while the interrupts actually being . 
serviced are stored in the ISR. 

A positive transition on an I R input sets the corresponding bit in the Interrupt Request 
Register, and at the same time the INT output of the llPD8259 is set high. The I R input 
line must remain high until the first INTA input has been received. Multiple, non­
masked interrupts occurring simultaneously can be stored in the I R R. The incoming 

. INTA sets the appropriate ISR bit (determined by the programmed interrupt algorithm) 
and resets the corresponding IRR bit. The ISRbit stays high-active during the interrupt 
service subroutine until it is reset by the programmed End-of-Interrupt (EOI) command. 

PRIORITY RESOLVER 

The priority resolver decides the priority of the interrupt levels in the I R R. When the 
highest priority interrupt is determined it is loaded into the appropriate bit of the 
In-Service register by the first Ti\i'fA pulse. 

DATA BUS BUFFER 

The 3-state, 8-bit, bi-directional data bus buffer interfaces the llPD8259 to the 
. processor's system bus. It buffers the Control Word and Status Data transfers between 
the llPD8259 and the processor bus. 

READ/WRITE LOGIC 

The read/write logic accepts processor data and stores it in its Initialization Command 
Word (leW) and Operation Command Word (OCW) registers. It also controls the 
transfer of the Status Data to the processor's data bus. 

CHIP SELECT (CS) 

The llPD8259 is enabled when an active-low signal is received at this input. Reading 
or writing of the llPD8259 is inhibited when it is not selected. 

WRITE (WR) 

This active-low signal instructs the llPD8259 to receive Command Dat? from the 
processor. 

READ (RD) 

When an active-low signal is received on the RD input, th~ status of the Interrupt 
Request Register, In-Service Register, Interrupt Mask Register or binary code of the 
Interrupt Level is placed on the data bus. 

INTERRUPT (tNT) 

The interrupt output from the llPD8259 is directly connected to the processor's INT 
input. The voltage levels of this output are compatible with the 8080's input voltage 
and timing requirements. 

INTERRUPT MASK REGISTER (lMR) 

The interrupt mask register stores the bits for the individual interrupt bits to be masked. 
The IMR masks the data in the ISR. Lower priority lines are not affected by masking a 
higher priority line. 

©Ie MASTER 1979 

BASIC FUNCTIONAL 
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FUNCTIONAL DESCRIPTION 
(CONT.) 

2246 

J.L PD8259 

INTERRUPT ACKNOWLEDGE (lNTA) 

The interrupt acknowledge signal is usually received from the 8228 (system controller 
for the 8080A). The system controller generates three I NT A pulses to signal the 8259 
to issue a 3-byte CALL instruction onto the data bus. 

AO 

AO is usually connected to the processor's address bus. Together with WR and RD 
signals it directs the loading of data into the command register or the reading of 
status data. The following table illustrates the basic operations performed. Note that 
it is divided into three functions: Input, Output and Bus Disable distingu.ished by the 
R 0, W R, and Cs inputs. 

J.LPD8259 BASIC OPERATION 

AO 04 03 RD WR CS PROCESSOR INPUT OPERATION (READ) 

° 0 1 0 IRR, .ISR or IR ~ Data Bus CD 
1 0 1 0 IMR ~ Data Bus 

PROCESSOR OUTPUT OPERATION (WRITE) 

° 0 0 1 0 0 Data Bus ~ OCW2 
0 0 1 1 0 0 Data Bus ~ OCW3 
0 1 X 1 0 0 Data Bus ~ ICW1 
1 X X 1 0 0 Data Bus ~ OCW1, ICW2, ICW3 ~ 

DISABLE FUNCTION 

X X X 1 1 0 Data Bus ~ 3-State 
X X X X X 1 Data Bus ~ 3·State 

Notes: CD The contents of OCW2 written prior to the READ operation governs the 
selection of the IRR, ISR or Interrupt Level. 

~ The sequencer logic on the tIPD8259 aligns these commands in the 
proper order. 

CASCADE BUFFER/COMPARATOR. (For Use in Multiple J.LPD8259 Array.) 

The ID's of all J,LPD8259's are buffered and compared in the cascade buffer/ com· 
parator. The master J,LPD8259 will send the 10 of the interrupting slave device along 
the CASO, 1, 2 I ines to all slave devices. The cascade buffer/comparator compares its 
preprogrammed 10 to the CASO, 1, 2 lines. The next two INTA pulses strobe thepre­
programmed, 2 byte CALL routine address onto the data bus from the slave whose 10 
matches the code on the CASO, 1, 2 lines. 

SLAVE PROGRAM (SP). (For Use in Multiple J.LPD8259 Array.) 

The interrupt capability can be expanded to 64 levels by cascading multiple J,LPD8259's 
in a master-pius-siaves array. The master controis the siaves through the CASu, 1,2 
lines. The SP input to the device selects the CASO-2 lines as either outputs (SP=1) for 
the master or as inputs (SP=O) for the slaves. For one device only the SP must be set 
to a logic 111" since it is functioning as a master. 

@IC MASTER 1979 



ILPD8259 

AO 

CASCADE 
BUFFER 

COMPARATOR 

IN­
SERVICE 

REGISTER 
{lSRI 

PRIORITY 

RESOLVER 

INTERRUPT MAS., REGISTER (lMRI 

{lRRI 

CAse CAS2 
SP CAS1 

PROCESSOR PROCESSOR PROCESSOR 
ADDRESS CONTROL DATA 

BUS BUS BUS 
SLAVE 

PROGRAM CASCADE 

LINES 

Operating Temperature. 
Storage Temperature 
Voltage on Any Pin 
Power Dissipation .. 

Note: Q) With respect to grou nd. 

INTERNAL 
BUS 

. . . . . .. O°C to + 70°C 

. .... -65°C to +125°C 

-0.5 to +7 Volts CD 
1W 

COMMENT: Stress above those listed under" Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
rei iabi I ity. . 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Capacitance CIN 10 pF fc= 1 MHz 

I/O Capacitance CliO 20 pF Unmeasured Pins 

Returned to VSS 

- ©Ie MASTER 1979 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

CAPACITANCE 
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DC CHARACTERISTICS 

2248 

PACKAGE OUTLINE 
pPD8259C/D 

I 
I 
i 

I 
I 

f 

I 
I 

PARAMETER SYMBOL 

Input Low Voltage VIL. 

Input High Voltage VIH 

Output Low Voltage VOL 

Output High Voltage 
, 

VOH 

Interrupt Output- VOH-INT 

High Vol tage 

I npu t Lea kage Cu rr en t 

for IRO-7 

IlL (lR
O

_
7

) 

Input Leakage Current IlL 
for other inputs 

Output Leakage Current ILOL 

Output Leakage Current ILOH 

VCC Supply Current Icc 

(Plastic) 
ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

B 2.49 0.098 

C 2.54 0.10 

0 O!'i ~ 0.1 0.02 ± 0.004 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN. 0.10MIN. I 

H 0.5 MIN. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.6 

L 13.2 0.52 

M 0.25 ~~:~~ 0.01 ~~::: 

(Ceramic) 
ITEM I MILLIMETERS I INCHES 

A 1 36.0 MAX. 1.41 MAX 

B I 1.5 MAX. 0.059 MAX 
-

2.54 LOI 
050 • O. I . i 002' 0.004 

E 33.0 1299 

F . 127 005 

G 3.2MIN. 0.126 MIN 

H 1.0MIN 0.04 MIN 

3.3 MAX. 0.13MAX. 

J 5.2 MAX. 0.20 MAX. 

15.3 0.60 

L i 139 0.55 

M I 0.30' 0.1 0.012 • 0.004 

J.LPD8259 

LIMITS TEST 
MIN TYP MAX UNlT CONDITIONS 

-0.5 0.8 V 

2.0 VCC + 0.5V V 

0.45 V IOL=2mA 

2.4 V IOH = -400.uA 

2.4 V IOH = -400.uA 

3.5 V IOH = -50.uA 

-300 .u A VIN = OV 

10 .uA I VIN = VCe 

10 .uA VIN = VCC to OV 

- 10 .uA VOUT = 0.45 V 

10 .uA VOUT = VCC 

100 mA 

M 
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p.PD8259 
Ta = O°C to +70°C; VCC = +5V ± 5%; GND = OV 

LIMITS 

8259 8259-5 

PARAMETER SYMBOL MIN MAX MIN MAX 

READ 

CS/AO Stable Before RD or INTA tAR 50 50 

CS/AO Stable After RD or INTA tRA 50 30 

R5 Pulse Width tRR 420 300 

Data Valid From RD/INTA tRD 300 200 

Data Float After RD/INTA tDF 20 200 20 100 

WRITE 

AO Stable Before WR tAW 50 50 

AO Stable After WR tWA 20 30 

CS Stable Before WR tcw 50 

CS Stable After WR twc 20 

WR Pulse Width tww 400 300 

Data Valid to WR (T.E.) tDW 300 250 

Data Valid After WR . two 40 30 

OTHER 

Width of Interrupt Request Pulse tlW 100 100 

INT t After IR t tiNT 400 350 

Cascade Line Stable After INTA t tiC 400 400 

Note: CD For IlPD8259: CL = 100 pf; for IlPD8259-5: CL = 150 pf 

READ 

CHIP SELECT 

ADDRESS BUS __ -J'~ ______ ~ ____ ~ 

WRITE 

CHIP SELECT 

ADDRESS BUS 
----,~---------+--~~ 

DATABUS __________ -'l~~--+_--~ 

IIOWR 

©Ie MASTER 1979 

TEST 
UNIT CONDITIONS 

ns 

ns 

ns . 

ns <D 
ns <D 

ns 

ns· 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
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TIMING WAVEFORMS 
(CaNT.) 

2250 

p.PD8259 
READ STATUS/POLL MODE 

\""---....,1/ 

~ I OCW3 vV7tZil2tli DATAjVmJ//i///l/ 

OTHER 

IRtlw~tlNT 
INT Y--~.--------------------\~ __________ _ 

'::: SHIGH IMPEDA;ri ~~ NSSg 
~tlc1S; 

Note: IR must stay "high" at least until the leading edge of 1st iNTA. 

INPUT WAVEFORMS F'O-R AC TESTS 

2.4 

0.45 

__ --JX:.:> TEST POINTS <:::x ___ _ 
INITIALIZATION SEQUENCE 

WR ""--I ''---I I 
DATA-BUS ---<:=n-----<---+IJ>-----< I }------

. I STORE BYTE 1 STORE BYTE 2 STORE BYTE 3 
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The J..tPD8259 derives its versatility from its programmable interrupt modes and its 
ability to jump to any memory address through programmable CALL instructions. The 
following sequence demonstrates how the J..tPD8259 interacts with the processor. 

1. An interrupt or i'nterrupts appearing on I RO-7 sets the corresponding IR bit(s) 
high .. This in turn sets the corresponding I R R bit(s) high. 

2. Once the I R R bit(s) has been set, the J..tPD8259 will resolve the priorities 
according to the preprogrammed interrupt algorithm. It then issues an INT signal 
to the processor. 

3. The processor group issues an INTA to the J..tPD8259 when it receives the INT. 

4. The INTA input to the J..tPD8259 from the processor group sets the highest 
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the 
J..tPD8259 to issue an 8-bit CALL instruction op-code (11001101) onto its Data 
bus lines. 

5. The CALL instruction code instructs the processor group to issue two more 
INTA pulses to the J..tPD8259. 

6. The two INTA pulses signal theJ..tPD8259 to place its preprogrammed interrupt 
vector address onto the Data bus. The first INTA releases the low-order 8-bits 
of the address and the second INTA releases the high-order 8-bits. 

7. The J..tPD8259's CALL instruction sequence is complete. A preprogrammed EOI 

(End-of-Interrupt) command is issued to the J..tPD8259 at the end of an interrupt 
service routine to reset the ISR bit and allow the J..tPD8259 to service the next 
interrupt 

Two types of command words are required from the processor to fully define the 
operating modes of the J..tPD8259. 

1. Initialization Command Words HCWs) 

Each J..tPD8259 in the interrupt array must be initialized prior to normal operation. 

The initialization is performed by a 2 or 3-byte sequence clocked by WR pulses. 
Figure 1 shows this sequence. (Refer to Figure 2 f~r bit definitions.) 

READY TO ACCEPT REQUESTS 

IN FULLY NESTED MODE 

INITIALIZATION SEQUENCE - FIGURE 1. 
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ICW2 

ICW3 

DETAILED OPERATIONAL 
DESCRIPTION 
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PROGRAMMING THE 
MPD8259 (CONT.) 

INITIALIZATION 
COMMAND WORDS 

1 and 2 (lCW1 and ICW2) 

2252 

p.PD8259 

2. Operation Command Words (OCWs) 

The operation command words are used to program the various interrupt 
algorithms listed below: 

• Fully Nested Mode 
• Rotating Priority Mode 
• Special Mask Mode 
• Polled Mode 

Once the J,LPD8259 has been initialized, OCWs can be written at any time. 

When AO = 0 and 04 = 1 in a command to the J,LPD8259, together with CS = 0, it is 
recognized as Initialization Command Word 1. This is the start of the initialization 
sequence and causes the following to occur: 

• The Interrupt Request edge-sense circuitry is reset so that an input must make a 
low-ta-high transition to generate its interrupt. 

• The initialization sequence clears I nterrupt Mask Register to all unmasked and 
resets the Special Mask Mode and Status Read Flip-Flops. 

• I R7 input is set to priority 7. 

There are eight equaily-spaced base vector addresses in memory for the eight interrupt 
inputs. The interval between the base vector addresses can be programmed to be either 
four or. eight requiring 32 or 64 bytes in memory, respectively. The following shows 
how the address format is mapped onto the Data bus. 

D7 D6 D5 D4 D3 D2 D1 DO 

I A71 A6 I A5 I A41 A31 A2 I A1 lAO I 

~- ~---------
DEFINED BY AUTOMATICALLY INSERTED 

D5-7 OF ICW1 BY pPDS259 

-----------~------------DEFINED BY ICW2. 

The J,LPD8259 automatically defines AO-4 with a separate address for each interrupt 
input. The base vector addresses A 15-6 are programmed by I C\N 1 and ICW2. A5 is 
either defined by the J,LPD8259 if the address interval is eight or must be user-defined if 
the interval is 4. The 8-byte CALL interval is consistent with 8080A processor RESTART 
instruction software. The 4-byte CALL interval can be used for a compact jump table. 
Refer to Figure 4 for a table of address formats. 

The following is an example of an interrupt acknowledge sequence. The J,LPD8259 has 
been programmed for a CALL address (base vector address) interval of eight (F = 0) and 
there is an interrupt appearing on I R4. The 3-byte sequence is strobed out to the Data 
bus by three INTA pulses. . 

D7 D6 D5 D4 D3 ·D2 D1 Do 

1ST .lNTA I 1 I 1 I 0 I 0 I 1 I I 0 I 
I I I I I - I I I 

2NDINTA ~IA_7~IA_6~1~~_0~1 __ 0~1 __ 0~0~_0~ 

C.LI..LL CODE 

LOWER ROUTINE 
ADDRESS (FROM 
FIGURE 4) 

3RD"'ii\iTA [A151 A141 A131 A121 Alli AlO I ~91 As I HIGHER ROUTINE 
A.UUHt:::>::> 
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It is only necessary to program .ICW3 when there are mu Itip.le J.l.P08259s in the 
interrupt array, i.e., S = O. There are two types of ICW3s. The first is for pro~amming 
the master J.l.P08259. The second is for the slaves. 

1. ICW3-Master J.l.P08259. A "1" is set in S0-7 'fQr each corresponding slave in the 
interrupt array. The SO-7 bits, together with SP = 1, instructs the cascade buffer/ 
comparator to send the ID of the interrupting slave on the CASO,1,2Iines. 

2. ICW3-SLAVE J.l.PD8259(s). Bits 07-03 are "don't care" bits and have no effect 
on ICW3. The 10 of each slave is programmed by bits 00-2000,1,2). Once the 
master I1P08259 has sent out the first byte of the CALL sequence, the slave 
device(s) with their SP inputs set to Logic 0, compare their lOs appearing on the 

CASO, 1,2 lines through the cascade buffer/comparator. The slave whose ID 
matches the CASO, 1,2 code then issues bytes 2 and 3 of the CALL sequence. 

Once the I1PD8259 has been programmed with Initialization Command Words, it can 
now be programmed for the appropriate interrupt algorithm by the Operation 
Command Words. I nterrupt algorithms in the I1PD8259 can be changed at any time 

. during program operation by issuing another set of Operation Command Words. The 
following sections describe the various algorithms available and their associated OCWs. 

INTERRUPT MASKS 

The individual Interrupt Request input lines are maskable by setting the corresponding 
bits in the Interrupt Mask Register to a logic "1" through OCW1. The actual masking 
is performed upon the contents of the In-Service Register (e.g., if Interrupt Request 
line 3 is to be masked, then only bit 3 of the 1M R is set to logic "1." The 1M R in turn 
acts upon the contents of the ISR to mask bit 3). Once the I1P08259 has ac.knowledged 
an interrupt, i.e., the I1P08259 has sent an I NT signal to the processor and the system 
controller has sent it an I NTA signal, the interrupt input, although it is masked, will 
inhibit lower priority requests from being acknowledged. There are two means of 
enabling these lower priority interrupt lines. The first is by issujng an End-of-Interrupt 
(EOI) through Operation Command Word 2 (OCW2), thereby resetting the appro­
priate ISR bit. The second approach is to select the Special Mask Mode through OCW3. 
The Special Mask Mode (SMM) and End-of-Interrupt (EOI) will be described in more 
detail further on. . 

FULLY NESTEO MODE 

The fully nested mode is thel1PD8259's basic operating mode. It will operate In this 
mode after the initialization sequence, requiring no Operation Command Words for 
formatting. Priorities are set IRO through IR7 with IRO the highest priority. After the 
interrupt has been acknowledged by the processor and system controller, only higher 
priorities will be serviced. Upon receiving an INTA, the priority resolver determines the 
priority of the interrupt, the corresponding ISR bit is set, and the vector address is 
output to the Oata bus. The EOI command resets the corresponding ISR bit at the end 
of its service routine. 

Notes: (1) Reference Figure 2 
@ Reference Figure 3 
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OPERATIONAL COMMAND 
WORDS (CONT.)· 

p.PD8259 

ROTATING PRIORITY MODE COMMANDS 

The two variations of Rotating Priorities are the Auto Rotate and Specific Rotate 
modes. These two modes are typically used to service interrupting devices of equivalent 
priorities. 

1. Auto Rotate Mode 

Programming the Auto Rotate Mode through OCW2 assigns priorities 0-7 to the 
interrupt request input lines. Interrupt line IRO is set to the highest priority and 
I R7 to the lowest. Once an interrupt has been serviced it is automatically 
assigned the lowest priority. That same input must then wait for the devices 
ahead of it to be serviced before it can be acknowledged again. The Auto Rotate 
Mode is selected by programming OCW2 in the following way (refer to Figure 3): 
set Rotate Priority bit "R" to a logic 111"; program EOI to a logic "1" and SEOI 
to a logic "0." The EOI and SEOI commands are discussed further on. The 
following is an example of the Auto Rotate Mode with devices requesting 
interrupts on lines IR2 and IR5. 

Before Interrupts are Serviced: 

In-Service Register '--o_...L-o_-'--_-'·IL....-o_..I..--o_..L.I_---JIL....-o----.l_o~ 

Priority Status 
Register 

... Highest 
Priority 

According to the Priority Status Register, I R2 has a higher priority than I R5 and 
will be serviced first. 

After Servicing: 

In-Service Register L-1_O _____ o----'"_----JL....-O_+-O_..L.-_O~_0----.l_O~ 

Priority Status 
Register 

... Highest 
Priority 

At the completion of I Rts service routine the corresponding In-Service Register 
bit, IS2 is reset to "0" by the preprogrammed EOI command. I R2 is then assigned 
the lowest priority level in the Priority Status Register. The pPD8259 is now 
ready to service the next highest interrupt, which in this case, is I R5' 

2. Specific Rotate Mode 

The priorities are set by programming the lowest level through OCW2. The 
pPD8259 then automatically assigns the highest priority. I f, for example, I R3 is 
set to the lowest priority (bits L2, Ll, LO form the binary code of the bottom 
priority level), then I R4 will be set to the highest priority. The Specific Rotate 
Mode is selected by programming OCW2 in the following manner: set Rotate 
Priori!'1 bit "R" to a logic "1," program EO! to ~ logic 1'0," SEQI to a logic Ill" 
and L2, Ll, LO to the lowest priority level. If EOI is set to a logic "1," the ISR 
bit defined by L2, L 1, LO is reset. 
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END·Of·INTERRUPT (EOI) AND SPECifiC END-Of·INTERRUPT (SEOI) 

The End·of-Interrupt or Specific End-of-Interrupt command must be issued to reset the 
appropriate I n-Service Register bit before the completion of a service routine. Once the' 
ISR bit has been reset to logic "0," the J,LPD8259 is ready to service the next interrupt. 

Two types of EOls are available to clear the appropriate ISA bit depending on the 
J,LPD8259' s operating mode. 

1. Non-Specific End-of-Interrupt (EOI) 

When operating in interrupt modes where the priority order of the interrupt inputs 
is preserved (e.g., fully nested mode), the particular ISR bit to be reset at the com­
pletion of the service routine can be determined. A non-specific EOI command 
will automatically reset the highest priority ISR bit of those set. The highest 
priority ISR bit must necessarily be the interrupt being serviced and must neces­
sarily be the service subroutine returned from. 

2. Specific End-of·lnterrupt (SEOI) 

When operating in interrupt modes where the priority order of the interrupt 
inputs is not preserved (e.g., rotating priority mode) the last serviced interrupt 
level may not be known. In these modes a Specific End-of-Interrupt must be 
issued to clear the ISR bit'at the completion of the interrupt service routine. 
The SEOI is programmed by setting the appropriate bits in OCW3 (F igure 2) 
to logic "l"s. Both the EOI and SEOI bits of OCW3 must be set to a logic "l" 
with L2, L 1, LO forming the binary code of the ISR bit to be reset. 

SPECIAL MASK MODE 

Setting up an interrupt mask through the Interrupt Mask-Register (refer to Interrupt 
Mask Register section) by setting the appropriate bits in OCWl to a logic "1" will 
inhibit lower priority interrupts from being acknowledged. In applications requiring 
that the lower priorities be enabled while the IMR is set, the Special Mask Mode can be 
used. The SMM is programmed in OCW3 by setting the appropriate bits to a logic"l." 
Once the SMM is set, the J,LPD8259 remains in this mode until it is reset. The Special 
Mask Mode does not affect the higher priority interrupts. 

POLLED MODE 

In the Poll Mode the processor must be instructed to disable its interrupt input (INT). 
I nterrupt service is initiated through software by a Poll Command. The Poll Mode is 
programmed by setting the Poll Mode bit in OCW3 (P = 1), during a WR pulse. The 
following RD pulse is then considered as an interrupt acknowledge. If an interrupt 
input is present, that R D pulse sets the appropriate ISR bit and reads the interrupt 
priority level. The Poll Mode is a one-time operation and must be programmed through 
OCW3 before every read. The word strobed onto the Data bus during Poll Mode is of 
the form: 

D7 06 D5 D4 D3 D2 Dl DO 

'I I I X I X I X I X I W2 I Wl I Wo I 
where: I = 1 if there is an interrupt requesting service 

= 0 if there are no interrupts 

W2-0 forms the binary code of the highest priority 
level of the interrupts requesting service 

The Poll Mode can be used when an interrupt service routine is common to several 
interrupt inputs. The INTA sequence is no longer required offering a saving in ROM 
space. The Poll Mode can also be used to expand the number of interrupts beyond 64. 
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J.LPD8259 
R EADI NG pPD8259 STATUS The following major registers' status is available to the processor by appropriately 

formatting OCW3 and issl,J ing a R D command. 

CASCADING 
MULTIPLE pPD8259s 

INTERRUPT REQUEST REGISTER (8-BITS) 

The Interrupt Request Register stores the interrupt levels awaiting acknowledgement. 
Once it has been acknowledged, the highest priority in-service bit is reset. (Note that 

the Interrupt Mask Register has~ effect on the IRR.) A WR com~and musfbe issued 
with OCW3 prior to issu.ing the RD command. The bits which determine whether the 
IRR and ISR are being read from are RIS and ERIS. To read contents of the IRR, ERIS 
must be logic "1" and R IS a logic "0." 

IN-SERVICE REGISTER (8-BITS) 

The In-Service Register stores the priorities of the interrupt levels being serviced. 
Assertion of an End-of-Interrupt (EOI) updates the ISR to the next priority level. A 

WR command must be issued with OC\N3 prior to issuing the R D command. Both ER IS 
and R IS should be set to a logic "1." 

INTERRUPT MASK REGISTER (8-BITS) 

The Interrupt Mask Register holds mask data modifying interrupt levels. To read the 
IMR status a WR pulse preceding the RD is not necessary. The IMR data is available to 
the data bus when RD is asserted with AO at a logic "1." 

A single OCW3 is sufficient to enable successive status reads providing it is of the same 
register. A status read is over-ridden by the Poll Mode where bits P and ERIS of OCW3 
are set to a logic" 1." 

If more than eight interrupt levels are required, multiple tlPD8259s can. be cascaded 
with one master and up to eight slaves, to accommodate up to 64 levels of interrupt. 

As shown in Figure 5, the master device directs the appropriate slave to release its CALL 

address through its three cascade lines (CASO,1,2). 

The INT output of the slave devices go to the I R inputs of the master device. The 

master tlPD8259's I NT output is connected to the processor's control bus. When the 
slave device signals the master that it has acknowledged an interrupt, the master issues 
an 8080A CALL Op-code at the first INTA pulse. The master then signals that slave 

device (via CASO,1 ,2) to issue the appropriate CA LL address during the second and 
th ird I NT A pulses. 

The slave address code is present on cascade lines 0,1,2 (active-high logic) from the 
trailing edge of the first INTA to the trailing edge of the third INTA. Each device in the 

tlPD8259 array must be individually initialized and can be programmed in different 
operating modes. Two End-of-Interrupt commands must be issued for the master and 
its corresponding slave. An address decoder is used to drive the Chip Select inputs for 
each tlPD8259 in the array. The Slave Program (SP) input must be held at a logic "0" 
!eve! for each slave device and held (It logic Ill" level for the master, The SP input 
selects the Cascade lines as either inputs (SP = 0) or outputs (SP = 1). 
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OCW1: 

ICW1: 

ICW2: 

ICW3: 
(Master Devicel 

ICW3: 
(Slave Devicel 

Ao D7 os D5 D4 D3 D2 D, DO 

1 = Single ,.PD8259 in 
Interrupt Array Avoiding 
the necessity of program-
ming leW3. 
0= Multiple "PD8259s 
inAr~. 

CALL ADDRESS INTERVAL 
1 = Interval is 4 
0= Interval is 8 

A7.5 of Lower Routine 
Address 

AO D7 D6 DS D4 D3 D2 D, DO 

D7 DS D4 D3 D2 "0, DO 

1 = IR Input has a Slave 
o = IR Input does not 

have a Slave 

Ao D7 Os DS 04 D3 D2 0, DO 

L' l01010101 o I ID2 I 10, I 1001 

L~ 
SLAVE ID 

o 1 234 567 

o 1 o 1 o 1 o 1 

o 0 1 1 0 o 1 1 

o 0 o 0 1 1 1 1 

FIGURE 2 

1 = Corresponding bit in 
IRR is masked. 

'---.L....-'----'---'---'---'---'-_-i 0 = No mask present for 
the corresponding 
IRR bit. 

BINARY LEVEL TO BE RESET 

OCW2: I 0 I R I SEOII EOI I 0 I 0 I L2 I L, I La I OR PUT INTO LOWEST PRIORITY 

I 
100,'234567 
L--. 010101 

OCW3: I 0 ! 

o 0 1 1 0 0 1 1 

'--------..!O 0 0 0 I I I 1 

'----..:. ________ --1.., 1 = Reset the Highest Priority J NON-SPECIFIC END OF INTERRUPT I 
I Bit of ISR 

0= No Action 

J SPECIFIC END OF INTERRUPTJ 

'--------------~l ~: ~~ ~~;i~ Bits are used 

J ROTATE PRIORITY 
'---------------_ . ..-! 1 = Rotate ! 0 = Not Rotate 

DS D, 

- I ESMM I SMM I 0 1 1 I P I ERIS IRIS~ 
Read In·Service Register 

0 0 No Action 

0 1 No Action 

1 0 Read.!.!! Reg. on 
Next RD Pulse 

1 1 Read IS Reg. on 
NextRn Pulse 

Polling 

1 Read Binary Code of 
Highest Level Requesting 
I nterrupt on Next AD Pulse 

0 No Action 

, t I Special Mask Mode 

0 0 No Action 

0 1 No Action 

1 0 Read Special Mask 

1 1 Set Special Mask 

FIGURE 3 
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SUMMARY OF OPERATION 
COMMAND WORD 

PROGRAMMING 

2258 

LOWER MEMORY 
INTERRUPT VECTOR 

ADDRESS 

p.PD8259 

AO 04 03 

OCWl 1 X X M7-MO IMR (Interrupt Mask Register) WR loads IMR data while 
AD reads status 

OCW2 0 0 0 R SEOI EOI 

0 0 0 No Action 

0 0 1 Non-Specifi'c End-of-Interrupt 

0 1 0 No Action 

0 1 1 Specific-End-of-Interrupt L2. Ll. LO forms binary representation 
of level to be reset. 

1 0 0 No Action 

1 0 1 Rotate Priority at End-of-Interrupt (Auto Mode) 

1 1 0 Rotate Priority. L2. L,. LO specifies bottom priority without 
End-of-I nterrupt 

1 1 1 Rotate Priority at End-of-Interrupt (Specific Mode). L2. Ll. LO 
specifies bottom priority. and its In-Service Register bit is reset. 

OCW3 0 0 1 ESMM SMM 

0 0 

0 1 
Special Mask not affected 

1 0 Reset Special Mask 

1 1 Set Special Mask 

ERIS RIS 

0 '0 
No Action 

0 1 

1 0 Read IR Register Status 

1 1 Read IS Register Status 

INTERVAL =4 INTERVAL = 8 

07 Os 05 04 03 02 01. DO 07 Os 05 04 03 02 01 DO 

IR7 A7 As A5 1 1 1 0 0 A7 As 1 1 1 0 0 0 

IR6 ! A7 As A5 1 1 0 0 0 A7 As 1 1 0 0 0 0 

IR5 A7 As A5 1 0 1 0 0 A7 As 1 0 1 0 0 0 

IR4 A7 As A5 1 0 0 0 0 A7 A6 1 0 0 0 0 0 

IR3 A7 As A5 0 1 1 0 0 A7 As 0 1 1 0 0 0 

IR2 A7 As A5 0 1 0 0 0 A7 A6 0 1 0 0 0 0 

IR1 A7 As A5 0 0 1 0 0 A7 As 0 0 1 0 0 0 

IRO A7 As A5 0 0 0 0 0 A7 As 0 0 0 0 0 0 

FIGURE 4 

Note: Insure that the processor's interrupt input is disabled during the execution of any control command and 
initialization sequence for all ~PD8259s. 
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\ PROCESSOR ADDRESS BUS (161 

PROCESSOR CONTROL BUS 

PROCESSOR DATA BUS (SI 

AI\~ ~/\ 

..-- ----
~ --- -- - - ,- ----- ------.. -- ~-- f-- -- I-- ---- f--

--- --- --- f-- - 1-- - - ----V 
t ~V "\! r ~,/ 1';-~ 

Cs AO INT CS AO INT 

CAS 0 CASO -
"PDS259 "PDS259 
(SLAVE 2) CAS 1 (SLAVE 1) CAS 1 

CAS 2 ~ CAS 2 

SP IR IR IR IR IR IR IR IR SP IR IR IR IR IR IR IR IR 

t 10 GND 

21 20 19 18 17 16 15 14 13 12 11 10 

Instruction 
Number Mnemonic AO 07 06 Os 04 03 02 01 DO Operation Description 

1 ICWl A 0 A7 A6 A5 1 0 1 1 0 Byte 1 Initialization, 
Format = 4, Single 

2 ICWl B 0 A7 A6 A5 1 0 1 0 0 Byte 1 Initialization, 
Format = 4, Not Single 

3 ICWl C 0 A7 A6 A5 1 0 0 1 0 Byte 1 Initialization, 
For&:nat = 8, Single 

4 ICWl 0 0 A7 As AS 1 0 0 '0 0 Byte 1 Initialization, 
Format = 8, Not Single 

5 ICW2 1 A'5 A'4 A'3 A'2 All A'0 Ag A8 Byte 2 Initialization 
(Address No.2) 

6 ICW3 M 1 S7 56 S5 S4 53 S2 5, So Byte 2 Initialization -
MASTER 

7 ICW3S 1 0 0 0 0 0 52 5, So Byte 3 Initialization -
SLAVE 

8 OCWl 1 M7 M6 M5 M4 M3 M2 M, MO Load Mask Register, 
Read Mask Register 

9 OCW2 E 0 0 0 1 0 0 0 0 0 Non-Specific EOI 

10 OCW2SE 0 0 1 1 0 0 L2 L, LO Specific EOI, L2, L" LO 
Code of IS to be Reset 

11 OCW2 RE 0 1 0 1 0 0 0 0 0 Rotate at EOI 
(Auto Mode) 

12 OCW2 RSE 0 1 1 1 0 0 L2 L, LO Rotate at EOI (Specific Mode). I 

L2, L" La Code of Line to be 
Reset and Selected as Bottom i 

Priority. I 
13 OCW2 RS 0 1 1 I 0 0 0 L2 L, LO L2, L" La - Code of Bottom I 

I 
Priority Line. i 

14 OCW3 P 0 - 0 0 0 1 1 0 0 Poll Mode i 
15 OCW3 RIS 0 - 0 0 0 1 0 1 1 Read IS Register [ 

16 OCW3 RR 0 - 0 0 0 1 0 1 0 Read Requests Register 
17 OCW3 SM 0 - 1 1 0 1 0 0 0 Set Special Mask Mode 

18 OCW3 RSM 0 - 1 0 0 1 0 0 0 Reset Special Mask Mode I 

Note: Insure that the processor's interrupt input is disabled during the execution of any control command and 
initialization sequence for aIlIlPD8259s. 
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INT 
REO 

.~ 

~ ~ ,; ,\) 
Cs AO INT 

CASO 

CAS 1 
"PDS259 

(MASTER) 

CAS 2 

SP IR IR IR IR IR IR IR IR 

Jt 
INSTRUCTION SET 

SP8259-9-78-G N-CA T 
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NEe 
NEe Microcomputers, Inc. fLPD8279-S 

PROGRAMMABLE KEYBOARD/DISPLAY 
INTERFACE 

DESCR IPTION The IlPD8279-5 is a programmable keyboard and display Input/Output device. It 

provides the user with the ability to display data on alphanumeric segment displays 
or simple indicators. The display RAM can be programmed as 16 x 8 or a dual 
16 x 4 and loaded or read by the host processor. The display can be loaded with 
right or left entry with an auto-increment of the display RAM address. 

The keyboard interface provides a scanned signal to a 64 contact key matrix expand­
able to 128. General sensors or strobed keys may also be used. Keystrokes are stored 
in an 8 character FIFO and can be either 2 key lockout or N key rollover'. Keyboard 
entries generate an interrupt to the processor. 

F EA TU R ES • Programmable by Processor 

PIN CONFIGURATION 

• 32 HEX or 16 Alphanumeric Displays 

• 64 Expandable to 128 Keyboard 

r Simultaneous Keyboard and Display 

• 8 Character Key board - F I F 0 

• 2 Key Lockout or N Key Rollover 

• Contact Debounce 

• Programmable Scan Timer 

• Interrupt on Key Entry 

• Single +5Volt Supply 

• Fully Compatible with 8080A, 8085A, IlPD780 (Z80lM ) 

• Available in 40 Pin Plastic Package 

RL2 

RL3 

CLK 

IRQ 

RL4 

RL5 

RE:~~! : 
RD 10 

iAln 11 

~~'~ ~ 12 

DB1 13 

DB2 14 

~:~ g~: 
DB5 rl17 
DB6 18 

DB7 19 

VSS 20 

IlPD 
8279-5 

VCC 

RL1 

RLO 

CNTLlSTB 

SHIFT 

SL3 

SL2 

SLl 

SLO 

OUT BO 

niiT R. 
-- -. - I 

OUT B2 

OUT B3 

OUT AO 

OUT A1 

OUT A2 

OUT A~ 

BD 

CS 

AO 

PIN NAMES 

DBO-7 Data Bus (Bi-directional) 

CLK Clock Input 

RESET Reset Input 

CS Chip Select 

RD Read Input 

WR Write Input 

AO I Buffer Address I 
IRQ Interrupt Request Output 

SLO-3 Scan Lines 

RLO_7 Return Lines 

SHIFT Shift Input 

CNT LlST8 r.(lntrl)l/Strl)h,,! Inpllt 

OUT AO-3 Display (A) Outputs 

OUT BO-3 Display (B) Outputs 

BD Bland Display Output 

TM: Z80 is a registered trademark of Zilog. 
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l' PD8279·5 
The llPD8279-5 has two basic functions: 1) to control displays to output and 2) to 
control a keyboard for input. Its specific purpose is to unburden the host processor 
from monitoring keys and refreshing displays. The llPD8279-5 is designed to directly 
interface the microprocessor bus. The microprocessor must program the operating 
mode to the llPD8279-5, these modes are as follows: 

,Output Modes 

• 8 or 16 Character Display 
• Right or Left Entry 

Input Modes 

• . Scanned Keyboard with Encoded 8 x 8 x 4 Key Format or Decoded 4 x 8 x 8 
Scan Lines. 

• Scanned Sensor Matrix with Encoded 8 x 8 or Decoded 4 x 8 Scan Lines. 

• Strobed Input. 

CLK RESET OBO-7 RO WR CS AO IRQ 

OUT AO-3 OUT BO-3 ' SLO-3 

CNTL!STB 

Operating Temperature. . . . . . . . . . . . . . . . .. . ............ DoC to +70°C 
Storage Temperature. . . . . .. ....... . -65°C to +125°C 
All Output Voltages .......... ;................... -0.5 to +7 VoltsCD 
All Input Voltages. . . . . . . . . . . . . . . . . . . . . . . . -0.5 to +7 VoltsCD 
Supply Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to +7 VoltsCD 
Power Dissipation ........................................... 1W 

Note: CD With respect to vss 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 
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PIN IDENTIFICATION 

2262 

PIN 

NO. SYMBOL 

1,2,5, RLO-7 

I 
6,7,8, 

38,39 

I I I 

3 ClK 

4 IRQ 

I 
I 

9 Reset 

10 RD 

~WR 
12-19 DBO-7 

20 VSS 

21 AO 

22 CS 

23 BD 

24-27 I OUT Aa-3 I 
I I i 

28-31 I OUT BO-3 I 

I I 
32-35 SlO-3 

36 Shift 

37 CNTL/STB 

I 

I 
4U VCC 

! 

JJ. P 08279·5 

DESCRIPTION 
NAME 

Return Li nes Return line inputs which are connected to the scan 

lines through the keys or sensor switches. They 
have active internal pullups to keep them high until 
a switch closure pulls one low. They also serve as an 

I 8-bit input in the Strobed Input mode. 

Clock Clock from system used to generate internal timing. 

~nterrupt Interrupt Request. In a keyboard mode, the inter-
Request rupt line is high when there is data in the F I FO/ 

Sensor RAM. The interrupt line goes low with each 

FIFO/Sensor RAM read and returns high if there 
is still information in the RAM. In a sensor mode, 
the interrupt line goes high whenever a change in a 
sensor is detected. 

Reset Input A high signal on this pin resets the pPD8279-5. 

Read Input Input/Output read and write. These signals enable 

Write Input the data buffers to either send data to the external 
bus or receive it from the external bus. 

Data Bus Bi-Directional data bus. All data and commands 
betvveen the processor and the·J1PD8279-5 aie 
transmitted on these lines. 

Ground Power Supply Ground 

Reference 

Buffer Address Buffer Address. A high on this line indicates the 
signals in or out are interpreted as a command or 

status. A low indicates that they are data. 

Chip Select Chip Select. A low on this pin enables the inter-

face functions to receive or transmit. 

Blank Display Blan k Display. This output is used to' blank the 
Output display during digit switching or by a display 

blanking command. 

Display A These two ports are the outputs for the 16 x 4 

Outputs display refresh registers. The data from these out-

Display B I puts is synchronized to the scan lines (SlO-Sl3l 

Outputs for multiplexed digit displays_ The two 4-bit ports 

. may be blanked independently. These two ports 
may also be considered as one 8-bit port. 

Scan Lines Scan lines which are used to scan the key switch i 
or sensor matrix and the display digits. These I 
lines can be either encoded (1 of 16) or decoded 

i 

(1 of 4). 

Shift Input The shift input status is stored along with the key 
position on key closure in the Scanned Keyboard 

modes. It has an active internal pullup to keep it 
high until a switch closure pulls it low. 

Control/ I For keyboard modes this I ine is used as a control 
I Strobe Input I input and stored like status on a key closure. The i 

line is also the strobe line that enters the data into I 
the FIFO in Strobed input mode (Rising Edge). It 

I has an active internal pullup to keep it high until 

I a switch closure pulls it low. 

+5V Input Power Supply Input I 
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p,PD8279-S 
Ta = O°C to +70°C; vee = +5V ± 10%; VSS = OV. 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

CONDITIONS. MIN TYP MAX 

Input Low Voltage for Shift, VIL1 -0.5 1.4 V 

Control and Return. Lines 

Input Low Voltage (Others) VIL2 -0.5 0.8 V 

Input High Voltage for Shift, VIH1 2.2 V 

Control and Return lines i 
Input High Voltage (Others) VIH2 2.0 I V 

Output Low Voltage VOL 0.45i V IOL = 2.2 rnA 

Output High Voltage on VOH 3.5 V IOH = -400 J.1A 

Interrupt Line 

Input Current on Shift, IlL 1 +10 J.1A VIN = VCC 
Control and Return lines -100 J.1A VIN = OV 

Input Leakage Current IIL2 ±10 J.1A VIN = VCC to OV 

(Others) 

Output Float Leakage IOFL ±10 J.1A VOUT = VCC to OV 

Power Supply Current ICC 120 rnA 

LIMITS TEST 
PARAMETER SYMBOL UNIT 

CONDITIONS MIN TYP MAX 

Input Capacitance CIN 5 10 pF 

Output Capacitance COUT 10 20 pF 

. Ta = O°C to +70°C; VCC = +5V ± 10%; VSS =. bv 

PARAMETER 

Address Stable Before READ 

Address Hold Time for READ 

READ Pulse Width 

Data ~elay·from READ 

Address to Data Valid 

READ to Data Floating 

Read Cycle Time 

Address Stable Before WR ITE 

Address Hold Time for WR ITE 

WR ITE Pulse Width 

Data Set Up Time for WR ITE 

Data Hold Time for WRITE 

Clock Pulse Width 

Clock Period 

Keyboard Scan Time: 

Keyboard Debounce Time: 
Key Scan Time: 

Display Scan Time: 

©Ie MASTER 1979 

LIMITS 
SYMBOL UNIT 

MIN TYP MAX 

READ 

tAR 0 ns 

tRA 0 ns 

tRR 250 ns 

tRD 150 ns 

tAD 250 ns 

tDF 10 100 ns 

tRCY 1 jJ.s 

WRITE 

tAW 0 ns 

tWA 0 ns 

tww 250 ns 

tDW 150 ns 

tWD 0 ns 

OTHER 

t¢w 120 ns 

tCY 320 ns 

GENERAL TIMING 

Digit-on Time: 

Blanking Time: 

5.1 ms 

10.3 ms 

80lls 
10.3 ms 

Internal Clock Cycle: 

VIN = VCC 

VOUT = VCC 

TEST 
CONDITIONS 

CL = 150 pF 

CL = 150 pF 

480llS 
160lls 

10lls 

DC CHARACTERISTICS 

CAPACITANCE 

AC CHARACTERISTICS 
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fLPD8279-S 

I NPUT FOR AC TESTS 

2.4 
2.0...... __ 2.0 

TEST POINTS 

0.45 
0.8--- ........... 0.8 

READ 

----~-~--------------------------~-~------------------(SYSTEM'S 
AO, CS ADDRESS BUS) 

. RD (READ CaNTRall 

DATA BUS 

(OUTPUT) __________________ ~--------------~------------------

WR 

DATA BUS 
(INPUT) 

WRITE 

jp-------------------------...... ----------------- (SYSTEM'S 

,...-------------------......of '-______________ ADDRESS BUS) 

(WRITE CaNTRall 

DATA MAY CHANGE DATA MAY CHANGE 

CLOCK INPUT 

~ 
f"'W] 

'CY ~ I 
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JLPD8279-5 
The following is a description of each section of the JlPD8279-5. See the block 
diagram for functional reference. 

I/O Control and Data Buffers 

Communication to and from the JlPD8279-5 is performed by selecting CS, AO, AD and 
WR. The type of information written or read by the processor is selected by AO. A 
logic 0 states that information is data while a 1 selects command or status. AD antl WR 
select the direction by which the transfer occurs through the Data Buffers. When the 
chip is deselected (CS = 1) the bi-directional Data Buffers are in a high impedance state 
thus enabling the JlPD8279-5 to,be tied directly to the processor data bus. 

Timing Registers and Timing Control 

The Timing Registers store the display and keyboard modes and other conditions pro­
grammed by the processor. The timing control contains the timing counter chain. One 
counter is a divide by N scaler which may be programmed to match the processor 
cycle time. The scaler must take a value between 2 and 31 in binary. A value which 
scales the internal frequency to 100 KHz gives a 5.1 ms scan time and 10.3 ms switch 
debounce. The other counters divide down to make key, row matrix and display scans. 

Scan Counter 

The scan counter can operate in either the encoded or decoded mode. In the encoded 
mode, the counter provides a count which must be decoded to provide the scan lines. 
In the decoded mode, the counter provides a lout of 4 decoded scan. In th~ encoded 
mode the scan lines are active high and in the decoded mode they are active low. 

Return Buffers, Keyboard Debounce and Control 

The eight return lines are buffered and latched by the return buffers. In the keyboard 
mode these lines are scanned sampling for key closures in each row. If the debounce 
circuit senses a closure, about 10 ms are timed out and a check is performed again. If 
the switch is still pressed, the address of the switch matrix plus the status of shift and 
control are written into the FIFO. In the scanned sensor mode, the contents of 
return lines are sent directly to the sensor RAM (FIFO) each key scan. In the strobed 
mode, the transfer takes place on the rising edge of CNTL/STB. 

FIFO/Sensor RAM and Status 

This section is a dual purpose 8 x 8 RAM. In strobe or keyboard mode it is a 
FIFO. Each entry is pushed into the FIFO and read in order. Status keeps track of the 
number of entries in the FIFO. Too many reads or writes to the FI FO will be treated 
as an error condition. The status logic generates an IRQ whenever the FIFO has an 
entry. In the sensor mode the memory is a sensor RAM which detects changes in the 
status of a sensor. If a change occurs, the IRQ is generated until the change is 
acknowledged. 

Display Address Registers and Display RAM 

The Display Address Register contains the address of the word being read or written 
by the processor, as well as the word being displayed. This address may be pro­
grammed to auto-increment after each read or write. The display RAM may be read 
by the processor any time after the mode and address is set. Data entry to the display 
RAM may be set to either right or left entry. 
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J.L P 08279·5 
COMMAND OPE RATION The commands programmable to the pPD8279-5 via the data bus with CS active (0) 

and AO high are as follows: 

Keyboard/Display Mode Set 

~oloIDIDIKIKIKI 
MSB LSB 

Display Mode: 

DO 

o 0 8-8-bit character display - left entry 

o 1 CD 16-8 bit character display - left entry 

o 8-8 bit character display - Right entry 

16-8 bit character display - Right entry 

Note: CD Power on default condition 

Keyboard Mode: 

KKK 

0 0 0 Encoded Scan - 2 Key lockout 

0 0 Decoded Scan - 2 Key lockout 

0 0 Encoded Scan - N Key Rollover 

0 1 1 Decoded Scan - N Key Rollover 

0 0 Encoded Scan-Sensor Matrix 

0 Decoded Scan-Sensor Matrix 

0 Strobed Input, Encoded Display Scan 

Strobed Input, Decoded Display Scan 

Program Clock 

1010111 pi pi pi pipi 
Where PPPPP is the prescaler value between 2 and 31 this prescaler divides the external 
clock by PPPPP to develop its internal frequency. After reset, a default value of 31 is 
generated. 

Read FIFO/Sensor RAM 

I 0 11 I 0 I All X I A I A I A I AO = 0 

AI is the auto-increment flag. AAA is the row to be read by the processor. The read 

command is accomplished with (CS· RD· AO) by the processor. If AI is 1, the row 

select counter will be incremented after each read. Note that auto-incrementing has 
no effect on the display. 

Read Display RAM 

Where AI is the auto-increment flag and AAAA is the character which the processor 

is about to read. 

Write Display RAM 

where AAAA is the character the processor is about to write. 

Display Write Inhibit Blanking 

LTJ 11 Xl ~1~wl~ll~l I 
Where IWA and IWB are Inhibit Writing nibble A a~d B respectively, and BlA, BlB 

are blankinQ. When usino the disolav ::I" ::I till::ll 4-hit. it io: n~o<",,,,,~, ... " rn~~L: '.:'~: ~~ !~: 
4-bit halves to eliminate interaction between the two halves. This is accomplished with 

the IW flags. The Bl flags allow the programmer to blank either half of the display 

independently. To blank a display formatted as a single 8-bit, it is necessary to set 

both BlA and BlB. Default after a reset is all zeros. All signals are active high (1), 
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JLPD8279-S . 
Clear 

0 I CD I CD I CD I CF CA 

CD CD CD 

0 X All zeros 
1 . 0 AB = 2016 

All ones 
0 X X Disable clear display 

This command is used to clear the di~play RAM, the FIFO, or both. The CD options 
allow the user the ability to clear the display RAM to either all zeros or all ones. 

CF clears the FI FO. 
CA clears all. 

Clearing the display takes one complete display scan. During this time the processor 
can't write to the display RAM. 

CF will set the FIFO empty flag and reset I RQ. The sensor matrix mode RAM pointer 
will then be set to row O. 

CA is equivalent to CF and CD. The display is cleared using the display clear code 
specified and resets the internal timing logic to synchronize it. 

End Interrupt/Error Mode Set 

1111111Elxlxlxlxl 
In the sensor matrix mode, this instruction clears IRQ and allows writing into RAM. 

In N key rollover, setting the E bit to 1 allows for operating in the special Error mode. 
See Description of FIFO status. 

FIFO Status 

I DU I S/E I 0 I u I FIN INN 

Where: DU Display Unavailable because a clear display or clear all command is in 
progress. 

S/E Sensor Error flag due to multiple closure of switch matrix. 

o = FIFO Overrun since an attempt was made to push too many 
characters into the FI FO. 

U = FIFO Underrun. An indication that the processor tried to read an 
empty FIFO. 

F' F I FOFull Flag. 

NNN = The Number of characters presently in the FIFO. 

The FIFO Status is Read with AO high and CS, RD active low'. 

The Display not available isan indication that the CD or CAcommand has not 
completed its clearing. The S/E flags are used to show an error in multiple closures has 
occl,lrred. The 0 or U, overrun or underrun, flags occur when too many characters are 
written into the F IF 0 or the processor tries to read an empty F IF O. F is an indication 
that the FIFO is full and NNN is the number of characters in the FIFO. 

Data Read 

Data can be read during AO = 0 and when CS, RD are active low. The source of the 
data is determined by the Read Display or Read FIFO commands. 

Data Write 

Data is written to the chip when AO, CS, a~d WR are active low. Data will be written 
into the display RAM w~th its address selected by the latest Read or Write Display 
command. 
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COMMAND OPERATION 
(CONT.) 

2268 

PACKAGE OUTLINE 
pPD8279C-5 

JLPD8279-S 

Data Format 

ICNTLI SH : SCAN: 

In the Scanned Key mode, the characters in the FIFO correspond to the above format 
where CNTL and SH are the most significant bits and the SCAN and return lines are 
the scan and column counters. 

I R L 7 I R L6 I R L5 I R L4 I R L3 I R L2 I R L 1 I R LO I 
In the Sensor Matrix mode, the data corresponds directly to the row of the sensor 

RAM being scanned. Shift and control (SH, CNTL) are not used in this mode. 

Control Address Summary 

~ DATA 

MSB LSB 

0 0 0 D D K K K Keyboard Display Mode Set 

0 0 p p p p P Load Program Clock 

0 0 0 A1 X A A A Read FIFO/Sensor RAM 

0 0 A1 A A A A Read Display RAM 

0 0 A1 A A A A Write Display RAM 

1., 0 X ~l IW ~LI BL 
Display Write Inhibit/Blanking 

B B 

0 CD I CD I CD CF I CA I Clear 

1 E X X X I X I End Interrupt/Error Mode Set 

IDU I SlE I 0 U F N N I N I FIFO Status 

--------A---------i l -' --K--; 

I~I fM C .=7\ 
00 _ 150 J _ 

(Plastic) 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

B 1.62 0.064 

C 2.54 ' 0.1 0.10 ± 0.004 

0 0.5 ± 0.1 0.019 ± 0.004 

E 48.26 1.9 

F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10 MIN 

H 0.5MIN 0.019 MIN 

I 5.22 MAX 0.206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

L 13.2 0.520 

+ 0.1 + 0.004 
M 0.25 - -- 0010 

U.UUL 

SP8279-g. 78-G N-C AT 
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NEe Microcomputers, Inc. 

16,384 BIT ROM WITH 110 PORTS 
16,384 BIT EPROM WITH 110 PORTS* 

NEe 
fLPD8355 
,.,.PD8755A* 

DESCR IPTION The ILPD8355 and the ILPD8755A are ILPD8085A Family components with the 
ILPD8355 containing 2048 X 8 bits of mask ROM and the MPD8755A cO[ltaining 
2048 X 8 bits of mask EPROM for program development. Both components also con­
tain two general purpose 8-bit I/O ports. They are housed in 40 pin packages, are 
designed to directly interface to the ILPD8085A and are pin for pin compatible to each 
other. 

F EA TU R ES • 2048 X 8 Bits Mask ROM (ILPD8355) 
• 2048 X 8 Bits Mask EPROM (ILPD8755A) 
• 2 Programmable I/O Ports 
• Single Power Supplies: +5V 
• Directly Interfaces to the ILPD8085A 
• Pin for Pin Co~patible 
• MPD8755~: UV Eraseable and Electrically Programmable 
• MPD8355 available in Plastic Package 
• MPD8755A Available in Ceramic Package 

PIN CONFIGURATIONS CE VCC CE vcc 
CE PB7 CE PB7 

ClK PBS ClK PBS' , 
RESET PB5 RESET PB5 

NC PB4 VDD PB4 
READY PB3 READY PB3 

101M PB2 101M PB2 
IOR- PB, lOR PB, 
AD PBo RD PBo 

lOW ~PD PA7 lOW PA7 
ALE 8355 PAS ALE PAS 
ADO PA5 ADO PA5 
AD, PA4 AD, PA4 
AD2 PA3 AD2 PA3 
AD3 PA2 AD3 PA2 
AD4 PA, . AD4 'PA, 

AD5 PAo AD5 PAo 
ADS AlO ADS A,O 
AD7 Ag AD7 Ag 

VSS A8 VSS A8 

NC: Not Connected 

* All data pertaining to the MPD8755A is preliminary., 
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JLPD8355/8755A 

The ~PD8355 and ~PD8755A contain 16,384 bits of mask ROM and EPROM 
respectively, organized as 2048 X 8. The 2048 word memory location may be 
selected anywhere within the 64K memory space by using the upper 5-bits of 
address from the ~PD8085A as a chip select. 

The two general purpose I/O ports may be programmed input or output at any 
time. Upon power up, they will be reset to the input mode. 

VDDCD VCC (+5V) 

AD7-ADO 

A1O- AS 

G READY 

CE 

CE 

ALE ~ RD ROM 

iO'v"v I I D lOR 

ClK 

101M 
RESET 

VSS(OV) 

Note: CD VDD applies to .uPDS755A only. 

PA7-PAO 
S 

PB7 - PBo 
S 

Operating Temperature (IlPD8355). . . . . . . . . . . . . . . . . . . . . . .. O°C to +70°C 
(J.LPD8755A) .................... -10°Cto+70°C 

Storage Temperature (Ceramic Package). . . . . . . . . . . . . . . . .. -65°C to +l50°C 
(Plastic Package). . . . . . . . . . . . . . . . . .. -40°C to +125°C 

Voltage on Any Pin (J.LPD8355). . . . . . . . . . . . . . . . . . . . .. -0.3 to +7 Volts <D 
ijLPD8755A) . . . . . . . . . . . . . . . . . . .. -0.5 to +7 Volts <D 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.5W 

Note: CD With Respect to Ground 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability . 

*Ta = 25°C 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

!nDut Low Voltage \/ .. -0.5 " .... V 
__ .. f.i\ 

• I L. V.O V CC = O.uv \.!.I 

Input High Voltage VIH 2.0 VCC+O.5 V Vec = 5.ovCD 

Output low Voltage VOL 0.45 V IOl = 2 mA 

Output High Voltage VOH 2.4 V IOH = -400 .uA 

Input leakage III 10 .uA VIN = Vee to OV 

Output leakage Current IlO ±10 .uA 0.45V <VOUT <VCC 

i V CC Supply Current ICC lS0 mA 

Note: CD These conditions apply to .uPDS355 only. 
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FUNCTIONAL DESCRIPTION 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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PIN IDENTIFICATION PIN 
NO. SYMBOL 

1,2 CE,CE 

3 ClK 

4 Reset 

5CD NC 

5(2) VDD 

6 Ready 

7 10/M 

S lOR 

9 RD 

10 lOW 

11 ALE 

12-19 ADO-AD7 

20 VSS 

21-23 AS-Al0 

24-31 PAO-PA7 

32-39 PBO-PB7 

40 Vce 

Notes: CD pPDS355 
(2) pPDS755A 

JLPD8355/8755A 

NAME FUNCTION 

Ch ip Enables Enable Chip activity for 
memory or I/O 

Clock Input Used to Synchronize Ready 

Re~et Input Resets PA and PB to all inputs 

Not Connected 

Programming Used as a programming voltage, 
Voltage tied to +5V normally 

Ready Output A tri-state output which is 
active during data direction 
register loading 

I/O or Memory An input signal which is used 
Indicator to indicate I/O or memory 

activity 

I/O Read I/O Read Strobe In 

Memory Read Memory Read Strobe In 

I/O Write I/O Write Strobe In 

. Address low Indicates information on 
Enable Address/Data lines is valid 

low Address/Data Multiplexed low Address and 
Bus Data Bus 

Ground Ground Reference 

High Address High Address inputs for ROM 
reading 

Port A General Purpose I/O Port 

Port B General Purpose I/O Port 

5Vlnput PQwer Supply 

1/0 PO RTS I/O Port activity is controlled by performing I/O reads and writes to selected I/O port 
numbers. Any activity to and from the pPDS355 requires the chip enables to be active. 
This can be accomplished with no external decoding for multiple devices by utilizing 
the upper address lines for chip selects. CD Port activity is controlled by the following 
I/O addresses: 

@IC MASTER 1979 

AD, ADO PORT SE LECTED FUNCTION 

0 0 A Read or Write PA 

0 1 B Read or Write PB 

1 0 A Write PA Data Direction 

1 1 B Write PB Data Direction 

Since the data direction registers for PA and PB are each S-bits, any pin on PA or PB 
may be programmed as input or output (0 = in, 1 = out). 

Note: CD During ALE time the data/address lines are duplicated on A15-AS. 

2271 

~ 

Q) ..... 
::J 
a. 
E 

, ·0 
o 
o 
~ 

o 
~ 

o w 
z 



"-
(1) .... 
:::l 
0. 
E 
0 
(,) 
0 
"-
(,) 

:E 
0 
W 
Z 

",PD8355/8755A 
Ta; O°C to +70°C; VCC; 5V + 5% 

PARAMETER 

Clock Cycle Time 

ClK Pulse Width 

ClK Pulse Width 

elK Rise and Fall Time 

Address to Latch Set Up Time 

Address Hold Time After Latch 

Latch to READ/WRITE Control 

Valid Data Out Delay from READ Control 

Address Stable to Data Out Valid 

Latch Enable Width 

Data Bus Float After READ 

READ/WRITE Control to latch Enable 

READ/WR!TE Control Width 

Data In to WRITE Set Up Time 

Data In Hold Time After WRITE 

WRITE to Port Output 

Port Input Set Up Time 

Port Input Hold Time 

READY HOLD TIME 

ADDRESS (CEI to READY 

Recovery Time Between Controls 

Data Out Delay from READ Control 

·Notes: CD I'PD8355 
@ I'PD8755A 

SYMBOL 

tCYC 

T1 

T2' 

tf,tr 

tAL 

tlA 

tlC 

tRD 

tAD 

tll 

tRDF 

tCl 

tcc 
tow 

two 

twp 

tPR 

tRP 

tRYH 

tARY 

tRV 

tRDE 

LIMITS 

MIN TYP MAX UNIT 

320 ns 

80 ns 

120 ns 

30 ns 

50 ns 

80 ns 

100 ns 

H~ ns 

400 ns 

100 ns 

0 100 ns 

20 ns 

250 ns 

150 ns 

10 ns 

400 ns 

50 ns 

50 ns 

0 ~ ns 

160 ns 

300 n~ 

10 ns 

ROM READ, I/O READANDWRITE G) 

TEST 
CONDITIONS 

ClOAD; 150 pF 

150 pF load 

ClK \,-__ tC~V/ ___ "-i\,-__ ~/_--r Tl=f T2L 

2272 

AS-10 
10/~ 

ADO-7 

ICE = 1)­
ICE =0) 

RD 
lOR 

lOW 

AS-10 

ADO-7 

ALE 

ADDRESS 

~----------tAD----------__ ~ 

ADDRESS DATA 

tcc tow 

PROM READ, I/O READ AND WRITE 

DATA 

Notes: G) .uP 083 55 
@ .uP08755A 
® CE must remain low for the entire cycle 

(i) 

ADDRESS 

----< ADDRESS }-

/ 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
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TIMING WAVEFORMS 
(CONT.) 

EPROM PROGRAMMING 
tLPD8755A 

©IC MASTER 1979 

fLPD8355/8755A 

CLOCK 

WAIT STATE TIMING (READY = 0) 

ICE = 1). 

ICE =0) 
---'I 

INPUT MODE: 
1/0 PORT 

R~~:~~ \--'PR ~ t_'RP 
INPUT~ ~. 

DATA-------V 
BUS _______ ..A _________ _ 

OUTPUT MODE: 

lOW \ ." 1--/ GLITCH FREE 
, Wp::..j I~ OUTPUT' 

PORT - - - - - - - - - - - - ){ 

OUTPUT ' ------------, . 

Erasure of the tlPD8755A occurs when exposed to ultraviolet light sources of wave­
lengths less than 4000 A. It is recommended, if the device is exposed to room 
fluorescent lighting or direct sunlight, that opaque labels be placed over the window to 
prevent exposure. To erase, expose the device to ultraviolet light at 2537 A at a 
minimum of 15 W-sec/cm 2 (intensity X expose time). After erasure, all bits are in the 
logic 1 state. Logit D's must be selectively programmed into the desired locations. It 
is recommended that N EC's prom programmer be used for this application. 
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,." PD8355/8755A 

~ A .1 ~~~ 
,~~~TTJ _1 ______ _ 

--1 I : : I j 
H"T 1 I 1111 : : : -G M 

--jB~- -IFf- - ~ c r- -g- i 
---E----- 'I 

Plastic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

·s 1.62 0.064 

C 2.54.± 0.1 0.10 ± 0.004 

0 0.5:! 0.1 0.019 ± 0.004 

E 48.26 1.9 

F 1.2 MIN 0.047 MIN 

G 2.54 MIN 0.10MIN 

H O.5MIN· 0.019 MIN 

I 5.22 MAX 0;206 MAX 

J 5.72 MAX 0.225 MAX 

K 15.24 0.600 

l 13.2 0.520 

+ 0.1 + 0.004 
M 0.25 0.010 

- 0.05 - 0.002 

. A 1 

"1 • {-

H: 
1 

V V V V V IT IT V IT i IT IT V IT IT IT IT IT IT V 
1 

i1d
J 

-iBt -tF- - --J c f-- --Jti- , ! 
I I E-------=~------~ 

Ceramic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

S 1.62 0.064 

C 2.54 ± 0.1 0.100 ± 0.004 

0 0.50 ± 0.1 0.0197 ± 0.004 

E 48.26 ± 0.2 1.900 ± 0.008 

F 1.27 0.050 

G 3.2 MIN 0.126 MIN 

H 1.0MIN 0.04 MIN 

I 4.2 MAX O.H MAX 

J 5.2 MAX 0.205 MAX 

K .15.24 ± 0.1 0.61:0.004 

L 
+ 0.2 

13.5 _ 0.25 
0.531 + 0.008 

- 0.010 

M 0.30 ± 0.1 0.012 ± 0.004 

2274 
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PACKAGE OUTLINE 
J,LPD8355C 
J,LPD8755AD 
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MICROPROCESSOR ARCHITECTURE CONCEPTS 

LOOK-AHEAD 
CARRY 

N74S182 

BIT-SLICE BIPOLAR MICROPROCESSOR 

RANDOM-ACCESS 
MEMORY 

82S4oo/401 
82S208 
82S209 
82S110/111 
82509 
82S116/117 
82S21 
82S25 

4096 Xl 
256X8 
256X9 
1024Xl 
64X9 
256Xl 
32X2 
16X4 

CPU 
BIT-SLICE 

CENTRAL PROCESS 
ELEMENT 

2901-1 

N3002 

• To be announced 

1/0 

8T26/28 
8T31 
8T95-98 

CONTROL BUS 

MICROPROGRAM 
CONTROL STORE 

82S290/291 
82S280/281 
82S240/241 . 
82S230/231 
82S226/229 

. 82S190/191 
82S180/181 
82S140/141 
82S130/131 
82S126/129 
82S1OO/101 
82S200/201 
82S102/103 

16K ROM 
8KROM 
4KROM 
2KROM 
lKROM 

16K PROM 
8K PROM 
4K PROM 
2KPROM 
1K PROM 

FPLA 
PLA 
FPGA 

CONTROL STORE 
SEQUENCERS 

N3001 
N8X02 

Bit slice microprocessors are most often used for design of Mini and Micro CPU s 
where a significant amount of arithmetic processing capability is desired or where 
highly parallel data processing is desired, such as signal processing. 

FIXED-INSTRUCTION BIPOLAR MICROPROCESSOR 

CENTRAL 
PROCESSING 

UNIT 

N8X3oo 

RANDOM ACCESS 
WORKING STORAGE 

'82S400/401 4096 Xl 
• 82S208 256X8 
• 82S209 256X9 
82S110/111 1024Xl 
82509 64X9 
82S116/117 256Xl 
82S21 32X2 
82S25 16X4 

• To be announced. I 

MICROPROGRAM 
STORAGE MEMORY 

82S290/291 
82S280/281 
82S240/241 
82S230/231 
82S226/229 
82S190/191 
82S180/181 
82S140/141 
825130/131 
82S126/129 
82S1oo/101 
82S2OO/201 
82S102/103 

1/0 

16K ROM 
8KROM 
4KROM 
2KROM 
lKROM 

16K PROM 
8K PROM 
4KPROM 
2KPROM 
lKPROM 

FPLA 
PLA 
FPGA 

8T31 (S-BIT 1/0) 
8T32/33 (lIV BYTE) 
8T35/36 (ltv BYTE) 
8T39 (BUS EXPANDER) 

Fixed instruction processors, designed for specific problem solving, are most cost 
effective in this use. For example, Signetics 8X300 is specifically designed to 
efficiently implement high speed control oriented operations. For these applications, 
such as double density floppy disc controllers, CRT controllers, data communica­
tions 'controllers, and industrial controllers, the 8X300 is more cost effective than 
bit slice and, in some cases, MOS controllers. 
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BIT SLICE MICROPROCESSORS 

Bit slice components are generally used as building blocks. for the central process­
ing unit (CPU). Bit slices are used when high speed arithmetic processing is a 
prime requirement. 

PART # PACKAGE PINS DESCRIPTION 

2901-1 Ceramic, I 40 4-Bit Bipolar Microslice Control 
Processing Element 

3002 Ceramic, I 28 2-Bit Bipolar Microslice Control 
Plastic, N Processing Element 

CONTROL STORE MICROSEQUENCERS 

Control store microsequencers are used to decide the order of command execution 
for a bit slice microprocessor. Also they can be used as stand-alone "single" 
sequencers for control functions requiring rapid decision making. 

PART PACKAGE PINS DESCRIPTION 

8X02 Ceramic, I 28 10-Bit Address Control Store 
Plastic, N Microsequencer 

3001 Ceramic, I 40 9-Bit Microprogram Control 
Unit 

8X300 FIXED INSTRUCTION MICROCONTROLLER 

The 8X300 control oriented instruction set provides very high performance for 
moving and interpreting data. This coupled with it's 250ns cycle time makes the 
8X300 ideal for switching, controlling, and editing; in fact, any application in which 
a fast microprocessor is needed in the data path. 

PART PACKAGE PINS DESCRIPTION 

8X300 Ceramic, I 50 8-Bit Fixed Instruction 
Microprocessor 

INTERFACE VECTOR (IV) BYTES 

An IV byte is a latched bi-directional 8-bit I/O port with a programmable address. 

PART PACKAGE PINS DESCRIPTION 

8T32 Plastic, N 24 Synchronous 3-State 
Ceramic, F 

8T33 Plastic, N 24 Synchronous open collector 
Ceramic, F 

8T35 Plastic, N 24 Asynchronous 3-State 
Ceramic, F 

8T36 Plastic, N 24 Asynchronous open collector 
Ceramic, F 
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DESCRIPTION 
The Signetics Micro Assembler is a com­
plete software package used to design and 
program with Signetics bipolar bit-slice 
microprocessors. It contains advanced fea­
tures to ease microprogramming and docu­
mentation. 

The Micro Assembly language can be tail-' 
ored to the configuration of the micropro­
gram. It is designed especially for the Sig­
netics bipolar microprocessors such as the 
8X02 microprogram control sequencer, the 
2900 microporcessor. family, and the 3000 
series. This flexibility enables it to handle 
virtually all microprogramming applications 
and microprocessor'circuits. 

• Logical and relational expression opera- character constants or symbolic values. 
tors 

• Generation of non-microinstruction 
Proms (Look-up tables, mask genera.;. 
tion, field expansion) 

• Microp defaults under user definition 
• Microp arguments 
• Conditional (IF, THEN, ELSE) clause for 

field assignment and reference of mi­
crops 

• Constants-Numeric and ASCII charac­
ters 

•. Nested microps 
• Shift operators 

MICRO ASSEMBLY LANGUAGE 

PROM FORMATTING 
The format command file of the Micro For­
mat Program translates the object program 
for PROM programming. Each bit of mi­
croinstruction, complemented or uncom­
plemented is identified with a PROM. The 
Microprogram addressing space may also 
be divided into bits and stored in PROM. 
There are provisions for inverted addresses. 
In a typical application, for example, mi­
croprogram may be distributed among ten 
512x8 PROMs. 

The Micro Assembler consists of two in- The Micro Assembly Language input into 
terrelated programs. (See Figure 1) the assembler is divided into two sections: 

Among the output formats are: SMS,. vari­
ous BNPF formats, and 2650 absolute ob­
ject code. 

The Micro Assembly Program reads the 
program system configurations and format 
descriptions to produce' a listing of the 
source program and the resulting machine 
(binary) language. This listing contains 
source program error diagnostics and a 
cross-reference of microprogramming 
symbols. 

The Micro Format Program translates the 
object program for direct use in program­
ming PROMs. It reads the object program 
produced by the Micro Assembly Program 
and divides the object program into· bits to 
be written into PROM modules, with sepa­
rate output for each PROM. 

FEATURES 
• High-level syntax-easy to use 
• Cross reference listing 
• Number of bits: Up to 4095 bits wide 

(default = 128) 
• Number of instructions: Up to 65K words 
• Mnemonic names and size of each con­

trol field 
• Mnemonic names for control field values 
• Organization of Micro Control Store as 

physical prom modules 
• Formatting of object module for output 
• Free-form input: Multiple statements per 

line 
• Detection of overlapping fields for ex­

.tensive error checking 
• Multiple microinstruction formats: Vari­

able microinstruction widths 
• Definition of sub-fields 
• Definition of more than one microin­

struction thru multiple microinstruc­
tion Def. Sections 

©IC MASTER 1979 

The definition section defines instruction 
formats and device configurations of the 
user system. The name and length of each 
field is specified and symbolic opcodes are 
defined. Microinstructions may be any 
length, and multiple formats may be de­
fined. 

The microprogram section is the sequence 
of symbolic microinstructions that make up 
the operational program. 

The Micro As~embly language also con­
tains standard' assembler directives and 
arithmetic, binary shift and logical opera­
tors. 

Values used with the language may be deci­
mal, hexadecimal, octal binary or ASCII 

USER INPUT 

PROMs 

A full description is contained in the Signet­
ics Micro Assembler Reference Manual. 

AVAILABILITY 
The Micro Assembler is written in ANSI 
FORTRAN IV. The source form is available 
on magnetic tape. from Signetics in two 
formats: 

• EBCDIC 9-track magnetic tape, un­
blocked 80-character records, 800 bpi 
den sit Y . 0 r d e r par t .n u m b e r 
8XOOMA 1 OOOSS. 

• ASCII 9-track magnetic tape, unblockedl 
80-character records, 1600 bpi density. 
Order part number 8XOOMA2000SS. 

The Micro Assembler is also available on the 
more popular timesharing services. 

PROGRAM ACTION 

INTERMEDIATE 
OBJECT 

TEXT 
FILE 

Figure 1 

!i~nDtiC!i 
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DESCRIPTION 
The 8X300 Assembler is a program which 
accepts source code written in the 8X300 
assembly language and which produces 
both a listing of the symbolic program and 
an object module in one of four formats: 
MCSIM, ROM simulator, BPNF, or hexadec­
imal. 

The assembler program is written in ANSI 
standard FORTRAN and is approximately 
3000 card images in length. It requires some 
rewindable 1/0 medium such as disk or tape 
for temporary storage, an input device to 
read source code, and two output devices, 
one to output the assembler listing and one 
to output the object module. If desired, the 
assembler may be compiled and linked to 
execute in overlays. 

The assembler consists of two passes which 
build a symbol table, issue helpful error 
messages, produce an easily readable pro­
gram listing, and output a computer read­
able object module. 

FEATURES 
• Macro nested to three levels 
• Conditional assembly 
• Address arithmetic 
• Automatic procedure/subroutine hand-

ling 
• Reserved symbols for registers 
• Multiple entry to procedures 
• Symbolic machine operation codes 
• Symbolic aSSignment address refer­

ences 
• Symbolic data creation statements <I/O 

port reference) 
• Free' format source code 
• Syntax error checking 
• Self-defining constants 
• Assembly listing control statements 
• ASCII character code 
• Comment statements and comment 

areas 
• Forward referencing 
• Cross-reference of the symbol table 
• Instructions up to 32-blts wide 
• Versatile object file format specification 

MCCAPLANGUAGE 
The assembler recognizes three types of 
statements: Comment statements, machine 
instructions, and pseudo-ops (directives). 

Comment statements are used to document 
a listing. They must contain an asterisk in 
column 1 and may contain any legal charac­
ter in the other 79 columns. 

Machine instruction statements are those 
statements that generate instruction(s) to be 
executed by the 8X300 processor. Machine 
instruction statements include: 

MOVE 

2278 

Move byte from one location to 
another. 

ADD 

AND 

XOR 

XEC 

XMIT 

NZT 

JMP 
CALL 

RTN 

SEL 

HALT 

Add the byte in one location to 
the byte in the auxiliary regis­
ter and store the result in 
another location 
AND the byte in one location 
with the byte in the auxiliary 
regisler and store the result in 
another location. 
Exclusive OR the byte in one 
location with the byte in the 
auxiliary register and store the 
result in another location. 
Execute the instruction at the 
specified address. 
Transmit the literal (immediate 
data) contained in this instruc­
tion to the specified location. 
Jump to the specified address 
if the value in the specified 
location is not zero. 
Jump to the specified address. 
Transfer control to a proce­
dure or an entry point. 
Returns control from a proce­
dure or an entry point. 
Places the· address of an IV 
Byte variable into the IVL or 
the IVR register. 
Halts by jump to current ad-
dress. 

NOP Generates a no-op. 

Pseudo-Ops (or Directives) are commands 
to the assembler, but have no meaning to 
the 8X300 processor. 

EOU 

SET 

L1V 

RIV 

PROG 

PROC 

ENTRY 

END 

ORG 

OBJ 

IF 

t:;''IIUlr 

ASSigns a value to the symbol 
in the label field. 
Identical to EOU, except that 
the symbol may be redefined 
by another SET statement. 
Assigns a symbolic name to 
the address, position and pre­
cis.ion of the "left bank" I nter­
face Vector Byte variable. 
Identical to LlV, except that the 
assignment is made to the 
"right bank" 1/0 Field. 
Introduces and names the 
main program. 
Introduces and names a 
procedure. 
Specifies an addit~onal entry 
point to a procedure. 
Terminates a procedure, a pro­
gram or a MACRO. 
Changes the value of the loca: 
tion counter. 
Specifies the format of the ob­
ject module. 
Introduces source statements 
subject to conditional assem­
bly. 
-. t:rmmales me source state­
ments subject to conditional 
assembly. 

S!D0tiGS 

LIST 

NLIST 

EJCT 
SPAC 
MACRO 

PROM 

DEF 

Specifies the list and punch 
options. 
Negates the list and punch op-
tions. 
Advances listing to next page. 
Advances listing to next line. 
Defines the source statements 
generated a macro call. 
Specifies the size of the object 
module. 
Defines extended instruction 
fields. 

The assembler produces object code for the 
8X300 and for extended instructions. Ex­
tended instructions are bit patterns that are 
selected at the same time as the standard 
8X300 instructions and are used for hard­
ware selection of I/O ports or working stor-

. age, thereby reducing program length and 
increasing throughput. 

A full description of MCCAP is contained in 
the Signetics Microcontroller Cross-As­
sembly Program Manual. 

AVAILABILITY 
The assembler is availab!e on the more 
popufar timesharing services. It is also avail­
able from Signetics on 9-track magnetic 
tape in the following formats. 

• EBCDIC unblocked 80-character re­
cords, 800 bpi density. Order part num­
ber 8X300AS100SS. 

• ASCII blocked SO-character records, 
10UU bpi density. Order part number 
8X3OOAS200SS. 
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... ·IiCaOPIOCESSOR CENTRAL PROCESSING ELEMENT 

DESCRIPTION 
The 4-bit bipolar microprocessor slice is 
designed as a high-speed cascadable ele­
ment intended for use in CPUs, peripheral 
controllers, programmable microproces­
sors and numerous other applications. The 
microinstruction flexibility of the 2901 A 
will allow effiCient emulation of almost any 
digital computing machine. 

The device, as shown in the block diagram 
below, consists of a 16-word by 4-bit 2-port 
RAM, a high-speed ALU, and the associated 
shifting, decoding and multiplexing circuit­
ry. The 9-bit microinstruction word is or­
ganized into 3 groups of 3 bits each and 
selects the ALU source operands, the ALU 
function, and the ALU destination register. 
The microprocessor is cascadable with full 
look-ahead or with ripple carry, has three­
state outputs, and provides various status 
flag outputs from the ALU. Advanced low­
power Schottky processing is used to faori­
cate this 40-lead LSI chip. 

BLOCK DIAGRAM 

FEATURES 
• 80ns cycle time 
• 2-address architecture 

Independent simultaneous access to 2 
working registers saves machine cycles 

• 8-function ALU 
Performs addition, 2 subtraction opera­
tions, and S logic functions on 2 source 
operands 

• Flexible data source selection 
ALU data is selected from.S source ports 
for a total of 203 source operand pairs 
for every ALU function 

• Left/right shift independent of ALU 
Add and shift operations take only 1 
cycle 

• 4 status flags 
Carry, overflow, zero, and negative 

• Expandable 
Connect any number of 2901A's togeth­
er for longer word lengths. 

• Microprogrammable 
3 groups of 3 bits each for source oper­
and, ALU function, and destination con­
trol 

CLOCK --~==::::::::J=I;:::::::::::::::~~ ..... 

·A' (REAO) 
ADDRESS 

'8' 
(READ/WRITE) 

ADDRESS 

DIRECT -+-.f=====~-I 
DATA IN -+-+------. 

CARRY IN 
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DATA OUT 

G 
p 
CN +4 
F3 (SIGN) 

OVERFLOW 

F = 0000 

S!!)ODtiCS 

N2901A 

PIN CONFIGURATION 

IWPACKAGE 
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8X02-I,Xl 

. DESCRIPTION FEATURES PIN CONFIGURATION 
The Signetics 8X02 is a low power Schott­
kv lSI device intended for use in high per­
formance microprogrammed systems to 
control the fetch sequence of microinstruc­
tions. When combined with standard ROM 
or PROM, ihe 8X02 forms a powerful micro­
programmed control section for computers, 
controllers, or sequential logic. 

• Low power Schottky process 
• 1024 microinstruction addressabillty 

I,XL PACKAGE 

BLOCK DIAGRAM 

• N-way branch 
• 4-level stack register file (LIFO type) 
• Automatic push/pop stack operation 
• "Test and skip" operation on test Input 

line 
• 3-bit command code 
• Tri-state buffered outputs 
• Auto-reset to address 0 during power-up 
• Conditional branching, pop stack, and 

push stack 

(12) (10) (S) (5) (3) 
(13) (11) (9) (6) (4) 

AgAs A7A6A5A4A3A2A1 AO 

???999?999 -------------, 
,.... ......... Ioo.-I. ...... ~.a......\-'-....... 10 

(2) D-Clr-----i 

(1) AC2 
(2S) AC1 

(27) ACo 

(25) CLK~ 
(22) VCC~ 
(7) GNOo-{ 

I 

PIN DESIGNATION 

PIN 

3-6 
8-13 

27,28,1 

14-21 
23-24 

2 

25 

26 

7 

22 

2280 

SYMBOL 

Ao-Ag 

ACo-AC2 

Bo-Bg 

E'f\j 

ClK 

TEST 

GND 

VCC 

I 
I 
I 
I 
I 
I 

t-o TEST 
I (26) 

I 
I _____________ ...1 

89 BS 87 86 85 84 83 82 8180 
(24) (21) (19) (17) (15) 

(23) (20) (1S) (16) (14) 

NAME AND FUNCTION 

Microprogram Address outputs 

Next Address Control Function inputs 
All addressing control functions are selected by these command lines. 

Branch Address inputs 
Determines the next address of an N-way branch when used with the BRANCH 
TO SUBROUTINE (BSR) or BRANCH ON TEST (BRT) command. 

Enable input 
When in the low state, the Microprogram Address outputs are enabled. 

Clock Input-High to low transition for stack operations, Low to High trans­
ition for addre~s modification. 

Test input 
Used in conjunction with four NEXT ADDRESS CONTROL FUNCTION 
commands to effect conditional skips, branches, and stack operations. 

Ground 

+5 Volt supply 

fill B, 

TYPE 

Three-state 
Active high 

Active high 

Active high 

Activ~ low 

Active high 
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FUNCTIONAL DESCRIPTION 
The Signetics 8X02 Control Store Sequenc­
er is an LSI device using low power Schott­
ky technology and IS intended for use in 
high performance microprogrammed appli­
cations. When used alone, the 8X02 is cap­
able of addressing up to 1 K words of mic­
roprogram. This may be expanded to any 
microprogram size by conventional paging 
techniaues. 
The Address Register consists of 10 D-type, 
edge-triggered flip-flops with a common 
clock. A new address is entered into the 
Address Register on the low-to-high tran­
sition of the clock. The next address to be. 
entered into the. Address Register is sup­
plied via the Address Multiplexer. 

The Address Multiplexer is a 5-input device 
that is used to select either the branch input, 
+1 adder, +2 adder, stack register file, or 
ground (all zeros) as the source of the next 
microinstruction address. The proper multi­
plexer channel is automatically selected via 
the Decode Logic according to the Address 
Control Function Input and Test Input line. 

The +1, +2 logic is used to increment the 
present contents of the Address Register by 
1 or 2, depending on the function input 
command. Thus, the next address to the 
Control Store ROM/PROM may be either 
the current address plus 1 (N'+1) or 'the 

current address plus 2 (N+2). If the same 
Microprogram Address is to be used on 
successive occasions, the clock to the 8X02 
must simply be disabled; therefore, no new 
address is loaded in!o the Address Register. 

The Stack File Register is used to provide a 
return address linkage whenever a subrou­
tine or loop is executed. The 4X10 stack 
operates in a last-in, first-out (LIFO) mode, 

. with the stack pointer always pointing to the 
next address to be read. Operation of the 
stack pointer is automatically controlled by 
the Address Control Function Inputs. Since 
the stack is 4 words deep, up to 4 loops 
and/or subroutines may be nested. 

The stack pointer operates as an up/down 
counter. The stack pointer is incremented 
by one during the PUSH operation. The new 
data is written into the new location pOinted 
to by the stack pointer. A POP operation will 
read data from the location pOinted to by the 
stack pointer in the previous cycle, and the 
stack pointer will be decremented by one at 
the end of the current cycle. When the stack 
pointer is pointing at the first level of the 
stack, a POP operation will cause the stack 
pointer to wrap around to the fourth level of 
the stack. Similarly, a PUSH operation will 
cause the stack pOinter, when pointing at 
the fourth level of the stack to wrap around 
to the first level of the stack. 

NEXT ADDRESS CONTROL FUNCTION TABLE 

MNEMONIC 

TSK 

INC 

BLT 

POP 

BSR 

PLP 

BRT 

RST 

11. = UUIII ~"'" 
N.C. = No change 

DESCRIPTION 

Test and skip 

Increment 

Branch to loop if 
test input true 

POP stack 

Branch to sub-
routine if test 
input true 

Push for looping 

Branch if test 
input true 

Set microprogram 
address output to 
zero 
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FUNCTION 
AC2 1 0 

0 0 0 

0 0 1 

0 0 

0 1 1 

0 0 

0 1 

0 

TEST . NEXT ADDRESS 

False Current + 1 
True Current + 2 

X Current + 1 

False Current + 1 
True Stack reg file 

X Stack reg file 

False Current + 1 
True Branch address 

X Current + 1 

False Current + 1 
True Branch address 

X All a's 

!ii.!lIllIiGS 

8X02-I,XL 

The branch input is a 10-bit field of direct 
inputs to the multiplexer which can be se­
lected as the next control store address. 
Using the appropriate branch command, an 
N-way branch is possible where N is the 
address of any microinstruction within the 
1024 word microcode page. Likewise, the 
RESET command is a special case of an N­
way branch in which the multiplexer selects 
an all zeros input, forcing the next microin­
struction address to be zero. 

The Test Input line is used in conjunction 
with the conditional execution of 4 Address 
Control Function commands. When the 
Test Input is false (low), the sequencer 
simply increments to the next address 
(N+1). When it is true (high), the sequencer 
executes a branch as defined by the input 
command, thereby transferring control to 
another portion of the microprogram. 

All Address Output lines of the 8X02 are 
three-state buffered outputs with a common 
'enable line (EN). When the Enable line is 
high, all outputs are placed in a high-. 
impedance state, and external access to the 
control store ROM/PROM is possible. This: 
allows a preprogrammed set of mi­
croinstructions to be executed from exter­
nal or built-in test equipment (BITE), vec­
tored interrupts, and Writable Control Store 
if implemented. 

STACK STACK POINTER 

N.C. N.C. 
N.C. N.C. 

N.C. N.C. 

X Decr 
POP (read) Decr 

POP (read) Decr 

N.C. N.C. 
PUSH (Curr + 1) Incr 

PUSH (Curr Addr) Incr 

N.C. N.C. 
N.C. N.C. 

N.C. N.C. 
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MICROCONTROLLER 

DESCRIPTION 

The Signetics 8X300 Microcontroller is a 
monolithic, high-speed microprocessor im­
plemented with bipolar Schottky technolo­
gy. As the centra; processing unit, CPU, it 
allows 16-bit instructions to be fetched, 
decoded and executed in 250ns. A 250ns 
instruction cycle requires maximum memo­
ry access of 65ns, and maximum I/O device 
access of 35ns. 

Microcontroller instructions operate on 8-
bit, parallel data. Logic is distributed along 
the data path within the Microcontroller. 
Input data can be rotated and masked be­
fore being subject to an arithmetic or logical 
operation; and output data can be shifted 
and merged with the input data, before 
being output to external logic. This allows 1-
to 8-bit 1/0 and data memory fields to be 

FEATURES 

• 185ns instruction decode and execute 
delay (with Signetics 8T32/33 1/0 port) 

• Eight 8-bit working registers 
• Single instruction access to 1-bit, 2-bit, 3-

bit or 8-bit field on 1/0 bus 
• Separate instruction address, instruc-

tion, and 1/0 data buses 
• On-chip oscillator 
• Bipolar Schottky technology 
• TTL inputs and outputs 
• Tri-state output on 1/0 data bus 
• +5 volt operation from O~ to 70° C 

MILITARY 
Also available in Military version as 
saX300-1 or saX300-2 

PIN CONFIGURATION 

VCR 

A7 

A6 

A5 
A4 
A3 
A2 

Al 

AO 
Xl 

X2 
GND 

10 
11 

12 

13 
14 

15 

16 

17 
18 

19 
110 
111 
IlL 

IZA PACKAGE 

accessed and processed in a single instruc- PIN DESIGNATION 
tion cycle. 

PROGRAM STORAGE INTERFACE 
Program Storage is typically connected to 
the AO-A12 (A12 is least significant bit) and 
10-115 signal lines. An address output on 
AO-A 12 identifies one 16-bit instruction 
word in program storage. The instruction 
word is subsequently input on 10-115 and 
defines the Microcontroller operations 
which are to follow. 

The Signetics 82S115 PROM, or any TTL 
compatible memory, may be used for pro­
gram storage. 

1/0 DEVICES INTERFACE 
An 8-bit I/O bus, cailed the Interface Vector 
(IV) data bus, is used by the Microcontroller 
to communicate with 2 fields of I/O devices. 
The complementary LB and RB signals 
identify which field of the I/O devices is 
selected. 

Both 1/0 data and 1/0 address information 
can be output on the IV bus. The SC and WC 
signals are typically used to distinguish 
between I/O data and I/O address informa­
tion as follows: 

se we 
o I/O address is being output on IV 

bus 
o 1 1/0 data is being output on !V bus 
o 0 1/0 data is expected on the IV, 

bus, as input to the Microcontroller 
Not generated by the Microcontrol­
ler 

The Signetics 82SXXX series RAM, and the 
8T32/33 may be attached to the IV bus. 

I 

PIN 

2-9,45-49 

13-28 

33-36, 
38-41 

42 

30 

29 

31 

32 

44 

43 

10-11 

50 

1 

,j{ 

I 12 

SYMBOL NAME AND FUNCTION 

AO-A12: Instruction address lines. A high level equals 
"1." These outputs directly address up to 
8192 words of program storage. A12 is least 
significant bit. 

10-115: Instruction lines. A high level equals "1." 
Receives instructions from Program Storage. 
115 is least significant bit. 

IVBO-IVB? Interface Vector (IV) Bus. A low level equals 
"1." Bidirectional tri-state lines to communi-
cate with I/O devices. IVB? is least significant 
bit. 

MCLK: Master Clock. Output to clock 1/0 devices, 
andlor provide synchronization for external 
logic 

WC: Write Command. High level output indicates 
data is being output on the IV Bus. 

SC: Select Command. High level output indicates 
that an address is being output on the IV 
Bus. 

LB: Left Bank. Low level output to enable one of 
two sets of 1/0 devices (LB is the comple-
ment of RB). 

RB: Right Bank. Low level outp~to enable one of 
two sets~ 1/0 devices (RB is the comple-
ment of LB). 

HALT: Low level is input to stop the Microcontroller. 
---
RESET: Low !eve' is inp!..!t to initialize the Microcon-

troller. 

X1, X2: Inputs for an external frequency determining 
crystal. May also be interfaced to logic or test 
equipment. 

VR Reference voltage to pass transistor. 

VCR Regulated output voltage from pass transistor. 

VCC: 5V power connection. 

GND: Ground. 

Si!)IDtiCS 

I 

.81300 

VR 

AS 

A9 

A10 

All 

A12 

8X300-1 

HALT 
REsET 
MCLK 
iVBO 
i\iB1 
iVB2 
IVB3 

vce 
IVB4 

iVB5 
IVB6 
iVB7 
REi 
LB 
wc 
se 
115 
114 
113 

TYPE 

Active high 

Active high 

Three-state 
Active low 

Active high 

Active high 

Active high 

Active low 

Active low 

Active low 

Active ~ow 
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... 
K 

V ~ k: 
I--

ALU 

~~ 
L __ 

(S)=O I 
I 
I 
I 
I 
I 
I ARO":'AR4 

AR5-AR12 I 

1 1 L_ 

0 12 

r AR 

v 
AO-A12 

INSTRUCTION ADDRESS 

R1 - General working register 
R2 - General working register 
R3 - General working register 
R4 - General working register 
RS - General working register 
R6 - General working register 
R11 - General working register 

I 

AUX - General working register. Con­
tains second term for arithmetic or 
logical operations. 
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MICROCONTROLLER ARCHITECTURE 

~ SHIFT 

I .. I 
r ::>I IVJERGE F 
I .. 

r OVF I 1\ 
I r J. >. 

0 7 

R1 

R2 

R3 

" ~ R4 ... 
R5 

R6 

R11 

AUX 

~ 7 

f( A V RIGHT 
MASK 

ROTATE ~ .... 

--
en w 
:I: 

'-- (,) 
~ « 
...J 

A \I 
"- "'> IVBO-IVB7 

IV BUS 

INTERNAL CONTROL ~ 

I 
CONTROL 

f 
PC 

<r 

It) 

Ci 
~ 
~ 

1 

1 I IR 

'1 
10-115 

INSTRUCTION DATA 

Figure 1 

I IRO-IR2 

I 

OVF - The least-significant bit of this reg­
ister is used to reflect overflow sta­
tus resulting from the most recent 
ADD operation (see Instruction Set 
Summary). 

Instruction Register (IR) 
- Holds the 16-bit instruction word 

currently being executed. 

Table 1 INTERNAL REGISTERS 

!ii!JIIDbC!i 

SIGNALS 

(r l....-

L-.. ,.. 
I'-' '" 
h 
I'-' 

J"\ LB 

,.. 
'" WC 

DECODE 
AND ,.. 

CONTROL "" SC 

LOGIC 
-0 MCLK 

L-.. -0 I'-' HALT 

I'-' -0 RESET 
,.. 
"'" 
,.. 

'" 

+5 I 

GND I 

VR-----_ 
VCR 041--___ _ 

Program Counter (PC) 
- Normally contains the address of 

the current i~struction and is incre­
mented to obtain the next instruc­
tion address. 

Address Register (AR) 
- A 13-bit register containing the 

address of the current instruction. 
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INSTRUCTION CYCLE 
Each Microcontroller operation is executed 
in 1 instruction cycle, which may be as 

. short as 250ns. The Microcontroller gener­
ates MCLK to synchronize external logic to 
the instruction cycle. Instruction cycles are 
subdivided into quarter cycles. MCLK is an 
output during the last quarter cycle. 

During the third quarter cycle of an instruc­
tion, an address is output on AO-A 12, identi­
fying the location in program storage of the 
next instruction word. This instruction word 
defines the next instruction, which must be 
input on 10-115 during the first quarter cycle 
of the next instruction cycle (see Table 2). 

Instruction Set Summary 
The 16-bit instruction word input o.n 10-115 
is decoded by the instruction decode logic 
to implement events that'are to occur during 
the remainder of the instruction cycle. Gen­
erally the 16-bit instruction word is decoded 
as follows: 

15 

Inatructlon Operand(a) Specification 
CI .. a 

A detailed usage of the 13 "operand(s) 
specification" bits is given in following sec­
tions. 

Three operation code bits allow for 8 in­
struction classes. The 8 instruction classes 
are summarized in Table 3. Each entry is 
referred to as an "instruction class" because 
the unique architecture of the Interpreter 
allows a number of powerful variations to be 
specified by the 13 operand (s) specification 
bits. A complete description of instruction 
formats and some instruction examples are 
provided in the Microprocessor Applica­
tions manual. 

Data Processing 
The Microcontroller architecture includes 
eight 8-bit working registers, an arithmetic 
logic unit (ALU), an overflow register, and 
the 8-bit IV Bus. Internal 8-bit data paths 
connect the registers and IV Bus to the 
ALU inputs, and the ALU output to the 
registers and IV Bus. Data processing logic 
is distributed along these internal 8-bit data 
paths. Rotate and (lJa~k iogic precedes the 
ALU on the data entry path. Shift and 
merge logic follows the ALU on the data 
output path. All 4 sets of logic can operate 
on 8 data bits in a single instruction cycle 
(See Figure 1). 

When less than 8 bits of data are specified 
.for outout to the IV bus hv thp. AI II. thl'> rl::lt::l 

field (shifted if necessary) is inserted into 
the prior contents of the IV bus latches. The 
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TYPICAL SYSTEM CONFIGURATION 

+5V 
q 

I 

I 

r-f~ 
... "'p-

~m ~ 
PROGRAM STORAGE 

I 

I 

~ 

~ 

USER 
CONNECTION 

" 
AO-A12 

VCC VR VCR A IVSO-IVB7 Y 8T32 

'I 
10-115 ~ 

... 
SC r--

ROM/PROM/RAM WC ~ 
TTL COMPATIBLE Y 8X300 MCLK 
UP TO 8K x 16 BITS MICRO- .. 

LB f1 Xl 
(82S115) CONTROLLER r-

RB ~ 
~~z CJ 

L::...--
X2 

HALT-.! 

1 1 RESET 

GND 

~ ~ 

r 
r--
r--
~ 

-
8T33 

~ 

I 

I 
BOC 

Figure 2 

INSTRUCTION ADDRESS AND 
AND IV ADDRESS IV BUS DATA 

BUS DATA DATA AND IV VALID 
INPUT PROCESSING BUS CHANGING MCLK=HIGH 

.- 1/4 cycle -+ -- 1/4 cycle-+ _1/4 cycle- _1/4 cycle-

Table 2 INSTRUCTION CYCLE 

IV bus latches contain data input at the start 
of an instruction. This data in the IV bus 
latches will be specified in the instruction as 
a) IV bus source data or b) data from an 
automatic read when the IV bus is specified 
as a destination. Therefore. IV bus bit posi­
tions outside an inserted bit field are un­
modified. 

Data Addressing 
Sources and destinations of data are speci­
fied using a 5-bit octal number. The source 
and/or destination of data to be operated 
upon is specified in a single instruction 
word. 

Referring to Figure 1,the'Auxiliary register 
(address 00) is the implied source .of the 
second argument for ADD, AND or XOR 
operations. 

IVL and IVR are write-only registers used 
only a~ i:t destination. They have addresses 
and are treated as registers, but in reality 
they do not exist. When IVL is specified as a 
destination or the D field = 20-278, then LB = 
'low', RB = 'high' are generated; when IVR is 
specified as a destination or the D field = 30-
378, then RB = low. LB = 'high' are generat­
ed . 

When IVL or IVR is specified as the destina­
tion in an instruction, SC is also activated 

and data is placed on the IV bus. If IVL or IVR 
is specified as a source of data, the source 
data is all zeroes. 

INSTRUCTION SEQUENCE 
CONTROL 
The Address Register and Program Counter 
are used to generate addresses for access­
ing an instruction. The Address Register is 
used to form the instruction address, and in 
all but 3 instructions (XEC, NZT, and JMP) 
the address is copied into the Program 
Counter. The instruction address is formed 
in 1 of 3 ways: 

1. For all. instructions but the JMP, XEC, 
and a satisfied NZT, the Program Coun­
ter is incremented by 1 and placed in the 
Address Register. 

2. For the JMP instruction, the full 13-bit 
address field from theJMP instruction is 
placed into the Address Register and 
copied into the Program Counter. 

3. For the XEC and NZT instructions, the 
high order 5- or 8-bits of the Program 
Counter are combined with 8- or S­
lower-order bits of ALU output (XEC or 
NZT) and placed in the Address Regis­
ter. For the NZT instrUction, it is also 
{;uplea inTO me tJrogram Counter. 
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·INSTRUCTION SET 
The 8X300 Microcontroller has a repertoire 
of 8 instruction classes which allow the user 
to test input status lines, set or reset output 
control lines, and perform high speed 
inputloutput data transfers. All instruc­
tions are 1.6 bits in length and each is 
fetched, decoded and executed in 250ns. 

Within the 8X300, all operations are per­
formed on 8-bit bytes. Arithmetic opera­
tions use 8-bit, unsigned 2's complement 
arithmetic. 

INSTRUCTION FORMATS 
The general 8X3OO instruction format is: 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Data is respresented as an 8-bit pyte; bit 
positions are numbered from left to right, 
with the least significant bit in position 7. 

Op Operand(s) 
Code 

o 1 2 3 4 5 6 7 
I I I I I I I I I 

MSB LSB 

All instructions are specified by a 3-bit 
Operation (Op Code) field. The operand 
may consist of the following fields: Source 

OPERATION FORMAT RESULT NO,TES 

MOVE I,ll 

ADD I,ll 

AND I,ll 

XOR I,ll 

XMIT III,IV 

NZT III,IV 

XEC 1I1,IV 

JMP V 

Content of data field specified by 
{S, R/L} replaces data in field 
specified by{ 0, R/L.} 

Sum of AUX and data specified by 
{S, R/L} replaces data in field spec- If Sand 0 both are 
ified by {D, R/L}. registers, then R/L 

t--L-o-g-ic-a-I A-N':"-D-O-f-A':"'u-x-a-n-d-d-a-t-a-s-p-ec-i~- specifies a right rotate 

fied by {S, R/L} replaces data in of the register specifi-
field specified by {D, R/L.} ed by S. 

Logical exclusive OR of AUX and 
data specified by {S, R/L} replaces 
data in field specified by {D, R/L.} 

The literal value I replaces the data 
in the field specified by {S,L.} 

If the data in the field specified by 
{S, L} equals zero, perform the 
next instruction in sequence. If the 
data specified by { S,L } is not equal 
to zero, execute the instruction at 
address determined by using the lit­
eral I as an offset to the Program 
Counter. 

Perform the instruction at address 
.determined by applying the sum of 
the literal I and the data specified by 
{ s, L} as an offset to the Program 
Counter. If that instruction does not 
transfer control, the program se­
quence will continue from the XEC 
instruction location. 

If S is an I/O address 
then I is limited to 
range 00-37. Other­
wise I is limited to 
range 000-377. 

If S is an 110 address 
then I is limited to 
range 00-37. Other­
wise I is limited to 
range 000-377. 

The offset operation is 
performed by reduc­
ing the value of PC to 
the nearest multiple of 
32 (if I = 00-37) or 256 (if 
I = 000-377) and add­
ing the offset. 

The address value A replaces con- A limited to the range 
tents of the Program Counter. 0-177778. 

Table 3 8X300 INSTRUCTION SUMMARY 

S!!IlldiCS 
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(S) field, Destination (D) field, Rotatel 
Length (Rill field, Immediate (J) field, or 
(Program Storage) Address (A) field. 

The instructions are divided into 5 format . 
types, based on the Op Code and the Oper­
and(s), as shown in Figure 3. 

INSTRUCTION FORMATS 

OPERATIONS 
(REGISTER TO REGISTER) 

MOVE AND 
ADD XOR 

Type I 

OPERAT:ONS 

(REGISTER TO 1/0. 110 TO REGISTER. 110 TO 110) 

MOVE ADD 
AND XOR 

Type II 

OPERATIONS 

XEC XMIT" 
NZT 

8 9 10 11 12 13 14 15 

Type III 

OPERATIONS 

XEC XMIT· 
NZT 

Type IV 

OPERATIONS 

JMP 

3 4 5 6 7 8 9 10 11 12 13 14 15 

A 

Type V 

·NOTE 

It XMIT. S actually represents the destination 

Figure·3 
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MICROCONTROLLER 

SYSTEM DESIGN USING THE 
8X300 MICROCONTROLLER 
Designing hardware around the 8X300 In­
terpreter reduces to selecting. a program 
storage devicer (ROM, PROM, etc.), select­
ing 110 devices (IV byte, multiplexers, RAM, 
etc.), selecting clock mode (system driven 
or crystal controlled) and interfacing the 
Microcontroller to these components. 

A specific example of a control system 
using the 8X300 Microcontroller is shown in 
Figure 12. Only 8 components-four 8T32 
I/O Ports, one 8X350 RAM, two 82S215 
ROMs, and an 8X300 are required to build 
this system which contains 512 words of 
program storage, 32' TTL 110 connection 
points, 256 bytes of working storage, and 
operates at a 250ns instruction cycle time. 

A4-A12 

~ 

SIGNETICS 
82S215 
512x8 
ROM 

110- 17 

~ 

A4-A12 

CE2 CEl 

STROBE 

AO-A3 

. 

Halt, Reset Signals 

HALT: 
A low level at the HALT input stops internal 
operation of the Microcontroller at the start 
of the next instruction after HALT is applied 
(quarter cycle after MCLK). Since HALT is 
sampled at the start of each instruction 
cycle it is possible to prevent a cycle by 
applying HALT early in that cycle. HALT 
does not inhibit MCLK or affect any inter­
nal registers. Normal operation begins with 
the next complete cycle after the HALT 
input goes high. 

EXAMPLE OF CONTROL SYSTEM 

+5V 

0 ') ') 

.1 

t~ 2~r5 1 

VCC VR vCRT 
-:L 

I 

IVBO-IVB7 

8X300 
MICROCONTROllER MClK. 

sc.WC 

LB Lo.-
L-- )I 10 115 

P r RB 

~ 
f---

Xl~ml~ GNi ..A--_ 

SIGNETICS 
... A4-A12 

82S215 
512x8 8.00 MHz 

ROM 
18-115 

CE2 CE1~ 

j~ 
.A 

8X350 

256X8 
RAM 

I-=--
ME 

Figure 12 
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RESET: 
A low level at the RESET input sets the 
program counter and· address register to 
zero. While RESET is low MCLK is inhibit­
ed. If RESET is appiied during the last 2 
quarter cycles, the MCLK during that cycle 
may be shortened. RESET should be ap­
plied for 1 full instruction cycle time to as­
sure proper operation. When RESET input 
goes high an MCLK occurs prior to the re­
sumption of normal processin~ RESET 
does not affect the other internal registers. 

SYSTEM TIMING 
In systems with fast instruction cycle times, 
most Microcontroller delays are strictly de­
termined by internal gate propagation de­
lays. 

SIGNETICS 
8T32 

1/0 PORT ... 

r---
ME 

J 1 

~ 

'-- 1/0 PORT 

~ 

ME 

I l 

.. 
I/O PORT 

~ 
ME 

I 1 

... 

1/0 PORT 

~ 
-
ME 

I I 

UOO-U07 

UIJO-UD7 

UOO-U07 

UOO-U07 

... 
~ 

-.., 
~ 

~ 

-
'" -'" 

~ .. 

.., 
--v 

.. 
> 

-0 

2 
a 
;: 
~ 
2 

BIC ~ 
-u 
BOC a: 

BIC 

BOC 

BIC 

w 

'" ;:) 

o BOC ' 
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Since some events are constrained to occur 
in certain quarter cycles, as system cycle 
times become slower, the delays wi" appear 
to increase due to gating with internal 
clocks. In the table of AC Electrical Charac­
teristics, 2 columns are used: 1 to denote 
times which occur due to internal clock 
intervention and 1 to denote minimum de­
lays for fast cycle times. 

When using Signetics 8T32 I/O Ports, selec­
tion of instruction cycle time involves calcu­
lating the maximum program storage ac­
cess time. Assuming the instruction is 
available when MCLK falls, the I/O control 
lines are stable 35ns later. Signetics 8T32's 
require another 35ns to disable a previously 
selected port and enable the desired port 
(assumes a change in bank signals). A 10ns 
margin has been added to the 8T32 enable 
for this evaluation to reflect the fact that 
most systems wi" have more capacitive 
loading than the 50pF test condition in the 
8T32 specification and to allow for line de­
lays. 

The system instruction cycle time for nor­
mal systems such as shown in Figure 12 is 
determined by Microcontro"er propagation 
delays, program storage access time, and 
port output enable times. Instruction cycle 
time is normally constrained by one or more 
of the following conditions: 

1. Instruction to LB/RB (input phase) + I/O Port 
output enable: TOE ~%cycle - 55ns (Figure 13), 

2. Program storage access time + instruction to 
LB/RB (input phase) + I/O Port output enable 
and IV data (input phase) to address:::; instruc­
tion cycle time (Figure 14), 

3. Program storage access time + instruction to 
address:::; instruction cycle time (Figure 15), 

The first constraint can be used to deter­
mine the minimum cycle .time. Using the 
inequality 35ns + 35ns :5 % cycle - 55ns 
implies % cycle ~ 125ns or an instruction 
time of 250ns. 

Program storage access time for a 250ns 
instruction cycle can be calculated from the 
second constraint. Noting that the specifi­
cation for IV data (input phase) to address is 
115ns: Program storage access time + 35ns 
+ 35ns + 115ns :5 250ns implies program 
storage access time :5 65ns. 

The third constraint can be used to verify 
the maximum program storage access time. 
Noting that the specification for instruction 
to address is 185ns: Program storage ac­
cess time + 185ns :5 250ns confirms that 
program storage access time 65ns is satis­
factory. 
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SYSTEM INSTRUCTION CYCLE' TIME-INSTRUCTION TO IV DATA TIMES 

I I 

MCLK __ -'/---\'-__ -'-__ ....... __ -'n ..... ~--
SC, WC, LB, or RB 

IVO-7 

MCLK 

AO-A12~ 
1 

I 
I 

10-115 ·1 

LB, RB 

IV 0-7 

1 
I 

-'--.... !-­iB= 
I I 

I I I 
~@~ .. 55ns~1 

I I I 

Figure 13 

INSTRUCTION CYCLE TIME 

~ I 
I I 

i ~: 

Figure 14 

PRO.GRAM STORAGE ACCESS TIME 

G) MCLK to LB/RB (input phase) 
or instruction to LB/RB 
(input phase) . 

@ I/O Port output enable IT OE) 

@ 1/2 cycle· 55ns. 

\ 

IG) Program storage access time. 

I@ MCLK to LB/RB (input phase) 
or instruction to LBiRB 

1 (input phase). 

I@ I/O Port output enable (TOE)' 
I . 

I
@ IV data (input phase) to 

address. 

~LK-1 
I 

\ 
I 

I I \ I I. 1 

10-115 • ! -
AO-A12 ! ~! ! 

I I 

I INSTRUCTION TO I PROGRAM STORAGE I 
..- ADDRESS --. ..... I ACCESS 1-... 

I I I I 

Figure 15 
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System Clock 
The Micrcontroller has an integrated oscil­
lator which generates all necessary clock 
signals. The oscillator is designed to con­
nect directly to a series resonant quartz 
crystal via pins X1 and X2. The crystal reso­
nant frequency, f, is related to the desired 
cycle time, T, by the relationship f = 2/T. For 
a 250ns system, f = 8.00MHz. 

Type: Fundamental mode, 
series resonant 

Impedance at 
35 ohms maximum 

Fundamental: 

Impedance at 
harmonics and 50 ohms minimum 
spurs: 

Table 7 CRYSTAL CHARACTERISTICS 

In lower speed applications where the cycle 
time need not be precisely controlled, a 
capacitor may be connected between X1 
and X2 to drive the oscillator. Approximate 
capacitor values are given in Table 8. If 
cycle time is to be varied, X1 and X2 should 
be driven from complementary outputs of a 
pulse generator. Figure 16 shows a typical 
configuration. For systems where the Inter­
preter is to be: driven from a master clock the 
X1 and X2 lines may be interfaced to liTL 
logic as shown in Figure 17. 

CX,pF CYCLE TIME 

100 300ns 
200 500ns 
500 1.1ps 
1000 2.0ps 

Table 8 CLOCK CAPACITOR VALVES 

2288 

8X300-1 

CLOCKING WITH A PULSE GENERATOR 

+ x, 
PULSE 8X300 

GENERATOR 1~ MICROCONTROLLER 

1~ Pulse generator characteristics: 
ZOUT =50n VOUT = 0-1 volt 
Risetime s: 10r.s s: Skew s:' 10ns 
Complementary outputs 

NOTE: All resistors values are typical and in ohms. 

Figure 16 

CLOCKING WITH TTL 

CLOCK 

TTL driver characteristics: 
Risetime and Falltime s: 10ns 
Skew between complementary 
outputs s: 10ns 

1000 

1001l 

Figure 17 

X2 

8X300 
MICROCONTROLLER 

AC ELECTRICAL CHARACTERISTICS V cc = 5V ± 5% and O°C :::;; T A < 70°C 

DELAY DESCRIPTION 
PROPAGATION CYCLE TIME 

DELAY TIME LIMIT 

X1 falling edge to MCLK (driven from external 
pulse generator) 75ns 

MCLK to SC/wC falling edge (input phase) 25ns 
MCLK to SC/wC rising edge (output phase) % cycle + 25ns 

MCLK to LS/RS (input phase) 35ns 
Instruction to LS/RS output (input phase) 35ns 

MCLK to LS/RS (output phase) % cycle + 35ns 

MCLK to IV data (output phase) 185ns % cycle + 60ns 

IV data (input phase) to IV data (output phase) 115ns 

Instruction to Address 185ns % cycle + 40ns 

MCLK to Address 185ns % cyclp. + 40ns 

IV data (input phase) to Address 115ns 

~CLK to IV data (input phase) % cycle - 55ns 

MCLK to Halt falling edge to prevent 
current cycle % cycle - 40ns 

Reset rising edge to first MCLK o to 1 cycle 

NOTE 
1. 'Heterence to MCLK is to the falling edge when loaded with 300pF. 

2. Loading on Address lines is 150pF. 

Il!IlOliCI 
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DC ELECTRICAL CHARACTERISTICS Limits apply for Vcc = 5V ±5% 
and O°C < T A < 70°C unless 
specified otherwise. 

LIMITS 
PARAMETER TEST CONDITIONS 

Min Typ Max 

V IH High level input voltage 
X1,X2 .6 
All others 2 

V IL Low level input voltage 
X1,X2 .4 
All others .8 

VIC Input clamp voltage V CC = 4.75V -1.5 
(Note 1) II = -10mA 

IIH High level input current 
X1,X2 V CC = 5.25V 2700 

V IH = .6V 
All others V CC = 5.25V <1 50 

V IH = 4.5V 

IlL Low level input current 
X1,X2 V CC = 5.25V -2500 
IVBO-7 V IL =.4V -140 -200 

10-115 
V CC = 5.25V 
V IL =.4V -880 -1600 

HALT, RESET 
V CC = 5.25V 
V IL =.4V -230 -400 
VCC = 5.25V 

VOL Low level output voltage 
V IL =.4V 

AQ-A12 V CC = 4.75V .35 .55 

All others 
10L = 4.25mA 
V CC = 4.75V .35 .55 
IOL = 16mA 

VOH High level output voltage V CC = 4.75V 2.4 
IOH = 3mA 

lOS Short circuit output current 
(Note 2) V CC = 5.25V -30 -140 

VCC Supply voltage 4.75 5 5.25 

ICC Supply current V CC = 5.25V 1.60 

I REG Regulator control V CC = 5.0V -14 -21 

ICR Regulator current (Note 3) 290 

VCR Regulator voltage (Note 3) 2.2 3.2 

NOTES 

1. Crystal inputs X1 and X2 do not have clamp diodes. 
2. Only one output may be grounded at a time. 

3. Vee = S.2SV, HALT =.RESET = ADDRESS = IVX = a.av, all other pins open. 

SagDDliCS 
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81311 
8X300-1 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

V CC Supply voltage 7 V 
UNIT X1 ,X2 Crystal inp~t 2 V 

voltage 

Others Log icinput 5.5 V 
voltage 

V 
V 

V 
V 

V 

J.1.A. 

J.1.A. 

J.1.A. 
J.1.A. 

J.1.A. 

J.1.A. 

V 

V 

V 

mA 

V 

mA 

mA 

mA 

V 
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DESCRIPTION 
The I/O Port is an 8-bit bidirectional data 
register designed to function as an I/O 
interface element in microprocessor sys­
tems. It eontains 8 clocked data latches 
accessible from either a microprocessor 
port or a user port. Separate 110 control is 
provided for each port. The 2 ports operate 
independently, except when both are at­
tempting to input data into the I/O Port. In 
this case, the user port has priority. 

A master enable (MEl is provided that en­
ables or disables the J.LP bus regardless of 
the state of the other inputs, but has no 
effect on the user bus. 

A unique feature of this family is its ability to 
start up in a predetermined state. If the clock 
is maintained at a voltage less than .8V until 
the power supply reaches ;3.5V, the user port 
will always be all logic 1 levels, while the 
microprocessor port will be all logic 0 levels. 

2290 

FEATURES 
• Each device has 2 ports, one to the user, 

the other to a microprocessor. I/O Ports 
are completely bidirectional 

• Ports are independent, with the user port 
having priority for data entry 

• User data input synchronous 
• The user data bus is available with tri­

state (8T32, 8T36) or open collector 
(8T33, 8T3S) outputs 

• At power up, the user port outputs are 
high 

• Tri-state TTL outputs for high drive capa­
bility 

• Directly compatible with the 8X300 Mi­
crocontroller 

• Operates from a single SV power supply 
over a temperature range of O°C to + 70°C 

BLOCK DIAGRAM 

PIN CONFIGURATION 

F,NA PACKAGE 

UD7 1 

UD6 2 

UD5 3 

UD4 4 

UD3 5 

UD2 6 

UD1 7 

uoo 

BOC 9 

BIC 10 

ME 11 

GND 12 

1 OF • BIT SLICES 
r-----------------, 

uDO 

I I 
I I 
I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 

_-.1 

....-------_H~_H-+---+_- MClK 

8T31-N,F 

24 VCC 

23 IV7 

22 iV6 

21 IV5 

20 IV4 

19 IV3 

18 IV2 

i7 iV1 

16 IVO 

15 WC 

14 RC 

13 MCLK 
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8 III [AICHED AUURESSABI E BIDIRECTIONAL I a PORT 8T32 ST3a 8Ilh 8136 

TYPES 

8T32 Tri-State, Synchronous User Port 
8T33 Open Collector, Synchronous User 

Port 
8T3S Open Collector, Asynchronous 

User Port 
8T36 Tri-State, Asynchronous User Port 

DESCRIPTION 
The Addressable I/O Port is an 8-bit bidirec­
tional data register designed to function as 
an I/O interface element in microprocessor 
systems. It contains 8 data latches accessi­
ble from either a microprocessor port or a 
user port. Separate I/O control is provided 
for each port. The 2 ports operate independ­
ently, except when both are attempting to 
input data into the I/O Port. In this case, the 
user port has priority. 

A unique feature of the I/O Port is the way in 
which it is addressed. Each device has an 8-
bit, field programmable address, which is 
used to enable the microprocessor port. 
When the SC control signal is high, data at 
the microprocessor port is treated as an ad­
dress. If the address matches the 1/0 Port's 
internally programmed address, the micro­
processor port is enabled, allowing data 
transfer through it. 

The port remains enabled until an address 
which does not match is presented, at which 
time the port is disabled (data transfer is 
inhibited). A Master Enable input (ME) can 
serve as a ninth address bit, allowing 5121/0 
Ports to be individually selected on a bus, 
without decoding. The user port is accessi­
ble at all times, independent of whether or 
not the microprocessor port is selected. 

A unique feature of this family is their ability 
to start up in a predetermined state. If the 
clock is maintained at a voltage less than .8V 
until the power supply reaches 3.5V, the 
user port will always be all logic 1 levels, 
while the port will be all logic 0 levels. 

ORDERING 
The 8T32/33/35/36 may be ordered in 
preaddressed form. To order a pread­
dressed device use the following part num­
ber format: 
N8TYY-XXX P 

l -P = F Ceramic package 
NA Plastic package 

XXX = Any address from 000 
through 255 (decimal) -
256 available addresses· 

1...---YY = I/O Port version (32, 33, 
35,36) 

A stock of 8T32s and 8T36s with addresses 1 
through 10 will be maintained. A small 
quantity of addresses 11 through 50 will also 
be available with a longer lead time. 

©IC MASTER 1979 

8T32/8T33/8T35/8T36-F,NA 

FEATURES PIN CONFIGURATION 
• A field-programmable address allows 1 

of S12 I/O Ports on a bus to be selected, 
without decoders. 

F,NA PACKAGE 

• Each device has 2 ports, one to the user, 
the other to a microprocessor. 

• Completely bidirectional. 
• Ports are independent, with the user port 

having priority for data entry. 
• A selected I/O Port de-selects itself when 

another I/O Port address is sensed. 
• User data input available as synchronous 

(8T32, 8T33) or as asynchronous (8T3S, 
8T36) function. 

• The user data bus is available with tri~ 
state (8T32, 8T36) or open collector 
(8T33, 8T3S) outputs. 

• At power up, the I/O Port is not selected 
and the user port outputs are high. 

• Tri-state TTL outputs for high drive capa­
bility. 

• Directly compatible with the 8X300 Mi­
crocontroller. 

• Operates from a single SV power supply 
over a temperature range of 0° C to 70° C. 

BLOCK DIAGRAM 

UD1 1 

UD6 2 

UD5 3 

UD4 4 

UD3 5 

SIC 10 

ME 11 

GND 12 

1 OF 8 BIT SLICES r-----------------, 
I I 
I I 
I I 
I I 

I 
I 
t 

I 
I 
t 
t 
t 
t 
t 

I 
I 
L_ 

cr-------t4-~-I+4_-___4_-- MCLK 

IIOC 

·Switch indicates synchronous/asynchronous user write option. Switch shown for version. 

24 Vcc 

23 Iv7 

22 1·% 

21 IV5 

20 1\14 

19 1V3 

18 IV2 

11 IV1 

16 IVO 

15 WC 

14 sc 

13 MClK 
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PRELIMINARY SPECIFICATION 

DESCRIPTION 
The Bus Expander is specifically designed 
to increase the I/O capability of SX300 sys­
tems previously limited by fanout consider­
ations. The bus expander serves as a buffer 
between the SX300 and blocks of I/O de­
vices. Each bus expander can buffer a block 
of 16 I/O ports while only adding a single 
load to the SX300. 

FEATURES 
• 15ns max propagation delay 
• Bidirectional 
• Three-state outputs on both ports 
• Pre-programmed address range 

APPLICATIONS 
The ST39 Bus Expander is designed to be 
lJsed with the SX300 microprocessor to 
allow increased I/O capability in those sys­
tems previousiy iimited by fanout consider­
ations. Figure 1 shows a typical arrange­
ment of the bus expander in an SX300 
system. Each expander services I/O ports 
whose address is within the range of the 
expander. Other I/O ports or working stor­
age may be directly connected to the bus as 
shown. 

unidirectional drivers for I/O port control, 
and necessary control logic. The control 
logic is required to maintain the proper 
directional transfer of bus data as dictated 
by the states of the I/O port control signals 
and the currently enabled I/O port. Each 
bus expander is programmed during manu­
facturing to respond to a specific block of 
I/O port addresses. Only I/O ports with 
addresses in the range of a given bus ex­
pander may be connected to that expander. 
A bus expander may be used on either left 
bank or right bank. Multiple expanders on 
the same bank must have different address 
ranges; however, expanders with the same 
address range can be connected if they are 
on different banks. Systems may be config­
ured with I/O ports connected directly to the 
SX300; as well as I/O ports connected 
through a bus expander; however, no un­
buffered 1/0 port may have an address 
within the span of a bus expander on the 
same bank. 

Addition of bus expanders may impact sys­
tem cycle time due to the added delay in the 
data path. For the purposes of calculating 
allowable cycle time as described in the 
SX300 data sheet, the bus expander delays 

8T31 
ST39-I,XL 

PIN CONFIGURATION 

I,XL PACKAGE 

1/0 Port Side p.PSide 

may be considered additive to the I/O port 
delays so that a buffered I/O port simply 
appears as a slower I/O port. 

The bus expander is not limited to use with 
the SX300, but may be applied in any system PIN DESIGNATION 
which uses a combined address/data bus. 

ST39 ADDRESSING 
During normal operation of the SX300 when 
an I/O port address is being sent on the IV 
Bus (SC is high),. the I/O port will examine 
all eight bits of the microprocessor bus for 
an address compare. Since the ST39 is used 
to buffer blocks of I/O ports, only the four 
most significant bits are examined by the 
ST39 for an address compare. 

Note that redundant addresses are not pro­
grammed into separate devices. Rather, a 
discrete device (such as the ST39-03) may 
be wired for any address requiring two 1 bits 
and two 0 bits in the address. The various 
address ranges for this same device are 
obtained by permuting the high order (010 
and 000 are MSB) data lines accordingly . 
Both input and output lines must be rede­
fined in order to maintain data and address 
integrity on the extended bus. Table 1 sum­
marizes the ST39 addressing. 

Address functions are specified with the 
convention that bit 0 is the MSB and bit 7 is 
the LSB. The 01 microprocessor bus ad­
dress decoding is active low. 

FUNCTIONAL DESCRIPTION 
The Bus Expander contains eight sets of 
non-inverting bidirectional tri-state drivers 
for the bus data bits, four non-inverting 

2292 

PIN NO. 

2-7,9,10 

11 

12 

13 

14 

15 

16 

17 

1S 

19,20,22-27 

1,S,21 

2S 

PART TYPE 

ST39-00 
ST39-01 
ST39-03 
ST39-07 
ST39-17 

SYMBOL 

000-007 

WC(OUT) 

SC(OUT) 

MCLK(OUT) 

ME(OUT) 

ME(IN) 

MCLK(IN) 

SC(IN) 

WC(IN) 

010-017 

GND 

I 
VCC 

ADDRESS PATTERN 
MSB(O) LSB(7) 

OOOOXXXX 
0001XXXX 
0011XXXX 
0111XXXX 
1111XXXX 

NAME AND FUNCTION 

I/O port data bus 

Write command output 

Select command output 

Master clock output 

Master enable output 

Master enable input 

Master clock input 

Select command output 

Write command output 

Microprocessor data bus 

Ground 

+5 volt supply 

ADDRESS BLOCKS 
Octal 

TYPE 

Active low. 
three-state 

Active high 

Active high 

Acitve high 

Active low 

Active low 

Active high 

Active high 

Active high 

Active low, 
three-state 

0-17 
20-37,40-57, 100-117,200-217 

60-77, 120-137, 220-237, 140-157, 240-257, 300-317 
160-177,260-277,320-337,340-357 

360-377 

Table 1 ST39 ADDRESSlNG SUMMARY 

Si!llotiCS 
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PRELIMINARY SPECIFICATION 

DESCRIPTION 
The Pipelined I/O Port is designed as a high 
speed multiple input / multiple output latched 
bus transceiver. The unique two-latch / or 
multiple-bus organization is well suited for 
any application in which several data buses 
are interconnected. 

The organization of the part allows data 
from four sources (BUS X, INPUT A, INPUT 
B, INPUT C) to be routed to the INPUT 
LATCH. The INPUT LATCH drives bus Y via a 
three state 20mA driver. Bus Y can be driven 
by the INPUT LATCH via the three state Y 
bus driver, latched into the INPUT LATCH, or 
both. The OUTPUT LATCH is then able to 
drive Bus X via the Bus X three state 40mA 

, driver, or Bus X can be latched into the input 
latch, or both. Use of the circuit is simplified 
by separate control lines to the INPUT 
MULTIPLEXER, INPUT LATCH, OUTPUT 
LATCH, and the three state drivers. Ad­
vanced low power Schottky processing is 
used to fabricate this 28 lead dual-in-fine 
device. 

BLOCK DIAGRAM 

INPUT GROUP A 

INPUT GROUP B 

INPUT GROUP C 

MUX SEL 0,1 

STROBE 1 

STROBE 2 

FEATURES 
• 4 Bit organization on all data paths 
• 2 Output buses with high current, three­

state drivers 
• 2 Internal storage latches 
• Organized for efficient interconnection 

to multiple buses 
• 4 Data paths to the input latch 
• Separate input latch and output latch 

strobes 
• Simple control, easy to use 
• Low power Schottky technology 
• 28 Pin dual-in-line package 

APPLICATIONS 
• Data routing between floating point 

processor, CPU & Memory; or other 
sources 

• Multiport memory data and address 
handling 

• Data path element for CPU, I/O & mem­
ory 

• Byte swap, character swap, without 
CPU intervention 

• Ideal for the following system environ-
ments: 

Bipolar Microcomputer Systems 
Bipolar Minicomputer Systems 
Data Communications 
Smart Peripheral Controllers 
Multiprocessing Systems 

RECEIVER 

BUS X 
(THREE STATE) 

BUS Y 
(THREE STATE) 

EN2 ________________________________ ~ 

Si!JIDIiCS 
©IC MASTER 1979 

8T 40/29540 I,N 

PIN CONFIGURATION 

IW, NO PACKAGE 

STROBE 1 

Ya 

Ca 

Ba 

Aa 

Xa 

VCC 

X2 

A2 

B1 B2 

C2 

Y1 Y2 

EN1 S1 

S¢ 
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DESCRIPTION 
The Bus Expander is specifically designed 
to increase the I/O capability of 8X300 sys­
tems previously limited by fanout consider­
ations. The bus expander serves as a buffer 
between the 8X300 and blocks of I/O de­
vices. Each bus expander can buffer a block 
of 16 110 ports while only adding a single 
load to the 8X300. 

FEATURES 
• 15ns max propagation delay 
• Bidirectional 
• Three-state outputs on both ports 

FUNCTIONAL DESCRIPTION 
The Bus Expander contains eight sets of 
non-inverting bidirectional tri-state drivers 
for the bus data bits, four non-inverting 
undirectional drivers for 110 port control. 
and necessary control logic. The control 
logic is required to maintain the proper 
directional transfer of bus data as dictated 
by the states of the I/O port control signals. 
A bus expander may be used on either left 
bank or right bank. Systems may be config­
ured with I/O ports connected directly to the 
8X300, as well as 110 ports connected 
through a bus expander. 

Addition of bus expanders may impact sys­
tem cycle time due to the added delay in the 
data path. For the purposes of calculating 

, allowable cycle time as described in the 

8T58-I,XL 

APPLI.CATIONS PIN CONFIGURATION 
The 8T39 Bus Expander is designed to be 
used with the 8X300 microprocessor to 
allow increased 110 capability in those sys­
tems previously limited by fanout consider­
ations. Figure 1 shows a typical arrange­
ment of the bus expander in an 8X300 
system. Other I/O ports or working storage 
may be directly connected to the bus as 
shown. 

The bus expander is not limited to use with 
the 8X300, but may be applied in any system 
which uses a combined address/data bus. 

TRUTH TABLE 
DATA TRANSFER 

ME SC We DIRECTION 

L L L 01 Bus - DO Bus 
L L H 01 Bus - DO Bus 
L H X 01 Bus - DO Bus 
H X X 01 Bus - DO Bus 

I,XL PACKAGE 

}.<P Side 

ADDRESS 
COMPARISON 

No 
No 
No 
No -

··8X300 data sheet, the bus expander delays 
may be considered additive to the I/O port 
delays so that a buffered 110 port simply PIN DESIGNATION 
appears as a slower I/O port. 

'PIN NO. SYMBOL NAME & FUNCTION TYPE 

2-7,9,10 000-007 I/O port data bus Active low, 
three-state 

11 WC(OUTl Write command output Active high 

12 SC(OUTl Select command output Active high 

13 MCLK(OUT) Master clock input Active high 

14 ME(OUTl Master enable output Active low 

15 ME(lNl Master enable input Active low 

16 MCLKONl Master clock input Active high 

17 SC(lNl Select command output Active high 

18 WCUNl Write command output Active high 

19,20,22-27 010-017 Microprocessor data bus Active low, 
three-state 

1 Q 1)1 ro-r-.lr\ ,-.. __ •. _ .-I 

.,v,L..1 U''lfU UIUUIIU 

28 Vee +5 volt supply 

9!!J110tiCS 
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DESCRIPTION 
Each of the 3-State Bus Interface Elements 
described herein has low current PNP in­
puts and is designed with Schottky TTL 
technology for ultra high speed. The de­
vices are used to convert TTLlDTL or 
MaS/CMOS to 3-state TTL Bus levels. For 
maximum systems flexibility the 8T95 arid 
8T97 do so without logic inversion, where­
as, the '8T96 and 8T98 proviae the logical 
complement of the input. The 8T95 and 
8T96 feature a common control line for all 
six devices, whereas, the 8T97 and 8T98 
have control lines for four devices from one 
input and two from another input. 

©IC MASTER 1979 

PIN CONFIGURATIONS 

N,F PACKAGE 

ST95 

ST96 

TRUTH TABLE 

DEVICE 
DISABLE 

DIS1 

0 
0 

8T95 0 
1 
1 

0 
0 

8T96 0 
1 
1 

-
8T97 -

-
-
-

8T98 -
-
-

IN6 

OUT6 

INS 

Vee 
0lS2 

IN6 

OUT6 

INs 

IN4 

DISABLE 
D1S4 

-
-
-
-
-
-
-
-
-
-
0 
0 
x 
1 

0 
0 
x 
1 

'Output 5-6 only "Output 1-4 only x = irrelevant 

SfgDOliCS 

8T95-N,F • 8T96-N,F • 8T97-N,F • 8T98-N,F 

N,F PACKAGE 

ST97 

ST98 

015 2 

IN6 

OUT6 

INS 

IN4 

INPUT 
INPUT OUTPUT 

DIS2 

0 0 0 
0 1 1 

x H-z 
0 x H-z 
1 x H-z 

0 0 1 
0 1 0 
1 x H-z 
0 x H-z 
1 x H-z 

0 0 0 
0 1 1 
1 x H-z* 
x x H-z** 

0 0 1 
0 1 0 
1 x H-z* 
x x H-z** 
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IIISN SPEED NEX 3 STATE BUFFERS 
NISII SPEED NEX a-STATE INVERTERS 

DC ELECTRICAL CHARACTERISTICS 

LIMITS 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Input voltage 
V,L Low O.B 
V,H High 2.0 

V'c Clamp Vcc = MIN, liN = -12mA 
Input 1-1.5 
Output to ground 1-1.5 

Output voltage Vcc= MIN 
VOL 10L = 4BmA 0.5 
VOH 10H = 5.2mA 2.4 

Input current Vcc = MAX, Y,N = 0.5V 
ilL Low D,s = 0.5V -400 

D,s = 2.0V (third state) -40 
IIH High Y,N = 2.4V 40 
los 8hort Circuit output current Vcc = MAX, Y,N = OV, Your = OV -40 -BO 115 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vcc = 5.0V 

UNIT 

V 
V 

V 
V 

V 
V 

J.'A 
J.'A 
J.'A 
J.'A 

ST9511T96 
ST97/ST9S 

BT95-N,F • BT96-N,F • BT~7-N,F • BT9B-N,F 

AC TEST CIRCUIT ,--

Input Characteristics 
PA = 3V, f = 1MHz tA = tF:5 10ns (10% to 90%) 
CL inCludes probe and ~ig capaCitance. 

ST9S/97 ST96/9S 
PARAMETER TO FROM TEST CONDITIONS 

Min 

Propagation delay 
tON Outputs Inputs 3 
tOFF Outputs Inputs 3 

Disable to Outputs 
tpOH High Z Low 81, 82 are closed, CL = 5pF 3 
tPLH High Z High 81, 82 are closed, CL = 5pF 3 
tPHO Low High Z 81 is closed, 82 is open; 

CL = 50pF 12 
tPHL High High Z 81 is open, 82 is closed; 

CL = 50pF B 

PARAMETER MEASUREMENT INFORMATION 

i" 
3V 

",1,SV 

OV 
DISABLE 

OUTPUT .HL 

t~---------~~~l~-" 
J '"' I-:: ov Ir LOGIC "3" LEVEL 

J/,., 
-_--..' 

2296 

PROPAGATION DELAYS 

OUTPUT 

OUTPUT 

DISABLE 

--3V 

DISABLE 

LOGIC 
"0" LEVEL 

O.SV \ 

OV 

t! ."'" 1_t1H_ 
Jl.sv 3V 

f -----------ov 

9i!1DOliC9 

UNIT 
Typ Max Min Typ Max 

9 13 3 6 10 ns 
7 12 4 7 11 ns 

6 12 5 10 16 ns 
5 10 3 6 10 ns 

14 25 11 1B 24 ns 

19 25 7 15 22 ns 

INPUT '-__ OV 

I 
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DESCRIPTION 
The 8T 126 thru 8T 129 are quad transceivers 
designed to handle many bus interface ap­
plications. The devices feature 3-state out­
puts on both send and receive buffers, and 
pnp transistors on all inputs to reduced input 
LOW loading requirements. 

The 8T126 and 8T128 feature a 3.4V mini­
mum VOH level on the receiver for MOS in-

8T127 

terface applications. The send and receive 
buffers have separate enable inputs for in­
dependent control. 

The 8T127 and 8T129 feature full 24mA 
drive in both send and receive buffers. 
These devices have a common Chip Enable 
input for easy cascading, and a 
Send I Receive input for direction control. 

8T128 

ORDERING CODE (See Section 9 for further Package and Ordering Information) 

COMMERCIAL RANGES MILITARY RANGES 
PACKAGES VCC=5V±5%; TA=O"C to +70"C VCC=5V± 10%; TA=-55°C to +125°C 

Plastic DIP 
N8T126N • N8T127N 
N8T128N • N8T129N 

N8T126F • N8T127F S8T126F • S8T127F 
Ceramic DIP 

N8T128F N8T129F S8T128F S8T129F • • 
S8T126W • S8T127W 

Flatpak 
S8T128W • S8T129W 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE(a) 

PINS DESCRIPTION 8T126 

RE Receive Enable (active LOW) input IIH (f.LA) 20 
IlL (rnA) -0.1 

SE Send Enable (active HIGH) input IIH (f.LA) 20 
IlL (rnA) -0.1 

IIH (f.LA) 
CE Chip Enable (active LOW) input 

IlL (rnA) 

SIR Send I Receive control input IIH (f.LA) 
IlL (rnA) 

00-03 Data inputs IIH (f.LA) 20 
IlL (rnA) -0.1 

BO-B3 Bus inputs IIH (f.LA) 20 
IlL (rnA) -0.1 

BO-B3 3-5tate bus outputs IOH (rnA) -2/-5.2(a) 

IOL (rnA) 12/24(a) 

IOH (rnA) -1/-2.6(a) 
Ao-A3 3-5tate receiver outputs 

IOL (rnA) 61 12(a) 

NOTE 

a. The slashed numbers indicate different parametric values for Military Commercial 
temperature ranges respectively. 

. . 
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PIN CONFIGURATIO.NS 

8T126 

8T129 

8T127 8T128 8T129 

20 
-0.1 

20 (/) 
-0.1 .2 . 

20 20 
..... 
Q)..l 

-0.2 -0.2 C 
OJ' 

20 20 en 
-0.2 -0.2 

20 20 20 '. -0.2 -0.1 -0.2 
~ 

20 20 20 ~ -0.2 -0.1 -0.2 ; -21 .2(a) -2/-5.2(a) -2/-5.2(a) 
12/2 ) 12/24(a) 12/24(a) ~ 

-2/-5.2(a) -1/-5/2(a) -2/-5.2(a) 
r;-: 

12/24(a) 6/ 12(a) 12/24(a) ~ le. r;-: 
~ 
~ 
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FUNCTION TABLE (8T126) 

INPUTS 

SE RE On I 
L L X 
L H X 
H H L 
H H H 
H L L 
H L H 

H = HIGH voltage level 
L = LOW voltage level 
X = Don't care 

RECVR.OUT 

An 

A=B 
(Z) 
(Z) 
(Z) 
L 
H 

(Z) = High impedance "off" stage 

I 

FUNCTION TABLE (8T127) 

BUS 1/0 

Bn 

INPUTS 
(Z) 
H 
L 
H 
L 

I INPUTS I RECVR. OUT I BUS I/O I 
-I -I 
CE SIR On An Bn 

L L X 
L H L 
L H H 
H X X 

H = HIGH voltage level 
L = LOW voltage level 
X = Don't care 

A=B 
(Z) 
(Z) 
(Z) 

(Z) = High impedance "off" stage 

INPUTS 
H 
L 

(Z) 

FUNCTION TABLE (8T128) 

INPUTS 

SE RE On 

L L X 
L H X 
H H L 
H H H 
H L L 
H L H 

H = HIGH voltage level 
L = LOW voltage level 
X = Don't care 

RECVR.OUT 

An 

A=B 
(Z) 
(Z) 
(Z) 
L 
H 

(Z) = High impedance ·off" stage 

FUNCTION TABLE (8T129) 

BUS 1/0 

Bn 

INPUTS 
(Z) 
L 
H 
L 
H 

I I~PUT~ I RECVR. OUT I BUS I/O I 
SIR CE On 

L L X 
L H L 
L H H 
H X X 

H = HIGH voltage level 
L = LOW voltage level 
X = Don't care 

An 

A=B 
(Z) 
(Z) 
(Z) 

(Z) = High impedance "off" stage 

Bn 

INPUTS 
L 
H 

(Z) 

AC CHARACTERISTICS: TA = 25°C (See Section 4 for Waveforms and Conditions) 

PARAMETER TEST CONDITIONS 
ST126/ST1 

Min Max 

tpLH Propagation delay Waveforms 1 & 2 20 
tpHL Data to bus output CL = 100pF. RL = 667!"! 30 

tpLH Propagation delay bus Waveforms 1 & 2 20 
tPHL to receiver output CL = 50pF. RL = 667!"! 30 

tpZH Enable to HIGH Waveform 6 30 
for bus output CL 7"' 100pF. RL = 667!"! 

tpZH Enable to HIGH Waveform 6 25 
for receiver output CL = 50pF. RL = 667!"! 

tpZL Enable to LOW Waveform 7 35 
for bus output CL = 100pF. RL = 667!"! 

tpZL Enable to LOW Waveform 7 30 . 
for receiver output CL = 50pF. RL = 667!"! 

tpHZ Disable from HIGH Waveform 6. CL = 5pF. RL = 667!"! 25 

tpLZ Disable from LOW Waveform 7. CL = 5pF. RL = 667!"! 25 

. . 
2298 

ST127/ST129 
UNIT 

Min Max 

20 ns 

30 ns 

20 ns 
25 ns 

35 ns 

30 ns 

35 ns 

30 ns 

25 ns 

25 ns 
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QUilD 3 SIAIE lRANSCEIVERS 81126/81127/81128/81128 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

PARAMETER TEST CONDITIONS 
ST126 7/ST129 

UNIT 
Min Max Min 

VIH Input HIGH voltage 
Guaranteed input HIGH threshold 

2.0 2.0 V voltage 

Input LOW voltage 
Guaranteed input LOW Mil 0.7 0.7 V 

VIL threshold voltage Com O. 0.8 V 

VCD Input clamp diod.e voltage . VCC = Min, liN = -18mA -1.S -1.S V 
'_T __ .~"_ 

VOH Output HIGH voltage VCC = Min, 10H = -2.0mA Mil 2.4 2.4 V 

for Bus outputs 
10H = '-S.2mA Com 2.4 2.4 V 

VOH Output HIGH voltage VCC = Min, 10H = ..;....100/LA Mil 3.1 

Receiver outputs VIN = VIL 10H = -100/LA Com 3.4 V 

or VIH per 10H = -1.0mA Mil 2.4 V 

Truth Table 10H = 2.0mA Mil 2.4 V 
- .. ~ 

10H = -2.6mA Com 2.4 V 

10H = -S.2mA Com 2.4 V 

VOL Output LOW voltage IOL = 12mA Mil 
VCC = Min, &Com 0.4 0.4 V 

for Bus outputs 

10L = 24mA Com O.S O.S V 
I 

VOL Output LOW voltage 
VCC = Min, 

10L = 6mA Mil 
0.4 &Com V 

for Receiver outputs 
10L = 12mA Mil 

& Com 0.4 V 

rOL = 12mA Com O.S V 

10L = 24mA Com O.S V 

10ZH Output "off" current HIGH VCC = Max, VOUT = 2.4V 20 20 /LA 

10ZL Receiver "off" current LOW VCC = Max, VOUT = O.4V -20 -20 /LA 

IOZL Bus "off" current LOW VCC = Max, VOUT = O.4V ....... 100 .-200 /LA (/) 
0 

IIH Input HIGH current VCC = Max, VIN = 2.7V 20 20 /LA 
+J 
Q) 
C 

II Input breakdown current VCC = Max, Ipl VIN = S.SV 100 100 /LA 
C> 

en 
others VIN = 10V 100 100 /LA I" III .nput LOW current VCC = Max, V.N = O.4V -100 -200 /LA ~ 

* lOS Output short circuit current VCC = Max, VOUT = OV -40 -120 -40 -120 rnA # 
ICCH Suppl.y current HIGH V CC = Max, outputs HIGH 26 36 rnA ~ 

7:: 

ICCl Supply current LOW V CC = Max, outputs lOW 30 42 rnA ~ :-
7:: 

ICCZ Supply current "off" VCC = Max, outputs "off" 36 44 rnA ~ -~ 
. . 

!i~nDIICS 
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PRELIMINARY SPECIFICATION 

DESCRIPTION 
The Signetics 2621 Universal Sync Gener­
ator (USG) provides the timing and control 
signals necessary for generating and dis­
playmg Tv video information in the PAL for­
mat. 

The USG accepts a single 3.55MHz input 
clock and generates various timing outputs 
including vertical, horizontal and composite 
blanking, composite sync and color burst 
flag. Several auxiliary clock outputs are also 
provided. 

The USG is primarily intended for use in 
microprocessor-controlled video games. A 
typical game configuration consists of a 
2621 USG, a 2650A microprocessor, a 2636 
Programmable Video Interface, a 2616 16K 
ROM, and digital video summer circuitry. 

The 2621 is constructed using Signetics sUi-
con gate N-channel depletion load techno­
logy and operates from a single +5 volt pow­
er supply. 

The Signetics 2622 Universal Sync Gener­
ator (USG) provides the timing and control 
signals necessary for generating and dis­
playing TV video information in the NTSC 
format. 

The USG accepts a single 3.5795MHz input 
clock and generates various timing outputs 
including vertical, horizontal, and composite 

_..blanking, composite sync and color burst 
flag. Several auxiliary clock outputs are also 
provided. The USG is primarily intended for 
use in microprocessor-controlled video 
games. A typical game configuration con­
sists of a 2622 USG, a 2650A micro­
processor, a 2636 Programmable Video In­
terface, a 2616 16K ROM, and an NE549 
Digital Video Summer. The 2622 is con­
structed using Signetics silicon gate N­
channel depletion load technology and op­
erates from a single +5 volt power supply. 

2300 

PIN CONFIGURATION 

NH PACKAGE 

VCC 

CK4 

9 CK2 

L-___ .... fTI RESET 

BLOCK DIAGRAM 

1----__ - .. VRST 

C8LANK 

VSR 

RESET --------+-------~ 

CLOCK --............. 

Si!llotiCS 

HORIZONTAL DECODER 

t:::~=:!j=: HRST 1= C8F 

1------... OE 

L-____________ -t--~l==_-~K 

~CK2 

LJ-CK4 
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PRELIMINARY SPECIFICATION 

DESCRIPTION 
The Signetics 2636 Programmable Video In­
terface (PVI) is intended for use in 
microprocessor-controlled game systems, 
and provides all of the common game cir-­
cuits on a single chip. Circuits are provided 
for player inputs, background, moving ob­
jects, scoring, and audio signals. 

A typical system configuration consists of 
five LSI circuits: 'a PVI, a 2616 16K ROM, an 
NE549 Digital Video Summer (DVS) a Uni­
versal Sync Generator (USG), and a 2650A 
microprocessor. 

Additional PVls as well as random logic can 
easily be interfaced to enhance game com­
plexity. Since the system is microprocessor 
based, the actual game itself need not be 
"hardwired" into the system. Game defini­
tion is completely contained in the ROM. To 
change games, one simply replaces one 
ROM with another. Each ROM can contain 
several games, depending on game com­
plexity and similarity between games. 

The 2636 PVI is constructed using 
Signetics' silicon gate N-Channel depletion 
load technology and operates from a single 
+5 volt power supply. 

PVI BLOCK DIAGRAM 

FEATURES 

• Four general-purpose, RAM-resident 
object modules 

• Object duplication permmlng 
generation of up to 80 object Images 
on the screen 

• 280ns object resolution 
• Object size and position under 

program control 
• Programmable score 
• Programmable sound 
• Programmable background 
• Eight programmable colors with 

multiple brightness levels 
• 37-byte scratch pad memory 
• Chip Enable outputs for system ROMs 

and PROMs 
• 1/0 facilities for switch scanning and 

potentiometer Inputs 
• Wire-OR expansion capability to 

multiple PVls 
• Forty-pin dual-in-line package 

APPLICATIONS 

• Consumer programmable video games 
• Arcade games 
• Simulators 
• Special purpose graphic displays 
• Home computer center 

PIN CONFIGURATION 

GND 

INTREQ 

i!/w 

VAST 

HAST 

C1 

C2 

C3 

OBJ/SCR 

A7 INTACK 

Do 

vee 01 

Ag 02 

Al0 03 

All 04 

CEl Os' 

OPACK Dc; 

OPREQ 07 

CE2 SOUND 

POT2 20 

r-----~-+--~==~~ 
1+--1------- VAST 
~-+-----------HRST 
t--+------'- ii';w 
t-++------ OPREIQ 

26361 

~~~==~~~~~-~ 

CHFENABlE 
ANALOG TO INTERRUPT 

DIGITAL DIGITAL 

DEeODE SOUND 
CONTROl. & 

CONVERTER STATUS 

CEl CE2 POT1 POT2 SOUND JNTREQ INTACK 

!ii!JlI1it:!i 
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PRELIMINARY SPECIFICATION 

DESCRIPTION 
The 2650A and -1 are additional members of 
the Signetics family of 8 bit, NMOS micro­
processors. 

The 2650A is a functional equivalent of the 
2650 with a new mask design which pro­
vides improved device operating margins. 

The 2650A-1 is a high speed version of the 
2650A. 

FEATURES 
• Static 8 bit parallel NMOS micro-

processor 
• Single power supply of +5 volts 
• TTL level single phase clock 
• Standard 40 pin dual in-line package 
• TTL compatible inputs and outputs 
• 75 variable length instructions of 1, 2 or 3 

bytes 
• 32k byte address range 
• Coding efficiency with multiple address­

ing modes 
• Synchronous or asynchronous memory 

and 1/0 interface 
• Interfaces directly with industry standard 

memories 
• Single bit serial 1/0 path 
• Seven 8 bit addressable general purpose 

registers 
• Vectored interrupt 
• Subroutine return address stack 
• 2.4}.ls machine cycle time (2650A) 
• 1.5}.ls machine cycle time (2650A-1) 

MICROPROCESSOR BLOCK DIAGRAM 

'" ~ 
(II 

E 
a: 
o 
o 
<I 

2302 

STACK 
POINTER 

SUBROUTINE 
RETURN 

ADDRESS 
STA:CK 

INSTRUCTION 
ADDRESS 
REGISTER 

OPERAND 
ADDRESS 
REGISTER 

IIII 

2650AlA-1 

10 
CONTROL 

LINES 

Figure 1 

READ. 
WRITE. 

INTEF!RUPT 
AND STOP 

LOGIC 

2651., •. 1 

PIN CONFIGURATION 

ADR 12 2 

ADR 11 3 

ADR 4 

ADR3 ~1 
ADR 2 12 

ADR 1 13 

ADR 0 14 

ADREN 

RESET 

IWA 

ADR 14 - D.C 

ADR 13 - ENE 

AlU 

DECODING 
AND 

CONTROL 

CONDITION 
CODE AND 

BRANCH lOGIC 

TIMING 
lOGIC 

FLAG 

VCC 

CLOCK 

PAUSE 

RUN WAIT 

INTACK 

DBIJS 0 

DBUS 1 

DBUS 2 

DBUS 3 

DBUS 4 

DBUS 5 

DBUS 6 

DBUS 7 

OPREO 

RW 

WRP 

I CLOCK --------
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PRELIMINARY SPECIFICATION 

FUNCTIONAL DESCRIPTION 
The 2650 series processors are general 
purpose, single chip, fixed instruction set, . 
parallel 8-bit binary processors. A general 
purpose processor can perform any data 
manipulations through execution· of a 
stored sequence of machine instructions. 
The processor has been designed to closely 
resemble conventional binary computers, 
but executes variable length instructions of 
one to three bytes in length. 

The 2650 series contains a total of seven 
general purpose registers, each eight bits 
long. They may be used as source or desti­
nation for arithmetic operations, as index 
registers, and for 110 transfers. 

The processor can address up to 32,768 
bytes of memory in four pages of 8,192 
bytes each. The processor instructions are 
one, two, or three bytes long, depending on 
the instruction. Variable length instructions 
tend to conserve memory space since a 
one-or-two byte instruction may often be 
used rather than a three byte instruction. 
The first byte of each instruction always 
specifies the operation to be performed and 
the addressing mode to be used. Most in­
structions use six of the first eight bits for 
this purpose, with the remaining two bits 
forming the register field. Some instructions 
use the full eight bits as an operation code. 

The Data Bus and Address Signals are tri­
state to provide convenience in system de­
sign._Memory and I/O interface signals are 
asynchronous so that Direct Memory Ac­
cess (DMA) and multiprocessor operations 
are easy to implement. 

The block diagram for the 2650 series (Fig­
ure 1) shows the major internal components 
and the data paths that interconnect them. 
In order for the processor to execute an 
instruction, it performs the following gener-
al steps: . 

1. The Instruction Address Register pro­
vides an address for memory. 

2. The first byte of an instruction is fetched 
from memory and stored in the Instruc­
tion Register. 

each instruction. The IR contents are de­
coded and used in conjunction with the tim­
ing information to control the activation and 
sequencing of all the other elements on the 
chip. The Holding Register is used in some 
multiple-byte instructions to contain fur­
ther instruction information and partial ab­
solute addresses_ 

The Arithmetic Logic Unit (ALU) is used to 
perform all of the data manipulation opera­
tions, including Load, Store, Add, Subtract, 
And, Inclusive Or, Exclusive Or, Compare, 
Rotate, Increment and Decrement. It con­
tains and controls the Carry bit, the Over­
flow bit, the Interdigit Carry and the Condi­
tion Code Register. 

The Register Stack contains six registers 
that are organized into two banks of three 
registers each. The Register Select bit picks 
one of the two banks to be accessed by 
instructions. In order to accommodate the 
regi~ter-to register instructions, register 
zero (ROl is outside the array. Thus, register 
zero is always available along with one set of 
three registers. 

The Address Adder is used to increment the 
instruction address and to calculate relative 
and indexed addresses. 

The Instruction Address Register holds the 
address of the next instruction byte to be 

25501,1 1 

accessed. The Operand Address Register 
stores operand addresses and sometimes 
contains intermediate results during effec­
tive address calculations. 

The Return Address Stack (RAS) is a Last In, 
First Out (LIFO) storage which receives the 
return address whenever a Branch-to­
Subroutine instruction is executed. When a 
Return instruction is executed, the RAS 
provides the last return address for the 
processor's IAR. The stack contains eight 
levels of storage so that subroutines may be 
nested up to eight levels deep. The Stack 
Pointer is a three bit wraparound counter 
that indicates the next available level in the 
stack. It always points to the current ad-
dress. 

PROGRAM STATUS WORD 
The Program Status Word (PSW) is a major 
feature of the 2650 which greatly increases 
its flexibility and processing power. The 
PSW is a special purpose register within the 
processor that contains status and control 
bits. 

It is divided into two bytes called the Pro­
gram Status Upper (PSU) and Program Sta­
tus Lower (PSU. The PSW bits may be 
tested, loaded, stored, preset, or cleared 
using the instructions which affect the PSW. 
The bits are utilized as shown in Table 1. 

PSUO,1,2 SP Pointer for the Return Address Stack. 
PSU3,4 Not used. These bits are always zero. 
PSU5 II Used to inhibit recognition of additional Interrupts. 
PSU6 F Flag is a latch directly driving the flag output. 
PSU7 S Sense equals the state of the sense input. 
PSLO C Carry stores any carry from the high-order bit of ALU. 
PSL1 COM Compare determines if a logical or arithmetic comparison is to be 

made. 
PSL2 OVF Overflow is set if a two's complement overflow occurs. 
PSL3 WC With Carry determines if the carry is used in arithmetic and rotate 

instructions. 
PSL4 RS Register Select identifies which bank of 3 GP registers is being used. 
PSL5 IDC Inter Digit Carry stores the bit-3 to-bit-4 carry in arithmetic 

operations. 
PSL6,7 CC Condition Code is affected by compare, test and arithmetic 

instructions. 

3. The Instruction Register is decoded to PSU PSL 
determine the type of instruction and the 

4 ~fd:~e~~;r~:o~~~ memory is required. I ~ I ~ I ~ I 4 I 3 I s!21 s~11 s~1 
the operand address is resolved and 
loaded into the Operand Address Regis­
ter. 

5. The operand is fetched from memory and 
the operation is executed. 

6. The first byte of the next instruct~on is 
fetched. 

S 
F 
II 

SP2 
SP1 
SPO 

Sense 
Flag 
Interrupt Inhibit 
Stack Pointer Two 
Stack Pointer One 
Stack Pointer Zero 

CC1 Condition Code One 
CCO Condition Code Zero 
IDC Interdigit Carry 
RS Register Bank Select 

WC With/Without Carry 
OVF Overflow 

COM Logical/Arithmetic Compare 
C Carry/Borrow The Instruction Register (IR) holds the first 

byte of each instruction and directs the sub­
sequent operations required to execute Table 1 PROGRAM STATUS WORD 

!ii!)lotiC!i 
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PIOGRAllltABlE COMMUNICATIONS INTERfACE (Pet) 2S51 

DESCRIPTION 
The Signetics 2651 PCI is a universal syn­
chronouslasychronous data communica­
tions controller chip designed for micro­
computer systems. !t interfaces directly to 
the Signetics 2650 microprocessor and may 
be used in a polled or interrupt driven sys­
tem environment. The 2651 accepts pro­
grammed instructions from the microproc- . 
essor and supports many serial data 
communication disciplines, synchronous 
and asynchronous, in the full or half-duplex 
mode. 

The PCI serializes parallel data characters 
received from the microprocessor for trans­
mission. Simultaneously, it can receive seri­
al data and convert it into parallel data 
characters for input to the microcomputer. 

The 2651 contains a baud rate generator 
'yA.;hich can be programmed to either accept 
an external clock or to generate internal 
transmit or receive clocks. Sixteen different 
baud rates can be selected under program 
control when operating in the internal clock 
mode. 

The PCI is constructed using Signetics n­
channel silicon gate depletion load technol­
ogy and is packaged in a 28-pin DIP. 

FEATURES 
• Synchronous operation 

5 to 8-bit characters 
Single or double SYN operation 
Internal character synchronization 
Transparent or non-transparent mode 
Automatic SYN or DLE-SYN insertion 
SYN or OLE stripping 
Odd, even, or no parity 
Local or remote maintenance loop 
back mode 
Baud rate: dc to 1M bps (1X clock) 

• Asynchronous operation 
5 to 8-bit characters 
1, 1 1/2 or 2 stop bits 
Odd, even, or no parity 
Parity, overrun and framing error de­
tection 
Line break detection and generation 
False start bit detection 
Automatic serial echo mode 
local or remote maintenance loop 
back mode 
Baud rate: .dc to 1 M bps (1 X clock) 

dc to 62.5K bps (16X clock) 
dc to 15.625K bps (64X clock) 

2304 

2651-1 

OTHER FEATURES PIN CONFIGURATION 
• Internal or external baud rate clock 
• 16 internal rates-50 to 19,200 baud IQA PACKAGE 

• Double buffered transmitter and re-
ceiver 

tID 0, 

• Full or half duplex operation Do 

• Fully compatible with 2650 CPU Vcc 
• TTL compatible inputs and outputs 
• Single 5V power supply 
• No system clock required 
• 28-pin dual in-line package 

RESET 

APPLICATIONS 
BRCLK 

• Intelligent terminals 
• Network processors 

TxD 

• Front end processors 
• Remote data concentrators 
• Computer to computer links 
• Serial peripherals 

R/W 

PIN DESIGNATION 

PIN NO. SYMBOL NAME AND FUNCTION TYPE 

27,28,1,2, 5-8 00-07 8-bit data bus I/O 
21 RESET Reset I 

12,10 Ao-A1 Internal register select lines I 
13 R/W Read or write command I 
11 CE Chip enable input I 
22 DSR Data set ready I 
24 DTR Data terminal ready 0 
23 RTS Request to send 0 
17 CTS Clear to send I 
16 DCD Data carrier detected I 
18 TxEMT IDSCHG Transmitter empty or data set change 0 
9 TxC Transmitter clock I/O 

25 RxC Receiver clock 1/0 
19 TxD Transmitter data 0 
3 RxD Receiver data I 
15 TxRDY Transmitter ready 0 
14 RxRDY Receiver ready 0 
20 BRCLK Baud rate generator clock I 
26 Vee +5V supply I 
4 GND Ground I 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER RATING UNIT 

Operating ambient temperature2 o to +70 °C 
~tf"lr!:ln'" t",rnn",r!:lh Ir'" ..:65 to +150 °C -~-. -::I ...... ... _ ..• ,..._. -~-.--

All voltages with respect to ground3 -0.5 to +6.0 V 

NOTES 1. 2. 3-SEE PAGE 11 

SmlOlieS 
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PROGRAMMABEE"COMMUNICATIO"S INTERFACE (P£U2 

BLOCK DIAGRAM 

DATA BUS 

0 0 _ 0, 

(27,28,1,2, 
5,6,7,8) 

) ~ » DATA BUS 
BUFFER 

t 

(21) 
OPERATION CONTROL K= RESET 

(12) 
MODE REGISTER 1 

(10) 
MODE REGISTER 2 • ~ (13) 

A, 

COMMAND REGISTER f--- ~ 
RIW 

(11) 

BRCLK (20) 

(9) 

(25) 

(22) .. ~ 
(16) .. 
(17) .. 
(23) 

(24) 
". 

(18) 

BLOCK DIAGRAM 
The PCI consists of six major sections. 
These are the transmitter, receiver, timing, 
operation control, modem control and 
SYN/DLE control. These sections commu­
nicate with each other via an internal data 
bus and an internal control bus. The internal 
data bus interfaces to the microprocessor 
data bus via a data bus buffer. 

Operation Control 
This functional block stores configuration 
and operation commands from the CPU and 
generates appropriate signals to various in­
ternal sections to control the overall device 
operation. It contains read and write circuits 
to permit communications with the micro­
processor via the data bus and contains 
Mode Registers 1 and 2, the Command Reg­
ister, and the Status Register. Details of reg­
ister addressing and protocol are presented 
In the PCI Programming section of this data 
sheet. 
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STATUS REGISTER ) 
r--

BAUD RATE 1"4-~ ---
GENERATOR 

AND 
CLOCK CONTROL J--

~ 

L...-

MODEM 

¢-
CONTROL 

Timing 
The PCI contains a Baud Rate Generator 
(BRG) which is programmable to aGcept ex­
ternal transmit or receive clocks or to divide 
an external clock to perform data communi­
cations. The unit can generate 16 common­
ly used baud rates, anyone of which can be 
selected for full duplex operation. See Table 
1. 

Receiver 
The Receiver accepts serial data on the RxD 
pin, converts this serial input to parallel for­
mat, checks for bits or characters that are 
unique to the communication technique 
and sends an "assembled" character to the 
CPU. 

Transmitter 
The Transmitter accepts parallel data from 
the CPU, converts it to a serial bit stream, in­
serts the appropriate characters or bits 
(based on the communication technique) 
and outputs a composite serial stream of 
data on the TxD output pin. 

S!!IDotiCS 

2651 = 

2651-1 

SYN/DLE CONTROL 

SYN 1 REGISTER 

SYN 2 REGISTER 

OLE REGISTER 

TRANSMITTER (15) 

TRANSMIT DATA 
HOLDING REGISTER 

" TRANSMIT (19) 

SHIFT REGISTER 

1 t 
RECEIVER 

(14) 

RECEIVE DATA 
HOLDING REGISTER 

RECEIVE (3) 

SHIFT REGISTER .. 

... (26) 

.. (4) 

Modem Control 

TxD. 

RxD 

, vcc 

, GND 

The modem control section provides inter­
faCing for three input signals and three out­
put signals used for "handshaking" and sta­
tus indication between the CPU and a 
modem. 

SYN/DLE Control 
This section contains control circuitry and 
three 8-bit registers storing the SYN1, 
SYN2, and DLE characters provided by the 
CPU. These registers are used in the syn­
chronous mode of operation to provide the 
characters required for synchronization, 
idle fill and data transparency. 
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DESCRIPTION 
The 2652 Multi-Protocol Communications 
Controller (MPCC) is a monolithic n­
channel MOS LSI circuitthatformats, trans­
mits and receives synchronous serial data 
while supporting bit-oriented or byte con­
trol protocols. The chip is TTL compatible, 
operates from a single +5V supply, and can 
interface to a processor with an 8 or 16-bit 
bidirectional data bus. 

FEATURES 
• DC to 1 Mbps data rate, 2652-1 to 2Mbps 
• Protocol management 

Bit-oriented protocols (BOP): SOLC, 
AOCCP, HOLC 
Byte-control protocols (BCP): BI-SYNC, 
OOCMP, limited BISYNC 

• Programmable operation 
8 or 16-blt tri-state data bus 
Protocol selection-BOP or BCP 
Error control-CRC or VRC or no error 
check 
Character length-1 to 8 bits for BOP 
or 5 to 8 bits for BCP 
SYNC or secondary station address 
comparison for BCP-BOP 
Idle transmission of SYNC/FLAG or 
MARK for BCP-BOP 

BLOCK DIAGRAM 

DATA 
BUS 

BUFFER 

• Automatic detection and generation of 
special BOP control sequences, I.e., 
FLAG, ABORT, GA 

• Zero insertion and deletion for BOP 
• Short character detection for last BOP 

data character (will not overrun) 
• SYNC generation, detection, and strip-

ping for BCP 
• Maintenance Mode for self-testing 
• Common parameter control registers 
• Independent status and data registers for 

receive and transmit 
• Status indicator signals can be used as 

CPU interrupts 
• TTL compatible 
• 40-pin package 
• Single +5V supply 

APPLICATIONS 
• Intelligent terminals 
• Line controllers 
• Network processors 
• Front end communications 
• Remote data concentractors 
• Communication test equipment 
• Computer to computer links 

PCSAR 

lEi 

RDSR 

RESET ____ ....... _________________________________________ ...a 

:1 
MM-------------------------------------------------~ 

A2-,,* 

BYTE WRITE 
LOGIC .... 

RIW AND v 
CONTROL 

CE 

DBEN 

INTERNAL 
BUS 

RECEIVER 
LOGIC AND 
CONTROL 

$I< ~ I I 

:~-~ _______ f-...JI 'I 11 
~ 

READI 

I 

2652-1 

PIN CONFIGURATION 

IWA PACKAGE 

RxC TxC 

TxSQ 

TxE 

TxU 

TxBE 

TxA 

RESET 

VCC 

OB08 OBOO 

OBOl 

OB10 OB02 

OBll OB03 

DBi2 OB04 

OB13 OB05 

OB14 OB06· 

OB15 OB07 

R/W DB EN 

A2 BYTE 

Al AO 

NOTE 
()() is least significant bit, highest number (that is, 
0815, A2) is most significant bit. 

TRANSMITTER 
LOGIC AND 
CONTROL 

TxC TxSO 

TDSR 

TXE--------------------------------------------------------------------------------~----------------------------------------~ 
TXA------------------------------------------------------------------------------------------------------------------------------~ 

TXBE4-------------------------------------------------------------------------------------------------------------------------------~ 
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MULTI PROTOCOL COMMUNICATIONS CONTROLLER (MPCC) 2652/2652 1 

PIN DESIGNATION 

MNEMONIC 

DB15-DBOO 

A2-AO 

BYTE 

CE 

AIW 

DBEN 

RESET 

MM 

RxE 

RxA 

RxDA* 

RxC 

S/F 

RxSA* 

RxSI 

TxE 

TxA 

TxBE* 

TxU* 

TxC 

TxSO 

Vee 

GND 

PIN NO. 

17-10 
24-31 

19-21 

22 

1 

18 

23 

33 

40 

8 

5 

6 

2 

4 

7 

3 

37 

34 

35 

36 

39 

38 

32 

9 

·Indicates possible interrupt signal. 
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TYPE 

I/O 

0 

2652-1 

NAME AND FUNCTION 

Data Bus: DB07-DBOO contain bidirectional data while DB15-DB08 contain control and status 
information to or from the processor. Corresponding bits of the high and low order bytes can be 
WIRE OR'ed onto an 8-bit data bus. 

Address Bus: A2-AO select internal registers. The four 16-bit registers can be addressed on a 
word or byte basis. See Register Address section. 

Byte: Single byte (8 bit) data bus transfers are specified when this input is high. A low level 
specifies 16 bit data bus transfers. 

Chip Enable: A high input permits a data bus operation when DBEN is activated. 

Read/Wrlte: AIW controls the direction of data bus transfer. When high, the data is to be loaded 
into the addressed register. A low input causes the contents of the addressed register to be 
presented on the data' bus. 

Data Bus Enable: After A2-AO, CE, BYTE and AIW are set up, DBEN may be strobed. During a 
read, the tri-state data bus (DB) is enabled with information for the processor. During a write, the 
stable data is loaded into the addressed register and TxBE will be reset if TDSR was addressed. 

Reset: A high level initializes all internal registers (to zero) and timing. 

Maintenance Mode: MM internally gates TxSO back to RxSI and TxC to RxC for off line 
diagnostic purposes. The RxC input is disabled when MM is asserted. 

Receiver Enable: A high level input permits the processing of RxSI data. A low level disables the 
receiver logiC and initializes all receiver registers and timing. 

Receiver Active: RxA is asserted when the first data character of a message is ready for the 
processor. In the BOP mode this character is the address. The received address must match the 
secondary station address if the MPCC is a secondary station. In BCP mode, if strip-SYNC 
(PCSAR13) is set, the first non-SYNC ch_aracter is the first data character; if strip-SYNC is zero, 
the character following the second SYNC is the first data character. In the BOP mode, the closing 
FLAG resets RxA. In the BCP mode, RxA is reset by a low level at RxE. 

o Receiver Data Available: RxDA is asserted when an assembled character is in RDSRL and is 
ready to be presented to the processor. This output is reset when RDSRL is read. 

Receiver Clock: RxC(1X) provides timing for the receiver logic. The positive going edge,shifts 
serial data into the RxSR from RxSI. . 

o SYNC/FLAG: S/F is asserted for one RxC clock time when a SYNC or FLAG character is 
detected. 

o Receiver Status Available: R~SA is asserted when there is a zero to one transition of any bit in 
RDSRH except for RSOM. It is cleared when RDSRH is read. 

o 

o 

Receiver Serial Input: RxSI is the received serial data. Mark = '1', space = '0'. 

Transmitter Enable: A high level input enables the transmitter data path between TDSRL and 
TxSO. At ttie end of a message, a low level input causes TxSO = 1 (mark) and TxA = 0 after the 
closing FLAG (BOP) or last character (BCP) is output on TxSO. 

Transmitter Active: TxA is asserted when TxE is high and TSOM (TDSRsl is set. This output will 
reset when TxE is low and the closing FLAG (BOP) or last character (BCP) has been output on 
TxSO. 

. Transmitter Buffer Empty: TxBE is asserted when the TDSR is ready to be loaded with new 
control information or data. The processor should respond by loading the TDSR which resets 
TxBE. 

o Transmitter Underrun: TxU is asserted during a transm it sequence when the service of TxBE has 
been delayed for one character time. This indicates the processor is not keeping up with the 
transmitter. Line fill depends on PCSAR11. TxU is reset by RESET or setting of TSOM (TDSRs), 
(TDSRsl. 

o 

Transmitter Clock: TxC (1X) provides timing for the transmitter logic. The positive going edge 
shifts data out of the TxSR to TxSO, 

Transmitter Serial Output. TxSO is the transmitted serial data. Mark = '1', space = '0'. 

+5V: Power supply. 

Ground: OV reference ground. 

Si!lIOliCS 
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PROGRAMMABLE PERIPHERAL INTERFACE (WI) 

PRELIMINARY SPECIFICATION 

DESCRIPTION 
The 2655 Programmable Peripheral Inter­
face (PPO is a general purpose I/O compo­
nent designed for microcomputer systems. It 
consists of three ports (24 I/O pins) which 
can be individually programmed to function 
as input, output or bidirectional ports. Inter­
face with a microprocessor is via an B-bit 
bidirectional data bus. Although designed 
primarily for use in 2650-based 

PIN DESIGNATION' 

PIN NO. 

27-34 

35 

B,9 

5 

6 

36 

37-40 
1-4 

25-1B 

10-13 

17-14 

26 

7 

MNEMONIC 

07-00 

RESET 

A1,AO 

R/W 

PA7-PAO 

PB7-PBO 

PC7-PCO 

VCC 

GNO 

TYPE 

I/O 

.1 

I/O 

I/O 

I/O 

See Omnt·Port deSCription is static 1/0 mode description. 

2308 

microcomputer systems, the 2655 can be 
easily interfaced to other microprocessors. 

The PPI ports can be programmed to oper­
ate in one or more of seven operational 
modes: Static i I 0, Strobed Input, Strobed 
Output, Strobed Bidirectional, Serial Input, 
Serial Output and Timer. The 2655 is fabri­
cated using N-channel silicon gate technol­
ogy and is packaged in a 40-pin DIP. 

NAME & FUNCTION 

Data Bus: B-bit 3-state, bidirectional 
data bus used for all data and com­
mand transfers. 

RESET: When high, clears all internal 
registers. Clears Port A, Band C 
latches to zero and sets operating 
mode to Static 1/0 mode. An automatic 
power-on reset circuit is also provided. 

Address Bus: A 1, AO select internal 
PPI registers. Select control or data 
words to be placed on the data bus. 
Used in conjunction with R / W line. 

Read/Write: When low, gates the se- , 
lected register to the data bus. When 
high, gates the contents of the data 
bus into the selected register. An ad­
dress line may be used for this function 
if the CPU used does not provide a 
R/Woutput. 

Chip Enable: When low, indicates that 
control and data lines to the PPI are 
valid. Used as the timing signal for 
read / write operations. 

Serial Clock: Provides a clock for the 
parallel to serial or serial to parallel 
conversion modes. 

Port A: An B-bit ~-stateable omni-port.· 

Port B: An B-bit omni-port which has 
serial I /0 capability. Serial data is dou­
ble buffered. Port B also contains a 16-
bit binary timer, which can operate si­
multaneously with the serial I/O capa­
bility. 

Port C: An B-bit omni-port. Port C bits 
are also used as control and status sig­
nals for Ports A and B. 

Power Supply: +5V 

Ground: 

9!!11DtiC9 

2655 

2655-1 

PIN CONFIGURATION 

FEATURES 

• Seven selectable operating modes 
• Three ports with 24 programmable I/O 

pins 
• Completely TTL compatible 
• Three MHz programmable timer or 

event counter 
• Direct bit set reset capability 
• 300 ns port read / write access time 

FUNCTIONAL DESCRIPTION 
The block diagram illustrates the major in­
ternal components of the PPI. 

Data Bus Buffer 
Three-state, bidirectional B-bit buffer. All 
command and data transfers between the 
PPI and the CPU are accomplished via this 
buffer. 

Operation Control 
Access to the PPI is controlled by chip en­
able (CE) and access to the various ports 
and registers is selected by address lines 
AO and A 1. The read / write (R / W) sign~1 se­
lects the direction of the data flow between' 
tho POI ann •. hn f"011 Tnhl", ... ,... ___ :Ii_".. ....... -

_ .. - -. -- . __ .- ...... ,...-_ ... _- ... -
inputs required to access the various inter­
nal registers. 
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PROGRAMMABLE PERfHERAtINTERFACE (PPI) 2655 

PRELIMINARY SPECIFICATION 2655-1 

BLOCK DIAGRAM 

r-
.. PORT A 

DATA BUS BUFFER. 
A j. 

~ 

K ) 
DATA BUS 

1 
· 
j. I INPUT LATCH I K=> PAO·PA7 

· 
r---- r-- I OUTPUT LATCH I 

C( 

~. 
a: 
0 

...J Q.. 

0 « C) 
~ ~ Z 
Z C( ;;: 
0 0 

C( 
U J: 

en PORT B 0 - OPERATION CONTROL 
Z 
C( 

RESET 

r-- J: -
AO 

RW 

CE 

VCC 

GND 

--
-C 

~ 

I MODE REGISTER 

t 
POWER·ON RESET 

t 

The modes of operation of the PPI ports are 
selected by a control byte stored in the 
mode register. See the Mode Selection sec­
tion of this specification. 

Ports A, Band C 
The 2655 contains three a-bit ports, each of 
which may be configured to. operate in a 
variety of data transfer modes by the sys­
tem software. 

PORT A: contains one a-bit data output 
latch and one a-bit data input 
latch. The port operates in either 
static I/O, strobed input, 
strobed output, or bidirectional 
I/O Mode. 

PORT B: contains one a-bit data 
input / output latch, one a·bit shift 
register, one 16-bit binary 
counter (timer upper and lower a 
bits) and a serial/timer status 
register. The port operates in ei­
ther static I/O, strobed input, 
strobed output, serial input, 

©IC MASTER 1979 

A 

I .. 

CE 

0 
0 
0 
0 
0 
0 
0 
0 
1 

PORT C: 

A j. 

) 
I I .. · INPUT OUTPUT LATCH 

K=> ~ I I SHIFT REGISTER 

PBO·PBl 

l-
f---- r---- l"""- f---- I TIMER UPPER 8 BITS I 

l TIMER LOWER 8 BITS I 
III 
~ 

I I a: SERIAL TIMER STATUS 
~ 
C) 
Z 
;;: 
C( 
J: 
en 
0 
Z 
C( 
J: 

~ 
PORTC 

<=> I A -" I OUTPUT LATCH 

PCO,PCl 

.. · ~ 

~ 

Al AO "R/W FUNCTION 
/ 

0 0 0 Read port A register 
0 0 1 Write port A register 
0 1 0 Read port B register 
0 1 1 Write port B register 
1 0 0 Read port C register 
1 0 1 Write port C register 
1 1 0 Read serial/timer status 
1 1 1 Write mode register or bit set / reset 
X X X Data bus 3-state 

Table 1 PPI REGISTER ADDRESSING 

serial output, or timer mode. The 
timer mode may operate in con· 
junction with one of the serial 
modes. 

ternal data path for the purpose 
of providing handshaking signals 
to and from Port C pins when 
used as control or status bits. 

contains one a-bit data output 
latch. The port operates in static 
I/O mode only. Port C bits are 
also used as control and status 
bits for ports A and B in certain 
modes of operation. A data se· 
lector selects the appropriate in-

Si!l0otiCS 
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PRELIMINARY SPECIFICATION 

DESCRIPTION 

8048 8-BIT MICROCOMPUTER With Mask Programmable ROM 
8748 8-BIT MICROCOMPUTER With Field Programmable Erasable EPROM 

8035L 8-BIT MICROCOMPUTER With External ROM or PROM 

The 8048 family of single chip 8-bit micro­
computers are fabricated using the 
Signetics NMOS silicon gate process. 

To reduce development and production 
costs and yet provide maximum flexibility, 
three interchangeable (pin compatible) ver­
sions of this single chip microcomputer are 
available: 

An on-Chip 8-bit counter is provided, which 
can, under program control, count either in­
ternal clock pulses (+32) or external 
events. The counter can be programmed to 
ca~se an interrupt to be applied to the 
microcomputer. 

PIN CONFIGURATION 

UJ 
o 

• The 8748 with user-programmable and 
erasable EPROM, for prototype and 
pre-production systems. 

• The 8048 with factory-programmable 
mask ROM for low-cost, high-volume 
production. 

• The 803Sl without program memory for 
use with external EPROM I ROM. 

The 8048 family processors are designed to 
be efficient control processors as well as 
arithmetic processors. They provide an in­
struction set which allows the user to direct­
ly set and reset individual lines within its 1/0 
ports as well as test individual bits within the· 
accumulator. A large variety of branch and 
table look-up instructions make these pro­
.cessors very efficient in implementing stan­
dard logic functions. Also, special attention 
has been given to code efficiency. Over 70% 
of the instructions are a single byte long and 
all others are only two bytes long. This 
means many functions requiring 1.SK to 2.0K 
bytes in other computers may very well be 
compressed into the 1 K words resident in 
the 8048. 

+:: 
Q) ORDERING CODE 
c 
Ol 
en 

2310 

Program and data memories can be expand­
ed using low-cost, readily available, stan­
dard devices~ Input loutput capabilities can 
be expanded using standard devices or the 
8243 110 Expander of the 8048 family. 

FEATURES 

• 8-bit·CPU, ROM, RAM~ 1/0 In single 
package· 

• Interchangeable ROMIEPROM 
versions 

• 1KxP. ROMIEPROM, 64x8 RAM, 27 1/0 
lines 

• Internal counter Itimer 
• Internal OSCillator, clock driver 
• Single level Interrupt: External or 

counter Itlmer 
• 17 Internal registers: accumulator plus 

16 addressable registers 
• Over 90 Instructions: 70% single byte 
• All instructions: 1 or 2 cycles 

2.5/5.0#,s per cycle 
• Easily exandable memory and 1/0 
• TTl compatible Inputs and outputs 
• Single 5V supply 
• For low cost 28-Pln version see 8021 

data sheet 

Vee 

T1 

P27 

P26 

P24 

P17 

P16 

P15 

P14 

P13 

P12 

P11 

P10 

Yeo 

PAOG 

P23 

P22 

P21 

P20 
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P27 

RESIDENT 
EPROM/ROM 

1K x8 

DECODE 

- PROGRA.M SUPPLY, RAM SUPPLY 

POWER VCC 

{

VDD 

SUPPLY - +5V MAIN SUPPLY 

VSS 
_GND 

CONTROL AND TIMING 

INITIALIZE 
TIMING INTERRUPT PROGRAM CPUI OSCILLATOR ADDRESS PROGRAM SINGLE READ WRITE 

OUTPUT PULSEI MEMORY XTAL LATCH MEMORY STEP STROBES 
EXPANDER SEPARATE STROBE ENABLE 

STROBE CYCLE 
CLOCK 

MICROPROCESSOR Signetics 

DBO 

DB7 

EXPANSION TO 
MORE I/O AND 

MEMORY 

o 
REGISTER 

'RE'G'iSTER 
REGISTER 

TEST 0 ~ REGiSTER REGISTER 5 

TEST 1 . REGISTER 6 

INT .. ~ REGISTER 
C5 8 LEVEL STACK 

ONDITIONA FLAG 0 ~ (VARIABLE LENGTH) 

BRANCH 1-FLAG 1 OPTIONAL SECOND 
LOGIC REGISTER BANK 

TIMER FLAG 

CARRY 

ACC DATA STORE 

<==. ACC BIT TEST 

RESIDENT 
RAM ARRAY 

64 x 8 

P10 

P17 
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8 BIT I CHANNEL MICROPROCESSOR 

DESCRIPTION 
The MP8080A is an 8-bit microprocessor 
housed in a standard, 40-pin dual-in-line 
package. The chip, which is fabricated us­
ing N-channel silicon gate MOS technolo­
gy, functions as the central processing unit 
(CPU) in Signetics' 8080 microcomputer 
family. 

The MP8080A has a 16-bit address bus that 
is capable of addressing up to 65k bytes of 
memory and up to 256 input and 256 output 
devices. Data is routed to and from the 
MP8080A on a separate bidirectional 8-bit 
bus. This data bus is also Tri-State, making 
direct memory addreSSing (DMA) and multi­
processing applications possible. The 
MP8080A directly provides signals to con­
trol the interface to memory and I/O ports. 
All buses, including control, are TTL com­
patible. 

An asynchronous interrupt capability is 
included in the MP8080A to allow external 
signals to change the instruction sequence. 
The interrupting device may vector the pro­
gram to a particular service routine location 
(or some other direct function) by specifying 
an interrupt instruction to be executed. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 
• 2J.Ls instruction cycle 
• Variable length instructions 
• General purpose registers-six plus an 

accumulator 
• Direct addressing up to 65k bytes 
• Variable length stack accessed by 16-bit 

stack pointer 
• Addresses 256 input and 256 output ports 
• Provisions for vectored interrupts 
• Tri-state bus for DMA and multiprocess­

ing capability 
• Tri-state TTL drive capabilities for ad­

dress and data buses 
• Decimal arithmetic capability 
• Multiple addressing modes 

Direct 
Register 
Register indirect 
Immediate 

• Direct plug-in replacement for Intel 
MP8080A 

MP8080A CPU FUNCTIONAL BLOCK DIAGRAM 

(8 BIT) 
INTERNAL DATA BUS 

POWER ~ +5V 

SUPPLIES i!.!l.. -SV 

INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 

{ 

~ +12V ...-----------------------' 

~GND ~~~~~~~~~-~~~-~~~T_~~~~~--~ 

WR DBIN INTE INT HOLD HOLD WAIT READY SYNC d> 1 <1>2 RESET 
(18) (17) (16) (14) ACK (13) (24) (23) (HI) (22) (15) (12) 

NOTE Applicable pin numbers are included within parentheses. 

2312 

MP8080A-1 

PIN CONFIGURATION 

IWAPACKAGE 

~"11 
GND 

D4 

DS 

D6 

D7 

03 

D2 

D1 

Do 

-SV 

RESET 

HOLD 

INT 

<1>2 

INTE 

DB IN 

WR 

SYNC 

+SV 

(8 BIT) 
INTERNAL DATA BUS 

MULTIPLEXER 

r HIGH ORDER '"\ r LOW ORDER ""\ 

W (8) Z (8) 
TEMP REGISTER TEMP REGISTER 

B (8) C (8) 
REGISTER REGISTER 

D (8) E (8) 
REGISTER REGISTER 

H (8) L (8) 
REGISTER REGISTER 

STACK POINTER (16) 

PROGRAM COUNTER (16) 

INCREMENTER/DECREMENTER (16) J 
ADDR£SS LATCH 

A1SAO 

ADDRESS BUS 

"14 

"13 

"12 

"15 

"9 

A8 

"7 

A6 

As 

A4 

"3 

+12V 

"2 

A1 

"0 

WAIT 

READY 

<1>1 

HLDA 

REGISTER 
ARRAY 
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~RELIMINARY SPECIFICATION 

DESCRIPTION 
The 8243 is an input I output expander that 
provides an easy, low cost method of adding 
four 4-bit bidirectional, latched ports to 
8048 and 8021 microcomputer based sys­
tems. Fabricated using the Signetics NMOS 
process, it features versatility, operation 
from a single 5 volt supply, and high current 
drive capability. 

The data interface between the 8243 and 
the microcomputer is via the lower four bits 
of Port 2. Control is provided automatically 
by the PROG line when the MOVO, P,A, 
MOVO A,P, ANlO P,A, or ORlO P,A instruc­
tions are executed. 

ORDERING CODE 

FEATURES 

• Low cost 
• Single 5V supply 
• High output current drive' 
• Direct interface to 8048 and 8021 

family of microcomputers 
• Four 4-bit I/O ports 
• Chip Select input for easy expansion 

COMMERCIAL RANGES PACKAGES 
VCC = 5V ± 10%, T A = OOC to 700c 

Ceramic DIP 

Plastic DIP 

BLOCK DIAGRAM 

PORT 2 

PROG 

cs 
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MP8243I 

MP8243N 
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PIN CONFIGURATION 

PIN DESIGNATION 
SYMBOL 

& PIN NO. 
NAME AND FUNCTION 

PROG 
(7) 

Clock Input: A high-to-Iow tran­
sition on PROG signifies that ad­
dress and control are available 
on P20-P23, and a low-to-high 
transition signifies that data is 
available on P20-P23. 

CS Chip Select: (active low) Input. 
(6) A HIGH on CS inhibits any 

change of output or internal sta­
tus. 

P20-P23 4-bit Bidirectional Port: Con­
(11-8) tains the address and control 

bits on a high-to-Iow transition of 
PROG. During a low-to-high tran­
sition contains the data for a se­
lected output port if a write oper­
ation, or the data from a 
selected port if a read operation. 

P40-P43 Four 4-bit bidirectional 1/0 
(2-5) 'ports: May be programmed to 
PSO-P53 be input (during read), low im­
(23-21) pedance latched output (after 
PSO-P63 write) or high impedance (after 
(20-17) read). Data on pins P20-P23 may 
P70-P73 be directly written, ANOed or 
(13-16) ORed with previous data. 

v CC ,Power Supply: +5 volts. 
(24) 

v SS ' Circuit ground. 
(12) 
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DESCRIPTION 
SC/MP (Simple Cost-effective MicroProc­
essor) is a single-chip 8-bit microprocessor 
packaged in a standard, 40-pin, dual-in-line 
package. 

N-channel, silicon gate, depletion mode 
standard-process technology ensures high 
performance, high reliability, and high 
producibility. 

SC/MP is intended for use in general­
purpose applications where cost per func­
tion is a most significant criterion. But cost 
efficiency is only a part of SC/MP's story. It 
goes on to include a variety of useful func­
tions that are not even provided by some of 
the expensive microprocessors, like self­
contained timing circuitry, 16-bit (65K) ad­
dressing capability, serial or parallel data­
transfer capability and common 
memory/peripheral instructions. The built­
in features in conjunction with the low initial 
cost describe what SC/MP really is-a mi­
croprocessor specifically designed to pro­
vide the simplest and most efficient solution 
to many application requirements. 

APPLICATIONS 
• Test systems and instrumentation 
• Machine tool control 
• Small business machines 
• Word processing systems 
• Educational systems 
• Multiprocessor systems 
• Process controllers 
• Terminals 
• Traffic controls 
• Laboratory controllers 
• Sophisticated games 
• Automotive 

ABSOLUTE MAXIMUM RATINGS* 

PARAMETER 

Voltage at any pin 
TA Operating temperature range 
TSTG Storage temperature range 

lead temperature 
(solder,10sec) 

"NOTE 

FEATURES 
• Simpler Interfacing 

• Bidirectional Trl-state 8-blt data bus 
• TTL-compatible Input/output Inter­

face 
• SI-gate N-channellon-implant process 
• Direct Memory Access COMA) and mUlti­

processor capabilltaes 
• Handshake bus-access control on 

chip 
, Simplified programming 

• Multiple addressing modes­
program-counter-relatlve. Immediate 
data, Indexed, autO-Indexed, and Im­
plied 

• Direct control output 
• Three user-accessible control-flag 

outputs 
• Simpler 1/0 hardware 

• Separate serlal-data Input and output 
ports 

• Two sense Inputs 
• Direct Interfacing to standard memory 

parts 
• Simplified timing bardware 

• On-chip clock generator 
• Interface flexibility 

• Capability to interfacewHh memories 
or peripherals of any speed 

• Large system capability 
• Address capability to 65K bytes of 

memory 
• Simplified power requirements 

• Single 5-volt supply 
• Low power 

RATING UNIT 

-0.5 to +7.0 V 
o to +70 °C 

-65 to +150 °C 
+300 °C 

Maximum ratings indicate limits beyond which damage may occur. Continuous opera­
at these limits is not intended and should be limited to those conditions specified 

electricaf characteristics. 
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DESCRJPTION 
The TWIN (TestWare Instrument) system, 
shown in the block diagram of Figure 1, 
consists of interdepen.dent subsystems, 
each contributing to the total task of imple­
menting user microprocessor applications 
from initial concept to actual hardware op­
eratian. The system closely resembles a 
general-purpase minicomputer during the 
initial stages af product develapment, and 
allaws source programs to be entered, edit­
ed and assembled into abject programs. 
Object programs may be executed simply 
as pragrams, ar as part of a user's product 
emulation. When programs have been run 
and debugged to. the user's satisfaction, the 
TWIN system is capable of programming 
PROM devices for inclusion in the user's 
prototype hardware. 

The programdevelapment computer is can­
figured using plug-in modules, each dedi­
cated to a specific task within the system. 
Each madule interacts with the athers by 
use af a cam man bus structure. Th.e majar 
buses include a data bus, an address bus, 
and a cantrol bus. The program develop­
ment camputer acts as the cantrafler for the 
entire system, and performs the necessary 
functions af transferring data to and from 
system peripherals. 

To facilitate system aperation, a dual-drive 
flappy disk subsystem is pravided in all 
TWIN canfigurations. This subsystem, with 
integral controller, stares user pragram 
"files" and allows retrieval o.f these files for 
operatians by the editor and assembler. The 
Signetics Disk Operating System (SDOS) 
software· is laaded from the disk system into 
the develapment computer. SDOS pravides 
camplete cantrol over all portians of the 
TWIN system. 

A CRT cansale is the standard device far 
entering user programs. It is equipped with 
a full ASCII keyboard for data entry and a 
CRT display to. allow the operator to view 
the results af his program manipulations 
"during editing, assembly, and debug opera­
tions. The display and keyboard can be 
separated far user canvenience. An inter­
face is provided far an ASR-33 teletypewri­
ter, which can be used in place of the CRT 
console. An optional line printer provides 
hard capy output. 

Other system I/O devices can be added to 
the system to enhance its capabi lities. Phys­
ical interface to the system bus is accom­
plished by use af the optional General­
Purpose I/O card. Additio.n of a peripheral 
device requires addition of its software driv­
er to. the TWIN operating system. 

TWICE (TestWare In-Circuit Emulation) 
denotes hardware/software elements of the 
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THE TWIN SYSTEM' 
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Figure 1 

TWIN system that support the integratian 
and check-aut af the user's pratotype pra­
duct. A number of different TWICE apera­
tion mades support product development, 
integration, and production. 

TWIN HARDWARE 
The TWIN system is available in two config­
uratians: the BASIC TWIN and the SUPER 
TWIN. 

Basic TWIN Configuration 
Program Development Computer consist­
ing of: 

Master CPU-16K Master Memo.ry 
Slave CPU-16K Slave Memory 
Debug Lo.gic Card 

TWICE Cable 
Dual-Drive Floppy Disk Subsystem 

Super TWIN Configuration 
Basic TWIN canfiguratian plus: 

1702A PROM Program card 
82S115 PROM Program card 
General-Purpose I/O Card 

CRT Console 
Line Printer 

Program Development Computer 
The Program Development Computer (PDC) 
is the principal subsystem o.f the TWIN. The 

PDC employs dual-processar architecture 
aperating an a common bus structure. 

The Master/Slave architectural concept 
provides the following features: 

1. Protected operating system memory and 1/0. 
2. Complete user access to slave memory address 

space and I/O address space. 
3. Operating system and Debug software are 

independent of user programs. 
4. Use of future Slave processors by adding 

boards and supplying additional software only. 
5. Multiple Slave CPUs of different types can be 

accommodated. 
6. Debug' and TWICE hardwa!e. 

The PDC can be divided into four distinct 
areas as shown in Figure 2. 

1. The master CPU provides access to all support 
peripherals (Floppy Disk, Line PrInter and CRT 
console). By way of the common bus, the slave 
side of the system can make requests of these 
system peripherals. In addition, via the General 
Purpose 1/0 Board, the user has the option of 
adding system peripherals on the master side. 

2. The master CPU controls PROM programming 
by transferring data from the slave memory to 
the PROM sockets. Both erasable (1702A) and 
nonerasable (82S113) PROMs can be pro­
grammed through sockets controlled by the 
operating system. 
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Text Editor 
The Text Editor is a comprehensive soft­
ware package that allows the user to enter 
and modify text files. The Text Editor is line 
oriented and accepts inputs from the termi­
nal or a diskette file, performs modifications 
in a work space, and Qutputs the revised text 
to diskette file. 

Assembler 
The Prototype Development System Resi­
dent Assembler translates ~ymbolic assem­
bly language instructions into appropriate 
machine language code. 

The Assembler is written in the Signetics 
Higher-Level Language (PLpS) and gener­
ates absolute object code. This code is in 
hexadecimal format and may be loaded into 
the system for direct execution or may be 
converted by an SDOS command to SMS 
format for PROM or ROM programming . 

Debug 
_ The debug system is a software program 

which provides the user with real-time pro­
gram debug capabilities within both a soft­
ware and hardware environment It uses 
special hardware features built into the 
program development system to control the 
execution of the user's program. User pro-
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Figure 4 

PHYSICAL AND ENVIRONMENTAL SPECIFICATIONS 

LINE FRE- DIMEN· 
VOLT QUENCY WEIGHT SIONS 

VOLTAGE AMPERES (HERTZ) (POUNDS) (INCHES) 

Development Computer 115 ± 10% 230 47 -63 65 8x17x22 
Dual-Drive Floppy Disk 115 ± 10% 400 59.5 - 60.5 85 10 x 17 x 22 
CRT Console 115 ± 10% 130 47 -63 52 14 x 17 x 22 
Printer 115 ± 10% 375 59.5 - 60.5 66 12 x 23 x 19 

NOTE 

Export version will operate from other line voltages and frequencies. 

Table 1 SUBSYSTEM CHARACTERISTICS 

grams operating under the debug system 
have dynamic program trace, breakpoint 
capabilities, and memory modification ca­
pabilities. Status reporting on the memory, 
the program, and the processor is also pro­
vided. 

Total System Characteristics 
Operating Temperature 

Range: 15° - 3]0 C 
Operating Humidity 

Range: 50% - 80% NC 
Basic system shipping 

weight: 180 pounds 

Card Cage-Mother Board 
Assembly 
7 x 11 cards/20 slots in PDC 

Common Bus Structure 
External +5V ground bus (spare with rear 
panel terminals) 

Front Panel Switches 
and Indicators 
Key-operated primary power On/Off switch 
PROM power switch 
Reset switch that initializes system and sets 

both CPUs to location zero, enables mas­
ter, and pauses slave. 

Diagnostic interrupt switch 
Power indicator 
Run indicator 
Master indicator 
Slave indicator 
PROM power indicator 
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DESCRIPTION 
The Signetics Adaptable Board Computer, 
ABC 1500, is a modular microcomputer 
containing a CPU, memory, I/O ports and 
support circuitry. It is designed to cover a 
broad range of applications from software 
development to system hardware prototyp­
ing. Cost performance trade ofts have been 
carefully considered to achieve maximum 
flexibility and allow the card to be tailored to 
a variety of individual requirements. 

The basic configuration consists of the 2650 
8-bit microprocessor, 512 bytes of read/ 
write memory (four 2112 static RAM's), 1 k 
bytes of 2608 ROM with PIPBUG*, two 8T31 
I/O ports and buffering on data, address and 
control lines. A single +5 volt supply will be 
required to power the card and communi­
cate with a serial 20m A current loop termi­
nal. 
Modifications to the basic system can be 
easily made to allow for various memory 
configurations and operating modes. Un­
used plated through holes are provided for 
the PROM memory chips (82S115's). Other 
options are jumper selectable. 

The ABC 1500 is sold either as a completely 
assembled and tested card (2650PC150Q) or 
in kit form (2650KT9500l. 

*PIPBUG is a loader. editor. and debug program See 
Table 1. 

ABC 1500 

ADDRESS 

2650 

MICROPROCESSOR 

DATA 

CONTROL 

FEATURES 
• Expandable printed circuit card: 

Unused area on card filled with plated 
through holes on .300 in. centers for 
wirewrap sockets 

• 1k bytes of PIPBUG*· ROM (in socket) 
• 512 bytes of RAM 
• Two latched I/O ports 

-four non-extended I/O read/write user 
strobes 

• Tri-state buffers on data, address and 
control lines 

• Serial input/output port 
• Single +5 volt supply requirement (1.7A 

max) for card and 20mA current loop 
interface (±12 volt supply for RS232 in­
terface) 

• Interrupt and single step capability 
• Simple clock configured from dual 

monostable multivibrator 
• 24k memory expansion capability 
• Directly compatible with 4k RAM card 

(2650PC2000) and power supply demon­
stration base (2650052000) 

• Card dimensions: 8 in. by 6.875 in. with a 
100 pin connector along the 8 in. dimen­
sion 

EXTERNAL ADDRESS BUS 

INTERNAL MEMORY DATA BUS 

EXTERNAL DATA BUS 

11IIII11 
OPTIONS 
• 1k bytes of PROM in place of ROM 
• 512 bytes of PROM or ROM in place of 

RAM 
• Asynchronous operation capability 
• External clock input 
• Interrupt vector from Port C 

INTERFACE 
• Terminal interface jumper selectable 

A. W4 to W5 and W6 to W7 jumpers select 
the 20mA current loop mode 

B. W3 to W4 and W7 to W8 jumpers select 
the RS232 mode 

• Normally high input lines (10k pull up 
resistor on each): INTREO, PAUSE, 
RESET,WBAC,WBAD,CKC,CKD 

• Plated through holes are available at 
each connector pin to allow for insertion 
of wirewrap pins. 

• Edge connector supplied with card 
• To allow for external clock input, remove 

jumper W9-W10 
• Asynchronous operation. by removing 

jumper W1 to W2 and driving OPACK 
• During vectored interrupts, it Is possible 

to allow port C to place the interrupt ad­
dress on the data bus by removing jump­
er W21-W22 and jumpering W22-W23 

1--------4 WBAO. RBAO. CKO 

~~~~~~~~ OPDC-OPO? 

~~~~~~~~~~~~~~ OPCC-OPC? 

L..--------------4 WBAC. RiiAc. CKC 

~--------------_ RPO. RPC. WPO. WPC 

INTREO. PAUSE. OPACK 1 __ ---------------, '---------_________ CONTROL' 

SERIAL 1,0 
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~-------------------~OPACK 

INTREO 
PAUSE 

L..-_____________________ TERMINAL 

I __ --------------------------__ CLOCK 
·OPREO. RUN WAIT. INTACK. WRP. R W: M.IO. RESET 

Si!JIIltiC!i 
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DESCRIPTION 

Signetics offers one of the broadest choices of microprocessors ... 
that translates to a broad understanding of microprocessors. This 
knowledge has gone into the development of the Instructor 50tm. 

Learning about the operational aspects of a microprocessor and 
; how to program one is no easy task. Listening to long-winded 
'lectures and sharing hands-on experience with ten other people 
; during the last twenty minutes of a session are no way to learn 
· about microprocessors, particularly when it comes to program­
ming one. 

· That's precisely why we've developed the Instructor 50tm - to 
teach you about microprocessors and microprocessor pro-

· gramming the easy way, and "right in your own back yard." With 
the Instructor 50tm package, you have a complete microcomputer 
system right ::It your fingertips 

Instructor 50tm is a practical, low-cost mi<:roprocessor training 
tool. Its primary function is to teach you microprocessor opera­
tion, programming and applications. Even if you've never used a 
computer of any kind, you'll find that Instructor 50tm can help 
you learn and apply computer concepts very quickly. 

2318 

FEATURES 
• Ready-to-run desktop unit with integral power supply. 
• IS-key hexadecimal keyboard for entering data values. 
• 12-key command function keyboard for issuing commands and 

selecting operating modes. 
• Eight-digit LED display lets you instantly see results of your 

processing. 
• Audio tape cassette interface allows you to create program 

library. 
• S-l()() interface bus permits system expansion. 
• USE monitor program supervises operation of the system. 
• Debugging aids, including breakpoint and single-step modes. 
• Parallel and serial 1/0. 
• 512 bytes of on-board user RAM. 
• Crystal-controlled system clock. 
• Comprehensive User's Guide and Introductory Manual. 
• Port data iIiput sWitches. 
• Port data indicators. 
• Direct/indirect interrupt switch. 
• Port address select switch. 
• FLAG and RUN indicators. 
• Use of the powerful 2650 8-bit, N-channel microprocessor, with 

f'lxed command set of 75 instructions and eight different 
addressing modes. 

Each Instructor 50tm comes with a Warranty card, which offers 
'nf'lo ..... O -ronl.;a,-a'oTV\ont 03"rl ... £),lo+I"\,.11nhn~ n+ _" n'hro_ .......... ~,..._ ()t\ ..l ....... _ _ .£'"L __ • ...... ..... -------- ----- -----0-- .................. --.J~- ... u"-' ... 

purchase. For repairs, simply ship the compact, lightweight unit to 
Signetics headquarters in Sunnyvale, California. 
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Who Needs Instructor 5Otm.? Research engineers, scientists, de­
sign engineers, engineering managers, instrumentation 
specialists, computer professionals, educators, students and hob­
byists, to name a few. In fact, anyone desiring in-depth knowledge 
of how a microprocessor functions will benefit from Instructor 
50tm. 

Instructor 50tm effectively supports college and university cur­
ricula by illustrating basic computing concepts. Educators who 
previously taught these fundamentals only through textbooks, 
lectures, and paper exercises now have a means by which their 
students can apply classroom instruction. Using the Instructor 
50tm, the student can write, enter and test his own programs, and 
observe the sequence of events associated with instruction 
execution. 

Whether used in the classroom, office or home - the Instrucwr 
50tm reinforces basic concepts, and provides the important 
"hands-on" experience to illustrate microcomputer functions. 

No Experience Required. Plug in the Instructor 50tm - and 
the fIrSt message you'll read on the prompting display is "Hello." 
This friendly, interactive display combines with an exceptional 
ease of program entry to make the Instructor 50tm an ideal sys­
tem for the novice. 

There's absolutely no previous microprocessor experience 
required to use the Instructor 50tm• This complete learning pack­
age comes with a User's Guide - plus a special introductory 
manual written just for the beginner. Also included is an audio 
cassette recording with helpful hints to assist you. On this cas­
sette, you'll find interesting programs (e.g., clock, stopwatch and 
crap game) that you can run and enjoy right from the start. 

While the Instructor 50tm "shakes hands" with the novice, its 
broad hardware/software capabilities can also challenge the pro. 
Accordingly, the Instructor 50tm is ready to handle more sophisti­
cated applications when you are. 

Fully Operational Microcomputer In One Package. Instruc.: 
tor 50tm minimizes the time and expense involved in learning the 
operation and programming of a microprocessor. A complete, 
ready-to-run unit with its own integral power supply, it features 
separate command and hexadecimal keyboards and an LED 
prompting display. The system includes everything you need to 
write, run and debug machine-language programs - housed in 
one compact package. -
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Build a Library of Program Tapes. You can save your pro­
grams on any ordinary cassette recorder tape. Simply depress the 
WCAS (write to cassette) key, and the Instructor 50tm will record 
your program onto a tape cassette. Later, you can rewind the 
tape, depress the RCAS (read from cassette) key, and reload com­
puter memory. By saviri.g your programs on tape, you can easily 
create your own library of programs. 

Monitor Firmware Makes It Easy. The USE (User System 
Executive) Monitor firmware makes the Instructor 50tm the best 
system of its kind. Most systems require start-up procedures be­
fore a program can be loaded or executed. The Instructor 50tm 

does not. Its USE Monitor program runs automatically as soon as 
the system is turned on. And an LED display provides helpful 
prompting and error messages. 

While in the monitor mode, you may: 

• enter and alter a program.' 
• read in a previously saved program from audio cassette tape. 
• display and alter the contents of the microcomputer's general 

purpose working registers and/or Program Status Word. 
• examine and alter the contents of the Program Counter and 

memory locations. 
• specify and examine a program breakpoint. 
• step through a program one instruction at a ·time. 
• save a program on cassette tape. 
• begin execution of a program you have written. 

Space for Expansion.* Equipped with an S-100 type expansion 
interface, the Instructor 50tm can be converted from a learning 
device to a small system computer - limited only by the number 
and type of peripheral boards used. Moreover, the powerful I 

program/data entry and debug facilities of the basic Instructor 
50tm can be extended to any device connected to the S-100 bus 
interface. 

Heart of the System. The Instructor 50tm uses the Signetics 
2650 microprocessor as the central processing element. Recog­
nized as the microprocessor "most like a minicomputer," the 26ti0 
reads instructions from program storage and, by executing these 
instructions, performs all the arithmetic and logical operations 
required. The 2650 also provides the system program with the 
physical means to access and control the system's input and out­
put functions. 
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DESKTOP COMPUTER 

FUNCTIONAL DESCRIPTION 

• Eight-Digit Display Panel. This versatile display helps you 
learn by visually reinforcing the data the moment you enter it 
into the Instructor 50tm . With it, you may examine and alter 
internal data, set up program parameters, observe the effects of 
your program one step at a time, and even write a program to 
display your own messages. Presenting some alphabetic, as 
well as numeric characters, it prompts you to enter necessary 
parameters and even tells you when you've made an error! 

• Cassette Connectors. Virtually a.ny audio cassette recorder 
can be hooked up here - and we supply the cords with the 
Instructor 50tm. Use this connection to read a program into the 
microprocessor or take the program you've written through the 
keyboard and save it on an audio cassette tape. 

e Hexadecimal KCj'hoard. ~YIost professional programmers use 
the hexadecimal (base 16) numbering system. If you're not al­
ready familiar with this system, you'll learn about it in the 
Introductory Manual. And after a few turns at this keyboard, 
you'll understand why the hexadecimal system is preferred and . 
how you can successfully use it for "machine language" pro-
gramming. . 

• Functional Control Keyboard. Each of these 12 buttons 
commands the Instructor 50tm to perform a pre-defined opera­
tion ~s described in the Users' Guide. And three of the most 
used functions are color coded to make the keyboard even faster 
and easier to use. 

• DirecUIndirect Interrupt Switch. This switch lets you learn 
and understand an important programming concept, direct and 
indirect "interrupt vectoring." The Instructor 50tln's 2650 
microprocessor is one of the few to offer this sophisticated fea­
ture. 

• Port Address Select Switch. This 3-position switch is used in 
conjunction with the Port Data Indicators and Port Data Input 
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Switches. By providing three different ways to connect this 
"inpuUoutput" port to your microprocessor, it illustrates impor­
tant tradeoffs that system designers must make. 

• Port Data Input Switches. Connected to an "input port," 
these eight rugged, numbered switches let you select up to 256 
input combinations! You're limited only by your desire to learn 
with these simple switches at your command. Similar to the 
control switches found on large computers, they allow you to 
control the program flow of the micropro!essor. Tell it what 
program to run. Or even use one or more of the combinations to 
play blackjack or a similar game. 

• Port Data Indicators. These eight LEDs connected to an 
"output port" are your direct line to data within the 2650 
microprocessor - the l)eart of the Instructor 50tm. As they 
blink they're showing you the actual "ones" and "zeroes" being' 
outputted from your unit. As your experience with the Instruc­
tor 50tm increases, j.TOU ~vill gain a clear understanding of the 
internal operations of your learning tool. 

• Flag Indicator. This LED signals the "Flag" condition, a spe­
cial feature of the Instructor 50's 2650 microprocessor. This 
visual monitor lets you know when you've reached a limiting 
condition such as calculator overflow, or when you've reached a 
certain point in your program. It also can be used to illustrate 
"serial communications" concepts. 

• Run Indicator. Another special monitor. This LED keeps a 
constant watch on the "run" signal of the 2650 microprocessor. 
And it's a straightforward way to verify that the 2650 is run­
ning a program - n~t in a paused or halted mode. 

• Instruction Reference Chart. Before you know it, operating 
the Instructor 50tm will become second nature to you. But to 
make it even easier, we've printed a chart with basic instruc­
tions right on top of the unit. So in most cases, you won't need 
to refer to the comprehensive User's Guide or Introductory 
Manual that also come with your unit. 
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The Alternate Source Directory is an industry-wide 
cross reference of those devices which manufac­
turers claim are pin-for-pin and functional equiva­
lents to IC's made by other firms. It is a compilation 
of many individual references and shows literally 
thousands of alternates that aren't implied by their 
model numbers, especially in the linear and mem­
ory areas. Unlike the usual alternate source guides, 
this directory leads you to many alternate sources 
for any particular device, not just one. It is the most 
comprehensive alternate source directory ever pub­
lished and contains over 44,000 cross references. 

how to use , 
the alternate source directory 
The second column of this Alternate Source Direc­
tory shows devices which are replacements for 
those in the first column. Devices listed in BOLD 
FACE type have technical data in the Master Selec­
tion Guide. This information begins on the page 
listed to the right of the BOLD FACE part numbers. 
Products preceded by a • have been discontinued 
by the manufacturer. This section does include 
devices not listed in the Master Selection Guide; 
e.g., discontinued items, DTL and 54L devices. 

This list is compiled from manufacturers' recom­
mendations. Since there is a tendency for every 
company to show only itself as an alternate to the 
prominent manufacturers, and for the larger ones 
to ignore the smaller ones, not every device is refer­
enced both ways to every other one. Therefore, if 
you are looking for alternates to a lesser known 
company'~ device, take the replacements you find, 
especially if they are made by prominent companies 
and iook them up to see if you can find any other 
sources. 
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In order to maintain this list within some reason­
able bounds, the A and B suffixes indicating im­
proved versions generally have been dropped. If 
this weren't done, for example, every higher speed 
selection conjured up by a memory manufacturer 
would result in a device that could replace many 
equal or slower competitors and this directory 
would become highly involved in slight performance 
variations. Moreover, improved performance is only 
important if your circuits take advantage of it. 

One of the difficulties with any cross reference is 
that devices meant to be alternates do not neces­
sarily perform the same in all circuits. Thus, it will 
be necessary for you to check specifications, or 
even to check circuit performance before deciding 
which alternates are right for you. A major benefit 
of this list is that it gives you more alternatives to 
study. But if you don't find what you need here, it 
may be possible to find additional alternates by 
locating the device in the Master Selection Guide. 
Particuarly for digital circuits, the other products 
grouped with it will normally offer similar or iden­
tical performance. 
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Page 

Advanced Micro Devices 

.AM2071 Signetics 82S07 
AM25LS07 Motorola SN74LS378 

TI SN54LS378 I 
SN74LS378 ! 

AM25LS08 Motorola SN74LS379 
TI SN54LS379 

SN74LS379 
AM25LS09 Motorola SN74LS399 

TI SN54LS399 
SN74LS399 

AM25LS138 National DM54LS138 
DM74LS138 

Raytheon 25LS138 
AM25lS139 National DM54LS139 

DM74LS139 
Raytheon 25LS139 

AM25LS14 Motorola SN74LS384 
Raytheon 25LS14 

AM25LS15 Motorola SN74LS385 
Raytheon 25LS15 

AM25LS151 National DM54LS151 
DM74LS151 

Raytheon 25LS151 
AM25LS1'53 National DM54LS153 

DM74LS153 
Raytheon 25LS153 

AM25LS157 National DM54LS157 
DM74LS157 

RaytheQn 25LS157 
AM25LS158 National DM54LS158 

DM74LS158 
Raytheon 25LS158 

AM25LS1S0 National DM54LS160 
DM74LS160 

Raytheon 25LS160 
AM25LS161 National DM54LS161 

DM74LS161 
Raytheon 25LS161 

AM25LS162 National DM54LS162 
DM74LS162 

Raytheon 25LS162 
AM25LS163 National DM54LS163 

OM74LS163 
Raytheon 25LS163 I AM25l S 164 National DM54LS164 

DM74LSl64 
• AM25LS 170 Raytheon 25LS170 

AM25LS174 National DM54LS174 
DM74LS174 

Raytheon 25lS174 
AM25LS 175 National DM54LS175 

DM74LS175 
Raytheon 25LS175 

AM25LS181 National DM54181 
DM74181 

Raytheon 25LS181 
AM25LS 190 National DM54LS190 

DM74LS190 
Raytheon 25LS190 

AM25LS 191 National DM54LS191 
DM74LS191 

AM25LS192 Raytheon 25LS192 
AM25LS193 National DM54LS193 

DM74l:S193 
Raytheon 25LS193 

AM25LS194A Raytheon 25LS194A 
AM25LS195 Raytheon 25LS195 
AM25LS22 Motorola SN74LS322 

Raytheon 25LS22 
TI SN54LS322 

SN74LS322 
AMZ5LS23 Motorola SN74LS323 

Raytheon 25LS23 
TI SN54LS323 

SN74LS323 
AM25LS241 Raytheon 25LS241 
AM25LS242 Raytheon 25LS242 
AM25LS243 Raytheon 25LS243 
AM25LS244 Raytheon 25LS244 
AM25LS251 Raytheon 25LS251 
I'\fVlC."L..Io:J(:OIO IVIUtUIUld \l1"/~L\:)~OOYY 

AM25LS253 Raytheon 25LS253 
AM25LS257 National DM54LS257 

• Discontinued 

::.acturer I :~~~ement Device Ie .. aater 
Page 

AM25LS257 National 
AM25LS258 National 

Raytheon 
AM25LS273 Raytheon 
AM25LS299 Raytheon 
AM25LS322 Ravtheon 
AM25LS323 Raytheon 
AM25LS374 Raytheon 
AM25LS377 Raytheon 
AM25LS384 Raytheon 
AM25LS385 Raytheon 

.AM25LS670 Raytheon 
AM25L02 National 
AM25L03 National 
AM25L04 National 
AM25S10 Signetlcs 
AM2502 Intersil 

National 
AM2503 Intersil 

National 
AM2504 Intarsil. 

National 
AM2505 Raytheon 

AM26LS31 National 
TI 

AM26LS32 National 
TI 

AM26LS33 National 
TI 

AM26L02 National 

AM26L123 National 

AM26S02 National 

AM26S10 Fairchild 
Motorola 
National 
Raytheon 
TI 

AM26S11 Fairchild 
Motorola 
National 
Raytheon 
TI 

AM2602 Nationa! 

AM26123 National 

TI 

AM27LSOO Fairchild 
National 

TI 
AM27LS01 Fairchild 

National 

AM27LS02 MMI 
AM27LS03 MMI 
AM27LS08 MMI 

AM27LS09 MMI 

AM27LS10 Fairchild 
Harris 
NEC Micro 

AM27S02 MMI 

National 

NEC Micro 
TI 

AM27S03 Fairchiid 
MMI 

National 

TI 

DM74LS257 
DM54LS258 
DM74LS258 
25LS258 
25LS273 
25LS299 
25LS322 
25LS323 
25LS374 
25LS377 
25LS384 
25LS385 
25LS670 
DM2502 
DM2503 
DM2S04 
74S35O 
2502 
DM2502 
2503 
DM2503 
2504 
DM2504 
RC2505 
RM2505 
DS26LS31 
AM26LS31 
DS26LS32 
AM26LS22 
DS26LS33 
AM26LS33 
DM8602 
DM9602 
DM54L123 
DM74L123 
DM8602 
DM9602 
9640 
MC26S10 
DS26S10 
26S10 
AM26S10 
9641 
MC26S11 
DS26S11 
26S11 
AM26S11 
DM8602 
DM9602 
DM54123 
DM74123 
SN54123 
SN74123 
93421 
DM54S200 
DM74S200 
SN74LS200 
93411 
DM54S206 
DM74S206 
27LS02 
27LS03 
53LSOSO 
63LSOSO 
53LS081 
63LS081 
93416 
HPROM1024 
~PB403 

27S02 
5560 
6560 
DM54S289 
DM74S289 
~PB2089 

SN54S289 
SN74S289 
93405 
27S03 
5561 
6561 
DM54S189 
DM74S189 
UM/bl:ll:l 

DM8599 
SN54S189 

1073 
1073 
1073 

561 

1073 

1073 

1073 

1252 

1458 
1458 
1458 
1458 

i 

I 

Ie Master Manufacturer I Replacement 
Device Source Device Page 

AM27S03 TI 
AM27S08 Harris 

MMI 
National 

TI 

AM27S09 Harris 
MMI 

National 

Signetlcs 

TI 

AM27S10 Harris 

MMI 

National 

NEC Micro 
TI 

AM27S11 liarrl$ 

Intel 

MMI 

National 

TI 

AM27S12, MMI 

Raytheon 
Signetics 

AM27S13 MMI 

Raytheon 
5ignetics 

AM27S18 MMI 

AM27S19 MMI 

AM27S20 MMI 

Raytheon 
Signetics 

AM27S21 MMI 

Raytheon 
AM27S28 MMI 

AM27S29 MMI 

AM27S30 MMI 

AM27S31 MMI 

AM27S32 MMI 

~gnetics 

AM27S33 MMI 

Signetlcs 

AM2700 MMI 
Signetics 
TI 

AM2701 Fairchild 

SN74S189 
HM7602 1284 
5330-1 1449 
DM7577 
DM8577 
SNS4S188 1708 
SN74S188 1708 
HM7603 1284 
5331-1 1449 
6331-1 1449 
DM7578 
DM8578 
N82S123 1680 
882S123 1680 
82S123 
SNS4S288 1708 
SN74S288 1708 
HM761 0 

1284,1292 
HM7610A 
5300-1 1449 
6300-1 1449 
DM54S387 
DM74S387 
~PB403 

SN54S387 1708 
SN74S387 1708 
HM7611 

1284,1292 
HM7611A 
M3621 
3621 
5301-1 
6301-1 
DM54S287 
DM74S287 
SNS4S287 
SN74S287 
5305-1 
6305-1 
29610 
N82S13O 
882S13O 
5306-1 
6306-1 
29611 
N825131 
S82S131 
53S08O 
63S08O 
538081 
63S081 
535140 
53S24O 
63S14O 
63S24O 
29660 
N82S14O 
8825140 
53S141 
535241 
635141 
'63S241 
29661 
535480 
63S480 
535481 
635481 
535482 
635482 
535483 
635483 
53S44O 
63S44O 
N82S136 
582S136 
538441 
638441 
N82S137 
882S137 
6531 
N82516 
SN54S201 
:::'N/4:::'i!UUA 

SN74S201 
93411 

1449 
1449 

1708 
1708 
1440 
1449 
1654 
1680 
1680 
1449 
1449 
1SS. 
1680 
1680 
1453 
1453 
1453 
1453 
1453 
1453 
1453 
1453 
1664 
1680 
1680 
1453 
1453 
1453 
1453 
1664 
1453 
1453 
1453 
1453 
1453 
1453 
1453 
1453 
1453 
1453 
1680 
1680 
1453 
1453 
1680 
1680 

1678 

Manufacturer I Replacement 1C .... ter 
DevIce Source Devlce Page 

AM2701 MMI 6530 
Signetics 82S17 
TI SN54S301 

SN74S300 
SN74S301 

AM2802 Synertek SY2802 
AM?803 Synl'lrtek SY2803 
AM2804 Synertek SY2804 
AM2809 TI TMS3128 
AM2812 Plessey MP3812 
AM2814 TI TMS3114 
AM2825 Synertek SY2825 
AM2826· Synertek SY2826 
AM2827 Synertek SY2827 
AM2833 Synertek SY2833 
AM2847 TI TMS3120 
AM2901 Motorola MC2901 

Raytheon AM2901 
AM2901A Fairchild F2901A 

MMI 2901 A 
Motorola MC2901 A 
National IDM2901 A 286 
NEC Micro ~PB2901A 
Raytheon AM2901 A 
Signetlca N2901A 2279 

AM2902 Motorola MC2902 
NEC Micro ~PB2902A 

Raytheon AM2902 
AM2903 Fairchild F2903 

Motorola MC2903 
AM2905 MMI 2905 

Motorola MC2905 
NEC Micro ~PB2905A 
Raytheon AM2905 

AM2906 MMI 2906 
Motorola MC2906 
NEC Micro ",PB2906A 
Raytheon AM2906 

AM2907 MMI 2907 
Motorola MC2907 
NEC MicrQ ~PB2907A 

Raytheon AM2907 
AM2909 MMI 2909 

Motorola MC2909 
NEC Micro ~PB2909A 

Raytheon AM29Q9 
AM291 0 Fairchild F2910 I tJ.ctorola MC2910 I 
AM2911 MMI 2911 

I 
Motorola MC2911 
NEC Micro ~PB2911A 
Raytheon AM2911 

AM2914 Fairchild F2914 I AM2915A MMI 2915A 

I 
Motorola MC2915A 
NEC Micro /-LPB2915A 
Raytheon AM2915A 

I 
AM2916A MMI 2916A 

Motorola MC2916A 
NEC Micro IlPB2916A 
Raytheon AM2916A ! 

AM2917A MMI 2917A 
Motorola MC2917A 
NEC Micro ~B2917A 
Raytheon AM2917A 

AM2918 MMI 2918 
Motorola MC2918 
NEC Micro ~PB2918A 

Raytheon AM2918 
AM2919 MMI 2919 
AM29701 MMI 29701 
AM29702 MMI 29702 

National IDM:?Q70~ 

AM29703 MMI 29703 
National IDM29703 

AM29750 MMI 5330-1 1449 
6330-1 1449 

National IDM29750 
AM29751 MMI 5331-1 1449 

6331-1 1449 
National IDM29751 

AM29760 MMI 5300-1 1449 
6300-1 1449 

National IDM29760 
AM29761 MMI 5301-1 1449 

6301-1 1449 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
IIlI'IIIflCtUrer I Replacement IC Master llanufac:turer I Replacement IC llaater ltII'IIIfacturer I Replacement IC llaater IIMufacturer I Replacement . IC Mater 
0evIce Source Devic:e Page Device Source Device Page DevIc:e Source DevIc:e PIge DevIc:e Source Device Page 

Advanced Micro Devices LF355 National LF355 LM202 Silicon G SG202 NE555 Cherry CS555 

(cont'd). 
PMI PM355 LM205 Intersil LM205 Exar XR555 
Raytheon LF355 Motorola LM205 XR555M 
Signetics LF355 Raytheon LM205 Fairchild p.A555 

AM29761 National IOM29761 TI LF355 Sificon G SG205 Motorola MC1455 

AM29770 MMI 5305-1 1449 LF356 Fairchild p.AF356 LM207 Fairchild p.A2.07 National LM555 

6305-1 1449 Intersil LF356 Intersil LM207 Silicon G SG555 

AM29771 MMI 5306-1 1449 Motorola LF356 Motorola LM207 NE556 Exar XR556 

6306-1 1449 National LF356 1035,1073 Raytheon LM207 Fairchifd p.A556 

AM29772 MMI 53S480 1453 PMI PM356 RCA CA207 Sificon G SG556 

63S480 1453 Raytheon LF356 Silicon G SG207 SE555 Exar XR555 

AM29773 MMI 535481 1453 Signetics LF356 LM20S AD A020S Silicon G SG555 

635481 1453 TI LF356 Fairchild p.A208 SE556 Exar XR556M 

AM54LS 170 TI SN54LS170 LF357 Fairchild p.AF357 Intersil LM208 Silicon G SG556 

AM6070 PMI OAC-76 Intersil LF357 Motorola LM20S SN54LS 123 National DM54LS123 

AM6072 PMI OAC-86 Motorola LF357 Raytheon LM208 Raytheon 54LS123 

AM6073 PMI OAC-87 National LF357 RCA CA20S TI SN54LS123 

OAC..()8 oat .. DAc.oea 670 PMI PM357 Silicon G SG20S SN54LS138 Fairchifd 54LSl38 

PMI OAC-08 Raytheon LF357 LM2l0 Intersi! LM210 Motorola "sN54LS138 

Signetics OAC-OS Signetics LF357 Motorola LM2l0 Raytheon 54LS138 

DM7820 Signetlcs OS7820 TI LF357 PMI BUF-01 SN54LS 139 Fairchild 54LS139 

DM7820A Signetics DS7820A LF398 PMI SMP-11 BUF-02 Motorola SN54LS139 

TI SN55182 LM101 AD A0101 Silicon G SG21 0 National OM54LS139 

OM7830 Signetics OS7830 Fairchild p.A101 LM211 Intersi! LM211 Raytheon 54LS139 

TI SN55183 Intersil LM101 Motorola LM211 Signetics 74LS139 

OM7831 TI OS7831 Motorola LM101 Raytheon LM2l1 TI SN54LS139 

DM7832 TI OS7832 National LM101 1035 RCA CA2l1 SN54LS148 TI SN54LS148 

OM8820A TI SN75182 RCA CA101 Signetics LM211 SN54LS151 Fairchild 54LS151 

OM8830 Signetics OS8830 Signetics LM101 Silicon G SG211 Motorola SN54LS151 

TI SN75183 Silicon G SG101 LM218 AD AD518 National OM54LS151 

OM8831 TI OS7831 LM102 Fairchild p.Al02 Raytheon LM218 Raytheon 54LS151 

OM8832 TI OS7832 Silicon G SG102 LM239A PMI CMP-04 Signetics 54LS151 

OP8303 National OP8303 LM105 Fair~hild p.A105 934 PM239A TI SN54LS151 

OP8304 National OP8304 Intersil LM105 LM248 Exar XR4741 SN54LS153 Fairchild 54LS153 

LF155 Fairchild p.AF155 Motorola LM105 Raytheon LM248 Motorola SN54LS153 

Intersil LF155 National LM105 LM301 AD A0301 National OM54LS153 

Motorola LF155 Raytheon LM105 Fairchild p.A30l Raytheon 54LS153 

Nationaf LF155 1035 Silicon G SG105 Intersil LM301 Signetics 54LS153 

PMI PM155 LM107 Fairchild p.Al07 Motorola LM301 TI SN54LS153 

Raytheon LF155 Intersil LM107 Raytheon LM301 SN54LS157 Fairchild 54LS157 

Signetics LF155 Motorola LM107 RCA CA301 Motorola SN54LS157 

TI LF155 National ~M107 Signetics LM301 National OM54LS157 

LF156 Fairchild p.AF156 Raytheon LM107 /' Silicon G SG301 Raytheon 54LS157 

Intersil LFl56 RCA CA107 LM302 Fairchild p.A302 Signetics 54LS157 

Motorola LFl56 Silicon G SG107 Silicon G SG302 TI SN54LS157 

National LF156 1035 LM10S AD AD10S LM305 Fairchild p.A305 934 SN54LS158 Fairchild 54LS158 

PMI PM156 Fairchifd p.A1OS Intersil LM305 Motorola SN54LSl58 

Raytheon LF156 Intersil LM108 Motorola LM305 Raytheon 54LS158 

Signetics LFl56 Motorola LM108 . Raytheon LM305 SN54LS160 Fairchild 54LS160 

TI LF156 National LM108 1035 Silicon G SG305 Motorola SN54LS160A 

LF157 Fairchild p.AF157 Raytheon LM10S LM307 Fairchild p.A307 National OM54LS160 

Intersil LF157 RCA CAl 08 Intersil LM307 Raytheon 54LSl60 

Motorola LF157 Signetics LM10S Motorola LM307 TI SN54LSl60A 

National LF157 1035 Silicon G SG10S Raytheon LM307 SN54LS161 Fairchild 54LS161 

PMI PM157 LM110 Fairchild p.Al10 RCA CA307 Motorola SN54LS161A 

Raytheon LF157 Intersi! LM110 Signetics LM307 National OM54LS161 

Signetics LF157 Motorola LM110 Silicon G SG307 Raytheon 54LS161 

TI LF157 National LM110 LM308 AD A030S Signetics 54LS161 

LF255 Fairchild p.AF255 PMI BUE-Ol Fairchild p.A3OS TI SN54LS161A 

Intersil LF255 BUF-02 Intersil LM308 SN54LS162 Fairchild 54LS162 

Motorola LF255 Silicon G SG110 Motorola LM308 Motorola SN54LS162 

National LF255 LM111 Fairchild p.A111 Raytheon LM30S National OM54LS162 

PMI PM255 Intersil LM111 RCA CA30S Raytheon 54LS162 

Raytheon LF255 Motorola LM1l1 Signetics LM308 TI SN54LS162A 

Signetics LF255 National LM111 Silicon G SG308 SN54LS163 Fairchild 54LSl63 

TI LF255 Raytheon LM111 LM310 Fairchild p.A31 0 Motorola SN54LSl63A 

LF256 Fairchild p.AF256 RCA CAll1 Intersil LM310 National DM54LS163 

Intersil LF256 Signetics LM111 Motorola LM310 Raytheon 54LS163 

Motorola LF256 Silicon G SGll1 PMI BUF-01 Signetics 54LS163 

National LF256 LM118 AD AD518 BUF-02 TI SN54LS163A 

PMI PM256 National LM118 1035 Silicon G SG310 SN54LS164 Fairchild 54LS164 

Raytheon LF256 Raytheon LM118 LM311 Fairchifd p.A311 Motorola SN54LS164A 

Signetics LF256 LM139 Fairchild p.A139 Intersil LM311 National OM541S164 

n LF256 LM139A PM' CMP-04 Motorola LM311 Raytheon 54LS164 

LF257 Fairchild p.AF257 PM139A Raytheon LM311 Signetics 54LS164 

Inte(siI LF257 LM148 Exar XR4741 RCA CA311 TI SN54LSl64A 

Motorola LF257 Raytheon LMl48 Signetics LM311 SN54LS168 Fairchild 54LSl68 

National LF257 LM201 AD A0201 Silicon G SG311 National OM54LSl68 

PMI PM257 Fairchild p.A201 LM318 AD A0518 TI SN54LSl68 

Raytheon LF257 Intersil LM201 Raytheon LM318 SN54LS169 Fairchild 54LSl69 

Signetics LF257 

I 
M9torola LM201· LM339 Fairchild p.A339 National OM54LS169 

TI LF257 National LM201 Silicon G SG339 TI SN54LS169 

LF298 PMI SMP-11 RCA CA201 LM339A PMI CMP-04 SN54LS170 Fairchild 54LS170 

LF355 Fairchild p.AF355 

I ~202 
Signetics LM201 PM339A Motorola SN54LS170 

lntersil LF355 Silicon G SG201 LM348 Exar XR4741 National OM54LS170 
Motorola LF355 Motorola LM210 Raytheon LM348 Raytheon 54LS170 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications conSidering your requirements. 
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ICMASTER 
Manufacturer I Replacement IC Master =:cturer I ::!.ca:""ent Device 

IC Master Manufacturer I Reptac:ement IC Muter 
:::-urer I =ement Device 

IC Muter 
Device Source Devtce Page Page Device Source Device Page Page 

Advanced Micro Devices ' SN54LS299 Motorola SN54LS299 SN54123 National DM54123 SN5520 Fairchild 5520 

(cont'd) 
Raytheon 54LS299 533 Signetics 54123 SN5521 Fairchild 5521 
TI SN54LS299 TI SN54123 SN55234 Fairchild 55234 

SN54LS322 Motorola SN54LS322 SN54154 Fairchild 54154 TI SN55234 

SN54LS170 Signetics 54LS170 TI SN54LS322 Motorola MC54154 SN55235 Fairchild 55235 

SN54LS174 Fairchild 54LS174 SN54LS323 Motorola SN54LS323 National DM54154 TI SN55235 

,Motorola SN54LS174 TI SN54LS323 

~51 
Signetics 54154 SN55238 Fairchild 55238 

National DM54LS174 SN54LS373 Motorola SN54LS373 TI SN54154 TI SN55238 

Raytheon 54LS174 SN54LS374 MMI 54LS374 SN54157 Fairchild 54157 SN55239 Fairchild 55239 

Signetics 54LS174 Motorola SN54LS374 Motorola MC54157 TI SN55239 

TI SN54LS174 TI SN54LS374 National DM54157 SN5524 Fairchild 5524 

SN54LS 175 Fairchild 54LS175 SN54LS377 Motorola SN54LS377 Signetics 54157 SN5525 Fairchild 5525 

Motorola SN54LS175 TI SN54LS377 TI SN54157 SN55325 Fairchild 55325 

National DM54LS175 SN54LS378 Fairchild 54LS378 SN54160 Fairchild 54160 TI SN55325 

Raytheon 54LS175 TI SN54LS378 

I 
Motorola MC54160 SN74LS123 Hitachi HD74lS123 

Signetics 54LS175 SN54LS379 Motorola SN54LS379 National DM54160 National DM74LS123 

Tt SN54LS175 TI SN54LS379 Signetics 54160 Raytheon 74LS123 

SN54LS181 Fairchild 54LS181 SN54LS381 TI SN54LS381 TI SN54160 TI SN74LS123 

Motorola SN54LS181 SN54LS384 Motorola SN54LS384 SN54161 Fairchild 54161 SN74LS138 Fairchild 74LS138 

Raytheon 54LS181 TI SN54LS384 Motorola MC54161 Hitachi HD74LSl38 

Signetics 54LS181 SN54LS385 Motorola SN54LS385 National DM54161 Motorola SN74LS138 

TI SN54LS181 TI SN54LS385 Signetics 54161 National DM74LSl38 

SN54LSl90 Fairchild 54LSl90 SN54LS399 Motorola SN54LS399 TI SN54161 NEe America ;.tPB74LS138 

Motorola SN54LS190 TI SN54LS399 SN54162 Fairchild 54162 Raytheon 74LS138 

National DM54LS190 SN54LS424 TI SN54LS424 Motorola MC54162 Signetics 74LS138 

Raytheon 54LS190 SN54LS568 Motorola SN54LS568 National DM54162 TI SN74LSI38 

Signetics 54LS190 SN54LS569 Motorola SN54LS569 Signetics 54162 SN74LS139 Fairchild 74LS139 

TI SN54LS190 SN54LS670 Fairchild 54 LS670 TI SN54162 Hitachi HD74LS139 

SN54LS191 Fairchild 54LS191 Motorola SN54LS670 SN54163 Fairchild 54163 Motorola SN74LS139 

Motorola SN54LS191 National DM54LS670 Motorola MC54163 National DM74LSl39 

National DM54LS191 Raytheon 54LS670 National DM54163 NEe America ;.tPB74LS139 

Raytheon 54LS191 Signetics 54LS670 Signetics 54163 Raytheon 74LS139 

Signetics 54LS191 TI SN54LS670 TI SN54163 Signetics 74LS139 

TI SN54LS191 SN54S138 Fairchild 54S138 SN54164 Fairchild 54164 TI SN74LS139 

SN54LS192 Fairchild 54LS192 TI SN54S138 National DM54164 SN74LS148 TI SN74LS148 

Motorola SN54LS192 SN54S139 Fairchild 54S139 Signetics 54164 SN74LS151 Fairchild 74LS151 

National DM54LS192 Signetics' 54S139 TI SN54164 Hitachi HD74LS151A 

Raytheon 54LS192 TI SN54S139 SN54175 Fairchild 54175 Motorola SN74LS151 

Signetics 54LS192 SN54S140 Fairchild 54S140 Motorola MC54175 National DM74LS151 

TI SN54LS192 Signetics 54S140 National DM54175 NEe America ;.tPB74LS151 

SN54LS193 Fairchild 54LS193 TI SN54S140 Signetics 54175 Raytheon 74LS151 

Motorola SN54LS193 SN54S151 Fairchild 54S151 TI SN54175 Signetics 74LS151 

National DM54LS193 Signetics 54S151 SN54181 Fairchild 54181 TI SN74LS151 

Raytheon 54LS193 TI SN54S151 9341 SN74LS153 Fairchild 74LS153 

Signetics 54LS193 SN54S153 Fairchild 54S153 Motorola ' MC54181 Hitachi HD74LS153 

TI SN54LS193 Signetics 54S153 National DM54181 Motorola SN74LS153 

SN54LS194A Fairchild 54LS194 n SN54S153 Signetics 54181 National DM74lS153 

Raytheon' 54LS194A SN54S157 Fairchild 54S157 TI SN54181 NEe America ;.tPB74LS153 

TI SN54LS194A Signetics 54S157, SN74181 Raytheon 74LS153 

SN54LSI95A Fairchild 54LS195 TI SN54S157 SN54182 Fairchild 54182 Signetics 74LS153 

Raytheon 54LS195A SN54S158 Fairchild 54S158 9342 TI SN74LS153 

Signetics 54LS195A Signetics 54S158 Motorola MC54182 SN74LS157 Fairchild 74LS157 

n SN54LS195A I 
T! SN54S158 National DM54182 Motorola SN74LS157 

SN54LS240 Fairchild 54LS240 SN54S174 Fairchild 54S174 Signetics 54182 National DM74LS157 
MMI 54LS24O 768

1 

TI SN54S174 T! SN54182 NEe America ;.tPB74LS157 

TI SN54LS240 SN54S175 Fairchild 93S411 SN74182 Raytheon 74LS157 
SN54LS241 Fairchild 54LS241 

768

1 

TI SN54S175 SN54192 Fairchild 54192 Signatics 74LS157 

MMI 54LS241 SN54S181 Fairchild 54S181 Motorola MC54192 TI SN74LS157 

TI SN54LS241 93S41 National 0054192 SN74LS158 Fairchild 74LS158 
SN54LS242 Fairchild 54LS242 Signetics 54S181 Signetics 54192 Motorola SN74LS158 

Raytheon 54LS242 528 Ti SN54S181 TI SN54i92 Natlona! DM74lS158 
TI SN54LS242 SN54S189 TI SN54S189 SN54193 Fairchild 54193 Raytheon 74LS158 

SN54LS243 Fairchild 54LS243 SN54S194 Fairchild 54S194 Motorola MC54193 Signetics 74LS158 
Raytheon 541;8243 528 TI SN54S194 National DM54193 TI SN74LS158 
TI SN54LS243 SN54S195 Fairchild 93S00 Signetics 54193 SN74LS160 Fairchild 74LS160 

SN54LS245 Motorola SN54LS245 TI SN54S195 TI SN54193 Hitachi HD74LSI60A 
SN54LS251 Fairchild 54LS251 SN54S240 MMI 54S24O 768 SN54194 Fairchild 54194 Motorola SN74LS160A 

Motorola SN54LS251 TI SN54S240 Motorola MC54194 National DM74LS160 
Raytheon 54LS251 SN54S241 MMI 54S241 768 National DM54194 Raytheon 74LS160 
Signetics 54LS251 Raytheon 54S241 Signetics 54194 Signetics 74LS160A 
TI SN54LS251 TI SN54S241 TI SN54194 TI SN7.4LS160A 

SN54LS253 Fairchild 54LS253 SN54S244 MMI 545244 768 SN54195 Fairchild 54195 SN74LS161 Fairchild 74LS161 
Motorola SN54LS253 Raytheon 54S244 Motorola UC54195 Hitachi HD74LS161A 
National DM54LS253 SN54S251 Fairchild 54S251 National DM54195 Motorola SN74LS161A 
Raytheon 54LS253 Signetics 54S251 Signetics 54195 National DM74LS161 
Signetics 54LS253 TI SN54S251 TI SN54195 NEe America j1PB74LS161 
TI SN54LS253 SN54S253 Fairchild 54S253 SN54259 TI SN54259 Raytheon 74LS161 

SN54LS257 Motorola SN54LS257A Signetics 54S253 SN5489 MMI 5560 Signetics 74LS161A 
Raytheon 54LS257 SN54S257 Fairchild 54S257 SN55107 Fairchild 55107 TI SN74LS161A 

SN54LS258 Fairchild 54LS258A Signetics 54S257 TI SN55107 SN74LS162 Fairchild 74LS162 
Motorola SN54LS258 TI SN74S257 SN55108 Fairchild 55108 Hitachi HD74LS162A 
Raytheon 54LS258 SN54S258 Fairchild 54S258 TI SN55108 Motorola SN74LS162A 
Ti SN54LS258 Signeiics 54S258 SN55109 Fairchild 55109 NatiOnal DM74LS162 ...... _ ...... _-- .. 

_ ........ ..,.. ... _&.,.f"'" ,,,,V,"VIVIQ VI"lv"1'L.V'-'U .. . "ea,,,,·.,,..,·· 
TI SN54LS273 SN54123 Fairchild 54123 SN55110 Fairchild 55110 SigneticS 74LS162A 

SN54LS299 Fairchild 54LS299 Motorola MC54123 TI SN55110 TI SN74LS162A 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted, 
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ALTERNATE SOURCE DIRECTORY 

:~:cturer I =~:'""'"t Device 
ICMaster Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master 

Page Device Source Device Page Device Source Device Page Device Source Device Page 

Advanced Micro Devices SN74LS195A Motorola SN74LS195A SN74LS374 MM! 74LS374 505 SN74S195 National DM74S195 

(cont'd) 
NEG America IlPB74LS195 Motorola SN74LS374 Signetics 74S195 
Raytheon 74LS195A Raytheon 74LS374 543 . TI SIiI74S195 
Signetics 74LS195A TI SN74LS374 SN74S240 Fairchild 74S240 

SN74LS163 Fairchild 74LS163 TI SN74LS195A SN74LS377 Fairchild 74LS377 MM! 745240 768 

Hitachi HD74LS163A SN74LS240 Fairchild 74LS240 Motorola SN74LS377 Raytheon 74S240 

Motorola SN74LS163A MM! 74LS24O 768 Raytheon 74LS3n 549 TI SN74S240 

National DM74LSl63 Motorola SN74LS240 Signetics 74 LS377 SN74S241 Fairchild 74S241 

Raytheon 74LS163 Raytheon 74LS24O 522 TI SN74LS377 MM! 74S241 768 

Signetics 74LS163 Signetics 74LS240 SN74LS378 Fairchild 74LS378 Raytheon 74S241 

TI SN74LS163A TI SN74LS240 Signetics SN74LS378 TI SN74S241 

SN74lS164 Fairchild 74LSl64 SN74lS241 Fairchild 74LS241 TI SN74lS378 SN74S244 MM! 74S244 768 

Hitachi HD74LSl64 MM! 74LS241 768 SN74LS379 Fairchild 74lS379 
SN74S~1 

Raytheon 74S244 

Motorola SN74LS164 Motorola SN74lS241 Motorola SN74lS379 Fairchild 74S251 

National DM74lS164 Raytheon 74LS241 525 TI SN74lS379 Hitachi HD74S251 

NEG America IlPB74LSl64 Signetics 74lS241 SN74LS381 TI SN74LS381 Mitsubishi M5S251 

Raytheon 74LS164 TI SN74LS241 SN74lS384 Fairchild 74LS384 National DM74S251 

Signetics 74LS164 SN74lS242 Fairchild 74lS242 Motorola SN74lS384 Signetics 74S251 

TI SN74LS164 Motorola SN74lS242 TI SN74lS384 TI SN74S251 

SN74lS168 Fairchild 74LS168 Raytheon 74LS242 528 , SN74LS385 Motorola SN74LS385 SN74S253 Fairchild 74S253 

National DM74lS168 Signetics 74LS242 TI SN74lS385 National DM74S253 

TI SN74LS168 TI SN74lS242 SN74lS399 Motorola SN74lS399 Signetics 74S253 

SN74lS169 Fairchild 74LS169 SN74lS243 Fairchild 74LS243 TI SN74lS399 SN74S257 Fairchild 74S257 

National DM74lS169 Motorola SN74LS243 SN74lS424 TI SN74LS424 Mitsubishi M5S257 

TI SN74LS169 Raytheon 74LS243 528 SN74lS568 Motorola SN74LS568 National DM74S257 

.SN74lS170 Fairchild 74LS170 Signetics 74lS243 SN74lS569 Motorola SN74LS569 Signetics 74S257 

Motorola SN74LS170 TI SN74LS243 .SN74lS670 Fairchild 74lS670 TI SN74S257 

National DM74lS170 SN74lS244 Fairchild 74lS244 Motorola SN74lS670 SN74S258 Fairchild 74S258 

Raytheon 74LS170 MMI 74LS244 768 National DM74lS670 Mitsubishi ,M5S258 

Signetics 74lS170 Motorola SN74LS244 Raytheon 74LS670 Signetics 74S258 

TI SN74LS170 Raytheon 74LS244 525 Signetics 74LS670 TI SN74S258 

SN74LS174 Fairchild 74LS174 Signetics 74lS244 TI SN74LS670 SN74S289 Fairchild 74S2!J9 

Hitachi HD74lS174 TI SN74LS244 SN74S138 Fairchild 74S138 NEC Micro IlPB2289 

Motorola SN74lS174 SN74LS245 Motorola SN74lS245 Mitsubishi M5S138 SN74123 Fairchild 74123 

National DM74lS174 SN74lS251 Fairchild 74LS251 National DM74S138 Mitsubishi M53323 

Raytheon 74lS174 Hitachi HD74lS251 Signetics 74S138 Motorola MC74123 

Signetics 74LS174 Motorola SN74LS251 TI SN74S138 National DM74123 

TI SN74LS174 National DM74lS251 SN74S139 Fairchild 748139 NEG America IlPB74123 

SN74lS175 Fairchild 74lS175 NEG America "PB74lS251 National DM74S139 Signetics 74.123 

Hitachi HD74LS175 Raytheon 74lS251 Signetics 74S139 TI SN74123 . Motorola SN74lS175 Signetics 74lS251 TI SN74S139 TRW 74123 

National DM74LS175 TI SN74LS251 SN74S151 Fairchild 74S151 SN74154 Fairchild 74154 

NEG America IlPB74LS175 SN74lS253 Fairchild 74LS253 Hitachi HD74S151 Mitsubishi M53354 

Raytheon 74lS175 Hitachi HD74LS253 Mitsubishi M5S151 Motorola MC74154 

Signetics 74lS175 Motorola SN74lS253 National DM74S151 National DM74154 

TI SN74lS175 National DM74LS253 Signetics 74S151 NEG America p.PB74154 

SN74LS181 Fairchild 93S41 NEG America p.PB74lS253 TI SN74S151 Signetics 74154 

Motorola SN74lS181 Raytheon 74lS253 SN74S153 Fairchild 74S153 TI SN74154 

Raytheon 74LS181 Signetics 74lS253 Mitsubishi M5S153 TRW 74154 

Signetics 74LS181 TI SN74lS253 National DM74S153 SN74157 FairchHd 74157 

Tl SN74LS181 SN74lS257 Fairchild 74lS257 Signetics 74S153 Hitachi HD74157 

SN74LS190 Fairchild 74lS190 Motorola SN74lS257A TI SN74S153 Mitsubishi M53357 

Motorola SN74lS190 National DM74lS257 SN74S157 Fairchild 74S157 Motorola MC74157 

National DM74lS190 NEG America p.PB74lS257 Mitsubishi M5S157 National DM74157 

Raytheon 74lS190 Raytheon 74LS257 National DM74S157 NEG America IlPB74157 

Signetics 74lS190 Signetics 74lS257 Signetics 74S157 Signetics 74157 

TI SN74lS190 TI SN74LS257A TI SN74S157 TI SN74157 

SN74LS191 Fairchild 74lS191 SN74lS258 Fairchild 74lS258 SN74S158 Fairchild 74S158 SN74160 Fairchild 74160 

Motorola SN74lS191 Motorola SN74LS258A Mitsubishi M5S158 Hitachi HD74160 

National DM74lS191 National DM74lS258 National DM74S158 Mitsubishi M53360 

Raytheon 74lS191 NEG America p.PB74lS258 Signetics 74S158 Motorola MC74160 

Signetics 74lS191 Raytheon 74lS258 TI SN74S158 National DM74160 

TI SN74lS191 Signetics 74lS258 SN74S160 Fairchild 93S10 Signetics 74160 

SN74lS192 Fairchild 74lS192 TI SN74LS258A SN74S161 Fairchild 93S16 TI SN74160 

Motorola SN74lS192 SN74lS273 Fairchild 74lS273 ' SN74S174 Fairchild 748174 TRW 74t60 

National DM74LS192 Motorola SN74LS273 Hitachi HD74S174 8N74161 Fairchild 74161 

NEG America "PB74LS192 Signetics 74LS273 Mitsubishi M5S174 Hitachi HD74161 

Raytheon 74LS192 TI S'N74LS273 National DM74S174 Mitsubishi M53361 

Signetics 74LS192 8N74LS299 Fairchild 74LS299 Signetics 74S174 Motorola MC74161 

TI SN74lS192 Motorola SN74LS299 TI SN74S174 National DM74161 

SN74LS193 Fairchild 74lS193 Raytheon 74LS299 533 SN74S175 Fairchild 748175 NEG America p.PB74161 

Motorola SN74l8193 TI SN74LS299 Hitachi HD74S175 8ignetics 74161 

National DM74lS193 SN74lS322 Fairchild 74LS322 Mitsubishi M5S175 TI SN74161 

NEG America pPB74lS193 Motorola SN74l8322 National DM74S175 TRW 74161 

Raytheon 74LS193 TI SN74lS322 Signetics 74S175 SN74162 Fairchild 74162 

Signetics 74lS193 SN74LS323 Fairchild 74lS323 TI SN74S175 Hitachi HD74162 

TI SN74lS193 Motorola SN74lS323 SN74S181 Fairchild 74S181 Mitsubishi M53362 

SN74LS194A Fairchild 74LS194 Raytheon 74LS323 540 93S41 Motorola MC74162 

Hitachi HD74LS194A TI SN74lS323 Hitachi HD74S181 National DM74162 

Motorola SN74lS194A SN74LS373 Fairchild 74LS373 Mitsubishi M5S181 Signetics 74162 

NEG America IlPB74LS194 MM! 74LS373 505 Signetics 74S181 TI 8N74162 
Raytheon 74LS194A Motorola SN74LS373 TI SN74S181 TRW 74162 
Signetics 74LS194A Raytheon 74LS373 543 SN74S194 Fairchild 74S194 SN74163 Fairchild 74163 
TI SN74lS194A Signetics - 74lS373 Signetics 74S194 Hitachi HD74163 

SN74LSl95A Fairchild 74LS195 TI SN74LS373 TI SN74S194 Mitsubishi M53363 
Hitachi HD74lS195A SN74lS374 Fairchild 74LS374 SN74S195 Fairchild 93Soo Motorola MC74163 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications conSidering your requirements. 
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Ie MASTER 

:~i~:=wrer I~:ement Device 
IC Master 

Advanced Micro Devices 
(cont'd) 

SN74163 National 
Signetics 
TI 
TRW 

SN74174 Fairchild 

Hitachi 
Mitsubishi 
Motorola 

National 

Slgnetlcs 

TI 

SN74175 Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEC America 
Signetics 

" 
SN74181 Fairchild 

Mitsubishi 
Motorola 
National 
NEC America 
Signetics 
TI 

SN74182 FSirchild 
Mitsubishi 
Motorola 
National 
NEC America 
Signetics 
TI 

SN74192 Fairchild 
Mitsubishi 
Motorola 
National 
NEC America 
5ignetics 
TI 

SN74193 Fairchild 
Mitsubishi 
Motorola 
National 
NEC America 
Signetics 
TI 

SN74194 Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI. 

SN74195 Fairchild 
Motorola 
National 
NEe Amenca 
Signetics 
TI 

SN74259 TI 
SN7489 Fairchild 

Mitsubishi 
National 
TI 
TRW 

SN75107 Fairchild 
TI 

SN75108 Fairchild 
TI 

SN75109 Fairchild 
TI 

SN75110 Fairchild 
TI 

SN7520 Fairchild 
~N70201 ratrchild 

TI 
SN75208 Fairchild 

• Discontinued 

DM74163 
74163 
SN74163 
74163 
54174 
74174 
HD74174 
M53374 
MC54174 
MC74174 
DM54174 
DM74174 
54174 
74174 
SN54174 
SN74174 
74175 
HD74175 
M53375 
MC74175 
DM74175 
/-LPB74175 
74175 
SN74175 
74181 
M53381 
MC74181 
DM74181 
/-LPB74181 
74181 
SN74181 
74182 
M53382 
MC74182 
DM74182 
JiPB74182 
74182 
SN74182 
74192 
M53392 
MC74192 
DM74192 
p.PB74192 
74192 
SN74192 
74193 
M53393 
MC74193 
DM74193 
/-LPB74193 
74193 
SN74193 
74194 
HD74194 
MC74194 
DM74194 
74194 
SN74194 
74195 
MC74195 
DM74195 
/-LPB74195 
74195 
SN74195 
SN74259 
7489 
M53289 
DM7489 
SN7489 
7489 
75107 
SN75107 
75108 
SN75108 
75109 
SN75109 
75110 
SN75110 
75S20 
"0207 
SN75207 
75208 

Page 

I 

I 

:n:urer I =:ecement 
Device 

IC Master Manufacturer I ReplKement IC Master lllnufacturer I Replacement IC lIaster 
Page Device Source DevIce . Page Device Source Device Page 

SN75208 TI SN75208 2708 Intel 2708 9lS298 Raytheon 9lS298 
SN7521 Fairchild 75S20 Motorola MCM2708 9050 TI TMS4050 
SN75234 Fairchild 75S234 National MM2708 9060 Fujitsu MB8107 

TI 'SN75234 TI TMS2708 NEC Micro /-LPD411 1547 
SN75235 TI SN75235 2841 Fairchild 3341A TI TMS4060 
SN75238 Fairchild 75238 2847 Fairchild 3347 9080A Intel 8080A 

TI SN75238 ' 29700 MMI 29700 National DP8080A 
SN7524 Fairchild 75S24 31101 MMI l5560 NEC Micro /-LPD8080A 2119 
SN75325 Fairchild 75325 l6560 TI TMS8080A 

TI SN75325 Signetics N82S25 1678 91101 NEC Micro /-LPD2101 1586 
SSS1408 AD AD1408 3110101 Signetics N8225 91102 Fairchild 21L02 1275 

Datel DAC-IC88C 671 3101 NEC America /-LPB2089 National MM2102 
PMI SSS1408 Signetics 82S25 NEC Micro /-LPD2102 1591 

SSS1508 Datel DAC-ICS8M 671 TI SN7489 Signetics 2102 
PMI SSS1508 3101A NEC America /-LPB2289 91L11 NEC Micro /-LPD2111 1595 

SSS725 PMI SSS725 5ignetics 3101A 9101 Intersil 7101 
S85741 PM! OP-02 TI SN545289 National MM2101 

SS5741 5N74S289 NEC Micro /-LPD2101AL 1586 
SSS747 PMI OP-04 3114 TI TMS3114 9102 FalrchHd 2102 1275 

5SS747 3341 Fairchild 3341 National MM21 02 
TMS2812 Plessey MP2812 5889 Fairchild 5489 NEC Micro /-LPD2102 1591 
0026 TI SN75369 National 005489 SignetiCS 2102 
1002 Mostek MK1OO2 Ti SN5489 Synertek SY21 02 
1101 Mostek MK4oo7 715 Fairchild ~715 9107 NEC Micro /-LPD411 1547 
1402 National MM1402 723 Fairchild ~723 934 9111 Intersil 7111 

Nortec 1402 Intersil 723 National MM2111 
Synertek SY1402 Motorola MC1723 NEC Micro /-LPD2111 1595 

1403 Nationa! MM1403 Raytnl:'!on RC723 9112 Intersil 7112 
Nortec 1403 RM723 National MM2112 
Synertek SY1403 RCA CA723 9114 AMI S2114 1196 

1404 National MM1404 Signetics ~723 Fujitsu MB8114 
Nortec 1404 Silicon G SG723 9124 AMI S2114 1196 
Synertek SY1404 725 Fairchild /-LA725 .9145 Harris HM6504 1363 

1408 Datal DAC-1C88C 671 PMI S55725 .9151 TI TM54051 
PMI SSS1408 733 Fairchild p.A733 9208 Fairchild 3508 

1458 Exar XR1458 Motorola MC1733 Mostek MK30000 
Fairchild '~1458 Silicon G 5G733 9214 Mostek MK2600 

1488 Exar XR1488 741 Fairchild ~741 9216 Fairchild 3516E 
Motorola MC1488 Intersil 741 NEC Micro /-LPD2316E 1633 
National DS1488 Motorola MC1741 9217 AMI S6831A 
Raytheon RC1488 PMI OP-02 1215,1806 
Signetics MC1488 S5S741 9218 AMI S42168 1209 
Silicon G SG1488 Raytheon RC741 S68318 
TI SN75188 RM741 1215.1806 

1489 Exar XR1489 . RCA CA741 93100 Fairchild 93100 
National DS1489 SHicon G SG741 93L01 Fairchild 93L01 
Raytheon RC1489 74164 Fairchild 74164 I 93108 Fairchild 93L08 
SignetiCS MC1489 Hitachi HD74164 93109 Fairchild 93L09 
Silicon G SG1489 Mitsubishi M53364 93L10 Fairchild 93L10 
n SN75189 National DM74164 93111 Fairchild 93L11 

1489A TI SN75189A NEC America /-LPB74164 93112 Fairchild 93112 
1508 Date! DAC-IC8BM 671 SignetiCS 74164 93114 Fairchild 93U4 

PMI SSS1508 TI SN74164 93L16 Fairchild 93116 
1558 Exar XR1558 747 Fairchild /-LA747 93118 Fairchild 93118 

Fairchild J.LA1558 Motorola MC1747 93L21 Fairchild 93L21 
1702 Intel 1702A PMI OP-04 93L22 Fairchild 93L22 
2101 EA EA2101 SSS747 93L24 Fairchild 93L24 

Fairchild 3538 Raytheon RC747 93128 Fairchild 93L28 
Intel 2101 RM747 93134 Fairchild 93134 
Intersil 7101 RCA CA747 93138 Fairchild 93138 
National MM2101 Silicon G SG747 93141 Fairchild 93L41 
NEC Micro /-LPD2101 1586 748 Fairchild ~748 93160 National DM75l60 
Signetics 2101 Intersil 748 DM85l60 
Synertek SY2101 Motorola MC1748 93166 National DM75l63 

2102 Fairchild 2102 1275 Raytheon RC748 DM85l63 
National MM2102 RM748 9300 Fairchild 9300 
NEC Micro p.PD2102 1591 RCA CA748 Raytheon RM9300 
Signetics 2102 Silicon G SG748 TI SN54195 

2111 EA EA2111 8048 NEC Micro J.LPD8048 2098 SN74195· 
Intel 2111 8085A NEC Micro J.LPD8085A 2133 9301 Fairchild 9301 
National MM2111 8155 NEC Micro p.PD8155 2164 TI SN29301 
Signetics 2111 8212 NEC Micro JiPB8212 2172 SN39301 
Svnertek SY2111 p.PB88212 9304 Fairchild 9304 

2112 EA EA2112 8214 NEC Micro /-LPB8214 2178 Raytheon RM9304 
Intel 2112 8216 NEC Micro /-LPB8216 2184 9308 Fairchild 9308 
Intersil 7112 8224 NEC Micro /-LPB224 Raytheon RM9308 
National MM2112 /-LPB8224 2188 n SN29308 
Signetics 2112 8226 NEC Micro /-LP88226 2184 SN39308 
Synertek SY2112 8228 NEC Micro /-LP88228 2193 9309 Fairchild 9309 

2401 Synertek SY2401 8238 NEC Micro /-LPB8238 2193 TI SN29309 
25lS240 Raytheon 25LS240 8251 NEC Micro /-LPD8251 2204 SN39309 
25lS373 Raytheon 25LS373 8255 NEC Micro J.LPD8255 2229 9310 Fairchild 9310 
2702 Synertek SY2102 8257 NEC Micro /-LPD8257 2236 Raytheon RM931 0 
UUtl t:A t:AUutI ""V'I 

Fairchild 2708 1282 8355 NEC Micro J.LPD8355 2269 
Fujitsu MB8518 9LS298 Fairchild 9lS298 9311 Fairchild 

SN74160 
9311 

; 

I 
I 

I 
I 

I 

I 

I 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 

Manufacturer 'Replacement IC Master Manufacturer ,Replacement IC Master Manufacturer ,Replacement IC Master IIanufactIrer I Replacement IC linter 
Device Source Device page Device Source Device Page Device Source Device Page Device Source Device hge 

Advanced Micro Devices S2181 Mostek MK4116 AD108 Motorola LM108 AD563K/BIN Analogic MN563-KD-BIN 

(cont'd) 
S2181A TI TMS3113 National' LM108 1035 AD563S/BCD Analogic MN563-SD-BCD 

S2182 Fairchild 3347 Raytheon LM108 AD563S/BlN Analogic MN563-SO-BIN 

SMC SR5015 RCA CA108 AD563T/BCD Analogic MN563-TO-BCD 

9311 Raytheon RM9311 S2183 SMC SR5015 Signetics LM108 AD563T/BIN Analogic MN563-TO-BIN 

TI SN54154 S2185 SMC SR5015 Silicon G SG108 AD583 Datal SHM-IC-1 685 

SN74154 S2222 Nortec 2222 AD111 Motorola LM111 Harris HA-2425 1020 

9312 Fairchild 9312 8ignetics N2222 National LM111 AD741 AMD 741 

Raytheon RM9312 S2222 Raytheon LM111 Fairchild ,...A741 

TI SN29312 88S SCM5522 RCA CA111 Motorola MC1741 

SN39312 S2350 SMC COM2601 Signetics LM111 National LM741 1035 

9314 Fairchild 9314 S2470 GI AY1-1006 Silicon G SG111 PMI SSS741 

9316 Fairchild 9316 S2555 Nitron NCl183 AD201 AMD LM201 Raytheon RM741 

Raytheon RM9316 S2556 Nitron NC1184 Fairchild ,...A201 RCA CA741 

TI SN54161 S2559 Mostek MK5085 Motorola LM201 Signetics ,...A741 

SN74161 .82566 Motorola MC1182 National LM201 AD7501 Micro Power MP7501 

9318 Fairchild 9318 S3102 SGS M330 RCA CA201 AD7502 Micro Power MP7502 

TI SN54148 S3514 Fairchild 3515 Signetics LM201 RCA CD4052 

SN74148 Mostek MK2600 Silicon G SG201 AD7503 Micro Power MP7503 

9321 Fairchild 9321 .S4006 Mostek MK4006 AD208 AMD LM208 AD7505 Siliconix DG507 

9322 Fairchild 9322 .S4OO8 Mostek MK4oo8 Fairchild ,...A208 AD7506 Harris H1506 

Raytheon RM9322 S4016 AMD 9114 National LM208 M"ICrO Power MP7506 

TI SN54157 9124 Raytheon LM208 RCA CD4067 

SN74157 Fairchild 2114 1281 RCA CA208 8iliconix DG506 

9324 Fairchild 9324 Rockwell R2114 Silicon G SG208 AD7507 Harris HI507 

9328 Fairchild 9328 S4021 TI TMS4060 AD211 National LM211 Micro Power MP7507 

9334 Fairchild 9334 .84096 EA EA4096 Raytheon LM211 RCA CD4097 

TI SN54259 EMM/Semi R03-4096 RCA CA211 AD751 0 Micro Power MP751 0 

SN74259 Fairchild 4096 Signetics LM211 PMI SSS7510 

9338 Fairchild 9338 Mostek MK4096 Silicon G SG211 AD7511 Micro Power MP7511 

9340 Fairchild 9340 S4264 Mostek MK36000 AD2700 Hybrid Sys. R675-4 PMI SSS7511 

9341 Fairchild 9341 S5101 Harris HM5101 R675-7 AD7512 Micro Power MP7512 

Raytheon RM9341 HM6501 1356 AD2701 Hybrid Sys. R675-5 AD7513 Micro Power MP7513 

TI SN54181 Motorola McM1451011536 R675-8 ~niconix DG200 
SN74181 RCA CDP1822S AD2702 Hybrid Sys. R675-3 AD7516 Fairchild F4016 

93415 Fujitsu MBM93415 SSS SCM5101 R675-6 Micro Power MP7516 
Intel 2115 1416 S5232 Mostek MK2500 AD301 AMD LM301 Mitel SIL4016 
NEe America MBM93415 MK2600 Fairchild ,...A301 Motorola MC14016 
NEC Micro ,...PB2205 National MM5232 Motorola LM301 National CD4016 1076 
TI SN54S314 86508 Harris HM6508 1366 National LM301 RCA CD4016 

SN74S314 S6518 Harris HM6518 1379 Raytheon LM301 Solitron CM4016 
9342 Fairchild 9342 S68Aoo Motorola MC68AOO 2002 RCA CA301 SSS SCL4016 

Raytheon RM9342 S68Al0 Motorola MC68A10 Signetics LM301 TI TP4016 
TI SN54182 868A21 Motorola MC68A21 1991 Silicon G SG301 . AD7519 Micro Power MP7519 

SN74182 S68Boo Motorola MC68BOO 2002 AD308 AMD LM308 AD7520 . Datel DAc-HA10B 675 
9360 Raytheon RM9360 868Bl0 Motorola MC68Bl0 Fairchild ,...A308 Hybrid Sys. DAC331-10 
9366 Raytheon RM9366 S68B21 Motorola MC68B21 1991 Motorola LM308 DAC331-8 
9401 Synertek SY2401 ' . S6800 Fairchild F6800 1--.1888 National LM308 Intersil AD7520 
96L02 Fairchild 96L02 Motorola M6800 Raytheon LM308 Micro Power MP7520 
9600 Fairchild 9600 S6810 Fairchild F6810 1887,1888 RCA CA308 AD7521 Date! DAc-HA12B 675 
9601 Fairchild 9601 Motorola MCM681 0 Signetics LM308 Hybrid Sys. DAC331-10 

Raytheon RF9601 S6820 Fairchild F6820 1887 Silicon G SG308 DAC331-8 
TI SN29601 Motorola MC6820 AD311 Motorola lM311 Intersil . AD7521 

9602 Fairchild 9602 S6830 Fairchild F6380 National LM311 Micro Power MP7521 
Raytheon RF9602 .S6830 Motorola MCM6830 Raytheon LM311 AD7522 Micro Power MP7522 

9614 Fairchild 9614 S6831 A Mostek MK31 000 RCA CA311 AD7523 Hybrid Sys. DAC331-8 
TI SN55114 86831B Mostek MK34000 Signetics LM311 Micro Power MP7523 

SN75114 S6850 Fairchild F6850 1887,1891 Silicon G SG311 AD7530 Datal DAc-HA1OB 675 
9615 Fairchild 9615 Motorola MC6850 1977 AD503 National LH0042 Hybrid Sys. DAC331-10 

TI SN55115 88499 SMC CG4100 AD506 National LH0022 DAC331-8 
SN75115 88564 Fairchild 3260 AD507 Date! AM-462-2 687 Intersi! AD7530' 

9616 Fairchild 9616 88772 Fairchild 3515 Harris HA-262O 980 AD7531 Datal DAC-HA12B 675 ,. 
S8865 . GI R05-8192 9617 Fairchild 9617 AD509 Datel AM-452-2 687 Hybrid Sys. DAC331-10 

9620 Fairchild 9620 88996 'EMM/8emi R03-16384 Harris RA-252O 972 DAC331-8 
9621 Fairchild 9621 GI R03-16384 A0510 PMI OP-07 Intarsil AD7531 

Raytheon RM9621 Nortec 8996 .AD513 National I,.H0042 
AD7533 Hybrid Sys. DAC331-10 

S9900 TI TMS9900 AD515 Burr-Brown 3528 920 
S9901 TI TMS9901 .AD516 National LH0022 

DAC331-8 

American Microsystems, Inc. S9902 TI TMS9902 AD532 Burr-Brown 4214 921 
AD7541 Hybrid Sys. DAC331-12 

89903 TI TMS9903 AD559 Date! DAC-IC8BC 671 
Intersil ICL7541 

S1103A Intel 1103A S9940 TI TMS9940 Motorola MC1408 
Micro Power MP7621 

Synertek 1103A S9980 TI TMS9980 MC1508 
AD7550 Micro Power MP7550 

S1413 8SS SCL5430 AD562 Burr-Brown DAC862 
AD7570 Micro Power MP7570 

S1424A SSS SCL5403 Analog Devices Hartis HI562 
DACBO Hybrid Sys. DAC335 

S146 Intel 1103·146 PMI S8S562 
.S1670 Motorola MC1160 AD562AIBCD Analogic MN562-AD-BCD Beckman Instruments, Helipot 

S1757 GI AY3-1014A ADC0816 TI ADC0816 AD562A1BtN Analogic MN562-AD-BIN Division 
AV3-1015 AD10l AMD LM101 AD562t/BCD Analogic MN562-1D-BCD 
AY5-1013A Fairchild ,...Al01 AD562t/BlN Analogic MN562-ID-BtN 

SMC COM2502 Motorola LM101 AD562K/BCDAnalogic MN562-KD-BCD 7521 Hybrid Sys. DAC331-12 

Western TR1402 National LM101 1035 AD562K/BlN Analogic MN562-ID-BIN 7580 Datel DAC-HZ12B 

S1883 SMC COM2017 RCA CA10l AD562S/BCD Analogic MN562-SD-BCD Hybrid Sys. DAC335 

TI TMS6011 Signetics LM10l AD562S/BIN Anatogic MN562-SO-BIN 877-80 Micro Net DAC85 
Western TR1602 Silicon G 8G101 AD563 Burr-Brown DAC863 877-85 Datel DAC-HZ12B 

.S2102 Motorola MCM6605 AD108 AMD LM108 AD563J/BCD Analogic MN563-JO-BCD Hybrid Sys. DAC335 
S2181 Mostek MKloo2 Fairchild ,...A 1 08 AD563J/BlN Analogic MN563-JO-BIN Micro Net DAC85 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Burr-Brown Research AM-405-2 Harris HA-2055 960 2316 Rockwell R2316 
AM-406-2 Harris HA-2065 962 8316 Fairchild 3516E 
AM-450-2 Burr-Brown 3505 

ADC80 Micro Net ADC80 Harris HA-2505 966 EMM Semi., Div. of Electronic ADC82 Hybrid Sys. ADC542 AM-452-2 AD AD509 
ADC84 Datel ADC-HZ12BGC Burr-Brown 3507 Memories & Magnetics 

669 Harris HA-2525 972 
Hybrid Sys. ADC581 

I 
Teledyne P TP1322 .1217 GI RA3-1217 

Micro Net MNADC84 AM-460-2 Burr-Brown 3506 .1218 GI RA3-1218 
MN5240 Harris HA-2605 976 2114 AMI S2114 1196 

ADC85 Datel ADC-HZ12BGZ AM-462-2 AD AD507 
Fairchild 2114 1281 Hybrid Sys. ADC581 Burr-Brown 3508 
Intel 2114 

Micro Net ADCB5 Harris HA-2625 980 Rockwell R2114 
MNADC85 Teledyne P TP1321 3539 Fairchild 3539 
MN5240 AM-464-2 Harris HA-2645 984 4200 NEC Micro IlPD410 1600 DAC120 AD DAC120 AM-490-2 Harris HA-2905 996 4202 NEC Micro J!PD410 1600 DAC80 AD DAC80 AM-5oo Teledyne P TP1430 

I 

Beckman 7580 DAC-HA10B Hybrid Sys. DAC331-10 
Datel DAC-HZ12B DAC-HA 12B Hybrid Sys. DAC331-12 Exar Integrated Systems 
Hybrid Sys. DAC335 DAC-HZ12B Beckman 7380 
MIcro Net DACBO Burr-Brown DAC80 . 658 

XR1310 Motorola MC1310 National DAC1280 Hybrid Sys. DAC335 
National LM1310 1073,1074 Micro Net DAC80 

XR1458 Fairchild J!A1458 DAC85 AD DAC80 DAC85 
Motorola MC1458 Beckman 877-85 DAC-HZ12BM Beckman 877-85 
National LM1458 Datel DAC-HZ12B Burr-Brown DAC85 658 
Signetics MC1458 Hybrid Sys DAC335 Micro Net DAC85 
Silicon G SG1458 Micro Net DAC85 DAC-IC10 Motorola MC3410 TI ~.~C1458 National DAC1285 MX-1606 Harris HI506A 

XR146 National LM146 1035 
1073,1074 MX-808 Harris HI508A 

XR1488 Fairchild /lA1488 DAC85/CCDNationai DAC1287 1074 MXD-409 Harris HI509A 
Motorola MC1488 MPC16S Datel MX-1606 683 MXD-807 Harris HI507A 
Signetics MC1488 Harris HI506A SHM-IC-1 AD AD583 
Silicon G SG1488 tvlPC4D Datel MX0-409 683 Harris HA-2425 1020 

XR1489A Fairchild IlA1489A Harris HI509A Teledyne P TP4856 
Motorola MC1489A MPCBD Datel MXD-807 683 VFQ-1 Teledyne S 9400 
National DS1489A HarriS HI507A 
Signetics MC1489A MPC8S Datel MX-808 683 Dionics Inc. Silicon G SG1489 Harris HI508A 

XR1524 Silicon G SG1524 1128 SHC23 National LH0023 1073 
TI SG1524 SHC298AM Datel SHM-LM-2 685 DI250 Cherry CS250 XR1558 Fairchild IlA1558 3503 AD AD540 DI260 Cherry CS260 Motorola MC1558 3505 Datel AM-450-2 687 01502 Sprague UDN-6144 National LM1558 Harris . HA-2505 966 DI507 Sprague UDN-6164 Signetics MC1558 3506 Datel AM-460-2 687 01512 Sprague UDN-6184 Silicon G SG1558 

Harris HA-2605 976 
TI MC1558 I 3507 AD AD509 I 

687 I Electronic Arrays I XR1800 National LM1800 
Datel AM-452-2 

XR2003 Signetics NE5503 Harris HA-2525 
3508 AD AD507 

Datel AM-462-2 
Harris HA-2625 

3528 AD AD515 
3542 AD AD3542 
4201 AD AD530 
4205 AD AD532 
4213 AD AD532 

Cherry Semiconductor 

CS555 Exar XR555 

Data Devices Corporation 

I ADH-030 . HyComp DMOOO 

Datel Systems 

ADC-EK10B Teledyne S 8701 
ADC-EK12B Teledyne S 8702 
ADC-EK12D Teledyne S 8750 
ADC-EK88 Teledyne S 8700 
ADC-ET10B Teledyne S 8704 
ADC-ET12B Teledyne S 8705 
ADC·ET8B Te!edyne S 8703 
ADC-HX12B Hybrid Sys ADC581 

Micro Net MNADC84 
MNADC85 

ADC-HZ12 Micro Net MN5240 
ADC-HZ12B Burr-Brown ADC85 

rlyono :,ys. AUI.,;:J!jl 

MICro Net MNADC84 
MNADC85 

• Discontinued 

972 

687 
980 

658 

EA2101 
EA21 07 
EA2308 
EA2316A 

I 
EA2316E 

1 EA2708 

.EA3000 

~EA3001 .EA3100 
EA3101 

.EA3132 

.EA3300 

.EA3307 
EA3800 
EMOOO 

EA4004 
EM015 
EA4016 
EM060 
EA4096 

EM122 
EM600 

cA4\1UU 

EA5316 
2102 

Fairchild 3538 
Fujitsu MB8l 07 XR2201 
TI TMS4700 
AMI ~31A I 1215,1806 
AMI S4216B 1209 

S6831B 

12,5.
,806

1 AMD 2708 
Fairchild 2708 1282 XR2202 
FUjitsu M88518 
Intel 2708 
Motorola MCM2708 
National MM2708 
TI TMS2708 
AMI S8773 
AMi S8773 
AMI SB773 
AMI S8773 XR2203 
AMI S8773 
AMI S8772 
AMI S8772 
AMI S8773 
AMI S8771 
GI R03-5120 
AMI 58771 XR2204 
AMI S8771 
AMI S8771 
TI TMS4060 
EMM/Semi R03·4096 
Mostek MK4096 
Fujitsu MB8107 
AMI S6831C XR2207 
Synertek SY4600 XR2211 
MOSteK MI'.'::OVVV AM'::'::4V 

AMI 81998 
Fairchild 2102 1275 

Silicon G 
Fairchild 
SGS 
Slgnetics 

Silicon G 
Sprague 

TI 
Fairchild 
Motorola 
SGS 
Signetics 

Silicon G 
Sprague 

TI 
Fairchild 
Motorola 
SGS 
Silicon G 
Sprague 

TI 
Fairchild 
Motorola 
Signetics 

Sprague 

TI 
Raytheon 
Raytheon 

Intersil 

ULN2oo3 
SG2oo3 
9665 
L201 
NE5501 
UlN2oo1 
SG2oo1 
ULN-2oo1 
ULS-220l 
ULN2001 
9666 
ULN2002 
L202 
NE5502 
ULN2002 
SG2oo2 
ULN-2002 
ULS-2002 
ULN2002 
9667 
ULN2oo3 
L203 
SG2003 
ULN-2003 
ULS-2oo3 
ULN2oo3 
9668 
ULN2004 
NE5504 
ULN2004 
ULN-2oo4 
ULS-2oo4 
ULN2004 
XR2207 
XR2211 
,....,..uc:.. ... v 

7240 
8240 

~::::cturer I =.cement Device 
IC Mater 

Page 

XR246 National LM246 
XR2524 TI SG2524 
XR2567 Raytheon XR2567 
XR3403 Fairchild IlA3403 

Motorola MC3403 
Raytheon RC3403 

XR346 National LM346 
XR3503 Motorola MC3503 

Raytheon RM3503 
Silicon G SG3503 1128 

XR3524 Silicon G SG3524 1128 
TI SG3524 

XR4136 Fairchild 1lA4136 
PMI PM4136 
Raytheon RC4136 
Silicon G SG4136 
TI RC4136 

XR4151 Raytheon RC4151 1094 
RM4151 
RV4151 

XR4152 Raytheon RM4152 
RV4152 
SL758 

XR4156 Raytheon RC4156 1110 
RM4156 
RV4156 

XR4157 Raytheon RC4151 1094 
XR4194 Raytheon RC4194 

Silicon G SG4194 
XR4195 Raytheon RC4195 
XR4212 Harris HA-4741 

Motorola MC4741 
XR4558 Fairchild IlA4558 

Motorola MC4558 
RC4558 

Raytheon RC4558 
TI RC4558 

XR4734 Raytheon RC4739 
XR4741 Harris HA-4741 

Motorola MC4741 
Raytheon HM741 

XR555 Cherry CS555 
Fairchild IlA555 
Motorola MC1455 
National LM555 
Signetics NE555 I Silicon G SG555 

I TI NE555 
I XR556 Fairchild 1J.A556 

I 
Motorola MC3456 
National LM556 
Raytheon RC556 
Silicon G SG556 I 

I 
XR567 National LM567 

I 
Signetics NE567 

XR742 Fairchild 1J.A742 
XR8038 Intersil 8038 

I Fairchild 
I 

IJ.AF155 AMD LF155 
Intersil LF155 
Motorola LF155 
National LF155 1035 
PMI PM155 
Raytheon LF155 
Signetics LF155 
TI LF155 

J!AF156 AMD LF156 
Intersil LF156 
Motorola LF156 
National LF156 1035 
PMI PM156 
Raytheon LF156 
Signetics LF156 
TI LF156 

IlAF157 AMD LF157 
Intersil LF157 
Motorola LF157 
National LF157 1035 
PMI PM157 
Raytheon LF157 _. 

, -.--
VIl:tII'OUV~ 

TI LF157 
IlAF255 AMD LF255 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Fairchild (cont'd) 

J.LAF255 Intarsil 
Motorola 
National 
PMI 
Raytheon 
Signetics 
TI 

/lAF256 AMD 
Intersil 
Motorola 
National 
PMI 
Raytheon 
Signetics 
TI 

~F257 AMD 
Intersil 
Motorola 
National 
PMI 
Raytheon 
Signetics 
TI 

J.LAF355 AMD 
Intersil 
Motorola 
National 
PMI 
Raytheon 
Signetics 
TI 

~F356 AMD 
Intersi! 
Motorola 
National 
PMI 
Raytheon 
Signetics 
T1 

~F357 AMD 
Intersil 
Motorola 
National 
PMI 
Raytheon 
Signetics 
TI 

~0601 Datal 
/lA0802 AD 

Datal 
Motorola 

PMI 

~101 AMD 
Intersil 
Motorola 
National 
RCA 
Signetics 
Silicon G 
T1 

~102 AMD 
Intersil 
MOtorola 
National 
Silicon G 

~104 Motorola 
National 
Raytheon 
Silicon G 
T1 

~105 AMD 
IntersII 
Motorola 
National 
Raytheon 
Silicon G 
T1 

~107 AMD 
Intersll 
Motorola 

• Discontinued 

ICIIASTER 1979 

/lAl07 RCA CA107 /lA202 Silicon G SG202 J.LA305 
Silicon G SG107 J.LA204 Motorola LM204 

TI LM107 Silicon G SG204 J.LA3054 

LF255 J.LA108 AMD LM108 TI LM204 

LF255 Intarsil LM108 /lA205 Intersil LM205 

LF255 Motorola LM108 Motorola LM205 

PM255 National LM108 1035 National LM205 J.LA306 

lF255 PMI PM108 Raytheon LM205 

LF255 Raytheon LM108 SUicon G SG205 /lA3064 

LF255 RCA CA108 TI LM205 

LF256 Signetics LM108 J.LA207 AMD LM207 

LF256 Silicon G SG108 Intersil LM207 

LF256 J.LA109 Motorola LM109 Motorola LM207 /lA3065 

LF256 National LM109 National LM207 

PM256 Raytheon LMl09 Raytheon LM207 -
LF256 Signetics LM109 RCA CA207 

LF256 Silicon G SG109 Signetics LM207 

LF256 T1 LM109 Silicon G SG207 .!1A3066 
LF257 ~110 AMD LM110 TI LM207 .!1A3067 
LF257 Intersil LM110 /lA208 AMD LM208 /lA307 

LF257 Motorola LM110 Intersil LM208 

LF257 National LM110 Motorola LM208 

PM257 PMI BUF-Ol National LM208 

LF257 BUF~02 PMI PM208 

LF257 Silicon G SG110 Raytheon LM208 

LF257 J.LA111 AMD LMll1 RCA CA208 

LF355 Intersil LMll1 Signetics LM208 

LF355 Raytheon LM111 Silicon G SG208 

LF355 RCA CAll1 fJ,A209 Motorola LM209 J.LA3075 

LF355 Signetics LMll1 National LM209 

PM355 Silicon G SGll1 Raytheon LM209 

·LF355 TI LM111 Signetics LM209 /lA3076 

LF355 J.LA1312 Motorola MC1312 Silicon G ·SG209 J.LA308 

LF355 /lA139 AMD LM139 TI LM209 

lF356 RCA CA139 /lA2l0 Intersil LM2l0 

LF356 Silicon G SG139 Motorola MLM21 0 

lF356 TI lM139 Silicon G SG210 

LF356 1035,1073 J.LA1391 Motorola MC1391 J.LA211 Intersil LM211 

PM356 
LF356 
lF356 
lF356 
LF357 
LF357 
LF357 
LF357 
PM357 
LF357 
LF357 
LF357 
DAc-oaa 
AD1408 
DAc-tC88 
MC'1408 
MC1508 
DAC-08 
5S51408 
5551508 
LM101 
lMl0l 
lMl01 
LM101 
CA10l 
LM101 
SG101 
LM10l 
LMl02 
LM102 
LM110 
LM102 
SG102 
LM104 
LM104 
LM104 
SG104 
LMl04 
LM105 
LM105 
LM105 
LM105 
LM105 
SG105 
LM105 
LM107 
LMl07 
LM107 

RCA CA1391 National LM211 

~A1394 Motorola MC1394 Raytheon LM211 

RCA CA1394 RCA CA211 

~1458 AMD 1458 Signetics LM211 

Exar XR1458 Silicon G SG211 /lA3081 

Harrla HA-2655 986 TI LM211 

Motorola MC1458 J.LA2136 Motorola MC1352 ~086 

National LM1458 /lA2240 Exar XR2240 

NEe America /lPC 1458 TI J.LA2240 
Raytheon RC1458 /lA301 AMD LM301 

RCA CA1458 Intarsil LM301 J.LA3089 

Signetics MC1458 Motorola LM301 

670 Silicon G SG1458 National LM301 

TI MC1458 Raytheon LM301 /lA309 

671 ~1488 Exar XR1488 RCA CA301 

Signetics MC1488 Signetics LM301 

Silicon G SG1488 Silicon G SOO01 
TI SN75188 TI LM301 /lA31 0 

~1489 Signetics MC1489 J.LA301A NEe America /lPC157 
SilicQn G 5G1489 /lPC301A 
TI SN85189 ~3018 RCA CA3018 

~1489A Exar XR1489A J.LA3019 RCA CA3019 

Signetics MCl489A ~302 AMD LM302 

1035 Silicon G SGl489A Intersil LM302 ~311 

TI SN75189A Motorola LM31 0 

~155 Motorola LF155 Silicon G SG302 

~1558 AMD 1558 ~3026 RCA t:A3026 
Exar XR1558 J.LA3036 RCA CA3036 
Harris HA-2650 988 /lA3039 RCA CA30a9 
Motorola MC1558 /lA304 Motorola LM304 
National LM1558 National LM304 
Raytheon RM1558 NEe America /lPC142 
RCA CA1558 "Raytheon LM304 /lA318 
Signetics MC1558 Silicon G SOOO4 /lA3301 
Silicon G 5G1558 TI lM304 /lA3302 
TI MC1558 p.A3045 RCA CA3045 

~156 Motorola LFl56 Silicon G 5G3045 /lA3303 

J.LA157 Motorola LF157 Sprague UL5-2045 J.LA339 
J.LA201 AMD LM201 /lA3046 Motorola MC3346 

Intersil LM201 RCA CA3046 
Motorola LM201 Silicon G SOO046 J.LA3401 
National LM201 Sprague ULN-2046 
RCA CA201 p.A305 AMD LM305 /lA3403 
Signetics LM201 Intersil LM305 
Silicon G 5G201 Motorola LM305 

T1 LM201 National LM305 

/lA202 Intersi! LM202 NEC America p.PC141 J.LA3503 
Motorola LM210 Raytheon LM305 

The manufacturers repOrt their devices can be used as direct replacements, 
Performance details often differ, so compare the specifications considering your requirements, 

Silicon G SG305 
TI LM305 
Motorola CA3054 
RCA CA3054 
Silicon G SOO054 
Sprague ULN-2054 
National LM306 
Raytheon LM306 
Motorola MC1364 
National LM3064 
RCA CA3064 
Sprague ULN-2264 
Motorola MC1358 
National LM3065 
RCA CA3065 
Sanyo LA1365 
Sprague U!-N-2165 
RCA CA3066 
RCA CA3067 
AMD LM307 
Intersil LM307 
Motorola LM307 
National LM307 
Raytheon LM307 
RCA CA307 
Signetics LM307 
Silicon G SOO07 
TI LM307 
Motorola MC1375 
RCA CA3075 
Sprague ULN-2129 
RCA CA3076 
AMD lM308 
Intarsil LM308 
Motorola LM308 
National LM308 
NEe America /lPC156A 
PMI PM306 
Raytheon LM306 
RCA CA306 
Signetics LM308 
Silicon G SOO08 
RCA CA3018 
Silicon G SG3081 
Motorola MC3386 
RCA CA3086 
Silicon G SOO886 
Sprague SLN-2086 
RCA CA3069 
Siliconix CA3089 
Sprague ULN-2289 
Motorola lM309 
Signetics lM309 
Silicon G SOO09 
TI LM309 
AMD LM310 
Intersi! LM310 
Motorola LM310 
PMI BUF-Ol 

BUF-02 
Silicon G SOO10 
AMD LM311 
Intarsil LM311 
Motorola LM311 
NEe America JLPC311 
Raytheon LM311 
RCA CA311 
Signetics LM311 
Silicon G 5G311 
TI LM311 
NEC America /lPC159A 
Motorola MC3301 
Motorola MC3302 
5i1icon G 500302 
Motorola MC3303 
AMD LM339 
RCA CA339 
Silicon G 50039 
Motorola MC3401 
RCA CA3401 
Exar XR3403 
Motorola MC3403 
NEe America /lPC324 
Ra)'theon RC3403 
Exar XR3503 
Motorola MC3503 

2329 



Ie MASTER 

~:~~rer I =ement Device 
IC Master ::~urer I ~ment Device IC Master Manufacturer I Replacement - ICMaster ...... ufac:turer I ~ lC .... ter 

Page Page Device _ Source Device Page Device Source Davic:e Page 

Fairchild (cont'd) /-lA725 Raytheon RM725 /-lA777 TI /-lA777 /-lA7805 National LM7805 1060 
/-lA732 National LM1305 /-lA78G Signetics /-lA78G NEG America /lPC14305 
/-lA733 AMD 733 /-lA78L02 Motorola MC78L02 Plessey SL7805 

/-lA3503 Ray.lheon RM3503 Hitachi HA17733 /lA78L05 Motorola MC78L05 Signetics J.tA7805 
Silicon G SG3503 1128 Intersil /-lA733 National LM78L05 1060 Silicon G SG7805 

/-lA376 TI LM376 Motorola MC1733 NEG America /lPC78L05 TI /lA7805 
p..A376T NEC AiTt6iica ,.,.PC305 Ni:1liorli:1i LM733 

I 
Signettcs /lA/BLOt> Toshiba TA78005 

/-lA4136 Exar XR4l36 Raytheon RC733 Silicdn G SG7805 /lA7806 Motorola MC7806 
Raytheon RC4136 RM733 TI /lA78L05 National LM340-6 1060 
Silicon G SG4136 Signetics /-lA733 /-lA78L06 Motorola MC78L06 LM7806 1060 
TI RC4136 Silicon G SG733 National LM78L06 Signetics /lA7806 

/lA4l51 Raytheon RC4151 1094 TI /lA-733 Silicon G SG7806 Silicon G SG7806 
/lA4558 Exar XR4558 /-lA739 Exar XR4739 TI /lA78L06 TI /lA7806 

Motorola MC4558 Raytheon RC4739 /-lA78L08 Motorola MC78L08 /lA7808 Motorola MC7808 
NEG America /lPC4558 SGS TBA231 NEG America /lPC78L08 National LM340-8 1060 
Raytheon RC4558 /-lA740 Intersil /lA740 Silicon G SG7808 LM7808 1060 

/-lAS55 AMD NE555 LHOO42 TI /-lA78L08 NEG America /lPC14308 
Exar XR555 Signetics /lA740 /-lA78L09 TI /-lA78L09 Signetics /lA7808 
Motorola MC1455 /-lA74l AMD 741 /-lA78L10 TI /lA78L10 Silicon G SG7808 
Raytheon RC555 Hitachi HA17741 /-lA78L12 Motorola MC78L12 TI /lA7808 
Signetics NE555 Intersil 741 National LM78L12 /lA781 RCA CA3071 
Silicon G SG555 Motorola MC1741 NEG America I1PC78L12 Sprague ULN-2127 
TI NE555 National LM741 1035 Signetics J.tA78L12 /-lA781 0 TI /lA781 0 

/-lA555T NEe America _/lPC1555 NEG America /lPC151 Silicon G SG7812 /-lA78l2 Motorola MC7812 
/-lA556 AMD NE556 /lPC741 TI /lA78L12 National LM340-12 1060 

Exar XR556 PMI OP-02 /-lA78L15 Motorola MC78L1S LM7812 1060 
Motorola MC3456 PM741 National LM78L15 NEe America J.lPC14312 
Ray1heon RC556 SSS74i NEe Amenca /lPC78L15 Signetics /lA7812 
Signetics NE556 Raytheon RC741 Signetics /lA78L15 Silicon G SG7812 
Silicon G SG556 RM741 Silicon G SG7815 TI /lA78l2 
TI NE556 RCA CA741 TI J.tA78L15 Toshiba TA78012 

J.lA702 Motorola MC1712 Signetics /lA741 J.lA78L18 Silicon G SG7818 J.tA7815 Motorola MC7815 
NEe America /lPC51 Silicon G SG741 J.lA78L20 TI /lA78L20 National LM34O-16 1060 

/lPC51 A Sprague ULN-2151 /lA78L24 Signetics J.tA78L24 LM7815 1060 
Raytheon RC702 TI J.lA741 Silicon G SG7824 NEe America /lPC14315 

RM702 Toshiba TA7504 /lA78L26 Motorola MC78l02 Signetics J.tA7815 
TI /lA702 J.lA742 Exar XR742 MC7802 Silicon G SG7815 

/lA703 National LM703 J.lA746 National LM746 Signetics /lA78l26 TI J.tA7815 
/.LA705 Sprague ULN-2278 RCA CA3072 TI /lA78l02 Toshiba TA78015 
/lA706 SGS TBA641 Sprague ULN-2114 /lA78L62 Signetics /lA78l06 /lA7818 Motorola MC7818 
J.lA709 Motorola MC1709 ULN-2228 TI /lA78l06 National LM340-18 1060 

National LM709 1035 /lA747 AMD 747 J.tA78MG Signetics J.lA78MG LM7818 1060 
NEe America /lPC55A Hitachi HAl7747 /lA78M05 Motorola MC78M05 NEG America /lPC14318 
Raytheon RC709 Motorola MC1747 National LM78M05 1060 Signetics ,.,.A7818 

I 
RM709' I National LM747 NEe America /lPC78M05 Silicon G SG7818 

I Sigoetics p.A70Q I NEG Amenca /lPC251 Signetics J.lA78M05 'fl ~tA1818 

I I TI /lA709 I PMI OP-04 Silicon G SG7805 I J.tA7822 TI J.tA7822 
Toshioa TA150~ I PM747 TI J.tA78M05 J.tA7824 Motorola MC7824 

/-lA7l 0 Motorola MC1710 

I 
SSS747 /lA78M06 Motorola MC78M06 National LM340-24 1060 

National LM710 Raytheon RC747 National LM78U06 1060 LU7824 1060 
NEe America /lPC7l I RM747 Signetics /lA78M06 NEC America /lPC14324 
Raytheon RC7l0 RCA CA747 Silicon G SG7806 Signetics ",A7824 

RM710 Signetics /lA747 TI /lA78M06 I Silicon G SG7824 
Signetics /lA7l 0 Silicon G SG747 /-lA78M08 Motorola MC78M08 

1060 1.!!A786 
TI ,.,.A7824 

Silicon G SG710 TI p.A747 National LM78M08 SGS TAA630 
TI /lA71 0 /-lA748 AMD 748 NEe America p.PC78M08 /lA787 RCA CA3l26 

J.lA711 Motorola MC1711 Intersil 748 Signetics /lA78M08 /lA7885 TI J.tA7885 
National LM711 Motorola MC1748 Silicon G SG7808 p.A79G Signetics /-lA79G 
Raytheon RC711 National LM101 1035 TI /lA78M08 J.tA79MG Signetics /lA79MG 

RM711 LM201 J.LA78M12 Motorola MC78M12 /lA79M05 National LM79M05 1061 
Signetics p.A7l1 LM748 National LM78M12 1060 Signetics /-lA79M05 
Silicon G SG711 Plessey Sl748 NEC America /-lPC78M12 Silicon G SG7905 
TI /lA711 Raytheon RC748 Signetics /lA78M12 TI /-lA79M05 

/lA7l4 AD AD517 RM748 Silicon G SG7812 ",A79M06 National LM79U06 1061 
/lA715 AMD 715 RCA CA748 TI /lA78M12 Signetics J.tA79M06 
/lA720 RCA CA3l23 Signetics /lA748 /lA78M15 Motorola MC78M15 TI /lA79M06 

Sprague ULN-2137 Silicon G SG748 National LM78M1S 1060 I1A79M08 National LM79M08 1061 
/lA723 AMD 723 TI /lA748 NEG America /lPC78M15 Signetics J.tA79M08 

Hitachi HA17723 /-LA749 Exar XR4739 Signetics ,.,.A78M15 Silicon G SG7908 
Intersi! 723 /lA751 Hitachi HA17715 Silicon G SG7815 TI J.tA7_9M08 
Motorola MC1723 /lA753 Sprague ULN-2209 TI /lA78M15 /lA79M12 National LM79M12 1061 
National LM723 /lA758 Exar XR1800 /lA78M18 - Motorola MC78M18 Signetics J.tA79M12 
R~;:th~c;; n,......,. .... " rit;~:;tdy /lA756 Ni:1iionai Liviiaiviia 5iiicon G SGll:Ill I IV' c." 

RM723 RCA CA758 LM78U18 1060 TI /lA79M12 
RCA CA723 Signetics J.tA758 Silicon G SG7818 /-LA79M15 National LM79U15 1061 
SGS L123 Sprague ULN-2244 /LA78M20 Motorola MC78M20 Signetics /lA79M15 
Signetics /LA723 /lA760 National LM160 Plessey SL78M20 Silicon G SG7915 
Silicon G SG723 /-lA763 National LM1496 TI /lA78M20 TI /lA79M15 
TI /LA723 /lA772 PMI OP-25 J.lA78M24 Motorola MC78M24 p.A79M18 National LM79M18 1061 

/-lA7240 Exar XR2240 /-lA775 Motorola LM139 National LM78M24 1060 /lA79M20 TI /lA79M20 
/-lA725 AMD 725 NEe America /lPC339 Signetics /lA78M24 /lA79M24 National LM79M24 1061 

NEe America /-lPC154 Raytheon LM339 Silicon G SG7824 Signetics J.tA79M24 
IIPC:1fi4A "A77fi Warr;" W4"~nl'n QQI\ TI .. A7AU?d TI .. A7n'.I)A 

PMI PM725 Motorola MC1776 p.A780 RCA CA3070 /lA7902 Motorola MC7902 
SSS725 /-lA777 Intersil 777 Sprague ULN-2l24 /-lA7905 Motorola MC7905 

Raytheon RC725 Silicon G SG777 /-lA7805 National LM34o-S 1060 National LM7905 1061 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Ihnufacturer I RepIKement IC llaater ~1~Device IC llaater lllnufacturer I Replacement IC ....... ~ I Replacement IC ....... 
Device Source Device 

Fairchild (cont'd) 

p.A7905 Signetics p.A7905 
Silicon G SG120-5 
TI /LA7905 

/LA7906 Motorola MC7906 
National LM7906 
Signetics /LA7906 
TI p.A7906 

tJA7908 Motorola MC7908 
National LM7908 
Signetics /LA7908 
Silicon G SG7908 
TI /LA79OS 

p.A7912 Motorola MC7912 
National LM7912 
Signetics /LA7912 
Silicon G SG120-12 
TI p.A7912 

p.A7915 Motorola MC7915 
National LM7915 
Signetics p.A7915 
Silicon G SG120-15 
TI /LA7915 

p.A7918 Motorola MC7918 
National LM7918 
SigneticS p.A7918 
TI /LA7918 

p.A7924 Motorola MC7924 
National LM7924 
Signetics p.A7924 
TI 1p.A7924 

+JlA795 Motorola MC1495 
MC1595 

p.A7952 TI p.A7952 
p.A796 Motorola MC1496 

MC1596 
Signetics MC1496 
Silicon G SG1496 

SG1596 
p.A798 Motorola MC3458 

MC3558 
p.A8T13 TI SN55121 

SN75121 
p.A8T14 TI SN55122 

SN75122 
p.A8T23 TI SN75123 
p.A8T24 TI SN75124 
9H55 TI SN74H55 
FQ3724 RCA CA3724 
FQ3725 RCA CA3725 
F10100 Motorola MC10100 

NEe America /-lPB10100 
Signetics 10100 

F10101 Hitachi HD10101 
Motorola MC10101 
NEe America /-lPB10101 
Signetics 10101 

F10102 Hitachi HD10102 
Motorola MC10102 
NEe America /-lPB10102 
Signetics 10102 

F10103 Motorola .MC10103 
NEe America /lPB10103 
Signetics 10103 

F10104 Hitachi HD10104 
Motorola MC10104 
Signetics 10104 

F10105 Hitachi HD10105 
Motorola MC10105 
National DM10105 
NEe America p.PB10105 
Signetics 10105 

Ff0106 Hitachi HD10106 
Motorola MC10106 
National DM10106 
NEe America I1PB10106 
Signetics 10106 

F10107 Hitachi HD10107 
Motorola MC10107 
NEe America p.PB10107 
Signetics 10107 

F10109 Hitachi HD10109 
Motorola MC10109 
National DM10109 

+ Discontinued 
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F10109 NEe America p.PB10109 F10159 Signetics 10159 F4002 
Signetics 10109 F10160 Hitachi HD10160 

F10110 Hitachi HD10110 Motorola MC10160 
Motorola MC10110 Signetics 10160 
NEe America /LPB10110 F10161 Hitachi HD10161 
Signetics 10110 Motorola MC10161 

F10111 Hitachi HD10111 NEe America /LPB10161 
1061 Motorola MC10111 Signetics 10161 

National DM10111 F10162 Hitachi HD10162 . 

NEe America /LPB10111 Motorola MC10162 
Signetics 10111 NEe America /LPB10162 F4006 

1061 F10113 Motorola MC10113 Signetics 10162 
Signetics 10113 F10164 Hitachi HD10164 

F10114 Motorola MC10114 Motorola MC10164 
Signetics 10114 NEC America /LPB10164 

F10115 Motorola MC10115 Signetics 10164 
1061 National DM10115 TI SN10164 F4007 

NEe America /LPB10115 F10165 Hitachi HD10165 
Signetics 10115 Motorola MC10165 

F10116 Hitachi HD10116 Signetics 10165 
Motorola MC10116 F10166 Motorola MC10166 

1061 National DM10116 F10168 Motorola MC10168 
Signetics 10116 P10170 Motorpla MC10170 

F10117 Hitachi HD10117 Signetics 10170 
Motorola MC10117 F10171. Motorola MC10171 
National DM10117 Signetics 10171 F4008 

1061 NEe America /LPB 10117 F10172 Motorola MC10172 
Signetics 10117 Signetics 10172 

F10118 Hitachi HD10118 F10173 Motorola MC10173 
Motorola MC10118 Signetics 10173 

1061 National DM10118 F10174 Hitachi HD10174 
NEC America p.PB10118 Motorola MC10174 
Signetics 10118 NEe America /LPB10174 

F10119 Hitachi HD10119 Signetics 10174 F40083 
. Motor,ola MC10119 TI SN10174 F40085 
National DM10119 F10175 Hitachi HD10175 
Signetics 10119 Motorola MC10175 

F10121 Hitachi HD10121 Signetics 10175 F40089 
Motorola MC10121 F10176 Motorola MC10176 F40097 
National DM10121 Signetics 10176 
Signetics 10121 F10177 Motorola MC10177 F40098 

F10123 Motorola MC10123 F10179 Hitachi HD10179 F4011 
Signetics 10123 ~otorola MC10179 

F10124 Hitachi HD10124 Signetics 10179 
Motorola MC10124 F10180 Hitachi HD10180 
National DM10124 Motorola MC10180 
NEe America p.PB10124 NEe America /LPB10180 
Signetics 10124 Signetics 10180 

F10125 Hitachi HD10125 F10181 Hitachi HD10181 
Motorola MC10125 Motorola MC10181 
Signetics 10125 NEC America /LPB10181 

F10130 Hitachi HD10130 Signetics 10181 F4012 
Motorola MC10130 F10186 Motorola MC10186 
Signetics 1010130 F10192 Signetics 10192 

F10131 Hitachi HD10131 F10212 Motorola MC10212 
Motorola MC10131 F10405 Fujitsu MB7047 
NEe America /LPB10131 TI SN10147 
Signetics 10131 F10410 Fujitsu MBM10410 

F10132 Hitachi HD10132 HItachi HM21 05 
Motorola MC10132 HM21 06 
Signetics 10132 n SN10144 

F10133 Hitachi HD10133 F10414 Fujitsu MB7042 F4013 
Motorola MC10133 F10415 Fujitsu MBM10415 
NEe America /-lPB10133 Hitachi HM2110 
Signetics 10133 Signetics 10146 

F10134 Hitachi HD10134 F10470 Fujitsu MB7078 
Motorola MC10134 F16K AMD 9016 
Signetics 10134 Fujitsu MB8116 

F10135 Motorola MC10135 Intel 2116 
Signetics 10135 Intersi! 7118 

F10136 Hitachi HD10136 Mostek MK4116 
. Motorola MC10136 Motorola MCM4118 1505 F4014 
Signetics 10136 NEC Micro f.LPD416 1562 

F10137 Motorola MC10137 Signetlca 2690 1676 
Signetics 10137 TI TMS4116 

F10141 Motorola MC10141 Zilog Z6116 
Signetics 10141 F4001 Mitel SIL4001 

F10144 Signetics 10144 Motorola MC14001 
F10145 Hitachi HD10145 National CD4001 

Motorola MC10145 NEe America /-lPD4001 
SigneticS 10145 RCA CD4001 

F10153 Motorola MC10153 SGS HBF4001 F4015 
F10158 Motorola MC10158 Solitron CM4001 

NEe America p.PB10158 SSS SCL4001 
Signetics 10158 TI TP4001 

F10159 Motorola MC10159 Toshiba TC4001 

The manufacturers report their devices can be used as dir~t replacements, 
Performance details often differ. so compare the specifications considering your requirements, 

Mitel SIL4002 
Motorola MC14002 
National CD4002 
NEe America /LPD4002 
RCA CD4002 
SGS H8F4002 
Solitron CM4002 
SSS SCL4002 
TI TP4002 
Toshiba TC4002 

. Motorola MC14006 
National CD4006 
NEe America /LPD4006 
RCA CD4006 
Solitron CM4006 
SSS SCL4006 
Mitel SIL4007 
Motorola MC14007 
National CD4007 
RCA CD4007 
SGS HBF4007 
Solitron CM4007 
SSS SCL4007 
TI TP4007 
Toshiba TC4007 
Motorola MC14008 
National CD4008 
RCA CD4008 
SGS HBF4008 
SoIitron CM4008 
SSS SCL4008 
TI TP4008 
Toshiba TC4008 
RCA CD4008 
Harris HD74C85 
National MM74C85 
RCA CD4063 
National MM74C89 
Hams HD8OC97 
National MM8OC97 
~ational MM8OC98 
Mitel SIL4011 
Motorola MC14011 
National CD4011 
NEe America /LPD4011 
RCA CD4011 
SGS H8F4011 
Solitron CM4011 
SSS SCL4011 
TI TP4011 

:Toshiba TC4011 
Mitel SIL4012 
Motorola MC14012 
National CD4012 
NEe America ~D4012 
RCA CD4012 
SGS HBF4012 
Solitron CM4012 
SSS SCL4012 
TI TP4012 
ToshibS TC4012 
Mitel SIL4013 
Motorola MC14013 , 
National CD4013 
NEC America JlP04013 
RCA CD4013 
SGS HBF4013 
Solitron CM4013 
SSS SCL4013 
n TP4013 
Toshiba TC4013 
Mitel SIL4014 

Motorola MC14014 

National CD4014 

NEe America ~14 
RCA CD4014 

SGS HBF~014 

SoIitron CM4014 

SSS SCL4014 

TI TP4014 

Toshiba TC4014 
Mitel SIL4015 
Motorola MC14015 
National CD4015 
NEe America /-lPD4015 
RCA CD4015 
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Fairchild (confd) 

F4015 

F4016 

F40160 

F40161 

F40162 

F40163 

I F4017 

F40174 

F40175 

F4018 

F4019 

SGS 
SoHtron 
SSS 
TI 
Toshiba 
AD 
Micro Power 
Mitel 
Motorola 
National 
RCA 
Solitron 
SSS 

Harris 

National 

RCA 
SSS 
TI 
Harris 

National 

RCA 
SSS 
TI 
Harris 

National 

RCA 
SSS 
TI 
Harris 

National 

RCA 
SSS 
TI 
Mitel 
Motorola 
National 
NEe America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Harris 

National 

RCA 
Harris 

National 

Mitel 
National 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Mitel 
National 
NEe America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 

• Discontinued 

2332 

IC Master 
Page 

HBF4015 
CM4015 
SCL4015 
TP4015 
TC4015 
AD7516 
MP7516 
SIL4016 
MC14016 
CD4016 
CD4016 
CM4016 
SCL4016 
,?4016 
HD54C160 
HD74C160 
CD40160 
MM54C160 
MM74C160 
CD40160 
SCL4160 
TP4360 
HD54C161 
HD74C161 
CD40161 
MM54C161 
MM74C161 
CD40161 
SCL4161 
TP4361 
HD54C162 
HD74C162 
CD40162 
MM54C162 
MM74C162 
CD40162 
SCL4162 
TP4362 
HD54C163 
HD74C163 
CD40163 
MM54C163 
MM74C163 
CD40163 
SCl4163 
TP4363 
SIL4017 
MC14017 
CD4017 
/-lPD4017 
CD4017 
HBF4017 
CM4017 
SCL4017 
TP4017 
TC4017 
HD54C174 
HD74C174 
CD40174 
MM54C174 
MM74C174 
CD40174 
HD54C175 
HD74C175 
MM54C175 
MM74C175 
SIL4018 
CD4018 
CD4018 
H81=40113 

CM4018 
SCL4018 
TP4018 
TC4018 
SIL4019 
CD4019 
J.(PD4019 
CD4019 
HBF4019 
CM4019 
SCL4019 
TP4019 
TC4019 
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F40192 

F40193 

F40194 

F40195 
F4020 

F4021 

F4022 

F4023 

F4024 

F4025 

F4027 

F4028 

Harris 

National 

RCA 
Harr:~ 

National 

RCA 
NEe America 
RCA 
National 
Mitel 
Moloroia 
National 
NEe America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Mitel 
Motorola 
),,1 ..... __ .... 1 
''fQl,fVIIQI 

NEe America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Mitel 
Motorola 
National 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Mitel 
Motorola 
National' 
NEe America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Mitel 
Motorola 
National 
NEe America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Mitel 
Motorola 
National 
NEe America 
RCA 
SGS 
Solitron 
SSS 
TI 
TQ~~b~ 

Mitel' 
Motorola 
National 
NEC America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Mitel 
Motorola 
National 

HD54C192 , 

~~~~~~: i
l
.! 

MM74C192 
CD40192 
HD54C193 
HD74C193 
CD40193 
MM54C193 
MM74C193 
CD40193 
J.(PD4194 
CD40194 
MM74C195 
SIL4020 
MC14020 
CD4020 
J.(PD4020 
CD4020 
HBF4020 
CM4020 
SCL4020 
TP4020 
TC4020 
SIL4021 
MC14021 
CD4021 
J.(PD4021 
CD4021 . 
CM4021 
SCL4021 
TP4021 
TC4021 
SIL4022 
MC14022 
CD4022 
CD4022 
HBF4022 
CM4022 
SCL4022 
TP4022 
TC4022 
SIL4023 
MC14023 
CD4023 
J.(PD4023 
CD4023 
HBF4023 
CM4023 
SCL4023 
TP4023 
TC4023 
SIL4024 
MC14024 
CD4024 
J.(PD4024 
CD4024 
HBF4024 
CM4024 
SCL4024 
TP4024 
TC4024 
SIL4025 
MC14025 
CD4025 
I'PD4025 
CD4025 
HBF4025 
CM4025 

, SCL4025 
TP4025 
TC~Q25 

SIL4027 
MC14027 
CD4027 
J.(PD4027 
CD4027 
HBF4027 
CM4027 
SCL4027 
TP4027 
TC4027 
SIL4028 
MC14028 
CD4028 

I 

I 

I 

F4028 

F4029 

F4030 

F4031 

F4034 

F4035 

F4040 

F4041 

F4042 

F4043 

F4044 

F4046 

NEe Amenca 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Mitel 
National 
NEe America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Mttei 
National 
NEe America 
RCA 

SGS 
Solitron 
SSS 
TI 
Toshiba 
National 

J.(PD4028 
CD4028 
HBF4028 
CM4028 
SCL4028 
TP4028 
TC4028 
SIL4029 
CD4029 
I'PD4029 
CD4029 
HBF4029 
CM4029 
SCL4029 
TP4029 
TC4029 
SIL4030 
CD4030 
I'PD4030 
CD4030 
CD4070 
HBF4030 
CM4030 
SCL4030 
TP4030 
TC4030 
CD4031 

RCA CD4031 
Motorola MC14034 
National CD4034 
RCA CD4034 
Solitron CM4034 
SSS SCL4034 
Toshiba TC4034 
Mite! SIL4035 
Motorola MC14035 
National CD4035 
NEe America J.(PD4035 
RCA CD4035 
SGS HBF4035 
Solitron CM4035 
SSS SCL4035 
TI TP4035 
Toshiba TC4035 
Mitel SIL4040 
National C04Q4O 
NEe America I'PD4040 
RCA CD4040 
SoUtron CM4040 
SSS SCL4040 
n TP4040 
Toshiba TC4040 
National CD4041 
RCA CD4041 
Solitron CM4041 
SSS CL4041 

SCL4041 
Mitel SIL4042 
Motorola MC 14042 
NatiOnal CD4042 
NEe America I'PD4042 
RCA CD4042 
SGS HBF4042 
Solitron CM4042 
SSS SCL4042 
n TP4042 
Toshiba TC4042 
Mitel SIL4043 
Motorola MC14043 
National CD4043 
NEe America I-LPD4043 
RCA CD4043 
SoHtrcn 
SSS 
TI 
Toshiba 
Mitel 
Motorola 
National 
NEC America 

.RCA 
Solitron 
SSS 
TI 
Toshiba 
Mitel 

SCL4043 
TP4043 
TC4043 
SIl4044 
MC14044 
CD4044 
/-lPD4044 
CD4044 
CM4044 
SCl4044 
TP4044 
TC4044 
SIL4046 

Manufacturer I Replacement 
Device Source Device 

IC Mater 
Page 

,F4046 

F4047 

Motorola 
National 
RCA 
Solitron 
SSS 
RCA 

MC14046 
CD4046 
CD4046 
CM4046 
SCl4046 
CD4047 

Soiitrof. CM4047 
TI TP4047 
Toshiba TC4047 

F4049 Mitel Sll4049 
Motorola MC14049 
National CD4049 
NEC America /-lPD4049 
RCA CD4049 
SGS HBF4049 
Solitron CM4049 
SSS SCL4049 
TI TP4049 
Toshiba TC4049 

F4050 Mitel SIL4050 

F4051 

F4052 

F4053 

F4066 

F4067 
F4068 

F4069 

F4070 

Motorola MC14050 
National CD4050 
NEe America I-LPD4050 
RCA CD4050 
SGS HBF4050 
Solitron CM4050 
SSS SCl4050 
Ti TP40SO 
Toshiba TC4050 
Mitel SIL4051 
Motorola MC14051 
National CD4051 
NEC America jlPD4051 
RCA CD4051 
Solitron CM4051 
SSS SCL4051 
TI TP4051 
Toshiba TC4051 
Mitel SIL4052 
Motorola MC14052 
National CD4052 
NEe America jlPD4052 
RCA CD4052 
Solitron CM4052 
SSS SCl4052 
TI TP4052 
Toshiba TC4052 
Mite! Sll4053 
Motorola MC14053 
National CD4053 
NEe America /-lPD4053 
RCA CD4053 
SoIitron CM4053 
SSS SCL4053 
Toshiba TC4053 
Mitel Sll4066 
Motorola MC14066 
National C04066 
NEe America jlPD4066 
RCA CD4Q66 
SGS HBF4066 
Signetics N4066 
Solitron CM4066 
SSS SCL4066 
Toshiba TC4066 
RCA CD4067 
Mitel SIL4068 
Motorola MC14068 
NEe America /-lPD4068 
RCA CD4068 
Solitron CM4068 
SSS SCL4068 
T! 
Toshiba 
Harris 
Mitel 
Motorola 
National 

NEC America 
RCA 
Solitron 
SSS 
TI 
TOShiba 
Mitel 

TC4068 
HD74C04 
SIL4069 
MC14069 
CD4069 
MM74C04 
jlPD4069 
CD4069 
CM4069 
SCL4069 
TP4069 
TC4069 
SIL4070 

Bold face device numbers indicate manufacturers data is provided in the IC Master on the pages noted. 
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Fairchild (cont'd) F4104 RCA C040104 F4528 Toshiba TC4528 1807 TI SN151907 
F4510 Mitel SIL4510 F4531 Motorola MC14531 1808 TI SN151808 

Motorola MC14510 RCA C040101 SN151908 
F4070 National C04070 National C0451 0 SSS SCL4531 1810 TI SN151810 

MM74C86 NEG America I1P04510 n TP4531 SN151910 
RCA C04070 RCA C040192 F4532 Motorola MC14532 1812 TI SN151812 
Solitron CM4070 C04510 RCA C04532 SN151912 
SSS SCL4070 SSS ,SCL4510 Toshiba TC4532 2102 NEC Micro I1PD2102 1591 

F4071 Mitel SIL4071 Toshiba TC4510 F4539 Motorola MC14539 Signetics 2102 
Motorola MC14071 F4511 Mitel SIL4511 NEe America I1P04539 n TMS4035 
National C04071 Motorola MC14511 Toshiba TC4539 2114 AMI 52114 1196 
NEG America I1P04071 National C04511 F4553 Motorola MC14553 ,Fujitsu MB8114 
RCA C04071 NEG America I1P04511 F4555 Motorola MC14555 Rockwell R2114 
Solitron CM4071 RCA C04511 NEG America I1P04555 2136 Motorola MC1356 
SSS SCL4071 Solitron CM4511 RCA C04555 Sprague ULN-2136 
TI TP4071 SSS SCL4511 SSS SCL4555 2708 Fujitsu MB8518 
Toshiba TC4071 TI TP4511 F4556 Motorola -MC14556 2716 Intel 2716 

F4072 Mitel SIL4072 F4512 Mitel SIL4512 NEG America j,LP04556 3257 GI R05-2240S 
Motorola MC14072 Motorola MC14512 RCA C04556 Mostek MK2302 
RCA C04072 ' National C04512 SSS SCL4556 3260 AMI S8564 
SSS SCL4072 NEG America 11PD4512 F4557 Motorola MC14557 3341 AMO 3341 
TI TP4072 SSS SCL4512 RCA C04031 3342 n TMS3121 
Toshiba TC4072 TI TP4512 F4581 RCA C040181 TMS3417 

F4073 Mitel SIL4073 Toshiba TC4512 SSS SCL4581 3347 n TMS3120 
Motorola MC14073 F4514 Mitel SIL4514 F4582 Motorola MC14582 3348 n TMS3112 
National C04073 Motorola MC14514 RCA C040182 3355 Synertek SY2833 
NEG America I1P04073 National C04514 SSS SCL4582 3357 TI TMS3404 
RCA C04073 NEG America I1P04514 TI TP4582 ,34XXX Fairchild F4XXX 
Solitron CM4073 RCA C04514 F4583 Motorola MC14583 3501 National MM3501 
SSS SCL4073 Solitron CM4514 RCA C040100 3507 AMI S8773 
TI TP4073 SSS SCL4514 Toshiba TC4583 3512 AMI S8773 
Toshiba TC4073 Toshiba TC4514 F4585 RCA C04063 3513 AMI S8773 

F4075 Mitel SIL4075 F4515 Mitel SIL4515 SSS SCL4585 3514 AMI S3514 
Motorola MC14075 Motorola MC14515 F4702 Harris H04702 S8772 

I National C04075 National C04515 F4703 RCA C040105 Fairchild 3515 
NEG America I1P04075 NEG America I1P04515 F4710 RCA C04036 Mostek MK2600 
RCA C04075 RCA C04515 C04039 MK2601 
SSS SCL4075 SSS SCL4515 F4720 RCA C040061 National MM4233 
TI TP4075 Toshiba TC4515 C04061 MM5233 
Toshiba TC4075 F4516 Mitel SIL4516 F4731 RCA C04031 3538 NEC Micro IlPD2101 1586 

F4076 Harris H074C173 Motorola MC14516 F6800 AMI S6800 1ns, 1780 3539 EMM/Semi 3539 1226 
Mitel SIL4076 National C04516 Motorola MC6800 2002 3580 AMI S8773 
Motorola MC14076 NEG America I1P04516 F6802 AMI 56802 1785 3705 Siliconix SI3705 
National C04076 RCA C040193 F6810 AMI 56810 1790 3730 GI AY5~1013A 

MM74C173 C04516 F6820 AMI 56820 1802 3731 AMI S1757 
RCA C04076 SSS SCL4516 Motorola MC6820 3817 AMI S1998 
Solitron CM4076 Toshiba - TC4516 F6821 AMI 56821 1798,1802 3850 Mostek MK3850 
SSS SCL4076 F4518 Mitel SIL4518 F6840 AMI S6840 1813 3851 Mostek MK3851 

F4077 Mitel SIL40n Motorola MC14518 F6846 AMI S6846 1817 3852 Mostek MK3852 
Motorola MC14077 National C04518 F6850 AMI S6850 1818 3854 Mostek MK3854 
RCA C04077 NEG America I1P04518 F6852 AMI 56852 1822 3861 Mostek MK3861 
Solitron CM4077 RCA C04518 LM301 Toshiba TA7506 3870 Mostek MK3870 
SSS SCL40n Solitron CM4518· MC1412 Silicon G SG2oo2 4096 EA EA4096 

F4078 Mitel SIL4078 SSS SCL4518 MC1413 Silicon G SG2oo3 EMM/Semi R03-4096 
Motorola MC14078 TI TP4518 MC5524 Silicon G SG5524 Fujitsu MB8227 
NEG America !1P04078 Toshiba TC4518 MC5525 Silicon G SG5525 Intersi! 7005 
RCA C04078 F4519 Motorola MC14519 MC5528 Smcon G SG5528 Mostek MK4096 
Solitron CM4078 National C04519 MC5529- Silicon G SG5529 NEC Micro IlP0414 
SSS SCL4078 NEG America I1P04519 MC55325 Silicon G SG55325 Rockwell 1604 
Toshiba TC4078 RCA C04019 MC5534 Silicon G SG5534 TI TMS4027 

F4081 Mitel SIL4081 TI TP4519 MC7905.2 Silicon G SG7905.2 4721B AMI 55101 1206 
Motorola MC14081 F4520 Mitel SIL4520 MC7908 Silicon G SG7908 47368 AMI 56508 1207 
National C04081 Motorola MC14520 M4027 Fujitsu - MB8227 54Hoo Motorola MC54HOO 
NEG America p.P04081 National C04520 Intersi! MK4027 National OM54HOO 
RCA C04081 NEG America I1P04520 Mostek MK4027 Raytheon 54Hoo 
Solitron CM4081 RCA. C04520 Motorola MCM4027 1522 Signetics 54Hoo 
SSS SCL4081 Salitron CM4520 Signatics 4027 16n n SN54HOO 
TI TP4081 SSS SCL4520 TI TMS4027 54H01 Motorola MC54H01 

I . Toshiba TC4081 n TP4520 SH3OO2 Siliconix SI3OO2 National OM54HOl 
F4082 Mitel SIL4082 Toshiba TC4520 SN54LS 126 Raytheon 54LS126 Raytheon 54H01 

Motorola MC14082 F4522 Motorola MC14522 Signetics 54LS126 Signetics 54HOl 
NEe America !1P04082 National C04522 TI SN54LS126 TI SN54H01 
RCA C04082 RCA C04018 T8A81 0 RCA CA810 54H04 Motorola MC54H04 
SSS SCL4082 SSS SCL4522 .102 Motorola MC54H102 National OM54H04 
TI TP4082 TI TP4522 11C05 Plessey SP861 0 Raytheon 54H04 
Toshiba TC4082 F4526 Motorola MC14526 11C90 Plessey SP8680 Signetics 54H04 

F4085 RCA C04085 SSS SCL4526 1103 AMI S1103A TI SN54H04 
F4086 RCA C04086 TI TP4526 1800 TI SN151800 54H05 Motorola MC54H05 
F4093 Motorola MC14093 F4527 RCA C04527 SN151900 National OM54H05 

National C04093 SSS SCL4527 1802 TI SN151802 Raytheon 54H05 
NEG America p.PD4093 F4528 Motorola MC14528 SN151902 Signetics 54H05 
RCA C04093 National C04528 1805 TI SN151805 TI SN54H05 

F4097 RCA C04097 NEG America I1P04528 SN151905 54H08 Motorola MC54H08 
F4099 National C04099 RCA C04098 1806 TI SN151806 National DM54H08 

NEe America I1P04099 C04528 SN151906 Signetics 54H08 
RCA C04099 SSS SCL4528 1807 TI SN151807 54Hl0 Motorola MC54H10 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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Device ' Source Device Page 

Fairchild (cont'd) 

54Hl0 National 
Raytheon 
Signetics 
TI 

54Hl01 Motorola 
Signetics 
TI 

54Hl02 Motorola 
Signetics 
TI 

54H103 National 
Signetics 
TI 

54Hl06 Nationai 
Signetics 
TI 

54Hl08 Motorola 
National 
Signetics 
TI 

54Hl1 Motorola 
National 
Raytheon 
Signetics 
TI 

54H15 Raytheon 
TI 

54H183 TI 
54H20 Motorola 

National 
Raytheon 
Signetics 
TI 

54H21 Motorola 
National 
Signetics 
TI 

54H22 Motorola 
National 
Raytheon 
Signetics 

I 54H30 
TI 
Motorola 

I 

54H40 

54H50 

54H51 

54H52 

54H53 

54H54 

54H55 

54H60 

54H61 

National 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Sign~tics 

TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
S!gnet!cs 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 

• Discontinued 

DM54Hl0 
54Hl0 
54Hl0 
SN54HiO 
MC54Hl01 
54Hl01 
SN54Hl01 
MC54Hl02 
54Hl02 
SN54Hl02 
DM54Hl03 
54Hl03 
SN54Hl03 
DM54Hl06 
54Hl06 
SN54Hl06 
MC54Hl08 
DM54Hl08 
54Hl08 
SN54Hl08 
MC54H11 
DM54H11 
54Hl1 
54Hl1 
~1"IIl.J~nll 

54H15 
SN54H15 
SN54H183 
MC54H20 
DM54H20 
54H20 
54H20 
SN54H20 
MC54H21 
DM54H21 
54H21 
SN54H21 
MC54H22 
DM54H22 
54H22 
54H22 
SN54H22 
MC54H30 
DM54H30 
54H30 
SN54H30 
MC54H40 
DM54H40 
54H40 
54H40 
SN54H40 
MC54H50 
DM54H50 
54H50 
SN54H50 
MC54H51 
DM54H51 
54H51 
SN54H51 
MC54H52 
DM54H52 
54H52 
SN54H52 
MC54H53 
DM54H53 
54H53 
SN54H53 
MC54H54 
DM54H54 
54H54 
SN54H54 
MC54H55 
DM54H55 
54H55 
SN54H55 
MC54H60 
DM54H60 
54H60 
SN54H60 
MCfi4H61 
DM54H61 
54H61 
SN54H61 

I 
I 
I 

Ie Master Manufacturer I Replacement 
Device Source Device Page 

54H62 

54H71 

54H72 

54H73 

54H74 

54H76 

54H78 

54LSOO 

54LSOl 

54LS02 

54LS03 

54LS04 

54LS05 

54LS08 

54LS09 

54LS10 

54LS107 

54LS109 

54LS11 

Motorola 
National 
Signetics 
TI 
Motorola 
National 
Sig"t:tics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 

Signetics 

TI 

Motorola 
National 
Raytheon 
Signetics 
TI 
National 
Signetics 
TI 
National 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
National 
Raytheon 
Signetics 
TI 
Mdtorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
n 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raythcc:1 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
Nationa! 
RavthAOn 

Signetics 
TI 
Motorola 

MC54H62 
DM54H62 
54H62 
SN54H62 
MC54H71 
DM54H71 
54H71 
SN54H71 
54H73 
MC54H72 
DM54H72 
54H72 
SN54H72 
54H72. 
MC54H73 
DM54H72 
DM54H13 
54H72 
54H73 
SN54H72 
SN54H73 
MC54H74 
DM54H74 
54H74 
54H74 
SN54H74 
DM54H76 
54H76 
SN54H76 
DM54H78 
SN54H78 
SN54LSOO 
DM54LSOO 
54LSOO 
54LSOO 
SN54LSOO 
DM54LSOl 
54LSOl 
54LSOl 
SN54LSOl 
SN54LS02 
DM54LS02 
54LS02 
54LS02 
SN54LS02 
SN54LS03 
DM54LS03 
54LS03 
54LS03 
SN54LS03 
SN54LS04 
DM54LS04 
54LS04 
54LS04 
SN54LS04 
SN54LS05· 
DM54LS05 
54LSOS 
54LS05 
SN54LS05 
SN54LS08 
DM54LSOS 
54LSOS 
54LSOS 
SN54LSOS 
SN54LS09 
DM54LS09 
54LS09 
54LS09 
SN54LS09 
SN54LS10 
DM54LS10 
f:AI C:in 

54LS10 
SN54LS10 
SN54LS107A 
DM54LS107 
54LS107 
54LS107 
SN54LS107A 
SN54LS109A 
DM54LS109 
"'41 ~10!:l 
54LS109 
SN54LS109A 
SN54LS11 

1 

I 
I 

I 

I 

IC Master Manufacturer I Replacement 
Device Source Device Page 

54LSll 

54LS112 

54LSl13 

54LSl14 

54LS12 

54LS125 

54LS126 

54LS132 

54LS133 
54LS136 

54LSl38 

54LS139 

54LS14 

54LS145 
54LS15 

54LS151 

54LS152 

54LS153 

54LS155 

!'.41 R1 fi6 

National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
National 
Raytheon 
Signetics 
Ti 
Motorola 
National 
Motorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
Motorola 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
AMD 
Motorola 
National 
Raytheon 
SignetiCS 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
AMD 
Motorola 
National 
Raytheon, 
Signetics 
TI 
Motorola 
Raytheon 
TI 
AMD 
.................. 1_ 

National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 

TI 
MntnrnlA 

National 
Raytheon 
TI 

DM54LSll 
54LS11 
54LS11 
SN54LS11 
SN54LS112A 
DM54LS112 
54LSi i2 
54LS112 
SN54LS112 
SN54LSl13A 
DM54LS113 
54LS113 
54LS113 
SN54LS113 
SN54LS114A 
DM54LS114 
54LS114 
54LSl14 
SN54LS114A 
SN54LS12 
DM54LS12 
54LS12 
54LS12 
SN54LS12 
DM54LS125 
54LS125 
54LS125 
SN54LSi25 
SN54LS126 
DM54LS126 
SN54LS132 
DM54LS132 
54LS132 
54LS132 
SN54LS132 
SN54LS133 
SN54LS136 
54LS136 
54LS136 
SN54LS136 
SN54LS138 
DM54LS138 
54LSl38 
54LS138 
SN54LS138 
SN54LS139 
SN54LS139 
DM54LS139 
54LS139 
74LS139 
SN54LS139 
SN54LS14 
DM54LS14 
54LS14 
54LS14 
SN54LS14 
SN54LS145 
SN54LS15 
DM54LS15 
54LS15 
54LS15 
SN54LS15 
SN54LS151 
SN54LS151 
DM54LS151 
54LS151 
54LS151 
SN54LS151 
SN54LS152 
54LS152 
SN54LS152 
SN54LS153 
C"'t.JCAI ~ .. e" V',....,.,. .... VI\JV 

DM54LS153 
54LS153 
54LS153 
SN54LS153 
SN54LS155 
DM54LS155 
54LS155 
74LS155 
SN54LS155 
RNfi41 ~1fifl 

DM54LS156 
54LS156 
SN54LS156 

1 

Ie Master Manufacturer I Replacement 
Device Source Device Page 

54LS157 

o4LSlbts 

54LS160 

54LS161 

54LS162 

54LSi63 

54LSl64 

54LS165 
54LSl68 

54LS169 

54LS170 

54LS173 

54LS174 

54LS175 

54LS181 

54LS190 

54LS191 

1 54L5192 

AMD 
Mbtorola 
National 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
AMD 
Motorola 
National 
Raytheon 
TI 
AMD 
Motorola 
National 
Raytheon 
Signetics 
TI 
AMD 
Motorola 
National 
Raytheon 
TI 
AMD 
Motorola 
National 
Raytheon 
Signetics 
TI 
AMD 
Motorola 
National 
Raytheon 
Signetics 
TI 
TI 
AMD 
National 
TI 
AMD 
National 
n 
AMD 
Motorola 
National 
Raytheon 
Signetics 
TI 
National 
Signetics 
TI 
AMD 
National 
Raytheon 
Signetics 
TI 
AMD 
Motorola 
National 
Raytheon 
Signetics 
TI 
AMD 
Motorola 
Raytheon 
Signetics 
TI 
AMD 
"_. ___ 1_ 
,VIVlUIVIQ 

National 
Raytheon 
Signetics 
TI 
AMD 
Motorola 
National 
Raytheon 
Signetics 
TI 

AMD 
Motorola 
National 

SN54LS157 
SN54LS157 
DM54LS157 
54LS157 
54LS157 
SN54LS157 
SN1l4LSlots 
DM54LS158 
54LS158 
54LS158 
SN54LS158 
SN54LS160 
SN54LS160A 
DM54LS160 
54LS160 
SN54LS160A 
SN54LS161 
SN54LS161 
DM54LS161 
54LS161 
54LS161A 
SN54LS161A 
SN54LS162 
SN54LS162A 
DM54LS162 
54LS162 
SN54LS162A 
SNf>4LSl63 
SN54LS163A 
DM54LSl63 
54LSl63 
54LSl63A 
SN54LS163A 
SN54LSl64 
SN54LS164!10 
DM54LSl64 
54LSl64 
54LSl64 
SN54LS164A 
SN54LS165 
SN54LS168 
DM54LSl68 
SN54LSl68 
SN54LS169 
DM54LS169 
SN54LS169 
AM54LS170 
SN54LS170 
DM54LS170 
54LS170 
54LS170 
SN54LS170 
DM54LS173 
54LS173 
SN54LS173 
SN54LS174 
DM54LS174 
54LS174 
54LS174 
SN54LS174 
SN54LS175 
SN54LS175 
DM54LS175 
54LS175 
54LS175 
SN54LS175 
SN54LS181 
SN54LS181 
54LS181 
54LS181 
SN54LS181 
SN54LS190 
,..."I .... AI ...... ". .... 

~r"\J~L..O I~V 

DM54LS190 
54LS190 
54LS190 
SN54LS190 
SN54LS191 
SN54LS191 
DM54LS191 
54LS191 
54LS191 
0:;:"":;,,' C::,Q' 

SN54LS192 
SN54LS192 
DM54LS192 

I 
I 

I 
I 

I 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Manufacturer I Replacement . 
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Manufacturer I Replacement 
Device Source Deviee Page 

Fairchild (cont'd) 

54LS192 Raytheon 
Signepcs 
TI 

54LS193 AMD 
Motorola 
National 
Raytheon 
Signetics 
TI 

54LS194 AMD 
Motorola 
Raytheon 
TI 

54LS195 AMD 
Motorola 
Raytheon 
Signetics 
TI 

54LS196 Motorola 
National 
Raytheon 
TI 

54LS197 Motorola 
National 
Raytheon 
TI 

54LS20 Motorola 
National 
Raytheon 
Signetics 
TI 

54LS21 Motorola 
National 
RaYtheon 
Signetics 
TI 

54LS22 Motorola 
National 
Raytheon 
Signetics 
n 

54LS240 AMD 
MMI 
TI 

54LS241 AMD 
MMI 
TI 

54LS245 Motorola 
54LS247 Motorola 
54LS248 Motorola 
54LS249 Motorola 
54LS251 AMD 

Motorola 
Raytheon 
Signetics 
TI 

54LS253 AMD 
Motorola 
National 
Raytheon 
Signetics 
TI 

54LS255 Raytheon 
54LS256 Motorola 
54LS257 Motorola 

National 
Raytheon 
Signetics 
TI 

54LS258 AMD 
Motorola 
Raytheon 
TI 

54LS259 Motorola 
TI 

54LS26 Motorola 
National 
Raytheon 
Signetics 
TI 

54lS260 Motorola 
54LS266 Motorola 

Raytheon 

• Discontinued 

Ie MASTER 1979 

54LS266 Signetics 54LS266 54LS395 Raytheon 54LS395 54LS958 
TI . SN54LS266 Signetics 54LS395 

54LS27 Motorola SN54LS27 TI SN54LS395 
54LS192 National DM54LS27 54LS40 Motorola SN54LS40 
54LS192 Raytheon 54LS27 National DM54LS40 54S00 

SN54LS192 Signetics 54LS27 Raytheon 54LS40 54S02 

SN54LS193 TI SN54LS27 Signetics 54LS40 
SN54LS193 54LS279 Motorola SN54LS279 TI SN54LS40 54S03 

DM54LS193 National DM54LS279 54LS42 Motorola SN54LS42 54S04 

54LS193 Raytheon 54LS279 National DM54LS42 
54LS193 74LS279 Raytheon 54LS42 54S05 
SN54LS193 Signetics 54LS279 Signetics 54LS42 
SN54LS194A TI SN54LS279 TI SN54LS42 54S08 

SN54LS194A 54LS280 TI SN54LS280 54LS47 Motorola SN54LS47 
54LS194A 54LS283 Motorola SN54LS283 54LS49 Motorola SN54LS49 54S09 
SN54LS194A National DM54LS283 54 LS490 TI SN54LS490 
SN54LS195A Raytheon - 54LS283 54LS502 Motorola SN54LS502 54S10 

SN54LS195A TI SN54LS283 54LS503 Motorola SN54LS503 54S11 

54LS195A 54LS290 Motorola SN54LS290 54LS504 Motorola SN54LS504 
54LS195A Signetics 54LS290 54LS51 Motorola SN54LS51 54S112 

SN54LS195A TI SN54LS290 National DM54LS51 
SN54LS196 54LS293 Motorola SN54LS293 Raytheon 54LS51 54S113 

DM54LS196 Signetics 54LS293 Signetics 54LS51 
54LS196 TI 

. SN54LS293 TI SN54LS51 54S114 

SN54LS196 54LS295 Raytheon 54 LS295A 54LS54 Motorola SN54LS54 . 54S132 

SN54LS197 Tl SN54LS2958 National DM54LS54 54S133 

DM54LS197 54LS298 Motorola SN54LS298 Raytheon 54LS54 54S134 
54LS197 Raytheon 54LS298 Signetics 54LS54 54S135 

SN54LS197 TI SN54LS298 TI SN54LS54 54S138 

SN54LS20 54LS299 AMD SN54LS299 54LS540 Motorola SN54LS540 
DM54LS20 Raytheon 54LS299 533 54LS541 Motorola SN54LS541 54S139 

54LS20 TI SN54LS299 54LS55 Motorola SN54LS55 
54LS20 54LS30 Motorola SN54LS30 National DM54LS55 
SN54LS20 National DM54LS30 Raytheon 54LS55 54S15 

SN54LS21 Raytheon 54LS30 Signetics 54LS55 
DM54LS21 Signetics 54LS30 TI SN54LS55 54S151 

54LS21 TI SN54LS30 54LS573 Motorola SN54LS573 
54LS21 54LS32 Motorola SN54LS32 54LS574 Motorola SN54LS574 
SN54LS21 National DM54LS32 54LS670 Motorola SN54LS670 54S153 

SN54LS22 Raytheon 54LS32 National DM54LS670 
DM54LS22- Signetics 54LS32 Raytheon 54LS670 

54LS22 TI SN54LS32 Signetics 54LS670 54S157 

54LS22 54 LS322 Motorola SN54LS322 TI SN54LS670 
SN54LS22 54LS323 Motorola SN54LS323 54LS73 Motorola SN54LS73A 
SN54LS240 SN74LS323 National DM54LS73 54S158 

54LS240 768 54LS33 Raytheon 54lS33 Raytheon 54LS73 
SN54LS240 Signetics 54LS33 Signetics 54LS73 
SN54LS241 TI SN54LS33 TI SN54LS73A 54S174 

54LS241 768 54LS352 Motorola SN54LS352 54LS74 Motorola SN54LS74A 

SN54LS241 National DM54LS352 National DM54LS74 54S175 

SN54LS245 TI SN54lS352 Raytheon 54lS74 
SN54LS247 54LS353 Motorola SN54LS353 Signetics 54LS74 54S181 

SN54lS248 National DM54lS353 TI SN54LS74A 
SN54LS249 TI SN54LS353 54LS75 Motorola SN54LS75 
SN54LS251 54LS365 Motorola SN54LS365A National DM54LS75 54S182 
SN54LS251 Raytheon 54LS365 Raytheon 54LS75 54S194 
54LS251 Signetics 54LS365A Signetics 54LS75 
54LS251 TI SN54LS365A TI SN54LS75 54S195 
SN54LS251 54LS366 Motorola SN54LS366A 54LS76 Motorola SN54LS76A 
SN54LS253 Raytheon 54LS366 54LSn Motorola SN74LS77 54S2O 

SN54LS253 Signetics 54LS366A Raytheon 54LS77 54S22 

DM54LS253 TI SN54LS366A TI SN54LSn 

54LS253 54LS367 Motorola SN54LS367A 54LS78 Motorola SN54LS78A 
54LS253 Raytheon 54LS367 54LSS3 Motorola SN54LS83 54S251 
SN54lS253 Signetics 54tS367A National DM54LS83 
54LS255 TI SN54LS367A Raytheon 54LS83A 
SN54LS256 54LS368 Motorola SN54LS368A TI SN54LS83A 54S253 
SN54LS257A RaytheOn 54LS368 54LS85 Motorola SN54LS85 
DM54LS257 Signetics 54LS368A National DM54LS85 54S257 
54LS257 TI SN54LS368A Raytheon 54LS85 
54LS257 54LS37 Motorola SN54LS37 Signetics 54LS85 
SN54LS257A National DM54LS37 n SN54LS85 54S258 
SN54LS258 Raytheon 54LS37 54LS86 Motorola SN54LS86 
SN54LS258A Signetics 54LS37 Raytheon 54LS86 
54LS258 TI SN54LS37 Signetics 54LS86 54S3O 
SN54LS258A 54LS373 Motorola SN54LS373 TI SN54LS86 54S32 
SN54LS259 54LS375 Motorola SN54LS375 54LS90 Mot0rola SN54LS90 
SN54LS259 54LS379 Motorola SN54LS379 National DM54LS90 54S40 
SN54LS26 54LS38 Motorola SN54LS38 Raytheon 54LS90 54S51 
DM54LS26 National DM54LS38 Signetics 54LS90 54S64 
54LS26 Raytheon 54LS38 n SN54LS90 54S65 
54LS26 Signetics 54LS38 54LS92 Raytheon 54LS92 54S74 
SN54lS26 TI SN54lS38 54LS93 Motorola SN54LS93 54S86 
SN54LS260 54LS390 TI SN54LS390 Raytheon 54 LS93 
SN54 LS266 54LS393 T1 SN54LS393 Signetics 54LS93 6400 
54LS266 54LS395 National DM54LS395 TI SN54LS93 

The manufacturers report their devices can be used as direct replacements.·" 
Performance details often differ, so compare the specifications considering your requirements. 

- Motorola SN54LS958 
National DM54LS958 
Raytheon 54LS958 
TI SN54LS958 
TI SN54S00 
Signetics 54S02 
TI SN54S02 
TI SN54S03 
Signetics 54S04 
TI SN54S04 
Signetics 54S05 
TI SN54S05 
Signetics 54S08 
TI SN54S08 
Signetics 54509 
TI SN54S09 
TI SN54S10 
Signetics 54S11 
TI SN54S11 
Motorola SN54S112 
TI SN54S112 
Motorola SN54S113 
TI SN54S113 
TI SN54S114 
TI SN54S132 
TI SN54S133 
TI SN54S134 
TI SN54S135 
AMD SN54S138 
T1 SN54S138 
AMD SN54S139 
Signetics 54S139 
TI SN54S139 
Signetics 54S15 
TI SN54S15 
AMD SN54S151 
Signetics 54S151 
TI SN54S151 
AMD SN54S153 
Signetics 54S153 
TI SN54S153 
AMD SN54S157 
Signetics 54S157 
TI SN54S157 
AMD SN54S158 
Signetics 54S158 
TI SN54S158 
AMD SN54S174 
TI SN54S174 
AMD SN54S175 
TI SN54S175 
AMD SN54S181 
Signetics 54S181 
TI SN54S181 " 
n SN54S182 
AMD SN54S194 
TI SN54S194 
AMD SN54S195 
TI SN54S195 
T1 SN54S20 
National DM54S22 
Signetics 54S22 
TI SN54S22 
AMD SN54S251 
Signetics 54S251 
TI SN54S261 
AMD SN54S253 
Signetics 54S253 
AMD SN54S257 
Signetics 54S257 
TI SN74S257 
AMD SN54S258 
Signetics 54S258 
TI SN54S258 
TI SN54S30 
Signetics 54S32 
TI SN54S32 
TI SN54S40 
TI SN54S51 
TI SN54S64 
TI SN54S65 
TI SN54S74 
Signetics 54S86 
TI SN54S86 
Motorola MC5400 
National DM5400 
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Fairchild (cont'd) 

5400 

5401 

5402 

5403 

5404 

5405 

5406 

5407 

'5408 

5409 

5410 

54107 

5411 

54116 

5412 

54121 

54122 

54123 

54125 

54126 

5413 

54132 

54136 
5414 

Signetics 
TI 
Motorola 
N3t:c~a! 

Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics .,., 

Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 

AMD 
Motorola 
NaUonal 
Signetics 
TI 
National 
Signetics 
TI 
Signetics 
TI 
Motorola 
Signetics 
TI 
Motorola 

National 
Signetics 
TI 
Motorola 
TI 
AMD 
Motorola 
National 
Signetics 
TI 
National 
Signetics 
TI 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Si netics 9 
TI 
TI 
Motorola 

• Discontinued 

5400 
SN5400 
MC5401 
nl't:'An.f 

5401 
SN5401 
MC5402 
OM5402 
5402 
SN5402 
MC5403 
OM5403 
5403 
SN54G3 
MC5404 
OM5404 
5404 
SN5404 
MC5405 
DM5405 
5405 
SN5405 
MC5406 
OM5406 
l:.'!r.£: 

SN5406 
MC5407 
DM5407 
5407 
SN5407 
MC5408 
OM5408 
5408 
SN5408 
MC5409 
OM5409 
5409 
SN5409 
MC5410 
OM5410 
5410 
SN5410 
SN54107 
MC54107 
DM541G7 
54107 
SN54107 
OM5411 
5411 
SN5411 
54116 
SN54116 
MC5412 
5412 
SN5412 
MC54121 
MC9603 
OM54121 
54121 
SN54121 
MC54122 
SN54122 
SN54123 
MC54123 
OM54123 
54123 
SN54123 
OM54125 
54125 
SN'i41?'i 

OM54126 
54126 
SN54126 
MC5413 
OM5413 
5413 
SN5413 
MC54132 
OM54132 
54132 
SN54132 
SN54136 
MC5414 

I 
I 

I 

~::cturer I ::::ment 
Device 

IC Master 
Page 

5414 

54145 

54150 

54151 

54152 

54i53 

54154 

54155 

54156 

54157 

54159 
5416 

54160 

54161 

54162 

54163 

54164 

54165 

National 
Signetics 
TI 
Motorola 

National 
n_ ........ _"'_ 
naYUIt:UII 

Signetics 
TI 
Motorola 

National 
Raytheon 
Signetics 
TI 
Motorola 

National 
Raytheon 
SignetiCS 
TI 

Motorola 

Raytheon 
Signetics 
TI 
AlAn 

Motorola 

National 
Signetics 
TI 
AMO 
Motorola 

National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
AMD 
Motorola 

National 
Signetics 
TI 
TI 
Motorola 
National 
Signetics 
TI 
AMO 
Motorola 

National 
Signetics 
TI 
AMO 
Motorola 

National 
Signetics 
TI 
AMO. 
Motorola 
Natio!"!al 

Signetics 
TI 
AMO 
Motorola 
National 
Signetics 
TI 
AMO 
National 
SiQnetics 
TI 
Motorola 
National 

OM5414 
5414 
SN5414 
MC54145 
MC93145 
OM54145 
54145 
54145 
SN54145 
MC54150 
MC93150 
OM54150 
54150 
54150 
SN54150 
MC54151 
MC93151 
OM54151 
54151 
54151 
SN54151 
SN54151A 
MC54152 
MC93152 
54152 
54152 
SN54152A 
OI"'J"'I;J~ 

MC54153 
MC93153 
OM54153 
54153 
SN54153 
SN54154 
MC54154 
MC9311 
OM54154 
54154 
SN54154 
MC54155 
OM54155 
54155 
SN54155 
MC54156 
OM54156 
541;>6 
SN54156 
SN54157 
MC54157 
MC9322 
OM54157 
54157, 
SN54157 
SN54159 
MC5416 
OM5416 
5416 
SN5416 
SN54160 
MC54160 
MC9310 
OM54160 
54160 
SN54160 
SN54161 
MC54161 
MC9316 
OM54161 
54161 
SN54161 
SN54162 
MC54162 
DM54~62 

54162 
SN54162 
SN54163 
MC54163 
OM54163 
54163 
SN54163 
SN54164 
OM54164 
54164 
SN54164 
MC54165 
OM54165 

IC Master Manuf.cturer~ I Replacement 
Device Source Device Page 

54165 

54166 

5417 

54170 

54173 

54174 

54175 

54176 

54177 

54178 

54179 

54180 

54181 

54182 

54190 

54191 

54192 

54193 

54194 

54195 

Signetics 
TI 
National 
Signetics 
TI 
Motorola 

National 
Signetics 
TI 
National 
Signetics 
TI 
National 
TI 
AMO 
Motorola 
National 
Signetics 
TI 
AMO 
Motorola 
National 
Signetfcs 
TI 
Motorola 

National 
Signetics 
TI 
Motorola 

National 
Signetics 
TI 
Motorola 
TI 
Motorola 
TI 
Motorola 

National 
Signetics 
TI 
AMO 
Motorola 

Nationai 
Signetics 
TI 
AMO 
Motorola 

National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
Signet,ics 
TI 
AMO 
Motorola 

National 
Signetics 
TI 
AMO 
Motorola 

National 
Signetics 
TI 
AMO 
Motorola 
National 
Signetics 
TI 
AMO 
Motorola 
National 
Signetics 
TI 

54165 
SN54165 
OM54166 
54166 
SN54166 
MC5417 
MC9417 
OM5417 
5417 
SN5417 
OM54170 
54170 
SN54170 
OM54173 
SN54173 
SN74174 
MC54174 
OM54174 
54174 
SN54174 
SN54175 
MC54175 
OM54175 
54175 
SN54175 
MC54176 
MC93176 
Divi54176 
54176 
SN54176 
MC54177 
MC93177 
OM54177 
54177 
SN54177 
MC93178 
SN54178 
MC93179 
SN54179 
MC54180 
MC93180 
OM54180 
54180 
SN54180 
SN54181 
MC54181 
MC9341 
DM54;81 
54181 
SN54181 
SN54182 
MC54182 
MC9342 
OM54182 
54182 
SN54182 
MC54190 
OM54190 
54190 
SN54190 
MC54191 
OM54191 
54191 
SN54191 
SN54192 
MC54192 
MC9360 
OM54192 
54192 

·SN54192 
SN54193 
MC54193 
MC9366 
OM54193 
54193 
SN54193 
SN54194 
MC54194 
OM54194 
54194 
SN54194 
SN54195 
MC54195 
OM54195 
54195 
SN54195 

ICMaster Manufacturer I Replacement 
Device . Source Device Page 

54196 

54197 

54198 

54199 

5420 

5421 
5422 

5423 

5425 

5426 

5427 

54279 

54283 
54298 

5430 

5432 

5437 

5438 

5440 

5441 
5442 

5443 

5444 

5445 

5446 

Motorola 
National 
Signetics 

.,TI 
Motorola 
National 
SlgnetiCS 
TI 
National 
Signetics 
TI 
National 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
Signetics 
Raytheon 
TI 
Motorola 
National 
Ti 
Motorola 
National 
TI 
Motorola 
National 
Signetics 
TI 
Motorola 
National 
TI 
Signetics 
TI 
TI 
Motorola 
Signetics 
TI 
Motorola 
National 
Signetics 
TI 
National 
Signetios 
TI 
Motorola 
National 
Signetios 
TI 
Motorola 
National 
Signetics. 
TI 
Motorola 
National 
Signetics 
TI 
National 
Motorola 

National 
Signetics 
TI 
Motorola 

Raytheon 
Signetics 
TI 
Motorola 

S:gnct;cs 
TI 

Motorola 

National 
Signetics 
TI 

Motorola 

National 
Signetics 
TI 

MC54196 
OM54196 
54196 
SN54196 
MC54197 
OM54197 
54197 
SN54197 
OM54198 
54198 
SN54198 
OM54199 
54199 
SN54199 
MC5420 
OM5420 
5420 
SN5420 
5421 
5422 
SN5422 
MC5423 
DM5423 
SN5423 
MC5425 
OM5425 
SN5425 
MC5426 
OM5426 
5426 
SN5426 
MC5427 
DM5427 
SN5427 
54279 
SN54279 
SN54283 
MC54298 
54298 
SN54298 
MC5430 
OM5430 
5430 
SN5430 
OM5432 
5432 
SN5432 
MC5437 
OM5437 
5437 
SN5437 
MC5438 
DM5438 
5438 
SN5438 
MC5440 
DM5440 
5440 
SN5440 
DM5441 
MC5442 
MC9352 
OM5442 
5442 
SN5442 
MC5443 
MC9353 
5443 
5443 
SN5443 
MC5444 
MC9354 
..., ......... 
SN5444 
SN5444A 
MC5445 
MC9345 
OM5445 
5445 
SN5445 
SN5445A 
MC5446 
Mr.~:l!'i7A 

OM5446 
5446 
SN5446 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted, 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master 
Device ' Source Device page Device Source Device Page Device Source Device Page Device Source Device Page 

Fairchild (cont'd) 5486 Signetics 5486 5524 National DS5524 74Hl0 Motorola MC74Hl0 
TI SN5486 Silicon G SG5524 National DM74Hl0 

5488 Motorola MCM4002 TI SN5524 NEG America p.PB74Hl0 

5446 TI SN5446A TI SN5488A 5525 AMD SN5525 Raytheon 74Hl0 

5447 Motorola MC5447 5489 AMD SN5489 Motorola SN5525 Signetics 74Hl0 

MC9357B 5889 Silicon G SG5525 TI SN74Hl0 

National DM5447 Motorola MC4064 TI SN5524 74Hl0l Motorola MC74Hl0l 

Signetics 5447 National DM5489 5528 Motorola MC5528 TI SN74Hl0l 

TI SN5447 TI SN5489 Silicon G SG5528 74Hl02 Motorola MC74Hl02 

SN5447A 5490 Motorola MC5490 TI SN5528 Signetics 74Hl02 

5448 Motorola MC5448 MC9390 5529 Motorola MC5529 TI SN74Hl02 

MC9358 National DM5490 Silicon G SG5529 74Hl03 National DM74Hl03 

National DM5448 Signetics 5490 TI SN5528 $ignetics 74Hl03 

Signetics 5448 TI SN5490 55325 ' AMD SN55325 TI SN74Hl03 

TI SN5448 SN5490A Silicon G SG55325 74Hl05 Motorola MC9001 

5449 Motorola MC5449 5491 Motorola MC5491 TI SN55325, 74Hl06 National DM74Hl06 

MC9359 MC9391 55326 TI SN55326 Signetics 74Hl06 

TI SN5449 National DM5491 55327 TI SN55327 TI SN74Hl06 

5450 Motorola MC5450 Signetics 5491 5534 Motorola MC5534 74Hl08 Motorola MC74Hl08 
National DM5450 TI SN5491 Silicon G SG5534 National DM74Hl08 
Signetics 5450 SN5491A 5535 Motorola MC5535 Signetics 74Hl08 
TI SN5450 5492 Motorola MC5492 Silicon G SG5535 TI SN74H108 

5451 Motorola MC5451 MC9392 5538 Motorola MC5538 74Hll Motorola MC74Hll 
National DM5451 National DM5492 SiliconG SG5538 National DM74Hll 
Signetics 5451 Signetics 5492 5539 Motorola MC5539 Raytheon 74Hll 
TI SN5451 TI SN5492 Silicon G SG5539 Signetics 74Hll 

5453 Motorola MC5453 SN5492A 55450 Silicon G SG55450 TI SN74Hll 

National DM5453 5493 Motorola MC5493 TI SN55450 74H15 Raytheon 74H15 

Signetics 5453 MC9393 55451 Silicon G SG55451 TI SN74H15 

TI SN5453 National DM5493 TI SN55451 74H183 Hitachi HD74H183 

5454 Motorola MC5454 Signetics 5493 55452 Silicon G SG55452 TI SN74H183 

National DM5454 TI SN5493 TI SN55452 74H20 Motorola MC74H20 

Signetics 5454 SN5493A 55453 Silicon G SG55453 National DM74H20 

TI SN5454 5494 Motorola MC5494 TI SN55453 NEG America p.PB74H20 I 

5460 Motorola MC5460 MC9394 55454 Silicon G SG55454 Raytheon 74H20 
National DM5460 Signetics 5494 TI SN55454 Signetics 74H20 
Signetics 5460 TI SN5494 55460 Silicon G SG55460 TI SN74H20 
TI SN5460 SN5494A TI SN55460 74H21 Motorola MC74H21 

5470 Motorola MC5470 5495 Motorola MC5495 55461 Silicon G SG55461 National DM74H21 

National DM5470 MC9395 TI SN55461 Signetics 74H21 
Signetics 5470 National DM5495 55462 Silicon G SG55462 TI SN74H21 
TI SN5470 Signetics 5495 TI SN55462 74H22 Motorola MC74H22 

5472 Motorola MC5472 TI SN5495 55463 Silicon G SG55463 National DM74H22 
National DM5472 SN5495A TI SN55463 Raytheon 74H22 
Signetics 5472 5496 Motorola MC5496 55464 Silicon G SG55464 Signetics 74H22 
TI SN5472 MC9396 TI SN55464 TI SN74H22 

5473 Motorola MC5473 National DM5496 55470 Silicon G SG55470 74H30 Motorola MC74H30 
National DM5473 Signetics 5496 TI SN55470 National DM74H30 
Signetics 5473 TI SN5496 55471 Silicon G SG55471 NEG Ame'rica p.PB74H30 
TI SN5473 5497 Motorola MC5497 TI SN55471 Signetics 74H30 

5474 Motorola MC5474 TI SN5497 55472 Silicon 'G SG55472 TI SN74H30 
National DM5474 55107 AMD SN55107B TI SN55472 74H40 Motorola MC74H40 
Signeties 5474 Motorola MC55107 55473 Silicon G SG55473 National DM74H40 
TI SN5474 National DS55107 TI SN55473 NEG America p.PB74H40 

5475 Motorola MC5475 Raytheon RM55107 55474 Silicon G SG55474 Raytheon 74H40 
MC9375 TI SN55107 TI SN55474 SigneticS 74H40 

National DM5475 55108 AMD SN55108 6105 SSS SCL5430 TI SN74H40 
Signetics 5475 Motorola MC55108 68316 AMI 84216B 1209 74H50 Motorola MC74H50 
TI SN5475 National DS551,08 68316E AMI S6831B National DM74H50 

5476 Motorola MC5476 Raytheon RM55108 1215,1806 Signetics 74H50 
National DM5476 TI SN55108 74HOO Motorola MC74HOO TI SN74H50 
Signetics 5476 55109 AMD SN55109 National DM74HOO 74H51 Motorola MC74H51 
TI SN5476 Raytheon RM55109 NEG America p.PB74HOO National DM74H51 

5477 Motorola M05477 TI SN551 09 Raytheon 74HOO NEG America p.PB74H51 
MC9377 55110 AMD SN55110 Signetics 74HOO Signetics 74H51 

Signetics 5477 Raytheon RM55110 TI SN74HOO TI SN74H51 
TI SN5477 TI SN55110 74H01 Motorola MC74H01 74H52 Motorola MC74H52 

5480 Motorola MC5480 55121 TI SN55121 National DM74H01 National DM74H52 
MC9380 55122 TI SN55122 NEG America p.PB74H01 Signetics 74H52 

Signetics 5480 5520 AMD SN5520 Raytheon 74H01 TI SN74H52 
TI SN5480 Silicon G SG5520 Signetics 74HOl 74H53 Motorola MC74H53 

5481 Motorola MC4304 5521 AMD SN5521 TI SN74H01 National DM7.4H53 
TI SN5481A Silicon G SG5521 74H04 Motorola MC74H04 Signetics 74H53 

5482 Motorola MC5482 55232 TI SN55232 National DM74H04 TI SN74H53 
MC9382 55233 TI SN55232 NEG America p.PB74H04 74H54 Motorola MC74H54 

TI SN5482 55234 AMD SN55234 Raytheon 74H04 National DM74H54 
5483 Motorola MC9383 TI SN55234 Signetics 74H04 Signetics 74H54 

Signetics 5483A 55235 AMD SN55235 TI' SN74H04 TI SN74H54 
TI SN5483A Motorola MC55325 74H05 Motorola MC74H05 74H55 Motorola MC74H55 

5485 Motorola MC5485 TI SN55234 National DM74H05 National DM74H55 
National DM5485 55238 AMD SN55238 Raytheon 74H05 Signetics 74H55 
Signetics 5485 TI SN55238 Signetics 74H05 TI SN74H55 
TI SN5485 55239 AMD SN55239 TI SN74H05 74H60 Motorola MC74H60 

5486 Motorola MC5486 TI SN55239 74H08 Motorola MC74H08 National DM74H60 
National DM5486 5524 AMD SN5524 National DM74H08 Signetics 74H60 
Raytheon 5486 Motorola SN5524 Signetics 74H08 TI SN74H60 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Page De)llce Source Device Page Devtce . Source Devtce PIge Device SoIB'Ce Devtce Page 

Fairchild (cont'd) I 74LS09 TI SN74LS09 74LS138 National DM74LS138 74LS161 Signetics 74LS161A 
74LS10 Hitachi HD74LS10 NEG America /iPB74LS138 TI SN74LS161A 

Motorola SN74LS10 Raytheon 74LS138 74LS162 AMD SN74LS162 

74H61 Motorola MC74H61 National DM74LS10 SigneticS 74LS138 Hitachi HD74LS162A 

Signetics 74H61 NEG America /iPB74LS10 TI SN74LS138 Motorola SN74LS162A 

TI SN74H61 Raytheon 74LS10 74LS139 AMD SN74LS139 National DM74LS162 
74H62 Motorola MC74H62 I Signetics 74LS10 Hitachi HD74LS139 Raytheon 74LS162 

Nat;ona~ DM74H62 

I 
II SN74LS1O Motorola . SN74LS139 Signetics 74LS162A 

Signetics 74H62 74LS107 Hitachi HD74LS107 National DM74LS139 TI SN74LS162A 
TI SN74H62 Motorola SN74LS107A NEG America /iPB74LS139 74LS163 AMD SN74LS163 

74H71 Motorola MC74H71 

I 
National DM74lS107 Raytheon 74LS139 Hitachi HD74LS163A 

National DM74H71 Raytheon 74LS107 Signetics 74LS139 Motorola SN74lS163A 
Signetics 74H71 Signetics 74LS107 TI SN74lS139 National DM74LS163 
TI SN74H71 I "lS109 

TI SN74LS107 74LS14 Hitachi HD74lS14 Raytheon 74LS163 
74H72 Motorola MC74H72 Motorola SN74LS109A Motorola SN74LS14 Signatics '74LS163A 

National DM74H72 National DM74lS109 National DM74LS14 TI SN74lS163A 
Signetics 74H72 NEG America /iPB74lS109 Raytheon 74LS14 74LS164 AMD SN14LS164 
,I SN74H72 Raytheon 74LS109 Signetics 74lS14 Hitachi HD74LS164 

74H73 Motorola MC74H73 Signetics 74LS109 TI SN74LS14 Motorola SN74lS164A 
National DM74H73 TI SN74LS109A 74LS145 Signetics 74LS145 National DM74lS164 
Signetic:s 74H73 74LS11 Hitachi HD74LS11 TI SN74lS145 NEG America I'PB74LS164 
TI SN74H73 Motorola SN74LS11 74lS15 Hitachi HD74lS15 Raytheon 74LS164 

74H74 Motorola MC74H74 National DM74lS11 Motorola SN74LS15 Signetics 74lS164 
National DM74H74 NEG America /iPB74LS11 National DM74LS15 TI SN74LS164A 
Raytheon 74H74 Raytheon 74LS11 Raytheon 74LS15 74LS165 TI SN74LS165 
Signetics 74H74 Signetics 74LS11 Signetics 74LS15 74lS168 AMD SN74LS168 
TI SN74H74 TI SN74LS11 TI SN74LS15 National DM74lS168 

74H76 National DM74H76 74LS112 Hitachi HD74LS112 74lS151 AMD SN74LS151 TI SN74lS168 
v1~'1t:t1lt,;~ 74H76 Moioroia SNt4LS112A Hitachi HD74LS151A 74LS169 AMD SN74lS169 
TI SN74H76 National DM74LS112 Motorola SN74lS151 National DM74LS169 

74H78 National DM74H78 NEG America /iPB74LS112 National DM74LS151 TI SN74LS169 
TI SN74H78 Raytheon 74LS112 NEG America /iPB74LS151 74LS170 AMD SN74LS170 

74H87 Motorola MC74H87 Signetics 74LS112 Raytheon 74LS151 Motorola SN74lS170 
TI SN74H87 TI SN74LS112 Signetics 74LS15f National DM74LS170 

74LSOO Hitachi HD74LSOO 74LS113 Hitachi 74LS113 TI SN74LS151 Raytheon 74lS170 
Motorola SN74LSOO Motoro!a SN74LS113A 74LS152 llitachi HD74LS152 Signetics 74LS170 
National DM74LSOO National DM74LS113 Motorola SN74LS152 TI SN74LS170 
NEG America /iPB74lS00 NEG America /iPB74LS113 Raytheon 74lS152 74lS173 National DM74lS173 
Raytheon 74LSOO Raytheon 74lS113 74lS153 AMD SN74lS153 Signetics 74LS173 
Signetics 74LSOO Signetics 74LSl13 Hitachi HD74LS153 TI SN74LS173 
TI SN74LSOO TI SN74lS113 Motorola SN74lS153 74LS174 AMD SN74lS174 

74LSOl Hitachi HD74lS01 74LS114 Hitachi HD74LS114 National DM74lS153 Hitachi HD74lS174 
National DM74LSOl Motorola SN74LS114A NEG America /iPB74lS153 Motorola SN74lS174 
Raytheon 74LS01 National DM74lS114 Raytheon 74LS153 National DM74lS174 

! 74LS02 

Signelics 74lS01 Raytheon 74LS114 Signetics 74lS153 Raytheon 74LS174 
T: SN74LS01 Signetics 74LS114 TI SN74LS153 Signetics 74LS174 
Hitachi HD74LS02 , TI SN?4LSlt4A I 74LS155 Hitachi HD74LS155 TI SN74LS174 

I Motorola SN74LS02 I 74LS12 Hitachi HD74LS12 Motorola SN74LS155 74lSt75 AMD SN74lS175 

I National DM74LS02 I Motorola SN74lS12 National DM74LS155 Hitachi HD74lS175 

I 
NEG America /iPB74~S02 

I 
National DM74LS12 NEe America p.PB74LS155 Motorola SN74LS175 

Raytheon 74LS02 Raytheon 74LS12 Raytheon 74LS155 National DM74lS175 
Signetics 74lS02 Signetics 74LS12 Signetics 74lS155 NEG America "PB74LS175 
TI SN74LS02 TI BN74LS12 TI SN74LS155 Raytheon 74lS175 

I 74LS03 Hitachi HD74lS03 I 74lS125 National DM74lS125 74LS156 Hitachi HD74lS156 Signetics 74LS175 
Motorola SN74LS03 Raytheon 74LS125 Motorola SN74LS156 TI SN74LS175 
National DM74LS03 Signetics 74LS125 National DM74LS156 74LS181 AMD SN74lS181 
NEe America flPB74LS03 TI SN74LS125 Raytheon 74LS156 Motorola SN74lS181 
Raytheon 74LS03 SN74LS125A Signetics 74LS156 Raytheon 74LS181 

Signetics 74LS03 74LS126 Motorola SN74LS126 TI SN74LS156 Signetics 74LS181 

TI SN74LS03 National DM74lS126 74lS157 AMD SN74LS157 TI SN74LS181 

74LS04 Hitachi HD74LS04 Raytheon 74LS126 Motorola SN74LS157 74LSl90 AMD SN74LSl90 

Motorola SN74LS04 Signetics 74LS126 National DM74lS157 Motorola SN74lS190 

National DM74LS04 TI SN74LS126 NEC America /iPB74LS157 National DM74lS190 

NEG America IlPB74LS04 SN74LS126A Raytheon 74LS157 Raytheon 74LSl90 
Raytheon 74LS04 74LS13 Hitachi HD74LS13 Signetics 74LS157 Signetics 74lS190 
Signetics 74LS04 Motorola SN74LS13 TI SN74LS157 I 74LS191 

TI SN74LSl90 
TI SN74LS04 National DM74LS13 74lS158 AMD SN74lS158 AMD SN74lS191 

74LS05 Hitachi HD74lS05 Raytheon 74LS13 Hitachi HD74LS158 Motorola SN74LS191 
Motorola SN74LS05 Signetics 74LS13 Motorola SN74lS158 National DM74lS191 
National DM74LS05 TI SN74LS13 National DM74LS158 Raytheon 74lS191 
NEG America }lPB74LS05 74LS132 Hitachi HD74LS132 Raytheon 74LS158 Signetics 74lS191 
Raytheon 74LSOS .Motorola SN74LS132 Signetics 74LS158 TI SN74lS191 
Signetic$ 74LS05 National DM74lS132 TI SN74LS158 74LS192 AMD SN74LS192 
TI 

..:)"t/"'L:..~V;:) Raytheon r4lS1;J2 74LSl60 AMD SN74LSl60 Motorola SN74lS192 

I 14lSO' 
Hitachi HD74lS08 Signetics 74LS132 Hitachi HD74lS160A National DM74LS192 
Motorola SN74LS08 TI SN74LS132 Motorola SN74LS160A NEC America /iPB74lS192 
National DM74LS08 74LS133 Motorola SN74LS133 National DM74LSl60 Raytheon 74LS192 
NEG America /iPB74LS08 74LS136 Hitachi HD74LS136 Raytheon 74lS160 Signetics 74LS192 

Raytheon 74LS08 Motorola SN74LS136 Signetics 74LS160A TI SN74LS192 
Signetics 74LS08 National DM74LS136 TI SN74LS160A 74LS193 AMD SN74LS193 
TI SN74LS08 Raytheon 74LS136 74LS161 AMD SN74lS161 Motorola SN74LS193 

74LS09 Hitachi HD74LS09 Signetics 74LS136 Hitachi HD74LS161A National DM74LS193 

Motorola SN74LS09 TI SN74LS136 Mutoroia SN74LS16iA NEG America /lPB74LS193 
N",tinn .. 1 nU7111 c:no 7 .. , C:1'lA C'-. • ..",u C"' ... ,..o .. _ ............... _.-_ ... -.-. 

nayuR1V1I '"LOll:''' _ •••• ' .... ""1""' • 

Raytheon 74LS09 Hitachi HD74LS138 NEC America 11PB74LS161 Signetics 74lS193 
Signetics 74LS09 Motorola SN74LS138 Raytheon 74LS161 TI SfI;74LS193 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement ICllaster Manufacturer I Replacement IC Master 

Page Device Source Device Page Device Source Device Page Device Source Device Page 

Fairchild (cont'd) 74 ['S248 Motorola SN74LS248 74LS290 TI SN74LS290 74LS377 TI SN74LS377 
National DM74LS248 74LS293 Motorola SN74LS293 74LS378 AMD SN74LS378 
TI SN74LS248 National DM74LS293 Signetics SN74LS378 

74LS194 AMD SN74LS194A 74LS249 Hitachi HD74LS249 Signetics 74LS293 TI SN74LS378 
Motorola SN74LS194A Motorola SN74LS249 TI SN74LS293 74LS379 Motorola SN74LS379 
NEe America /LPB74LS194 National DM74LS249 74LS295 Motorola SN74LS295 74LS38 Hitachi HD74L538 
Raytheon 74L5194A TI SN74LS249 NEe America /LP874LS295 Motorola SN74LS38 
Signetics 74LS194A 74LS251 AMD SN74LS251 Raytheon 74LS295A National DM74LS38 
TI SN74LS.194A Hitachi HD74LS251 Signetics 74LS295 NEe America /LPB74LS38 

74LS194A Hitachi HD74LS194A Motorola SN74LS251 n SN74LS295B Raytheon 74LS38 
74LS195 AMD SN74LS195A National DM74LS251 74LS298 Hitachi HD74LS298 Signetics 74LS38 

Hitachi HD74LS195A NEe America /LPB74LS251 Motorola SN74LS298 TI SN74LS38 
Motorola SN74LS1954 Raytheon 74LS251 Raytheon 74LS298 74LS386 Motorola SN74LS386 
NEe America /LPB74LS195 Signetics ·74LS251 Signetics 74LS298 National DM74LS386 
Raytheon 74LS195A TI SN74LS251 TI SN74LS298 Raytheon 74LS386 
Signetics 74LS195A 74LS253 AMD SN74LS253 74LS299 AMD SN74LS299 Signetics 74LS386 
TI SN74LS195A Hitachi HD74LS253 Raytheon 74LS299 533 TI SN74LS386 

74LS196 Motorola SN74LS196 Motorola SN74LS253 TI SN74LS299 74LS390 TI SN74LS390 
National DM74LSl96 National DM74LS253 74LS30 Hitachi HD74LS30 74LS393 TI SN74LS393 
Raytheon 74LS196 NEe America p.PB74LS253 Motorola SN74LS30 74LS395 National DM74LS395 
Signetics 74LS196 Raytheon 74LS253 National DM74LS30 Raytheon 74LS395 
TI SN74LS196 Signetics 74LS253 NEe America p.PB74LS30 Signetics 74LS395 

74LS197 Motorola SN74LS197 TI SN74LS253 Raytheon 74LS30 TI SN74LS395 
National DM74LS197 74LS255 Raytheon 74LS255 Signetics 74LS30 74LS40 Hitachi HD74LS40 
Raytheon 74LS197 74LS256 ,Motorola SN74LS256 TI SN74LS30 Motorola SN74LS40 
Signetics 74LS197 Signetics 74LS256 74LS32 Hitachi HD74LS32 National DM74LS40 
TI SN74LS197 74LS257 AMD SN74LS257 Motorola SN74LS32 NEe America /LPB74LS40 

74LS20 Hitachi HD74LS20 Hitachi HD74LS257 National DM74LS32 Raytheon 74LS40 
Motorola SN74LS20 Motorola SN74LS257A NEe America /LPB74LS32 Signetics 74LS40 
National DM74LS20 National DM74LS257 Raytheon 74LS32 n SN74LS40 
NEe America '/LPB74LS20 NEe America p.PB74LS257 Signetics 74LS32 74LS42 Hitachi HD74LS42 
Raytheon 74LS20 Raytheon 74LS257 TI SN74LS32 Motorola SN74LS42 
Signetics 74LS20 Signetics 74LS257 74LS322 Motorola SN74LS322 National DM74LS42 
TI SN74LS20 TI SN74LS257A 74LS352 Motorola SN74LS352 NEe America '/LPB74LS42 

74LS21 Hitachi HD74LS21 74LS258 AMD SN74LS258 National DM74LS352 Raytheon 74LS42 
Motorola SN74LS21 Motorola SN74LS258A TI SN74LS352 Signetics 74LS42 . National DM74LS21 National DM74LS258 74LS353 MotorQla 74LS353 TI SN74LS42 
NEe America /LPB74LS21 NEe America /LPB74LS258 National DM74LS~53 74LS47 Hitachi HD74LS47 
Raytheon 74LS21 Raytheon 74LS258 TI SN74LS353 Motorola SN74LS47 
Signetics 74LS21 Signetics • 74LS258 74 LS365 Motorola SN74LS365A . 74LS48 Hitachi HD74LS48 
TI SN74LS21 TI SN74LS258A National DM74LS365 Motorola SN74LS48 

74LS22 Hitachi HD74LS22 74LS259 Motorola SN74LS259 NEe America /LP874LS365 74LS49 Hitachi HD74LS49 
Motorola SN74LS22 Signetics 74LS259 Raytheon 74LS365 . Motorola SN74LS49 

- National DM74LS22 TI SN74LS259 Signetics 74LS365A 74L5490 TI SN74LS490 
Raytheon 74LS22 74LS26 Hitachi HD74LS26 TI SN74LS365A 74LS502 Motorola SN74LS502 
Signetics 74LS22 Motorola SN74LS26 74LS366 Motorola SN74LS366A 74LS503 Motorola SN74LS503 
n SN74LS22 National DM74LS26 National DM74LS366 74LS504 Motorola SN74LS504 

74LS221 Motorola SN74LS221 Raytheon 74LS26 NEe America p.PB74LS366 74LS51 Hitachi HD74LS51 
National DM74LS221 Signetics 74LS26 Raytheon 74LS366 Motorola SN74LS51 
Raytheon 74L5221 TI SN74LS26 Signetics 74LS366A National DM74LS51 
Signetics 74LS221 74LS260 Motorola SN74LS260 TI SN74LS366A NEe America /LPB74L551 
TI SN74LS221 Signetics 74LS260 74LS367 Hitachi HD74LS367 Raytheon 74LS51 

74L5240 AMD SN74LS240 74LS266 Fairchild 74LS266 Motorola SN74LS367A Signetics 74L551 
MMI 74LS240 768 Motorola 5N74LS266 National DM74LS367 TI SN74LS51 
Motorola 5N74LS240 Raytheon 74LS266 NEe America I1PB74LS367 74LS54 Hitachi HD74LS54 
Raytheon 74LS240 522 5ignetics 74L5266 Raytheon 74LS367 Motorola SN74LS54 
Signetics 74LS240 TI SN74LS266 Signetics 74LS367A National DM74LS54 
TI SN74LS240 74LS27 Hitachi HD74LS27 TI SN74LS367A NEe America p.PB74LS54 

74LS241 AMD SN74LS241 Motorola SN74LS27 74LS368 Hitachi HD74LS368 Raytheon 74LS54 
MMI 74LS241 768 National DM74L527 Motorola SN74LS368A Signetics 74LS54 
Motorola SN74LS241 NEe America /LPB74LS27 National DM74LS368 TI SN74LS54 
Raytheon 74LS241 525 Raytheon 74LS27 NEe America /LPB74LS368 74L5540 Motorola SN74LS540 
Signetics 74L5241 Signetics 74L527 Raytheon 74LS368 74LS541 Motorola SN74LS541 
TI SN74LS241 TI SN74LS27 Signetics 74LS368A 74LS55 Hitachi HD74LS55 

74LS242 AMD SN74LS242 74LS273 AMD 5N74LS273 TI SN74LS368A Motorola SN74LS55 
Motorola SN74LS242 Signetics 74LS273 74LS37 Hitachi HD74LS37 National DM74L555 
Raytheon 74LS242 528 TI SN74LS273 Motorola SN74LS37 NEe America p.PB74L555 
Signetics 74LS242 74LS279 Motorola SN74LS279 National DM74LS37 Raytheon 74LS55 
TI SN74LS242 National DM74LS279 NEe America p.PB74LS37 Signetics 74LS55 

. 74L5243 AMD 5N74L5243 NEe America p.PB74LS279 Raytheon 74L537 TI SN74LS55 
Motorola SN74L5243 Raytheon 74LS279 Signetics 74LS37 74LS573 Motorola 5N74L5573 
Raytheon 74LS243 528 Signetics 74LS279 TI SN74LS37 741,.S574 Motorola SN74LS574 

I 
Signetics 74LS243 TI 5N74LS279 74LS373 AMD SN74LS373 74LS670 Motorola SN74LS670 

I TI SN74LS243 74LS28 Raytheon 74L528 MMI 74LS373 505 National DM74LS670 
74L5244 AMD SN74LS244 Signetics 74LS28 Motorola SN74LS373 Raytheon 74LS670 

MMI 74LS244 768 TI SN74L528 Raytheon 74LS373 543 Signetics 74LS670 
Motorola SN74LS244 74LS280 TI SN74LS280 Signetics 74L5373 TI SN74LS670 
Raytheon 74LS244 525 74LS283 Hitachi SN74LS283 TI SN74LS373 74LS73 Hitachi HD74LS73 
Signetics 74LS244 Motorola SN74LS283 74LS374 AMD SN74LS374 Motorola SN74LS73A 
TI SN74LS244 National DM74LS283 MMI 74LS374 505 National DM74LS73 

74L5245 Motorola SN74LS245 Raytheon 74LS283 Raytheon 74LS374 543 Raytheon 74LS73 
74L5247 Hitachi HD74LS247 Signetics 74LS283 n SN74LS374 Signetics 74LS73 

Motorola SN74LS247 TI SN74LS283 74LS375 Motorola SN74LS375 TI SN74LS73A 
National DM74LS247 74LS290 Motorola SN74LS290 74L5-377 AMO SN74LS377 74LS74 Hitachi HD74LS74A 
TI SN74LS247 National DM74LS290 Raytheon 74LS377 549 Motorola SN74LS74A 

74LS248 Hitachi HD74LS248 Signetics 74LS290 Signetics 74LS377 National DM74LS74 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Manufacturer i Replacement 
0eYice I Source 

Fairchild (cont'd) 

74LS74 

7.4LS75 

74LS76 

74LS77 

74LS78 

74LS83 

74LS85 

74LS86 

74LS90 

74LS92 

74LS93 

74LS95 

74LS958 
74500 

74S02 

74S03 

74S04 

74S05 

74S08 

74809 

74S10 

NEG America 
Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signetics 
TI 
Hitachi 
Motorola 
National 
Raytheon 
Hitachi 
fJrUlOf'oi& 
Hitachi 
Motorola 
National 

Raytheon 
Signetics 
TI 
Motorola 
National 
Raytheon 
Signatics 
TI 
Hitachi 
Motorola 
NEG America 
Raytheon 
Signetics 
TI 
Motorola 
Raytheon 
Stgnetics 
TI 
Hitachi 
Motorola 
Raytheon 
Signetics 
TI 
Motorola 
Raytheon 
Slgnetics 
Ti 
Motorola 
Raytheon 
S,gnetics 
TI 
Hitachi 
Hitachi 
Mitsubishi 
National 
Signetics 
TI 
National 
Signetics 
TI 
Hilachi 
Mitsubishi 
National 
Signetics 
TI 
Hitachi 
Mitsubishi 
National 
Signelics 
TI 
Hitachi 
........... "" .... h. 

National 
Signetics 
TI 
Signetics 
TI 
Signetics 
TI 
Hitachi 
Mitsubishi 
National 
Signetics 
TI 

• Discontinued 

2340 

Ie Master =acturer I =ement DeYice Ie Mllter 
Device Page Page 

74S11 Hitachi H074S11 
Mitsubishi M58011 
National OM74S11 

I-IPB74LS74 Signetics 74811 
74LS74 TI SN74S11 
74LS74 74S112 Hitachi H074S112 
SN74LS74A Mitsubishi M5S112 
SN74LS75 I rv1otoroJa SN74S1i2 
OM74L575 National OM74S112 
74LS75 Signetics 745112 
74LS75 TI SN74S112 
SN74LS75 74S113 Hitachi H074S113 
H074LS76 Mitsubishi M5S113 
SN74LS76A Motorola SN74S113 
DM74LS77 National OM74S113 
54LS77 Signetics 74S113 
HD74LS78 TI SN74S113 
SN74LS76A 745114 HltacOi HU/4S114 
H074LS183A Mitsubishi M5S114 
SN74LS83A National OM74S114 
OM74LS83 Signetics ·74S114 
OM74LS83A TI SN74S114 
74LS83A 74S132 TI SN74S132 
74LS83 74S133 Hitachi H074S133 
SN74LS83A Mitsubishi M5S133 
SN74LS85 National OM74S133 
OM74LS85 Signetics 74S133 
74LS85 TI SN74S133 
""AI t"'nr 
I"tL\:JO~ f&t'l'l.l''' H,tacni HD74Si34 
SN74LS85 National OM74S134 
H074LS86 Signetics 74S134 
SN74LS86 TI SN74S134 
p.PB74LS86 74S135 Hitachi H07.4S135 
74LS86 National OM74S135 
74LS86 Signetics 74S135 
SN74LS86 TI SN74S135 
SN74LS90 

j 
74S138 AMD 5N74S138 

74LS90 Mitsubishi M5S138 
74LS90 National DM74S138 
SN74LS90 Signetics 74S138 
HD74LS92 TI SN74S138 
SN74LS92 74S139 AMO SN74S139 
74LS92 National DM74S139 
74LS92 Signetics 74S139 
SN74LS92 TI SN74S139 
SN74LS93 74S140 Hitachi H074S140 
74LS93 NatlOnsl DM74S140 
74LS93 Signetics 74S140 
SN74LS93 TI SN74S~40 

SN74LS95 Hitachi HD74S15 
74LS958 Milsubishi M5S015 
74LS95B National DM74S15 
SN74LS958 Signetics 74S15 
HD74LS95B TI SN74S15 
HD74Soo 74S151 AMO SN74S151 
M5S000 Hitachi HD74S151 
OM74S00 Mitsubishi M5S151 
74SOO National OM74S151 
SN74Soo Signetics 74S151 
OM74S02 TI SN74S151 
74S02 74S153 AMD SN74S~53 

SN74S32 Mitsubishi M5S153 
HD74S03 National DM74S153 
M5SOO3 Signetics 74S153 
OM74S03 TI SN74S153 
74S03 74S157 AMD SN74S157 
SN74S03 Mitsublshi M5S157 
HD74S04 National OM74S157 
M5Soo4 Signetics 74S157 
DM74S04 TI SN74S157 
74S04 74S158 AMD SN74S158 
SN74S04 Mitsubishi M5S158 
HD74S05 National DM74S158 
•• ct:",v·,,~ 3i!:jJlttiic.;:; 745,5& 
OM74S05 TI SN74S158 
74S05 74S174 AMO SN74S174 
SN74S05 Hitachi HD74S174 
74S08 Mitsubishi M5S174 
SN74S08 National OM74S174 
74S09 Signelics . 74S174 
SN74S09 TI SN74S174 
HD74S10 74S175 AMD SN74S175 
M5S010 Hitachi HD74S175 
nM74~1n ~AitC:-llhic;hi Ut:;<::17t:; 

74SlO National DM74S175 
SN74S10 Signetics 748175 

~urer i ~t DevIc:4t Ie Master 
Page 

74S175 
74S181 

74S182 

74S194 

745195 

74S20 

74S22 

74S251 

74S253 

74S257 

74S258 

74S30 
f 

I 
I 71S32 

174~O 

74S51 

74S64 

74S65 

I 74S74 

74S86 

7400 

7401 

TI 
AMO 
Hitachi 
Mitsubishi 
Signetics 
TI 
Mitsubishi 
Nationai 
Signetics 
TI 
AMO 
8ignetics 
TI 
AMO 
National 
Signetics 
TI 
Hitachi 
Mitsubishi 
National 
Signetics 
TI 
Hitachi 
Mitsubishi 
National 
Signetics 
TI 
AMO 
Hitachi 
Mitsubishi 
National 
Signetics 
TI 
AMO 
National 
Signetics 
AMO 
Mitsubishi 
National 
Signetics 
TI 
AMO 
Mitsubishi 
Signetics 
TI 
Mitsublshi 
Nationa! 
TI 
Si netic:. 9 
Hitachi 
Mitsubishi 
National 
Signetlcs 
TI 
Mitsubishi 
National 
Signetics 
TI 
Hitachi 
National 
Signetics 
T! 
Hitachi 
National 
Signetics 
TI 
Hitachi 
Mitsubishi 
TI 
Hitachi 
National 
Signetics 
TI 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signelics 
TI 
Toshiba 
TRW 
Hitachi 

Motorola 
National 

SN74S175 
SN7<iS181 
H074S181 
M5S181 
74S181 
SN74S181 
M55182 
DM14S182 
74S182 
SN74S182 
SN74S194 
74S194 
SN74S194 
SN74S195 
OM74S195 
74S195 
SN74S195 
HD74S20 
M5S02O 
OM74S20 
74S2O 
SN74S20 
HD74S22 
M5S22 
OM74S22 
74S22 
SN74S22 
SN74S251 
H074S251 
M5S251 
DM74S251 
74S251 
SN74S251 
SN74S253 
OM74S253 
748253 
SN74S257 
M5S257 
DM74S257 
74S257 
SN74S257 
SN74S258 
M5S258 
74S258 
SN74S258 
M5S030 
DM74S30 
SN74S30 
74832 
H074S40 
M5S040 
OM74S40 
74S40 
SN74S40 
M5S051 
OM74S51 
74S51 
SN74S51 
HD74S64 
DM74S64 
74564 
SN74S64 
H074S65 
OM74S65 
74865 
SN74S65 
H074S74 
M5S074 
SN74S74 
HD74S86 
DM74S86 
74S86 
SN74S86 
HU/4UO 

M53200 
MC7400 
OM74oo 
I-IP87400 
7400 
SN7400 
TC7400 
7400 
HD7401 

MC7401 
DM7401 

=acturer l::::-m Device 
iC Master 

Page 

I 

I. 

7401 

7402 

7403 

7404 

7405 

7406 

7407 

7408 

7409 

7410 

74105 
74107 

I 74109 

, 

Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
NEC America 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishl 
Motorola 
National 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
Toshiba 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW· 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TAW 
Hitachi 
Mitsubishi 
Motorola 
NatiOnal 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 
Nationa! 
Signetics 
TI 
Toshiba 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 

Toshiba 
TRW 
NEG America 
AMO 
Hitachi 
Mitsubishi 
Motorola 

National 
NEG America 
Signetics 

National 
Stgnetics 

7401 
SN7401 
7401 
H07402 
M53202 
MC7402 
OM7402 
p.PB7402 
7402 
SN7402 
7402 
H07403 
M53203 
MC7403 
OM7403 
7403 
SN7403 
7403 
H07404 
M53204 
MC7404 
OM 7404 
JlP87404 
7404 
SN7404 
TC7404 
7404 
H07405 
M53205 
MC7405 
OM7405 
p.PB7405 
7405 
SN7405 
7405 
H07400 
M53200 
MC7406 
DM7406 
7400 
SN7400 
7400 
H07407 
M53207 
MC7407 
DM7407 
7407 
SN7407 
7407 
H07408 
M53208 
MC7408 
DM7408 
7408 
SN7408 
TC7408 
7408 
HD7409 
M53209 
MC7409 
DM7409 
7409 
SN7409 
7409 
H07410 
M53210 
MC7410 
DM7410 
p.PB7410 
7410 
SN7410 
SN7427 
TC7410 
7410 
p.PB74105 
SN74107 
HD74107 
M53307 
MC74H107 
MC74107 
OM74107 
p.PB74107 
74107 

DM74109 
74109 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 
I 
I 
I 
I" 
I 
I 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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I ~ Device 

IC Master Manufacturer I Replacement IC Master M8Ilufacturer I Replacement IC Master 
Device' Source , Device Page Page Device ,Source Device Page Device Source Device Page 

Fairchild (cont'd) 74151 Hitachi HD74151 74162 Mitsubishi M53362 74180 Signetics 74180 
Mitsubishi M53351 Motorola MC74162 TI SN74180 
Motorola MC74151 National DM74162 TRW 74180 

74109 TI SN74109 MC83151 Signetics 74162 74181 AMD SN74181 
7411 Hitachi HD7411 National DM74151 TI SN74162 Mitsubishi M53381 

Nationai DM7411 NEC Amer.ca j.tPB74151 TRW 74162 Motoro!a MC74181 
Signetics 7411 Signetics 74151 74163 AMD SN74163 MC8341 

74116 Signetics 74116 TI SN74151 Hitachi HD74163 National DM74181 

TI SN74116 SN74151A Mitsubishi M53363 NEG America j.lPB74181 
7412 Hitachi HD7412 TRW 74151 Motorola MC74163 Signetics 74181 

Signetics 7412 74152 Motorola MC74152 National DM74163 TI SN74181 

TI SN7412 MC83152 Signetics 74163 74182 AMD SN74182 

TRW . 7412 TI SN74152 TI SN74163' Mitsubishi M53382 
74121 Hitachi HD74121 TRW 74152 TRW 74163 Motorola MC74182 

Mitsubishi' M53321 74153 AMD SN74153 74164 AMD SN74164 MC8342 
Motorola MC74121 Mitsubishi M53353 74164 National DM74182 

MC8603 Motorola MC74153 Hitachi HD74164 NECAmerica j.lPB74182 
National DM74121 MC83153 Mitsubishi M53364 Signetics 74182 
Signetics 74121 ' National DM74'153 Motorola MC83164 TI SN74182 
TI SN74121 NEC America j.lPB74153 National DM74164 74190 Hitachi HD74190 
TRW 74121 Signetics 74153 NEC America j.lPB74164 Mitsubishi M53390 

74122 Mitsubishi M53322 TI SN74153 Raytheon 74164 Motorola MC74190 
Motorola MC74122 TRW 74153 Signetics 74164 National DM74190 
Signetics 74122 74154 AMD SN74154 TI SN74164 Signetics 74190 
TI SN74122 Mitsubishi M53354 74165 Mitsubishi M53365 TI SN74190 

74123 AMD SN74123 Motorola MC74154 Motorola MC74165 74191 Hitachi HD74191 
Mitsubishi M53323 MC8311 MC83165 Mitsubishi M53391 
Motorola MC74123 National DM74154 National DM74165 Motorola MC74191 

National DM74123 NEC America j.lPB74154 Signetics 74165 National DM74191 

NEC America j.lPB74123 Signetics 74154 TI SN74165 Signetics 74191 
Signetics 74123 TI SN74154 74166 Hitachi HD74166 TI SN74191 
TI SN74123 TRW 74154 Mitsubishi M53366 74192 AMD SN74192 
TRW 74123 74155 Mitsubishi M53355 National DM74166 Mitsubishi M53392 

74125 Hitachi HD74125 Motorola MC74155 Signetics 74166 Motorola MC74192 
Mitsubishi M53325 National DM74155 TI SN74166 MC8360 
National DM74125 NEC America j.lPB74155 7417 Hitachi HD7417 National DM74192 
Signetics 74125 Signetics 74155 Mitsubishi M53217 NEC America j.lPB74192 
TI SN74125 TI SN74155 Motorola MC7417 Signetics 74192 

74126 Hitachi HD74126 TRW 74155 National DM7417 TI SN74192 
Mitsubishi M53326 74156 Hitachi HD74156 Signetics 7417 74193 AMD SN74193 
National DM74126 Mitsubishi M53356 TI SN7417 Mitsubishi M53393 
Signetics 74126 Motorola MC74156 TRW 7417 Motorola MC74193 
TI SN74126 National DM74156 74170 Mitsubishi M53370 MC8366 

7413 Mitsubishi M53213 NEC America j.lPB74156 National DM74170' .National DM74193 
Motorola MC7413 Signetics 74156 . NEC America j.lPB74170 NEC America j.lPB74193 
National DM7413 TI SN74156 Signetics 74170 Signetics 74193 
NEC America j.lPB7413 TRW 74156 TI SN74170 TI SN74193 
Signetics 7413 74157 AMD SN74157 74173 National DM74173 74194 AMD SN74194 
TI SN7413 Hitachi HD74157 TI SN74173· Hitachi HD74194 
TRW 7413 Mitsubishi M53357 74174 AMD SN74174 Motorola MC74194 

741.32 Hitachi HD74132 Motorola MC74157 Hitachi HD74174 National DM74194 
Mitsubishi M53332 MC8322 Mitsubishi M53374 Signetics 74194 
Motorola MC74132 National DM74157 Motorola MC74174 TI SN74194 
National I:>M74132 NEC America j.lPB741.57 National DM74174 74195 AMD SN74195 
Signetics 74132 Signetics 74157 Signetics 74174 Motorola MC74195 
TI SN74132 TI SN74157 TI SN74174 National DM74195 

74136 Raytheon 74136 74159 TI SN74159 74175 AMD SN74175 NEG America j.lPB74195 
TI SN74136 7416 Hitachi HD7416 Hitachi HD74175 Signetics 74195 

7414 Hitachi HD7414 Mitsubishi M53216 Mitsubishi M53375 7447 
. Mitsubishi M53214 Motorola MC7416 Motorola MC74175 TI SN74195 
Motorola MC7414 National .DM7416 National DM74175 SN7447A 
National DM7414 Signetics 7416 NEC America j.lPB74175 74196 Motorola MC74196 
Signetics 7414 TI SN7416 Signetics 74175 National DM74196 
TI SN7414 TRW 7416 TI SN74175 Signetics 74196 

74141 Motorola MC74141 74160 AMD SN74160 74176 Mitsubishi M53376 TI SN74196 
'National DM74141 Hitachi HD74160 Motorola MC74176 74197 Motorola MC74197 
NEC America j.lPB74141 Mitsubishi M53360 MC83176 National DM74197 
Signetics 74141 Motorola MC74160 National DM74176 Signetics 74197 
TI SN74141 MC831 0 Signetics 74176 TI SN74197 

74145 Mitsubishi M53345 MC8316 TI SN74176 74198 Hitachi HD74198 
Motorola MC74145 Natiooal DM74160 74177 Mitsubishi M53377 Mitsubishi M53398 

MC83145 Raytheon 74160 Motorola MC74177 National DM74198 
National DM74145 Signetics 74160 MC83177 NEC America j.lPB74198 
Raytheon 74145 TI SN74160 National DM74177 Signetics 74198 
Signetics 74145 TRW 74160 Signetics 74177 TI SN74198 
TI SN74145 74161 AMD SN74161 TI SN74177 74199 Mitsubishi M53399 
TRW 74145 Hitachi HD74161 74178 Motorola MC83178 National DM74199 

74150 Hitachi HD74150 Mitsubishi M53361 TI SN74178 Signetics 74199 
Mitsubishi M53350 Motorola MC74161 • 74179 Motorola MC83179 TI SN74199 
Motorola MC74150 National DM74161 TI SN74179 7420 Hitachi HD7420 

MC83150 NEe America /1PB74161 74180 Hitachi HD74180 Mitsubishi M53220 
National DM74150 Signeti~ 74161 Mitsubishi M53380 Motorola MC7420 
NEC America /1PB74150 TI SN74161 Motorola MC74180 National DM7420 
Signetics 74150 TRW 74161 MC83180 NEC America /LPB7420 
TI SN74150 74162 AMD SN74162 National DM74180 Signetics 7420 
TRW 74150 Hitachi HD74162 NEC America /LPB74180 TI SN7420 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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Fairchild (cont'd) 

7420 

7421 
7422 

7423 

7425 

7426 

7427 

74279 

'74283 

74290 

74293 

74298 

7430 

I 

7432 

7437 

7438 

7439 
7440 

7441 

I 7""" 

Toshiba 
TRW 
SigneticS 
Hitachi 
Ti 
Motorola 
National 
TI 
Mitsubishi 
Motorola 
National 
TI 
Hitachi 
Motorola 
National 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
Signetics 
II 

Mitsubishi 
NEG America 
TI 
Mitsubishi 
Motorola 
TI 
TRW 
Mitsubishi 
Motorola 
TI 
TRW 
Motorola 
Signetics 
TI 
Hitachi 
Mitsubishi 
Motorola 
Natiol1al 
NEG America 
Signetics 
TI 
TRW 
Hitachi 
Nationl'll 
Signetics 
TI 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Signetics 
Hitachi 
Mitsubishi 
Motorola 
Natlonai 
NEG America 
Signetics 
TI 
TRW 
Mitsubishi 
Motorola 
National 
Signetics 
TI 

Mitsubishi 
Motorola 

• Discontinued 

TC7420 
7420 
7421 
HD7422 
81'.11422 
MC7423 
DM7423 
SN7423 
M53225 
MC7425 
DM7425 
SN7425 
HD7426 
MC7426 
DM7426 
7426 
SN7426 
7426' 
HD7427 
M53227 
MC7427 
DM7427 
7427 
SN7427 
74279 
SN74279 
M53483 
I1PB74283 
SN74283 
M53490 
MC74290 
SN74290 
74290 
M53493 
MC74293 
SN74293 
74293 
MC74298 
74298 
SN74298 
HD7430 
M53230 
MC7430 
DM-r430 
IlPB7430 
7430 
SN7430 
7430 
HD7432 
IIM7432 
7432 
SN7432 
M53237 
MC7437 
DM7437 
IlPB7437 
7437 
SN7437 
7437 
M53238 
MC7438 
DM7438 
f.lPB7438 
7438 
SN7438 
7438 
7439 
HD7440 
M53240 
MC7440 
UM/440 

f.lPB7440 
7440 
SN7440 
7440 
M53241 
MC8315 
DM7441 
7441 
CO'I"' .......... 

M53242 
MC7442 

I 

I 

=ac:turer I =:::-m Device 
'CMuter 

Page 

7442 

7443 

7444 

7445 

7446 

7447 

7448 

7449 

7450 

7451 

7453 

7454 

7460 

Motorola 
National 
NEG America 
Signetics 
TI 

Hitachi 
Mitsubishi 
Motorola 

Signetics 
TI 

Hitachi 
Mitsublshi 
Motorola 

SignelicS 
TI 
Mitsubishi 
Motorola 

National 
NEG America 
Signetics 
TI 
TRW 
Motorola 

National 
Signetics 
TI 
Mitsubishi 
Motorola 

National 
NEG America 
Signetics 
TI 
Mitsubishi 
Motorola 

National 
Signetics 
TI 
Motorola 

TI 
Hitachi 
Mitsubishi 
Motorola 
National 
NEe Amenca 
Signetics 
TI 
TRW 
Hitachi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishl 
Motorola 
National 
NEG America 
Signetics 
Tl 
TRW 
Hitachi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
N'-"" An ri" 

Ti 
TRW 

MC8352 
DM7442 
f.lPB7442 
7442 
SN7442 
SN7442A 
HD7443 
M53243 
MC7443 
MC8353 
7443 
SN7443 
SN7443A 
HD7444 
Mfi3244 
MC7444 
MC8354 
7444 
SN7444A 
M53245 
MC7445 
MC8345 
DM7445 
f.lPB7445 
7445 
SN7445 
7445 
MC7446 
MC8357 
DM7446 
744E\ 
SN7446A 
M53247 
MC7447 
MC8357 
DM7447 
f.lPB7447 
7447 
SN7447 
M53248 
MC7448 
MC8358 
DM7448 
7448 
SN7448 
MC7449 
MC8359 
SN7449 
HD7450 
M53250 
MC7450 
DM7450 
IlPB7450 
7450 
SN7450 
7450 
HD7451 
MC7451 
DM7451 
f.lPB7451 
7451 
SN7451 
7451 
HD7453 
M53253 
MC7453 
DM7453 
IlPB7453 
7453 
SN7453 
7453 
HD7454 
MC7454 
DM7454 
f.lPB7454 
7454 
SN7454 
7454 
HD7460 
M53260 
MC7460 
DM7460 

PB74-0 o 

SN7460 
7460 

I 

I 

I 

~urer I~t Device 

7470 

7472 

7473 

7474 

7475 

7476 

7477 

7480 

7481 

7482 

7483 

7485 

7486 

7488 

Hitachi 
Mltsubishl 
Motorola 
National 
SigneticS 
TI 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 

National 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Motorola 

Signelics 
Mitsubishi 
Motorola 
NEG America 
Signetics 
TI 
rv1otoroJa 
TI 
Hitachi 
Motorola 

TI 
Mitsubishi 
Motorola 

National 
Signetics 
TI 

Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Motorola 
Ti 

Mitsubishi 
Motorola 

HD7470 
M53270 
MC7470 
DM7470 
7470 
SN7470 
HD7472 
M53272 
MC7472 
DM7472 
7472 
SN7472 
7472 
HD7473 
M53273 
MC7473 
DM7473 
f.lPB7473 
7473 
SN7473 
HD7474 
M53274 
MC7474 
DM7474 
f.lPB7474 
7474 
SN7474 
7474 
HD7475 
M53275 
MC7475 
MC8375 
DM7475 
7475 
SN7475 
7475 
HD7476 
M53276 
MC7476 
DM7476 
I1PB7476 
7476 
SN7476 
7476 
MC7477 
MG8377 
7477 
M53280 
MC7480 
I1PB7480 
7480 
SN7480 
MC4004 
SN7481A 
HD7482 
MC7482 
MC8382 
SN7482 
M53283 
MC7483 
MC8383 
DM7483 
7483 
SN7483 
SN7483A 
HD7485 
M53285 
MC7485 
DM7485 
I1PB7485 
7485 
SN7485 
7485 
HD7486 
M53286 
MC7486 
DM7486 
f.lPB7486 
7486 
SN7486 
7486 
MC4002 
SN748/jA 

M53289 
MC4064 

Ie Master 
Page 

I 

Manufacturer I Replacement .• Ie Master 
Device Source DWlce 

7489 

7490 

7491 

7492 

7493 

7494 

7495 

7496 

7497 

75107 

75108 

75109 

75110 

75112 
75121 

75122 

75123 

7 512 4 

75150 
75154 

National 
TI 
TRW 
Hitachi 
Mitsubishi 
Motorola 

National 
Signetics 
Tl 
TRW 
Hitachi 
Mitsubishi 
Motorola 

National 
NEe America 
Signetics 
TI 
Hitachi 
MitsuQjshi 
Motorola 

National 
Signetics 
TI 

TRW 
Hitachi 
Mitsubishi 
Motorola 

National 
Signetics 
TI 
TRW 
Motorola 

Signetics 
TI 
Hitachi 
Mitsubishi 
Motorola 

National 
Signetics 
TI 

Hitachi 
Mitsubishi 
Motorola 

Nationai 
Signetics 
TI 
TRW 
Motorola 
TI 
AMD 
Motorola 
National 
Raytheon 
TI 
AMD 
Motorola 
National 
Raytheon 
TI 
AMD 
Raytheon 
TI 
AMD 
Motorola 
Raytheon 
TI 
TI 
Motorola 
TI 
Motorola 
TI 
MotOrola 
TI 
Mot oro 

TI 
TI 

la 

DM7489 
SN7489 
7489 
HD7490 
M53290 
MC7490 
MC8390 
DM7490 
7490 
SN7490A 
7490 
HD7491 
M53291 
MC7491 
MC8391 
DM7491 
,uPB7491 

7491 
SN7491A 
HD7492 
M53292 
MC7492 
MC8392 
DM7492 
7492 
SN7492 
SN7492A 
7492 
HD7493 
M53293 
MC7493 
MC8393 
DM7493 
7493 
SN7493A 
7493 
MC7494 
MC8394 
7494 
SN7494 
HD7495 
M53295 
MC7495 
MC8395 
DM7495 
7495 
SN7495 
SN7495.A. 
HD7496 
M53296 
MC7496 
MC8396 
DM7496 
7496 
SN7496 
7496 
MC7497 
SN7497 
SN75107 
MC75107 
DS75107 
RC75107 
SN75107 
SN75108 
MC751 08 
DS75108 
RC75108 
SN75108 
SN75109 
RC75109 
SN751 09 
SN75110 
MC75110 
RC75110 
SN75110 
SN75112 
MC8T13 
SN75121 
MC8T14 
SN75122 
MC8T23 
SN75123 
MC8T24 
.:11""01'<:'4 

SN75150 
SN75154 

Page 

I 

I 

I 
I 

I 

I 
I 

Bold face device numbers indicate manufacturers data IS proVided in the Ie Master on the pages noted. 
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Manufacturer I Replacement Ie Master Manufacturer I Replacement IC Master Manufacturer I Replacement ICMaster Manutact...er I Replacement ICM ...... 
Device Source Device Page Device Source Device Page Device Source Device Page Device Source DevIce Page 

Fairchild (cont'd) 75474 Silicon G SG75474 .9Hl08 Motorola MC54Hl08 +9H54 TI SN74H54 
TI SN75474 MC74Hl08 +9H55 Motorola MC54H55 

75491 Motorola MC75491 National OM54Hl08 MC74H55 
7520 Silcon G SG7520 National OS75491 OM74H108 National OM54H55 
75207 TI SN75207 TI SN75491 Signetics 54Hl08 OM74H55 
75208 AMO SN75208 75492 Motorola MC75492 74H108 TI SN54H55 

TI SN75208 National OS75492 TI SN54H108 +9H60 Motorola MC54H60 
7521 Silicon G SG7521 TI SN75492 SN74H108 MC74H60 
75234 AMO SN75234 8T13 Motorola MC8T13 .9H11 Motorola MC54Hll National OM54H60 

TI SN75234 National OS55121 MC74Hl1 OM74H60 
75238 AMO SN75238 TI SN55121 National ' OM54Hl1 TI SN54H60 

TI SN75238 8T14 Motorola MC8T14 OM74Hl1 SN74H60 
7524 Motorola MC7524 National OS55122 Signetics 54H11 .9H61 Motorola MC54H61 

National OS7524 TI ,SN55122 74H11 . MC74H61 
Signetics 7524 8T23 Motorola MC8T23 TI SN54H11 National OM54H61 
Silicon G SG7524 National OS75123 SN74H11 DM74H61 
TI SN7524 TI SN75123 .9H20 Motorola MC54H20 Signetics 54H61 

7525 Silicon G SG7525 8T24 MotofOla MC8T24 MC74H20 74H61 
'7528 Motorola MC7528 National OS75124 National OM54H20 TI SN54H61 

Silicon G SG7528 TI SN75124 OM74H20 SN74H61 
TI SN7528 +9HOO Motorola MC54HOO Signe~cs 54H20 .9H62 Motorola MC54H62 

7529 Silicon G SG7529 MC74HOO 74H20 MC74H62 
75325 AMO SN75325 National OM54HOO TI SN54H20 National DM54H62 

Motorola MC75325 OM74HOO SN74H20 DM74H62 
National OS75325 Signetics 54HOO .9H21 Motorola MC54H21 Signetics 541-:162 
Signetics 75325 74HOO MC74H21 74H62 
Silicon G SG75325 TI SN54HOO National OM54H21 TI SN54H62 
TI SN75325 SN74HOO OM74H21 SN74H62 

75326 TI SN75326 .9H01 Motorola MC54H01 TI SN54H21 .9H71 Motorola MC54H71 
75327 TI SN75327 MC74H01 SN74H21 MC74H71 
7535 Silicon ~ SG7535 National OM54H01 +9H22 Motorola MC54H22 National DM54H71 
7538 Silicon G SG7538 TI SN54H01 MC74H22 OM74H71 
7539 Silicon G SG7539 SN74H01 National OM54H22 Signetics 54H71 
75430 TI SN75430 .9H04 Motorola MC54H04 OM74H22 74H71 
75450 Motorola MC75450 MC74H04 Signetics 54H22 TI SN54H71 

National OS75450 National OM54H04 74H22 SN74H71 
Signetics 75450 OM74H04 TI SN54H22 .9H72 Motorola MC54H72 
Silicon G SG75450 Signetics 54H04 SN74H22 National OM54H72 
TI SN75450 74H04 .9H30 Motorola MC54H30 OM74H72 

75451 Motorola MC75451 TI SN54H04 MC74H30 Signetics 54H72 
National OS75451 SN74H04 National OM54H30 74H72 
Signetics 75451 +9H05 Motorola MC54H05 OM74H30 TI SN54H72 
Silicon G SG75451 MC74H05 Signetics 54H30 SN74H72 
TI SN75451 National OM54H05 74H30 +9H73 Motorola MC54H73 

75452 Motorola MC75452 OM74H05 TI SN54H30 National DM54H73 
National OS75452 Signetics 54H05 SN74H30 OM74H73 
Signetics 75452 74H05 .9H40 Motorola MC54H40 Signetics 54H73 
Silicon G SG75452 TI SN54H05 MC74H40 74H73 
TI SN75452 SN74H05 National OM54H40 TI SN54H73 

75453 Motorola MC75453 .9H08 Motorola MC54H08 OM74H40 SN74H73 
National OS75453 MC74H08 Signetics 54H40 +9H74 Motorola MC54H74 
Signetics 75453 National OM54H08 74H40 MC74H74 
Silicon G SG75453 OM74H08 TI ·SN54H40 National OM54H74 
TI SN75453 Signetics 54H08 SN74H40 OM74H74 

75454 Motorola MC75454 74H08 .9H50 Motorola MC74H50 Signetics 54H74 
N,ational OS75454 .9Hl0 Motorola MC54H10 National OM54H5O 74H74 
Signetics 75454 MC74H10 OM74H50 TI SN54H74 
Silicon G SG75454 National OM54HHi Signetics 54H50 SN74H?4 
TI SN75454 OM74H10 74H50 .9H76 National OM54H76 

75460 National OS75460 Signetics 54H10 TI SN54H50 OM74H76 
Silicon G SG75460 74Hl0 SN74H50 Signetics 54H76 
TI SN75460 TI SN54Hl0 .9H51 Motorola MC54H51 74H76 

75461 Motorola MC75461 SN74Hl0 MC74H51 TI SN54H76 
National OS75461 .9Hl0l Motorola MC54Hl0l National OM54H51 SN74H76 
Silicon G SG75461 MC74H101 OM74H51 .9H78 National DM54H78 
TI SN75461 Signetics 54Hl01 Signetics 54H51 DM74H78 

75462 Motorola MC75462 74Hl01 74H51 TI .SN54H78 
National OS75462 TI SN54H101 TI SN54H51 SN74H78 
Silicon G SG75462 SN74Hl0l SN74H51 9LSOO National DM54LSOO 
TI SN75462 +9H102 Motorola MC74Hl02 +9H52 Motorola MC54H52 DM74LSOO 

75463 Motorola MC75463 Signetics 54Hl02 MC74H52 Raytheon 9LSOO 
National OS75463 74Hl02 National OM54H52 9LS02 National DM54LS02 
Silicon G SG75463 TI SN54Hl02 OM74H52 OM74LS02 
TI SN75463 SN74Hl02 TI SN54H52 Raytheon 9LS02 

75464 Motorola MC75464 +9Hl03 National OM54Hl03 SN74H52 9LS03 National DM54LS03 
National OS75464 OM74H103 .9H53 Motorola MC54H53 OM74LS03 
Silicon G SG75464 TI SN54Hl03 MC74H53 Raytheon 9LS03 
TI SN75464 SN74Hl03 National OM54H53 9LS04 National OM54LS04 

75470 Silicon G SG75470 +9H106 National OM54H106 OM74H53 DM74LS04 
TI SN75470 OM74Hl06 \ TI SN54H53 Raytheon 9LS04 

75471 Silicon G SG75471 Signetics 54H106 SN74H53 9LSOS National OM54LS05 
TI SN75471 74Hl06 +9H54 Motorola MC54H54 OM74LS05 

75472 Silicon G SG75472 TI SN54H106 MC74H54 Raytheon 9LS05 
TI SN75472 SN54Hl07 National OM54H54 9LS08 National DM54LS08 

75473 Silicon G SG75473 SN74Hl06 OM74H54 OM74LS08 
TI SN75473 SN74H107 TI SN54H54 Raytheon 9LS08 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications conSidering your requirements. 
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Fairchild (cont'd) 

9LS09 National 

Raytheon 
9LS10 National 

Raytheon 
9LS109 National 

Raytheon 
9LS11 National 

Raytheon 
9LS112 National 

Raytheon 
9LS113 National 

Raytheon 
9LS114 National 

Raytheon 
9LS125 National 

9lS126 National 

SLS132 NallOnai 

Raytheon 
9LS133 National 
9LS136 National 

Raytheon 
9lS138 National 

Raytheon 
9lS139 National 

Raytheoo 
9LS14 National 

Raytheon 
9LS15 National 

Raytheon 
9LS151 National 

Raytheon 
9lS152 Raytheon 
9LS153 National 

\9L5155 

Raytheon 
National 

I Raytheon 

I'LS1" National 

Raytheon 
9LS157 National 

Raytheon 
9LS158 National 

Raytheon 
9lS160 National 

Raytheon 
915161 National 

Raytheon 
9LS162 National 

Raytheon 
9LS163 National 

Raytheon 
9LSl64 National 

9lS170 National 

Raytheon 
9lS173 Ravtheon 
9LS174 National 

• Discontinued 

DM54LS09 
DM74LS09 
9LS09 
DM54LS10 
DM74LS10 
9LS10 
DM54LS109 
DM74LS109 
9LS109 
DM54LS11 
DM74LS11 
9LS11 
DM54LS112 
DM74LS112 
9LS112 
DM54LS113 
DM74LSl13 
9LS113 
DM54LS114 
DM74LSl14 
9LS114 
OM54LS125 
DM74LS125 . 
DM54lS126 
OM74lS126 
DM54LSi32 
DM74LS132 
9lS132 
DM74S133 
DM54LS136 
DM74lS136 
9LS136 
DM54LS138 
DM74LS138 
9LS138 
DM54LS139 
DM74LS139 
9LS139 
DM54LSt4 
DM74LS14 
9lS14 
DM54LS15 
DM74LS15 
9lS15 
DM54lS151 
DM74lS151 
9LS151 
9LS152 
DM54LS153 
DM74lS153 
9LS153 
DM54LS155 
DM74LS155 
9LS155 
DM54LS156 
DM74LS156 
9L5156 
DM54LS157 
DM74LS157 
9LS157 
DM54LS158 
DM74LS158 
9LS158 
DM54LS160 
DM74lS160 
9LS160 
DM54LS161 
DM74LS161 
9LS161 
DM54LS162 
n,'''.' l"'--tLon 
",,'Y""-L.UIV, 

9LS162 
DM54LS163 
DM74LS163 
9LS163 
DM54LS164 
DM74LS164 
DM54LS170 
DM74LS170 
9LS170 
9l S17:l 
DM54LS174 
DM74lS174 

I 
I 

I 
I 

I 
I 

I 
I 
! 
i 

I 

I 

I 

Manufacturer I Replacement Ie Uuter 
Device Source Device Page 

9LS174 Raytheon 9LS174 
9LS175 National DM54LS175 

DM74LS175 
Raytheon 9LS175 

9LS181 National DM54181 
DM74181 

Raytheon 9LS181 
9LSi90 Nationai DM54LSl90 

DM74LS190 
Raytheon 9LSl90 

9LS191 National DM54LS191 
DM74LS191 

Raytheon 9LS191 
9LS192 National DM54LS192 

DM74LS192 
Raytheon 9LS192 

9LS193 National DM54LS193 
DM74LS193 

Raytheon 9LS193 
9LS194 Raytheon 9LS194A 
9LS195 Raytheon 9LS195A 
9LSl96 National DM54LS196 

DM74LSl96 
Raytheon 9LS196 

9LS197 National DM54LS197 
DM74LS197 

Raytheon 9LS197 
9LS20 National DM54LS20 

DM74LS20 
Raytheon 9LS20 

9LS21 National DM54LS21 
DM74LS21 

Raytheon 9LS21 
9LS22 National DM54LS22 

DM74LS22 
Ra~'lheon 9LS22 

9LS251 Raytheon 9LS251 
9LS253 National DM54LS253 

DM74LS253 
Raytheon 9LS253 

9LS257 National DM54lS257 
DM74LS257 

Raytheon 9LS257 
9LS258 • National DM54LS258 

DM74LS258 
Raytheon 9LS258 

9lS259 National DM8334 
DM9334 

9LS266 Nationa! DM54LS266 
OM74LS266 

'Raytheon 9lS266 
9lS27 National DM54LS27 

OM 74l.S27 

Raytheon 9LS27 
9LS279 National DM54LS279 

DM74LS279 
Raytheon 9LS279 

9LS283 National DM54LS283 
DM74LS283 

Raytheon 9L5283 
9LS295 Raytheon 9LS295A 
9L5298 AMD 9lS298 

Raytheon 9L5298 
9LS30 National DM54LS30 

DM74lS30 
Raytheon 9LS30 

9LS32 National DM54LS32 
DM74LS32 

Raytheon 9LS32 
9LS365 National DM54LS365 

DM74lS365 
9LS366 National DM54LS366 

DM74lS366 
9LS36; Naiionai DM54LSatI{ 

DM74LS367 
9LS368 National DM54LS368 

DM74lS368 
9lS37 National DM54LS37 

DM74LS37 
Raytheon 9LS37 

9LS38 National DM54LS38 
DM74LS38 

Raytheon 9L538 
QI "<1n J\IQtinnQI I"'IU"'" ~AI\ 

DM74LS40 
Raytheon 9LS40 

Manufacturer I Replacement Ie Maatw 
Device· Source Device Page 

9LS42 National DM54LS42 
DM74LS42 

Raytheon 9LS42 
9LS51 National DM54LS51 

DM74LS51 
Raytheon 9LS51 

9LS54 National DM54LS54 
DM74LS54 

Raytheon 9LS54 
9LS55 National DM54LS55 

DM74LS55 
Raytheon 9LS55 

9LS670 National DM54LS670 
DM74LS670 

Raytheon 9LS670 
9LS73 National DM54LS73 

DM74LS73 
9LS74 National DM54LS74 

DM74LS74 
Raytheon 9LS74 

9LS83 National DM54LS83 
DM74LS83 

Raytheon 9LS83A 
9LS86 National DM54LS86 

DM74LS86 
Raytheon 9LS86 

9LS90 Raytheon 9LS90 
9LS93 Raytheon 9LS93 
9LS95 Raytheon 9LS95B 
9LOO National DM54LOO 

DM74LOO 
TI SN54LSOO 

SN74LSOO 
9L04 National DM54L04 

DM74L04 
TI SN54LS04 

SN74LS04 
9L24 National DMS024 

DM9024 
TI SN54LS109 

SN74LS109 
9154 National DM54L54 

DM74L54 
TI SN54LS54 

SN74LS54 
9La6 National DM5486 

OM7486 
TI SN54LS86 

SN74LS86 
.9NXX Fairchild 54XX 

74XX 
.95XX Fairchild 54SXX 

I~~ 
74SXX 

National OO74S04 
Signetics 74S04 
TI SN54S04 

SN74S04 
.9S05 National DM74505 

Signetics 74S05 
TI SN54505 

SN74S05 
9000 TI SN29000 
9001 Motorola MC3052 

MC9001 
TI SN29001 

9002 Motorola MC7400 
National DM9002C 

I TI SN29002 
SN5400 
5N7400 

9003 Motorola MC7410 
National DM9003C 
TI SN29003 

SN541 0 
SN7410 

9004 Motorola MC7420 
National DM9004C 
TI SN29004 

SN5420 
SN7420 

9005 Motorola MC7450 
National DM9005C 

I 
TI SN29005 

C'.,jrAtn _. -- ._-
SN7450 

9006 Motorola MC7460 

Manuf8ctInr I Replacement .! IC Maatw 

DevIce Source Dee 

9006 National 
TI 

9007 T1 
9008 'National 

TI 
9009 Motorola 

National 
TI 

9012 National 
TI 

9016 Motorola 
National 
TI 

9017 TI 

9024 National 

Signetics 
TI 

9031 Signetics 
9034 Motorola 

Signetics 
TI 

9093 Hitachi 
National 
Raytheon 
TI 

9094 National 
Raytheon 
TI 

9097 National 
Raytheon 
T1 

9099 Hitachi 
National 
Raytheon 
TI 

9135 National 
9157 National 
9158 National 
93HOO TI 

93loo AMD 
National 
TI 

9aLOI AMD 
National 

93LOS AMD 
93109 National 

93UO AMD 
National 

93111 AMD 
National 

93U2 AMD 
National 

9aL14 AMD 
93Lt6 AMD 

National 

93Lt8 AMD 
NatIOnal 

93L21 AMD 

93L22 AMD 

DM9OO6C 
Sri/5460 
S~7460 
SN29007 
DM9008C 
SN29008 
MC7440 
DM9009C 
SN29009 
SN5440 
DM9012C 
SN29012 
SN5403 
SN7403 
MC7404 
DM9016C 
SN29016 
SN5404 
SN7404 
SN5405 
SN7405 
DM741 09 
DM8024 
DM9024 
74109 
SN29024 
SN541 09 
SN741 09 
N8252 
MCM4002 
8224 
SN5488A 
SN7488A 
H02211 
OM9093 
RM993 
SNl58093 
SN159093 
DM9094 
RM994 
SNl58094 
SN159094 
OM9097 
RM997 
SN158097 
SN159097 
HD221 0 
0M9099 
RM999 
SN158099 
SN159099 
DM935 
DM957 
OM958 
SN54S195 
SN74S195 
93LOO 
DM74LOO 
SN54LS195 
SN74LS195 
93L01 
DM8301 
DM9301 
93LOS 
OM8309 
DM9309 
93L10 
DM76L75 
DM86l75 
93Ll1 
DM54L154A 
DM74L154A 
93U2 
DM8312 
DM9312 
93L14 
93Lt6 
DM76l76 
DM86L76 
93L18 
DM8318 
DM9318 
93L21 _ ... _ ... -.--, . ..,,. .... ...,. 
5N74LS139 
93L22 

Page 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Fairchild (cbnt'd) 930 National DM930 9315 Motorola MC8315 .93166 TI SN74166 
9300 AMD 9300 MC9315 93176 National DM5447 

Motorola MC9300 National DM5441 DM7447 
93L22 National DM54l157A National DM8300 DM7441A TI SN5446A 

DM74L157A DM9300 Signetics 7441 SN7446A' 
93L24 AMD 93124 , Raytheon RC9300 n SN54141 9317C National DM5446 
93L28 AMD 93128 RM9300 .93150 Motorola MC83150 DM7446, 

93134 AMD 93134 TI SN54195 MC93150 TI SN29318 
National DM8334 SN74195 National DM54150 SN39318 

DM9334 9301 AMD 9301 DM74150 SN5446A 
93138 AMD ' 93138 Motorola MC9301 Raytheon 54150 SN7446A 

.93l40 AMD 93140 National DM8301 TI 5N54150 .93170 National DM74170 
93141 AMD 93141 DM9301 SN74150 TI SN54170 

National DM54181 TI SN29301 .93151 Motorola MC83151 SN74170 
I DM74181 SN39301 MC93151 .93174 AMD SN74174 

.93l60 AMD 93160 9304 AMD 9304 National DM54151 National DM54174 

.93l66 AMD 93166 Mitsubishi M54304 DM74151 - DM74174 
93800 National DM74S195 Motorola MC9304 Raytheon 54151 TI SN54174 

TI SN54S195 Raytheon RC9304 TI' SN54151A SN74174 
8N74S195 RM9304 8N74151A .93175 AMD SN74175 

93S10 AMD 93810 .9306 AMD 9306 .93152 Motorola MC83152 National DM54175 
National DM54lS160 Motorola MC9306 MC93152 DM74175 

DM74l8160 9307 Motorola MC9307 Raytheon 54152 TI SN54175 
93512 AMD 93S12 National DM5448 TI SN54152A SN74175 

National DM8312 DM7448 5N74152 .93176 Motorola ' MC93176 
DM9312 TI 8N5448A .93153 Motorola MC83153 National DM54176 

.938138 National DM74S138 SN7448A MC93153 DM74176 
TI SN54S138 9308 AMD 9308 National DM54153 TI SN54176 

SN74S138 Moto~ola MC9308 DM74153 SN74176 
.93S139 National DM74S139 Raytheon RC9308 Raytheon 54153 .93177 Motorola MC83177 

TI SN54S139 RM9308 TI SN54153 MC93177 
SN74S139 TI SN29308 SN74153 National DM54177 

+.93S151 National DM74S151 SN39308 .93155 National DM54155 DM74177 
TI SN54S151 SN54116 DM74155 TI SN54177 

5N745151 SN74116 TI SN54155 SN74177 
.93S153 National DM74S153 9309 AMD 9309 SN74155 .93178 Motorola MC83178 

TI SN54S153 Motorola MC9309 .93156 National DM54156 MC93178 
SN74S153 National DM8309 DM74156 TI SN54178 

.93S157 National DM74S157 DM9309 TI SN54156 SN74178 
TI SN54S157 TI SN29309 SN74156 .93179 Motorola MC83179 

SN74S157 SN39309 .93157 National DM54157 MC93179 
.93S158 National DM74S158 9310 AMD 9310 DM74157 TI SN54179 

TI SN54S158 Motorola MC8310 TI SN54157 SN74179 
SN74S158 MC931 0 SN74157 9318 AMD 9318 

93S16 AMD 93S16 National DM74160 9316 AMD 9316 Motorola MC9318 
National DM54lS161 DM8310 Motorola MC8316 National DM8318 

DM74lS161 DM931 0 MC9316 DM9318 
.93S174 National DM74S174 Raytheon RC931 0 National DM8316 TI SN54148 

TI SN54S174 RM9310 DM9316 SN74148 
SN74S174 TI SN29310 Raytheon RC9316 .93180 Motorola MC83180 

.93S175 National DM74S175 SN39310 RM9316 MCQ3180 
TI SN54S175 SN54160 TI SN29316 National DM54180 

SN74S175 SN74160 SN39316 DM74180 
.93S194 National DM74S194 9311 AMD 9311 SN54161 Tl SN54180 

TI SN54S194 Motorola MC8311 SN74161 'SN74180 
SN74S194 MC9311 .93160 National DM54160 .93190 National DM54190 

.93S21 AMD 93S21 National DM8311 DM74160 DM74190 
National DM74S139 DM9311 TI SN54160 TI SN54190 

93S22 AMD 93S22 Raytheon RC9311 SN74160 SN74190 
National DM74S157 RM9311 .93161 National DM54161 .93191 National DM54191 

DM74S22 TI SN29311 DM74161 DM74191 
TI SN54S157 SN39311 n SN54161 TI SN54191 

SN74S157 SN54154 SN74161 SN74191 
.93S251 National DM74S251 SN74154 .93162 National DM54162 .93194 AMD, SN74194 

TI SN54S251 9312 AMD 9312 DM74162 National DM54194 
SN74S251 Motorola MC9312 TI SN54162 DM74194 

93S253 National DM74S253 National DM8312 SN74162 TI SN54194 
93S257 National DM74S257 DM9312 .93163 National DM54163 SN74194 

TI SN54S257 Raytheon RC9312 DM74163 .93195 National DM54195 
SN74S257 RM9312 TI SN54163 DM74195 

.93S258 National DM74S258 Signetics 8230 SN74163 TI SN54195 
TI SN54S258 TI SN29312 .93164 AMD SN74164 SN74195 

SN74S258 SN39312 Motorola MC83164 .93196 Motorola MC7280 
93S41 National DM54181 9314 AMD 9314 MC93164 National DM54196 

DM74181 Motorola MC9314 National DM54164 DM74196 
, TI SN54S181 .93141 National DM54141 DM74164 TI SN54196 

SN74S181 DM74141 TI SNS4164 SN74196 
93S42 National DM74S182 TI SN74141 SN74164 .93197 Motorola MC8280 

TI SN54S182 .93145 Motorola MC83145 .93165 Motorola MC83165 National DM54197 
SN74S182 MC93145 National DM54165 DM74197 

93S46 National DM7160 National DM54145 DM74165 TI SN54197 
DM8160 DM74145 TI SN54165 SN74197 

93S47 National DM71BO Raytheon 54145 SN74165 .93198 Motorola MC8316 
DM74S47 74145 .93166 National DM54166 National DM54198 
DM8160 TI SN54145 DM74166 DM74198 

.93S48 AMD 93S48 SN74145 TI SN54166 Signetics 54198 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details o,ften differ, so compare the specifications considering your reqUirements. 
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Fairchild (cont'd) .93410 TI SN74S301 93425 5ignetics N82S111 1678 93448 MMI 635483 1453 
93411 Htachi HM2504 S82S111 6~41-1 1449 

MMI 5530 93425 National OM77S296 

.93198 Signetics 74198 6530 TI SN54S214 DM87S296 

TI SN54198 6531 SN74S214 NEe Micro j.lPB425 1621 

SN74198 National DM54S206 93426 Harris HPROM1024 Raytheon 29625 1658 

.93199 National DM54199 DM74S206 Intersi! IM5623 TI SN54S474 1708 

DM74199 Raytheon RC5330 MMI 6301-1 1449 SN74S474 1708 

TI SN54199 RM5330 51gnetlcs N82S129 1680 .9345 Motorola MC9345 

SN74199 Signetics 82S17 TI SN545287 1708 National DM5445 

932 National DM932 TI SN54S200A SN74S287 1708 DM7445 

9321 AMD 9321 SN54S201 93427 AMD AM27S21 Signetics 5445 

National DM54LS139 SN74S200A Harris HM7611 7445 

DM74LS139 SN74S201 1284,1292 TI SN5445A 

TI SN54S139 93412 Intersil ' IM5600 HM7611A ,SN7445A 

SN74S139 Motorola MCM93412 MMI 535141 1453 93450 MMI 5380-1 1449 

9322 AMD 9322 TI SN54S214 5301-1 1449 6380-1 1448 

!J.\itoroia MC8322 SN/4S214 63S141 1453 93451 MMI 5381-1 1448 

MC9322 93415 AMI 54015 1203 6301-1 1449 6381-1 1449 

National DM74157 Fujitsu MBM93415 National DM54S287 93452 MMI 5352-1 1449 

DM8322 Hitachi HM2510 DM74S287 6352-1 1448 

DM9322 Intel 2115 1416 Raytheon 29661 1664 National DM54S572 

Raytheon RC9322 Motorola MCM93415 TI SN54S287 1708 DM74S572 

RM9322 Raytheon RC5500 SN74S287 1708 NEe Micro j.lPB406 1625 

TI SN29322 RM5500 93433 Hitachi HM2501 Raytheon 29640 

SN39322 RCA MWS5001 Motorola MC4004 Signetlcs N82S136 1680 

SN54157 MWS5501 TI SN83433 5826136 1680 

SN74157 Signetics N82S10 1678 SN93433 93453 MMI 5353-1 1449 

9324 t,~,,~D 9324 ri82S'iiO 1678 .93434 Intersi! IM5600 6353-1 1448 

Motorola MC9324 S82S110 MMI 5230-1 1466 National DM54S573 

.9325 National DM54141 93415 6230-1 ,. DM74S573 

DM74141 TI SN54S314 Motorola MCM4002 NEe Micro j.lPB426 1625 

Signetics 54141 SN74S314 National DM5487 Raytheon 29641 

74141 93415A TI SN74S314 DM7488 93474 AMI S2114 ". TI SN74141 93416 Harris HPROM1024A Signetics 8223 93487 TI SN54H87 

932B ~Am 9328 1.1tersH IM5603 Ti SN5488A .93487 TI SN74H87 

Motorola MC9328 MMI 6300-1 1449 SN7488A .9349 Signetics 54180 

Signetics N8277 NEC Micro /-lPD403 93435 MMI 5560 74180 

933 National DM933 Signeta N82S126 1680 6560 TI SN54180 

9334 AMD 9334 TI SN54S387 1708 Motorola MC4064 SN74180 

Motorola MC9334 SN74S387 1708 TI SN7489 .935 National DM935 

National DM9334 93417 AMD AM27S20 93436 AMD AM27S12 .9350 TI SN54290 

TI SN54259 Harris HM7610 Harris HM7621 SN74290 

SN74259 1284,1292 1284,1218 .9352 Motorola MC8352 

9338 AMD 9338 HM7610A Intel 3602 MC9352 

9340 AMD 9340 MMt 535140 1453 Intersil IM5604 National DM5442 I 
.93400 Motorola MCU4012 5300-1 1448 MMt 535240 1453 DM7442 

I 1.93403 AMD 93403 635140 1453 5305-1 1448 Signetics 5442 

FarfU.Hd 7489 ti300-1 1449 635240 1453 7442 

MMI 27S02 National DM54S3B7 6305-1 1448 TI SN5442 

6560 DM74S387 National DM54S570 SN7442 

Motorola MCM4064 NEC Micro ;.tPB403 DM74S570 .9353 Motorola MC8353 

MC4064 Raytheon 29660 1664 Raytheon 29610 1654 MC9353 

National DM7489 

'8"1 
TI SN54S387 1708 Signetics 82S130 Signetics 5443 

Signetlcs N82S25 SN74S387 1708 T! SN54S270 7443 

TI SN54S289 934183 TI SN54H183 SN74S270 TI SN5443 

SN74S289 SN74H183 93438 Harris ' HM7640 SN7443 

SN7489 

,...I 
9342 AMD 9342 1284,1304 .9354 Motorola MC8354 ~~o, Signetics 82525 Motorola MC8342 HM7640A MC9354 

+93406 Intersi! IM5603 MC9342 MMI 535482 1453 Signetics 5444 

MMI 6200:1 National DM54182 5340-1 1449 7444 

Motorola MCM4006 DM74182 63S482 1453 TI SN5444A 

Signetics N82S226 Raytheon RM9342 6340-1 1448 SN7444A 

TI SN54187 Signetics 54182 National DM77S295 .9355 Motorola MC8355 

SN74187 74182 DM87S295 +9356 ' TI SN54293 

93407 Motorola MC4004 TI SN54182 NEe Micro /lPB405 1621 SN74293 

MC4304 SN74182 Raytheon 29624 1658 +93!?7 Motorola MC8357 

TI SN5481A 93421 MMi 5531 TI SN54S475 1708 MC9357 

SN7481A 6531 SN74S475 1708 .9357A Motorola MC9357A 

9341 AMD 9341 National DM54S200 93446 AMD AM27S13 National DM5446A 

Motorola MC8341 DM74S200 Harris HM7621 DM7446A 

MC9341 NEG America j.lP82200 1284,1298 Signetics 7446 

National DM54181 Raytheon RC5340 Intel 3622 TI SN5446A 

D~}.?41e1 Rivi534Q MMi lI3$241 1463 SN7446A 

Raytheon RC9341 Slgnetlcs N82S16 1678 5306-1 1449 .93578 Motorola MC9357B 

RM9341 TI SN54S200A 63S241 1453 National DM5447A 

Signetics 54181 SN54S201 6306-1 1449 DM7447A 

74181 SN74S200A National DM54S571 Signetics 7447 

Ti SN54181 SN74S201 DM74S571 TI SN5447A 

SN74181 93422 Motorola MCM93422 Raytheon 29611 1654 SN7447A 

93410 Motorola MCM4056 93425 AMI S4025 1203 Signetics 82S131 .9358 Motorola MC8358 

.93410 Signetlcs 545301 1678 Hitachi HM2511 93448 Harris HM7641 MC9358 

745301 1678 Intel 2125 1416 1284,1304 Nationai DM5448 

TI SN54S300 Motorol~ Ur.lAQ~4?'i U'A7~A1 A -" -_ .. -
,,,,,.¥If'''''''''V 

I 
SN54S301 

I 
RCA MWS5001 MMI 535483 1453

1 

Signetics 7448 

SN74S300 MWS5501 5341-1 1449 TI SN5448 
I 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Page Page Device Source Device Page Device, Source Device Page 

Fairchild (eont'd) .9392 TI SN7492A 9641 AMD AM26S11 9961 TI SN15961 
.9393 Motorola MC8393 TI AM26S11 9962 Hitachi HD2207 , 

MC9393 9664 Signetics 7524 Raytheon RM962 
.9358 TI SN7448 NatiOnal DM5493 TI SN75492 TI SN15862 
.9359 Motorola MC8359 DM7493 9665 Exar XR2201 931 SN15962 

MC9359 Signetics 5493 Motorola MC1411 9963 Raytheon RM963 
TI SN54293 7493 SGS L201 TI SN15863 

936 National DM936 TI SN5493 Signetics 'NE5501 SN15963 
9360 AMb 9360 SN7493 ULN2oo1 

Motorola MC8360 .9394 Motorola MC8394 7525 Ferranti Electric MC9360 MC9394 Silicon G SG2oo1 
NatiOnal DM54192 Signetics 5494 Sprague ULN-2oo1 

DM74192 7494 TI ULN2001 ZN425 Datel ADC-MCS8 664 
Raytheon RC9360 TI SN5494 9666 Exar XR2202 931 

RM9360 SN7494 Motorola MC1412 Fujitsu TI SN54192 .9395 Motorola MC8395 SGS L202 
SN74192 Me9395 Signetics NE5502 

.9366 AMD 9366 National DM5495 ULN2002 MBL6800 Fairchild F6800 1886, 1888 
Motorola MC8366 DM7495 Silicon G SG2002 MBL6802 Fairchild F6802 1887,1888 

MC9366 Signetics 5495 Sprague ULN-2oo2 MBL6850 Fairchild F6850 1887,1891 
National DM54193 7495 TI ULN2oo2 MBM4044 TI TMS4044 

DM74193 TI SN5495A 9667 Exar XR2203 931 MB2114 NEe Micro J.LPD2114 1604 
Raytheon RM9366 SN7495A Motorola MC1413 MB7054 Fairchild 93453 1264 
TI SN54193 .9396 Motorola MC8396 SGS L203 NEe Micro J.LP8426 1625 

SN74193 MC9396 Signetics NE5503 MB7055 51gnetics N8252708 1702 
9368 Mitel MD4368 National DM5496 ULN2oo3 MB7057 NEC Micro J.LPB403 
937 National DM937 DM7496 Silicon G SG2003 MB7059 Fairchild 93452 1264 
9375 Motorola MC9375 Signetics 5496 Sprague ULN-2oo3 NEe Micro J.LP8406 1625 

National DM5475 7496 TI ULN2oo3 MB8101 NEe Micro J.LPD2101AL 1586 
DM7475 TI SN5496 9668 Exar XR2204 931 MB81 07 NEe Micro J.LPD411 1547 

Signetics 5475 SN7496 Motorola MC1416 TI TMS4060 
7475 944 National DM944 Signetics NE5504 M88111 NEe Micro J.LPD2111AL 1595 

.9375 TI SN5475 945 National DM945 ULN2004 MB8114 Fairchild 2114 1281 
SN7475 946 National DM946 Sprague ULN-2004 Rockwell R2114 

.9377 Motorola MC8377 948 National DM948 TI ULN2oo4 MB8116 AMD 9016 

I 
MC9377 949 National DM949 9930 Hitachi HD2204 NEe Micro J.LPD416 1562 

National DM54lS77 95H90 Plessey SP8641 Raytheon RM930 TI TMS4116 
DM74LS77 96L02 AMD 96L02 TI SN15830 MB8224 NEC Micro J.LPD414 

TI SN5477 National DM9602 SN15930 M88227 Fairchild M4027 
SN7477 96S02 National DM8602 9932 Hitachi HD2201 NEC Micro J.LPD414A 

.9380 Motorola MC8380 DM9602 Raytheon RM932 TI TMS4027 
MC9380 9600 AMD 9600 TI SN15832 M88308 TI TMS4700 

Signetics 5480 9601 AMD 9601 SN15932 M88508 Tt TMS2708 
7480 Motorola MC9601 9933 Hitachi HD2202 M88515 AMD 2708 

TI SN5480 National DM8601 Raytheon RM933 EA EA2708 
SN7480 DM9601 TI SN15833 Intel 2708 

.9382 Motorola MC8382 Raytheon RF8601 SN15933 Motorola MCM2708 
MC9382 RF9601 9935 Hitachi HD2208 National MM2708 

National DM7482 TI SN29601 Raytheon RM935 TI TMS2708 
TI SN5482 9602 AMD 9602 TI SN15835 

SN7482 Motorola MC9602 sN'15935 General Instrument .9383 Motorola MC8383 National DM8602 9936 Hitachi HD2206 
MC9383 DM9602 Raytheon RM936 

National DM5483 Raytheon RF8602 TI SN15836 AY1-0212 AMI S50242 
DM7483 RF9602 SN15936 AYl-2006 AMI S10131 

Signetics 5483 9603 Motorola MC8603 9937 Raytheon RM937 AY3-1014A RCA CDP1854 
7483 MC9603 TI SN15837 SMC COM2017 

TI SN5483A National DM54121 SN15937 TI TMS6011 
SN7483A DM74121 9941 Raytheon RM941 AY5-1012 SMC COM2502 

.9385 National DM5485 Signetics 54121 TI SN15841 .AY5-1012 TI TMS6011 
DM7485 74121 SN15941 AY5-1013A AMI 51883 629 

9386 TI SN54LS266 TI SN54121 9944 Hitachi HD2209 SMC COM2502H 
SN74LS266 SN74121 Raytheon RM944 Western TR1402 

939 National DM939 961 National DM961 TI SNl5844 TR1602 
.9390 Motorola MC8390 9614 AMD 9614 SN15944 AY5-2376 SMC KR2376 

MC9390 TI SN55114 9945 Hitachi HD2205 AY5-3507 Plessey J.LP3202 
National DM5490 SN75114 Raytheon RM945 AY5-36oo SMC KR3600 

DM7490 9615 AMD 9615 TI SN15845 A Y5-3600-PRO SMC KR36oo-PRO 
Signetics 5490 TI SN55115 SN15945 ER1400 Nitron NC1400 

7490 SN75115 9946 Hitachi HD2203 ER1711 Nitron NC1711 
TI SN5490A 9616 AMD 9616 Raytheon RM946 ER2051 Nitron ' NC2051 

SN7490A 9617 AMD 9617 TI SN15846 ER2055 Nitron NC2055 
.9391 Motorola MC8391 96176 Motorola MC83176 SN15946 ER2401 Nitron NC2401 

MC9391 962 National DM962 9948 Raytheon RM948 ER2805 Nitron NC2805 
National DM5491 9620 , AMD 9620 TI SN15848 RA9-1101 Mostek MK4007 

DM7491 9621 AMD 9621 SN15948 .RA9-1103 Signetics 1103 
Signetics 5491 Raytheon RC9621 9949 TI SN15849 .ROl-2048 AMI S8773 

7491 RM9621 SN15949 R03-16384 AMI S8996 
TI SN5491A 9622 Raytheon RC9622 9950 Raytheon RM950 R03-8316 AMI S6831A 

SN7491A RM9622 TI SN15850 1215,1806 
.9392 Motorola MC8392 963 National DM963 SN15950 Fairchild 3516E 

MC9392 9636 Motorola MC3488 9951 Raytheon· RM951 Mostek MK31 000 
National DM5492 9640 AMD AM26S10 TI SNl5851 Rockwell R2316 

DM7492 Motorola MC3440 SN15951 R03-9316 AMI 542168 1209 
Signetics 9392 MC3443 9961 Raytheon RM961 S68318 
TI SN5492A' TI AM26S10 TI SN15861 1215,1806 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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General Instrument (cont'd) .HD40ll 

R03-93l6 Mostek 
R03-9332 AMI 
R05·2240 Fairchild 

Mostek 
SMG 

R05-8l92 AMI 
.R06·1024 AMI 
.R06-2048 AMI 

R03-9332C TI 

.HD4012 
MK34000 
S68332 1216 
3257 
MK2302 .HD4013 
CG4100 
S8865 
S8773 
S8773 .HD4014 
TMS4732 

Harris Semiconductor .H04015 

HA-2050 
HA-2C55 
HA-2060 
HA-2065 
HA-2420 
HA-2425 

Datel 
Data: 
Datel 
Date! 
Datel 
AD 
Date! 

HA-2S00 intersil 
HA-2502 Datel 

Intersil 
HA-2505 Date! 

HA-2520 

HA-2522 

HA-2525 

HA-2600 
HA·2602 

HA·2605 
HA-2620 
HA-2622 

HA-2625 

HA-2640 

HA·2645 

ISE 
I 

HA-2900 

:::::: 
I HA1488 
.HD14518 

.HD14520 

.HD14529 
HD1489 
HD1489A I.HD4000 

.HD4001 

.H04002 

.HD4006 

.HD4007 

.HtJ4008 

.HD4011 

Intersi! 
AD 
Intersi! 
Datel 
Intersi! 
AD 
Datel 
!ntersil 
Intersil 
Datel 
Intersil 
Datel 
Intersil 

-Datel 
Intersi! 
AD 
Datel 
Datel 
National 
Datel 
National 
Exar 
Exar 
Datel 
Datel 
Fairchild 
Intarsil 
Datel 
Datel 
TI 
Exar 
Raytheon 
Signetics 
RCA 
SSS 
RCA 
SSS 
RCA 
Signetics 
Signetics 
Motorola 
RCA 
SSS 
Motorola 
National 
RCA 

""" Motorola 
National 
RCA 
SSS 
RCA 
SSS 
Motorola 
National 
RCA 
SSS 
RCA 
National 

• Discontinued 

AM-405-2M 687 .HD4017 

1.11-405-2 687 
AM-406-2M 687 
AM-406-2 687 .H04018 

SHM-IC-1M 685 
AD583 
SHM-IC-1 685 .H040l9. 
HA2500 
AM-450-2M 687 
HA2502 .H04020 

AM-450-2 687 
HA2505 
AD509 
HA2520 
AM-452-2M 
HA2522 
AD509 
AM-452-2 
HA2525 
HA2600 
AM-460-2M 
HA2602 
AM-460-2 
HA2620 
AM-462·2M 
HA2622 
AD507 
AM-462-2 
AM~2M 
LM143 
AM-464-2 
LM343 
XR15S8 
XRI458 
AM-470-2M 
AM-470-2C 
p.A776 
8021 
AM-49O-2M 
AM-490-2A 
TL089 
XR4741 
HA4741 
MC1488 
CD4518 
SCL4518 
CD4520 
SCL4520 
CD4052 
MC1489 
MC1489A 
MCI4000 
CD4000 
SCL4000 
MC14001 
CD4001 
CD4001 
SGL400~ 

MC14002 
CD4002 
CD4002 
SCL4002 
CD4006 
SCl4006 
MC14007 
CD4007 
CD4007 
SCL4007 
CD4008 
CD4011 

,.HD4021 

687 
.HD4022 

687 
.H04023 

687 

687 .HD4024 

687 

687 
687 

687 

.H04025 

.HD4027 

tHD4028 

.HD4029 

690 .HD4030 

690 

.""04035 

.H04040 

.HD4042 

I·HD4049 

I 

.H04050 

.HD4066 

H04702 
.HD54CXX 

HD6101 
HD6101A 
HD6101C 
HD6402 

HD6402A 
HD6402C 
HD6403 

RCA 
SSS 
Motorola 
National 
RCA 
SSS 
Motorola 
Natioiia: 
RCA 
SSS 
National 
RCA 
SSS 
National 
RCA 
SSS 
National 
RCA 
SSS 
National 
RCA 
SSS 
National 
RCA 
SSS 
National 
RCA 
SSS 
Nationai 
RCA 
SSS 
National 
RCA 
SSS 
Motorola 
National 
RCA 
SSS 
National 
RCA 
SSS 
Motorola 
National 
RCA 
SSS 
National 
RCA 
SSS 
Nationai 
RCA 
SSS 
National 
RCA 
SSS 
National 
RCA 

SSS 
National 
RCA 
SSS 
Nationa! 
RCA 
SSS 
National 
SSS 
National 
RCA 
SSS 
National 
RCA 
SSS 
National 

SSS 
Fairchild 
National 
Intersil 
Intersi! 
Intersi! 
Intersi! 
SMC 

Intersil 
Intersil 
Intarsi! 

Ie Master 
Page 

CD4011 
SCL4011 
MC14012 
CD4012 
CD4012 
SCl4012 
MC14013 
CD4013 
CD4013 
SCL4013 
CD4014 
CD4014 
SCl40l4 
CD4015 
CD4015 
SCL4015 
CD4017 
CD4017 
SCL4017 
CD4018 
CD4018 
SCL4018 
C04019 
CD4019 
SCL4019 
CD4020 
CD4020 
SCl4020 
CD4021 

Manufacturer I ReplacemMt 
Device Source Device 

tCMnter 
Page 

HD6403 

HD6403A 
HD6403C 
HD6600 
HD6605 
HD70C95 
HD70C97 

.HD74CXX 
HD80C95 
HD80C97 

HI1818 
HI1818A 
HI1828 
HI1828A 
H15040 
H15041 
HI5042 
H15044 
H15045 
HI5046 
HI5047 
HI5048 
H15049 
HI5050 
H15051 
Hi506 

HI506A 

HI507 

HI507A 

HI508 
HI508A 
HI509 
HI509A 
H1562-2 
HI562-'5 
HM5101 
HM6100 
HM6100A 

I HM6100c 
HM6402 
HM6501 

HM6504 

HM6508 

HM6514 

SMC 

Intersil 
Intarsil 
MMI 
MMI 
National 
National 
National 
National 
Fairchild 
National 

RCA 
Date! 
RCA 
Date! 
Intersi! 
Intersi! 
Intersil 
Intersil 
Intarsil 
Intarsil 
Intersil 
Intarsil 
Intersil 
Intarsil 
Intarsil 
Datei 
Intersil 
RCA 
Siliconix 
Datal 
Teledyne P 
Datal 
RCA 
Siliconix 
Date! 
Teledyne P 
RCA 
Datel 
RCA 
Datal 
Date! 
Date! 
AMI 
Intarsil 
Intersil 
Intersi! 
SMC 
AMI 
Fairchild 

COM2017 
COM2502 
IM6403A 
IM6403C 
HD6600 
HD6605 
MM70C95 
IVIM70C97 
MM74CXX 
MM70C95 
F40097 
MM70C97 
MM8OC97 
CD4051 
MY-808 
CD4052 
MYD-409 
IH5040 
IH5041 
IH5042 
IH5044 
IH5045 
IH5046 
IH5047 
IH5048 
IH5049 
IH5050 
IH5051 
MV-1606 
IH5060 
CD4067 
00506 
MX-1606 
4552 
MYD-807 
CD4097 
00507 
MXD-807 
4551 
CD4051 
MX-808 
C04052 
MXD-409 
DAC-681M 
DAC-681C 
$$101 
tMe100 
IM6100A 
IM6100c 
C0M6402 
55101 
3538 

Intel 2101 
5101 

NEC Micro IlPD5101 
RCA CPD1822 

MWS5040 
SSS SCM5101 
AMD 9145 
Fujitsu MBM6504 
Mostek MK4104 
Toshiba TC5504 
AMI S6508 
Intel 2125 
Intersil IM6508 
National MM74C929 
NEC Micro I!PD6508 
Toshiba TC5508 
Fairchild 2114 
Fujitsu MBM6514 
Intel 2114 
Rockwell R2114 

683 

683 

883 

683 

683 

683 

683 
874 
674 

1206 

1206 

1582 

1207 
1418 

1562 

1281 

CD4021 
SCL4021 
CD4022 
CD4022 
SCL4022 
MC14023 
CD4023 
C04023 
SCl4023 
C04024 
C04024 
SCL4024 
MC14025 
CD4025 
C04025 
SCL4025 
CD4027 
CD4027 
SCL4027 
CD4028 
CD4028 
SCL4028 
CD4029 
CD4029 
SCL4029 
CD4030 
CD4030 
CD4070 
SCL4030 
C04035 
CD4035 
SCL4035 
CD4040 
CD4040 
SCL4040 
CD4042 
SCL4042 
CD4049 
CD4049 
SCl4049 
CD4050 
CD4050 
SCl4050 
C04066 1076 HM6518 AMI S6518 1208 

SCL4066 
F4702 
MM54CXX 
IM6101 
IM6101A 
IM6101C 
IM6402 
COM2017 
COM2502 
IMf>.4n'A 
1M6402C 
IM6403 

HM6551 

HM6561 
HM7161 

HM7602 

ini:ersii 
National 
Intarsil 
National 
Intersil 
MMI 

AMD 
MMI 

National 

iM65Hi 
MM74C930 
IM6551 
MM74C920 
IM6561 
53S1681 
63S1681 
AM27S18 
533~1 

5331-1 
~'2'UL' 

6331-1 
DM7577 

1453 
1453 

1449 

/ 
Manufacturer I Replacement I 
DeYice Source OeY~ 

IC Uaater 
Page 

HM7602 

HM7603 

HM760S 
HM7610 

HM7610A 

HM7611 

HM7611A 

HM7620 

HM7620A 

HM7621 

HM7621A 

HM7640 

HM7640A 

National 
Signetics 
TI 

AMD 
MMI 

Signetlea 
TI 

Raytheon 
AMD 
Fairchild 
Intel 
Intersil 
MMI 

National 

NEC Micro 
Raytheon 
Slgnetlea 

TI 

MMI 

AMD 
Fairchild 
Intersi! 
MM. 

National 
Raytheon 
Slgnetica 

TI 

MMI 

AMD 
Fairchild 
Intel 
MMI 

Motorola 
Natlooal 

Raytheon 
Signetlca 

TI 

MMI 

AMD 
Fairchild 
Intel 
MMI 

Motorola 
National 

Raytheon 
Slgnetlea 

TI 

MMI 

Fairchild 

DM8577 
N8!S23 
SNfi4S188 
SN74S188 
AM27S19 
5331-1 
6331-1 
N82S123 
SN54S288 
SN74S288 
29635 
AM27S20 
93417 
3601-1 
IM5603 
53S1680 
5300-1 
63S1680 
6300-1 
DM54S387 
DM74S387 
I!PB403 
29660 
N82S126 
S82S126 
SN54S387 
SN74S387 
535140 
63S14O . 

AM27S21 
93427 
IM5623 
5301-1 
6301-1 
DM7574 
29661 
N825129 
S82S129 
SNS4S287 
SN74S287 
53S141 
83S141 
AM27S12 
.93436 
3602 
5305-1 
6305-1 
MCM7620 
DM54S570 
DM74S570 
29610 
N82S13O 
5825130 
SN54S270 
SN74S270 
53S24O 
63S24O 
AM27S13 
93446 
3622 
5306-1 
6306-1 
MCM7621 
DM54S571 
DM74S571 
29611 
N82S131 
582S131 
SN54S370 
SN74S370 
53S241 
63S241 
93438 

1680 
1708 . 
1708 

1449 
1449 
1680 
1708 
1708 
1662 

1258 

1453 
1449 
1453 
1449 

16&4 
1680 
1880 
1708 
1708 
1453 
1453 

1258 

1449 
1449 

1664 
1880 
1880 
1708 
1708 
1453 
1453 

1260 

1449 
1449 

1654 
1880 
1(180 

1453 
1453 

1280 

1449 
1449 

1654 
1880 
1680 

1453 
1453 
1262 

Intel 3604 
MMI 5340-1 1449 

6340-1 1449 
Motorola MCM7640 
National DM77S295 

DM87S29S 
NEC Micro jlPB405 1621 
Raytheon 29621 1658 

RCA 

MMI 

29624 1658 
CD40032 

._aa I 
_ .• - ._ •• - ....... I 
SN745475 1708 I 
535482 1453 I 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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\ ALTERNATE SOURCE DIRECTORY 
J 

M~urer i ~Placement IC Master 
=8Cturer I ~ Device 

IC Master ::~urer I ~t Device 
IC Master Manufacturer I Replacement IC linter 

Device ~urce Device Page Page Page Device . Source Device Page 

Harris Senliconductor (cont'd) HPROM1024A TI SN74S387 1708 HD10121 National DM10121 HD74LSOO Signetics 74LSOO 
+HPROM2048Fairchild 83446 1260 Signetics 10121 TI SN74LSOO 

! 

Intersil IM5624 HD10124 Fairchild Fl0124 HD74LSOl Fairchild HD74LSOl 
HM7640A MMI 635482 1453 Signetics N82S131 1680 Motorola MC10124 Motorola SN74LSOl 
HM7641 Intet 3624 HPROM2048A Fairchild 93436 1260 National DM10124 National DM74LSOl 

MNI 53S483 1453 Signetics N825130 1680 NEG America /-lPB10124 Raytheon 74LSOl 
5341-1 1449 HPROM8256lntersii IM5600 Signetics 10124 Signetics 74LSOl 
63S483 1453 MMI 5330-1 1449 HD10125 Fairchild Fl0125 TI SN74LSOl 
6341·1 1449 6330-1 1449 Motorola MC10125 HD74LS02 Fairchild 74LS02 

Mollorola MCM7641 National DM7577 Signetics 10125 Motorola SN74LS02 
National DM77S296 DM8577 HD10130 Fairchild Fl0130 National DM74LS02 

DM87S296 Signetics N82523 1680 Motorola MC10130 NEG America /-lPB74LS02 
NEe Micro /-lPB425 1621 TI SN54S188 1708 Signetics 1010130 Raytheon 74LS02 
Raytheon 29625 1658 SN54188 HD10131 Fairchild Fl0131 Signetics 74LS02 
TI SN54S474 1708 SN745188 1708 Motorola MC10131 TI SN74LS02 

SN745474 1708 SN74188 NEG America /-lPB10131 . HD74LS03 Fairchild 74LS03 
HM7642 Fairchild 93452 1264 HROM1024 TI SN54187 Signetics 10131 Motorola SN74LS03 

Intel ·3605 SN74187 HD10132 Fairchild Fl0132 National DM74LS03 
MMI 5352-1 ,1449 Motorola MC10132 NEG America /-lPB74LS03 

6352-1 1449 Hitachi America, Ltd Signetics 10132 Raytheon 74LS03 
Motorola MCM7642 HD10133 Fairchild Fl0133 Signetics 74LS03 
National DM54S572 Motorola MC10133 TI SN74LS03 

. DM74S572 HA1137 Sanyo LA7230 NEG AmeriCa /-lPB10133 HD74LS04 Fairchild 74LS04 
NEe Micro /-lPB406 1625 HA1197 Sanyo LA1240 Signetics 10133 Motorota SN74LS04 
Raytheon 29640 HA1199 Sprague ULN-2249 HD10134 Fairchild Fl0134 National DM74LS04 
Signetics N825136 1680 HA1303 Toshiba TA7502 Motorola MC10134 NEG America IlPB74LS04 

S825136 1680 HAl7741 Toshiba TA7504 Signetics 10134 Raytheon 74LS04 
HM7643 Fairchild 93453 1264 HD10101 Fairchild Fl0l01 HD10136 Fairchild Fl0136 Signetics 74LS04 

Intel 3625 Motorola MC10101 Motorola MC10136 TI SN74LS04 
MMI 5353-1 1449 NEG America IlPB10101 Signetics 10136 HD74LS05 Fairchild 74LS05 

6353-1 1449 Signetics 10101 HD'10145 Fairchild Fl0145 Motorola SN74LS05 
Motorola MCM7643 H010102 Fairchild Fl0102 Motorola MC10145 National DM74LS05 
National DM54S573 Motorola MC10102 Signetics 10145 NEG America IlPB74LS05 

DM74S573 NEG America /-lPB10l02 HD10148 Motorola MCM10148 Raytheon 74LS05 
NEe Micro /-lPB426 1625 Signetics 10102 NEG America /-lPB10148 Signetics 74LS05 
Raytheon 29641 HD10104 Fairchild Fl0l04 Signetics 10148 TI SN74LS05 
5ignetics N82S137 1680 Motorola MC10104 TI SN10148 HD74LS08 Fairchild 74LS08 

S82S137 1680 Signeties 10104 HD10160 Fairchild Fl0160 Motorola SN74LS08 
HM7647R AMD AM27S15 HD10l05 Fairchild Fl0105 Motorola MC10160 National DM74LS08 
HM7648 MMI 5348-1 1449 Motorola MC10105 Signetics 10160 NEG America IlPB74LS08 

6348-1 1449 National DM10105 HD10161 Fairchild Fl0161 Raytheon 74LS08 
Raytheon 29620 1656 NEG America IlPB10105 Motorola MC1016l Signetics 74LS08 

HM7649 MMI 5349-1 1449 Signetics 10105 NEG America /-lPB10161 TI SN74LS08 
6349-1 1449 HD10106 FairchWd Fl0l06 Signetics 10161 H074LS09 Fairchild 74LS09 

HM7680 Fairchild 93450 1266 Motorola MC10106 HD10162 Fairchild Fl0162 Motorola SN74LS09 
MMI 5380-1 1449 National DM10106 Motorola MC10162 National OM74LS09 

6380-1 1449 NEG America PPB10106 NEG America IlPB10162 Raytheon 74LS09 
Motorola MCM7680 Signetics 10106 Signetics 10162 Signetics 74LS09 
Raytheon 29630 1660- HD10107 Fairchild Fl0107 HD10164 Fairchild Fl0164 TI SN74LS09 

HM7680P MMI 53PS880 Motorola MC10107 Motorola MC10164 HD74LS10 Fairchild 74LS10 
63PS880 NEG America IlPB10107 NEG America IlPB10164 Motorola SN74LS10 

HM7681 Fairchild 83451 1266 Signetics 10107 Signetics 10164 National DM74LS10 
MMI 5381-1 1449 HD10l09 Fairchild Fl0109 TI SN10164 NEG America /-lPB74LS10 

6381-1 1449 Motorola MC10109 HD10165 Fairchild Fl0165 Raytheon 74LS10 
Motorola MCM7681 National DM10l09 Motorola MC10165 Signetics 74LS10 
Raytheon 29631 1660 NEG America /-lPBl 01 09 Signetics 10165 TI SN74LS10 

HM7681P MMI 53PS881 Signetics 10109 H010174 Fairchild Fl0174 HD74LS107 Fairchild 74LS107 
63PS881 H010110 Fairchild Fl0110 Motorola MC10174 Motorola SN74LS107A 

HM7684 MMI 53S84O 1453 Motorola MC10l10 NEG America - /-lPB10174 National OM74LS107 
63S840 1453 NEG America /-lPB10ll0 Signetics 10174 Raytheon 74LS107 

Raytheon 29650 Signetics 10110 TI SN10174 Signetics 74LS107 
HM7684P MMI 53PS840 HD10111 Fairchild Fl0111 H010175 Fairchild Fl0175 TI SN74LS107A 

63PS840 Motorola MC10111 Motorola MC10175 HD74LS11 Fairchild 74LS11 
HM7685 MMI 535841 1453 National DM10l11 Signetics 10175 Motorola SN74LS11 

635841 1453 NEG America p.PB10111 HD10179 Fairchild Fl0179 National DM74LSll 
Motorola MCM7685 Signetics 10111 Motorola MC10179 NEG America /-lPB74LS11 
Raytheon 29651 HD10116 Fairchild Fl0116 Signetics 10179 Raytheon 74LSll 

HM7685P MMI 53PS841 Motorola MC10ll6 HD10180 FairchilQ Fl0180 Signetics 74LS11 
63PS841 National OM10116 Motorola MC10180 TI SN74LS11 

HM7686 Motorola MCM7686 Signetics 10116 NEG America IlPB10180 HD7 4LS 112 Fairchild 74LS112 
HM7687 Motorola MCM7687 H010117 Fairchild Fl0117 Signetics 10180 Motorola SN74LSl12A 
HN7684 Motorola MCM7684 Motorola MCl0117 HD10181 Fairchild Fl0181 National DM74LSl12 
HPROM-1024ANEC Micro /-lPB403 National DM10117 Motorola MC10181 NEG America IlPB74LSl12 
HPROM0512TI SN54186 NEG America IlPB10117 NEG America IlPB10181 Raytheon 74LS112 

SN74186 Signetics 10117 Signetics 10181 Signetics 74LSl12 
HPROM1024MMI 5301-1 1449 HD10118 Fairchild Fl0118 HD46800 Fairchild F6800 1886,1888 TI SN74LS112A 

6301-1 1449 Motorola MCl0118 HD4681 0 Fairchild F6810 1887,1888 HD74LSl13 Fairchild 74LS113 
5ignetics N82S129 1680 National OM10118 H046820 Fairchild F6820 1887 Motorola SN74LS113A 
TI SN54S287 1708 NEG America /-lPB10118 HD46852 Fairchild F6852 1887,1891 National DM74LSl13 

SN745287 1708 Signetics 1011.8 HD74H183 Fairchild 74H183 NEG America /-lPB74LSl13 
HPROM1024A Fairchild 93416 H010119 Fairchild Fl0119 TI SN74H183 Raytheon 74LSl13 

Intersil IM5603 Motorola MC10119 HD74LSOO Fairchild 74LSOO Signetics 74LSl13 
MMI 5300-1 1449 National DM10119 Motorola SN74LSOO TI SN74LS113A 

6300-1 1449 Signetics 10119 National OM74LSOO HD7 4LS 114 Fairchild 74LS114 
Signetics N82S126 1680 HD10121 Fairchild Fl0121 NEG America IlPB74LSOO Motorola 74LSl14A 
TI SN54S387 1708 Motorola MC10121 Raytheon 74LSOO National OM74LS114 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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ICMASTER 
~ I Replacement IC Maater Manufacturer I Replacement IC Master 
Device Source Device Page Device Source Device Page 

Hitachi America, Ltd. (cont'd) HD74lS155 TI SN74lS1S5 
HD7 4lS 156 Fairchild 74LS156 

Motorola SN74lS156 
HD74LS114 Raytheon 74LS114 National DM74LSl56 

Signetics 74LS114 HD74LS158 Fairchild 74LSl5a 
TI SN74LS114A Motorola SN74LSl58 

HD74LS12 Fairchild 74LS12 National DM74LS158 
~.~ctcrofa SNi4LS12 Raytheon 74LSi58 
National DM74LS12 Signetics 74LS158 
Raytheon 74LS12 TI SN74LSl58 
Signetics 74LS12 HD74LSl60A AMD SN74LS160 
TI SN74LS12 Fairchild 74LSl60 

I HD74LS123 AMD SN74LS123 Motorola SN74LS160A 
Motorola SN74LS123 National DM74LS160 
National DM74LS123 Raytheon 74LS160 
Raytheon 74LS123 Signetics 74LSl60A 
TI SN74LS123 TI SN74LS160A 

HD74LS13 Fairchild 74LS13 HD74LSi!llA AMD SN74LS161 
Motorola SN74LS13 Fairchild 74LS161 
National DM74LS13 Motorola SN74LS161A 
Raytheon 74LS13 National DM74LS161 
Signetics 74LS13 NEe America IlPB74LS161 
TI SN74LS13 Raytheon 74LS161 

HD'l4LS132 Fairchild 74lS132 Signetics 74LS161A 
Motorola SN74LS132 TI SN74LS161A 
National DM74LS132 HD74LS162A AMD SN74LS162 
Raytheon 74LS132 Fairchild 74LS162 
Signetics 74LS132 Motorola SN74LS162A 

" SN74LS132 Naiionai DM74LS16i 
HD74LS136 Fairchild 74LS136 Raytheon 74LS162 

Motorola SN74LS136 Signetics 74LSl62A 
National DM74LS136 TI SN74LS162A 
Raytheon 74LS136 HD74LS163A AMD SN74LSl63 
Signetics 74LS136 Fairchild 74LS163 
TI SN74LS136 Motorola SN74LS163A 

HD74LS138 AMD SN74LS138 National DM74LS163 
Fairchild 74lS138 Raytheon 74LS163 
Motorola SN74LS138 Signetics 74LS163A 
National DM74LS138 TI SN74LS163A 
NEe America /LPB74lS138 HD7 4LS 164 AMD SN74LSl64 
Raytheon 74LSl38 Fairchild 74lS164 
Signetics 74lS138 MotQrola SN74LS164 
n SN74LS138 National DM74LSl64 

HD7 4LS 139 AMD SN74lS139 NEe America /LPB74LSl64 
Fairchild ' 74LS139 Raytheon 74LSl64 
Motorola SN74LS139 Signetics 74LSI64 
National DM74lS139 TI SN74LS164 
NEe America ",PB74LS139 HD74LS174 AMD SN74lS174 
Raytheon 74LSI39 I Fairchild 74LS174 
Signetics 74LSI39 

I 
Motorola SN74LS174 

TI SN74LS139 Raytheon 74LS174 
HD74LS14 Fairchild 74LS14 Signetics 74LS174 

Motorola SN74LS14 TI SN74lS174 
National DM74LS14 I HD74LS175 AMD SN74LS175 I 
Raytheon 74LS14 Fairchild 74LS175 
Signetics 74LS14 Motorola SN74LS175 
TI SN74lS14 National DM74LS174 

HD74LS15 Fairchild 74LS15 DM74LS175 
Motorola SN74LS15 NEe America IlPB74LS175 
National ' DM74LS15 Raytheon 74LS175 

HD74LS151A AMD SN74lS151 Signetics 74LS175 
Fairchild 74LS151 TI SN74LS175 
Motorola SN74LS151 HD74LS183A Fairchild 74LS83 
National DM74LS151 Motorola SN74LS83A 
NEe America ",PB74LS151 National DM74lS83A 
Raytheon 74LS151 Raytheon 74LS83A 
Signetics 74LS151 TI SN74LS83A I 
Tl SN74LS15i HD74LS194A AMD SN74LS194A 

HD74LS152 Fairchild 74LS152 Fairchild 74LS194A 
Motorola SN74LS152 Motorola SN74LS194A 
Raytheon 74LS152 NEe America ",PB74LS194 
TI SN74LS152 Raytheon 74LS194A 

HD74LS153 AMD SN74LS153 Signetics 74LS194A 
F~!~ch!!d 7~LS~53 " SN74LSi94A 
Motorola SN74LS153 HD74LS195A AMD SN74LS195A 
National DM74LS153 Fairchild 74LS195 
NEe America /APB74LS153 Motorola SN74LS195A 
Raytheon 74LS153 NEe America /LPB74LS195 
Signetics 74LS153 Raytheon 74lS195A 
TI SN74LS153 Signetics 74LS195A 

HD74LS155 Fairchild 74LS155 TI SN74LS195A 
Motorola 74LS155 HD74LS20 Fairchild 74LS20 
National DM74LS155 Motorola SN74LS20 
NEe America uPB74LS155 
Raytheon 74lS155 NEe America IlPB74LS20 
Signetics 74lS155 Raytheon 74LS20 

• Discontinued 

ManufKturer I RepIac:ement IC Master 
Device Source DevIce Page 

HD74LS20 'Signetics 74LS20 
TI SN74lS20 

HD74LS21 Fairchild 74LS21 
Motorola SN74LS21 
National DM74LS21 
NEe America IlPB74LS21 
Raytheon 74LS21 
Signetics 74LS21 
TI SN74LS21 

HD74LS22 Fairchild 74LS22 
Motorola SN74LS22 
National DM74LS22 
Raytheon 74LS22 
Signetics 74LS22 
TI SN74LS22 

HD74LS247· Fairchild 74LS247 
Motorola SN74LS247 
National DM74lS247 
TI SN74LS247 

HD74LS248 Fairchild 74LS248 
Motorola SN74LS248 
National DM74LS248 
TI SN74lS248 

HD74LS249 Fairchild 74LS249 
Motorola SN74lS249 
National DM74LS249 
TI SN74LS249 

HD74LS251 AMD SN74lS251 
Fairchild 74LS251 
Motorola SN74LS251 
NEe America IlPB74LS251 
Raytheon 74LS251 
Signetics 74lS251 
TI SN74LS251 

HD74LS253 AMD SN74LS253 
Fairchild 74LS253 
Motorola SN74LS253 
National DM74LS253 
NEe America /LPB74LS253 
Raytheon 74lS253 
Signetics 74LS253 
TI SN74LS253 

HD74LS257 Fairchild 74LS257 
Motorola ' SN74lS257A 
National DM74LS257 
NEe America ",PB74lS257 
RaytheOn 74LS257 
Signetics 74LS257 
Ti SN74LS257A 

H074LS26 Fairchild 74lS26 
Motorola SN74LS26 
National DM74LS26 
Raytheon 74lS26 
Signetics 74LS26 
TI SN74LS26 

HD74LS27 Fairchild 74LS27 
Motorola SN74LS27 
National DM74LS27 
NEe America /LPB74LS27 
Raytheon 74lS27 
Signetics 74LS27 
TI SN74LS27 

HD74LS298 Fairchild 74LS298 
Motorola SN74LS298 
Raytheon 74LS298 
Signetic~ 74LS298 
TI SN74LS298 

HD74LS30 Fairchild 74LS30 
Motorola SN74lS30 
National DM74LS30 
NEe America IlPB74LS30 
Raytheon 74LS30 
Signetics 74LS30 
II SN74LS30 

HD74LS32 Fairchild 74LS32 
Motorola SN74lS32 
National DM74LS32 
NEe America /LPB74LS32 
Raytheon 74LS32 
Signetics 74LS32 
TI SN74LS32 

HD74LS367 Fairchild 74LS367 
rv1otorola SN74LS367 

NEe America ",PB74LS367 
Raytheon 74LS367 

I 

! 
Mllnufac:turer I Replacement I Ie Master 
Device ' Source Det:e 

HD74lS367 Signetics 74lS367 
HD74LS368 Fairchild ~S368 

Motorola S 74LS368A 
National 74LS368 
NEe America ~PB74LS368 
Raytheon 1i4LS368 
Signetics 74LS368 
TI SN74LS368 

HD74LS37 Fairchild 74LS37 
Motorola SN74LS37 
National DM74LS37 
NEe America pPB74LS37 
Raytheon 74LS37 
Signelics 74LS37 
TI SN74LS37 

HD74LS38 Fairchild 74LS38 
MotorolR SN74lS38 
National DM74LS38 
NEe America ",PB74LS38 
Raytheon 74lS38 
Signetics 74LS38 
TI SN74LS38 

HD74LS386 Motorola SN74LS386 
National DM74LS386 
Raytheon 74LS386 
Signetics 74LS386 
TI SN74LS386 

HD74LS40 Fairchild 74LS40 
Motorola SN74LS40 
National DM74LS40 
,NEe America IlPB74LS40 
Raytheon 74LS40 
Signetics 74LS40 
TI SN74LS40 

HD74LS42 ' Fairchild 74LS42 
Motorola SN74LS42 
National DM74LS42 
NEe America IlPB74LS42 
Raytheon 74LS42 
Signetics 74LS42 
TI SN74LS42 

HD74LS47 Fairchild 74LS47 
Motorola SN74LS47 
National DM74LS47 
TI SN74LS47 

HD74LS48 Fairchild 74LS48 
Motorola SN74LS48 
National DM74lS48 
Ti SN74LS48 

HD74LS49 Fairchild 74LS49 
Motorola SN74LS49 
National DM74LS49 

" SN74LS49 
HD74LS51 Fairchild 74LS51 

Motorola SN74LS51 
National OM74LS51 
NEe America IlPB74LS51 
Raytheon 74lS51 
Signetics 74LS51 
TI SN74LS51 

H074LS54 FairChild 74LS54 
Motorola SN74lS54 
National DM74LS54 
NEe America IlPB74lS54 
Raytheon 
SignOtics 
TI 

HD74LS55 Fairchild 
Motorola 
National 
NEe America 
Raytheon 
Signetics 
TI 

HD74LS73 Fairchild 
Motorola 
National 
Raytheon 
Signetics 
TI 

HD74LS74A Fairchild 
Motorola 
National 

Raytheon 
Signetics 

74LS54 
74LS54 
SN74LS54 
74LS55 
SN74LS55 
DM74LS55 
IlPB74LS55 
74LS55 
74LS55 
SN74LS55 
74LS73 
SN74LS~3A 

DM74LS73 
74LS73 
74LS73 
SN74LS73A 
74LS74 
SN74LS74A 
DM74LS74 

W'O'-.L>:>'-' 
74LS74 
74LS74 

Page 

I 
I 

I 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer Replacement IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement Ie Master Manufac:tI.nr I Replacement IC Master 
Device '\SoUrce Device Page Device Source Device Page Device Source Device Page Device Source DevIce Page 

Hitachi A.,erica, Ltd. (cont'd) HD74S133 TI SN74S133 HD7400 Signetics 7400 HD74121 TI SN74121 

I 
HD7:4S134 Fairchild 74S134 TI SN7400 TRW 74121 

HD74LS74A ~ 
National DM74S134 Toshiba TC7400 HD74125 Fairchild 74125 

SN74LS74A Signetics 745134 TRW 7400 Mitsubishi M53325 
HD74L576 Fairchild 74LS76 TI SN74S134 HD7402 Fairchild 7402 National DM74125 

Motorola 8N74LS76A HD748135 Fairchild 74S135 Mitsubishi M53202 Signetics 74125 
National DM74L876 National DM74S135 Motorola MC7402 TI SN74125 
Raytheon 74LS76 Signetics 748135 National DM7402 HD74126 Fairchild 74126 
Signetics 74LS76 TI SN74S135 NEC America /LP87402 Mitsubishi M53326 
TI 8N74LS76 HD748140 Fairchild 748140 Signetics - 7402 National DM74126 

HD74LS78 Fairchild 74LS78 National DM74S140 TI SN7402 Signetics 74126 
Motorola SN74LS78A 8ignetics 748140 TRW 7402 T! SN74126 
National DM74L878 TI 8N74S140 HD7403 Fairchild 7403 HD74132 Fairchild 74132 
Raytheon 74LS78 HD74S15 Fairchild 74815 Mitsubishi M53203 Mitsubishi M53332 
Signetics 74L878 Mitsubishi M58015 Motorola MC7403 Motorola MC74132 
TI 8N74L878A National DM74815 National DM7403 National DM74132 

HD74L886 Fairchild 74LS86 Signetics 74815 8ignetics 7403 Signetics 74132 
Motorola SN74L886 TI 8N74815 TI 8N7403 TI SN74132 
National DM74L886 HD748151 AMD SN74S151 TRW 7403 HD74136 Motorola MC74136 
NEC America /LP874LS86 Fairchild 748151 HD7404 Fairchild 7404 TI 8N74136 
Raytheon 74L886 Mitsubishi M58151 Mitsubishi M53204 TRW 74136 
Signetics 74L886 National DM748151 Motorola MC7404 HD7414 Fairchild 7414 
TI 8N74LS86 8ignetics 748151 National DM7404 Mitsubishi M53214 

HD74L892 Fairchild 74L892 TI 8N74S151 NEC America J1P87404 Motorola MC7414 
Motorola SN74L892 HD748174 AMD 8N748174 8ignetics 7404 National DM7414 
National DM74L892 Fairchild 748174 TI 8N7404 Signetics 7414 
Raytheon 74L892 Mitsubishi M58174 Toshiba TC7404 TI SN7414 
8ignetics 74L892 National DM748174 TRW 7404 HD74147 Mitsubishi M53347 
TI SN74LS92 Signetics 74S174 HD7405 Fairchild 7405 National DM74147 

HD74LS958 Fairchild 74L8958 T! SN74S174 Mitsubishi M53205- NEC America J1P87 414 7 
Motorola SN74LS958 HD74S175 AMD 8N74S175 Motorola MC7405 Signetics 74147 
Raytheon 74L8958 Fairchild 748175 National DM7405 TI SN74147 
Signetics 74L8958 Mitsubishi M5S175 NEe America J1P87405 HD74148 Fairchild 9318 
TI SN74LS958 National DM74S175 Signetics 7405 Mitsubishi M53348 

HD74800 Fairchild 74SOO S,ignetics 74S175 TI SN7405 National DM74148 
Hitachi HD74800 TI 8N748175 TRW 7405 NEC America J1P874148 
Mitsubishi M5S000 HD74S181 AMD SN748181 HD7406 Fairchild 7406 Signetics 74148 
National DM74Soo Fairchild 93S41 Mitsubishi M53206 TI SN74148 
Signetics 74SOO Mitsubishi M5S181 Motorola MC7406 HD74150 Fairchild 74150 
TI SN74Soo 8ignetics 748181 National DM7406 Mitsubishi M53350 

HD74S03 Fairchild 74S03 TI SN74S181 Signetics 7406 Motorola MC74150 
Mitsubishi M5Soo3 HD74St82 MMI 74S182 TI SN7406 National DM74150 
National DM74S03 National DM74S182 TRW 7406 NEC America J1P874150 
Signetics 74S03 Signetics 748182 HD7407 Fairchild 7407· Signetics 74150 
TI SN74S03 TI SN748182 Mitsubishi M53207 TI SN74150 

HD74S04 Fairchild 74S04 HD74S20 Fairchild 74S20 Motorola MC7407 TRW 74150 
Mitsubishi M5S004 Mitsubishi M5S020 National DM7407 HD74151 Fairchild 74151 
National DM74S04 National DM74S20 Signetics 7407 Mitsubishi M53351 
8ignetics 74804 Signetics 74820 TI .SN7407 Motorola MC74151 
TI SN74S04 TI SN74820 TRW 7407 National DM74151 

HD74S05 Fairchild 74S05 HD74S22 Fairchild 74S22 HD7409 Fairchild '7409 NEC America J1P874151 
Mitsubishi M5Soo5 Mitsubishi M5S22 Mitsubishi M53209 Signetics 74151 
National DM74S05 National DM74822 Motorola MC7409 TI SN74151 
Signetics 74805 Signetics 74S22 National DM7409 TRW 74151 
TI SN74S05 TI SN74S22 Signetics 7409 HD74156 Fairchild 74156 

HD74S10 Fairchild 74S10 HD74S251 AMD SN74S251 TI SN7409 Mitsubishi M53356 
Mitsubishi M58010 Fairchild 74S251 TRW 7409 Motorola MC74156 
National DM74S10 Mitsubishi M5S251 HD7410 Fairchild 7410 National DM74156 
Signetics 74S10 National DM74S251 Mitsubishi M5321 0 NEC America /LP874156 
TI SN74S10 Signetics 74S251 Motorola MC741 0 Signetics 74156 

HD74S11 Faircnild 74811 TI SN74S251 National DM7410 TI SN74156 
Mitsubishi M5S011 HD74S40 Fairchild 74840 NEC America J1P8741 0 TRW 74156 
National DM74811 Mitsubishi M5S040 Signetics 7410 HD74157 AMD SN74157 
8ignetics 74S11 National DM74S40 TI SN7410 Fairchild 74157 
TI 8N74811 Signetics 74S40 SN7427 Mitsubishi M53357 

HD748112 Fairchild 74S112 T1 SN74S40 Toshiba TC7410 Motorola MC74157 
Mitsubishi M5S112 HD74S64 Fairchild 74864 TRW 7410 National DM741~7 
Motorola 8N74S112 National DM74S64 HD74107 Fairchild !74107 NEC America J1P874157 
National DM74S112 Signetics 74S64 Mitsubishi M53307 Signetics 74157 
Signetics 74S112 TI 8N74864 Motorola MC74107 TI SN74157 
TI SN748112 HD74S65 Fairchild 74865 National DM74107 HD7416 Fairchild 7416 

HD748113 Fairchild 74S113 National DM74S65 NEC America /LP874107 Mitsubishi M53216 
Mitsubishi M5S113 Signetics 74S65 Signetics 74107 Motorola MC7416 
Motorola 8N74S113 TI SN74S65 TI SN74107 National DM7416 
National DM74S113 HD74874 Fairchild 74874 HD7411 Fairchild 7411 Signetics 7416 
8ignetics 74S113 Mitsubishi M5S074 National DM7411 TI SN7416 
TI SN74S113 TI SN74S74 Signetics 7411 TRW 7416 

HD74S114 Fairchild 74S11'4 HD74586 Fairchild 74586 HD7412 Fairchild 7412 HD74160 AMD 5N74160 
Mitsubishi M5S114 National DM74S86 Signetics 7412 Fairchild 74160 
National DM745114 Signetics 74586 TI SN7412 Mitsubishi M53360 
Signetics 748114 TI SN74S86 TRW 7412 Motorola MC74160 
TI SN74S114 HD7400 Fairchild 7400 HD74121 Fairchild, 74121 National DM74160 

HD74S133 Fairchild 748133 Mitsubishi M53200 Mitsubishi M53321 5ignetics 74160 
Mitsubishi M5S133 Motorola MC7400 Motorola MC74121 TI SN74160 
National DM745133 National DM7400 National DM74121 TRW 74160 
Signetics 74S133 NEC America J1P874OO Signetics 74121 HD74161 AMD SN74161 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so C,Ompare the specifications considering your requirements, 
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ICMASTER 

~~:cturer I =~:ment Device 
IC Master Manufacturer I Replacement Ie Master 

Page Device Source Device Page 

Hitachi America, Ltd. (confd) H074194 TI SN74194 
H074198 Fairchild 74198 

Mitsubishi 1'.453398 
H074161 Fairchild 74161 National 01'.474198 

Mitsubishi 1'.453361 NEG America p.PB74198 
Motorola MC74161 Signetics 74198 
National 01'.474161 TI SN74198 
N~C Amc~.ca j.A.rB74~6i nu' .... .c:.v Fctirchiio 7420 
Signetics 74161 Mitsubishi 1'.453220 
TI SN74161 Motorola MC7420 
TRW 74161 National 01'.47420 

H074162 AMO SN74162 NEG America p.PB7420 
Fairchild 74162 Signetics 7420 
Mitsubishi M53362 TI SN7420 
Motorola MC74162 Toshiba TC7420 
National 01'.474162 TRW 7420 
Signetics 74162 H07422 Fairchild 7422 

" SN7416<! n SN7422 
TRW 74162 H07426 Fairchild 7426 

H074163 AMO SN74163 Motorola MC7426 
Fairchild 74163 National 01'.47426 
Mitsubishi 1'.453363 Signetics 7426 
Motorola MC74163 TI SN7426 
National 01'.474163 TRW 7426 
Signetics 74163 H07427 Fairchild 7427 
TI SN74163 Mitsubishi 1'.453227 
TRW 74163 Motorola MC7427 

H074164 AMO 74164 National 01'.47427 
FsJrchild 1"+ 1Q&t Signetics 7427 
Mitsubishi M53364 H07430 Fairchild 7430 
National 01'.474164 Mitsubishi 1'.453230 
NEG America /-lPB74164 Motorola MC7430 
Signetics 74164 National 01'.47430 
TI SN74164 NEG America /-lPB7430 

H074166 Fairchild 74166 Signetics 7430 
Mitsubishi 1'.453366 TI SN7430 
National 01'.474166 TRW 7430 
Signetics 74166 H07432 Fairchild ·7432 
TI SN74166 National 01'.47432 

H07417 Fairchild 7417 Signetics 7432 
Mitsubishi 1'.453217 TI SN7432 
Motorola MC7417 H07440 Fairchild 7440 
National 01'.47417 Mitsubishi 1'.453240 
Signetics 7417 Motorola MC7440 
TI SN7417 National 01'.47440 
TRW 7417 NEG America ",PB7440 

H074174 AMO SN74174 Signetics 7440 
Fairchild 74174 .TI SN7440 

I Mitsubishi M53374 TRW 7440 
Motorola MC74174 H07442 Fairchild 7442 
National DM74174 Mitsubishi 1'.453242 
Signetics 74174 Motorola MC7442 
TI SN74174 Nationai 01'.47442 

H074175 AMO SN74175 NEG America p.PB7442 
Fairchild 74175 Signetics 7442 
Mitsubishi 1'.453375 TI SN7442 
Motorola MC74175 HD7443 Fairchild 7443 
National 01'.474175 Mitsubishi 1'.403243 
NEG America p.PB74175 Motorola MC7443 
Signetics 74175 Signetics 7443 
TI SN74175 TI SN7443 

H074180 Fairchild 74180 H07444 Fairchild 7444 
Mitsubishi 1'.453380 Mitsubishi 1'.453244 
Motorola MC74180 Motorola MC7444 
National DM74180 Signetics 7444 
Nee America JlPB74180 TI SN7444 
Signetlcs 74180 H07450 Fairchild 7450 I 
TI SN74180 Mitsubishi 1'.453250 
TRW 74180 Motorola MC7450 

H074190 Fairchild 74190 National DM7450 
Mitsubishi M53390 NEG America p.PB7450 
Motorola MC74190 Signetics 7450 
National 01'.474190 TI SN7450 
~i!:!~Ii<:'''' 74190 TDU' , ... ..,v 

TI SN74190 H07451 Fairchild 7451 
H074191 Fairchild 74191 Motorola MC7451 

Mitsubishi 1'.453391 National DM7451 
Motorola MC74191 NEG America p.PB7451 
National 01'.474191. Signetlcs 7451 
Signetics 74191 TI SN7451 
TI SN74191 TRW 7451 

H074194 AMO SN74194 H07453 Fairchild 7453 
Fairchild 74194 Milsubishi 1'.453:>53 
Motorola MC74194 Motorola MC7453 
National 01'.474194 National 01'.47453 
Signatlcs 74194 NEe Amenc,a ).IPB7453 

• Discontinued 

~~urer I =ement DeviCe 
IC ...... 

PI98 

H07453 

H07454 

H07460 

H07472 

H07474 

H07475 

H07485 

H07486 

H07490 

H07492 

H07493 

H07496 

HM2101 
HM210S 

Signetics 7453 
TI SN7453 
TRW 7453 
Fairchild 7454 
Motorola MC7454 
National DM7454 
NEG America p.PB7454 
Signetics 7454 
TI SN7454 
TRW 7454 
Fairchild 7460 
Mitsubishi 1'.453260 
Motorola MC7460 
National 01'.47460 
NEG America p.PB7460 
Signetics 7460 
TI SN7460 
TRW 7460 
Fairchild 7472 
Mitsubishi 1'.453272 
Motorola MC7472 
National DM7472 
Signetics 7472 
TI SN7472 
TRW 7472 
Fairchild 7474 
Mitsubishi 1'.453274 
Motorola MC7474 
National DM7474 
NEG America p.PB7474 
Signetics 7474 
TI SN7474 
TRW 7474 
Fairchild 7475 
Mitsubishi 1'.453275 
Motorola MC7475 
National 01'.47475 
Signetics 7475 
TI SN7475 
TRW 7475 
Fairchild 7485 
Mitsubishi 1'.453285 
Motorola MC7485 
National 01'.47485 
NEG America ",PB7485 
SignetiCS 
TI 
TRW 
Fairchild 
Mitsubishi 
Motorola 
National 
NEe Amarica 
Signetics 
TI 
TRW 
Fairchild 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 
Fairchild 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 
Fairchild 
Mltsubishi 
Motorola 
Nationai 
Signetics 
TI 
TRW 
Fairchild 
Mltsubishi 
Motorola 
National 
Signetics 
T! 
TRW 

Fairchild 
Fujitsu 

7485 
SN7485 
7485 
7486 
1'.453286 
MC7486 
DM7486 

J-lPB7486 
7486 
SN7486 
7486 
7490 
1'.453290 
MC7490 
01'.47490 
7490 
SN7490 
7490 
7492 
M53292 
MC7492 
01'.47492 
7492 
SN7492 
7492 
7493 
1'.453293 
MC7493 
DM74iia 
7493 
SN7493 
7493 
7496 
M53296 
MC7496 
01'.47496 
7496 
SN7496 
74Qf1 

3538 
1'.481'.410410 

( 
I 

~1~Devt IC Master 
hge 

HM2114 TI Tf' HM251 0 Fujitsu 1'.4 93415 
HM4704 Fujitsu 1'.4 227 
HM4711 Fujitsu 1'.4 107 
HM4716 Fujitsu 1'.4$8116 
SN74LS283 Fairchild 741S283 

Motorola Sli./74LS283 
National OM74LS283 
Raytheon 74LS283 
TI SN74LS283 

SN74LS367 TI SN74LS367 
74LS15 Raytheon 74LS15 

Signetics 74LS15 
TI SN74LS15 

74LS156 Raytheon 74LS156 
Signetics 74LS156 
TI SN74LS156 

Hughes Aircraft, Solid State 
Products 

HCMP159 SSS SCP1859 
HCMP1802 RCA COPl802 

SSS SCPl802 
HCMP1822 RCA CDP1822 

SSS SCP1822 
HCMP1824 RCA CDP1824 

SSS SCP1824 
HCMPl831 RCA COP1831 

SSS SCP1831 
HCMP1832 RCA COP1832 

SSS SCP1832 
HCMP1833 RCA CDP1833 

SSS SCP1833 
HCMP1834 RCA COP1834 

SSS SCP1834 
HCMP1852 RCA CDP1852 

SSS SCP1852 
HCMP1853 RCA CDP1853 

SSS SCP1853 
HCMP1854 RCA CDP1854 

SSS SCP1854 
HCMP1856 RCA COP1856 

SSS SCP1856 
HCMP1857 RCA COP1857 

SSS SCP1857 
HCMP1858 RCA CDP1858 

SSS SCP1858 
HCMP1859 RCA CDP1859 

SSS SCP1859 

Hybrid Systems 

ADC-581 Micro Net MNADC84 
MNADC85 

ADC581 Micro Net MNADC84 
MNA0C85 

ADC586-10 Teledyne S 8701 
ADC586-12 Teledyne S 8702 
ADC586-8 Teledyne S 8700 

Intel 

.M3601 AMO AM27S20 
1101 AMO 1101 

Mostek MK4007 
National 1'.41'.41101 

1103 AMI S146 
Fairchild 1103 
Hitachi HM3503 
Nortec 1103 
Rockwell 1103 
Signetics 1103 
Synertek SY1103 

1103A AMI S1103 
Synertek 1103 

.1301 AMI S8773 

.1302 GI ROS-1302 

.1402 AMO 1402 
Hitachi H03502 
.. t .... ,w,.. ... _. ''','.fAn" ._-
Nortec 1402 
Synertek SY1402 

Bold face device numbers inrlicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
~-:'eacturer I epIaCement IC Master Manufacturer I Replacement IC Master Manufacturer I RepIKement Ie Master ~r I~t Device 

Ie Master 
!\oUrce Device Page Device Source Device Page Device Source Device Page Page 

Intel. (COn~d) 2114 AMI 52114 1196 2716 AMI 54716 1220 3602 Raytheon 29610 1654 
EMM/SemI 2114 1222 Fujitsu MBM2716 Signetics 82S130 
Fairchild 2114 1281 Hitachi HN4716 TI 5NS4S475 1708 

.1403 A~ 1403 Fujitsu M88114 NEC Micro J,lPD2716 1617 ,5N74S475 1708 
Hi chi HD3503 Harris HM,6514 1376 Synertek SY2716 3602A MMI 5305-1 1449 
National M~1403 Hitachi HM472114 TI TMS2516 5306-1 1448 
Nqtec 1403 Intersil lM7114 Toshiba TMM323 6305-1 1449 
Sy~ertek SY1403 Mitsubiahl M5L2114L 1438 .3001 Signeties N3OO1 6306-1 1449 

.1404 AMp 1404 Motorola MCM2114 1528 3002 Signetics N3OO2 3604 Harris HM7640 
Hitc:jchi HD3504 NEC Micro J,lPD2114 1604 3101 AMD AM27S02 1284,1304 
National MM1404 Rockwell R2114 3101 MMI 5340-1 1449 
Nortec 1404 5ignetlcs 2614 1669 MMI 27S02 6340-1 1449 
Synertek SY1404 Synertek SY2114 5560 National DM77S295 

.1405 AMD 1405 TI TMS40L45 6560 
, 

DM87S295 
Hitachi HD3505 TMS4045 National MM54S289 SN54S475 

.1406 AMD 1406 Toshiba TMM314 MM74S289 SN74S475 

.1407 AMD 1407 TMM314A Signetlcs N82525 1678 ,NEC Micro J,lPB405 1621 

.,506 AMD 1506 2115 AMI 54015 1203 3101 Raytheon 29624 1658 
Hitachi HD3506 NEC Micro J,lPD2114 1604 TI SN54S289 5ignetlcs • N82S14O 1680 

.1507 AMD 1507 2116 AMD 9016 SN74S289 3604A Fairchild 93438 1262 • Hitachi HD3507 Fairchild F16K 1272 .3106 Fairchild 93421 1252' MMI 5340-1 1449 

.1702 AMD 1702 Fujitsu MBM8116 MMI 6531 63~1 1449 
Hitachi HN351702 Intersil MK4116 National MM74S2oo NEC Micro J,lPB405 1621 
Mitsubishi M5L1702 Mostek MK4116 Raytheon ~C5340 3605 Harris fiM7642 
National MM1702 Motorola MCM4116 1505 RM5340 , 1284,1308 
SigneticS 1702 NEe Micro #1PD4~ 1562 51gnetlcs N82516 1678 MMI 5352-1 1449 

2101 AMD 2101 TI TMS4116 TI SN54S2ooA 6352-1 1449 
EA EA2101 Toshiba TM323 SN54S201 National DM54S572 
Fairchild 3538 2117 AMD 9016 SN74S2ooA DM74S572 
Harris HM6501 1356 Fujitsu MBM8116 SN74S201 NEC MIcro J,lPB406 1625 
Hitachi HM2101 MB8116 .3107 Fairchild 93411 Raytheon 29640 
Mitsubishi M5l2101 Mostek MK4116 MMI 5530 3605A Fairchild 93452 1264 
National MM2101 NEC Micro J.tPD416 1562 6530 NEe Micro J,lPB406 1625 
NEC Micro I1PD2101 1586 Zilog Z6116 National MM74S206 3608 Harris HM7680 1322 
RCA CDP1822 2125 AMI 54025 1203 Raytheon RC5330 MMI 5380-1 1449 
Signetics 2101 Harris HM6508 1366 RM5330 6380-1 1449 
Synertek SY2101 NEC Micro I1PD2125 Signetles 582517 1678 Raytheon 29630 1660 

2102 AMD 2102 2141 AMD 4044 74S01 3616 MMI 5351680 1453 
9102 Fujitsu MBM4044 82S17 6351680 1453 

EA EA21 02 2146 AMI S146 TI SN54S3oo 3621 AMD AM27S21 
Fairchild 21L02 1275 2147 AMD 2147 SN54S301 Fairchild 93427 1258 

2102 1275 AMI 52147 1200 SN74S3oo Harris HM7611 
3542 54017 1204 SN74S301 1284,1292 

Mitsubishi M5L2102 Fujitsu MBM2147 .3110 TI SN74S214 MMI 5301-1 1449 
National MM21 02 NEe Micro J.tPD2147 1609 SN74S314 6301-1 1449 
NEe Micro J.tPD2102 1591 Synertek SY2147 3207 NEC Micro J,!PD246 National DM54S287 
RCA CDP1821 Toshiba TMM315 Signetics 3207 DM74S287 
SGS M330 2148 AMI 52114 1196 3212 AMD 3212 Raytheon 29661 1664 
Signetics 2102 .2308 EA EA2308 TI SN54S412 TI 5N54S287 1708 
Synertek SY21 02 FaJrchiid 3508 SN74S412 5N74S287 1708 
Toshiba TMM313 Mostek MK30000 3216 AMD 3216 . 3622 AMD AM27S13 

2104 Fairchild M4027 NEC Micro J.tPD2308 3226 AMD 3226 Fairchild 93446 1260 
4096 Signeties 2607 3232 Motorola MC3232 Hams HM7621 

Mitsubishi M5L2104 TI TMS4700 MC3232A 1284,1298 
Mostek MK4027 2316 EA 2316 3242 Motorola MC3242A MMI 5306-1 1449 

MK4096 Fairchild 3516E 3245 Motorola MC3245 6306-1 1449 
51gnetlcs 4027 16n GI., R03-8316 National DS3245 National DM54S571 

2104A. Fujitsu MB8227 Mostek MK31 000 .3301 AMD SN74186 DM74S571 
Intersil IM7027 MK34000 Intersi! IM5603 Raytheon 29611 1654 

MK4027 Motorola MCM68316 MMI 5200-1 1466 Signetics 82S131 
TI TMS4027 NEC Micro J,!PD2316 TI SN54187 3624 Harris HM7641 

2107 AMD 9OL60 Rockwell R2316 SN74187 1284,1304 
Fujitsu M88107 2316A AMI S6831A .3304 Signeties 8205 MMI 5341-1. 1449 
Hitachi HM4711 1215,1806 .3601 AMD AM27S20 6341-1 1449 
Mitsubishi M5L2107 NEC Micro J,!PD2316A. Fairchild 93417 1258 National DM77S296 
National MM5280 270 Toshiba TMM331 Harris HM761 0 DM87S296 
NEe Micro J.tPD411 1547 2316E AMI 542168 1209 1284,1292 SN54S474 
TI TMS4060 S68318 HPROM1024A SN74S474 

2107B TI TMS4060 1215,1806 Intersi! IM5603 NEe Micro J,!PB425 1621 
2111 AMD 2111 Toshiba TMM334 MMI 5300-1 1449 Raytheon 29625 1658 

EA EA2111 2401 Mitsubishi M5G2401 6300-:1 1449 Signetics N82S141 1680 
Mitsubishi M5L2111 .2401 Synertek SY2401 National DM54S387 3624A Fairchild 93448 1262 
National MM2111 2416 Synertek SY2416 DM74S387 MMI 5341-1 1449 
NEC Micro J.tPD2111 1595 2704 RCA CDP1832 NEC Micro /1P8403 6341-1 1449 
Signetics 2111 2708 AMD 2708 Raytheon 29660 1664 NEe Micro J,!PB425 1621 
Synertek SY2111 EA EA2708 Signetics N82S126 1680 3625 Harris HM7643 
Toshiba TMM311 Fairchild 2708 1282 TI 5N54S387 1708 1284,1308 

2112 AMD 2112 Fujitsu M88518 5N74S387 1708 MMI 5353-1 1449 
EA EA2112 Hitachi HN462708 3602 AMD AM27S12 6353-1 1449 
Mitsubishi M5L2112 MHsubishi M'5L2708 1441 Fairchild 93436 1260 6363-1 
National MM2112 fIIIotorola MCM2708 Harris HM7620 National DM54S573 
Signetics 2112 MC27A08 1284,1298 DM74S573 
Synertek SY2112 MC2708 MMI 5305-1 1449 NEC Micro I1PB426 1625 
Toshiba TMM312 National MM2708 6305-1 1449 Raytheon 29641 

2114 AMD 9114 TI TMS2708 National DM54S570 Signetics N82S137 1680 
9124 Toshiba TMM322 DM74S570 5825137 1680 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Intel (cont'd) 

3625A 

3628 . 

3636 

4001 

4002 
4003 
4004 
4008 
4009 
4201 
4308 
4702 
5101 

5201 
5801 
8Q21 

8035 

8039 
8041 

8046 

8080A 

8085A 

8i01 
8101A 
8102 
8102A 

8155 

8156 

8212 

8214 
8216 

Fairchild 93453 1264 
1625 
1322 

NEC Micro I-lPB426 
Harris HM7681 
MMI 5381 

National 
Raytheon 
Signetics 
MMI 

Harris 

Hitachi 
National 
National 
National 
National 
National 
National 
National 
Hitachi 
AMD 
AMI 

6381 
6381-1 1449 
DM77S228 
29631 1660 
N82S181 1680 
5351681 
6351681 
HM7621 

1453 
1453 

1284,1298 
HN35600 
INS4001 
INS4oo2 
INS4003 
INS4004 
INS4008 
INS4009 
DP4201 
HN35800 
4702 
S5101 
S68318 

1206 

1215,1806 
Harris 
Hitachi 
Motorola 
NEC Micro 
SSS 
Synertek 
Toshiba 
SSS 

HM6S01 1356 
HM435101 
MCM1451011536 
J.lPD5101. 1562 
SCM5101 

SSS 

SY510i 
TC5501 
SCL5424 
SCL5437 

NEC Micro J.lPD8021 
Signetics 8021 
AMD 8035 
NEC Micro J.lPD8035 
NEC Micro J.lPD8039 
AMD 8041 
NEC Micro J.lPD8041 
AMD 8048 
NEC Micro J.lPD8048 
Signetics 8048 
NEC Micro ;.tPD8049 
AMD 9080 

2085 

2098 
2104 

2090 

2098 
2310 
2104 

Mitsubishi 
National 
NEC Micro 

TI 
AMD 
Mitsubishi 
NEC Micro 
NEC Micro 
NEC Micro 
NEC Micro 
NEC Micro 
NEe Micro 
AMD 

M5L8080A 
INS8080A 238 
J.lPD8080A 2119 
flPD8080AF 2119 
TMS8080A 
8085A 

NEC Micro 
AMD 

AMD 
Mitsubishi 
National 
NEC Micro 

Ti 

M5L8085A 
J.lPD8085A 
J.lPD2101 
J.lPD2101 
IlPD2102 
J.lPD2102 
I1PD2111 
8155 
/-lPD8155 
8156 
~PD!!~~ 
8212 
M5L6212 
DP8212 
J.lP88212 
/-lPD8212 
"'.U:ACA..f;") v, .. tJ..,_ ......... 
SN74S412 

2133 
1586 
1586 
1591 
1591 

:::: I 
'164 

2172 

NEC Micro flP88214 2178 
AMD 6216 
Mitsubishi M5L6216 

8228 

8238 

8243 

8251 

8251A 
8253 

8253-5 
8255 

8255A 

8255A-5 
8257 

8259 
8279 

8279-5 
8300 
8302 
8304 
8308 

8316 

8316A 

8316B 

8316E 

8355 

8702 
8741 
8748 
8755A 

I 
=acturer I ~t Device 

Ie Master 
Page 

Manufacturer i Replacement I 

Device 1 Source Der 
Ie Master 

Page 

AMD 
Mitsubishi 

8228 
M5L8228 

National DP8228 

International Microcircuits, 
Inc. 

NEC Micro J.lP88228 2193 
TI SN74S428 MASTER MOS Monosil 

AMD 
National 
NEC Micro 

TIM8228 
8238 
DP8238 
flP88238 
J.lPD8238 
SN74S438 
TIM8238 
8243 

2193 ! 
TI 

AMD 
5ignetics 
AMD 

National 
NEC Micro 

Western 
NEC Micro 
AMD 
NEC Micro 
AMD 
AMD 

Mitsubishi 
Nationai 
NEC Micro 

AMD 

8243 
8251 . 

9551 
iJP8251 
J.lPB8251 
J.lPD8251 
TR1953 
J.lPD8251A 
8253 
J.lPD8253 
8253-5 
8255 
9555 
M5L8255 
DP8255 
J.lPD8225 
I-lPD8255 
8255A 

NEC Micro J.lPD8255A 
AMD 8255A-5 
AMD 8257 

2313 

2204 

2204 

2221 

2229 

NEC Micro J.lPD8257 2236 
NEC Micro J1PD8259 2244 
AMD 8279 
Mitsubishi M5L8279 
NEC Micro J.lPD8279 2260 
AMD 8279-5 
National DP8300 
National DP8302 
National DP8304 
AMD 9208 
EA EA8308 
Mostek MK30000 
TI TMS4700 
AMI 86831 1215,1806 
EA 
GI 
Mostek 

NEC Micro 
Supertex 
Synertek 
AMD 
AMI 

EA 

EA8316 
R03-8316 
MK31 000 
MK34000 
J.lPD2316 
CM3200 
SY2316 
8316A 
S6831A 

1706 

1215,1806 
EA8316A 
J.lPB2316A 
SY2316A 

I 
I 

Intersif 

DG111 
DG116 
DG118 
DG123 
OG125 
DG126 
DGl29 
DGI33 
DG134 
DG139 
OG140 
DG141 
DG142 
DG143 
DG144 
DG145 
DG146 
DG151 
DG'152 
OG153 
DG154 
DG161 
DG162 
DG163 
DGi64 
DG182 
DG185 
DGl88 
DG191 
DG426 
DG464 
0123 
0125 
G115 
Gl16 
G117 
G118 
Gl19 
G123 
G125 
G126 
G127 
G128 
G129 
G130 
G131 
G132 
HA2505 
HA2525 
IC18oo7 
ICL8013 

NEC Micro 
Synertek 
AMI 868318 

1,)1" 1A"" ICL8021 

EA8316B- .-, ._,.." I.:~t:~~~ EA 
NEC Micro 
Synertek 
AMI 

J.lPB2316B .ICL8201 

SY2316B IIH5009 
544:108 ~2og IH501U 
S68318 IH5040 

1215,1806 IH504i 
AMD 8355 
NEC Micro J.lPD8355 2269 
AMD 8702 
NEC Micro flPD8741 iUiiG 
NEC Micro J.lPD8748 2098 
NEC Micro J.lP08755A ·2269 

IH5042 

IH5043 
IH5044 
IH5045 

Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
!;;!ico:-:!x 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 

. Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siliconix 
Siiiconix 
Siliconix 
Siliconix 
Smconix 
Siliconix 
Siliconix 
Siliconix 
Date! 
Datel 
AD 
AD 

Burr-Brown 
Harris 
[xai 

RCA 
RCA 
National 

Master MOS 

DGM111 
DG116 
DG172 
DG123 
DG125 
DG126 
DG129 
DG133 
DG134 
DG139 
DG140 
DG141 
DG142 
DG143 
DG144 
DG145 
DG146 
OG151 
OG152 
DG153 
DG154 
DG161 
DG162 
DG163 
DG164 
DG182 
DG185 
DG188 
DG191 
DG126 
DG164 
0123 
0125 
G115 
G116 
Gl17 
G118 
Gl19 
G123 
G125 
G126 
G127 
G128 
G129 
G130 
G131 
G132 
AM-4SQ.2 
AM-450-2 
AD8007 
AD530 
AD533 
4201 
HA-272O 
XR8038 
CA748 
CA748 
AH5009 
AH5C1C 
HI5040 
HI5041 
HI5042 
OG188 
OG191 

IH5070 AD AC(7507 
Harris HI~07 
Siliconix 0(,&507 

IM55S08 Fujitsu MBM93415 
.IM55S08 TI SN54S314 

687 
687 

990 

.IM55S18 

.IM5501 

.IM5502 

.IM5508 

.tM5512 

.IM5523 

.IM5533 

.IM5543 

.IM5553 

IM56S03 
IM56S04 

IIM56S06 

1073 I IM56S23 
IM56S24 

696 IM56S26 
696 
696 IM5600 

.IM5600 

TI 

AMD 
MMI 

S~74S314 
SN54S214 
sN74S2i4 
SN74S314 
IM5501 
5560 
6560 

Signetics "82S25 1678 
TI SN54S289 

TI 

..... 1 
,\lH""1 

Signetics 

TI 

Fairchild 
TI 

TI 
Fairchild 
MMI 

National 
Raytheon 

Signetics 

TI 

Fairchild 
MMI 

National 
Raytheon 

Signetics 
TI 

Fairchild 
TI 

Fairchild 
TI 

AMD 
AMD 

Fairchild 
Raytheon 
AMD 
AMD 
Fairchild 
Raytheon 
AMD 
Harris 
MMI 

National 

SN74S289 
SN54S81A 
SN5481A 
6531 
"82S17 
748301 
SN54S3oo 
SN54S301 
SN74S3oo 
SN74S301 
93415 
SN54S314 ' 
SN54214 
SN74S314 
SN7481A 
SN5481A 
93421 
5531 
6531 
MM74S200 
RC5340 
RC5540 
RM5340 
"82S16. 
S82S16 
SN54S201 
SN54200A 
SN74S201 
SN74200A 
93411 
5530 
6530 
MM74S206 
RC5330 
RM5330 
N82S17 
SN54S301 
SN74S300 
SN74S301 
93421 
SN54S301 
SN54S475 
SN74S301 
SN74S475 
93411 
SN54S200 
SN74S2oo 
AM27S20 
AM27C12 
AM27S12 
93452 
29640 
AM27S21 
AM27S13 
93453 
29641 

1678 
1678 

1240 

1252 

1678 
1678 

1678
1 

1252 

1708 

1708 

1264

1 

12t)41 

AM27S18 
HPROM8256 
5330-1 1449 
6330-1 1449 
DM7577 
DM8577 

18~' 
NEC Micro J.lPB8216 2184 
AMD 8224 

Interdesign 
IH5046 
IH5047 
IH5048 
IH5049 

Naiiof.tal 
Harris 
Harris 
Harris 
Siliconix 
Siliconix 
Mania 
Harris 
Siliconix 
Harris 
Harris 
Siticonix 
Harris 
Siliconix 
Harris 
Siliconix 
..... rrI .. 

HI5045 
DG185 
HI5046 
HI5047 
DG181 
HI5049 
OG184 
HI50SO 
OG187 
HI5051 
DG190 
HI506 

696 
696 

Slgnetics 
TI 

N82S23 1680 
SN54S188 1708 
5N748188 1708 
SN54S475 1708 
SN74S475 1708 
AM27S20 

Mitsubishi M5L8224 
National DP8224 

I NEC Micro J.lP88224 2188 
MCA 
MCB 
MCC 

I 8226 
TI SN74LS424 
AMD 8226 

I Mitsubishi M5l8226 
NEC Micro J.lP88226 

• Discontinued 

I Ml,;U 

MOE 
2184 \ MOF 

Master Logic MCA 
Master Logic MCB 
Master Logic MCC 
Ma:»tll UJId'" 
Cherry 
Cherry 

MOE 
MOF 

IH5050 

IH5060 
Siliconix 
Harris 

696 .IM5602 

696 IM5603 

6961 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 

2354 

TI 

AMD 
Fairchild 

Ml:tlfltJ 

MMI 

;~Loo)~ .. 1 

5300-1 1449 
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ALTERNATE SOURCE DIRECTORY 
Manufac:turer I' e:ement Device 

IC Master MlI'IUfacturer I Replacement IC Master Manufac:turW I Replacement lC .... tar MII'IUfactunIr I ~ IC Maa1w 
Device I! Page Device Source Device Page Device Source DevIce Page DevIce Source Device Page 

Intersil (c( nt'd) IM5625 National DM87S296 .IM7708 Intel 2708 LH2308A PMI PM2308A 
NEe Micro llPB425 1621 Signetics 2708 LM139A PMI CMP-04 

M~I 
Raytheon 29625 1658 TI TMS2708 PM139A 

IM5603 6300-1 1449 TI SN54S474 1708 .IM7712 AMD AM2806 LM148. AMD LM148 

N~ MIcro llPB403 SN74S474 1708 Nortec 2512 Exar XR4741 

Ra~heon 29660 1664 IM5626 MMI 5353-1 1449 .IM7716 Fairchild F16K 1272 Raytheon LM148 

Si~tics N82S126 1681 6353-1 1449 .IM7722 AMD AM2808 LM239A PMI CMP-04 

\ 

582S126 1680 National DM54S573 IM7780 Fairchild 3347 PM239A 

82S126 DM74S57~ .IM7780 Mostek MK1007 LM248 AMD LM248 

TI SN54S387 1708 IM6002 TI TMS4062 TI TMS3409 Exar XR4741 

SN74S387 1708 IM61 00 Harris HM6100 LD110 SlIIconIx LD110 829 Raytheon LM248 

IM5604 AMI!) AM27C12 1918,1923 LD111 Siliconix LD111 829 LM339A PMI CMP-04 

AM27S12 [M6100A Harris HM6100A 1918 LF155 AMD LF155 PM339A 

Fairchild 93436 1260 IM6100C Harris HM6100c 1918 Fairchild jJAF155 LM348 AMD LM348 

Harris HM7620 IM6101 Harris HD6101 Motorola LF155 Raytheon LM348 

1284,1298 IM6101A Harris HD6101A National LF155 1035 MK4027 Fairchild M4027 

Intel 3602 IM6101C Harris HD6101C PMI PM155 Pujitsu MB8227 

MMI 5305-1 1449 IM6312 HarriS HM6312 1348 Raytheon LF155 MM452 Siliconix SI452 

6305-1 1449 IM6402 Harris HD6402 Signetics LFl55 MM455 Siliconix 51455 

National DM54S570 RCA CDP1854 TI LF155 MM552 Siliconix SI552 

DM74S570 IM6402A Harris HD6402A LF156 AMD LFl56 MM555 Siliconix SI555 

Raytheon 29610 1654 1M6402C Harris HD6402C Fairchild jJAF156 NE555 Exar XR555 

Signetics N82S130 1680 IM6403A Harris HD6403A Motorola LFl56 RCA CA555 

TI SN54S270 IM6508 AMI S6508 1207 National LF156 1035 NE556 Exar XR555 

SN74S270 Fairchild F4736 PMI PM156 SE555 Cherry CS555 

IM5605 Harris HM7640 Harris HM6508 1366 Raytheon LF156 Exar XR555M 

1284,1304 National MM74C929 Signetics LFl56 RCA CA555 

Intel 3604 NEe Micro llPD6508 1562 TI LF156 SE556 Exar XR555M 

MMI 5340-1 1449 IM6508C Harris HM6508C LF157 AMD LF157 .SSS1458 Exar XR1458 

6340-1 1449 IM6518 AMI 56518 1208 Fairchild "AF157 RCA CA1458 

National DM77S295. Harris HM6518 1379 Motorola LF157 Silicon G SG1458 
DM87S295 National MM74C930 National LF157 1035 .SSS1558 AD AD10l 

NEe Micro llPB405 1621 IM6523 National MM74C200 PMI PM157 Exar XR1558 

Raytheon 29624 1658 RCA CD4061 Raytheon LF157 National LM101 1035 , TI SN54S475 1708 IM6551 Fairchild F4721 Signetics lF157 RCA CA101 

SN74S475 1708 Harris HM6551 1389 TI LF157 CA1558 

IM5606 Fairchild 113438 1262 National MM74C920 LF255 AMD lF255 CA748 

MMI 5352-1 1449 IM6561 Harris HM6561 1389 Fairchild llAF255 Silicon G SG1558 

6352-1 1449 IM6900 Harris HM6900 Motorola LF255 .101 Motorola LM10l 

National DM54S572 IM7001 RCA MW7001 National LF255 RCA CA10l 

DM74S572 IM7027 Fairchild M4027 PMI PM255 Silicon G SG101 

NEe Micro "PB406 1625 Mostek MK4027 Raytheon LF255 .,05 Motorola LM105 

IM5608 MMI 538()"1 1449 TI TMS4027 Signetics LF255 Silicon G SG105 

6380-1 1449 IM7051 AMD 1101 TI LF255 .107 Motorola LM107 

IM5610 AMD AM27S19 IM7114 AMD 9114 LF256 AMD LF256 RCA CA107 

Harris HM7603 1284 9124 Fairchild jJAF256 Silicon G SG107 

MMI 5331-1 1449 AMI S2114 1196 Motorola LF256 .,08 AD AD108 

6331-1 1449 Fairchild 2114 1281 National LF256 National LM108 1035 

National DM7578 Fujitsu MB8114 PMI PM256 Raytheon LM108 

DM8578 Intel 2114 Raytheon LF256 RCA CA108 

Signetlcs N82S123 1680 Motorola MCM2114 1528 Signetics LF256 Silicon G SG108 

TI SN54S288 1708 National MM2114 TI LF256 .,11 Motorola LM111 

SN74S288 1708 NEe Micro llPD2114 1604 lF257 AMD LF257 RCA CA111 

IM5618 MMI 5381-1 1449 Rockwell R2114 Fairchild "AF257 Silicon G SG111 

6381-1 1449 Signetics 2614 1669 Motorola LF257 .201 AD AD201 

IM5623 AMD AM27S21 TI TMS4045 National LF257 Motorola LM201 

Fairchild 93426 IM7116 AMD 9016 PMI PM257 National LM201 

Harris HPROM1024 Fujitsu MBM8116 Raytheon LF257 RCA CA201 

Intel 3621 MB8116 Signetics LF257 CA748 

MMI 5301-1 1449 Intel 2116 TI LF257 Silicon G SG201 

6301-1 1449 Mostek MK41t6 LF355 AMD LF355 .205 Motorola lM205 

Raytheon 29661 1664 Motorola MCM4116 1505 Fairchild jJAF355 Silicon G SG205 

Signetics N82S129 1680 NEe Micro llPD416 1562 Motorola lF355 .207 Motorola LM207 

TI SN54S287 1708 TI TMS4116 National LF355 RCA CA207 

SN74S287 1708 Zilog Z6116 PMI PM355 Silicon G SG207 

IM5623A Fairchild' 93427 1258 IM7141 AMD 4044 Raytheon lF355 .208 AD AD208 

IM5624 AMD AM27S13 Fujitsu MBM4044 Signetics LF355 Motorola LM208 

Fairchild 93446 1260 Intel 2141 1418 TI LF355 National LM208 

Harris HM7621 National MM5257 LF356 AMD LF356 Raytheon LM208 

1284,1298 Signetics 2613 1668 Fairchild llAF356 RCA CA208 

Intel 3622 TI TMS4044 Motorola LF356 Silicon G SG208 

MMI 5306-1 1449 .IM7210 AMI S2733 National LF356 1035,1073 .211 Motorola LM211 

6306-1 1449 .IM7270 National MM5270 PMI PM356 RCA CA211 

National DM54S571 .IM7271 National MM5271 Raytheon LF356 Silicon G SG211 

DM74S571 .IM7280 National MM7280 Signetics LF356 2114 AMI S2114 1196 

Raytheon 29611 1654 T1 TMS4060 TI lF356 Fuiitsu MB8114 

Signetics N82S131 1680 .IM7501 Mostek MK4007 LF357 AMD LF357 TI TMS4045 

TI SN54S370 .IM7511 Mostek MK4007 Fairchild p.AF357 .2650 Signetics 2650 
SN74S~70 .IM7512 Mostek MK4007 Motorola lF357 301 AD AD301 

IM5625 Fairchild 93448 1262 Signetics 1101 National lF357 Motorola LM301 

Harris HM7641 IM7552 NEe Micro ,,~D2102 1591 PMI PM357 National lM3Ql 

1284,1304 SGS M330 Raytheon LF357 Raytheon lM301 

Intel 3624 Signetics 2102 Signetics LF357 RCA CA301 

MMI 5341-1 1449 .IM7702 Nortec 1402 TI lF357 Silicon G SG301 

6341-1 1449 .IM7703 Nortec 1403 lH2108A PMI PM2108A 305 Motorola LM305 

National DM71S296 .IM7704 Nortec 1404 LH2208A PMI PM2208A Silicon G SG305 

• Discontinued 
The manufacturers report their devices can be used as direct replacements, 

Performance details often differ, so compare the specifications considering your requirements. 
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Manufacturer i Replacement IC Muter Manufacturer I Replacement Ie Master Manufacturer I Replacement lC Master =~I~De IC Master 
Device , Source Device Page Device Source Device Page Device Source Device Page ice Page 

Intersil (c~nt'd) MN370 Hybrid Sys DAC346 SIL4009 RCA CD4009 SIL4018 Solitron C~ 4018 
DAC347 SGS HBF4009 SSS S L4018 
DAC356 Solitron CM4009 TI T'4018 

307 RCA CA307 MN371 Hybrid Sys. DAC346 SSS SCL4009 Toshiba T~4018 
Silicon G SG307 DAC347 TI TP4009 SIL4019 Fairchild F 019 

308 AD AD308 MN410 HyComp M/DA2005 Toshiba TC4009 National C D4019 
Motorola LM308 MN411 HyComp M/DA2005-1 SIL4010 National CD4010 RCA <1D4019 
National LM308 MN5065 Motorola MC1358 RCA CD4010 SGS HBF4019 
Raytheon LMS08 MN5240 Date! ADC-HZ12BGC SGS HBF4010 Solitron <J:M4019 
RCA CA308 669 Solitron CM4010 SSS $CL4019 
Silicon G SG308 SSS SCL4010 Tf TP4019 

310 PMI BUF-01 Micro Power Systems TI TP4010 Toshiba TC4019 
BUF-02 Toshiba TC4010 SIL4020 Fairchild F4020 

311 Motorola LM311 SIL4011 Fairchild F4011 Motorola MC14020 
RCA CA311 MP7501 AD AD7501 Motorola MC14011 National C04020 
Silicon G SG311 MP7502 AD AD7502 National CD4011 NEG America "PD4020 

4250 National LM4250 MP7503 AD AD7503 NEG America "PD4011 RCA C04020 
Silicon G SG4250 MP7506 AD AD7506 RCA CD4011 SGS HBF4020 

5101 AMI S5101 1206 MP7507 AD AD7507 SGS HBF4011 Solitron CM4020 
555 Motorola MC1455 MP7510 AD AD7510 Solitron CM4011 SSS SCL4020 

National LM555 PMI SSS7510 SSS SCL4011 TI TP4020 
Raytheon RC555 MP7511 AD AD7511 TI TP4011 Toshiba TC4020 

RM555 PMI SSS7511 Toshiba TC4011 SIL4021 Fairchild F4021 
RCA CA355 MP7512 AD AD7512 SIL4012 Fairchild F4012 Motorola MC14021 
Silicon G SG555 MP7513 AD AD7513 Motorola MC14012 National CD4021 

723 Motorola MCl723 MP7516 AD AD7516 National CD4012 NEG America "PD4021 
National LM723 Fairchild F4016 NEG America "PD4012 I RCA CD4021 
Raytheon RC723 Mitel SIL4016 RCA CD4012 Solitron CM4021 

RM723 Motorola MC14016 SGS HBF4012 SSS SCL4021 
RCA CA723 National CD4016 1076 Solitron CM4012 TI TP4021 
Signetics "A723 RCA CD4016 SSS SCL4012 Toshiba TC4021 
Silicon G SG723 Solitron CM4016 TI TP4012 SIL4022 Fairchild F4022 

741 AD AD741 SSS SCL4016 Toshiba TC4012 Motorola MC14022 
Fairchild "A741 TI TP4016 SIL4013 Fairchild F4013 National CD4022 
Motorola MC1741 MP7519 AD AD7519 Motorola MC14013 RCA CD4022 
National LM741 1035 MP7520 AD AD7520 National CD4013 SGS HBF4022 
PMI 55S741 Hybrid 5ys. DAC331-10 NEG America "PD4013 Solitron CM4022 
Raytheon RC741 DAC331-8 RCA CD4013 SSS SCL4022 

RM741 MP7521 AD AD7521 SGS HBF4013 TI TP4022 
RCA CA741 Hybrid Sys. DAC331-10 Solitron CM4013 Toshiba TC4022 
Silicon G SG741 DAC331-8 SSS SCL4013 SIL4023 Fairchild F4023 

.747 Motorola MC1747 MP7522 AD AD7522 TI TP4013 Motorola MC14023 
RCA CA747 MP7523 AD Ab7523 Toshiba TC4013' National CD4023 
Silicon G SG747 MP7550 AD AD7550 SIL4014 Fairchild F4014 NEG America "PD4023 

748 Fairchild 1J.A748 MP7570 AD AD7570 Motorola MC14014 RCA CD4023 
Motorola MC1748 MP7621 AD AD7541 National CD4014 SGS HBF4023 
National LM748 NEG America "PD4014 SoIitron CM4023 
Raytheon RC748 Mitel Semiconductor RCA CD4014 SSS SCl.4023 

I RM748 I SGS HBF4014 I TI TP4023 
RCA CA748 Solitron CM4014 TOShiba TC4023 

I 
Silicon G SG748 

I 
Sll4000 Motorola MC14000 SSS SCL4014 SIL4024 Fairchild F4024 

8240 Exar XR2240 National CD4000 TI TP4014 Motorola MC14024 
RCA CD4000 Toshiba TC4014 National CD4024 

Maruman Integrated Circuits Solitron CM4000 SIL4015 Fairchild F4015 RCA CD4024 
SSS SCL4000 Motorola MC14015 SGS HBF4024 
TI TP4000 National CD4015 Solitron CM4024 

MIC2332 AMI 568332 1216 SIL4001 Fairchild F4001 NEG America I1PD401 5 SSS SCL4024 
'Motorola MC14001 RCA CD4015 TI TP4024 

Micro Networks : National CD4001 SGS HBF4015 Toshiba TC4024 
NEG America "PD4001 Solitron CM4015 SIL4025 Fairchild F4025 
RCA CD4001 SSS SCL4015 Motorola MC14025 

DAC80 AD DAC80 SGS HBF4001 TI TP4015 National CD4025 
Beckman 7580 Solitron CM4001 Toshiba TC4015 NEG America "PD4025 
Burr-Brown DACao 658 SSS SCl4001 SIL4()1~ AD AD7516 RCA CD4025 
Datel DAC-HZ12B 
Hybrid Sys, DAC335 

DAC85 Beckman 877-85 
Datel DAC-HZ12B 
Hybrid Sys. DAC335 

SIL4002 

TI TP4001 
Toshiba TC4001 
Fairchild f:4002 

Mot"""", MC~,!002 

National CD4002 

Fairchild F4016 
Micro Power MP751-6 
Motorola MC14016 
Natioilal C04016 
RCA CD4016 

I 
. ___ I 
HUG I 

SGS HBF4025 
Solitron CM4025 
SSS , SCL4025 
TI TP4025 
Toshiba TC4025 

MNADC84 Date. ADC-HZ12BGC NEG America }LPD4002 Solitron CM4016 SIL4027 Fairchild F4027 
669 RCA CD4002 SSS SCL4016 Motorola MC14027 

MNAD84 Hybrid Sys ADC581 SGS HBF4002 TI TP4016 National CD4027 
MNAD85 Hybrid Sys. ADC581 Solitron CM4002 SIL4017 Fairchild F40f7 NEG America "PD4027 
MN3000 Hybrid Sys. DAC337-0 SSS C'f"1 AI'\I"V\ 

vV ..... ""tvvc. Motoroia iv!c.;14017 RCA C[)4027 
MN3001 Hybrid Sys. DAC337-1 TI TP4002 National CD4017 SGS HBF4027 
MN3Q02 Hybrid Sys. DAC337-2 Toshiba TC4002 NEG America }LPD4017 Solitron CM4027 
MN3003 Hybrid Sys, DAC337-3 SIL4007 Fairchild F4007 RCA CD4017 SSS SCL4027 
MN3004 Hybnd Sys DAC337-4 Motorola MC14007 SGS HBF4017 TI TP4027 
MN3005 Hybrid Sys, DAC337,-5 National CD4007 Solitron CM4017 Toshiba TC4027 
MN3006 Hybrid Sys, DAC337-6 RCA CD4007 SSS SCL4017 SIL4028 Fairchild F4028 
MN3007 Hybrid'Sys DAC337·7 SGS HBF4007 TI TP4017 Motorola MC14028 
MN3210 Hybrid Sys DAC346 Solitron CM4007 Toshiba TC4017 National CD4028 

DAC347 SSS SCL4007 SIL4018 Fairchild F4018 NEG Amenca "PD4028 
MN3211 Hybrid Sys. DAC346 TI TP4007 ~lo;:IItil"\"<:l1 vv-+ut!.o 

UJ.\'-'J41 TostJiba TC4007 RCA CD4018 SGS HBF4028 
DAC35€ SIL4009 National CD4009 SGS HBF4018 Solitron CM4028 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Page 

Mitel SemiConductor (cont'd) SIL4050 Fair.child F4050 
_____ ~\-_------- i Motorola MC14050 

J I National CD4050 
SiS SCL4028 NEG America IlPD4050 
TI \ TP4028 RCA CD4050 
TO$Riba TC4028 I SGS HBF4050 

~~I:~~~ ~~~~29 .1 ~~I~ron ~~~~;~O 
NEe; America IlPD4029 i TI TP4050 
RCA CD4029 I Toshiba TC4050 
SGS HBF4029 i SIL4051 Fairchild F4051 
Solitron CM4029 Motorola ~'C14051 

SIL4028 

SIL4029 

SSS SCL4029 National ..;D4051 
TI TP4029 RCA CD4051 
Toshiba TC4029 Solitron CM4051 

SIL4030 Fairchild F4030 SSS SCL4051 
National CD4030 TI TP4051 
NEG America IlPD4030 Toshiba TC4051 
RCA CD4030 '1 SIL4052 Fairchild F4052 
SGS HBF4030 Motorola MC14052 
Solitron CM4030 National CD4052 
SSS SCL4030 RCA CD4052 
Ti TP4030 Solitron CM4052 
Toshiba TC4030 SSS SCL4052 

SIL4035 Fairchild F4035 TI TP4052 
Motorola MC14035 Toshiba TC4052 
National CD4035 SIL4053 Fairchild F4053 
NEG America IlPD4035 • Motorola MC14053 
RCA CD4035 National CD4053 
SGS HBF4035 RCA CD4053 
Solitron CM4035 Solitron CM4053 
SSS SCL4035 SSS SCL4053 
TI TP4035 Toshiba TC4053 
Toshiba TC4035 SIL4055 RCA CD4055 

SIL4040 Fairchild F4040 SIL4056 RCA CD4056 
National CD4040 SIL4060 National CD4060 
NEG America I1PD404O RCA CD4060 
RCA CD4040 SSS SCL4060 

,Solitron CM4040 SIL4066 Fairchild F4066 
SSS SCL4040 Motorola MC14066 
TI TP4040 National CD4066 1076 
Toshiba TC4040 NEG America IlPD4066 

SIL4042 Fairchild F4042 RCA CD4066 
Motorola MC14042 SGS HBF4066 
National CD4042 Signetics N4066 
NEG America IlPD4042 Solitron CM4066 
RCA CD4042 SSS SCL4066 
SGS HBF4042 Toshiba TC4066 
Solitron CM4042 SIL4068 Fairchild F4068 
SSS SCL4042 Motorola MC14068 
TI TP4042 RCA CD4068 
T'Oshiba TC4042 Solitron CM4068 

SIL4043 Fairchild F4043 SSS SCL4068 
Motorol,a MC14043 TI TP4068 
National CD4043 Toshiba TC4068 
NEG America IlPD4043 SIL4069 Fairchild F4069 
RCA CD4043 Harris HD74C04 
Splitron CM4043 Motorola MC14069 
SSS SCL4043 National CD4069 
TI TP4043 MM74C04 
Toshiba TC4043 NEG America /J-PD4069 

SIL4044 Fairchild F4044 RCA CD4069 
Motorola MC14044 Solitron CM4069 
National CD4044 SSS SCL4069 
NEG America IlPD4044 TI TP4069 
RCA CD4044 Toshiba TC4069 
Solitron CM4044 SIL4070 Fairchild F4070 
SSS SCL4044 National CD4070 
TI TP4044 MM74C86 
Toshiba TC4044 RCA CD4070 

SIL4046 Fairchild F4046 Solitron CM4070 
Motorola MC14046 SSS SCL4070 
National CD4046 SIL4071 Fairchild F4071 
RCA CD4046 Motorola MC14071 
SOlitron CM4046 National CD4071 
SSS SCL4046 NEG Amenca flPD4071 

SIL4049 Fairchild F4049 RCA CD4071 
Motoro1a MC14049 Solitron CM4071 
National CD4049 \ SSS SCL4071 
NEG America /lPD4049 TI TP4071 
RCA CD4049 Toshiba TC4071 
SGS HBF4049 SIL4072 Fairchild F4072 
Solitron CM4049 Motorola MC14072 
SSS SCL4049 RCA CD4072 
TI TP4049 SSS SCL4072 
Toshiba TC4049 TI TP4072 

• Discontinued 

ALTERNATE SOURCE DIRECTORY 
ManufactUrer I RepIac:ement 
Device Source Devic;e 

IC Master 
,Page 

SIL4072 
SIL4073 

I SIL4075 

SIL4076 

SIL4077 

SIL4078 

SIL4081 

SIL4082 

SIL4098 
SIL4502 

SIL4508 

SIL4510 

S1L4511 

SIL4512 

SIL4514 

Toshiba 
Fairchild 
Motorola 
National 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Motorola 
Nationa! 
RCA 
SSS 
TI 
Toshiba 
Fairchild 
Harris 
Motorola 
National 

RCA 
Solitron 
SSS 
Fairchild 
Motorola 
RCA 
Solitron 
SSS 
Fairchild 
Motorola 
RCA 
Solitron 
SSS 
Toshiba 
Fairchild 
Motorola 
National 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Motorola 
RCA 
SSS 
TI 
Toshiba 
RCA 
Motorola 
RCA 
SSS 
Motorola 
RCA 
SSS 
Toshiba 
Fairchild 
Motorola 
National 
RCA 

SSS 
Toshiba 
Fairchild 
Motorola 
National 
RCA 
Solitron 
'SSS 
TI 
Fairchild 
Motorola 
National 
NEG America 
SSS 
TI 
Toshiba 
Fairchild 
Motorola 
National 
RCA 
Solitron 
SSS 
Toshiba 

TC4072 
F4073 
MC14073 
CD4073 
CD4073 
CM4073 
SCL4073 
TP4073 
TC4073 
F4075 
MC14075 
CD4075 
CD4075 
SCL4075 
TP4075 
TC4075 
F4076 
HD74C173 
MC14076 
CD4076 
MM74C173 
CD4076 
CM4076 
SCL4076 
F4077 
MC14077 
CD4077 
CM4077 
SCL4077 
F4078 
MC14078 
CD4078 
CM4078 
SCL4078 
TC4078 
F4081 
MC14081 
CD4081 
/lPD4081 
CD4081 
CM4081 
SCL4081 
TP4081 
TC4081 
F4082 
MC14082 
CD4082 
SCL4082 
TP4082 
TC4082 
CD4098 
MC14502 
CD4502 
SCL4502 
MC14508 
CD4508 
SCL4508 
TC4508 
F4510 
MC14510 
CD451 0 
CD40192 
CD4510 
SCL4510 
TC451 0 
F4511 
MC14511 
CD4511 
CD4511 
CM4511 
SCL4511 
TP4511 
F4512 
MC14512 
CD4512 
/lPD4512 
SCL4512 
TP4512 
TC4512 
F4514 
MC14514 
CD4514 
CD4514 
CM4514 
SCL4514 
TC4514 

MMuIacturer I Replacement IC Muter 
Device ' Source Device Page 

SIL4515 Fairchild F4515 
Motorola MC14515 
National CD4515 
RCA CD4515 
Solitron CM4515 
SSS SCL4515 
Toshiba TC4515 

SIL4516 Fairchild F4516 
Motorola MC14516 
National CD4516 
RCA CD40193 

CD4516 
SSS SCL4516 
Toshiba TC4516 

SIL4518 Fairchild F4518 
Motorola MC14518 
National CD4518 
RCA CD4518 
Solifron CM4518 
SSS SCL4518 
TI TP4518 
Toshiba TC4518 

SIL4520 Fairchild F4520 
Motorola MC14520 
National CD4520 
NEG America /J-PD4520 
RCA CD4520 
Solitron CM4520 
SSS SCL4520 
TI TP4520 
Toshiba TC4520 

Mitsubtshi Electric Co. 

M5L2104 Fujitsu 
M5S000 Fairchild 

Hitachi 
National 
SigneticS 
TI 

M5S003 Fairchild 
Hitachi 
National 
Signetics 
TI 

M5S004 Fairchild 
Hitachi 
National 
Signetlcs 
TI 

M5Soo5 Fairchild 
Hitachi 
National 
Signetics 
TI 

M5S010 Fairchild 
Hitachi 
National 
Signetics 
n 

MSS011 Fairchild 
Hitachi 
National 
Signetics 
TI 

M5S015 Fairchild 
Hitachi 
National 
SigneticS 
TI 

M5S020 Fairchild 
Hitachi 
National 
Signetics 
TI 

M5S030 Fairchild 
National 
TI 

M5S040 Fairchild 
Hitachi 

• National 
Signetics 
n 

M5SOS1 Fairchild 
National 

MB8116 
74SOO 
HD74Soo 
DM74Soo 
74SOO 
SN74Soo 
74S03 
HD74S03 
DM74S03 
74S03 
SN74S03 
74S04 
HD74S04 
DM74S04 
74S04 
SN74S04 
74S05 
HD74S05 
DM74SOS 
74S05 
SN74S05 
74S10 
HD74S10 
DM74S10 
74S10 
SN74S10 
74S11 
HD74S11 
DM74S11 
74S11 
SN74S11 
74S15 
HD74S15 
DM74S15 
74S15 
SN74S15 
74S20 
HD74S20 
DM74S20 
74S20 
SN74S20 
74S30 
DM74S30 
SN74S30 
74840 
HD74S40 
DM74840 
74840 
SN74840 
74851 
DM74S51 

The manufacturers report their devices can be used as direct replacements. 
Performance details often differ. so compare the specifications considering your requirements. 
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Mitsubishi Electric Co. M58251 Fairchild 748251 M53209 'Motorola MC7409 M53240 NEe America p.P 137440 

(cont'd) 
Hitachi HD748251 National DM7409 8ignetics 74 ~O 
National DM748251 8ignetics 7409 TI S~ 7440 
Signetics 748251 TI SN7409 TRW 7440 

M5S051 8ignetics 74851 TI SN748251 TRW 7409 M53241 Fairchild 7441 

TI 8N74851 M58257 AMD SN748257 M53210 Fairchild 7410 National oM7441 

M5S074 Fairchild 74874 Fairchild 748257 Hitachi HD7410 M53242 Fairchild 7~42 

Hitachi HD74874 National DM74S257 I Motprola MC7410 Hitachi 1-/07442 

! TI SN74874 Signetics 748257 National DM7410 Motorola ~C7442 
M58085 8ignetics 74885 ,TI 8N748257 NEC America p.PB7410 National DM7442 

TI 8N74885 M5S258 AMD 8N748258 Signetics 7410 NEe America p.PB7442 

M58112 Fairchild 748112 Fairchild 74S258 TI SN7410 Signetics 7442 

Hitachi HD748112 8ignetics 74S258 SN7427 TI SN7442 

Motorola 8N748112 TI 8N748258 Toshiba TC741 0 M53243 Fairchild 7443 

National DM74S112 M5141 Toshiba TA7504 TRW 7410 Hitachi HD7443 

Signetics 74S112 M51709 Toshiba TA7502 M53213 Fairchild 7413 Motorola MC7443 

TI SN748112 M53200 Fairchild 7400 Motorola MC7413 Signetic:> 7443 
k~5S~ ~ 3 Fa:rchi:C: 74S113 Hitachi HD7400 National DM7413 Tl SN7443 

Hitachi HD74S113 Motorola MC7400 NEe America IlPB7413 M53244 Fairchild 7444 

Motorola 8N748113 National DM7400 8ignetics 7413 Hitachi HD7444 

National DM74S113 NEC America p.PB7400 TI SN7413 Motorola MC7444 

8ignetics 748113 8ignetics 7400 TRW 7413 Signetics 7444 

TI SN748113 TI SN7400 M532t4 Fairchild 7414 TI SN7444 

I 
M58114 Fairchild 748114 Toshiba TC7400 Hitachi HD7414 M53245 Fairchild 7445 

Hitachi HD74S114 TRW 7400 Motorola MC7414 Motorola MC7445 

National DM748114 M53201 Fairchild 7401 National DM7414 National DM7445 

8ignetics 748114 Motorola MC7401 81gnetics 7414 NEC America IlPB7445 

I M5S133 
TI 8N748114 National DM7401 TI 8N7414 8ignetics ,7445 

FairchHd 74S133 Signetics 7401 M53216 Fairchild 7416 TI SN7445 

Hitachi HD74S133 TI SN7401 Hitachi HD7416 TRW 7445 

National DM748133 TRW 7401 Motorola MC7416 M53247 Fairchild 7447 

Signetics 748133 M53202 Fairchild 7402 Natipnal DM7416 Mptprola MC7447 
TI 8N74S133 Hitachi HD7402 8ignetics 7416 National DM7447 

M58138 AMD 8N748138 Motorola MC7402 TI SN7416 NEe America IlPB7447 
Fairchild 748138 National DM7402 TRW 7416 Signetics 7447 
National DM748138 NEC America IlPB7402 M53217 Fairchild 7417 TI 8N7447 

8ignetics 748138 Signetics 7402 Hitachi HD7417 M53248 Fairchild 7448 
TI 8N74S138 TI SN7402 Motorola MC7417 Motorola MC7448 

M58151 AMD 8N748151 TRW 7402 National DM7417 National DM7448 
Fairchi!d 74S151 M53203 Fairchild 7403 Signetics 7417 8ignetics 7448 
Hitachi HD74S151 Hitachi HD7403 TI 8N7417 TI 8N7448 
National DM748151 Motorola MC7403 TRW 7417 M53250 Fairchild 7450 
8ignetics 748151 National DM7403 M53220 Fairchild 7420 Hitachi HD7450 
TI 8N74S151 Signetics 7403 Hitachi HD7420 Motorola MC7450 

M58153 AMD 8N748153 TI SN7403 Motorola MC7420 National DM7450 

I 
Fairchild 748153 TRW 7403 National DM7420 NEe America p.PB7450 
National DM74S153 M53204 Fairchild 7404 NEC America p.PB7420 Signetics 7450 
8ignetics 748153 Hitachi HD7404 8ignetics 7420 TI SN7450 
TI 8N74S153 Motorola MC7404 TI SN7420 I M53253 

TRW 7450 I 
M58157 AMD 8N748157 National DM7404 Toshiba TC7420 Fairchiid 7453 

fairchild 748157 
National DM74S157 
Signetics 748157 

NECAITI6fICa IlPB7404 
8ignetics 7404 
TI SN7404 

I M53225 

TRW 7420 
Fairchild 7425 
Motorola MC7425 

Hitachi HD7453 
Motorola MC7453 
National DM7453 

ii 8N74S157 Toshiba TC7404 National DM7425 NEC America IlPB7453 
M5S158 AMD 8N74S158 TRW 7404 TI 8N7425 81gnetics 7453 

Fairchild 748158 M53205 Fairchild 7405 M53227 FairChild 7427 TI SN7453 
National DM748158 Hitachi HD7405 Hitachi HD7427 TRW 7453 
8ignetics 748158 , Motorola MC7405 Motorola MC7427 M53260 Fairchild 7460 
TI 8N748158 National DM7405 National DM7427 Hitachi HD7460 

M5S174 AMD 8N748174 NEe America IlPB7405 8ignetics 7427 Motorola MC7460 
Fairchild 748174 8ignetics 7405 .M53230 Fairchild 7430 National DM7460 
Hitachi HD74S174 TI 8N7405 Hitachi HD7430 NEG America p.PB7460 
National DM748174 TRW 7405 Motorola MC7430 8ignetics 7460 
Signetics 748174 M53206 Fairchild 7406 National DM7430 TI SN7460 
11 8N748174 Hitachi HD7406 NEG America IlPB7430 TRW 7460 

M58175 AMD 8N74S175 Motorola MC7406 8ignetics 7430 M5:l27Q Fairchild 7470 
FalrchHd 74Si75 Naltonal DM7406 TI 8N7430 Motorola MC7470 
Hitachi HD748175 8ionetics 7406 T~V'! ..,"'r'I" , ~h.'\,1 NatIOnal DM7470 
National DM748175 TI' 8N7406 M53237 Fairchild 7437 8ignetics 7470 
8ignetics 748175 TRW 7406 Motorola MC7437 TI 8N7470 
Tl 8N748175 M53207 Fairchild 7407 National DM7437 M53272 Fairchild 7472 

M58181 AMD 8N748181 Hitachi HD7407 NEG America IlPB7437 Hitachi HD7472 
Fairchild 93841 Motorola MC74C7 Signetics 7437 Motorola MC7472 
Hitachi HD748181 Nl'Itinn<li mn"!07 " Sr.i74ai National DM7472 
8ignetics 748181 8ignetics 7407 TRW 7437 8ignetics 7472 
TI 8N748181 TI 8N7407 M53238 Fairchild 7438 TI 8N7472 

M58182 Fairchild 93842 TRW 7407 Motorola MC7438 TRW 7472 
National DM748182 M53208 Fairchild 7408 National DM7438 M53273 Fairchild 7473 
8ignetics 748182 
TI SN748182 
Fairchild 74822 
Hitachi HD74822 
National DM74822 
Signetics 74822 

Motorola MC7408 
National DM7408 
8ignetics 7408 
TI 8N7408 
Toshiba TC7408 
TRW 7408 

I M53240 

M5822 

NEC America IlPB7438 
8ignetics 7438 
TI SN7438 
TRW 7438 
Fairchild 7440 
Hit""hi Hn7AAfl 

Motorola MC7473 
National DM7473 
NEG America p.PB7473 
8ignetics 7473 
Ti SN7473 
, ................... 

..;J1"/~\:)t!:1! Mb:J209 Fairchild 7409 Motorola MC7440 Hitachi HD7474 
M58251 AMD S1\l7<15251 Hitachi HD7409 National DM7440 Motorola MC7474 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted, 
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ALTERNATE SOURCE DIRECTORY 
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~~ ~ ~y~ Page ~~ , Source Device Page De~ Source De~ Page Device Source De~ Page 

Mitsubishi \ Electric CO. M53296 Fairchild 7496 M53353 TI SN74153 M53370 NEC America p.PB74170 

(cont'd) . \ 
Hitachi HD7496 TRW 74153 Signetics 74170 

Motorola MC7496 M53354 AMD SN74154 TI SN74170 

National DM7496 Fairchild 74154 M53374 AMD SN74174 

M53274 N"ional DM7474 Signetics 7496 Motorola MC74154 Fairchild 74174 

NEe America p.PB7474 TI SN7496 National DM74154 Hitachi HD74174 

Sig,etics 7474 TRW 7496 NEC America p.PB74154 Motorola MC74174 

TI' SN7474 M53307 Fairchild 74107 Signetics 74154 National DM74174 

TRW 7474 Hitachi HD74107 TI SN74154 Signa_tiCS 74174 

M53275 Fairchild 7475 Motorola MC74107 TRW 74154 TI SN74174 

Hitachi HD7475 National DM74107 M53355 ' Fairchild 74155 M53375 AMD SN74175 

Motbrola MC7475 NEC.America ;.tPB74107 Motorola MC74155 Fairchild 74175 

National DM7475 Signetics 74107 National pM74155 Hitachi HD74175 

Signetics 7475 TI SN74107 NEG 'America J,1PB74155 Motorola MC74175 

TI SN7475 M53321 Fairchild 74121 Signetics 74155 National DM74175 

TRW 7475 Hitachi HD74121 TI SN74155 NEC America J,1PB74175 

M53276 Fairchild 7476 Motorola MC74121 TRW 74155 SignetiCS 74175 

Motorola MC7476 National DM74121 M53356 Fairchild 74156 TI SN74175 

National DM7476 Signetics 74121 Hitachi HD74156 M53376 Fairchild 74176 

NEG America I1PB7476 TI SN74121 Motorola MC74156 Motorola MC74176 

Signetics 7476 TRW 74121 National DM74156 National DM74176 

TI SN7476 M53322 Fairchild 74122 NEC America J,1PB74156 SignetiCS 74176 

TRW 7476 Motorola MC74122 Signetics 74156 TI SN74176 

M53280 Fairchild 7480 Signetics 74122 'TI SN74156 M53377 Fairchild 74177 

Motorola MC7480 TI SN74122 TRW 74156 Motorola MC74177 

NEG America I1PB7480 M53323 AMD SN74123 M53357 AMD SN74157 National DM74177 

Signetics 7480 Fairchild 74123 Fairchild 74157 SignetiCS 74177 

TI SN7480 Motorola MC74123 Hitachi HD74157 TI SN74177 

M53283 Fairchild 7483 National DM74123 Motorola MC74157 M53380 Fairchild 74180 

Motorola MC7483 NEG America I1PB74123 National DM74157 Hitachi HD74180 

National DM7483 Signetics 74123 NEG America I1PB74157 Motorola MC74180 

Signetics 7483 TI SN74123 Signetics 74157 National DM74180 

TI SN7483 TRW 74123 TI SN74157 NEC America p.PB74180 

M53285 Fairchild 7485 M53325 Fairchild 74125 M53358 Signetics 74158 Signetie&. 74180 

Hitachi HD7485 Hitachi HD74125 M53360 AMD SN74160 TI SN74180 

Motorola MC7485 National DM74125 Fairchild 74160 TRW 74180 

National DM7485 Signetics 74125 Hitachi HD74160 M53381 AMD SN74181 

, NEC America I1PB7485 TI SN74125 Motorola MC74160 Fairchild 74181 

Signetics 7485 M53326 Fairchild 74126 National DM74160 MOlorola MC74181 

TI SN7485 Hitachi HD74126 SignetiCS 74160 National DM74181 

TRW 7485 National DM74126 TI SN74160 NEC America I1PB74181 

M53286 Fairchild 7486 Signatics 74126. TRW 74160 Signetics '74181 

Hitachi HD7486 TI. SN74126 M53361 AMD SN74161 T1 SN74181 

Motorola MC7486 M53332 Fairchild 74132 Fairchild 74161 M53382 AMD SN74182 

National DM7486 Hitachi HD74132 Hitachi HD74161 Fairchild 74182 

NEC America I1PB7486 Motorola MC74132 Motorola MC74161 Motorola MC74182 

Signetics 7486 National DM74132 National DM74161 National DM74182 

TI SN7486 Signetics 74132 NEC America J,1PB74161 NEC America p.PB74182 

TRW 7486 TI SN74132 Signetics 74161 Signetics 74182 

M53289 AMD SN7489 M53345 Fairchild 74145 TI SN74161 TI SN74182 

Fairchild 7489 Motorola MC74145 TRW 74161 M53385 National DM74185 

National DM7489 National DM74145 M53362 AMD SN74162 TI SN74185 

TI SN7489 Signetics 74145 Fairchild 74162 M53390 Fairchild 74190 

TRW 7489 TI SN74145 Hitachi HD74162 Hitachi HD74190 

M53290 Fairchild 7490 TRW 74145 Motorola MC74162 Motorola MC74190 

Hitachi HD7490 M53347 Hitachi HD74147 National DM74162 National DM74190 

Motorola MC7490 National DM74147 SignetiCS 74162 Signetics 74190 

National DM7490 NEG America I1PB74147 TI SN74162 TI SN74190 

Signetics 7490 Signetics 74147 TRW 74162 M53391 Fairchild 74191 

TI SN7490 TI SN74147 M53363 AMD SN74163 Hitachi HD74191 

TRW 7490 M53348 Hitachi HD74148 Fairchild 74163 Motorola MC74191 

M53291 Fairchild 7491 National DM74148 Hitachi HD74163 National DM74191 

-Motorola MC7491 NEC America p.PB74148 Motorola MC74163 Signetics 74191 

National DM7491 Signetics 74148 National DM74163 \ TI SN74191 

NEC America I1PB7491 TI SN74148 Signetics 74163 M53392 AMD SN74192 

Signetics 7491 M53350 Fairchild 74150 T1 SN74163 Fairchild 74192 

TI SN7491 Hitachi HD74150 TRW 74163 Motorola MC74192 

M53292 Fairchild 7492 Motorola MC74150 M53364 / AMD 74164 National DM74192 

Hitachi HD7492 National DM74150 Fairchild 74164 NEC America IlPB74192 

Motorola MC7492 NEG America I1PB74150 Hitachi HD74164 Signetics 74192 

National DM7492 Signetics 74150 National DM74164 TI SN74192 

Signetics 7492 TI SN74150 NEG America J,1PB74164 M53393 AMD SN74193 

TI SN7492 TRW 74150 Signetics 74164 Fairchild 74193 

TRW 7492 M53351 Fairchild 74151 TI SN74164 Motorola MC74193 

M53293 Fairchild 7493 Hitachi HD74151 M53365 Fairchild 74165 National DM74193 

Hitachi HD7493 Motorola MC74151 Motorola MC74165 NEG-America p.PB74193 

Motorola MC7493 National DM74151 National DM74165 Signetics 74193 

National DM7493 NEG America J,1PB74151 Signetics 74165 TI SN74193 

Signetics 7493 Signetics 74151 TI SN74165 M53398 Fairchild 74198 

• TI SN7493 TI SN74151 M53366 Fairchild 74166 Hitachi HD74198 

TRW 7493 TRW 74151 Hitachi HD74166 National DM74198 

M53295 Fairchild 7495 M53353 Fairchild 74153 National DM74166 NEG America p.PB74198 

Motorola MC7495 Motorola MC74153 Signetics 74166 Signetics 74198 

National DM7495 National DM74153 TI SN74166 TI SN74198 

Signetics 7495 NEG America J,1PB74153 M53370 Fairchild 74170 M53399 Fairchild 74199 

TI SN7495 Signetics 74153 National DM74170 National DM74199 

• DiScontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ', so compare the specifications considering your requirements. 
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Ie MASTER 
IC Master Manufacturer I Replacement 

Device ' Source Device Page 

Mitsubishi Electric Co. 
(cont'd) 

M53399 Signetics 74199 
TI SN74199 

M53476 TI SN74278 
M53463 raiichild 74283 

I NEC America f-lPB74283 
TI SN74283 

M53490 Fairchild 74290 
Motorola MC74290 
TI SN74290 
TRW 74290 

M53493 Fairchild 74293 
Motorola MC74293 
TI SN74293 
TRW 74293 

M58755 Fujitsu MB8107 

Monolithic Memories, Inc. 

I+
A
",. 

AMD 
+A5281 AMD 
+A6280 AMD 
+A6281 AMD 

\+H5201 TI 
tH6201 II 

+L5560 AMD 
National 

L5561 National 
L6550 AMD 
L6551 AMD 
L6560 AMD 

National 
+L6561 National 

PAL10H6 Raythaon 
PAL10L8 Raytheon 
PAL12H6 Raytheon 
PAL12L6 Raythaon 
PAL14H4 Raythaon 
PAL14L4 Raythaon 
PAL16A4 Raytheon 
PAL1SCl Raytheon 

I 
PAL15H2 Raytheon 
PAL16L2 Ray1heon' 
PAL16L8 Raytheon 
PAL16R4 Raytheon 
PAL16R6 Raytheon 
PAL16R8 Raytheon 
PAL16X4 Raytheon 
8N548240 TI 
SN54S241 TI 
SN54S244 TI 
SN54S373 TI 
SN54S374 TI 
SN74S240 TI 
SN74S241 TI 
8N74S244 TI 
SN74S373 TI 
SN74S374 TI 
52001 Intersll 

National 
TI 

5201-1 Intersil 
National 
Signatics 
TI 

5205-1 Intersil 
National 
Signetics 
TI 

5206-1 Fairchild 
National 
TI 

5230-1 Intersil 
National 
TI 

5231-1 Intersil 
National 

5240-1 National 

+ Discontinued 

AM27860 
AM27S81 
AM27S80 
AM27S81 
SN54S287 
SN74S287 
31LOt 
DM54L8289 
DM54L89 
DM54L89A 
DM76L99 
AM27S02 
AM27S03 
AM31L01 
DM74L89 
DM74S189 
DM86L89 
PAL10H8 
PAL10L8 
PAL12H6 
PAL12L6 
PAL14H4 
PAL14L4 
PAL16A4 
PAL1SC1 
PA1I6H2 
PAL16L2 
PAL16L8 
PAL16R4 
PAL16R6 
PAL16R8 
PAL16X4 
SN54S240 
SN54S241 
SN54S244 
SN54S373 
SN54S374 
SN74S240 
SN74S241 
SN74S244 
SN74S373 
SN74S374 
IM5603 
DM54S189 
SN54187 
IM5623 
DM75S97 
S82S299 
SN54S387 
IM5604 
DM54S?70 
S82S230 
SN54S270 
93441 
DM54S370 
SN54S370 
IM5600 
DM5488 
SN5488A 
IM5610 

1708 
1708 

1708 

DM7598 
l:)N~~llf8 1708 

DM77S95 

I 

IC Master IC Master Manufacturer I Replacement 
Device Source Device Page 

Manufacturer I Replacement 
Devic:e Source Device Page 

5241-1 

5275-1 

5280-1 
5281-1 
53PS140 
53PS141 
53PS240 
53PS241 
53PS480 
53PS481 
53PS482 
53P8483 
53PS840 
53P8841 
53P8880 
53PSaB, 
538840 
538841 
5300-1 

5301-1 

5305-1 

5306-1 

5308-1 

5309-1 

5330-1 

5331-1 

Fairchild 93442 5331-1 
National DM77S96 
Signetics 82S291 

87S290 
National DM87S29 
National DM87S29 5340-1 
Raytheon 29662 1665 
Raytheon 29663 1665 
Raytheon 29612 1655 
Raytheon 29613 1655 
Raytheon 29622 1657 
Raytheon 29623 1657 
Raytheon 29626 1659 
Raytheon 29627 1659 
Raytheon 29652 
Raytheon 29653 5341-1 
Raytheon 29632 1661 
Raytheon 29633 1661 
Raytheon 29650 
Raytheon 29651 
AMD AM27820 

AM29S10 
AM29760 5348-1 

Fairchild 93417 1258 
Harris HM761G-2 1284 

HPROM1024A 5349-1 
Intersi! IM5603 
National DM54S387 
NEG tv1iciO p.PD403 5350-1 
Raytheon 29660 1664 5351-1 
Signetics 582S126 1680 5352-1 
TI SN54S387 1708 
AMD AM27S21 

AM29S11 
AM29761 

Fairchild 93427 1258 
Harris HM76"-2 1284 

HPROM1024 5353-1 
Intal 3621 
Intersil IM5623 
National DM54S287 
Raytheon 29661 1664 
Signetics S82S129 1680 
TI SN54S287 1708 
AMD AM27S12 

AM29770 
Fairchild 93436 1260 5380-1 
Fujitsu MB7058 
Ham. HM7620 

1284,1298 
Intal 3602 
Intarsil IM5604 5381-1 
National DM54S570 

DM54S571 
Raytheon 29610 1654 

29611 1654 
Signetics 582S130 1680 5384-1 
TI SN54S270 5385-1 
AMD AM27S13 

AM29771 54LS240 
Fairchild 93446 1260 
Harris HM7621 

1284,1298 54LS241 
Intal 3622 
Intarsil IM5624 
National DM54S571 I 54LS244 

1654/ 54LS245 
16eO 54LS322 

Rayfheon 29611 
Signjiltir.o; 

National 
Raytheon 
TI 
National 
Raytheon 
T! 
AMD 

Harris 

Intarsil 
National 

Signetics 
TI 
AMD 

Harris 

S82S131 
DM54S470 
29600 
SN54S470 
DM54S471 
29601 
ro •• r.~A"''' ..;, ... ~..,..,. 
AM27S18 
AM29750 
HM7602-2 
HPROM8256 
IM5600 
DM54S188 
DM7577 
582S23 
SN54S188 
AM27S19 
AM29750 
HM7603 

54LS323 
1652 
1708 54LS363 

54LS373 
1652 
.,VO 54LS374 

54S240 
1284 

54S241 

1680 54S244 
1708 

'i4~~7~ 

54S374 
1284 5530 

Intersil 
National 

Signetics 
TI 
Fairchild 
Harris 

Intel 
Intersil 
National 

Raytheon 
Signetics 
TI 
HarriS 

Intel 

National 
Raytheon 
TI 
National 
Raytheon 
TI 
National 
Raytheon 
TI 
Raytheon 
Raytheon 
Fairchild 
Harris 
Intal 
National 
Raytheon 
Signetlcs 
TI 
Fairchild 
HarriS 

Intal 
National 
Raytheon 
Signetlcs 
TI 
Harris 
Intal 
National 
Raytheon 
Signetlcs 
HarriS 
Intal 
National 
Raytheon 
Signatlcs 
Raytheon 
Raytheon 
Signetics 
AMD 
Fairchild 
TI 
AMD 
Fairchild 
TI 
TI 
Motorola 
.. ',... .... __ 1-

H'IVLVfVfQ 

Motorola 

TI 
Motorola 
TI 
AMi) 
T1 
AMD 
Raytheon 
TI 
AMD 
Raythaon 
TI 
AMD 
Raytheon 
TI 

TI 
Fairchild 

IM5610 
DM54S288 
DM7578 
S82S123 1680 
SN54S288 1708 
93438 1262 
HM7640 

1284,1304 
M3604 
IM5605 
DM77S295 
DM77S296 
29624 1658 
582S140 1680 
SN54S475 1708 
HM7641 

1284,1304 
M3624 
3624 
DM77S296 
29625 1658 
SN54S474 1708 
DM54S473 
29620 1656 
SN54S473 1708 
DM54S472 
29621 1656 
SN54S472 1708 
29640 
29641 
93452 1264 
HM7642-2 1284 
3605 
DM54S572 
29640 
S82S136 1680 
SN54S476 1713 
93453 1264 
HM7642 

1284,1308 
HM7643-2 
3625 
DM54S573 
29641 
S82S137 
SN54S4n 
HM7680 
3608 
DM77S229 
29630 
S82S18O 
HM7681 
3628 
DM77S228 
29631 
5825181 
29634 
29635 
582S2708 
SN54LS240 
54LS240 
SN54LS240 
SN54LS241 
54LS241 
SN54LS241 
SN54LS244 
SN54L8245 

SN54LS323 
SN74LS323 
SN54LS363 
SN54LS373 
SN54LS373 
lSN54lS374 
SN54LS374 
SN54S240 
54S240 
SN54S240 
SN54S241 
54S241 
SN54S241 
SN54S244 
54S244 
~~It:A~""'1'" 

SN54S374 
93411 

1284 

1680 
1713 
1322 

1660 
1680 
1322 

1660 
1680 
1662 
1662 
1702 

Manufacturer I Replacement " IC Maater 
Device Source Dev ce Page 

5530 

5531 

5560 

5561 

6200-1 

6201-1 

6205-1 

6206-1 

6230-1 

6231-1 
6240-1 

6241-1 

6246-1 
, 

6247-1 
6275-1 
6276-1 
6280-1 
6281-1 
63PS140 
63PS141 
63PS240 
63PS241 
63P8460 
63PS481 
63PS482 
63PS483 
63PS840 
63PS841 
63PS880 
63P5881 
635840 
63S841 
6300-1 

6301-1 

6305-1 

National 
Raytheon 
Slgnetlcs 
TI 

Fairchild 
National 
Raytheon 
Signetlcs 
TI 
AMD 
National 

TI 
AMD 
National 
TI 
Intersil 
National 
TI 
Intersil 
National 
TI 
Intarsi! 
National 
Signatiqs 
TI 
National 
TI 
Intarsil 
Motorola 
National 
Signetics 
TI 
National 
Fairchild 
National 
Fairchild 
National 
Signetics 
Signetics 
Signatics 
Signetics 
National 
National 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
Raytheon 
AMD 

Fairchild 
Harris 

I .nte.sll 
Mitsubishi 
National 
NEC Micro 
Raytheon 
Signetics 
TI 
AMD 

Fairchild 
Harris 

Intal 
Intarsil 
Mitsubishi 
National 
Raytheon 

..... t;t •• " ... "".:J 

TI 
AMD 

DM~4S206 
R~330 

58~'7 1678 
S 54S206 
S 54S301 

~21 1252 
D~54S2oo 
RM5340 
S82S16 1678 
SN54S201 
AM27S02 
QM54S289 
DM5489 
SN548289 
AM27803 
DM54S189 
SN54S189 
IM5603 
DM748187 
8N74187 
IM5623 
DM85897 
SN74S387 1708 
IM5604 
DM74S270 
N82S230 
SN74S270 
DM74S370 
SN74S370 
IM5600 
MCM4oo2 
DM7488 
8223 
SN7488A 
DM8598 
93432 
DM87S95 
93442 
DM87S96 
N6204 
N8205 
N82S290 
N82S291 
DM85S29 
DM85S28 
29662 1665 
29663 1665 
29612 1655 
29613 1655 
29622 1651 
29623 1657 
29626 1659 
29627 1659 
29652 
29653 
29632 1661 
29833 1661 
29650 
29651 
AM27S20 
AM29760 
93417 1258 
HM761 0 

1284,1292 
HPROM1024A 

" IM .. 603 
M54700 
DM74S387 
ILPD403 
29660 
N825126 
SN74S387 
AM27S21 
AM29761 
93427 
HM7611 

1664 
1680 
1708 

1258 

1284,1292 
HPROM1024 
3621 
IM5623 
M54730 
DM74S287 
29661 1664 

SN74S287 1708 
AM27S12 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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\ ALTERNATE SOURCE DIRECTORY 

Manufacturer ~ IC Master Manufacturer I Replacement Ie Master Manufacturer I Replacement IC Mater ManuflIcturer I RepIIIc:ement IC IIaater 
Device _, _e Device Page DevIce Source Device Page Device Source Device Page Device Source Device Page 

MonolithiC Memories, Inc. 6352-1 NEe Micro flPS406 1625 74S240 AMD SN74S240 MK36000 Slgnet\cs 2664 1674 

(cont'd) 
Raytheon 29640 Raytheon 74S240 Synertek SY2364 

\ 
Signetlc8 N82S136 1680 TI SN74S240 MK3702 Intel 1702 
TI SN74S476 1713 74S241 AMD SN74S241 MK3820 Fairchild F6820 1887 

6305-1 A~1D AM29770 6353-1 Fairchild 93453 1264 Raytheon 74S241 MK3850 FalrchHd 3850 1867,1871 

F.irchild 93436 1260 Harris HM7643 TI SN74S241 MK3851 Fairchild 3851 1867,1871 

H.rrls HM7620 1284,1308 74S244 AMD SN74S244 MK3852 Fairchild 3852 1867,1871 

1284,1298 Intel 3625 Raytheon 74S244 MK3853 Fairchild 3853 1867,1871 

Infel 3602 National DM74S573 74S373 TI SN74S02 MK3854 Fairchild 3854 1867,1873 

In&rsil IM5604 NEe Micro flPB426 1625 SN74S373 MK3856 Fairchild 3856 1867,1871 

National DM74S570 Raytheon 29641 74S374 TI SN74S374 MK3857 Fairchild 3857 1867,1873 

DM74S571 Slgnetlcs N82S137 1680 MK3870 Fairchild 3870 1863,1867 

Raytheon 29610 1654 TI SN74S477 1713 MOS Technology MK3871 Fairchild 3871 1867,1874 

Signetics N82S130 1680 6380-1 Harris HM7680 1322 MK3880 Zilog Z80-CPU 

TI SN74S270 Intel 3608 MK3881 Zilog Z80-PIO 

6306-1 AMD AM27S13 National DM87S229 MCS1604 SMC CG41 00 MK3882 Zilog Z80-CTC 

AM29770 NEC Micro IlPB408 MCS2027 SMC CG4100 MK3883 Zilog Z80-DMA 

Fairchild 93446 1260 Raytheon 29630 1660 MCS6502 Rockwell R6502 MK3884 Zilog Z80-SIO 

Harris HM7621 Signetlcs N82S1IiO 1680 Synertek' SY6502 MK4006 MQtorola MCM4006 

1284,1298 6381-1 Harris HM7681 1322 MCS6503 Rockwell R6503 TI SN74S387 1708 

Intel 3622 Intel 3628 Synertek SY6503 MK4027 Fairchild FM4027 

Intersil IM5624 National DM87S228 MCS6504 Rockwell R6504 Fujitsu MB8227 

National DM74S571 NEC Micro IlPB428 Synertek SY6504 Hitachi HM4704 

Raytheon 29611 1654 Raytheon 29631 1660 MCS6505 Rockwell R6505 Intersil IM7027 

Signetlcs N82S131 1680 Signetlcs N82S181 1680 Synertek SY6505 MK4027 

TI SN74S370 6384-1 Raytheon 29634 1662 MCS6506 Rockwell R6506 Motorola MCM4027 1522 

6308-1 National DM74S470 6385-1 Raytheon 29635 1662 MCS6507 Rockwell R6507 Slgnet\c8 04027 1677 

Raytheon 29600 1652 Signetics 82S2708 MCS6512 Rockwell R6512 n TMS4027 

TI SN74S470 1708 6530 AMD AM2701 Synertek SY6512 MK4096 EA EA4096 

6309-1 National DM74S471 Fairchild 93411 MCS6513 Rockwell R6513 Fairchild 4096 

Raytheon 29601 1652 National DM74S206 Synertek SY6513 Motorola MCM4096 

TI SN74S471 1708 NEC Micro IlPB2206 MCS6514 Rockwell R6514 TI TMS4027 

6330-1 AMD AM27S1B Raytheon RC5330 Synertek SY6514 MK4101 Harris HM6504 1363 

AM29750 Slgnetlcs N82S17 1678 MCS6515 Synertek SY6515 MK4102 Fairchild 2102 1275 

Harris HM7602 1284 TI SN74S206 MCS6520 Rockwell R6520 NEe Micro flPD2102 1591 

HPROMB256 SN74S301 Synertek SY6520 flPD2102A 

Intersil IM5600 6531 AMD AM27S02 MCS6522 Synertek SY6522 Signetics 2102 

National DM74S188 Fairchild 93421 1252 MCS6530 Rockwell R6530 MK4104 NEe Micro flPD4104 1610 

DM8577 National DM74S2oo Synertek SY6530 "tPD8104 

Signetlcs N82S23 1680 Signetics N82S16 1678 MCS6532 Rockwell R6532 n TMS4044 

TI SN74S188 1708 TI SN74S200 Synertek SY6532 Zilog Z6104 

6331-1 AMD AM27S19 SN74S201 MK2oo2 SMC G4100 MK4114 TI TMS4045 

AM29751 6560 AMD AM27S02 SY6515 Rockwell R6515 MK4116 AMD 9016 

Harris HM7603 1284 AM2700 Fairchild F16K 1272 

Intersil IM5610 MM6560 Mostek Fujitsu MB8116 

National DM74S2B8 National DM74S2B9 Hitachi HM471-6 

DMB578 Slgnetlcs N82S25 1678 Intel 2116 

Signetlcs N82S123 1680 3101A MK1oo2 AMD 1002 Intersil 7116 

TI SN74S288 1708 TI SN74S2B9 MK1OO7' n TM~3409 Mbubishl M5K4116 1420 

6335-1 Fairchild 93436 1260 6561 AMD AM27S03 M~2302 Fairchild 3257 Motorola MCM4116 1505 

Intel 3602 MM6561 3757 NEe Micro flP0416 1562 

6340-1 Fairchild 93438 1262 National DM74S189 GI R05-2240S Sign8tIcs 2690 1676 

Harris HM7640 TI SN74S1B9 +MK24oo AMI S8773 TI TMS4116 

1284,1304 67401 . Raytheon 67401 MK2500 AMI S5232 Toshiba TMM4116 

Intel 3604 74LS240 AMD SN74LS240 Fairchild 3514 TMM416 

Intersil IM5605 Fairchild 74LS240 3515 Zilog Z6116 

National DMB7S295 Motorola SN74LS240 MK2600 AMI S3514 MK4414 Fujitsu MB8114 

NEe Micro IlPB405 1621 Raytheon 74LS240 522 FairchHd 3514 MK50240 AMI S50240 

Raytheon 29624 1658 Signetics 74LS240 3515 GI AY3-0215 

SignetlcS N82S140 1680 TI SN74LS240 MK270B AMD 2708 MK50241 AMI S50241 

TI SN74S475 1708 74LS241 AMD SN74LS241 EA EA270B GI AY3-0216 

6341-1 Fairchild 93448 1262 Fairchild 74LS241 Feirchld 2708 1282 . MK50242 AMI S50242 

Harris HM7641 Motorola SN74LS241 Fujitsu MB8518 GI AY1-0212 

1284,1304 Raytheon 74LS241 525 Intel 2708 AY3-0214 

Intel 3624 Signetics 74LS241 Motorola MCM2708 MK5085 AMI S2559 838 

Intersil IM5625 TI SN74LS241 National MM2708 MK5086 AMI S2559 638 

National DMB7S296 74LS244 AMD SN74LS244 TI TMS2708 MK5087 AMI S2559 838 

NEe M\cro IlPB425 162.1 Fairchild 74LS244 MK2716 Intel 2716 
Raytheon 29625 1658 Motorola SN74LS244 TI TMS2516 Motorola Semiconductor 
SignetiCa N82S141 1680 Raytheon 74LS244 525 MK30000 NEC Micro IlPD2308 
TI SN74S474 1708 Signetics 74LS244 TI TMS4700 

634B-1 National DM74S473 n SN74LS244 MK31 000 AMI S6831A LF155 AMD LF155 

NEe Micro /-LPB405 1621 74LS245 Motorola SN74LS245 1215,1806 Fairchild p.AF155 

Raytheon 29620 1656 74LS322 Motorola SN74LS322 Fairchild 3516E Intersil LF155 

TI SN74S473 1708 74LS373 AMD SN74LS373 NEC Micro fLPD2316A National LF155 1035 

6349-1 National DM74S472 Fairchild 74LS373 Rockwell R2316 PMI PM155 

NEe Micro fLPB425 1621 Motorola SN74LS373 MK32000 NEe Micro 1lP02332 1637 Raytheon LF155 
Raytheon 29621 1656 Raytheon 74L5313 543 SlgnetIc8 2632 1672 Signetics LF155 
TI SN74S472 1708 Signetics 74LS373 Synertek SY2332 TI LF155 

6350-1 Raytheon 29640 TI SN74LS373 MK34000 AMI 54216B 1209 LF156 AMD LF156 
6351-1 Raytheon 29641 74LS374 AMD SN74LS374 S6831B Fairchild ~F156 

6352-1 FalrchHd 93452 1264 Fairchild 74LS374 1215,1806 Intersil . LF156 
Harris HM7642 National DM74LS374 NEC Micro IlPD2316 National LF156 1035 

1284,1308 Raytheon 74L5314 543 Rockwell R2316 PMI PM156 
Intel 3605 TI SN74LS374 MK3600 Slgnetlc8 2664 1674 Raytheon LF156 
National DM74S572 74S182 Hitachi HD74S1B2 MK36000 AMI S4264 1212 Signetics LF156 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. . 

Performance details often differ. so compare the specifications considering your requirements. 
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Ie MASTER 

I 

I' 
I 

Manufacturer 'Replacement IC Master 
Device SOurce Device Page 

Motorola Semiconductor 
(cont'd) 

LF156 TI lFl56 
LF157 AMD LF157 

Fairchild p.AF157 
Intarsi! LF157 
National LF157 1035 
PMI PM157 
Raytheon LF157 
Signetics LF157 
TI LF157 

LF255 AMD LF255 
Fairchild p.AF255 
Intersil LF255 
National LF255 
PMI PM255 
Ray1heon LF255 
Signetics LF255 
TI LF255 

LF256 AMD LF256 
Fairchild p.AF256 
Intersi! LF256 
National LF256 
PMI PM256 
Ray1heon LF256 
Signetics LF256 
T! LF256 

LF257 AMD LF257 
Fairchild p.AF257 
Intersil LF257 
National LF257 
PMI PM257 
Raytheon LF257 
Signetics LF257 
TI LF257 

LF355 AMD lF355 
Fairchild p.AF355 
Intersi! LF355 
National LF355 
PMI PM355 
Raytheon LF355 
Signetics LF355 
TI LF355 

LF356 AMD LF356 
Fairchild p.AF356 
Intersil LF356 
National LF356 1035,1073 
PMI PM356 
Raytheon LF356 
Signetics LF356 
TI LF356 

LF357 AMD LF357 
Fairchild /olAF357 
Intersil LF357 
National LF357 
PMI PM357 
Ray1heon LF357 
Signetics LF357 
TI LF357 

LM101 AMD LM10l 
. Fairchild p.Al01 

Intersil LM101 
National LM101 
RCA CA101 
S,gntlli('"s LM101 
Silicon G SG101 

1035

1 

I 
TI LM101 

Manufacturer I Replacement 
Device Source Device 

LM107 RCA CA107 
Signetics LM107 
Silicon G SG107 
TI LM107 

lMl08 RCA CA108 
Silicon G SG108 

SG208 
LM109 Fairchild pA109 

National LM109 
Raytheon LM109 
Signetics LM109 
Silicon G SG109 
TI LM109 

LM110 AMD LM110 
Fairchild /lAl10 
Intersil LMll0 
National LM110 
Silicon C SG11C 

LM111 AMD LM111 
National LM111 
Raytheon LMlll 
RCA CAll1 
Signetics LM111 
Silicon G SG111 
TI LM111 

LM124 RCA CA124 
Silicon G SG124 

LM139 RCA CA139 
Silicon G SG139 

LM139A PMI CMp·04 
PM139A 

LM158 . National LM158 
LM201 AMD LM201 

Fairchild p.A201 
Intersil LM20t 
National LM201 
RCA CA201 
SignetiCS LM201 
Silicon G SG201 
TI LM201 

LM204 Fairchild p.A204 
National LM204 
Raytheon LM204 
Silicon G SG204 
TI LM204 

LM205 AMD LM205 
Intersil LM205 
National LM205 
Ray1heon LM205 
Silicon G SG205 
TI LM205 

LM207 AMD LM207 
Fairchild p.A207 
Intersil LM207 
National LM207 
Raytheon LM207 
RCA CA207 
Signetics LM207 
Silicon G SG207 
TI LM207 

LM208 RCA CA208 
Silicon G SG208 

LM209 AMD LM209 
Fairchild p.A209 
National LM209 
Raytheon LM209 
Signetics LM209 
Silicon G SG209 
TI LM209 

LM104 Fairchild /olA104 934 LM210 AMD LM210 

National LM104 Fairchild /lA2l 0 
Raytheon LM104 Intersil LM210 
Silicon G SG104 National LM210 

TI LM104 S!!!C0!'"! G SG210 
LM105 AMD LM105 LM2ll AMD LM211 

FairchHd p.A105 
Inte~sil LM105 

Intersil LM211 
National LM211 

934 

National LM105 Ray1heon LM211 

Raytheon LM105 RCA CA211 

Silicon G SG105 Signetics LM211 

TI LM105 Silicon G SG211 

LM107 AMD LM107 TI LM211 

Fairchild p.Al07 LM224 RCA CA224 

Intersil LM107 Silicon G SG224 

t'ii:luonal LM1VI RCA CA239 
Ray1heon LM107 Silicon G SG239 

• Discontinued 

IC Malter 
Page 

934 

934 

Ie Malter Manufacturer I Replacement 
Device Source Device Page 

LM239A PMI 

LM256 National 
LM269 Silicon G 
LM2901 NEe America 
LM2902 NEe America 
LM301 AMD 

Fairchild 
Intersil 
National 
Ray1heon 
RCA 
Signetics 
Silicon G 
TI 
Toshiba 

LM301A NEe America 

LM304 Fairchild 
National 
NEe America 
Raytheon 
Silicon G 

LM305 AMD 
Fairchild 
Intarsil 
National 
NEe America 
Raytheon 
Silicon G 
TI 

LM307 AMD 
Fairchild 
Intersi! 
National 
Raytheon 
RCA 
Signetics 
Silicon G 
TI 

LM308 NEe America 
RCA 
Silicon G 

LM309 AMD 
FalrchHd 
National 
Ray1heon 
Signetics 
Siiicon G 
TI 

LM310 AMO 
Fairchild 
Intersil 
National 
PMI 

Silicon G 
LM311 AMD 

Fairchild 
Intersi! 
National 
NEe America 
Raytheon 
RCA 
Signetics 
Silicon G 
TI 

I P.A~17 Netlan!:!! 
LM323 National 

Silicon G 
LM324 NEe America 

RCA 
Silicon G 

Ii.""" ' .. LV I'\Ifl'tJll\,;d 

RCA 
Silicon G 

LM339A PMI 

LM358 National 
NEe America 

LM710 NEe America 
LM741 NEG America 

+MCM10140 SionAtir.!; 

I.MCM10142 
TI 
NEe America 

CMP·04 
PM239A 
LM256 
SG206 
p.PC2901 
p.PC2902 
LM301 
p.A301 
LM301 
LM301 
LM301 
CA301 
LM301 
SG301 
LM301 
TA7506 
p.PC157 
/It?C301A 
pAlO4 
LM304 
p.PC142 
LM304 
SG304 
LM305 
pAlO5 
LM305 
LM305 
/lPC141 
LM305 
SG305 
LM305 
LM307 
p.A307 
LM307 
LM307 
LM307 
CA307 
LM307 
SG307 
LM307 
p.PC156A 
CA308 
SG308 
LM309 
p.A309 
LM309 
LM309 
LM309 
SG309 
LM309 
LM310 
/lA31 0 
LM3l0 
LM310 
BUF·02 
BUR-Ol 
SG310 
LM311 
p.A311 
LM311 
LM311 
p.PC311 
LM311 
CA311 
LM311 
SG311 
LM311 
!..Y:'!1? 
LM323 
SG323 
p.PC324 
CA324 
SG324 
,....PC339 
CA339 
SG339 
CMP·04 
PM339A 
LM358 
p.PC358 
p.PC71 
p.PC151 
p.PC?41 
1014n 

SN10140 
IlPB10l42 

934 

934 

934 

I 
~~C I 
1060 

J 

Manufacturer r Replacement Ie Master 
Device ' Source De rice Page 

.MCM10142 TI sr 10142 
MCM10144 Fairchild F 0410 

Raytheon RL10144 
Signetics ~44 
TI 10144 

MCM10145 Hitachi ~Dl0145 
Signetics 0145 
TI SN10145 

MCM10147 Fairchild ~10405 
Fujitsu MB7047 
TI SN10147 

.MCM10148 Signetics 10148 
TI SN10147 

SN10148 
MCM10149 Signetics 10149 
MCM10152 Fujitsu MB7042 
MCM1110 National MM5231 

.MCM1112 National MM4230 
MM5230 

MCM145101 SSS SCM5101 
MCM14537 RCA CD4061 
MCM2102 NEe Micro p.PD2102 1591 
MCM2111 NEe Micro p.PD2111 1595 
MCM2114 AMD 9114 

9124 
AMI 52114 1196 
Fairchild 2114 1281 
Fujitsu MB8114 
Intel 2114 
TI TMS4045 

MCM2141 Fujitsu MBM4044 
MBM8044 

TI TMS4044 
MCM2147 AMI 52147 1200 

54017 1204 
MCM2708 AMD 2708 

EA EA2708 
Fairchild 2708 1282 
Fujitsu MB8518 
Intel 2708 
National MM2708 
TI TMS2708 

MCM2716 TI TMS2716 
MCM4002 Intarsil IM5600 

MMI 6230-1 1466 
National DM5488 

DM7488 
TI SN7488 

MCM4004 Fairchild 93407 
!ntersi! IM5603 
MM! 6200-1 1466 
TI SN7481A 

MCM4005 Fairchild 93407 
TI SN7481A 

MCM4006 TI SN74S387 1708 
MCM4027 Fairchild M4027 

Fujitsu MB8227 
Mostek MK4027 
NEC Micro p.PD414 
TI TMS4027 

.MCM4065 Signetics 8225 
MCM4096 Fujitsu MB8227 

NEC Micro /lPD414 
MCM4116 AMD 9015 

12721 

I 
Fairchild F16K 
Fujitsu MB8116 
Intel 2116 
illit:,,~i; I' i6 
Mostek MK4116 
NEe Micro p.PD416 1562 
5ignetics 2690 1676 
TI TMS4116 
Zilog Z6l16 

iviCivi4227 Fujitsu MB8227 
MCM5303 Harris HPROM0512 

1346 
MCM6560 Nitron NC6560 
MCM6561 Nitron NC6561 
MCM6570 Nitron NC6570 
MCM6571 Nitron NC6571 
MCM6572 Nitron NC6572 
MCM6573 Nitron NC6573 
MCM6573A Nitron NC65?3A 
~A""lAR<:"A 

MCM6575 Nitron NC6575 
MCM6576 Nitron NC6576 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 

=~rer I~~ Device 
IC Master =:wrer 

I =~ Device 
IC Master Manufacturer I Replacement IC Mester Manufacturer I Replacement IC Master 

Page Page Device Source Device Page Device Source DeYice Page 

Motorola Semiconductor MC10105 Fairchild Fl0l05 MC10134 Hitachi HD10134 MC10195 Signetics 10195 

(cont'd) 
Hitachi HD10105 Signetics 10134 MC10211 Fairchild F10211 
National DM10105 MC1Q135 Fairchild Fl0135 MC10212 Fairchild Fl0212 
NEG America J-lPB101 05 Signetics 10135 MC10216 Fairchild F10216 

MCM6580 Nitron NC6580 Signetics 10105 MC10136 Fairchild Fl0136 Signetics 10216 

MCM6581 Nitron' NC6581 MC10106 Fairchild F10106 Hitachi HD10136 MC10231 Fairchild Fl0231 

MCM6583 Nit~on NC6583 Hitachi HD10l06 Signetics 10136' Signetics 10231 

MCM6590 Nitron NC6590 National DMl0l06 MC10137 Fairchild Fl0137 MC1132 SMC CG4100 

MCM6591 Nitron NC6591 ' NEG America J-lPBl 01 06 Signetics 10137 .MC1161 TI TMS4062 

MCM6604 Fujitsu MB8227 Signetics 10106 MC10138 Signetics 10138 .MC1181 AMI S2567 

Mostek MK4096 MC10l07 Fairchild Fl0107 MC10139 Intersil IM5600 .MC1182 AMI S2566 

NEC Micro J-lPD414 Hitachi HD10l07 Signetics 10139 +MC1183 Nitron NC1183 

TI TMS4027 NEG America J-lPB10107 MC10141 Fairchild Fl0141 .MCl184 Nitron NCl184 

MCM6605 Fujitsu MB8107 Signetics 10107 Signetics 10141 MC1303 Raytheon RC4739 

Intersil IM7505 MC10l09 Fairchild Fl0l09 MC10144 NEG America J-lPB10144 .MC1304 Fairchild ,...A732 

MCM6616 NEe Micro J-lPD416 1562 Hitachi HD10109 Raytheoil RC10144 National LM1304 

TI TMS4116 National DM10l09 Signetics 10144 .MC1305 National LM1305 

MCM68Al0 Hitachi HM468Al0 NEG America J-lPB10l09 TI SN10144 .MC1307 Fairchild ,...A767 

MCM68A364 Mostek MK36000 Signetics 10109 MC10145 Fairchild Fl0145 National LM1307 

MCM6810 AMI 56810 1790 MC10l10 Fairchild Fl0110 Hitachi HD10145 MC1310 Exar XR1310 

Hitachi HM4681 0 Hitachi HD10l10 Signetics 10145 Plessey SL1310 

MCM68111 NEC Micro J-lPD2111A NEG America /lPB10110 MC10149 Signetics 10149 RCA CA1310 -
MCM6830 Fairchild F6830 Signetics 10110 MC10153 Fairchild Fl0153 Sprap ULN-2110 

Hitachi HM46830 MC10111 Fairchild Fl0lll MC10158 Fairchild Fl0158 ULN-2211 

TI TMS4700 Hitachi HD10lll NEG America ,...PB10158 .MC1311 Exar XR1800 

MCM68308 Fairchild F683081887,l889 National DM10111 Signetics 10158 Fairchild ~758 

TI· TMS4700 NEG America J-lPB10l11 MC10159 Fairchild Fl0159 RCA CA758 

MCM68316 Fairchild F683161887,1889 Signetics 10111 Signetics 10159 Sprague ULN-2244 

3516E MC10113 Fairchild Fl0113 MC10160 Fairchild Fl0160 MC1312 Fairchild ~1312 

Mostek MK34000 Signetics 10113 Hitachi HD10160 MC1324 Sprague ULN-2224 

5ignetics 2616 1670 MC10114 Faitchild F10114 Signetics 10160 MC1327 Sprague ULN-2217 

MCM68316EAMI 54216B 1209 Signetics 10114 MC10161 Fairchild Fl0161 .MC1328 RCA CA3072 

MCM68317 NEC Micro /lPD2316 MC10115 Fairchild Fl0115 Hitachi HD10161 Sprague ULN-2114 

J-lPD2316E 1633 National DM10115 NEG America ,...PB10161 ULN~2228 

MCM6832 Nitron NCM6832 NEe America /LPB10115 Signetics 10161 MC1329 Sprague ULN-2229 

MCM68332 AMI 568332 1216 Signetics 10115 MC10162 Fairchild F10162 MC1330 Mitsubishi M5169 

MCM68708 Fujitsu MB8518 MC10116, Fairchild Fl0116 Hitachi HD10162 .MC1339 Signetics PA239 

TI TMS2708 Hitachi HD10116 Signetics 10162 MC1350 NPC ESM1350 

.MCM7001 RCA MW7001 National DM10116 MC10164 Fairchild Fl0164 MC1351 National LM1351 

MCM7620 MMI 5305-1 1449 Signetics 10116 Hitachi HD10164 MC1352 Mitsubishi M5183 

6305-1 1449 MC10117 Fairchild Fl0117 NEG America /LPB10164 RCA CA1352 

MCM7621 MMI 5306-1 1449 Hitachi HD10117 Signetics 10164 Sanyo LA1352 

6306-1 1449 National DM10117 TI SN10164 MC1353 Mitsubishi M5784 

MCM7640 MMI 5340-1 1449 NEG America /LPB10117 MC10165 Fairchild Fj0165 Sanyo LA1353 

6340-1 1449 Signetics 10117 Hitachi HD10165 MC1356 Sprague ULN-2136 

NEe Micro /LPB405 1621 MC10118 Fairchild Fl0118 Signetics 10165 MC1357 Fairchild /LA2136 

J-lPD405 Hitachi HD10118 MC10166 Fairchild Fl0166 RCA CA2111 

MCM7641 MMI 5341-1 1449 National DM10118 MC10168 Fairchild Fl0168 Signetics ULN2111 

6341·1 1449 NEG America /LPB10118 MC10170 Fairchild Fl0170 Sprague ULN-2111 

NEe Micro J-lPB425 1621 Signetics 10118 Signetics 10170 ULN-2113 

MCM7642 Fujitsu MB7059 MC10119 Fairchild Fl0119 MC10171 Fairchild Fl0171 MC1358 Fairchild ,...A3065 

MMI 5352·1 1449 Hitachi HD10119 Signetics 10171 RCA CA3065 

6352·1 1449 National DM10119 MC10172 Fairchild Fl0172 Sprague ULN-2165 

NEC Micro /LPB406 1625 Signetics 10119 Signetics 10172 MC1364 Fairchild /LA3064 

,uPD406 MC10121 Fairchild F10121 MC10173 Fairchild Fl0173 RCA CA3064 

MCM7643 Fujitsu MB7054 Hitachi HD10121 Signetics 10173 Sprague ULN-2264 

MMI 5353-1 1449 National DM10121 MC10174 Fairchild F10174 .MC1370 Fairchild /LA780 

6353-1 1449 Signetics 10121 Hitachi HD10174 RCA CA3070 

NEe Micro /LPB426 1625 MC10123 Fairchild Fl0123 NEG America ,...PB10174 Sprague ULN-2124 

MCM7680 MMI 5380-1 1449 Signetics 10123 Signetics 10174 .MC1371 Fairchild /LA781 

6380-1 1449 MC10124 Fairchild Fl0124 TI SN10174 RCA CA3071 

MCM7681 MMI 5381·1 1449 Hitachi HD10124 MC10175 Fairchild Fl0175 Sprague ULN-2127 

6381·1 1449 National DM10124 Hitachi HD10175 MC1375 RCA CA3075 

MCM93415 AMI 54015 1203 NEG America /LPB10124 Signeties 10175 MCl389 RCA CA3089 

Fairchild 93415 1240 Signetics 10124 MC10176 Fairchild Fl0176 Sprague ULN-2289 

MCM93425 AMI 54025 1203 MC10125 Fairchild Fl0125 Signetics 10176 MC1391 Fairchild ,...A1391 

Fairchild 93425 1240 Hitachi HD10125 MC10177 Fairchild Fl0177 RCA CA1391 

MCS403 TI MC3403 Signetics 10125 MC10178 Fairchild Fl0178 Sprague ULN-2291 

MC10100 Fairchild Fl0100 MC10128 Signetics 10128 Signetics 10178 MC1394 Fairchild /LA1394 

NEC America /LPB10100 MC10129 Signetics 10129 MC10179 Fairchild F10179 RCA CA1394 

Signetics 10100 MC10130 Fairchild Fl0130 Hitachi HD10179 Sprague ULN-2294 

MC10101 Fairchild Fl0101 Hitachi HD10130 Signetics 10179 MC1398 Mitsubishi M5190 

Hitachi HD10101 Signetics 1010130 MC10180 Fairchild F10180 RCA CA1398 

NEG America ,uPB10101, 10130 Hitachi HD10180 Sprague ULN-2298 

Plessey SP10101 MC10131 Fairchild F10131 NEC America ,...PB10180 MC1399 Signetics MC1399 

Signetics 10101 Hitachi HD10131 Signetics 10180 Sprague ULN·2299 

MC10l02 Fairchild Fl0102 NEG America ,...PB10131 MC10181 Fairchild F10181 MC14000 Mitel SIL4000 

Hitachi HD10l02 Signetics 10131 Hitachi HD10181 Naoonal CD4000 

NEG America /LPB10l02 MC10132 Fairchild Fl0132 NEG America /LPB10181 RCA CD4000 

Signetics 10102 Hitachi HD10132 Signetics 10181 SoIitron CM4000 

MC10103 Fairchild Fl0103 Signetics 10132 MC10186 Fairchild Fl0186 SSS SCL4000 

NEG America ".PB10103 MC10133 Fairchild Fl0133 Signetics 10186 TI TP4000 

Signetics 10103 Hitachi HD10133 MC10190 Signetics 10190 MC14001 Fairchild F4001 
MC10104 Fairchild Fl0104 NEG America /LPB10133 MC10191 Signetics 10191 Mitel SIL4001 

Hitachi HD10104 Signetics 10133 MC10192 Fairchild Fl0192 National CD4001 

Signetics 10104 MC10134 Fairchild Fl0134 Signetics 10192 NEG America .".PD4001 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Manufacturer I Replacement Ie Master 
Device I Source Device 

Motorola Semiconductor 
(cont'd) 

MC14001 

MC14002 

I 

MC14006 

MC14007 

MC14008 

MC14009 

I MC14010 

MC14011 

MC14012 

MC1401:l 

Mt..;14U14 

RCA 
SGS 
SOlitron 
SSS 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitel 
National 
NEC America 
RCA 
SGS 
Solltron 
SSS 
TI 
Toshiba 
Fairchild 
National 
NEC America 
RCA 
Solitron 
SSS 
Fairchild 
Miiei 
National 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Hitachi 
National 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
National 
RCA 
SSS 
Nationai 
RCA 
SSS 
Fairchild 
Hitachi 
Mitel 
Nationai 
NEG America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitel 
National 
NEC America 
RCA 

SGS 
SOlitron 
SSS 
TI 
Toshiba 
I=airchnd 
Hitachi 
Mitel 
National 
NEG America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
I-alrchild 
Hitachi 

• Discontinued 

CD4001 
HBF4001 
CM4001 
SCL400i 
TP4001 

. TC4001 

F4002 
HD14002 
SIL4002 
CD4002 
p.PD4002 
CD4002 
HBF4002 
CM4002 
SCL4002 
TP4002 
TC400i 
F4006 
CD4006 
p.PD4006· 
CD4006 
CM4006 
SCL4006 
F4007 
SiL4007 
CD4007 
CD4007 
HBF4007 
CM4007 
SCL4007 
TP4007 
TC4007 
F4008 
HD14008 
CD4008 
CD4008 
HBF4008 
CM4008 
SCL4008 
TP4008 
TC4008 
CD4009 
CD4009 
SCL4009 
CD4010 
CD4010 
SCL4010 
F4011 
HD14011 
SIL4011 
CD4011 
/lPD4011 
CD4011 
HBF4011 
CM4011 
SCL4011 
TP4011 
TC4011 
F4012 
HD14012 
SIL4012 
CD4012 
p.PD4012 
GD4i) 1 2 
HBF4012 
CM4012 
SCL4012 
TP4012 
TC4012 

HD14013 
SIL4013 
CD4013 
/lPD4013 
CD4013 
HBF4013 
CM4013 
SCL4013 
TP4013 
TC4013 
F4014 
HD14014 

Page 
Manufacturer I Replllcement IC Master 
Device Source Device Page 

MC14014 Mitel SIL4014 
National CD4014 
NEC Amenca p.PD4014 
RCA CD4014 
SGS HBF4014 
Solitron CM4014 
SSS SCL4014 
TI TP4014 
Toshiba TC4014 

MC14015 Fairchild F4015 
Hitachi HD14015 
Mitel SIL4015 
National CD4015 
NEC America p.PD4015 
RCA CD4015 

I SGS HBF4015 
Solitron CM4015 

I 555 SCL4015 
TI TP4015 
Toshiba TC4015 

MC14016 AD AD7516 
Fairchild F4016 
Hitachi HD14016 
Micro Power MPS7516 
Mitel SIL4016 
National CD4016 1076 
RCA CD4016 
Solitron CM4016 
SSS SCL4016 
TI TP4016 

MC14017 Fairchild F4017 
Hitachi HD14017 
Mitel SIL4017 
Nationai CD4017 
NEC America p.PD4017 
RCA CD4017 
SGS HBF4017 
Solitron CM4017 
SSS SCL4017 
TI TP4017 
Toshiba TC4017 

MC14018 TI ' TP4018 
MC14020 Fairchild F4020 

Hitachi HD14020 
Mitel SIL4020 
National CD4020 
NEC America /lPD4020 
RCA CD4020 

I SGS HBF4020 
Solitron CM4020 

I 
SSS SCL~020 
TI TP4020 

I Toshiba TC4020 

I MC14021 Fairchild F4021 
Hitachi HD14021 
Mitel SIL4021 . 
National CD4021 
NEe America /lPD4021 
RCA CD4021 
Solitron CM4021 
SSS SCL4021 
TI TP4021 
Toshiba TC4021 

M 0 C1422 Fairchiln 1=40?? 

Mitel SIL4022 
National CD4022 
RCA CD4022 
SGS HBF4C22 
Solitron CM4022 
SSS SCL4022 
TI TP4022 
Toshiba TC4022 

MC14023 Fairchild F4023 
Hitcf(;hi HDi40i!;J 
Mitel SIL4023 
National CD4023 
NEC America /lPD4023 
RCA CD4023 
SGS HBF4023 
Solitron CM4023 
SSS SCL4023 
TI TP4023 
Toshiba TC4023 

MC14024 I=l'!irrhilrl 1=40?.II 

Mitel SIL4024 
National CD4024 

I 

I 

Manufacturer I Replacement ICMnter 
Device Source Device Plige 

MC14024 NEC America p.PD4024 
RCA CD4024 
SGS HBF4024 
Solitron CM4024 
SSS SCL4024 
TI TP4024 
Toshiba TC4024 

MC14025 Fairchild F4025 
Hitachi HD14025 
Mitel SIL4025 
National CD4025 
NEC America p.PD4025 
RCA CD4025 
SGS HBF4025 
Solitron CM4025 
SSS SCL4025 
TI TP4025 
Toshiba TC4025 

MC14027 Fairchild F4027 
Hitachi HD14027 
Mitel SIL4027 
National CD4027 
NEC America p.PD4027 
RCA CD4027 
SGS HBF4027 
Solitron CM4027 
SSS' SCL4027 
TI Tl?4027 
Toshiba TC4027 

MC14028 Fairchild F4028 
Hitachi HD14028 
Mitel SIL4028 
National CD4028 
NEC America p.PD4028 

MC14032 

MC14034 

MC14035 

MC14038 

MC14040 

MC14042 

MC14043 

RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
RCA 
Solitron 
Toshiba 
Fairchild 
Hitachi 
National 
NEe America 
RCA 
Solitron 
SSS 
Toshiba 
Fairchild 
Hitachi 
Mitel 
National 
NEG America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
RCA 
T -,oshlba 
Fairchild 
Hitachi 
National 
RCA 
SSS 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitel 
National 
NEC America 
RCA 
SGS 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 

Mitel 
National 

CD4028 
HBF4028 
CM4028 
SCL4028 
TP4028 
TC4028 
CD4032 
CM4032 
TC4032 
F4034 
HD14034 
CD4034 
/lPD4034 
CD4034 
CM4034 
SCL4034 
TC4034 
F4035 
HD14035 
SIL4035 
CD4035 
/lPD4035 
CD4035 
HBF4035 
CM4035 
SCL4035 
TP4035 
TC4035 
CD4038 
Tn 
"...4038 
F4040 

• HD14040 

CD4040 
CD404U 

SCL4040 
TP4040 
TC4040 
F4042 
HD14042 
SIL4042 
CD4042 
p.PD4042 
CD4042 
HBF4042 
CM4042 
SCL4042 
TP4042 
TC4042 
F4043 

SIL4043 
CD4043 

~ I~ De'o1ice 

MC14043 

MC14044 

MC14046 

MC14049 

MC14050 

MC14051 

MC14052 

MC14053 

MC1406 
MC14066 

NEC America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitel 
National 
NEC America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
National 
RCA 
Solitron 
SSS 
Fairchild 
Hitachi 
Mitel 
National 
NEC America 
RCA 

SGS 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitel 
National 
NEe America 
RCA 

SGS 
Solltron 
SSS 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitel 
Nationai 
NEC America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitel 
National 
NEC America 
RCA 
Solitron 
-. -.-~ ::;::;::; 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitel 
National 
NEC America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Signetics 
Fairchild 
Hitachi 
Mitel 
National 
NEC America 
RCA 

SGS 
Signetics 

p.PD4043 
CD4043 
CM4043 
SCL4043 
TP4043 
TC4043 
F4044 
HD14044 
SIL4044 
CD4044 
/lPD4044 
CD4044 
CM4044 
SCL4044 
TP4044 
TC4044 
F4046 
SIL4046 
CD4046 
CD4046 
CM4046 
SCL4046 
F4049 
HD14049 
SIL4049 
CD4049 
J1PD4049 
CD4009 
CD4049 
HBF4049 
CM4049 
SCL4049 
TP4049 
TC4049 
F4050 
HD14050 
SIL4050 
CD4050 
p.PD4050 
CD4010 
CD4050 
HBF4050 
CM4050 
SCL4050 
TP4050 
TC4050 
F4051 
HD14051 
SIL4051 
CD4051 
p.PD4051 
CD4051 
CM4051 
SCL4051 
TP4051 
TC4051 
F4052 
HD14052 
SJl4052 
CD4052 
p.PD4052 
CD4052 
CM4052 
SCL4052 
TP4052 
TC4052 
F4()53 
HD14053 
SlL4053 
CD4053 

/-lPD4053 
CD4053 
CM4053 
SCL4053 
TP4053 
TC4053 
MC1406 
F4066 
HD14066 
SIL4066 
CD4066 
p.PD4066 
CD4063 
vU"IVOtl 

HBF4066 
N4066 

IC ....... 
hie 
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Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 

~~~:aurer I ~~~~!~ement Device 
IC Master :"~acturer I =ement Device IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement IC Maatw 

Page Page Device Source Device Page DeYice Source DeYice Page 

Motorola Semiconductor MC14078 RCA CD4078 MC14502 RCA CD4502 MC14519 RCA CD4019 

(cont'd) 
Solitron CM4078 SSS SCL4502 TI TP4519 
SSS SCL4078 MC14503 National CD4503 MC14520 Fairchild F4520 

, TI TP4078 NEe America /-LPD4503 Hitachi HD14520 

MC14066 Solitron CM4066 Toshiba TC4078 MC14506 .RCA CD4085 Mitel SIL4520 

SSS SCL4066 MC1408 AD AD1408 MC14507 National CD4070 National CD4520 

Toshiba TC4066 AD559 CD4507 NEe America /-LPD4520 

MC14068 Fairchild F4068 AMD SSS1408 MM74C86 RCA CD4520 

Hitachi HD14068 Datel DAC-ICaSC 671 RCA CD4030 Solitron CM4520 

Mitel SIL4068 Fairchild /-LA0802C CD4070 SSS SCL4520 

NEG America ;.:.PD4068 PMI SSS1408 CD4070A TI TP4520 

RCA CD4068 Signetics- MC1408 SSS SCL4030 Toshiba TC4520 

Solitron CM4068 MC14081 Fairchild F4081 TI TP4507 MC14522 Fairchild F4522 

SSS SCL4068 Hitachi HD14081 MC14508 Hitachi HD14508 National CD4522 

TI TP4068 Mitel SIL4081 Mitel SIL4508 NEe America /-LPD4522 

Toshiba TC4068 National CD4081 NEe America /-LPD4508 RCA CD4018 

MC14069 Fairchild F4069 NEe America /-LPD4081 RCA CD4508 SSS SCL4522 

Harrts HD74C04 RCA CD4081 Solitron CM4508 TI TP4522 

Hitachi HD14069 Solitron CM4081 SSS SCL4508 MC14526 Fairchild F4526 

Mitel SIL4069 SSS SCL4081 Toshiba TC4508 NEe America /-LPD4526 

National CD4069 TI TP4081 MC14510 Fairchild F45l0 SSS SCL4526 

MM74C04 Toshiba TC4081 Mitel SIL4510 TI TP4526 

NEe America /-LPD4069 MC14082 Fairchild F4082 National CD4510 MC14527 National CD4527 

RCA CD4069 Hitachi HD14082 NEe America /-LPD4510 RCA - CD4527 

Solitron CM4069 Mltel SIL4082 RCA CD40192 SSS SCL4527 

SSS SCL4069 NEe America /-LPD4082 CD451 0 MC14528 Fairchild F4528 

TI TP4069 RCA CD4082 SSS SCL4510 Hitachi HD14528 

Toshiba TC4069 SSS SCL4082 Toshiba TC4510 National CD4528 

MC14070 Hitachi HD14070 TI TP4082 MC14511 Fairchild • F4511 NEe America /-LPD4528 

RCA CD4070 Toshiba TC4082 Hitachi HD14511 RCA CD4528 

SSS SCL4070 MC14093 Fairchild F4093 Mitel SIL4511 SSS SCL4528 

MC14071 Fairchild F4071 National CD4093 National CD4511 Toshiba TC4528 

Hitachi HD14071 NEe America /-LPD4093 NEC America /-LPD4511 MC14529 National CD4529 

Mitel SIL4071 RCA CD4093 RCA CD4511 RCA CD4067 

National CD4071 MC1411 Signetics NE5501 Solitron CM4511 MC14530 NEe America /-LPD4530 

, NEe America /-LPD4071 ULN2001 SSS SCL4511 MC14531 Fairchild F453l 

RCA CD4071 Silicon G SG2001 TI TP4511 RCA CD40l0l 

Solitron CM4071 Sprague ULN-2001 MC14512 Fairchild F45l2 SSS SCL4531 

SSS SCL4071 TI ULN2001 Hitachi HD14512 TI TP4531 

TI TP4071 MC1412 Signetics NE5502 Mitel SIL4512 MC14532 Fairchild F4532 

Toshiba TC4071 ULN2002 National CD4512 Hitachi HD14532 

MC14072 Fairchild F4072 Sprague ULN-2002 NEC America IlPD45l2 NEC America /-LPD4532 

Hitachi HD14072 TI ULN2002 SSS SCL4512 RCA CD4532 

Mitel SIL4072 MC1413 Signetics NE5503 TI TP4512 Toshiba TC4532 

NEC America /-LPD4072 ULN2003 Toshiba TC4512 MC14538 OKI MSM4538 

RCA CD4072 Sprague ULN-2003 MC145l4 Fairchild F45l4 SSS SCL4538 

SSS SCL4072 n ULN2003 Mitel SIL4514 MC14539 Fairchild F4539 

TI TP4072 MC1414 National LM14l4 National CD4514 NEC America IlPD4539 

Toshiba TC4072 Raytheon RC1414 NEe A(nerica IlPD45l4 OKI MSM4539 

MC14073 Fairchild F4073 TI TL514 RCA CD4514 Toshiba TC4539 

Hitachi HD14073 MC1416 Signetics NE5504 Solitron CM4514 MC14543 National CD4543 

Mitel SIL4073 ULN2004 SSS SCL4514 RCA CD4056 

National CD4073 TI ULN2004 Toshiba TC4514 SSS SCL4543 

NECAmerica /-LPD4q73 MC14160 Fairchild F40160 MC14515 Fairchild F4515 Toshiba TC4543 

RCA CD4073 SSS SCL4160 Hitachi HD14515 MC1455 AMD NE555 

Solitron CM4073 TI TP4360 Mitel SIL4515 Cherry CS555 

SSS SCL4073 MC14161 Fairchild F40161 National CD4515 Exar XR555 

TI TP4073 SSS SCL4161 NEC America /-LPD4515 Fairchild IlA555 

~ Toshiba TC4073 TI TP4361 RCA CD4515 Raytheon RC555 

MC14075 Fairchild F4075 MC14162 Fairchild F40162 Solitron CM4515 RCA CA555 

Hitachi HD14075 SSS SCL4l62 SSS SCL4515 Signetics NE555 

Mitel SIL4075 TI TP4362 Toshiba TC4515 Silicon G SG555 

National CD4075 MC14163 Fairchild F40163 MC14516 Fairchild F4516 TI NE555 

NEC America IlPD4075 SSS SCL4163 Hitachi HD14516 MC14553 Fairchild F4553 

RCA CD4075 TI TP4363 Mitel SIL4516 MC14555 Fairchild F4555 

SSS SCL4075 MC14174 Fairchild F40174 National CD4516 Hitachi HD14555 

TI TP4075 Hitachi HD14174 NEe America IlPD4516 NEC America /-LPD4555 

Toshiba TC4075 MC14175 Hitachi HD14175 RCA CD40193 RCA CD4555 

MC14076 Fairchild F4076 NEC America IlPD4175 CD4516 SSS SCL4555 

Harris HD74C173 Toshiba TC40175 SSS SCL4516 MC14556 Fairchild F4556 

Miter SIL4076 MC14194 Fairchild F40194 Toshiba TC4516 NEe America IlPD4556 

National CD4076 Hitachi HD14194 MC14517 NEC America /-LPD4517 RCA CD4556 

MM74C173 NEC America IlPD4194 SSS SCL4517 SSS SCL4556 

RCA CD4076 MC14308 RCA CD4038 MC14518 Fairchild F4518 MCt4557 Fairchild F4557 

Solitron CM4076 Solitron CM4038 Mitel SIL4518 RCA CD4031 

SSS SCL4076 Toshiba TC4038 National CD4518 MC14558 RCA CD4055 

MC14077 Fairchild F4077 MC1436 Harris HA-2645 984 NEC America 1lPD4518 MC1456 HarrIS HA-2805 IJ76 

Hitachi HD14077 National LM1436 RCA CD4518 Raytheon RC1556 

Mitel SIL4077 Silicon G SG1436 SoIitron CM4518 Signetlcs MC1456 

RCA CD4077 MC1437 Raytheon RC1437 SSS SCL4518 Silicon G SG1456 

Solitron CM4077 +MC1441 RCA CA1541 TI TP4518 MC14560 Hitachi HD14560 

SSS SCl4077 MC14501 Hitachi HD14501 Toshiba TC4518 NEC America IlPD4560 
MC14078 Fairchild F4078 NEC America /-LPD4501 MC14519 Fairchild F4519 Toshiba TC4560 

Hitachi HD14078 RCA CD4068 Hitachi HD14519 MC14561 Hitachi HD1456~ 

Mitel SIL4078 MC14502 Hitachi HD14502 National CD4519 NEC AmeriCa p.PD4561 

NEC America p.PD4078 Mite! SIL4502 NEC AmeIica /-LPD4519 Toshiba TC4561 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Ie MASTER 
Manufacturer I Replacement Ie Master Manufacturer I Replacement IC Master Manufacturer I RfPlacement Ie Master =~urer I ~t Device 

IC Master 
Device Source Device Page Device Source Device Page Device . Source Device Page Page 

Motorola Semiconductor MC1508 AD AD559 MC1709 Raytheon RM709 MC1807 TI SN151807 

(cont'd) 
AMD SSS1508 Signetics p.A709 MC1808 TI SN151808 
Datel DAC-IC8BM 671 TI p.A709 MC1809 TI SN151809 
Fairchild MA0802M Toshiba TA7502 MC1810 TI SN151810 

MC14562 RCA CD4062 PMI SSS1508 MCH10 Fairchild p.A71 0 MC1811 TI SN151811 

MC14569 RCA CD4059 Signetics MC1508 National· LM710 MC1812 TI SN151812 

MC14572 Hitachi HD14572 MC1510 TI SN75189 Raytheon RC7l0 MC1900 TI SN151900 

MC1458 AMD AM1458 MC1514 National LM1514 RM710 MC1901 TI SN151901 

Exar XR1458 Raytheon RM1514 Silicon G SG1710 MC1902 TI SN151902 

Fairchild p.A1458 TI TL514 TI p.A71 0 MC1903 TI SN151903 

Harris HA-2655 986 MC1536 Harris HA-2640 984 MC1711 Fairchild p.A711 MC1904 TI SN151904 

National LM1458 National LM1536 National LM711 MC1905 TI SN151905 

NEe America "PC1458 Silicon G SG1536 Raytheon RC711 MCl906 TI SN151906 

PMI OP-17 MC1537 Raytheon RM1537 RM711 MCl907 TI SN151907 

SSS1458 MC1539 Sprague ULS-2139 Signetics "A711 MC1908 TI SN151908 

Raytheon RC1458 .MC1541 RCA· CA1541 Silicon G SG711 MC1909 TI SN151909 

RC4558 MC1555 AMD SE555 TI p.A711 MC1910 TI SN151910 

RCA CA1458 Cherry CS555 MC1712 Fairchild p.A702 MC1911 TI SN151911 

Signetics MC1458 Exar XR555M NEe America p.PC51 MC1912 TI SN151912 

Silicon G SG1458 NEe America p.PC1555 p.PC51 A MC2114 Rockwell R2114 

TI MC1458 Raytheon RM555 Raytheon RC702 MC2257 Nitron NC2257 

MC14580 RCA CD40108 RCA CA555 RM702 MC2259 Nitron NC2259 

MC14581 RCA CD40181 Signetics SE555 TI p.A702 MC2260 NitroI' NC2260 

CD4057 Silicon G SG555 MC1723 AMD 723 MC26S10 AMD AM26S10 

SSS SCL4581 TI NE555 Fairchild p.A723 934 MC2901 AMD AM2901 

TI TP4581 MC1556 Harris HA-2600 976 Intersil 723 NEC Micro "PB2901A 

MC14582 Fairchild F4582 Raytheon RM1556 National LM723 Raytheon AM2901 

RCA CD40182 RM1556A Raytheon RC723 MC2901A NEC Micro p.PB2901A 

SSS SCL458? Signetics MC1556 ·RM723 MC2902 AMD AM2902 

TI TP4582 Silicon G SG1556 RCA CA723 NEC Micro p.PB2902A 

MC14583 Fairchild F4583 MC1558 AMD 1558 Signetics p.A723 Raytheon AM2902 

Hitachi HD14583 Exar XR1558 Silicon G SG723 MC2905 AMD AM2905 

OKI MSM4583 Fairchild p.A1558 TI p.A723 NEC Micro p.PB2905A 

RCA CD40100 Harris HA-2650 986 MC1732 RCA CA723 Raytheon AM2905 

Toshiba TC4583 National LM1558 MC1733 AMD 733 MC2906 AMD- AM2906 

MC14584 Hitachi HD14584 PMI PM1558 National LM733 NEC Micro I-lPB2906A 

National CD40106 SSS1558 Raytheon RC733 Raytheon AM2906 

CD4584 Raytheon RM1558 RM733 MC2907 AMD AM2907 

MM74C14 262 RM4558 Signetics p.A733 NEC Micro p.PB2907A 
NEe Amenca p.PD4584 RCA CA1558 Silicon G SG733 Raytheon AM2907 

OKI MSM4584 Signetics MC1558 TI p.A733 MC2909 AMD AM2909 
RCA CD40106 Silicon G SG1558 MC1741 AMD 741 NEC Micro p.PB2909A 

CD4016 TI MC1558 Fairchild p.A741 Raytheon AM2909 

SSS SCL4584 MC1568 Exar XR1568 Intersil 741 MC2911 AMD AM2911 
MC14585 Hitachi HD14585 Raytheon RM4195 National LM741 1035 NEC Micro p.PB2911A 

I 
National MIIII74C85 Silicon G SG1568 PMI OP-O~ Raytheon AM2911 
RCA CD4063 MC1595 Intech/FMI A8495 PM741 MC2915A AMD AM2915A 
SSS HD14585 AS595 SSS741 NEC Micro ..... PB2!t15A 

SCL4585 Plessey SL1595 Raytheon RC741 MC2916A AMD AM2916A 
Toshiba TC4585 Silicon G SG1595 RM741 NEC Micro p.PB2916A 

MC1461 Toshiba TA7084 MC1596 Fairchild p.A796 RCA CA741 MC29HA AMD AM2917A 
MC1463 Toshiba TA7085 National LM1596 Signetics p.A741 NEC Micro p.PB2917A 
MC1468 Exar XR1468 Plessey SL1596 Sprague ULN-2151 OEI )l.PB2917A 

Raytheon RC4195 Signetics MC1596 TI "A741 MC2918 AMD AM2918 
Silicon G SG1468 Silicon G SG1596 Toshiba TA7504 NEC Micro J.(PB2918A 

MC1471 Sprague UDN-5711 MC1648 Plessey SPl648 MC1747 AMD 747 OEI - p.PB2918A 
MC1472 Sprague UDN-5712 MC1650 Plessey SP1650 Fairchild /J.A747 Raytheon AM2918 
MC1473 Sprague UDN-5713 MC1651 Plessey SP1651 NEe America "PC251 MC3000 Fairchild 74HOO 
MC1474 Sprague UDN·5714 MC1658 Fairchild llC58 PMI PM747 TI SN74HOO 
MC1488 AMD MC1488 Plessey SP1658 Raytheon RC747 MC3001 Fairchild 74H08 

Exar XR1488 MC1660 Plessey SP1660 RM747 TI SN7408 
National DS1488 MC1661 Plessey SL1661 RCA CA747 MC3003 TI SN7432 
Raytheon RC1488 MC1662 Plessey SP1662 Signetics p.A747 MC3004 Fairchild 74HOl 

RM1488 MC1663 Plessey SL1663 Si!icon G SG747 TI SN74HOi 
Signetics MC1488 MCl664 Plessey SPl664 Teledyne S 747 MC3005 Fairchild 74Hl0 
Silicon G SG1488 MC1665 Plessey SL1665 TI p.A747 T! SN74H10 
TI MC1488 MC1666 Plessey .SP1666 MC1748 AMD 748 MC3006 Fairchild 74Hll 

SN75188 MC1667 PIA<:">AY SI_1fj!F Fa;;-ch;:d p..MtCotO " SN74Hl1 
MC1489 AMD MC1489 MC1668 Plessey SP1668 Intersi! 748 MC3008 Fairchild 74H04 

Exar XR1489 MC1669 Plessey SL1669 National LM748 TI SN74H04 
National DS1489 MC1670 Fairchild 11C70 Raytheon RC748 MC3009 Fairchitd 74H05 
Raytheon RC1489 Plessey SP1670 RM748 TI SN74H05 
Signetics MC1489 MC1671 Plessey SL1671 RCA CA748 MC3010 Fairchild 741-120 
Silicon G !=;G14~9 MG1~72 01",... .......... C"f""),f"...,,,,,, Signeiics /J.A/4H TI SN74H20 •• \.,1 ..... ...,""', ,",'-lVI, 

TI MC1489 MC1673 Plessey SL1673 Silicon G SG748 MC3011 Fairchild 74H21 
SN75189 MC1674 Plessey SP1674 TI p.A748 TI SN74H2l 

MC1489A Exar XR1489A MC1675 Plessey SL1675 MCl776 Fairchild "A776 MC3012 Fairchild 74H22 
MC1495 Intech/FMI A8495 MC1688 Fairchild l1COl MC1800 National DM1800 TI SN74H22 

A8S95 MC1690 Fairchild l1C06C TI SN151800 MC3015 TI SN74H30 
Plessey SL1495 Plessey SP1690 MC1801 National DM1801 MC3016 Fairchild 74H30 
Silicon G SG1495 MC1692 Plessey SP1692 TI SN151801 TI SN74430 

MC1496 Fairchild MA796 MC1709 Fairchild MA709 MC1802 TI SN151802 MC3018 Fairchild 74H62 
Plessey SL1496 National LM1709 

1035 I 
MC1803 TI SN151803 TI SN74H62 

Signetics MC1496 LM709 Mr.1Rn4 TI e-f\.H r:; .. 0"'" , ..... " ...... , ....... 
;'lIIcon 1.:1 ti<.:i1496 NEe America "PC55A I 

MC1805 TI SN151805 TI SN74HI'1 
MC1508 AD AD1S08 Raytheon RC709 MC1806 TI SN151806 MC3020 Fairchild 741-150 

• Discontinued 

Bald face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement ICMmer Manufacturer I Replacement Ie Master Manufacturer I Replacement IC Master Manufactwer I Replacement IC Master 
Device Source' Device Page Device Source Device Page Device Source Device Page DevIce Source Device Page 

Motorola Semiconductor MC3162 Fairchild 54S113 MC5403 National DM5403 MC54154 Signetics 54154 

(cont'd) 
TI SN54S113 Signetics 5403 TI SN54154 

MC3163 Fairchild 54H73 TI SN5403 MC54155 Fairchild 54155 
TI SN54H73 MC5404 Fairchild 5404 National DM54155 

MC3020 TI SN74H50 MC3301 Fairchild pA3301 National DM5404 
, 

Signetics 54155 

MC3021 TI SN74S86 Hitachi HA17301 Raytheon 5404 TI SN54155 

MC3023 Fairchild 74H51 Raytheon LM2900 Signetics 5404 MC54156 Fairchild 54156 

TI SN74H51 RC3301 TI SN5404 National DM54156 

MC3024 Fairchild 74H40 MC3302 Fairchild ~A3302 MC5405 Fairchild 5405 Signetics 54156 

TI SN74H40 NEe America ~PCl77 . National DM5405 TI SN54156 

MC3025 TI SN74H40 Raytheon RC3302 Si9fletics 5405 MC54157 AMD SN54157 

MC3030 Fairchild 74H60 RCA CA339 TI SN5405 Fairchild 54157 

TI SN74H60 Silicon G SG3302 MC5406 Fairchild 5406 National DM54157 

MC3031 Fairchild 74H52 TI LM3302. National DM5406 Signetics 54157 

TI SN74H52 MC3346 RCA CA3046 Signetics 5406 TI SN54157 

MC3032 Fairchild 74H53 CA3086 TI SN5406 MC5416 , Fairchild 5416 

TI SN74H53 MC3401 Fairchild ~A3401 MC5407 Fairchild 5407 National DM5416 

MC3033 Fairchild 74H54 Raytheon LM3900 National DM5407 Signe.tics 5416 

TI SN74H54 RC3401 Signetics 5407 TI SN5416 

MC3034 Fairchild 74H55 RCA CA3401 TI SN5407 MC54160 AMD SN54160 

TI SN74H55 MC3403 Exar XR3403 MC5408 Fairchild 5408 Fairchild 54160 

MC3054 Faircl:lild 74H71 Fairchild ~A3403C National DM5408 National DM54160 

TI SN74H71 Raytheon RC3403 Signetics 5408 Signetics 54160 

MC3055 Fairchild 74H72 RC4137 TI SN5408 TI SN54160 

TI SN74H72 MC3403C TI MC3403C MC5409 Fairchild 5409 MC54161 AMD SN54161 

MC3060 TI SN74H74 MC3403M TI MC3403M National DM5409 Fairchild 54161 

MC3061 Fairchild 74S114 MC34.1OC Datel DAC-IC10B Signetics 5409 National DM54161 

TI SN74S114 MC3416 Raytheon RC4444 TI SN5409 Signetics 54161 

MC3062 Fairchild 74S113 MC3423 TI MC3423 MC5410 Fairchild 5410 TI SN54161 

TI SN74S113 MC3437 National DS8837 National DM5410 MC54162 AMD SN54162 

MC3063 Fairchild T4H73 MC3438 National DS8838 Signetics 5410 Fairchild 54162 

TI SN74H73 MC3441 National DS3651 .TI SN5410 National DM54162 

MC3100 Fairchild 54Hoo MC3443 National DS3653 MC541 00 Signetics 54100 Signetics 54162 

TI SN54HOo TI MC3443 TI SN541 00 TI SN54162 

MC3101 Fairchild 5408 MC3446 Tl MC3446 MC541 07 Fairchild 54107 MC54163 AMD SN54163 

TI SN5408 MC3450 National DS3650 National DM54107 Fairchild 54163 

MC3103 Fairchild 5432 MC3452 National DS3652 Signetics 54107 National DM54163 

TI SN5432 MC3456 AMD NE556 TI SN54107 Signetics 54163 

MC3104 Fairchild 541-101 Exar XR556 MC54120 TI SN54120 TI SN54163 

TI SN54H01 Signetics NE556 MC54121 Fairchild 54121 .MC54164 Raytheon 54164 

MC31 05 Fairchild 54H10 MC3460 National DS3674 National DM54121 MC54165 Fairchild 54165 

TI SN54H10 MC3461 Hitachi HD103461 Signetics 54121 National DM54165 

MC31 06 TI SN54H11 MC3486 National DS3486 TI SN54121 Raytheon 54165 

MC31 08 Fairchild 54H04 Mc3487 National 053487 MC54122 Fairchild 54122 Signetics 54165 

TI SN54H04 MC3503 Exar XR3503 TI SN54122 TI SN54165 

MC3109 Fairchild 54H05 Fairchild pA3503 MC54123 AMD SN54123 MC54167 TI SN54167 

TI SN54H05 Raytheon. RM3503 Fairchild 54123 MC5417 Fairchild 5417 

MC3110 Fairchild 54H20 RNj4137 National DM54123 National DM5417 

TI SN54H20 MC3523 TI MC3523 Signetics 54123 Signetics 5417 

MC3111 Fairchild 54H27 MC3556 AMD SE556 TI SN54123 TI SN5417 

TI SN54H21 Exar XR556M MC5413 Fairchild 5413 MC54170 Fairchild 54170 

MC3112 Fairchild 54H22 MC4oo4 TI SN7481A National DM5413 MC54174 AMD SN74174 

TI SN54H22 MC4oo5 Fairchild 93407 Signetics 5413 Fairchild 54174 

MC3116 Fairchild 54H30 TI SN7481 TI SN5413 National DM54174 

TI SN54H30 MC4015 Raytheon RL4015 MC54132 Fairchild 54132 Signetics· 54174 

MC3118 Fairchild 54H62 MC4024 Fairchild llC24C National . DM54132 TI SN54174 

TI SN54H62 MC4044 Fairchild llC44C Signetics 54132 MC54175 AMD SN54175 

MC3119 Fairchild 54H61. MC4064 MMI 6560 TI SN54132 Fairchild 54175 

TI SN54H61 Signetics N82S16 1678 MC5414 Fairchild 5414 National DM54175 

MC3120 Fairchild 54H50 MC4304 TI SN5481A National DM5414 Signetics 54175 

TI SN54H50 MC4305 TI SN5481 A Signetics 5414 TI SN54175 

MC3121 TI SN54H86 MC4324 Fairchild llC24 TI SN5414 MC54176 Fairchild 54176 

MC3123 Fairchild 54H51 MC4344 Fairchild l1C44 MC54141 National DM54141 National DM54176 

TI SN54H51 MC4558 Exar XR4558 TI SN54141 Signetics 54176 

'MC3124 Fairchild 54H40 Raytheon RC4558 MC54145 Fairchild 54145 TI SN54176 

TI SN54H40 MC4558C NEe America ~PC4558 > National DM54145 MC54177 Fairchild 54177 

MC3125 Fairchild 54H40 MC4741 Exar XR4741 ~ignetics 54145 National DM54177 

TI SN54H40 Harris HA-4741 TI SN54145 Signetics 54177 

MC3130 Fairchild 54H60 National LM148 1035 MC54150 Fairchild 54150 TI SN54177 

TI SN54H60 NEe America ~PC4741 National DM54150 MC54180 Fairchild 54180 

MC3131 Fairchild 54H52 MC5OO3 TI SN74186 Signetics 54150 National DM54180 

Tl SN54H52 MC5005 TI SN74S387 1708 TI SN54150 Signetics 54180 

MC3132 Fairchild 54H53 MC5303 TI SN54186 MC54151 Fairchild 54151 TI SN54180 

TI SN54H53 MC5400 Fairchild 5400 National DM54151 MC54181 AMD SN54181 

MC3133 Fairchild 54H54 National DM5400 SigneticS 54151 Fairchild 54181 

TI SN54H54 Signetics 5400 TI SN54151 National DM54181 

MC3134 Fairchild 54H55 TI SN5400 MC54152 Fairchild 54152 Signetics 54181 

TI SN54H55 MC5401 Fairchild 5401 Signetics 54152 TI SN54181 

MC3154 Fairchild 54H71 National DM5401 TI SN54152 MC54'182 AMD SN54182 

TI SN54H71 Signetics 5401 MC54153 Fairchild 54153 Fairchild 54182 

MC3155 Fairchild 54H72 ' TI SN5401 National DM54153 National DM54182 

TI SN54H72 MC5402 Fairchild 5402 Signetics 54153 Signef.!cs 54182 

MC3160 Fairchild 54H74 National DM5402 TI SN54153 TI SN54182 

TI SN54H74 Signetics 5402 MC54154 AMD SN54154 MC54190 Fairchild 54190 
MC3161 Fairchild 54S114 TI SN5402 Fairchild 54154 National DM54190 

TI SN54S114 MC5403 Fairchild 5403 National DM54154 Signetics 54190 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Ie MASTER 
Manufacturer I Replacement IC Master 
Device Source Devjce Page 

Motorola Semiconductor 
(cont'd) 

MC54190 TI SN54190 
MC54191 Fairchild 54191 

National DM54191 
Signetics 54191 
TI SN54191 

MC54192 AMD SN54192 
Fairchild 54192 
National DM54192 
Signetics 54192 
TI SN54192 

I MC54193 AMD SN54193 
Fairchild 54193 
National DM54193 
Signetics 54193 
TI SN54193 

MC54194 AMD SN54194 
Fairchild 54194 
National DM54194 
Signetics 541.94 
TI SN54194 

MC54195 AMD SN54195 
Fairchild 54195 
National DM54195 
Signetics 54195 
TI SN54195 

MC54196 Fairchild 54196 
National DM54196 
Signetics 54196 
TI SN54196 

MC54197 Fairchild 54197 
National DM54197 
Signetics 54197 
TI SN54197 

MC54198 Fairchild 54198 
MC54199 Fairchild 54199 
MC5420 Fairchild 5420 

National DM5420 
Signetics 5420 
TI SN5420 

MC5423 Fairchild 5423 
National DM5423 
TI SN5423 

MC5425 Fairchild 5425 
National DM5425 

I TI SN5425 
MC5426 FairchUd 5425 

National DM5426 
Signetics 5426 
TI SN5426 

MC5427 Fairchild 5427 
National DM5427 
TI SN5427 

MC54283 Fairchild 54283 
MC54290 Fairchild 54290 

II SN54290 
MC54293 Fairchild 54293 

TI SN54293 
MC54298 Fairchild 54298 

Signetics 54298 

I 
T! SN54298 

MC5430 Fairchild 5430 

I National DM5430 

I Signetics 5430 
TI 

I 
Vt'j,J"'tvV 

MC5437 Fairchild 5437 
National DM5437 
Signetics 5437 
TI SN5437 

MC5438 Fairchild 5438 
l~atfUIIClI Divi5435 
Signetics 5438 
TI SN5438 

MC5440 Fairchild 5440 
National DM5440 
Signetics 5440 
TI SN5440 

MC5442 Fairchild 5442 
National DM5442 
Signetics 5442 
TI ~N"dd? 

MC5443 Fairchild 5443 
Signetics 5443 

• Discontinued 

:V~~r I :~~ent Devlr.e 

MC5443 
MC5444 

MC5445 

MC5446 

MC5447 

MC5448 

MC5449 

MC5450 

MC5451 

MC5453 

MC5454 

MC5460 

MC5470 

MC5472 

I MC5473 

MC5474 

MC5475 

MC5476 

I MC5477 

I 
MC5480 

MC5482 

iviC54&5 

MC5486 

MC5490 

MC5491 

TI 
Fairchild 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetiqs 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
T! 
Fairchild 
Signetics 
Ti 
Fairchild 
Signetics 
TI 
Fairchild 
TI 
Falrcnud 
National 
Signetics 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
National 

TI 
Fairchild 

SN5443 
5444 
5444 
SN5444 
5445 
DM5445 
5445 
SN5445 
5446 
DM5446 
5446 
SN5446 
5447 
DM5447 
5447 
SN5447 
5448 
DM5448 
5448 
SN5448 
5449 
SN5449 
5450 
DM5450 
5450 
SN5450 
5451 
DM5451 
5451 
SN5451 
5453 
DM5453 
5453 
SN5453 
5454 
DM5454 
5454 
SN5454 
5460 
DM5460 
5460 
SN5460 
5470 
DM5470 
SN5470 
5472 
DM5472 
5472 
SN5472 
5473 
DM5473 
5473 
SN5473 
5474 
DM5474 
5474 
SN5474 
5475 
DM5475 
5475 
SN5475 
5476 
DM5476 
5476 
SN5476 
5477 
5477 
5N5477 
5480 
5480 
SN5480 
5482 
SN5482 
5485 
DM5485 
5485 
SN5485 
5486 
DM5486 
5486 
SN5486 
5490 
DM5490 

SN5490 
5491 

IC Master 
Page 

I 
I 

Manufacturer I Replacement Ie Master ManufactUrer I Replacement IC Master 
Device Source Device Page Device Source Device Page 

MC5491 National DM5491 MC6821 Hitachi HD46821 
Signetics 5491 Rockwell R6520 
TI SN5491 MC68316 Rockwell R2316 

MC5492 Fairchild 5492 MC68332 Rockwell R2332 
National DM5492 MC6840 AMI S6840 1813 
Signetics 5492 Fairchild F6840 1887,1890 
TI SN5492 Fujitsu MBL6840 

MC5493 Fairchild 5493 MC6843 Hitachi HD46503 
National DM5493 MC6844 Hitachi HD46504 
TI SN5493 MC6845 Hitachi HD46505 

MC5494 Fairchild 5494 Rockwell R6545 
TI SN5494 MC6846 AMI S6846 1817 

MC5495 Fairchild 5495 Fairchild F6846 1887,1890 
National DM5495 Fujitsu MBL6846 
Signetics 5495 Hitachi HD46846 
TI SN5495 MC68488 AMI S68488 1834 

MC5496 F:;,irchild 549" Fairchild F584881887,1890 
National DM5496 Fujitsu MBL68488 
Signetics 5496 MC6850 AMI 56850 1818 
TI SN5496 Fairchild F6850 1887,1891 

MC5497 Fairchild 5497 Hitachi HD46850 
TI SN5497 Rockwell R6551 

MC55107 AMD SN55107 SMC COM2502 
Fairchild 55107 MC6852 AMI 56852 1822 
National DS55107 Fairchild F6852 1887,1891 
Raytheon RM55107 Hitachi HD46852 
TI SN55107 MC6854 AMI S6854 1826 

MC55108 AMD SN55108 FalrchHd F6854 1887 
Fairchild 55108 Fujitsu MBL6854 
National DS55108 MC6860 Fairchild F6860 
Raytheon RM551 08 MC6862 Fairchild F6862 
TI SN551 08 MC6885 Motorola MCST95 

+MC55109 AMD SN55109 MC6886 Motorola MC8T96 
Fairchild 55109 MC6887 Motorola MC8T97 
Raytheon RM55109 MC6888 Motorola MC8T98 
TI SN55109 MC7241 Raytheon RC8241 

+MC55110 AMD SN55110 Signetics N8241 
Fairchild 55110 MC7242 Fairchild 9386 
Raytheon RM55110 Raytheon RC8242 
TI SN55110 Signetics N8242 

+MC5522 National DS5522 MC7250 Raytheon RC8250 
TI SN5522 Signetics N8250 

MC5523 TI SN5522 MC7251 Raytheon RCS251 
MC5524 AMD SN5524 Signetics N8251 

National DS5524 MC7261 Raytheon RCS261 
n SN5524 Signetics N8261 

MC5525 AMD SN5525 MC73525 AMD SN75325 
n SN5524 MC74Hoo Raytheon 74Hoo 

MC5528 Fairchild ·5528 MC74H01 Raytheon 74HOl 
TI SN5528 MC74H04 Raytheon 74H04 

MC5529 Fairchild 5529 MC74H05 Raytheon. 74H05 
TI SN5528 MC74Hl0 Raytheon 74Hl0 

MC55325 AMD SN55325 MC74Hl1 Raytheon 74H11 
Fairchild 55325 MC74H20 Raytheon 74H20 
TI SN55325 MC74H22 Raytheon 74H22 

MC5534 Fairchild 5534 MC74H40 Raytheon 74H40 
MC5535 Fairchild 5535 MC74H74 Raytheon 74H74 
MC574 Raytheon 5474 MC74H87 Fairchild 74H87 
MC6oo2 TI TMS4062 TI SN74H87 
MC68Aoo AMI S68Aoo 1780 MC7400 Fairchild 7400 
MC68A10 AMI S68A10 1794 Hitachi HD7400 

Fujitsu MBL6800E Mitsubishi M53200 
MC68A21 AMI 568A21 1798 National DM7400 
MC68A332 Signetic8 2632 1672

1 

NEC America !1PB74oo 
MC68A50 AMI S68A5O 1818 Signetics 7400 

Fujitsu MBL6850E 

17801 
Ti SN7400 

MC68Boo AMI 568Boo Toshiba TC7400 
lIIi(;ti8Jj10 AMI S68B10 1794 TRW 7400 
MC68B21 AMI 568B21 1798 MC7401 Fairchild 7401 
MC68B50 AMI S68B5O 1818 Hitachi HD7401 
MC6800 AMI 56800 1776,1780 Mitsubishi M53201 

Fairchild F6800 1886,1888 National DM7401 
F6800A Raytheon 7401 

Hitachi HD46800 Signetics 7401 
MC6802 AMI 56802 1785 TI SN7401 

Fairchild F6802 1887,1888 TRW 7401 
Hitachi HD46802 MC7402 Fairchild 7402 

MC6810 AMI 56810 1790 Hitachi HD7402 
Fairchild F6810 1887,1888 Mitsubishi M53202 

MC6820 AMI 56820 1802 National DM7402 
Fairchild F6820A NEC America !1PB7402 
Hitachi HD46820 Signetics 7402 
Rockweil R6520 I TI SN7402 

..;JVU&' ., ClIO, .uu,& 

Fairchild F6821 1887,1889 MC7403 
IMVV 

Fairchild 
Hitachi 

1402 
7403 
HD7403 Fujitsu MBL6821 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement Ie Master . Manufacturer I Replacement IC Master Manuflicturer I Replacement IC Master Manufacturer I Replacement ~ IC Master 
Device Source Device Page Device Source DevICe Page Device Source Device Page Device Source Device Page 

Motorola Semiconductor MC74123 Fairchild 74123 MC74156 Signetics 74156 MC74176 Signetics 74176 

(cont'd) 
Mitsubishi M53323 TI SN74156 TI SN74176 
National OM74123 TRW 74156 MC74177 Fairchild 74177 
NEC America ,...PB74123 MCY4157 AMO SN74157 Mitsubishi M53377 

MC7403 Mitsubishi M53203 Signetics 74123 Fairchild 74157 National OM74177 

National OM7403 TI SN74123 Hitachi H074157 Signetics 74177 

Signetics 7403 TRW 74123 Mitsubishi M53357 TI SN74177 

TI SN7403 MC7413 Fairchild 7413 National OM74157 MC74180 Fairchild 74180 

TRW 7403 Mitsubishi M53213 NEG America ,...PB74157 Hitachi HD74180 

MC7404 Fairchild 7404 National OM7413 Signetics 741~7 Mitsubishi M53380 

Hitachi HD7404 NEG America ,...PB7413 TI SN74157 National OM74180 

Mitsubishi M53204 Signetics 7413 MC7416 Fairchild 7416 NEG America ,...PB74180 

National OM7404 TI SN7413 Hitachi H07416 Signetics 74180 

NEG America ·,...PB7404 TRW 7413 Mitsubishi M53216 TI SN74180 

Signetics 7404 MC74132 Fairchild 74132 National OM7416 TRW 74180 

TI SN7404 Hitachi H074132 Signetics 7416 MC74181 AMO SN74181 

Toshiba TC7404 Mitsubishi M53332 TI SN7416 Fairchild 74181 

TRW 7404 National DM74132 TRW 7416 Mitsubishi M53381 

MC7405 Fairchild 7405 . Signetics 74132 MC74160 AMO SN74160 National OM74181 

Hitachi H07405 TI SN74132 Fairchild 74160 'NEG America I1PB74181 

Mitsubishi M53205 MC74136 Hitachi H074136 Hitachi H074160 Signetics 74181 

National OM7405 TI . 'SN74136 Mitsubishi M53360 TI SN74181 

NEG America ,...PB7405 TRW 74136 National OM74160 MC74182 AMO SN74182 . 

Signetics 7405 MC7414 Fairchild 7414 Raytheon 74160 Fairchild 74182 

TI SN7405 Hitachi H07414 Signe!ics 74160 Mitsubishi M53382 

TRW 7405 Mitsubishi M53214 TI SN74160 National OM74182 

MC7406 Fairchild 7406 National OM7414 TRW 74160 NEG America I1PB74182 

Hitachi H07406 Signetics 7414 MC74161 AMO SN74161 Signetics 74182 

Mitsubishi M53206 TI SN7414 Fairchild 74161 TI SN74182 

National OM7406 MC74141 Fairchild 74141 Hitachi H074161 MC74190 Fairchild 74190 

Signetics 7406 National OM74141 Mitsubishi M53361 Hitachi H074190 

TI SN7406 NEG America ,...PB74141 National OM74161 . Mitsubishi M53390 

TRW 7406 TI SN74141 NEG America ,...PB74161 National OM74190 

MC7407 Fairchild 7407 MC'74145 Fairchild 74145 Signetics 74161 Signetics 74190 

Hitachi H07407 Mitsubishi M53345 TI SN74161 TI SN74190 

Mitsubishi M53207 National OM74145 TRW 74161 MC74191 Fairchild 74191 

National DM7407 Signetics 74145 MC74162 AMO SN74162 Hitachi H074191 

Signetics 7407 TI SN74145 Fairchild 74162 Mitsubishi M53391 

TI SN7407 TRW 74145 Hitachi H074162 National DM74191 

TRW 7407 MC74150 Fairchild 74150 Mitsubishi M53362 Signetics 74191 

MC7408 Fairchild 7408 Hitachi H074150 National OM74162 TI SN74191 

Mitsubishi M53208 Mitsubishi M53350 Signetics 74162 MC74192 AMO SN74192 

National DM7408 National DM74150 TI SN74162 Fairchild 74192 

Signetics 7408 NEG America ,...PB74150 TRW 74162 Mitsubishi M53392 

TI SN7408 Signetics 74150 MC74163 AMO SN74163 National OM74192 

Toshiba TC7408 TI SN74150 Fairchild 74163 NEG America ,...PB74192 

TRW 7408 TRW 74150 Hitachi H074163 Signetics 74192 

MC7409 Fairchild 7409 MC74151 Fairchild 74151 Mitsubishi M53363 TI SN74192 

Hitachi H07409 Hitachi HD74151 National DM74163 MC74193 AMO SN74193 

Mitsubishi M53209 Mitsubishi M53351 Signetics 74163 Fairchild 74193 

National DM7409 National DM74151 TI SN74163 Mits~bishi M53393 

Signetics 7409 NEG America I1PB74151 TRW 74163 National OM74193 

TI SN7409 Signetics 74151 +MC74164 Raytheon .74164 NEG America I1PB74193 

TRW 7409 TI SN74151 MC74165 Fairchild 74165 Signetics 74193 

MC741 0 Fairchild 7410 SN74151A Mitsubishi M53365 TI SN74193 

Hitachi HD7410 TRW 74151 National OM74165 MC74194 AMD SN74194 

Mitsubishi M53210 MC74152 Fairchild 74152 Signetics 74165 Fairchild 74194 

National DM741 0 TRW 74152 TI SN74165 Hitachi H074194 

NEG America ,...PB7410 MC74153 Fairchild 74153 MC74166 Fairchild 74166 National OM74194 

Signetics 7410 Mitsubishi M53353 MC74167 Fairchild 74167 Signetics 74194 

TI SN7410 National OM74153 TI SN74167 TI SN74194 

SN7427 NEG America I1PB74153 MC7417 Fairchild 7417 MC74195 AMD SN74195 

Toshiba TC7410 Signetics 74153 Hitachi HD7417 Fairchild 74195 

TRW 7410 TI SN74153 Mitsubishi M53217 National OM74195 
MC741 00 Signetics 74100 TRW 74153 National OM7417 NEG America ,...PB74195 

TI.' SN741 00 MC74154 AMD SN74154 Signetics 7417 Signetics 74195 
MC74107 Fairchild 74107 Fairchild 74154 TI SN7417 TI SN74195 

Hitachi HD74107 Mitsubishi M53354 TRW 7417 MC74196 Fairchild 74196 

Mitsubishi M53307 National DM74154 MC74170 Fairchild 74170 National OM74196 

National OM74107 NEC America ,...PB74154 MC74174 AMD SN74174 Signetics 74196 

NEG America ,...PB74107 Raytheon 74154 Hitachi HD74174 TI SN74196 

Signetics 74107 Signetics 74154 Mitsubishi M53374 MC74197 Fairchild 74197 

TI SN74107 TI SN74154 National DM74174 National DM74197 

MC74120 TI SN74120 TRW 74154 . Signetics 74174 Signetics 74197 
MC74121 Fairchild 74121 MC74155 Fairchild 74155 TI SN74174 TI SN74197 

Hitachi HD74121 Mitsubishi M53355 MC74175 AMO SN74175 MC74198 Fairchild 74198 
Mitsubishi M53321 National DM74155 Fairchild 74175 MC74199 Fairchild 74199 
National DM74121 NEG America ,...PB74155 Hitachi H074175 MC7420 Fairchild 7420 
Signetics 74121 Signetics 74155 Mitsubishi M53375 Hitachi H07420 
TI SN74121 TI SN74155 National DM74175 Mitsubishi M53220 
TRW 74121 TRW 74155 NEG America ,...PB74175 National DM7420 

MC74122 Fairchild 74122 MC74156 Fairchild 74156 Signetics 74175 NEG America I1PB7420 
Mitsubishi M53322 Hitachi HD74156 TI SN74175· Signetics 7420 
Signetics 74122 Mitsubishi M53356 MC74176 Fairchild 74176 TI SN7420 
TI SN74122 National OM74156 Mitsubishi M53376 Toshiba TC7420 

MC74123 AMD SN74123 NEG America ,...PB74156 National DM74176 TRW .7420 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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ICMASTER 

:::a
urer I =~~ement Device 

IC Master 
Page 

Motorola Semiconductor 
(cont'd) 

MC7423 

MC7425 

MC7426 

MC7427 

I 
MC74283 
MC74290 

I 
MC74293 

MC74298 

MC7430 

MC7437 

I 
MC7438 

MC7440 

I 
I·MC7441 

I MC744? 

MC7443 

MC7444 

Mt;I44tl 

Fairchild 
National 
TI 
Fairchild 
Mitsubishi 
National 
TI 
Fairchild 
Hitachi 
National 
Signetics 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
National 
Signetics 
Fairchild 
Fairchild 
Mitsubishi 
TI 
TRW 
F-rurChiid 
Mitsubishi 
TI 
TRW 
Fairchild 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
National 
NEG America 
Signetics 
TI 
TRW 
Fairchild 
Mitsubishi 
National 
NEG America 
Signetics 
Ti 
TRW 
Fairchild 
Mitsubishi 
National 
NEG America 
Signetics 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
National 
NEG America 
Signetics 
TI 
TRW 
Hitachi 
TI 
I=Rir~ild 

Hitachi 
Mitsubishi 
National 
NEG America 
Signetics 
TI 

Fairchild 
Hitachi 
Mitsubishi 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Signetics 
TI 
fCairchild 
Milsubishi 
National 

• Discontinued 

7423 
DM7423 
SN7423 
7425 
M53225 
DM7425 
SN7425 
7426 
HD7426 
DM7426 
7426 
SN7426 
7426 
7427 
HD7427 
M53227 
DM7427 
7427 
74283 
74290 
M53490 
SN74290 
74290 
74293 
M53493 
SN74293 
74293 
74298 
74298 
SN74298 
7430 
HD7430 
M53230 
DM7430 
p.PB7430 
7430 
SN7430 
7430 
7437 
M53237 
DM7437 
p.PB7437 
7437 
SN7437 
7437 
7438 
M53238 
OM7438 
/-IPB7438 
7438 
SN7438 
7438 
7440 
HD7440 
M53240 
DM7440 
IlPB7440 
7440 
SN7440 
7440 
H07441 
SN74141 
?1!I1!12 
HD7442 
M53242 
OM7442 
p.PB7442 
7442 
S~!7H2 

7443 
HD7443 
M53243 
7443 
SN7443 
7444 
HD7444 
M53244 
7444 
SN7444 
7445 
M53245 
OM7445 

~a::aurer 1 ~~r:ement Device 

MC7445 NEG Amenca /lPB7445 
Signetics 7445 
TI SN7445 
TRW 7445 

MC7446 Fairchild 7446 
National DM7446 
Signetics 7446 
TI SN7446 

MC7447 Fairchild 7447 
Mitsubishi M53247 
National DM7447 
NEG America /lPB7447 
Signetics 7447 

I MC7448 

TI SN7447 
Fairchild 7448 
Mitsubishi M53248 
Nanonal UM/441$ 
Signetics 7448 
TI SN7448 

MC7449 Fairchild 7449 
TI SN7449 

MC7450 Fairchild 7450 
Hitachi HD7450 
Mitsubishi M53250 
National DM7450 
NEe America I1PB7450 
Signetics 7450 

" SN7450 
TRW 7450 

MC7451 Fairchild 7451 
Hitachi HD7451 
National DM7451 
NEG America /lPB7451 
Signetics 7451 
TI SN7451 
TRW 7451 

MC7453 Fairchild 7453 
Hitachi HD7453 
Mitsubishi M53253 
National DM7453 
NEG America p.PB7453 
Signetics 7453 
TI SN7453 
TRW 7453 

MC7454 Fairchild 7454 
Hitachi H07454 
National DM7454 
NEC America /lPB7454 
Signetics 7454 

I 
TI SN7454 
TRW 7454 

MC7460 Fairchild 7460 

I Hitachi H07460 
Mitsubishi M53260 
National OM7460 
NEG America ,...PB7460 
Signetics 7460 
TI SN7460 
TRW 7460 

MC7470 Fairchild 7470 
Mitsubishi M53270 
National OM7470 
Signetics 7470 
TI SN7470 

MC7472 Fairchild 7472 
Hitachi H07472 
~Aitsl..!b!~h! M53272 
National OM7472 
Signetics 7472 
TI SN7472 
TRW 7472 

MC7473 Fairchild 7473 
H:tac!1: Un"'7'A"'7'oI) 

Mitsubishi M53273 
National OM7473 
NEG America IlPB7473 
Signetics 7473 
TI SN7473 

MC7474 Fairchiid 7474 
Hitachi H07474 
Mitsubishi M53274 
National OM7474 
NEe America uPB7474 
Raytheon MC7474 
Signetics 7474 
TI SN7474 

IC Master ~~:'acturer I ::ac!ement Device IC Master 
Page Page 

MC7474 TRW 7474 
MC7475 Fairchild 7475 

Hitachi HD7475 
Mitsubishi M53275 
National DM7475 
Signetics 7475 

I TI SN7475 I TRW 7475 
MC7476 Fairchild 7476 

Hitachi HD7476 
Mitsubishi M53276 
National DM7476 
NEG America p.PB7476 
Signetics 7476 

I 
TI SN7476 
TRW 7476 

MC7477 Fairchild 7477 
Signetics 7477 
TI SN7477 

MC7480 Fairchild 7480 
Mitsubishi M53280 
NEG America J.tPB7480 
Signetics 7480 
TI SN7480 

MC7482 Fairchild 7482 
TI SN7482 

MC7483 Fairchild 7483 
Mitsubishi M53283 
National DM7483 
Signetics 7483 
TI SN7483 

MC7485 Fairchild 7485 
Hitachi HD7485 
Mitsubishi M53285 
National DM7485 
NEG America p.PB7485 
Signetics 7485 
TI SN7485 
TRW 7485 

MC7486 Fairchild 7486 
Hitachi HD7486 
Mitsubishi M53286 
National DM7486 
NEG America p.PB7486 
Signetics 7486 
TI SN7486 
TRW 7486 

MC7490 Fairchild 7490 
Hitachi HD7490 

I 
Mitsubishi M53290 
National OM7490 
Signetics 7490 
TI SN7490 

SN7490A 
TRW 7490 

MC7491 Fairchild 7491 
Hitachi H07491 
Mitsubishi M53291 
National OM7491 
NEG America /lPB7491 I 
Signetics 7491 

I TI SN7491 
SN7491A 

MC7492 Fairchild 7492 
Hitachi H07492 
Mitsubishi M53292 
N~t:cn3! D~ .. ~7~q2 
Signetics 7492 
TI SN7492 

SN7492A 
TRW 7492 

MC7493 Fairchild 7493 
nIlCU;11I HD74S3 
Mitsubishi M53293 
National OM7493 
Signetics 7493 
TI SN7493 

SN7493A 
TRW 7493 

MC7494 Fairchild 7494 
TI SN7494 

MC7495 Fairchild 7495 
Hitl'lmi Hn74~O:; 

Mitsubishi M53295 
National OM7495 
Signetics 7495 

Manufacturer I Replacement Ie linter 
Device Source Device 

MC7495 

MC7496 

MC7497 

.MC75107 

.MC75108 

MC75109 

MC75110 

MC75140 
MC7520 

MC7521 

.MC7522 

.MC7523 

MC7524 

MC7525 

MC7528 

MC7529 

MC75325 

MC7534 

MC7535 
MC75358 
MC75365 
MC75368 
MC7538 

TI 

Fairchild 
Hitachi 
Mitsubishi 
National 
$lgnetlCS 
TI 
TRW 
Fairchild 
TI 
AMD 
Fairchild 
National 
Raytheon 
TI 
AMD 
Fairchild 
National 
Raytheon 
TI 
AMD 
Fairchild 
Raytheon 
TI 
AMD 
Fairchild 
Raytheon 
TI 
TI 
National 
Signetics 
Silicon G 
TI 
Signetics 
Silicon G 
National 
Signetics 
Siiicon G 
TI 
Signetics 
Silicon G 
TI 
AMD 
Fairchild 
National 
Signetics 
Silicon G 
T! 
AMO 
Signetics 
Silicon G 
TI 
Fairchild 
National 
Silicon G 
TI 
Silicon G 
TI 
AMD 
Fairchild 
National 
Ra"theor: J 

Silicon G 
TI 
National 
t"'Io:I: ___ ,... 

\J'1t!yVII \.:J 

Silicon G 
TI 
TI 
TI 
National 

SN7495 
SN7495A 
7496 
HD7496 
M53296 
DM7496 
7496 
SN7496 
7496 
7497 
SN7497 
SN75107 
75107 
DS75107 
RC75107 
SN75107A 
SN751 08 
75108 
DS751 08 
RC751 08 
SN75108A 
SN751 09 
75109 
RC751 09 
SN75109 
SN75110 
75110 
RC75110 
SN75110 
SN75140 
DS7520 
7520 
SG7520 
SN7520 
7521 
SG7521 
DS7522 
7522 
SG7522 
SN7522 
7523 
SG7523 
SN7522 
SN7524 
75S24 
OS7524 
7524 
SG7524 
SN7524 
SN7525 
7525 
SG7525 
SN7524 
7528 
OS7528 
SG7528 
SN7528 
SG7529 
SN7528 
SN75325 
75325 
OS75325 
AC75325 
SG75325 
SN75325 
OS7534 
SG7534 
SG7535 
SN75368 
SN75365 
SN75368 
OS7538 

v1l1\;U11 u SG7536 
MC7539 
MC75450 

MC75451 

Silicon G 
Fairchild 
National 
Raytheon 
Silicon G 
TI 
Fairchild 
National 
Raytheon 

TI 
MC75452 Fairchild 

National 

SG7539 
75450 
OS75450 
RC75450 
SG75450 
SN7~50 

75451 
0575451 
RC75451 

SN75451 
75452 
OS75452 

Page 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE" DIRECTORY 

Manufacturer I ~ Ie Master Manufacturer I Replacement Ie Master Manufacturer I Replacement " IC .... ster ~anufacturer I Replacement Ie Master 
Device Source Device Page Device Source Device Page Device Source Device Page Device Source" Device Page 

Motorola Semiconductor MC7815 NEe America IJ.PC14315 MC8300 Raytheon RC9300 MC852 TI SN158099 

(cont'd) 
Raytheon RC7815 TI 'SN74195 MC853 Fairchild 9093 
Signetics IJ.A7815 MC8301 AMD 9301 National DM9093 
Silicon G SG7815 Fairchild 9301 TI SN158093 

MC75452 Raytheon RC75452 TI IJ.A7815 Signetics N8252 MC855 Fairchild 9097 

Silicon G SG75452 MC7818 Fairchild IJ.A7818 TI SN29301 National DM9097 

TI SN75452 National LM340-18 1060 MC8304 AMD 9304 TI SN158097 

MC75453 Fairchild 75453 NEe America IJ.PC14318 Fairchild 9304 MC856 Fairchild 9094 

National DS75453 Raytheon RC7818 Raytheon RC9304 National DM9094 

Raytheon RC75453 Signetics IJ.A7818 MC8308 AMD 9308 TI SN158094 

Silicon G SG75453 Silicon G SG7818 Fairchild 9308 MC857 Fairchild 9157 

TI SN75453 TI IJ.A7818 Raytheon RC9308 Hitachi HD2213 

MC75454 Fairchild 75454 MC7824 Fairchild IJ.A7824 TI SN29308 National DM957 

Silicon G SG75454 National LM340-24 1060 MC8309 AMD 9309 TI SN15857 

TI SN75454 NEe America ",PC14324 Fairchild 9309 MC858 Fairchild 9158 

MC75460 TI SN75460 Raytheon RC7824 TI SN29309 Hitachi HD2214 

MC75461 TI SN75461 Signetics IJ.A7824 MC831 Fairchild 931 National DM958 

MC75462 TI SN75462 Silicon G SG7824 TI SN15831 TI SNl5858 

MC75463 TI SN75463 TI ",A7824 MC831 0 AMD 9310 MC8601 AMD 9601 

MC75464 TI SN75464 MC7905 Fairchild ",A79OS Fairchild 9310 Fairchild 9601 

MC75491 Fairchild 75491 National LM7905 1061 Raytheon RC931 0 Raytheon RF8601 

National DS75491 Signetics ~7905 TI SN74160 Signetics 8T22 

TI SN75491 Silicon G SG320-05 MC8311 AMD 9311 TI SN29601 

MC75492 Fairchild 75492 TI ~7905 Fairchild 9311 MC8602 AMD 9602 

National DS75492 MC7905.2 Signetics ",A7905.2 Raytheon RC9311 Raytheon RF8602 

TI SN75492 MC7906 Fairchild ",A7906 TI SN74154 MC861 Fairchild 961 

MC770p Signetics ~78M05 National LM7906 1061 MC8312 AMD 9312 National DM961 

MC77Q6 Signetics ' ~78M06 Signetics ",A7906 Fairchild .9312 TI SNl5861 

MC78L02 Signetics ",A78L02 TI ",A7906 Raytheon RC9312 MC862 Fairchild 962 

MC78L02.6 TI ",A78L02 MC790B Fairchild ",A79OB Signetics N8230 Hitachi HD2207 

MC78L05 NEe America ",PC78L05 National LM7908 1061 TI SN29312 National DM962 

Signetics ",A78L05 Signetics ",A7908 MC8314 AMD 9314 TI SN15862 

TI ",A78LOS TI ~79OB MC8316 AMD 9316 MC863 Fairchild 963 

MC78L06.2 TI ",A78L06 MC7912 Fairchild ",A7912 Fairchild 9316 National DM963 

MC78L08 NEe America ",PC78L08 National LM7912 1061 Raytheon RC9316 TI SN15863 

Signetics ",A78LOB Signetics ~7912 TI SN74161 MC930 Fairchild 930 

TI ",A78L08 Silicon G SG320-12 MC8318 AMD 9318 Raytheon RM930 

MC78L12 NEe America ",PC78L12 TI ~7912. TI SN29318 T1 SN15930 

Signetics ",A78L12 MC7915 Fairchild ",A7915 MC832 Fairchild 932 MC9300 AMD 9300 

TI ~78L12 National LM7915 1061 Hitachi HD2201 Fairchild 9300 

MC78L15 NEe America ",PC78L 15 Signetics ",A7915 National DM932 Raytheon RM9300 

Signetics ",A78U5 Silicon G SG320-15 TI SNl5832 TI SN54195 

TI ",A78U5 TI ",A7915 MC8328 AMD 9328 MC9301 AMD 9301 

MC78L24 Signetics ~78L24 MC7918 Fairchild ",A7918 Fairchild 9328 Fairchild 9301 

MC78M05 NEe America ",PC78M05 National LM7918 1061 Signetics N8277 Ti SN39301 

Signetics ",A78M05 Signetics p.A7918 MC833 Fairchild 933 MC9304 AMD 9304 

TI ",A78MO~ TI ",A7918 Hitachi HD2202 Fairchild 9304 

MC78M06 Signetics ",A78M06 MC7924 Fairchild ",A7924 National DM933 Raytheon RM9304 

T1 ",A78M06 National LM7924 1061 TI SN15833 M~93OB AMD 9308 

MC78M08 NEe America ",PC78M08 Signetics IlA7924 MC834 TI SN15834 Fairchild 9308 

TI ~78M08 TI IlA7924 MC835 Fairchild 9135 Raytheon RM9308 

MC78M12 NEG America J'PC78M12 MC7952 Silicon G SG320-5.2 TI SN15838 TI SN3930B 

TI IlA78M12 MC8T13 Fairchild 8T13 MC836 Fairchild 936 MC931 Fairchild 931 

MC78M15 NEG America ",PC78M15 TI 'SN75121 Hitachi HD2206 TI SN15931 

TI p.A78M15 MC8T14 Fairchild 8T14 National DM936 MC9310 AMD 9310 

MC78M20 T1 ~78M20 TI SN75122 TI SN15836 Fairchild 9310 

MC78M24 TI ",A78M24 MC8T23 Fairchild 8T23 MC837 Fairchild 937 Raytheon RM9310 

MC7805 Fairchild IlA780S TI SN75123 National DM937 TI SN54160 

National LM340-5 1060 MC8T24 Fairchild 8T24 TI SNl5837 MC9311 AMD 9311 

NEG America IlPC 14305 T1 SN75124 MC840 Fairchild 935 Fairchild 9311' 

Raytheon RC7805 MC8T26 AMD \ NST26 National DM935 Raytheon RM9311 

Signetics ~7805 Hitachi HQ268T26 TI SN15835 TI SN54154 

Silicon G SG7805 Signetics N8T26 MC841 TI SNl5835 MC9312 AMD 9312 

TI ~7805 MC8T28 Signetics N8T28 MC844 Fairchild 944 Fairchild 9312 

MC7806 Fairchild ~7806 MC8T95 Motorola MC6885 Hitachi HD2209 Raytheon RM9312 

National LM340-6 1060 MC8T96 Motorola MC6886 National DM944 Signetics S8230 

Raytheon RC7806 Me8T97 Motorola MC6887 MC845 Fairchild 945 TI SN39312 

Signetics ~7806 MC8T98 Motorola MC6888 Hitachi HD2205 MC9314 AMD 9314 

Silicon G SG7806 MC8241 Raytheon RM8241 National DM945 Fairchild 9314 

TI ~7806 Signetics S8241 TI SN15845 MC9316 AMD 9316 

MC7808 Fairchild ~7808 MC8242 Fairchild 9386 MC846 Fairchild 946 Fairchild 9316 

National LM340-8 1060 Raytheon RM8242 Hitachi HD2203 Raytheon RM9316 

NEe America p.PC14308 Signetics 58242 National DM946 TI SN54161 

Raytheon RC780B MC8250 Raytheon RM8250 TI SN15846 MC9318 AMD 9318 

Signetics p.A78OB Signetics 58250 MC848 Fairchild 948 Fairchild 9318 

Silicon G SG780B MC8251 Raytheon RM8251 National DM948 TI SN39318 

TI p.A78OB Signetics S8251 TI SN15848 MC932 Fairchild 932 

MC7812 Fairchild ~7812 MC8260 Raytheon RM8260 MC849 Fairchild 949 Raytheon RM932 

National LM34O-12 1060 MC8261 Raytheon RM8261 National DM949 TI SN15939 

NEG America p.PC 14312 Signetics S8261 TI SN15849 MC9328 AMD 9328 

Raytheon RC7812 MC830 Fairchild 930 MC850 Fairchild 950 Fairchild 9328 

Signetics p.A7812 Hitachi HD2204 TI SN15850 Signetics N8277 

Silicon G SG7812 National DM930 MC851 Fairchild 951 MC933 Fairchild 933 
TI ~7812 TI SN15930 TI SNl5851 TI SN15933 

MC7815 Fairchild ~7815 MC8300 AMD 9300 MC852 Fairchild 951 MC934 TI SN15934 

National LM34O-15 1060 Fairchild' 9300 National DM9099 MC935 Fairchild 9135 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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ICMASTER 
~-:!acturer I =ement Device IC Master 

Page 

Motorola Semiconductor 
(cont'd) 

MC935 

MC936 

MC937 

MC940 

MC943 
MC944 

MC945 

MC946 

MC948 

MC949 

MC950 

MC951 

MC952 

MC953 

MC955 

MC956 

MC957 

MC958 

MC9601 

MC9602 

MC961 

MC962 

MC963 

.MFC4000 

.MFC4010 

.MFC6040 

.MFC8030 

.MFC8070 
MlM304 
MMHOO26 

MM2316E 

MQ3724 
MQ3725 
NE592 
SE592 
::;Nt>4H04 
SN54:"SOO 

Raytheon RM935 
TI SN15938 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
Ti 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
TI 
Frurchild 
TI 
Fairchild 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
AMD 
Raytheon 
Signetics 
TI 
AMD 
Fairchild 
Raytheon 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
R::tythAnn 

TI 
Motorola 
Motorola 
Motorola 
Motorola 
Motl)rQ!a 
TI 
AMD 
National 
TI 
AMI 

RCA 
RCA 
AMD 
AMD 
Signetics 
Fairchild 
National 

936 
RM936 
SN15936 
937 
RM937 
SN15937 
935 
RM940 
SN15935 
SH2001 
944 
RM944 
SN15944 
945 
RM945 
SN15945 
946 
RM946 
SN15946 
948 
RM948 
SNi5948 
949 
RM949 
SN15949 
950 
RM950 
SN15950 
951 
RM951 
SN15951 
9099 
RM952 
SN159099 
9093 
SN159093 
9097 
SN159097 
9094 
SN159094 
9157 
RM957 
SN15957 
9158 
RM958 
SN15958 
9601 
RF9601 
S8T22 
SN29601 
9602 
9602 
RF9602 
961 
RM961 
SN15961 
962 
RM962 
SN15962 
963 
I'lM96~ 

SN15963 
MC3360 
MC3310 
MC3340 
MC3330 
Mt:33?'.l 
lM304 
MMHOO26 
DSOO26 
SN75369 
5683113 

1215,1806 
CA3724 
CA3725 
NE592 
SE592 
10170 
54LSOO 
DM54lS00 

• Discontinued 

I 

Manufacturer i Replacement IC Master 
Device ' Source Device Page 

SN54LSOO Raytheon 
Signetics 
TI 

SN54LS02 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS03 Fairchild 
National 
Raytheon 
Sigr)etics 
TI 

SN54LS04 Fairchild 
National 
Raytheon 
5,gneucs 
TI 

SN54lS05 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS08 Fairchild 
National 
Raytheon 
Signetics 
T' 
" 

SN54lS09 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS 1 0 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54lS 1 07 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54lS109 Fairchild 
National 
Raytheon 
Signetics 
Ti 

SN54lS11 Fairchild 
National 
Raytheon 

54LSOO 
54LSOO 
SN54LSOO 
54LS02 
DM54LS02 
54LS02 
54LS02 
SN54LS02 
54LS03 
DM54LS03 
54LS03 
54LS03 
SN54LS03 
54LS04 
DM54lS04 
54LS04 
:>4LSU4 
SN54LS04 
54LS05 
DM54LS05 
54LS05 
54LS05 
SN54LS05 
54LS08 
DM54LS08 
54LS08 
54LS08 
SN54Lsoa 

I SN54LS114 

Signetics 
TI 
Fairchild 

54LS09 
DM54LS09 
54LS09 
54LS09 
SN54LS09 
54LS10 
DM54LS10 
54LS10 
54LS10 
SN54LS10 
54LS107 
DM54LS107 
54LS107 
54LS107 
SN54LS107 
54LS109 
DM54LS109 
54LS109 
54LS109 
SN54LS109 
54LS11 
DM54LS11 
54LS11 
54LS11 
SN54LS11 
54LS114 
DM54LS114 
54LSl14 
54LS114 
SN54LS114A 
54LS126 
DM54LS126 
54LS126 
54LS126 
SN54LS126A 
54LS13 
DM54LS13 
54LS13 
54LS13 
SN54LS13 
54LS132 
DM54LS132 
54LS132 
54LS132 

National 
Raytheon 
Signetics 
TI 

SN54lS126 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS13 Fairchild 
National 
Raytheon 
~ian,=,ti,=,~ 

TI 
SN54LS 132 Fairchild 

National 
Raytheon 
Signetics 
T! 

SN54LS136 Fairchild 
Raytheon 
Signetics 
TI 

SN54LS 138 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS139 AMD 
Fairchild 
NatIOnal 
Raytheon 

SN54LS132 
54LS136 
54LS136 
54LS136 
SN54LS136 
54LS138 
DM54LS138 
54LS138 
54LS138 
SN54LS138 
SN54LS139 
54LS139 
OM54LS139 
54LS139 

Mllllufacturer i Replacement 
Device i Source Device 

IC Master 
Page 

SN54lS 139 Signetics 
Tl 

SN54LS14 Fairchild 
National 
Raytheon 
Signetics 
Ti 

SN54LS 15 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS151 AMD 
Fairchild 
t\atlonal 
Raytheon 
Signetlcs 
TI 

SN54LS 152 Fairchild 
Raytheon 
TI 

SN54LS153 AMD 
Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS i 55 Fairchiid 
National 
Raytheon 
T! 

SN54LS156 Fairchild 
National 
Raytheon 
TI 

SN54LS157 AMD 
Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS158 fairchild 
National 
Raytheon 
Signetlcs 
TI 

SN54lS160A AMD 
Fairchild 
National 
Raytheon 
TI 

SN54LS161A AMD 
Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS162A AMD 
I=alrchild 
National 
Raytheon 
TI 

SN541 Sln~A AMI) 

Fairchild 
National 
Raytheon 

TI 
SN54LSl64A AMD 

Fairchild 
National 
Raytheon 
..::J1~fltJ:U\,i:> 

TI 
SN54LS 170 AMD 

Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS175 AMD 
Fairchild 
N",tinn",' 

Raytheon 
Signetics 
TI 

74lS139 
SN54LS139 
54LS14 
DM54LSt4 
54[.814 
54LS14 
SNt>4U:i14 
54LS15 
DM54LS15 
54LS15 
54lS15 
SN54LS15 
SN54LS151 
54LS151 
DM54LS151 
54LS151 
54lS151 
SN54LS151 
54LS152 
54LS152 
SN54LS152 
SN54LS153 
54LS153 
DM54LS153 
54LS153. 
54LS153 
SN54LS153 
54LSi55 
DM54LS155 
74LS155 
SN54LS155 
54LS156 
DM54LS156 
54[.S156 
S~54LS156 

SN54LS157 
54LS157 
DM54.1S157 
54LS157 
54LS15? 
SN54LS157 
54LS158 
DM54LS158 
54LS158 
54LS158 

'SN54LS158 
SN54LS160 
54LS160 
DM54LS160 
54LS160 
SN54LS160A 
SN54LS161 
54LS161 
DM54LS161 
54lS161 
54LS161A 
SN54LS161A 
SN54LS162 
54LS162 
DM54LS162 
54tS162 
SN54LS162A 
SN54LS163 
54LS163 
DM54LS163 
54LS163 

54LS163A 
SN54LSl64 
54LS164 
DM54LS164 
54LS164 
54i...Slo4 
SN54LSl64A 
SN54LS170 
54LS170 
DM54LS170 
54LS170 
54LS170 
SN54LS170 
SN54LS175 
54LS175 
nM0:;41 <::170:; 

54LS175 
S4LS175 
SN54L S175 

Manufacturer I Replacement IC Master 
Device I. Source Device Page 

SN54LS181 AMD 
Fairchild 
Raytheon 
Signetics 
TI 

SN54LS190 AMD 
Fairchild 
National 
Raytheon 
S·gnetics 
TJ 

SN54LS191 AMD 
Fa,rchild 
National 
Raytheon 
Signetics 
TI 

SN54LS192 AMD 
Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS193 AMO 
FairchHd 
National 
Raytheon 
Signetics 
TI 

SN54LS 194 AMD 
FaIrchild 
Raytheon 
TI 

SN54LS195 AMD 
Fa:rchlld 
Raytheon 
Signetics 
TI 

SN54LS196 Fairchild 
National 
Raytheon 
TI 

SN54LS197 Fairchild 
National 
Raytheon 
Ti 

SN54LS20 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS21 Fairchild 
National 
Haytheon 
Signetics 

. TI 

SN54lS22 Fairchild 
National 
Raytheon 
Signetics 
TI 

SN54LS251 AMD 

Raytheon 
Signetics 
TI 

Fairchild 
National 
Raytheon 
Signetics 
TI 

Si-l54LS257 i=i:lirchiici 
National 
Raytheon 
Signetics 
TI 

SN54lS258 AMD 
Fairchild 
Raytheon 
TI 

SN54lS259 Fairchild 

SN54LS266 Fairchild 
Raytheon 
S'gnetlcs 

SN54LS181 
54LS181 
54LS181 
54LS181 
SN54LS181 
SN54LS190 
54LS190 
DM54LS190 
54~S190 

511LS190 
SN54LS190 
SN54LS191 
54LS191 
DM54LS191 
54LS191 
54LS191 
SN54LS191 
SN54LS192 
54LS192 
DM54LS192 
54LS192 
54LS192 
SN54LS192 
SN54LS193 
54LS193 
DM54LS193 
54LS193 
54LS193 
SN54LS193 
SN54LS194A 
54LS194 
54LS194A 
SN54LS194A 
SN54LS195A 
54LS195 
54LS195A 
54LS195A 
SN54LS195A 
54LS196 
DM54LS196 
54LS196 
SN54LS196 
54LS197 
DM54LS197 
54LS197 
SN54LS197 
54LS20 
DM54LS20 
54LS20 
54LS20 
SN54LS20 
54LS21 
DM54LS21 
54LS21 
54LS21 
SN54LS21 
54LS22 
DM54LS22 
54LS22 
54LS22 
SN54LS22 
SN54LS251 

54LS251 
54LS251 
SN54LS251 
3N54LS253 
54LS253 
DM54LS253 
54LS253 
54LS253 
SN54LS253 
::l4L::;2tll 
DM54LS257 
54LS257 
54:"8257 
S"J54lS257 
SN54LS258 
54LS258 
54lS258 
SN54LS258 
54LS259 
C~IC:;Ar ~I")r.;n 

54LS266 
f,4LS266 
54lS266 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement IC Master llanufacturer I Replacement IC Master Manufacturer I Replacement IC Master . Manufacturer I Reptacement IC Master 
Device ·Source Device Page Device Source Device Page Device Source Device Page Device Source Device Page 

Motorola Semiconductor SN54LS670 Fairchild 54LS670 SN74LS09 Hitachi HD74LS09 SN74LS15 TI SN74LS15 

(cont'd) 
National DM54LS670 National DM74LS09 SN74LS151 AMD SN74LS151 
Raytheon 54LS670 Raytheon 74LS09 Fairchild 74LS151 
Signetics 54LS670 Signetics 74LS09 Hitachi HD74LS151A 

SN54LS266 TI SN54LS266 TI SN54LS670 TI SN74LS09 National DM74LS151 

SN54LS27 Fairchild 54LS27 SN54LS73 Fairchild 54LS73 SN74LS10 Fairchild 74LS10 . NEe America /1P874LS151 

National DM54LS27 National DM54LS73 Hitachi HD74LS10 Raytheon 74LS151 

Raytheon 54LS27 Raytheon 54LS73 National· DM74LS10 Signetics 74LS151 

Signetics 54LS27 Signetics 54LS73 NEe America /1P874LS10 TI SN74LS151 

TI SN54LS27 TI SN54LS73 Raytheon 74LS10 SN7 4LS 152 Fairchild 74LS152 

SN54LS279 Fairchild 54LS279 SN54LS74 Fairchild 54LS74 Signetics 74LS10 Hitachi HD74LS152 

National DM54LS279 National DM54LS74 n SN74LS10 Raytheon 74LS152 

Raytheon 74LS279 Raytheon 54LS74 SN74LS107A Hitachi HD74LS107 SN74LS153 AMD SN74LS153 

Signetics 54LS279 Signetics 54LS74 SN74LS109 Fairchild 74LS109 Fairchild 74LS153 

TI SN54LS279 TI SN54LS74 National DM74LS109 Hitachi HD74LS153 

SN54LS283 Fairchild 54LS283 SN54LS83 Fairchild 54LS83 NEe America /1P874LS109 National DM74LS153 

National DM54LS283 National DM54LS83 Raytheon 74LS109 NEe America J.LPB74LS153 

Raytheon 54LS283 Raytheon 54LS83A Signetics 74LS109 Raytheon 74LSl53 

TI SN54LS283 TI SN54LS83A Tl SN74LS109 Signetics 74lS153 

SN54LS295 Fairchild 54LS295 SN54lS86 Fairchild 54LS86 SN74lS11 Fairchild 74LS11 TI SN74LSl53 

Raytheon 54LS295A Raytheon 54LS86 Hitachi HD74LS11 SN74lS155 Fairchild 74LS155 

TI SN54LS295B Signetics 54LS86 National DM74LS11 Hitachi HD74LS155 

SN54LS298 Fairchild 54LS298 TI SN54LS86 NEe America /1PB74LS11 National DM74LS155 

Raytheon 54lS298 SN54lS90 Fairchild 54LS90 Raytheon 74LS11 NEe America ",P874LS 155 

TI SN54LS298 Raytheon 54lS90 Signetics 74LS11 Raytheon 74LS155 

SN54LS30 Fairchild 54lS30 Signetics 54LS90 TI SN74LS11 Signetics 74LSl55 

Nation~1 DM54LS30 TI SN54LS90 SN74LS112A Hitachi HD74LS112 TI SN74LS15.5 

Raytheon 54LS30 SN54LS92 Raytheon 54LS92 SN74LSl13A Hitachi HD74LSl13 SN74LSl56 Fairchild 74LS156 

Signetics 54LS30 Signetics 54LS92 SN7 4LS 114 Fairchild 74LS114 Hitachi HD74LS156 

TI SN54LS30 TI SN54LS92 National DM74lS114 National DM74LSl56 

SN54LS32 Fairchild 54LS32 SN54LS93 Fairchild 54LS93 Raytheon 74LS114 Raytheon 74LS156 

National DM54LS32 Raytheon 54LS93 Signetics 74LSH4 Signetics 74LS156 

Raytheon 54LS32 SiQnetics 54LS93 TI SN74LSl14 TI SN74LS156 

Signetics 54LS32 TI SN54LS93 SN74LS114A Hitachi HD74LS114 SN74LS157 AMD SN74LS157 

TI SN54LS32 SN54LS95B Fairchild 54LS95B SN74LS12 Hitachi HD74LS12 Fairchild 74LS157 

SN54LS365A FairChild 54LS365 Raytheon 54LS958 SN74LS123 Hitachi HD74LS123 National DM74LS157. 

Raytheon 54LS365 TI SN54LS958 SN74LS126 Fairchild 74LS126 NEe America /1P874LS157 

Si~netics 54LS365A SN54S112 Fairchild 54S112 National DM74LS126 Raytheon 74LS157 

TI SN54LS365A TI SN54S112 Raytheon 74LSl26 Signetics 74lS157 

SN54LS366A Fairchild 54lS366 SN54S113 Fairchild 54S113 Signetics 74LS126 TI SN74LS157 

Raytheon 54LS366 TI SN54S113 TI SN74LS126A SN74LS158 AMD SN74LSl58 

Signetics 54LS366A SN73LS368A Raytheon 74LS368 SN74LS13 Fairchild 74LS13 Fairchild 74LS158 
I 

TI SN54LS366A SN74LSOO Fairchild 74LSOO Hitaclli HD74LS13 Hitachi HD74lS158 

SN54LS367A Fairchild 54LS367 Hitachi HD74LSOO National DM74LS13 National DM74LSl58 

Raytheon 54LS367 National DM74LSOO Raytheon 74LS13 Raytheon 74LS158 

Signetics 54LS367A NEe America ",P874LSOO Signetics 74LS13 Signetics 74LS158 

TI SN54LS367A Raytheon 74LSOO TI SN74LS13 TI SN74LS158 

SN54LS368A Fairchild 54LS368 Signetics 74LSOO SN74LS132 Fairchild 74LS132 SN74LSl60A AMD SN74LS160 

Raytheon 54LS368 TI SN74LSOO Hitachi HD74LS132 Fairchild 74LSl60 

Signetics 54LS368A SN74LS01 Hitachi HD74LS01 National DM74LS132 Hitachi HD74LS160A 

TI SN54LS368A SN74LS02 Fairchild 74LS02 Raytheon 74LS132 National DM74lS160 

SN54LS37 Fairchild 54LS37 Hitachi HD74LS02 Signetics 74LS132 Raytheon 74LS160 

National DM54LS37 National DM74LS02 TI SN74LS132 Signetics 74LSl60A 

Raytheon 54LS37 NEe America /1P874LS02 SN74LS136 Fairchild 74LS136 n SN74LSl60A 

Signetics 54LS37 Raytheon 74LS02 Hitachi HD74LS136 SN74LS161A AMD SN74LS161 

TI SN54LS37 Signetics 74LS02 National DM74LSl36 Fairchild 74LS161 

SN54LS38 Fairchild 54LS38 TI SN74LS02 Raytheon 74LS136 Hitachi HD74LS161A 

National DM54LS38 SN74lS03 Fairchild 74LS03 Signetics 74LS136 National DM74!-S161 

Raytheon 54LS38 Hitachi HD74LS03 TI SN74LS136 NEe America ",P874LS161 

Signetics 54LS38 National DM74LS03 SN74LSl38 AMD SN74LS138 Raytheon 74LS161 

TI SN54LS38 NEe America /1PB74LS03 Fairchild 74LS138 Signetics 74LS161A 

SN54LS40 Fairchild 54LS40 Raytheon 74LS03 Hitachi HD74LS138 TI SN74LS161A 

National DM54LS40 Signetics 74LS03 National DM74LS138 SN74LS162A AMD SN74LS162 

Raytheon 54LS40 TI SN74LS03 NEe America /1PB74LSl38 Fairchild 74LS162 

Signetics 54LS40 SN74LS04 Fairchild 74LS04 Raytheon 74LS138 , Hitachi HD74LSl62A 

TI SN54LS40 Hitachi HD74LS04 Signetics 74LS138 National DM74LS162 
SN54LS42 Fairchild 54LS42 National DM74LS04 TI SN74LS138 Raytheon 74LS162 

National DM54LS42 NEe America I1P874LS04 SNi4LS139 AMD SN74LS139 Signetics 74LS162 
Raytheon 54LS42 Raytheon 74LS04 Fairchild 74LS139 TI SN74lS162 
Signetics 54LS42 Signetics 74LS04 Hitachi HD74LS139 SN74LS163A AMD SN74lS163 
Tl SN54LS42 TI SN74LS04 National DM74LS139 Fairchild 74LSl63 

SN54LS51 Fairchild 54LS51 SN74LS05 Fairchild 74LS05 NEe America-I1P874LS139 Hitachi HD74lS163A 
National DM54LS51 Hitachi HD74LS05 Raytheon 74LS139 National DM74LS163 
Raytheon 54LS51 National DM74LS05 Signetics 74LS139 Raytheon 74LS163 
Signetics 54LS51 NEe America I1P874LS05 n SN74LS139 Signetics 74LS163 
n SN54LS51 Raytheon 74LS05 SN74LS14 Fairchild 74LS14 TI SN74LSl63 

SN54LS54 Fairchild 54LS54 Signetics 74LS05 Hitachi HD74LS14 SN74LS164 Hitachi HD74LSl64 
National DM54LS54 TI SN74LS05 National DM74LS14 SN74LSl64A AMD SN74LSl64 
Raytheon 54LS54 SN74LS08 Fairchild 74LS08 Raytheon 74LS14 Fairchild 74LSl64 
Signetics 54LS54 Hitachi .HD74LS08 Signetics 74LS14 National DM74lS164 
n SN54LS54 National DM74LS08 TI SN74LS14 NEC America ",P874LSl64 

SN54LS55 Fairchild 54LS55 NEC America I1P874lS08 SN74LS15 Fairchild 74LS15 Raytheon 74LSl64 
National DM54LS55 Raytheon 74LS08 Hitachi HD74LS15 Signetics 74lS164 
Raytheon 54LS55 Signetics 74LS08 National DM74LS15 TI SN74LSl64 
Signetics 54LS55 TI SN74LS08 Raytheon 74LS15 SN74LS170 AMD SN74LS170 
TI SN54LS55 SN74LS09 Fairchild 74lS09 Signetics 74LS15 Fairchild 74lS170 

• Discontinued 
The manufacturers report their devices can be used as direct replacen16nts. 

Performance ~tails often differ, so compare the specifications considering your requirements. 
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~-::aurer i ~~:ement Device 
Ie Maater ~-:~:cturer I ::::ement 

Device 
IC Master Manufacturer I Replacement ICMuter Manuflcturer I Re~acement ICMuter 

Page Page DeVice !Source Device Page Device ' Source Device Page 

Motorola Semiconductor SN74LS21 Hitachi HD74LS21 SN74LS266 Ti SN74LS266 SN74LS375 Raytheon 74LS375 

(cont'd) 
National DM74LS21 SN74LS27 Fairchild 74LS27 Signetics 74LS375 

. NEe America JlPB74LS21 Hitachi HD74LS27 TI SN74LS375 
Raytheon 74LS21 National DM74LS27 SN74LS38 Fairchild 74LS38 

I 
SN7 4LS 170 National OM74LS170 Signetics 74LS21 NEe America JlPB74LS27 Hitachi HD74LS38 

Raytheon 74LS170 TI SN74LS21 Raytheon 74LS27 National DM74LS38 

Signetics 74LS170 I SN74LS22 Fairchild 74LS22 

! 
Signetics 74LS27 NEe America JA-PB74LS36 

TI SN74LS170 Hitachi HD74lS22 TI SN74LS27 Raytheon 74LS38 

SN74LS174 AMD SN74LS174 National DM74LS22 SN74LS279 Fairchild 74LS279 Signetics 74LS38 

Fairchild 74LS174 Raytheon 74LS22 National DM74LS279 TI SN74LS38 

Hitachi HD74LS174 Signetics 74LS22 NEe America JlPB74LS279 SN74LS386 Hitachi HD74LS386 

National DM74LS174 TI SN74LS22 Raytheon 74LS279 National DM74lS386 

Raytheon 74LS174 SN74LS221 National DM74LS221 Signetics 74LS279 Raytheon 74LS386 

Signetics 74LS174 Raytheon 74LS221 TI SN74LS279 Signetics 74LS386 

TI SN74LS174 

I 
Signetics 74LS221 SN74LS283 Fairchild 74LS283 TI SN74LS386 

SN74LS175 AMD SN74LS175 TI SN74LS221 Hitachi SN74LS283 SN74LS40 Fairchild 74LS40 

f-alrcnll<l 14LS175 SNi'4LS240 ArviD SN74LS24G Nationa; DM74LS2B3 Hltacnl H074LS40 

Hitachi HD74LS175 Fairchild 74LS240 Raytheon 74LS283 National DM74LS40 

National DM74LS175 MMI 74LS240 768 Signetics 74LS283 NEe America JlPB74LS40 

NEe America JlPB74LS175 Raytheon 74LS240 522 TI SN74LS283 Raytheon 74LS40 

Raytheon 74LS175 Signetics 74LS240 SN74LS290 Fairchild 74LS290 Signetics 74LS40 

Signetics 74LS175 TI SN74LS240 National . DM74LS290 I TI SN74LS40 

TI SN74LS175 SN74LS241 AMD SN74LS241 Signetics 74LS290 SN74LS42 Fairchild 74LS42 

SN74LS181 AMD SN74LS181 Fairchild 74LS241 TI SN74LS290 Hitachi HD74LS42 

Fairchild 74LS181 MMI 74LS241 768 SN74LS293 Fairchild 74LS293 National DM74LS42 

Raytheon 74LS181 Raytheon 74LS241 525 National DM74LS293 NEe America ",PB74LS42 

Signetics 74LS181 Signetics 74LS241 Signetics 74LS293 Raytheon 74LS42 

" SN74LS161 T! SN74LS241 " SN74LS293 SiQflt)tics 74LS42 

SN74LS190 AMD SN74LSl90 SN74LS242 AMD SN74lS242 SN74LS295 Fairchild 74LS295 TI SN74LS42 

Fairchild 74LS190 I Fairchild 74LS242 NEe America ",PB74LS295 SN74LS47 Hitachi HD74LS47 

National DM74LSl90 Raytheon 74LS242 528 Raytheon 74LS295A SN74LS48 Hitachi HD74LS48 

Raytheon 74LSl90 Signetics 74LS242 Signetics 74LS295 SN74LS49 Hitachi HD74LS49 

Signetics 74LSl90 TI SN74LS242 TI SN74LS295B SN74LS51 Fairchild 74LS51 

TI SN74LS190 SN74LS243 AMD SN74LS243 SN74LS298 Fairchild 74LS298 Hitachi HD74LS51 

SN74LS191 AMD SN74LS191 Fairchild 74LS243 Hitachi HD74LS298 National DM74LS51 

Fairchild 74LS191 Raytheon 74LS243 528 Raytheon 74 LS298 NEe America JlPB74LS51 

National DM74LS191 Signetics 74LS243 Signetics 74LS298 Raytheon 74LS51 

Raytheon 74LS191 TI SN74LS243 TI SN74LS298 Signetics 74LS51 

Signetics 74LS191 SN74LS244 AMD SN74LS244 SN74LS30 Fairchild 74LS30 TI SN74LS51 

TI SN74LS191 Fairchild 74LS244 Hitachi HD74LS30 SN74LS54 Fairchild 74LS54 

SN74LS192 AMD SN74LS192 MMI 74LS244 768 National DM74LS30 Hitachi HD74LS54 

Fairchild 74LS192 Raytheon 74LS244 525 NEe America IlPB74LS30 National DM74LS54 

National DM74LS192 Signetics 74LS244 Raytheon 74LS30 NEe America ",PB74LS54 

NEe America IlPB74LS192 TI SN74LS244 Signetics 74LS30 Raytheon 74LS54 

Raytheon 74LS192 SN74LS247 Hitachi HD74LS247 TI SN74LS30 Signetics 74LS54 

Signetics 74LS192 SN74LS248 Hitachi HD74LS248 SN74LS32 Fairchild 74LS32 TI SN74LS54 

TI SN74LS192 SN74LS249 Hitachi HD74LS249 Hitachi H074LS32 SN74LS55 Fairchild 74LS55 

SN74LSi93 AMD SN74LS193 I 
SN74LS251 AMD SN74LS251 National DM74LS32 Hitachi HD74LS55 

Fairchild 74LS193 Fairchild 74LS251 NEe America IlPB74LS32 National DM74LS55 

National DM74LS193 
I Hitadll HD74LS251 Raytheon 74LS32 NEe America IlPB74LS55 

NEe America JlPB74LS193 I National DM74LS251 Signetics 74LS32 Raytheon 74LS55 

Raytheon 74LS193 I NEe America ",PB74LS251 TI SN74LS32 Signetics 74LS55 

Signetics 74LS193 Raytheon 74LS251 SN74LS365A Fairchild 74LS365 TI SN74LS55 

TI SN74LS193 Signetics 74LS251 National DM74LS365 SN74LS670 FairChild 74 LS670 

SN74LS194 AMD SN74LS194A TI SN74LS251 NEe America JlPB74LS365 National DM74LS670 

Fa~rchild 74LS194 SN74LS253 AMD SN74LS253 Raytheon 74LS365 Raytheon 74LS670 

NEe America JlPB74LS194 Fairchild 74LS253 Signetics 74LS365A Signetics 74LS670 

Raytheon 74LS194A Hitachi HD74LS253 TI SN74LS365A TI SN74LS670 

Signetics 74LS194A National DM74LS253 SN74LS366A Fairchild 74lS366 SN74LS73 Fairchild 74LS73 

TI SN74LS194A NEe America IlPB74LS253 National DM74LS366 National DM74LS73 

SN74LS194A Hitachi HD74LS194A Raytheon 74LS253 NEe America IlPB74LS366 Raytheon 74LS73 

SN74LS195 AMD SN74LS195A Signetics 74LS253 Raytheon 74LS366 Signetics 74LS73 

Fairchild 74LS195 TI SN74LS253 SiQnetics 74LS366A TI SN74LS73 
NEe America IlPB74LS195 SN74LS256 Signetics 74LS256 TI SN74LS366A SN74LS73A Hitachi HD74LS73. 
Raytheon 74LS195A SN74LS257 AMD SN74LS257 SN74LS367 Hitachi HD74LS367 SN74LS74 Fairchild 74LS74 

Signetics 74LS195A Fairchild 74LS257 SN74LS367A Fairchild 74LS367 National DM74LS74 
TI SN74LS195A National DM74lS257 N~til'>nAI F)U741 S::If\7 tJEC .A"~:ice ~}!P87"LS74 

SN74LSl95A Hitachi HD74LS195A NEe America IlPB74LS257 NEe America IlPB74LS367 Raytheon 74LS74 
SN74LS196 Fairchild 74LSl96 Raytheon 74LS257 Raytheon 74LS367 Signetics 74LS74 

National DM74LS196 Signetics 74LS257 Signetics 74LS367A TI SN74LS74 
Raytheon 74LS196 TI SN74LS257 TI SN74LS367A SN74LS74A Hitachi HD74LS74A 
Signetics 74lS196 SN74LS257A Hitachi HD74LS257 SN74lS368A Fairchild 74LS368 SN74LS76A Hitachi HD74LS76 
TI SN74lS1Q6 SN741 S?AA AMD SN7 4LS258 H~tachi HD74LS28e SN74LS78A H:~c.'1: LU"''''AI ("..,n 

t tV' ....... \JIU 

SN74LS197 Fairchild 74'LS197 Fairchild 74LS258 National DM74LS368 SN74LS83 Fairchild 74LS83 
National DM74LS197 National DM74LS258 NEe America JlPB74LS368 National DM74LS83 
Raytheon 74LS197 NEe America JlPB74LS258 Signetics 74LS368A DM74LS83A 
Signet/cs 74LS197 Raytheon 74LS258 TI SN74LS368A Raytheon 74LS83A 
TI SN74LS197 Signetics 74LS258 SN74LS37 Fairchild 74lS37 Signetics 74LS83 

SN74LS20 Fairchild 74LS20 TI SN74LS258 Hitachi HD74LS37 Ti SN74LS83A 
Hitachi HD74LS20 SN74LS259 Fairchild 74LS259 National DM74LS37 SN74LS83A Hitachi HD74LS83A 
National DM74LS20 Signetics 74lS259 NEe America. IlPB74LS37 SN74LS85 Fairchild 74LS85 
NEe America p.PB74LS20 TI SN74LS259 Raytheon 74LS37 National DM74lS85 
Raytheon 74LS20 SN74LS26 Hitachi HD74LS26 Signetics 74LS37 Ravtheon 74LS85 
;,tgflt:lUCli 14L::'~U ::>N/4L::;~titi t-alrchild 74LS266 n SN74LS37 Signetics 74LS85 
T! SN74LS20 Raytheon 74LS266 SN74LS375 FaIrchild 74lS375 r, SN741.S85 

SN74LS21 Fairchild 74LS21 Signetics 74LS266 NEe America IlPB74LS375 SN74LS86 Fairchild 74LS86 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE OIRECTORY 
Manufacturer I Replacement ICMaster Manufacturer I Replacement IC Master Manufacturer I Replacement ICMaster Manufacturer I Repfacement IC Master 
Device Source Device Page DeVice Source DeVice Page DeVice Source DeVice Page DevIce Source DevIce Page 

Motorola Semiconductor ' CD4001 Solitron CM4001 CD4014 Fairchild F4014 CD4021 RCA CD4021 

(cont'd) 
SSS SCL4001 Mitel SIL4014 Solitron CM4021 
TI TP4001 Motorola MC14014 SSS SCL4021 
Toshiba TC4001 NEG America ,...PD4014 TI TP4021 

SN74LS86 Hitachi HD74LS86 CD4002 Fairchild F4002 RCA CD4014 Toshiba TC4021 

NEG America ,...PB74LS86 Mitel SIL4002 SGS HBF4014 CD4022 Fairchild F4022 

Raytheon 74LS86 Motorola MC14002 Solitron CM4014 Mitel SIL4022 

Signetics 74LS86 NEG America ,...PD4002 SSS SCL4014 Motorola MC14022 

TI SN74LS.66 RCA CD4OQ2 TI TP4014 RCA CD4022 

SN74LS90 Fairchild 74LS90 SGS HBF4002 Toshiba TC4014 SGS HBF4022 

Raytheon 74LS90 Solitron CM4002 CD4015 Fairchild F4015 Solitron CM4022 

Signetics 74LS90 SSS SCL4002 Mitel SIl4015 SSS SCL4022 

TI SN74LS90 TI TP4002 Motorola MC14015 TI TP4022 

SN74LS92 Fairchild 74LS92 Toshiba TC4002 NEG America ,...PD4015 Toshiba TC4022 

Hitachi HD74LS92 CD4006 Fairchild F4006 RCA CD4015 CD4023 Fairchild F4023 

Raytheon 74LS92 Motorola MC14006 SGS HBF4015 Mitel SIL4023 

Signetics 74LS92 NE,G America I1PD4OO6 Solitron CM4015 SII:.4923 

TI SN74LS92 RCA CD4006 SSS SCl.4015 Motorola MCl4023 

SN74LS93 Fairchild 74LS93 Solitron CM4000 TI TP4015 NEG America I1PD4023 

Raytheon 74LS93 SSS SCL4006 Toshiba TC4015 RCA CD4023 

Signetics 74LS93 CD4007 Fairchild F4007 CD4016 AD AD7516 SGS HBF4023 

TI SN74LS93 Mitel SIL4007 Fairchild F4016 Solitron CM4023 

SN74LS95 Fairchild 74LS95 Motorola MC14007 Micro Power MPS7516 SSS SCL4023 

Raytheon 74LS95B RCA CD4007 Mitel SIL4016 TI TP4023 

Signetics 74LS95B SGS HBF4007 Motorola MC14016 Toshiba TC4023 

Tl SN74LS95B Solitron CM4007 RCA CD4016 CD4024 Fairchild F4024 
SN74LS95B Hitachi HD74LS95B SSS SCL4007 Solitron CM4016 Mitel SIL4024 

SN74S-112 Fairchild 74S112 TI TP4007 SSS SCL4016 Motorola MC14024 

Hitachi HD74S112 Toshiba TC4007 TI TP4016 NEG America I1PD4024 
Mitsubishi M5S112 CD4008 Fairchild F4008 CD40160 Fairchild F40160 RCA CD4024 
Nationa'i DM74S112 Motorola MC14008 RCA CD40160 SGS HBF4024 
Signetics 74S112 RCA CD4008 CD40161 Fairchild F40161 Solitron CM4024 

TI SN74S112 SGS HBF4008 RCA CD40161 SSS SCL4024 

SN74S113 Fairchild 74S113 Solitron CM4008 CD40162 Fairchild F40162 TI TP4024 

Hitachi HD74S113 SSS SCL4008 RCA CD40162 Toshiba TC4024 
Mitsubishi M5S113 TI TP4008 CD40163 Fairchild F40163 CD4025 Fairchild F4025 
National DM74S113 Toshiba TC4008 RCA CD40163 Mitel SIL4025 
Signetics 74S113 CD4009 • Mitel SIL4009 CD4017 Fairchild F4017 SIl4925 

.TI SN74S113 RCA CD4009 Mitel SIl4017 Motorola MCl4025 
TBA395 Sprague ULN-2218 SGS HBF4009 Motorola MC14017 NEG America I1PD4025 
TBA396 Sprague ULN-2219 Solitron CM4009 NEG America ,...PD4017 RCA CD4025 
ULN2001 Exar XR2201 931 SSS SCL4009 RCA CD4017 SGS HBF4025 
ULN2002 Exar XR2202 931 TI TP4009 SGS HBF4017 Solitron CM4025 
ULN2003 Exar XR2203 931 Toshiba TC4009 Solitron CM4017 SSS SCL4025 
ULN2004 ,Exar XR2204 931 CD4010 Mitel SIL4010 SSS SCL4017 TI TP4025 
XR2201 Motorola ULN2001 RCA CD4010 TI TP4017 Toshiba TC4025 
3106 Fairchild 54H11 SGS HBF4010 Toshiba TC4017 CD4027 Fairchild F4027 

Solitron CM4010 CD40174 Fairchild F40174 Mitel SIL4027 

National Semiconductor SSS SCL4010 RCA CD40174 Motorola MC14027 
TI TP4010 CD4018 Fairchild F4018 NEG America I1PD4027 
Toshiba TC4010 Mitel SIL4018 RCA CD4027 

ADC0816 TI ADC0816 CD40106 Motorola MC14584 RCA CD4018 SGS HBF4027 
AH0126 Silicon!x 00126 National MM74C14 262 SGS HBF4018 Solitron CM4027 
AH0129 Siliconix 00129 RCA CD40106 Solitron CM4018 SSS SCL4027 

AH0133 Siliconix DG133 CD4011 Fairchild F4011 SSS SCL4018 TI TP4027 

AH0134 Siliconix DG134 Mitel SIL4011 1'1 ' TP4018 Toshiba TC4027 
AH0139 Siliconix DG139 SIL4911 Toshiba TC4018 CD4028 Fairchild F4028 

AH0140 Siliconix DG140 Motorola MC14011 CD4019 Fairchild F4019 Mitel SIl4028 

AH0141 Siliconix DG141 NEG America ,...PD4011 Mitel SIL4019 Motorola MC14028 

AH0142 Siliconix DG142 RCA CD4011 NEG America jiPD4019 NEG America ,...PD4028 
AH0143 Siliconix DG143 SGS HBF4011 RCA CD4019 RCA CD4028 
AH0144 . Siliconix DG144 Solitron CM4011 SGS HBF4019 SGS HBF4028 
AH0145 Siliconix DG145 SSS SCL4011 Solitron CM4019 ' Solitron CM4028 
AH0146 Siliconix DG146 TI TP4011 SSS SCL4019 SSS SCL4028 
AH0151 Siliconix DG151 Toshiba TC4011 TI TP4019 TI TP4028 
AH0152 Siliconix DG152 CD4012 Fairchild F4012 Toshiba TC4019 Toshiba TC4028 
AH0153 Siliconix DG153 Mitel SIL4012 CD40192 Fairchild F40192 CD4029 Fairchild F4029 
AH0154 Siliconix DG154 SIL4912 National MM74C192 Mitel SIL4029 
AH0161 Siliconix DG161 Motorola MC14012 RCA CD40192 NEG America ,...PD4029 
AH0162 Siliconix DG162 NEG America ,...PD4012 CD40193 Fairchild F40193 RCA CD4029 
AH0163 Siliconix DG163 RCA CD4012 National MM74C193 SGS HBF4029 
AH0164 Siliconix DGl64 SGS HBF4012 RCA CD40193 Solitron CM4029 
CA3089 Signetics CA3089 Solitron CM4012 CD4020 Fairchild F4020 SSS SCL4029 
CD4000 Mitel SIL4000 SSS SCL4012 Mitel SIL4020 TI TP4029 

Motorola MC14000 TI TP4012 Motorola MC14020 Toshiba TC4029 
RCA CD4000 Toshiba TC4012 NEG America ,...PD4020 CD4030 Fairchild F4030 
Solitron CM4000 CD4013 Fairchild F4013 RCA CD4020 Mitel SIL4030 
SSS SCL4000 Mitel SIL4013 SGS HBF4020 NEG America ,...PD4030 
TI TP4000 Motorola MC14013 Solitron CM4020 RCA CD4030 

CD4001 Fairchild F4001 NEG America ,...PD4013 SSS SCL4020 SGS HBF4030 
Mitel SIL4001 RCA CD4013 TI TP4020 Solitron CM4030 

SIL4901 SGS HBF4013 Toshiba TC4020 SSS SCL4030 
Motorola MC14001 Solitron CM4013 CD4021 Fairchild F4021 TI TP4030 
NEG America I1PD4001 SSS SCL4013 Mitel SIL4021 Toshiba TC4030 
RCA CD4001 TI TP4013 Motorola MC14021 CD4031 Fairchild F4031 
SGS HBF4001 Toshiba TC4013 NEG America I1PD4021 RCA CD4031 

• Discontinued 
The manufacturers report their devices can be used as direct replacements_ 

Performance details often differ. so compare the specifications considering your requirements. 
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(cont'd) 

CD4034 

CD4035 

CD4040 

CD4041 

CD4042 

CD4043 

CD4044 

CD4046 

CD4048 
CD4049 

CD4050· 

Fairchild 
Motorola 
NEG Amtlri(;ii 
RCA 
Solitron 
SSS 
Toshiba 
Fairchild 
Mitel 
Motorola 
NEC America 
RCA 
SG6 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
NEe America 
RCA 
So!itron 
SSS 
II 

Toshiba 
Fairchild 
RCA 
Solitron 
SSS 

Fairchild 
Mitel 
Motorola 
NEe America 
RCA 
SGS 
SOlitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
Motorola 
NEG America 
RCA 
Solitron 
SSS 
n 
Toshiba 
Fairchiid 
Mite I 
Motorola 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mltel 
Motorola 
RCA 
Solitron 
SSS 
RCA 
Fairchild 
Mitel 
Motorola 
NFr:AIn"!~~ 

RCA 
SGS 
Salitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
Motorola 
NEC America 
Ht;A 

SGS 
$olitron 

• Discontinued 

F4034 
MC14034 
p.PD4034 
CD4034 
CM4034 
SCL4034 
TC4034 
F4035 
SIL4035 
MC14035 
/-lPD4035 
CD4035 
HI:1F4035 
CM4035 
SCL4035 
TP4035 
TC4035 
F4040 
SIL4040 
p.PD4040 
CD4040 
CM4040 
SCL4040 
TP4040 
TC4040 
F4041 
CD4041 
CM4041 
CL4041 
SCL4041 
F4042 
SlL4042 
MC14042 
p.PD4042 
CD4042 
HBF4042 
CM4042 
SCL4042 
TP4042 
TC4042 
F4043 
SlL4043 
MC14043 
p.PD4043 
CD4043 
CM4043 
SCL4043 
TP4043 
TC4043 
F4044 
SlL4044 
MC14044 
p.PD4044 
CD4044 
CM4044 
SCL4044 
TP4044 
TC4044 
F4046 
SIL4046 
MC14046 
CD4046 
CM404S 
SCL4046 
CD4048 
F4049 
SIL4049 
MC14049 
},-PQ4049 
CD4049 
HBF4049 
CM4049 
SCl4049 
TP4049 
TC4049 
F4050 
SlL4050 
MC14050 
IlPD4050 
CD4050 
HBF4050 
CM4050 

Page =:::cturer I :=~nl Device 
Ie Master 
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CD4050 sss SCL4050 
TI TP4050 
Toshiba TC4050 

CD4051 Fairchild F4051 
Mitel SIL4051 
Motorola MC14051 

I 
NEe Ame!'i~a p.PD4051 
RCA CD4051 
Solitron CM4051 
SSS SCL4051 
TI TP4051 
Toshiba TC4051 

CD4052 Fairchild F4052 

I 
Mitel SIL4052 
Motorola MC14052 
NEe America /-lPD4052 
nvf'\ CD4052 
Solitron CM4052 
SSS SCL4052 
TI TP4052 
Toshiba TC4052 

CD4053 Fairchild F4053 
Mitel SIL4053 
Motorola MC14053 
NEe America p.PD4053 
RCA CD4053 
Solitron CM4053 
SSS SCL4053 
Toshiba TC4053 

CD4060 Mitel SIL4060 
RCA CD4060 
SSS SCL4060 

CD4066 Fairchild F4066 
Mitel SIL4066 

I 
Motorola MC14066 
NEe America ILPD4066 
RCA CD4066 
SGS HBF4066 
Signetics N4066 
Solrtron CM4066 
SSS SCL4066 
Toshiba TC4066 

CD4069 Fairchild F4069 
Harris HD74C04 
Mitel SfL4069 
Motorola MC14069 
National MM74C04 

I 
NEe America p.PD4069 
RCA CD4069 
Solitron CM4069 
SSS SCL4069 
TI TP4069 
Toshiba TC4069 

CD4070 Fairchild F4070 
Mitel SIL4070 
Motorola MC14507 
National CD4507 

MM74C86 
RCA CD4030 

CD4070 
Solitron CM4070 
SSS SCL4030 

SCL4070 
TI TP4507 

CD4071 Fairchild F4071 
Mitel SIL4071 
Motnroll! M<":14071 

NEG America p.PD4071 
RCA CD4071 
Solitron CM4071 
SSS SCL4071 
TI TP4071 
T'.)~h~a TC-tQ7~ 

CD4073 Fairchild F4073 
Mitel SIL4073 
Motorola MC14073 
NEe America ILPD4073 
RCA CD4073 
Solitron CM4073 
SSS SCL4073 
TI TP4073 
Toshiba TC4073 

ICD4075 Fairchild F4075 
Mitel SIL4075 
Motorola MC140?5 
NEG America ,uPD4075 

ManuflCluler I Replacement Ie Master 
DeviCe Source Device Pige 

CD4075 RCA CD4075 
SSS SCL4075 
TI TP4075 
Toshiba TC4075 

CD4076 Fairchild F4076 
Harris HD74C173 

i Mita: SIL4076 

I Motorola MC14076 

I RCA CD4076 

I 

Solitron CM4076 
SSS SCL4076 

CD4081 Fairchild F4081 
Mitel SIL4081 

I 
Motorola MC14081 
NEe America p.PD4081 
RCA CD4081 
Soiitron CM4utll 
SSS SCL4081 
TI TP4061 
Toshiba TC4081 

CD4089 RCA CD4089 

I CD4093 Fairchild F4093 

Ic~~ 
Motorola MC14093 
NEe America p.PD4093 
RCA CD4093 
Fairchild F4099 
NEe America I1PD4099 
RCA CD4099 

CD4503 

CD4507 

CD451 0 

CD4511 

I 

CD4512 

CD4514 

CD4518 

Motorola 
NEG America 
Motorola 
National 

RCA 

SSS 
TI 
Fairchild 
Mitel 
Motorola 
NEe America 
RCA 

SSS 
Toshiba 
Fairchild 
Mitel 
Motorola 
NECAmerica 
RCA 
Solitron 
SSS 
TI 
Fairchild 
Mitel 
Motorola 
NEG America 
SSS 
n 
Toshiba 
Fairchild 
Mitel 
Motorola 
RCA 
SSS 
Toshiba 
I=::!ir~;td 

Mitel 
Motorola 
RCA 
SSS 
Toshiba 

Mitel 
Motorola 
NEe America 
RCA 

SSS 
Toshiba 
Fairchild 
Mitel 

MC14503 
ILPD4503 
MC14507 
CD4070 
MM74C86 
CD4030 
CD4070 
SCL4030 
TP4507 
F4510· 
SIL4510 
MC14510 
ILP0451 0 
CD40192 
CD451 0 
SCL4510 
TC451 0 
F4511 
SIL4511 
MCi4511 
uPD4511 
CD4511 
CM4511 
SCL4511 
TP4511 
F4512 
SIL4512 
MC14512 
/JPD4512 
SCL4512 
TP4512 
TC4512 
F4514 
SIL4514 
MC14514 
CD4514 
SCL4514 
TC4514 
1=4515 
SIL4515 
MC14515 
CD4515 
SCL4515 
TC4515 

SIL4516 
MC14516 
ILPD4516 
CD40193 
CD4516 
SCL4516 
TC4516 
F4518 
S!L4518 

Motomll! M<":Ufi1R 

NEe America "PD4518 
RCA CD4518 
Solitron CM4518 

=:::,urer I ~ Device 
IC Master 
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CD4518 SSS SCL4518 
. TI TP4518 

Toshiba TC4518 
CD4519 Fairchild F4519 

Motorola MC14519 
NEe America p.PD4519 
RCA CD4019 
TI TP4519 

CD4520 Fairchild F4520 
Mitel SIL4520 
Motorola MC14520 
NEe America I:1PD4520 
RCA CD4520 
Solitron CM4520 
SSS SCL4520 
n TP4520 
Tosntba 1C4520 

CD4522 Fairchild F4522 
Motorola MC14522 
SSS SCL4522 
TI TP4522 

CD4527 Motorola MC14527 

I 
RCA CD4527 
SSS SCL4527 

CD4528 Fairchild F4528 
Motorola MC14528 

I NEe America I1PD4528 
RCA CD4528 
SSS SCL4528 

CD4529 Motorola MC14529 
CD4543 Motorola MC14543 

SSS SCL4543 
CD4584 Motorola MC14584 

National MM74C14 262 
NEe America IlPD4584 
RCA CD4016 
SSS SCL4584 

DAC0800 Date! DAC-08B 670 
PMI DAC-08 

DAC0801 Dale! DAC-08B 670 
PMI DAC-08 

DAC1285 Micro Net DAC8S 
.DH3724 RCA CA3724 

DH3725 RCA CA3725 
0010101 Fairchild F10101 

Motorola MC10101 
0010102 Fairchild Fl0102 

Motorola MC10102 I 0010105 Fairchild 1=10105 
Hitachi HD10105 
Motorola MC10105 
NEe America p.PB10105 
Signetics 10105 

DM10106 Fairchild Fl0l06 
Hitachi HD10106 
Motorola MC10106 
NEe America 1LP810106 
Signetics 10106 

.0010107 Motorola MC10107 
DM10109 Fairchild Fl0109 

Hitachi HD10109 
Motorola MC10109 

I.DM10110 

NEG i\.m!lr!ca ;.tPB10109 
Signetics 10109 
Motorola MC10110 

IDM10111 Fairchild F10111 
!-!:tach: HD~O~11 

Motorola MC10111 
NEC America p.PB10111 
Signetics 10111 

DM10112 Signetics 10112 
DM10115 Fairchild Fl0115 

IVlUlvtUICl NiCiQii5 
NEC America I!PBlO115 
Signetics 10115 

.DM10116 Fairchild F10116 
Hitachi HD10116 
Motorola MC10116 
Signetics 10116 

DM10117 Fairchild Fl0117 
Hitachi HD10117 
Motorola MC10117 
flJr::r Am .. riM> .. PR10117 

Signetics 10117 
DM10118 Fairchild F10118 

Hitachi HD10118 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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National Semiconductor 
(cont'd) 

DM10118 Motorola MC10118 
NEG Amenca IlPB10118 
Signetics 10118 

DM10119 Fairchild F10119 
Hitachi HD10119 
Motorola MCl0119 
Signetics 10119 

DM10121 Fairchild Fl0121 
Hitachi HD10121 
Motorola MC10121 
Signetics 10121 

DM10124 Fairchild Fl0124 
Hitachi HD10124 
Motorola MC10124 
NEG America IlPB10124 
Signetics 10124 

+OM10130 Motorola MC10130 
+DM1800 Motorola' MC1800 
+OM1801 Motorola MC1801 

DM27LS08 Harris HM7608 
Raytheon 29635 

DM54HOO Fairchild 54HOO 
Raytheon 54HOO 
Signetics 54HOO 
TI SN54HOO 

DM54H01 Fairchild 54H01 
Raytheon 54H01 
Signetics 54H01 
TI SN54HOl 

DM54H04 'Fairchild 54H04 
Raytheon 54H04 
Signetics 54H04 
TI SN54H04 

DM54H05 Fairchild 54H05 
Raytt)eon 54HOS 
Signetics 54H05 
TI SN54H05 

DM54H08 FairchilQ 54H08 
Signetics 54H08 

DM54H10 Fairchild 54Hl0 
Raytheon 54H10 
Signetics 54H10 
TI SN54H10 

DM54H103 Fairchild 54H103 
Signetics 54Hl03 
TI SN54Hl03 

DM54Hl06 Fairchild 54H106 
Signetics 54Hl06 
TI SN54Hl06 

DM54Hl08 Fairchild 54Hl08 
Signetics 54Hl08 
TI SN54H108 

DM54H11 Fairchild 54H11 
Raytheon 54Hll 
Signetics 54Hll 
TI SN54Hll 

DM54H20 Fairchild 54H20 
Raytheon 54H20 
Signetics 54H20 
II SN54H20 

DM54H21 Fairchild 54H21 
Signetics 54H21 

DM54H22 Fairchild 54H22 
Raytheon 54H22 
Signetics 54H22 
TI SN54H22 

DM54H30 Fairchild 54H30 
Signetics 54H30 
TI SN54H30 

DM54H40 Fairchild 54H40 
Raytheon 54H40 
Signetics 54H40 
TI SN54H40 

DM54H50 Fairchild 54H50 
Signetics 54HSO 
TI SN54H50 

DM54H51 Fairchild 54H51 
Signetics 54H51 
TI SN54H51 

DM54H52 Fairchild 54H52 
Signetics 54H52 
TI SN54H52 

.+ Discontinued 
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DM54H53 Fairchild 54H53 DM54LS 109 Raytheon 54LS109 DM54LS154 Signetics 
Signetics 54H53 Signetics 54LS109 DM54LS155 Fairchild 
TI SN54H53 DM54LS109A Motorola SN54LS109 Motorola 

DM54H54 Fairchild 54H54 I TI SN54LS109 Raytheon 
Signetics 54H54 DM54LS11 Fairchild 54LS11 TI 
TI SN54H54 Motorola SN54LS11 DM54LS 156 Fairchild 

DM54H55 Fairchild 54H55 Raytheon 54LS11 Motorola 
Signetics 54H55 Signetics 54LSll Raytheon 
TI SN54H55 TI SN54LSll TI 

DM54H60 Fairchild 54H60 DM54LSl12 Fairchild 54LSl12 DM54LS157 AMD 
Signetics 54H60 Motorola SN54LS112A Fairchild 
TI SN54H60 Raytheon 54LS112 Motorola 

DM54H61 Fairchild 54H61 Signetics 54LS112 Raytheon 
Signetics 54H61 TI SN54LSl12 Signetics 
TI SN54H61 DM54LSl13 Fairchild 54LSl13 TI 

DM54H62 Fairchild 54H62 Motorola SN54LSl13A DM54LS158 Fairchild 
Signetics 54H62 Raytheon 54LS113 Motorola 
T4, SN54H62 Signelics 54LS113 Raytheon 

DM54H71 Fairchild 54H71 TI SN54LS113 Signetics 
Signetics 54H71 DM54LS 114 Fairchild 54LSl14 TI 
TI SN54H71 Raytheon 54LS114 DM54LS160 AMD 

DM54H72 Fairchild 54H72 Signelics 54LS114 FairchUd 
54H73 DM54LS114A Motorola SN54LS114 Raytheon 

1290 Signetics 54H72 TI SN54LS114 DM54LSl60A Motorola 

1662 TI SN54H72 DM54LS12 Motorola SN54LS12 TI 
DM54H73 Fairchild 54H73 Raytheon 54LS12 DM54LS161 AMD 

Signetics 54H73 Signetics 54LS12 Fairchild 
TI SN54H73 TI SN54LS12 Raytheon 

DM54H74 FairChild 54H74 DM54LS122 Raytheon 54LS122 DM54LS161A Motorola 
Raytheon 54H74 TI SN54LS122 Signetics 
Signetics 54H74 DM54LS123 AMD SN54LS123 TI 
TI SN54H74 Raytheon 54LS123 DM54LS162 AMD 

DM54H76 Fairchild 54H76 TI SN54LS123 Fairchild 
I Signetics 54H76 DM54LS125 Fairchild 54LS125 Raytheon 

TI SN54H76 Raytheon 54LS125 DM54LS162A Motorola 
DM54H78 Fairchild 54H78 Signetics 54LS125 TI 

TI SN54H78 TI SN54LS125A DM54LS163 AMD 
DM54LSOO Fairchild 54LSOO DM54LS126 Fairchild 54LS126 Fairchild 

Motorola SN54LSOO Motorola SN54LS126 Raytheon' 
Raytheon 54LSOO Raytheon 54LS126 DM54LS163A Motorola 
Signetics 54LSOO Signetics 54LS126 Signetics 
TI SN54LSOO TI SN54LS126A TI 

DM54LS01 Raytheon 54LS01 DM54LS13 Fairchild 54LS13 DM54LS164 AMD 
Signetics 54LSOl Motorola SN54LS13 Fairchild 
TI SN54LSOl Raytheon 54lS13 Raytheon 

DM54LS02 Fairchild 54 LS02 Signetics 54LS13 Signetics 
Motorola SN54LS02 TI SN54LS13 DM54LS164A Motorola 
Raytheon 54LS02 DM54LS 132 Fairchild 54LS132 TI 
Signetics 54LS02 Motorola SN54LS132 DM54LS168 AMD 
TI SN54LS02 Raytheon 54LS132 Fairchild 

DM54LS03 Fairchild 54LS03 74LS132 TI 
Motorola SN54LS03 Signetics 54LS132 DM54LS169 AMD 
Raytheon 54LS03 TI SN54LS132 Fairchild 
Signetics 54LS03 DM54LSl38 Fairchild 54LS138 TI 
TI SN54LS03 Motorola SN54LS138 DM54LS170 AMD 

DM54LS04 Fairchild 54LS04 Raytheon 54LS138 Fairchild 
Motorola SN54LS04 Signetics 54LS138 Motorola 
Raytheon 54LS04 TI SN54LS138 Raytheon 
Signetics 54LS04 DM54LS139 AMD SN54LS139 Signetics 
TI SN54LS04 Fairchild 54LS139 TI 

DM54LSOS Fairchild 54LSOS Motorola SN54LS139 DM54LS 173 Fairchild 
Motorola SN54LSOS Raytheon 54LS139 Signetics 
Raytheon 54LSOS Signetics 74LS139 TI 
Signetics 54LS05 TI SN54LS139 DM54LS174 AMD 
TI SN54LS05 DM54LS14 Fairchild 54LS14 Fairchild 

DM54LS08 Fairchild 54LS08 Motorola SN54LS14 Raytheon 
Motorola SN54LS08 Raytheon 54LS14 Signetics 
Raytheon 54LS08 Signetics 54LS14 TI 
Signetics 54LS08 TI SN54LS14 DM54LS 175 AMD 

TI SN54LS08 DM54LS15 Fairchild 54LS15 Fairchild 
DM54LS09 Fairchild 54LS09 Motorola SN54LS15 Motorola 

Motorola SN54LS09 Raytheon 54LS15 Raytheon 
Raytheon 54LS09 Signetics 54LS15 Signetics 
Signetics 54lS09 TI SN54LS15 TI 
TI SN54LS09 DM54LS151 AMD SN54LS151 DM54LS 190 AMD 

DM54LS10 Fairchild 54LS10 Fairchild 54LS151 Fairchild 
Motorola SN54LS10 Motorola SN54LS151 Motorola 
Raytheon 54LS10 Raytheon 54LS151 Raytheon 

Signetics 54LS10 Signetics 54L.S151 Signetics 

T1 SN54LS10 TI SN54LS151 TI 

DM54LS107 Fairchild 54LS107 DM54LS 153 AMD SN54LS153 DM54LS191 AMD 
Raytheon 54LS107 Fairchild 54LS153 Fairchild 

Signetics 54LS107 Motorola SN54LS153 Motorola 
DM54LS107A Motorola SN54LS107 Raytheon 54LS153 Raytheon 

TI SN54LS107 Signetics 54LS153 Signetics 
DM54LS 109 Fairchild 54LS109 TI SN54LS153 TI 

The manufacturers report their devices can be used as direct replacements, 
Performance details often differ. so compare the specifications considering your requirements. 

Page 

54LS154 
54LS155 
SN54LS155. 
74LS155 
SN54LS155 
54LS156 
SN54LS156 
54LS156 
SN54LS156 
SN54LS157 
54LS157, 
SN54LS157 
54LS157 
54LS157 
SN54LS157 
54LS158 
SN54LS158 
54LS158 
54LS158 
SN54LS158 
SN54LSl60 
54LS160 
54LS160 
SN54LS160 
SN54LS160 
SN54LS161 
54LS161 
54LS161 
SN54LS161 
54LS161 
SN54LS161 
SN54LS162 
54LS162 
54LS162 
SN54LS162 
SN54LS162 
SN54LS163 
54LS163 
54LSl63 
SN54LSl63 
54LS163 
SN54LS163 
SN54LS164 
54LSl64 
54LS164 
54LS164 
SN54LSl64 
SN54LSl64 
SN54LS168 
54LSl68 
SN54LS168 
SN54LS169 
54LS169 
SN54LS169 
SN54LS170 
54LS170 
SN54LS170 
54LS170 
54LS170 
SN54LS170 
54LS173 
54LS173 
SN54LS173 
SN54LS174 
54LS174 
54LS174 
54LS174 
SN54LS174 
SN54LS175 
54LS175 
SN54LS175 
54LS175 

' 54LS175 

SN~4LS.175 
SN54LSl90 
54LS190 
SN54LS190 
54LSl90 
54LS190 
SN54LSl90 
SN54LS191 
54LS191 
SN54LS191 
54LS191 
54LS191 
SN54LS191 
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DM54LS192 AMD SN54LS192 

I Fairchild 54LS192 
Mctorola SN54LS192 
Raytheon 54LS192 
Signetics 54LS192 
TI SN54LS192 

DM54LS193 AMD SN54LS193 
Fairchild 54LS193 
Motorola SN54LS193 
Raytheon 54LS193 
Signetics 54LS193 
TI SN54LS193 

D~1f154LS196 FakchHd $~L.S196 

Motorola SN54LS196 
Raytheon 54LS196 
TI SN54lS196 

DM54lS197 Fairchild 54lS197 
Motorola SN54LS197 
Raytheon 54LS197 
TI SN54LS191 

DM54LS20 Fairchild 54LS20 
Motorola SN54LS20 
Raytheon 54LS20 
Signetics 54LS20 
TI SN54LS20 

DM54LS21 Fairchild 54lS21 
Motorola SN54lS21 
Raytheon 54LS21 
Signetics 54LS21 
TI SN54LS21 

DM54LS22 Fairchild 54LS22 
Motorola SN54LS22 
Raytheon 54LS22 
Signetics 54LS22 
TI SN54LS22 

DM54LS221 Raytheon 54LS221 
Signetics 54LS221 
TI SN54LS221 

DM54LS247 Fairchild 54LS247 
Motorola SN54LS247 
TI SN54LS247 

DM54LS248 Fairchild 54LS248 
Motorola SN54LS248 
TI SN54LS248 I DM54LS249 F~irchild 54LS249 I Moto,.. SN54LS249 
TI SN54LS249 

DM54LS253 AMD . , SN54LS253 
Falrchlio 54LS253 
Motorola SN54LS253 
Raytheon 54LS253 
Signetics 54lS253 
TI SN54LS253 

DM54LS257 Fairchild 54LS257 
Motorola SN54LS257 
Raytheon 54LS257 
Signetics 54LS257 
TI SN54LS257 

DM54LS26 Fairchild 54LS26 
MotorOla SN54LS26 
Raytheon 54LS26 
Signetics 54LS26 
TI SN54LS26 

DM54LS27 Fairchild 54LS27 
Motorola SN54LS27 
Raytheon 54lS27 
Signetics 54LS27 
TI SN54LS27 

DM54LS279 Fairchild 54LS279 
Motorola SN54LS279 
Raytheon 74LS279 
Signetics 54LS279 
TI SN54LS279 

DM54LS283 Fairchild 54 LS283 
Motorola SN54LS283 
Raytheon 54LS283 
TI SN54LS283 

DM54LS290 Motorola SN54LS290 
DM54LS293 Motorola SN54LS293 
....................... - - v"" .... vvv 

Motorola SN54LS30 
Raytheon 54LS30 

• Discontinued 

I 

I 

I 
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DM54LS30 Signetics 
TI 

DM54LS32 Fairchild 
Motorola 
Raytheon ,. 
Signetics 
TI 

DM54LS352 Fairchild 
Motorola 
TI 

DM54LS353 Fairchild 
Motorola 
TI 

DM54LS37 Fairchild 
Motorola 
Raytheon 
Sign~t!cs 

TI 
DM54LS38 Fairchild 

Motorola 
Raytheon 
Signetics 
TI 

DM54LS395 Fairchild 
Raytheon 
Signetics 
TI 

DM54LS40 Fairchild 
Motorola 
Raytheon 
Signetics 
TI 

DM54LS42 Fairchild 
Motorola 
Raytheon 
Signetics 
TI 

DM54LS49 Motorola 
DM54LS51 Fairchild 

Motorola 
Raytheon 
Signetics 
'TI 

DM54LS54 Fairchild 
~ Motorola 

Raytheon 
Signetics 
TI 

DM54LS55 Fairchild 
Motorola 
Raytheon 
Stgnetics 
Ti 

DM54LS670 Fairchild 
Motorola 
Raytheon 
Signetics 
Tt 

DM54LS73 Fairchild 
Motorola 
Raytheon 
Signetics 

DM54LS73A TI 
UM54LS/4 t-alrchlld 

Raytheon 
Signatics 

DM54LS74A Motorola 
TI 

DM54LS75 Motorola 
Raytheon 
Signelics 
TI 

DM54LS76 Fairchild 
Motorola 
Raytheon 
Signetics 
TI 

DM54lSn Motorola 
DM54LS78 Fairchild 

Motorola 
Raytheon 
Signetics 
TI 

Motorola 
Raytheon 

54LS30 
SN54LS30 
54LS32 
SN54LS32 
54LS32 
54LS32 
SN54LS32 
54LS352 
SN54LS352 
SN54LS352 
54LS353 
SN54LS353 
SN54LS353 
54LS37 
SN54LS37 
54LS37 
54!...S37 
SN54LS37 
54lS38 
SN54lS38 
54LS38 
54LS38 
SN54LS38 
54LS395 
54LS395 
54LS395 
SN54LS395 
54LS40 
SN54LS40 
54lS40 
54LS40 
SN54LS40 
54LS42 
SN54LS42 
54LS42 
54LS42 
SN54LS42 
SN54LS49 
54LS51 
SN54LS51 
54LS51 
54LS51 
SN54LS51 
54LS54 
SN54LS54 
54LS54 
54lS54 
SN54LS54 
54LS55 
SN54LS55 
54LS55 
54 LS55 
SN54LS55 
54lS670 
SN54LS670 
54LS670 
54lS670 
SN54LS670 
54LS73 
SN54LS73 
54LS73 
54lS73 
SN54LS73 
54lS74 
54LS74 
54LS74 
SN54LS74 
SN54LS74 
SN54LS75 
54LS75 
54LS75 
SN54LS75 
74LS76 
SN54LS76A 
54LS76 
54LS76 
SN54LS76 
SN74LSn 
54LS78 
SN54LS78A 
54LS78 
54LS78 
SN54LS78 
O,+L;)O", 

SN54LS83 
54LS83A 

I 

I 
I 
I 
I 

I , 

I 

=acturer I :o~nt Device IC Master 
Page 

DM54LS83A TI SN54LS83A 
DM54LS85 Fairchild 54LS85 

Motorola SN54LS85 
Raytheon 54LS85 
Signetics 54LS85 
TI SN54LS85 

DM54LS93 I=airchild 54LS93 
Motorola SN54LS93 
Raytheon 54LS93 
Signetics 54LS93 
TI SN54LS93 

DM54L187 Intersil IM5603 
DM54L89 MMI L5560 

TI 5N54S287 1708 
DM54SL 136 Motorola SN54SL136 
DM54SL 170 Motorola SN54SL170 
DM54S18e A~I.D AM27S18 

MMI 535080 1453 
DM54S2oo Fairchild 93421 1252 
DM54S206 Fairchild 93411 
DM54S22 Fairchild 54S22 

Signetics 54S22 
Ti SN54S22 

DM54S287 AMD AM27S21 
Fairchild 93427 1258 
MMI 535141 1453 
Raytheon 29661 1664 

DM54S288 AMD AM27S19 
MMI 535081 1453 

DM54S387 AMD AM27S20 
Fairchild 93417 1258 
MMI 535140 1453 

5300-1 1449 
Raytheon 29660 1664 
TI 5N54S387 1708 

DM54S470 MMI 5308-1 1449 
Raytheon 29600 1652 

DM54S471 MMI 5309-1 1449 
Raytheon 29601 1652 

DM54S472 MMI 5349-1 1449 
Raytheon 29621 1656 

DM54S473 MMI 5348-1 1449 
Raytheon 29620 1656 

DM54S570 Fairchild 93436 1260 
MMI 5305-1 1449 
Raytheon 29610 1654 

DM54S571 Fairchild 93446 1260 
MMI 5306-1 1449 
Raytheon 29611 1654 

DM548572 Fairchild 93452 1264 
MMI 5352-1 1449 
Raytheon 29640 

DM54S573 FaIrchild 93453 1264 
MMI 5353-1 1449 
Raytheon 29641 

DM5400 Fairchild 5400 
Motorola MC5400 
Signetics 5400 
TI SN5400 

DM5401 Fairchild 5401 
Motorola MC5401 
Signetics 5401 
TI SN5401 

DM5402 Fairchild 5402 
Motorola MC5402 
Signetics 5402 
TI SN5402 

DM5403 Fairchild 5403 
Motorola MC5403 
Signetics 5403 
TI SN5403 

DM5404 Fairchild 5404 
Motorola M(;5404 

Signetics 5404 
'II SN5404 

DM5405 Fairchild 5405 
Motorola MC5405 
Signetics 5405 
TI SN5405 

DM5406 Fairchild 5406 
Motorola MC5406 
Signetics 5406 
TI SN5406 

UM::I4U( I"'alrcnllo o4u( 
Motorola MC5407 
Signetics 5407 

~1~Devic. IC IIa8ter ,. 
DM5407 
DM5408 

DM5409 

i 
I DM5410 

DM54107 

DM541 09 

DM5411 

DM54121 

DM54123 

DM54125 

DM54126 

DM5413 

DM54132 

.DM54136 
DM5414 

DM54141 

DM54145 

DM54147 

DM54148 

I·DM5415 
DM54150 

DM54151 

.DM54152 
DM54153 

DM54154 

DM54155 

DM54156 

TI 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 

" 
Signetics 
TI 
Fairchild 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
TI 
AMD 
Fa!rch!!d 
Motorola 
Signetics 
TI 
Fairchild 
Signetics 
TI 
Fairchild 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Raytheon 
Fairchild 
Motorola 
Signe~ 
TI 
Motorola 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Signetics 
TI 
Fairchild 
Signetics 
TI 
Raytheon 
Filirchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Raytheon 
AMD 
Fairr.hilti 
Motorola 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 

SN5407 
5408 
MC5408 
5408 
SN5408 
5409 
MC5409 
5409 
SN5409 
5410 
MC5410 
5410 
SN5410 
54107 
MC54107 
54107 
SN5410i' 
54109 
SN541 09 
5411 
5411 
SN5411 
54121 
MC54121 
54121, 
SN54121 
SN54123 
54123 
MC54123 
54123 
SN54123 
54125 
54125 
SN54125 
54126 
54126 
SN54126 
5413 
MC5413 
5413 
SN5413 
54132 
MC54132 
54132 
SN54132 
54136 
5414 
MC5414 
5414 
SN5414 
MC54141 
SN54141 
54145 
MC54145 
54145 
SN54145 
54147 
SN54147 
9318 
54148 
SN54148 
5415 
54150 
MC54150 
54150 
SN54150 
54151 
MC54151 
54151 
SN54151 
54152 
SN54153 
54153 
MC54153 
54153 
SN54153 
SN54154 
54154 
MC54154 
54154 
SN54154 
54155 
MC54155 
54155 
SN54155 
54156 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted, 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement IC Master Manufacturer I Replacement Ie Master Manufacturer I Rep/aGement . ICMaster Manufacturer I Replacement Ie Master 
Device Source DevIce Page DevIce Source Device Page DevIce . Source Device Page DevIce Source Device PIIge 

National Semiconductor DM54182 Motorola MC54182 DM5440 Fairchild 5440 DM5489 TI SN5489 

(cont'd) 
Signetics 54182 Motorola MC5440 DM5490 Fairchild 5490 
TI SN54182 Signetics 5440 Motorola MC5490 

DM54184 TI SN54184 TI SN5440 Signetics 5490 

DM54156 Motorola MC54156 DM54185 TI SN54185 DM5441 Fairchild 5441 TI SN5490 

Signetics 54156 +DM54187 Intersil IM5603 DM5442 Fairchild 5442 SN5490A 

TI SN54156 ..... 5200-1 1466 Motorola MC5442 DM5491 Fairchild 5491 

DM54157 AMD SN54157 National DM54S187 Raytheon 5442 Motorola MC5491 

Fairchild 54157 TI SN54187 Signetics 5442 Signetics . 5491 

Motorola MC54157 DM54190 Fairchild 54190 TI SN5442 TI SN5491 

RaYtheon 54157 Motorola MC54190 DM5445 Fairchild 5445 SN5491A 

Signetics 54157 Signetics 54190 Motorola MC5445 DM5492 Fairchild 5492 

TI SN54157 TI SN54190 Signetics 5445 Motorola MC5492 

DM5416 Fairchild 5416 DM54191 Fairchild 54191 TI SN5445 Signetics 5492 

Motorola MC5416 Motorola MC54191 DM5446 Fairchild 5446 TI SN5492 

Signetics 5416 Signetics 54191 Motorola MC5446 SN5492A 

TI SN5416 TI SN54191 Signetics 5446 DM5493 Fairchild 5493 

DM54160 AMD SN54160 DM54192 AMO SN54192 TI 'SN5446 Motorola MC5493 

Fairchild 54160 Fairchild 54192 DM5447 Fairchild 5447 Signetics 5493 

Motorola MC54160 Motorola MC54192 Motorola MC5447 TI SN5493 

Signetics 54160 Signetics 54192 Signetics 5447 SN5493A 

TI SN54160 TI SN54192 TI SN5447 DM5495 Fairchild 5495 

DM54161 AMD SN54161 DM54193 AMD SN54193 DM5448 Fairchild 5448 Motorola MC5495 

Fairchild 54161 Fairchild 54193 Motorola MC5448 $ignetics 5495 

Motorola MC54161 Motorola MC54193 Signetics 5448 TI SN5495 

Signetics 54161 ·Signetics 54193 TI SN5448 DM5496 Fairchild 5496 

TI SN54161 TI SN54193 DM5450 Fairchild 5450 Motorola MC5496 

DM54162 AMD SN54162 DM54194 AMD SN54194 Motorola MC5450 Sign~tics 5496 

Fairchild 54162 Fairchild 54194 Signetics 5450 TI SN5496 

Motorola MC54162 Motorola MC54194 TI SN5450 DM7093 TI SN54125 

Signetics 54162 Signetics 54194 DM5451 Fairchild 5451 DM7094 TI SN54126 

TI SN54162 TI SN54194 Motorola MC5451 DM7095 TI SN54365 

DM54163 AMD SN54163 DM54195 AMD SN54195 Signetics 5451 DM7096 TI SN54366 

Fairchild 54163 Fairchild 54195 TI SN5451 DM7097 TI SN54367 

Motorola MC54163 Motorola MC54195 DM5453 Fairchild 5453 DM7098 TI SN54368 

Signetics 54163 Signetics 54195 Motorola MC5453 DM71 LS95 AMD DM71 LS95 

TI SN54163 TI SN5419? Signetics 5453 DM71LS96 AMD DM71LS96 

DM54164 AMD SN54164 DM54196 Fairchild 54196 TI SN5453 DM71 LS97 AMD DM71 LS97 

Fairchild 54164 Motorola MC54196 DM5454 Fairchild 5454 DM71 LS98 ~MD DM71 LS98 

Signetics 54164 Signetics 54196 Motorola MC5454 DM71L22 TI SN54L157 

TI SN54164 TI SN54196 Signetics 5454 DM71S60 Fairchild 93S43 

DM54165 Fairchild 54165 DM54197 Fairchild 54197 TI SN5454 DM7121 TI SN54251 

Motorola MC54165 Motorola MC54197 DM5460 Fairchild 5460 DM7123 TI SN54S257 

Signetics 54165 Signetics 54197 Motorola MC5460 DM7213 TI SN54154 

TI SN54165 TI SN54197 Signetics 5460 DM7214 TI SN54LS253 
DM54166 Fairchild 54166 DM54198 Fairchild 54198 TI SN5460 DM7280 TI SN54176 

Signetics 54166 Signetics 54198 DM5470 Fairchild 5470 DM7281 TI SN54177 
TI SN54166 TI SN54198 Motorola MC5470 DM7283 TI SN54836 

DM5417 Fairchild 5417 DM54199 Fairchild 54199 TI SN5470 DM7290 TI SN54196 
Motorola MC5417 Signetics 54199 DM5472 Fairchild 5472 DM7291 TI SN54197 
Signetics 5417 TI SN54199 Motorola MC5472 DM74HOO Fairchild 74HOO 
TI SN5417 DM5420 Fairchild 5420 Signetics 5472 NEe America I1PB74HOO 

+DM54170 Fairchild 54170 Motorola MC5420, TI SN5472 RaYtheon 74HOO 
Signetics 54170 Signetics 5420 DM5473 . Fairchild 5473 Signetics 74HOO 
TI SN54170 TI SN5420 Motorola MC5473 TI SN74HOO 

DM54173 Fairchild 54173 +DM54200 MMI 5531 Signetics 5473 DM74H01 Fairchild 74H01 

TI SN54173 Raytheon RM5340 TI SN5473 NEe America I1PB74H01 
DM54174 AMD SN74174 TI SN54S201 DM5474 Fairchild 5474 RaYtheon 74H01 

Fairchild 54174 DM5423 Fairchild 5423 Motorola MC5474 Signetics 74H01 
Motorola MC54174 Motorola MC5423 Signetics 5474 TI SN74H01 

Signetics 54174 TI SN5423 TI SN5474 DM74H04 Fairchild 74H04 
TI SN54174 DM5425 Fairchild 5425 DM5475 Fairchild 5475 NEe America I1PB74H04 

DM54175 AMD SN54175 Motorola MC5425 Motorola MC5475 RaYtheon 74H04 
Fairchild 54175 TI SN5425 Signetics 5475 Signetics 74H04 
Motorola MC54175 DM5426 Fairchild 5426 TI SN5475 TI SN74H04 
Signetics 54175 Motorola MC5426 DM5476 Fairchild 5476 DM74H05 Fairchild 74H05 
TI SN54175 Signetics 5426 Motorola MC5476 RaYtheon 74H05 

DM54176 Fairchild 54176 TI SN5426 Sii;lnetics 5476 Signetics 74H05 
Motorola MC54176 DM5427 Fairchild 5427 TI SN5476 TI SN74H05 
Signetics 54176 Motorola MC5427 DM5485 Fairchild 5485 DM74H08 Fairchild 74H08 
TI SN54176 TI SN5427 Motorola MC5485 Signetics 74H08 

DM54177 Fairchild 54177 DM5430 Fairchild 5430 Signetics 5485 DM74H10 Fairchild 74H10 
Motorola MC54177 Motorola MC5430 TI SN5485 NEe America I1PB74H10 
Signetics 541'77 Signetics 5430 DM5486 Fairchild 5486 RaYtheon 74H10 
TI SN54177 TI SN5430 Motorola MC5486 Signetics 74H10 

DM54180 Fairchild '54180 DM5432 Fairchild 5432 Signetics 5486 TI SN74H10 
Motorola MC54180 Signetics 5432 TI SN5486 DM74H103 Fairchild 74H103 
Signetics 54180 TI SN5432 DM5488 Intersil IM5600 Signetics 74H103 
TI SN54180 DM5437 Fairchild 5437 ..... 5230-1 1466 TI SN74H103 

DM54181 AMD SN54181 Motorola MC5437 TI .SN5488 DM74H106 Fairchild 74H106 
Fairchild 54181 . Signetics . 5437 SN5488A Signetics 74H106 
Motorola MC54181 TI SN5437 DM5489 AMD SN5489 TI SN74H106 
Signetics 54181 DM5438 Fairchild 5438 31013 DM74H108 Fairchild 74Hl08 
TI SN54181 Motorola MC5438 5889 Signetics 74H108 

DM54182 AMD SN54182 Signetics 5438 Fairchild 5489 TI SN74H108 
Fairchild 54182 TI SN5438 MMI 5560 DM74H11 Fairchild 74H11 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications conSidering your requirements. 
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=acturer I ~r:ement Device 
IC Master 

Page 

National Semiconductor 
(cont'd) 

DM74Hl1 Raytheon 74Hl1 
Signetics 74Hl'1 

I TI SN74H11 
DM74H20 Fairchild 74H20 

NEe America /LPB74H20 
Raytheon 74H20 
Signetics 74H20 
TI SN74H20 

DM74H21 Fairchild 74H21 
Signetics 74H21 
TI SN74H21 I DM74H22 Fairchild 74H22 
Raytl",,:,ut, 7 .. ;';22 
Signetics 74H22 
TI SN74H22 

DM74H30 Fairchild 74H30 
NEe America /LPB74H30 

I Signetics 74H30 

I 
TI SN74H30 

DM74H40 Fairchild 74H40 
NEC America /LPB74H40 
Raytheon 74H40 

I Signetics 74H40 
T! SN74H40 

DM74H50 Fairchild 74H50 
Signetics 74H50 
TI SN74H50 

DM74H51 Fairchild 74H51 
NEC America /LPB74H51 
Sigoetics 74H51 
TI SN74H51 

DM74H52 Fairchild 74H52 
Signetics 74H52 
TI SN74H52 

DM74H53 Fairchild 74H53 
Signetics 74H53 
TI SN74H53 

DM74H54 Fairchild 74H54 
Signetics 74H54 
TI SN74H54 

DM74H55 Fairchild 74H55 
Signetics 74H55 
TI SN74H55 I DM74H60 Fairchild 74H60 
Signetics 74H60 
TI SN74H60 

DM74H62 Fairchild 74H62 
Signetics 74H62 
TI SN74H62 

DM74H71 Fairchild 74H71 
Signetics 74H71 
TI SN74H71 

DM74H72 Fairchild 74H72 
Signetics 74H72 

I TI SN74H72 

I 
DM74H73 Fairchild 74H73 

Signetics 74H73 
TI SN74H73 

DM74H74 Fairchild 74H74 
Raytheon 74H74 
Signetics 74H74 
Ti SN74H74 

DM74H76 Fairchild 74H76 
Signetics 74H76 
TI SN74H76 

DM74H78 Fairchild 74H78 
TI SN74H78 

DM74LSOO Fairchild 74LSOO 
Hitachi HD74LSOO 
Motorola SN74LSOO 
NEe America /LPB74LSoo 
Raytheon 74LSoo 
Signetics 74LSoo 
TI SN74LSoo 

DM74LSOl HitAchi HD74LS01 
Raytheon 74LS01 
Signebcs 74LSOI 
TI SN74LS01 

DM74LS02 Fairchild 74LS02 
IIL.l/~""..:JV' 

Motorola SN74LS02 
NEC America Il-PB74LS02 

• Discontinued 

I 

I 

i 

I 

I 
I 

I 

:vn:cturer I :~=~ement DeViC; 
IC Master 

DM74LS02 Raytheon 74LS02 
Signetics 74LS02 
TI SN74LS02 

DM74LS03 Fairchild 74LS03 
Hitachi HD74LS03 
Motorola SN74LS03 
NEe America ItP874LS03 
Raytheon 74LS03 
Signetics 74LS03 
TI SN74LS03 

DM74LS04 Fairchild 74LS04 
Hitachi HD74LS04 
Motorola SN74LS04 
NEe America /LPB74LS04 
Raytheon 74LS04 
Signetics 74LS04 
TI SN74LS04 

DM74LS05 Fairchild 74LS05 
Hitachi HD74LS05 
Motorola SN74LS05 
NEe America /LPB74LS05 
Raytheon 74LS05 
Signetics 74LS05 
TI SN74LS05 

DM74LS08 Fairchild 74LS08 
Hitachi . HD74LS08 
Motorola 
NEe America 
Raytheon 
Signetics 
TI 

DM74LS09 Fairchild 
Hitachi 
Motorola 
Raytheon 
Signetics 
TI 

DM74LS10 Fairchild 
Hitachi 
Motorola 
NEe America 
Raytheon 
Signetics 
TI 

DM74LS107 Fairchild 
Hitachi 
Motorola 
Raytheon 
Signetics 
TI 

DM74LS109 Fairchild 
Motorola 
NEe America 
Raytheon 
Signetics 
TI 

DM74LS11 Fairchild 
Hitachi 
Motorola 
NEC America 
Raytheon 
Signetics 
TI 

DM7 4LS 112 FaIrchIld 
Hitachi 
Motorola 
NEC America 
Raytheon 
Signetics 
TI 

DM74lS113 Fairchild 
Hitachi 
Motorola 
NEe America 
Raytheon 
Signetics 
TI 

DM74LS114 Fairchild 
Hitachi 
Motorola 
Raytheon 
Signetics 
TI 
niltlUIl 

Motorola 
Raytheon 

SN74LS08 
f-!PB74LS08 
74LS08 
74LS08 
SN74LS08 
74LS09 
HD74LS09 
SN74LS09 
74LS09 
74LS09 
SN74LS09 
74LS10 
HD74LS10 
SN74LS10 
/LPB74LS10 
74LS10 
74LS10 
SN74LS10 
74LS107 
HD74LS107 
SN74LS107A 
74LS107 
74LS107 
SN74LS107 
74LS109 
SN74LS109A 
j.1PB74LS109 
74LS109 
74LS109 
SN74LS109A 
74LS11 
HD74LS11 
SN74LS11 
/LPB74LS11 
74LS11 
74LS11 
SN74LS11 
74LS112 
HD74LS112 
SN74LS112A 
J.tPB74LS112 
74LS112 
74LS112 
SN74LS112 
74LS113 
HD74LS113 
SN74LS113A 
/LPB74LS113 
74LS113 
74LS113 
SN74LS113 
74LS114 
HD74LS114 
SN74LS114A 
74LS114 
74LS114 
SN74LS114A 
MU/41..;)1'<: 

SN74LS12 
74LS12 

Page :~:::cturer i :~~~~~ement Device 
IC Master :~~:cturer i :~~~ement Ie Master 

Page Device Page 
-

DM74LS12 S'gnetics 74LS12 DM74LS155 Ti SN74LS155 
TI SN74LS12 DM7 4LS 156 Fairchild 74'-S156 

DM74LS122 Raytheon 74LS122 Hitachi HD74LS156 
TI SN74LS122 Motorola SN74LS156 

DM74LS123 AMD SN74LS123 Raytheon 74LS156 
Hitachi HD74LS123 Signetics 74LS156 
Raytheor! 74L5123 T! SN74L8156 i TI SN74LS123 DM74LS157 AMD SN74LS157 

DM7 4LS 125 Fairchild 74LS125 Fairchild 74LS157 
Raytheon 74LS125 Motorola SN74LS157 
Signetics 74LS125 NEe America IlPB74LS157 
TI SN74LS125A Raytheon 74LS157 

DM7 4LS 126 Fairchild 74LS126 Signetics 74LS157 
Motorola SN74LS126 TI SN74LS157 
Raytheon 74LS126 DM74LS158 AMD SN74LS158 
Signetics 74LS126 Fairchild 74LS158 
T' C"t. I..,."" , (""I"I~A (·ljld~:·I; 

11,.......'""'11·<1"" ... ,. .... 
V ... /""tL- ....... £..Vr"t nut"'+'-"IOO 

DM74LS13 Fairchild 74LS13 Motorola SN74LS158 
Hitachi HD74LS13 Raytheon 74LS158 
Motorola SN74LS13 Signetics 74LS158 
Raytheon 74L513 TI SN74LS158 
Signetics 74LS13 DM74LS160 AMD SN74LS160 
TI SN74LS13 Fairchild 74LS160 

DM74LS132 Fairchild 74LS132 Hitachi HD74LS160A 
Hitachi HD74LS132 Motorola SN74LS160A 
Motorola SN74LS132 Raytheon 74L5160 
Raytheon 74LS132 Signetics 74LS160A 
Signetics 74LS132 TI SN74LS160A 

I 
TI SN74LS132 DM74LS161 AMD SN74LS161 

DM74LS136 Fairchild 74LS136 Fairchild 74LS161 
Hitachi HD74LS136 Hitachi HD74LS161A 
Motorola SN74LS136 Motorola SN74LS161A 
Raytheon 74LS136 NEC America Il-PB74LS161 
Signetics 74LS136 Raytheon 74LS161 
TI SN74LS136 Signeties 74LS161A 

DM74LS138 AMD SN74LS138 " SN74LS161A 
Fairchild 74LS138 DM74LS162 AMD SN74LS162 
Hitachi HD74LS138 Fairchild '74LS162 
Motorola SN74LS138 Hitachi HD74LS162A 
NEe America /LPB74LS138 Motorola SN74LS162A 
Raytheon 74LS138 Raytheon 74LS162 
Signetics 74LS138 Signetics 74LS162A 
TI SN74LS138 TI SN74LS162A 

DM7 4LS 139 AMD SN74LS139 DM74LS163 AMD SN74LS163 
Fairchild 74LS139 Fairchild 74LSI63 
Hitachi HD74LS139 Hitachi HD74LS163A 
Motorola SN74LS139 Motorola SN74LS163A 

I 
NEG America j.iPB74LS139 Raytheon 74LSi63 I Raytheon 74LS139 Signetics 74LS163A 
Signetics 74LS139 TI SN74LS163A 
TI SN74LS139 DM74LSl64 AMD SN74LS164 

DM74LS14 Fairchild 74LS14 Fairchild 74LS164 
Hitachi HD74LS14 Hitachi HD74LSI64 
Motorola SN74lSi4 Motoroia SN74LSl64A 
Raytheon 74LSI4 NEe America IlPB74LS164 
Signetics 74LS14 Raytheon 74LS164 
TI SN74LS14 Signetics 74LS164 

DM74LS15 Fairchild 74LS15 TI SN74LSl64A 
Hitachi HD74LS15 DM74LS168 AMD SN74LS168 

I 

Motorola SN74LS15 Fairchild 74LS168 
Raytheon 74LS15 TI SN74LS168 
Signetics 74LS15 DM74LS169 AMD SN74LS169 I TI SN74LS15 Fairchild 74LS169 

DM74LS151 AMD SN74LS151 TI SN74LS169 
Fairchild 74LS151 DM74LS170 AMD SN74LS170 
Hitachi HD74LS15iA Fairchild 74LS170 
Motorola SN74LS151 Motorola 5N74LS170 
NEC America /-lPB74LS151 Raytheon 74LS170 
Raytheon 74LS151 Signebcs 74LS170 
Signetics 74LS151 TI SN74LS170 
TI SN74LS151 DM74LS173 Fairchild 74L5173 

DM74LS153 AMD SN74LS153 Signetics 74LS173 
Fairchild 741 R1'i:l TI S"!?4LS1?3 
Hitachi HD74LS153 DM74LS174 AMD SN74LS174 
Motorola SN74LS153 Fairchild 74LS174 
NEe America /LPB74LS153 Hitachi HD74LS174 
Raytheon 74LS153 Motorola SN74LS174 
Signetics 74LS153 Raytheon 74LS174 
TI SN74LS153 Signetic.:s 74L5174 

DM74LS154 Signetics 74LS154 TI SN74LS174 
DM74LS155 Fairchild 74L5155 DM74LS175 AMD SN74LS175 

Hitachi HD74LS155 Fairchild 74LS175 
Motorola SN74LS155 Hitachi HD74LSi75 
Nt\.; AmerICa /LI-'I::U4L:Sl!>!1 Motorola SN74LS175 
Raytheon 74:_S1£;5 N::C Arrll':tnw. ~!PB74LSi75 

Signetics 74LS155 Raytheon !,t.;;I.Si75 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ICMaster 
0eYice Source DevIce Page DevIce Source Device Page Device Source Device Page Page 

National Semiconductor DM74LS253 AMD SN74LS253 DM74LS366' Raytheon 74LS366 DM74LS670 Raytheon 74LS670 

(cont'd) 
Fairchild 74LS253 Signetics 74LS366A Signetics 74LS670 
Hitachi HD74LS253 TI SN74LS366A TI SN74LS670 
Motorola SN74LS253 DM74LS367 Fairchild 74LS367 DM74LS73 Fairchild 74LS73 

DM74LS175 Signetics 74LS175 NEG America j.lPB74LS253 Hitachi HD74LS367 Hitachi HD74LS73 

TI SN74LS175 Raytheon 74LS253 Motorola SN74LS367A Motorola SN74LS73 

DM74LS189 MMI AM27S03A Signetics 74LS253 NEG America j.lPB74LS367 Raytheon 74LS73 

DM74LS190 AMD SN74LS190 TI SN74LS253 Raytheon 74LS367 Signetics 74LS73 

Fairchild 74LS190 DM74LS257 AMD SN74LS257 Signetics 74LS367A TI SN74LS73 

Motorola SN74LS190 Fairchild 74LS257 TI SN74LS367A DM74LS74 Fairchild 74LS74 

Raytheon 74LS190 Hitachi HD74LS257 DM74LS368 Fairchild 74LS368 Hitachi HD74LS74A 

Signetics 74LS190 Motorola SN74LS257A Hitachi HD74LS368 Motorola SN74LS74 

TI SN74LS190 NEG America j.lPB74LS257 Motorola SN74LS368A NEG America j.lPB74LS74 

DM74LS191 AMD SN74LS191 Raytheon 74LS257 NEG America j.lPB74 LS368 Raytheon 74LS74 

Fairchild 74LS191 Signetics 74LS257 Raytheon 74LS368 Signetics 74LS74 

Motorola SN74LS191 TI SN74LS257A Signetics 74 LS368A TI SN74LS74 

Raytheon 74LS191 DM74LS258 AMD SN74LS258 TI SN74LS368A DM74LS75 Fairchild 74LS75 

Signetics 74LS191 Fairchild' 74LS258 DM74LS37 Fairchild 74LS37 Motorola SN74LS75 

TI SN74LS191 Motorola SN74LS258A Hitachi HD74LS37 Raytheon 74LS75 

DM74LS192 AMD SN74LS192 NEG America j.lPB74LS258 Motorola SN74LS37 Signetics 74LS75 

Fairchild 74LS192 Raytheon 74LS258 NEG America j.lPB74LS37 TI SN74LS7~ 

Motorola SN74LS192 Signetics 74LS258 Raytheon 74LS37 DM74LS76 Hitachi HD74LS76 

NEG America p.PB74LS192 TI SN74LS258A Signetics 74LS37 Motorola SN74LS76A 

Raytheon 74LS192 DM74LS26 Fairchild 74LS26 TI SN74LS37 Raytheon 74LS76 

Signetics 74LS192 Hitachi HD74LS26 DM74LS38 Fairchild 74LS38 Signetics 74LS76 

TI SN74LS192 Motorola SN74LS26 Hitachi HD74LS38 TI SN74LS76 

DM74LS193 AMD SN74LS193 Raytheon 74LS26 'Motorola SN74LS38 DM74LS77 Fairchild 74LS77 

Fairchild 74LS193 Signetics 74LS26 NEG America j.lPB74LS38 Raytheon 54LS77 

Motorola SN74LS193 TI SN74LS26 Raytheon 74LS38 DM74LS78 Fairchild 74LS78 

NEG America j.lPB74LS193" DM74LS27 Fairchild 74LS27 Signetics 74LS38 Hitachi HD74LS78 

Raytheon 74LS193 Hitachi HD74LS27 TI' SN74LS38 Motorola SN74LS78A 

Signetics 74LS193 Motorola SN74LS27 DM74LS386 Fairchild 74LS386 Raytheon, 74LS78 

TI SN74LS193 NEG America j.lPB74LS27 Hitachi HD74LS386 Signetics 74LS78 

DM74LS196 Fairchild 74LS196 Raytheon 74LS27 Motorola SN74LS386 TI SN74LS78 

Motorola SNi4LS196 Signetics 74LS27 Raytheon 74LS386 DM74LS83A Fairchild 74LS83 

Raytheon 74LS196 TI SN74LS27 Signetics 74LS386 Hitachi HD74LS83A 

Signetics 74LS196 OM74LS279 Fairchild 74LS279 TI SN74LS386 Motorola SN74LS83' 

TI SN74LS196 Motorola SN74LS279 DM74LS395 Fairchild 74LS395 Raytheon 74LS83A 

DM74LS197 Fairchild 74LS197 NEG America j.lP~74LS279 Raytheon 74LS395 Signetics 74LS83 

Motorola SN74LS197 Raytheon 74LS279 Signetics 74LS395 TI SN74LS83A 

Raytheon 74LS197 Signetics 74LS279 TI SN74LS395 DM74LS85 Fairchild 74LS85 

Signetics 74LS197 TI SN74LS279 DM74LS40 Fairchild 74LS40 Motorola SN74LS85 

TI SN74LS197 OM74LS283 Fairchild 74LS283 Hitachi HD74LS40 Raytheon 74LS85 

DM74LS20 Fairchild 74LS20 Hitachi SN74LS283 Motorola SJII74LS40 Signetics 74LS85 

Hitachi HD74LS20 Motorola SN74LS283 NEG America j.lPB74LS40 TI SN74LS85 

Motorola SN74LS20 Raytheon 74LS283 Raytheon 74LS40 DM74LS86 Hitachi HD74LS86 

NEG America p.PB74LS20 Signetics 74LS283 Signetics 74LS40 DM74LS92 Hitachi HD74LS92 

Raytheon 74LS20 TI SN74LS283 TI SN74LS40 DM74LS93 Fairchild 74LS93 

Signetics 74LS20 DM74LS289 MMI AM27S02A DM74LS42 Fairchild 74LS42 Motorola SN74LS93 

TI SN74LS20 DM74LS290 Fairchild 74LS290 Hitachi HD74LS42 Raytheon 74LS93 

OM74LS21 Hitachi HD74LS21 Motorola SN74LS290 Motorola SN74LS42 Signetics 74LS93 

Motorola SN74LS21 Signetics 74LS290 NEG America j.lPB74LS42 TI SN74LS93 

NEG America j.lPB74LS21 TI SN74LS290 Raytheon 74LS42 DM74L187 Intersil IM5603 

Raytheon 74LS21 DM74LS29'3 Fairchild 74LS293 Signetics 74LS42 DM74L63 TI SN54L193 

Signetics 74LS21 Motorola SN74LS293 TI SN74LS42 DM74L89 MMI L6560 

TI SN74LS21 Signetics 74LS293 DM74LS47 Hitachi HD74LS47 DM74Soo Fairchild ' 74SOO 

DM74LS22 Fairchild 74LS22 TI SN74LS293 Motorola SN54LS47 Hitachi HD74SOO 

Hitachi HD74LS22 DM74LS30 Fairchild 74LS30 SN74LS47 Mitsubishi M5S000 

Motorola SN74LS22 Hitachi HD74LS30 OM74LS48 Hitachi HD74LS48 Signetics 74SOO 

Raytheon 74LS22 Motorola SN74LS30 Motorola SN74LS48 TI SN74S00 

Signetics 74LS22 NEG America j.lPB74LS30 DM74LS49 Hitachi HD74LS49 DM74S02 Fairchild 74S02 

TI SN74LS22 Raytheon 74LS30 Motorola SN74LS49 Signetics 74S02 

OM7'4lS221 Fairchild 74LS221 Signetics 74LS30 DM74LS51 Fairchild 74LS51 TI SN74S32 

Motorola SN74LS221 TI SN74LS30 Hitachi HD74LS51 ' DM74S03 Fairchild 74S03 

R~1MQn 74LS221 DM74LS32 Fairchild 74LS32 Motorola SN74LS51 Hitachi HD74S03 

Signetics 74LS221 Hitachi HD74LS32 NEG America p.PB74LS51 Mitsubishi M5S003 

TI SN74LS221 Motorola SN74LS32 Raytheon 74LS51 Signetics 74S03 

DM74LS247 Fairchild 74LS247 NEG America p.PB74LS32 Signetics 74LS51 TI SN74S03 

Hitachi HD74LS247 Raytheon 74LS32 Tl SN74LS51 DM74S04 Fairchild 74S04 

Motorola SN74LS247 Signetics 74LS32 DM74LS54 Fairchild 74LS54 Hitachi HD74S04 

TI SN74LS247 TI SN74LS32 Hitachi HD74LS54 Mitsubishi M5S004 

DM74LS248 Fairchild 74LS248 DM74LS352 Fairchild 74LS352 Motorola SN74LS54 Signetics 74S04 

Hitachi HD74LS248 Motorola SN74LS352 NEG America j.lPB74LS54 TI SN74S04 

Motorola SN74lS248 TI SN74LS352 Raytheon 74LS54 DM74S05 Fairchild 74S05 

TI SN74LS248 DM74LS353 Fairchild 74LS353 Signetics 74LS54 Hitachi HD74S05 

DM74lS249 Fairchild 74LS249 Motorola DM74LS353 TI SN74LS54 Mitsubishi M5S005 

Hitachi HD74LS249 TI SN74LS353 DM74LS55 Fairchild 74LS55 Signetics 74505 

Motorola SN74LS249 DM74LS365 Fairchild 74LS365 Hitachi HD74LS55 TI SN74S05 

TI SN74LS249 Motorola SN74LS365A Motorola SN74LS55 DM74S10 Fairchild 74S10 

DM74LS251 AMD SN74LS251 NEG AIMrica jiPB74LS365 NEG America j.lPB74LS55 Hitachi HD74S10 

Fairchild 74LS251 Raytheon 74LS365 Raytheon 74LS55 Mitsubishi M5S010 

Motorola SN74LS251 Signetics 74LS365A Signetics 74LS55 Signetics 74S10 

NEC America p.PB74LS251 TI SN74LS365A TI SN74LS55 n SN74S10 

Raytheon 74LS251 DM74LS366 Fairchild 74LS366 DM74LS670 AMD S,N74LS670 DM74S11 Fairchild 74S11 

Signetics 74LS251 Motorola SN74LS366A Fairchild 74LS670 Hitachi HD74S11 

TI SN74LS251 NEC America j.lPB74LS366 ' Motorola SN74LS670 Mitsubishi M5S011 

• Discontinued 
The manufacturers report their deviceS can be used as direct replacements, 

Performance details often differ. so compare the specifications considering your requirements. 
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ICMASTER 
"anufacturer I Replacement IC _"aster 
Deviee i Source Deviee Page 

National Semiconductor 
(cont'd) 

DM74811 8ign?tics 74811 
TI SN74S11 

DM74S1~2 Fairchild 74S112 
Hitachi HD748112 
Mitsubishi M58112 
Motorola 8N748112 
Signetics 748112 
TI SN74S112 

DM74S113 Fairchild 74S113 
Hitachi HD748113 
Mitsubishi M58113 
Motorola 8N74S113 
8ionetics 748113 
TI SN748113 

DM748114 Fairchild 748114 
Hitachi HD748114 
Mitsubishi M58114 
8ignetics 748114 
T! SN748114 

DM748133 Fairchild 748133 
Hitachi HD748133 
Mitsubishi M58133 
8ignetics 748133 
TI 8N74S133 

I DM748134 Fairchild 748134 
Hitachi HD748134 
Signetics 74S134 
TI 8N748134 

DM748135 Fairchild 748135 
Hitachi HD748135 
8ignetics 748135 
TI 8N748135 

DM748138 AMO 8N748138 
Fairchild 748138 
Mitsubishi M58138 
Signetics 748138 
TI 8N748138 

DM748139 AMD 8N748139 
Fairchild 748139 
8ignetics 748139 
TI 8N748139 

DM748140 Fairchild 748140 
Hitachi HD748140 
8ignetics 748140 

, DM74S15 
TI 8N748140 
Fairchild 74515 
Hitachi HD74815 
Mitsubishi M58015 
Signettcs 74815 
TI 8N74S15 

DM748151 AMD 8N748151 
Fairchild 748151 
Hitachi HD748151 
Mitsubishi M58151 
8ignetics 748151 
TI 8N748151 

DM748153 AMD 8N748153 
Fairchild 74S153 
Mitsubishi M58153 
Sigi,etics 745153 

I TI 8N74S153 
DM748157 AMD SN748157 

I Fairchild 748157 
;viit::'uui&I'.1 M5S,57 
8ignetics 748157 
TI 8N748157 

DM748158 AMD SN748158 
Fairchild 748158 
Mitsubishi M58158 
Signeiics 74Si5i1 
TI 8N748158 

DM748174 AMD 8N748174 
Fairchild 748174 
Hitachi HD748174 
Mitsubishi M5S174 
5ignetics 748174 
TI 8N748174 

DM748175 AMD 8N748175 
i,.('i. i 7 " Fa .. ~h.ld .4817 ... 

'-'it'!:l,..hi '-In7AC:i 7~ 

Mitsubishi M58175 
8ignetics 748175 

• Discontinued 

:::..:turer i :=ement Device IC Master 
=acturer i ~t Deviee 

IC Master ~a::turer I :::=ment Deviee 
IC ..... ., 

Page Page Page 

DM748175 TI SN74S175 DM74S572 Fairchild 93452 1264 DM7407 Motorola MC7407 

DM74S182 Fairchild 93S42 Intel 3605A 8ignelics 7407 

Hitachi HD74S182 MMI 6352-1 1449 TI 8N7407 

Mitsubishi M5S182 •. NEC Micro /iPB406 1625 Toshiba TD3407 

8ignetics 748182 Raytheon 29640 TRW 7407 

TI 8N748182 DM748573 Fairchild 93453 1264 DM7408 Fairchild 7408 

DM74S188 AMD AM27818 Intel 3625A Hitachi HD7408 
I 

1453

1 

1449 i MMI 635080 MMI 6353-1 Mitsubishi M53208 
DM748195 AMD 8N74S195 NEC Micro /iPB426 1625 I Motorola MC7408 

Fairchild 93800 DM74S64 Fairchild 74864 8ignetics 7408 

' Signetics 748195 Hitachi HD74864 I TI SN7408 

TI SN74S195 I Signetics 74864 Toshiba TC7408 

DM74820 Fairchild 74820 TI 8N74864 TD3408 

Hitachi HD74820 DM74S65 Fairchild 74865 TRW 7408 

Mitsubishi M58020 Hitachi HD74865 DM7409 Fairchild 7409 

I 
8ignetics 74S20 Signetics 74865 Hitachi HD7409 

TI 8N74820 TI 8N74865 Mitsubishi M53209 

DM748200 Fairchild 93421 1252 DM74886 Fairchild 74886 Motorola MC7409 

Signetics 74S2OO 1678 Hitachi HD74886 8ignetics 7409 

DM748206 Fairchild 93411 8ignetics 74886 TI 8N7409 

DM74822 Fairchild 74822 TI 8N74886 Toshiba TD3409 

Hitachi HD74822 DM7400 Fairchild 7400 TRW 7409 

Mitsubishi M5822 Hitachi HD7400 DM7410 Fairchild 7410 

8ignetics 74822 Mitsubishi M53200 Hitachi HD7410 

TI 8N74822 Motorola MC7400 Mitsubishi M53210 

DM748251 AMD 8N748251 NEe America ILPB7400 Motorola MC7410 

Fairchild 748251 Signetics 7400 NEe Amenca ILPB7410 

Hitachi HD748251 TI 8N7400 Raytheon 7410 

Mitsubishi M58251 Toshiba TC7400 8ignetics 7410 

8ignetics 748251 TD3400 TI SN7410 

TI SN748251 TRW 7400 8N7427 

DM748253 AMD 8N748253 DM7401 Fairchild 7401 Toshiba TC7410 

Fairchild 748253 Hitachi HD7401 TD3410 

8ignetics 748253 Mitsubishi M53201 TRW 7410 

DM748257 AMD 8N748257 Motorola MC7401 DM74107 Fairchild 74107 

Fairchild 748257 8ignelics 7401 Hitachi HD74107 

Mitsubishi M58257 TI 8N7401 - Mitsubishi M53307 

8ignetics 748257 Toshiba TD3401 Motorola MC74107 

TI 8N74S257 TRW 7401 NEe America /A-PB74107 

DM748280 Fairchild 748280 DM7402 Fairchild 7402 8ignetics 74107 

Signelics 748280 Hitachi I-ID7402 TI SN74107 

TI 8N748280 Mitsubishi _ M53202 Toshiba TD341 07 

DM748281 TI 8N748281 Motorola MC7402 DM741 09 Fairchild 9024 

DM748287 AMD AM27821 NEe America ILPB7402 8ignetics 74109 

Fairchild 93421 1258 8ignetics 7402 TI SN74109 

MM. 63S141 1453 TI 8N7402 DM7411 Fairchild 7411 

Raytheon 29661 1664 Toshiba TD3402 Hitachi HD7411 

DM74S288 AMD AM27819 TRW 7402 Signetics 7411 

MMI 63S081 1453 DM7403 Fairchild 7403 '.DM7412 Raytheon 7412 

DM74S30 Fairchi!d 74530 

I 

Hitachi HD7403 DM74121 Fairchild 74121 
Mitsubishi M58030 Mitsubishi M53203 Hitachi HD74121 

TI 5N74830 Motorola MC7403 Mitsubishi M53321 

DM74S387 AMD AM27820 Signetics 7403 Motoro!a MC74121 

Fairchild 93417 1258 I TI 8N7403 Signetics 74121 

Intel 3601-1 Toshiba TD3403 TI 8N74121 

MM. 63S14O 1453 TRW 7403 Toshiba TD34121 

6300-1 1449 DM7404 Fairchild 7404 TRW 74121 

NEC Micro ILPB403 Hitachi HD7404 DM74123 AMD 8N74123 
Raytheon 29660 1664 Mitsubishi M53204 Fairchild 74123 

Signetlc. N82S126 1680 Motorola MC7404 Mitsubishi M53323 

T. SN74S387 1708 NEe America /iPB7404 Motorola MC74123 

DM74840 Fairchild 74840 Signetics 7404 

I 
NEC America flPB74123 

Hitachi HD74840 TI 8N7404 8ignetics 74123 

~.1jtsubishi P.15SC40 
T __ .... :t..._ 

TC7404 Tt SN74'i23 

I 
t v;:"UUCl 

r 
8ignelics 74840 TD3404 TRW 74123 

TI 8N74840 TRW 7404 DM74125 Fairchild 74125 

DM748470 MM. 6308-1 ~~I DM7405 Fairchild 7405 I Hitachi HD74125 
;:;Ciyt:Jwi'" 29600 

::E I 

riill1chi riD74u5 I MItSUOISni ivi::i;;;;2:5 
DM748471 MMI 6309-1 Mitsubishi M53205 5ignetics 74125 

Raytheon 29601 Motorola MC7405 TI 5N74125 

DM748472 MM. 6349-1 1449 NEe America ILPB7405 SN74425 

Raytheon 29621 1656 8ignetics 7405 DM74126 FairChild 74126 

DM74S473 MMI 6348-1 1449 TI 8N7405 Hitachi HD74126 
i1aytileon 2Vti2O 1656 Toshiba TD3405 Mitsubishi M53326 

DM74851 Fairchild 74851 TRW 7405 8ignelics 74126 

Mitsubishi M58051 DM7406 Fairchild 7406 TI SN74126 
8ignetics 74851 Hitachi HD7406 8N74426 
TI 8N74851 Mitsubishi M53206 DM7413 Fairchild 7413 

DM748570 AMD AM27812 Motorola MC7406 Mitsubishi M53213 
Fairchild 93436 1260 8ignetics 7406 Motorola MC7413 

MMI 6305-1 1449 TI SN7406 NEC America ILPB7413 

Raytheoll 29610 1654 Toshiba TD3406 Signetics 7413 
.,. . ~ ~ . I DM748571 AMD AM278,3 

.. ....el\ I r"\1 .. .., .. I"\~ 

IRW 7406 TI "N7413 

MMI 6306-1 
Raytheon 29611 

~::: 1- - Hitachi HD7407 
Mitsubishi M53207 

DM74132 Fairchild 
Hitachi 

74132 
HD74132 

I 
I 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement IC Master Manufacturer I Replacement Ie Master Manufacturer I Replacement ICMaster Manufacturer I Replacement IC lIaster 
Device Source Device Page Device Source DeYice Page DeYlc:e Source I Device Page DeYice . Source Device Page 

National Semiconductor DM74156 NEG America I1PB74156 DM74172 Signetics 74S172 DM74193 Mitsubishi M53393 

(cont'd) 
Signetics 74156 74172 Motorola MC74193 
TI SN74156 TI SN74172 NEG America IlPB74193 
TRW 74156 DM74173 Fairchild 74173 Signetics 74193 

DM74132 Mitsubishi M53332 DM74157 AMD SN74157 TI SN74173 TI SN74193 

Motorola MC74132 Fairchild 74157 DM74174 AMD SN74174· Toshiba TD34193 

Signetics 74132 Hitachi HD74157 Fairchild 74174 DM74194 AMD SN74194 

TI SN74132 Mitsubishi M53357 Hitachi HD74174 Fairchild 74194 

+DM74136 Raytheon 74136 Motorola MC74157 Mitsubishi M53374 Hitachi HD74194 

DM7414 Fairchild 7414 NEG America I1PB74157 Motorola MC74174 Motorola MC74194 

Hitachi HD7414 Signetics 74157 Raytheon 74174 Si~netics 74194 

Mitsubishi M53214 TI SN74157 Signetics 74174 TI SN74194 

Motorola MC7414 DM7416 Fairchild 7416 TI SN74174 DM74195 AMD SN74195 

Signetics 7414 Hitachi HD7416 DM74175 AMD SN74175 Fairchild 74195 

TI SN7414 Mitsubishi M53216 Fairchild 74175 Motorola MC74195 

DM74141 Fairchild 74141 Motorola MC7416 Hitachi HD74175 NEG America I1PB74195 

Motorola MC74141 Signetics 7416 Mitsubishi M53375 Signetics 74195 

NEG America J..lPB74141 TI SN1416 Motorola MC74175 TI SN74195 

Signetics 74141 Toshiba TD3416 NEG America I1PB74175 DM74196 Fairchild 74196 

TI' SN74141 TRW 7416 Signetics 74175 Motorola MC74196 

DM~4145 Fairchild 74145 DM74160 AMD SN74160 TI SN74175 Signetics 74196 

Mitsubishi M53345 Fairchild 74160 DM74176 Fairchild 74176 TI SN74196 

Motorola MC74145 Hitachi HD74160 Mitsubishi M53376 DM74197 Fairchild 74197 

Signetics 74145 Mitsubishi M53360 Motorola MC74176 Motorola MC74197 

TI SN74145 Motorola MC74160 Signetics 74176 Signetics 74197 

TRW 74145 Signetics 74160 TI SN74176 TI SN74197 

DM74147 Hitachi HD74147 TI SN74160 DM74177 Fairchild 74177 DM74198 Fairchild 74198 

Mitsubishi M53347 TRW 74160 Mitsubishi M53377 Hitachi HD74198 

NEG America IlPB74147 DM74161 AMD SN74161 Motorola MC74177 Mitsubishi M53398 

Signetics 74147 Fairchild 74161 Signetics 74177 NEC America I1PB74198 

TI SN74147 Hitachi HD74161 TI SN74177 Signetics 74198 

DM74148 Fairchild 9318 Mitsubishi M53361 DM74180 Fairchild 74180 TI SN74198 

Hitachi HD74148 Motorola MC74161 Hitachi HD74180 DM74199 Fairchild 74199 

Mitsubishi M53348 NEC America IlPB74161 Mitsubishi M53380 Mitsubishi M53399 

NEG America IlPB74148 Raytheon 74161 Motorola MC74180 Signetics 74199 

Signetics 74148 Signetics 74161 NEG America J..lPB74180 TI SN74199 

TI 'SN74148 TI SN74161 Signetics 74180 DM7420 Fairchild 7420 

+DM7415 Raytheon 7415 TRW 74161 TI SN74180 Hitachi HD7420 

DM74150 Fairchild 74150 DM74162 AMD SN74162 TRW 74180 Mitsubishi M53220 

Hitachi HD74150 Fairchild 74162 DM74181 AMD SN74181 Motorola MC7420 

Mitsubishi M53350 Hitachi HD74162 Fairchild 74181 NEI: America IlPB7420 

Motorola MC74150 Mitsubishi M53362 Mitsubishi M53381 Signetics 7420 

NEG America IlPB74150 Motorola MC74162 Motorola MC74181 TI' SN7420 

Signetics 74150 Signetics 74162 NEG America I1PB74181 Toshiba TC7420 

TI SN74150 TI SN74162 Raytheon 74181 TD3420 

TRW 74150 TRW 74162 Signetics 74181 TRW 7420 

DM74151 Fairchild 74151 DM74163 AMD SN74163 TI SN74181 +DM74200 Fairchild 93421 1252 
Hitachi HD74151 Fairchild 74163 DM74182 AMD SN74182 MMI 6531 

Mitsubishi M53351 Hitachi HD74163 Fairchild 74182 TI SN74S201 

Motorola MC74151 Mitsubishi M53363 9342 DM7421 Toshiba TD3421 

NEG America IlPB74151 Motorola MC74163 Mitsubishi M53382 DM7423 Fairchild 7423 

Raytheon 74151 Signetics 74163 Motorola MC74182 Motorola MC7423 

Signetics 74151 TI SN74163 NEG America I1PB74182 TI SN7423 

TI SN74151 TRW 74163 Raytheon 74182 DM7425 Fairchild 7425 

SN74151A DM74164 AMD SN74164 Signetics 74182 Mitsubishi M53225 

TRW 74151 74164 TI SN74182 Motorola MC7425 

DM74153 AMD SN74153 Fairchild 74164 DM74184 TI SN74184 TI SN7425 

Fairchild 74153 Hitachi HD74164 DM74185 Mitsubishi M53385 DM74251 TI SN74251 

Hitachi HD74153 Mitsubishi M53364 TI SN74185 DM7426 Fairchild 7426 

Mitsubishi M53353 NEG America I1PB74164 +DM74187 Intersil IM5603 Hitachi HD7426 

-Motorola MC74153 Signetics 74164 MMI 6200-1 1466 Motorola MC7426 

NEG America IlPB74153 TI SN74164 National DM74S187 Signetics 7426 

Signetics 74153 DM74165 Fairchild 74165 Signetics N82S226 
I 

TI SN7426 

TI SN74153 Mitsubishi M53365 TI SN74187 Toshiba TD3426 

TRW 74153 Motorola MC74165 DM74190 Fairchild 74190 TRW 7426 

DM74154 AMD SN74154 Signetics 74165 Hitachi HD74190 DM7427 Fairchild 7427 

Fairchild 74154 TI SN74165 Mitsubishi M53390 Hitachi HD7427 
Hitachi HD74154 DM74166 Fairchild 74166 Motorola MC74190 Mitsubishi M53227 

Mitsubishi M53354 Hitachi HD74166 Signetics 74190 Motorola' MC7427 

Motorola MC74154 Mitsubishi M53366 TI SN74190 Signetics 7427 

NEG America IlPB74154 Signetics 74166 DM74191 Fairchild 74191 +DM74283 Raytheon 74283 

Raytheon 74154 TI SN74166 Hitachi HD74191 DM7430 Fairchild 7430 
Signetics 74154 DM7417 Fairchild 7417 Mitsubishi M53391 Hitachi HD7430 
TI SN74154 Hitachi HD7417 Motorola MC74191 Mitsubishi M53230 
TRW 74154 Mitsubishi M53217 Signetics 74191 Motorola MC7430 

DM74155 Fairchild 74155 Motorola MC7417 TI SN74191 NEG America J..lPB7430 
Mitsubishi M53355 Signetics 7417 DM74192 AMD SN74192 Signetics 7430 
Motorola MC74155 TI SN7417 Fairchild 74192 TI SN7430 
NEG America IlPB74155 Toshiba TD3417 Mitsubishi M53392 Toshiba TD3430 
Signetics 74155 TRW 7417 Motorola MC74192 TRW 7430 
TI SN74155 DM74170 Fairchild 74170 NEG America IlPB74192 DM7432 Fairchild 7432 
TRW 74155 Hitachi HD74170 Signetics 74192 Hitachi HD7432 

DM74156 Fairchild 74156 Mitsubishi M53370 TI SN74192 Signetics 7432 
Hitachi HD74156 NEG America IlPB74170 Toshiba TD34192 TI SN7432 
Mitsubishi M53356 Signetics 74170 DM74193 AMD SN74193 DM7437 Fairchild 7437 
Motorola MC74156 TI SN74170 Fairchild 74193 Mitsubishi M53237 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the Specifications considering your requirerrients. 
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Manufacturer I Replacement 
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IC Master 
Page 

------------------------1 
National Semiconductor 
(cont'd) 

OM7437 

DM7438 

Motorola 
NEG America 
Sigl1etics 
TI 
Toshiba 
TRW 
Fairchild 
Mitsubishi 
Motorola 
NEG America 
Signelics 
TI 

I DM74'O 

Tos.,iba 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEe America 
Signetics 
TI 
Toshiba 
TRW 
Fairchild 
Hitachi 

MC7437 
I-lPB7437 
7437 
SN7437 
TD3437 
7437 
7438 
M53238 
MC7438 
flPB7438 
7438 
SN7438 
:D3'\38 
7438 
7440 
H07440 
M53240 
MC7440 
IlPB7440 
7440 
SN7440 
T03440 
7440 
7441 
H07441 

I DM7441 

OM7442 

OM7445 

DM7446 

OM7447 

DM7448 

OM7450 

OM7451 

Milsubishi M53241 
Signetics 7441 
TI SN74141 
Toshiba T03441 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEG America 
Signetics 
:1 

Toshiba 
Fairchild 

7442 
HD7442 
M53242 
MC7442 
flPB7442 
7442 
SN7442 
SN7442A 
T03442 
7445 

Mitsubishi M53245 
Motorola MC7445 
NEG America /lPB7445 
Signetics 7445 
TI SN744!'i 

'TRW 7445 
Falrchiia 
Hitachi 
Motorola 
Signetics 
TI 

Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEG Amenca 
Signetics 
TI 

Tushiba 
FairchHd 
Mitsubishi 
Motorola 
:.:ilgnetlcs 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEG America 
Signetics 
TI 
Toshiba 
TRW 
Fairchild 
Hitachi 
Motorola 
NEG America 
Signetics 

Toshiba 
TRW 

7446 
HD7446 
MC7446 
7446 
SN7446 
SN7446A 
7447 
HD7447 
M53247 
MC7447 
IlPB7447 
7447 
SN7447 
SN7447A 
103447 
7448 
M53248 
MC7448 
7448 
SN7448 
7450 
H07450 
M53250 
MC7450 
IlPB7450 
7450 
SN7450 
TD3450 
7450 
7451 
H07451 
MC7451 
I-lPB7451 
7451 

TD3451 
7451 

• Discontinued 

:~~:cturer I =ement Device lC .... ter 
Page 

OM7453 

OM7454 

OM7460 

OM7470 

OM7472 

OM7473 

OM7474 

OM7475 

DM7476 

OM7483 

OM7485 

Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEC America 
Signetics 
TI 
TRW 
Fairchild 
Hitachi 
Motorola 
NEG America 
Signetics 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEe America 
Signetics 
TI 
Toshiba 
TRW 
Fairchild 
Mitsubishi 
Motorola 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
Signatics 
TI 
Toshiba 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEG America 
Signetics 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 

7453 
HD7453 
M53253 
MC7453 
IlPB7453 
7453 
SN7453 
7453 
7454 
H07454 
MC7454 
~PB7454 

7454 
SN7454 
7454 
7460 
H07460 
M53260 
MC7460 
IlPB7460 
7460 
SN7460 
T03460 
7460 
7470 
M53270 
MC7470 
7470 
SN7470 
7472 
H07472 
M53272 
MC7472 
7472 
SN7472 
TD3472 
7472 
7473 
H07473 
M53273 
MC7473 
I-lPB7473 
7473 
SN7473 
TD3473 
7474 
H07474 
M53274 
MC7474 

NEe America IlPB7474 
Signetics 7474' 
TI SN7474 
Toshiba TD34 7 4 
TRW 7474 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
Signetics 
TI 
Toshiba 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEe America 
::;Ignetlcs 
TI 
Toshiba 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
Signetics 
TI 

Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEC America 

7475 
H07475 
M5327,5 
MC7475 
7475 
SN7475 
T03475 
7475 
7476 
HD7476 
M53276 
MC7476 
IlPB7476 
14/6 
SN7476 
T03476 
7476 
7483 
HD7483 
M53283 
MC7483 
7483 
SN7483 
SN7483A 
7485 
H07485 
M53285 
MC7485 
I-lPB7485 

TI SN7485 
TRW 7485 

=acturer i =.ement Device ICMaster 
Page 

OM7486 

OM7488 

OM7489 

OM7490 

OM7491 

OM7492 

DM7493 

OM7495 

DM7496 

OM75L60 
OM75L63 
OM75S228 
OM75S229 
OM7535 
OM75491 

DM75492 

OM7551 
DM7560 
OM7563 
OM7570 

Fairchild 
Hitachi 
Mitsubishi 
Motorola 
NEG America 
Signetics 
TI 
Toshiba 
TRW 
Intersil 
MMI 
TI 

AMO 

Fairchild 
Miti;;ubi~hi 

MMI 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
Signetics 
TI 

Toshiba 
TRW 
Fairchild 
Mitsubishi 
Motorola 
NEe America 
Signetics 
TI 

Toshiba 
Fairchild 
Hitachi 
Mitsubishi 
Molorola 
Signetics 
TI 

Toshiba 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
Signetics 
TI 

Toshiba 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
Signetics 
TI 

Toshiba 
Fairchlid 
Hitachi 
Mitsubishi 
Motorola 
Signetics 
TI 
TRW 
TI 
TI 
Raytheon 
Raytheon 
NEC Micro 
Motorola 
Natiorial 
Motorola 
National 
TI 
TI 
TI 
TI 

Intal 
Intersil 

7486 
H07486 
M53286 
MC7486 
IlPB7486 
7486 
SN7486 
T03486 
7486 
IM5600 
6230-1 1466 
SN7488 
SN7488A 
C3101 
SN7489 
7489 
M53289 
6560 
SN7489 
7489 
7490 
H07490 
M53290 
MC7490 
7490 
SN7490 
SN7490A 
T03490 
7490 
7491 
M53291 
MC7491 
I-lPB7491 
7491 
SN7491 
SN7491A 
TD3491 
7492 
H07492 
M53292 
MC7492 
7492 
SN7492 
SN7492A 
TD3492 
7492 
7493 
H07493 
M53293 
MC7493 
7493 
SN7493 
SN7493A 
TD3492 
7493 
7495 
H07495 
M53295 
MC7495 
7495 
SN7495 
SN7495A 
TD3495 
1496 
H07496 
M53296 
MC7496 
7496 
SN7496 
7496 
SN54L192 
SN54l193 
29631 1660 
28630 1660 
~PB403 

MC75491 
OS75491 
MC75492 
OS75492 
SN54173 
SN54192 
SN54193 
SN54164 

M3601 
IM5603 

Manufacturer I Replacement 
Device Source Deyice 

+OM7573 

+OM7574 

OM7577 

OM7578 

.OM7582 
OM7588 
DM7590 
OM7596 

+OM7597 

+OM7598 

I OM7599 

MMI 
TI 
Harris 

Intersil 
MMI 
Nationa: 
NEC Micro 
TI 
Harris 
TI 
AMO 
Harris 
TI 
TI 
TI 
T! 
TI 
Intersi! 
MM. 
National 
TI 

Intarsil 
MMI 
National 
AMO 

53~1 1449 
SN54S387 1708 
HM7602 1284 
HPROM1024 
IM5623 

1449 5301-1 
OM54S287 
IlPB403 
SN54S287 1708 
HM7602 1284 
SN54S188 1708 
AM27S19 
HM7603 1284 
SN54S288 1708 
SN54S301 
SN54S188 1708 
SN54165 
SN54S473 1708 
IM5623 
5201-1 1466 
OM75S97 
SN54S287 1708 

. SN54S370 
IM5610 
5231~1 

OM75598 
AM27S03 
DM7599 

1466 

MMI 5561 
TI SN54S189 

OM76L70 TI SN54L164 
OM76L97 Intersil IM5623 

+OM76L99 MMI L5561 
National OM54S 189 

+OM7640 National OS7640 
OM77S228 MMI 5381-1 
OM77S229 MMI 5380-1 
OM77S295 MMI 5340-1 

NEC Micro IlPB405 
Raytheon 29624 

DM77S296 MMI 5341-1 
NEC Micro p.PB425 
Raytheon 29625 

DM77S474 Fairchild 93448 
DM77S475 Fairchild 93438 

+DM7795 National OM77S95 
,+OM7796 
I 
I OM7800 

DM7810 
OM7812 

.OM7893 
+OM7894 

DM8093 

DM8094 

OM8095 
OM8096 
OM8097 
DM8098 
OM81 LS95 

, OM81LS96 
I OM81LS97 
I DM81LS98 

I
+OM81L22 
+OM81S60 

OM8121 
OM8123 

OM8200 
+OM8213 

OM8214 
OM8220 
OM8280 

I OM8281 

MMI 5241·1 
National DM77S96 
TI SN55180 
II SN5426 
TI SN5416 
National 
National 
Fairchild 
TI 
Fairchild 
TI 
TI 
TI 
TI 

. TI 

AMO 
AMO 
AMD 
AMO 
T; 
Fairchild 
TI 
Fairchild 
TI 
SigneticS 
Fairchild 
Motorola 
Raytheon 
Signetics 
TI 
TI 
Hitachi 
Fairchild 
Raytheon 
Signetics 
TI 
Fairchild 
ndYU1t:lU1I 

OS55493 
OS55494 
74125 
SN74125 
74126 
SN74126 
SN74365 
SN74366 
SN74367 
SN74368 
SN54LS240 
SN54LS241 
SN54LS240 
SN54LS241 
SN74L157 
93S47 
SN74251 
74S257 
SN74S257 
N8269 
9311 
MC8311 
RC9311 
74154 
SN74154 
SN74LS253 
H08220 
74176 
RC8280 
N8280 
SN74176 
74177 

Signetics N8281 
TI SN74177 

1449 
1449 
1449 
1621 
1658 
1449 
1621 
1658 
1282 
1262 

1466 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
lhnufIcturer I Rep/ac8m«It IC Master lllMufacturer I R~ IC Ihster IIIMufacturer I Rep/ac8m«It IC Ihster u-tacturer I Replacement IC ........ 
DevIce SoI.uq DevIce P-ve Device Source Devlc:e PIIg8 DevIce Source Devlc:e P-ve DevIce Source Device P-ve 

National Semiconductor OM8560 TI SN74192 DM8842 TI SN7442A 0M951 Fairchild 9157 

(cont'd) 
OM8563 Fairchild 74193 OM8846 Fairchild 7446 Motorola MC851 

Hitachi HD8563 TI SN7446A Raytheon RM951 
Motorola MC74193 DM8847 Fairchild 7447 TI SNl5851 

OM8283 Fairchild 7483 Raytheon 74193 TI SN7447A OM9567 Motorola MC857 

+OM8283 Motorola MC7483 Signetics 74193 OM8848 Fairchild 7448 OM957 Raytheon RM957 

Signetics 7483 TI SN74193 TI SN7448 TI SNl5857 

TI SN7483A OM8570 Fairchild 74164 +OM8860 National OS75491 OM958 Fairchild 9158 

OM8288 Signetics N8288 Motorola MC74164 +OM8862 National OS75492 Motorola MC858 

OM8290 Fairchild 74196 Raytheon 74164 OM8893 National OS75493 Raytheon RM958 

Raytheon RC8290 TI SN74164 OM8894 National OS75494 TI SNl5858 

TI SN74196 Toshiba T03503 OM9093 Fairchild 9093 OM9601 AMO 9601 

OM8291 Fairchild 74197 +OM8573 Fairchild 93416 Motorola MC853 Fairchild 9601 

Raytheon RC8291 Harris HPROM1024A Raytheon RM993 Raytheon RF9601 

TI SN74197 Intersil IM5603 TI SN158093 TI SN29601 

+OM8296 TI SN74196 MMI 6300-1 1449 OM9094 Fairchild 9094 0M9602 AMO 9602 

OM8300 AMO 9300 National OM74S387 Motorola MC856 Fairchild 9602 

Fairchild 9300 S!gnetics N82S126 1680 Raytheon RM9094 Raytheon RF9602 

Raytheon RC9300 TI SN74S387 1708 TI SN158094 OM961 Fairchild 961 

TI SN29300 +OM8574 Fairchild 93426 OM9097 Fairchild 9097 Motorola MC861 

OM8301 AMO 9301 Harris HPROM1024 Motorola MC855 Raytheon RM961 

Fairchild 9301 Intersil IM5603 TI SN158097 TI SN15861 

TI SN29301 IM5623 OM9099 Fairchild 9099 OM962 Fairchild 961 

OM8309 AMO 9309 MMI 6301-1 1441 Motorola MC852 Motorola MC862 

Fairchild 9309 National OM74S287 Raytheon RM999 Raytheon RM962 

TI 'SN29309 n SN74S287 1708 TI SN158099 TI SN15862 

OM831 0 AMO 9310 OM8577 AMO AM27S18 DM930 Fairchild 930 OM963 Fairchild 963 

Fairchild 9310 Harris HM7602 1284 Motorola MC830 Motorola MC863 

Raytheon RC931 0 n SN74S188 1708 Raytheon RM930 Raytheon RM963 

TI SN29310 OM8578 AMO AM27S19 TI SN15830 TI SN15863 

OM8311 AMO 9311 Harris HM7603 1284 OM9300 AMO 9300 OP8212 NEe Micro I1PB8212 2172 

Fairchild 9311 MMI 6331-1 1449 Fairchild 9300 OP8216 NEe Micro I1PB8216 2184 

Raytheon RC9311 Signetlcs N82S123 1680 Raytheon RM9300 OP8224 NEe Micro I1PB8224 2188 

TI SN29311 TI SN74S288 1708 TI SN29300 DP8226 NEe Micro I1PB8226 2184 

OM8312 AMO 9312 DM8579 TI SN74164 0M9301 AMO 9301 DP8228 NEe Micro I1PB8228 2193 

Fairchild 9312 OM8580 Fairchild 7495 Fairchild 9301 OP8238 NEe Micro }1PB8238 2193 

Raytheon RC9312 +DM8580 Motorola MC7495 TI SN29301 DP8304 Intel 8286 1948 

TI SN29312 Signetics 7495 OM9312 AMO 9312 OS0026 AMO MH0026 

0M8316 AMO 9316 TI SN7495A Fairchild 9312 Motorola MMH0026 

Fairchild 9316 +OM8582 MMI 6530 TI SN29312 TI SN75369 

Raytheon RC9316 TI SN74S301 OM932 Fairchild 932 OS0056 AMb OS0056 

TI SN29316 +OM8588 Intersil IM5600 Motorola MC832 OS1488 AMO MC1488 

OM8322 AMO 9322 TI SN74S188 1708 Raytheon RM932 Exar XR1488 

Fairchild 9322 OM8590 Fairchild 74165 TI SN15838 Motorola MC1488 

Raytheon RC9322 Raytheon 74165 OM9322 AMO 9322 Raytheon RC1488 

74154 TI SN74165 Fairchild 9322 Signetics MC1488 

74157 +OM8597 Intersil IM5623 Raytheon RM9322 Silicon G SG1488 

TI SN29322 MMI 6201-1 1466 54157 TI SN75188 

OM85L60 TI SN74L192 National OM85S97 TI SN29322 OS1489 AMO MC1489 

OM85L63 TI 8N74L193 n SN74S287 1708 OM933 Fairchild 933 Exar XR1489 

OM858228 Harris HM7681 1322 8N74S370 Motorola MC833 Motorola MCl489 

Raytheon 29631 1660 OM8598 Intersil IM5610 Raytheon RM933 Raytheon RC1489 

DM858229 Harris HM7680 1322 MMI 6231-1 1466 TI 8N15833 8ignetics MCl489 

Raytheon 29630 1660 TI SN74S288 1708 OM93415 Fujitsu MBM93415 8i1icon G SG1489 

OM85S68 MMI 85S68 OM8599 AMO AM27S03 0M935 Fairchild 935 TI SN75189 

+OM85S99 AMO SN74S189 OM8599 Motorola MC840 OS1489A Exar XR1489A 

Fairchild 74S189 Fairchild 74S189 Raytheon RM935 Signetics MCl489A 

TI SN74S189 MMI 6561 TI 8N15835 OSl603 AMO OS1603 

+DM8500 8ignetK:s 7476 TI SN74S189 0M936 Fairchild 936 OS1691 AMO AM26L830 

TI SN7476 OM86L70 TI SN74L164 Motorola MC836 083486 Motorola MC3486 

+DM8501 Signetics 7473 DM86L97 Intersil IM5623 Raytheon RM936 083487 Motorola MC3487 

TI SN7473 +OM86L99 Fairchild IM5501 TI SN15836 OS3603 AMO 083603 

+DM851 0 Signetics 7474 MMI L6561 OM931 Fairchild 937 083604 AMO OS3604 

TI SN7474 National OM74LS189 Motorola MC837 OS3611 Signetics 083611 

OM8530 Fairchild 7490 +OM8600 Motorola MC8300 Raytheon RM937 OS3612 Signetics OS3612 

+DM8530 Motorola MC7490 OM8601 AMO 9601 TI 8Nl5837 083613 8ignetics 083613 

8ignetics 7490 Fairchild 9601 OM944 Fairchild 944 083614 8ignetics OS3614 

TI 8N7490A Raytheon RF8601 Motorola MC844 0836147 Motorola 0836147 

OM8532 Fairchild 7492 Signetics N8T22 Raytheon RM944 0836177 Motorola OS36177 

+DM8532 Motorola MC7492 TI 8N29601 TI 8N15844 083650 Motorola MC3450 

Signetics 7492 OM8602 AMO 9602 OM945 Fairchild 945 083651 Motorola MC3430 

TI SN7492A Fairchild 9602 Motorola MC845 083652 Motorola MC3452 
OM8533, Fairchild 7493 Raytheon RF8602 Raytheon RM945 OS3653 Motorola MC3432 

+OM8533 Motorola MC7493 +0M8640 National 0S8640 TI SNl5845 OS3674 Motorola MC3460 
Signetics 7493 TI SN74141 OM946 Fairchild 946 083687 Motorola MC3487 
TI SN7493A OM878228 MMI 6381-1 1449 Motorola MC846 083691 AMO AM26L830 

OM8550 Fairchild 7475 0M87S229 MMI 6380-1 1449 Raytheon RM946 0S551 07 AMO SN55107 
+OM8550 Motorola MC7475 OM87S295 MMI 6340-1 1449 TI SN15846 Fairchild 55107 

8ignetics 7475 Raytheon 29624 1658 DM948 Fairchild 948 Motorola MC55107 
TI SN7475 OM878296 MMI 6341-1 1449 Motorola MC848 Raytheon RM55107 

0M8551 TI SN74173 Raytheon 29625 1658 Raytheon RM948 TI 8N55107B 
OM8560 Fairchild 74192 OM87S474 Fairchild 93448 1262 TI SN15848 OS551 08 AMO SN55108 

Hitachi H08560 OM87S475 Fairchild 93438 1262 OM949 Fairchild 949 Fairchild 55108 
Motorola MC74192 OM8796 MMI 6241-1 1466 Motorola MC849 Motorola MC551 08 
Raytheon 74192 OM881 0 TI SN7426 Raytheon RM949 Raytheon RM551 08 
Signetics 74192 OM8842 Fairchild 7442 TI SN15849 TI 8N55108B 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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~-::!acturer I ~t Device IC Master I =i~:c'urer! =~~:""ent Device 
_____________ p_19_e I 

IC Master 
Page 

National Semiconductor 
(cont'd) 

I! OS75124 TI 
OS75150 TI 

SN75124 
SN75150 

I, OS75154 Fairchild 

------------- TI 

I 
OS7520 AMO 

75154 
SN75154 
SN7520 
MC7520 

OS55109 

OS55110 

OS55121 

OS55122 

OS5520 

.OS5521 

OS5522 
.OS5523 

I OS5524 

1.0s5525 
I 

OS5528 

.OS5529 

OS55325 

OS5534 

.OS5535 

055538 
.055539 

0555450 
0555451 
0555452 
0555453 
0555454 
0555460 
0S55461 
0555462 
0555463 
0555464 
0575107 

0575108 

D875109 

0575110 

0575121 

0575122 

0575123 

AMO 
Fairchild 
Raytheon 
TI 
AMO 
Fairchild 
TI 
Fairchild 
TI 
Fairchild 
TI 
AMO 
TI 

AMO 
TI 
TI 
TI 
AMO 
Fairchild 
Motorola 
TI 
AMO 
Fairchild 
Motorola 
TI 
Fairchild 
Motorola 
TI 
Fairchild 
Motorola 
TI 
AMO 
Motorola 
Raytheon 
TI 
Fairchild 
Motorola 
Fairchild 
Motorola 
Motorola 
Motorola 
TI 
TI 
TI 
TI 
TI 
TI 
TI 
TI 
TI 
TI 
AMO 
Fairchild 
Motorola 
Raytheon 
TI 
AMO 
Fairchild 
Motorola 
Raytheon 
TI 
AMD 
Fairchild 
MotorOla 
Raytheon 
TI 
AMO 
Fairchild 
Motorola 
Raytheon 
TI 
Fairchild 
Motorola 
TI 
Fairchild 
Motorola 
TI 
Fairchild 
Motorola 

5N551 09 
55109 
RM55109 
SN55109A 
5N55110 
55110 
SN55110A 
55121 
SN55121 
55122 
5N55122 
SN5520 
SN5520 
5N5521 
5N5520 
5N5522 
5N5522 
5N5524 
5524 
MC5524 
SN5524 
SN5525 
5525 
SN5525 
SN5524 
5528 
MC5528 
SN5528 
5529 
MC5529 
5N5528 
5N55325 
MC55325 
RM55325 
5N55325 
5534 
MC5534 
5535 
MC5535 
MC5538 
MC5539 
5N55450 
SN55451 
SN55452 
5N55453 
SN55454 
5N55460 
SN55461 
5N55462 
·SN55463 

SN55464 
5N75107 
75107 
MC75107 
RC75107 
SN751 078 
SN74108 
75108 
MC75108 
RC75108 
SN751 088 
SN75109 
75109 
M(;/!>l09 
RC75109 
SN75109A 
SN75110 
75110 
MC75110 
RC75110 
SN75110A 
75121 
MC8T13 
SN75121 
75122 
MC8T14 
SN75122 
75123 
MC8T23 

0575124 Fairchild 75124 
Motorola MC8T24 

• Discontinued 

Motorola 
Signetics 

I
' OS75207 !~:n G 

Fairchild 
TI 

I 
OS75208 AMO 

Fairchild 
TI 

'

.OS7521 AMO 
Signetics 
Silicon G 

.OS7522 

.OS7523 

I OS7524 

i 

.OS7525 

057528 

.OS7529 

OS75322 
0575324 

0575325 

OS7534 

.OS7535 
OS75361 
0575364 
OS75365 

I 057538 

I·OS7539 

0575450 

OS75451 

OS75452 

TI 
Motorola 
Signetics 
Silicon G 
TI 
Motorola 
Signetics 
Silicon G 
Ii 
AMO 
Fairchild 
Motorola 
5ignetics 
Silicon G 
TI 
AMO 
Motorola 
NPC 
Signetics 
Silicon G 
TI 
Fairchild 
Motorola 
NPC 
Silicon G 
TI 
Motorola 
Silicon G 
TI 
TI 
Raytheon 
TI 
AMO 
Fairchild 
Motorola 
Raytheon 
Silicon G 
TI 
Fairchild 
Motorola 
Silicon G 
Motorola 
TI 
TI 
Motorola 
TI 
Motorola 
Silicon G 
Motorola 
5111con 13 
Fairchild 
Motorola 
Raytheon 
Signetics 
Silicon G 
TI 
Fairchild 
Motorola 
Raytheon 
Signetics 
Silicon G 
TI 
Fairchild 
Motorola 
Raytheon 

7520 
SG7520 
SN7520 
SN75207 
75207 
SN752078 
SN75208 
75208 
SN752088 
SN7521 
7521 
SG7521 
SN7520 
MC7522 
7522 
SG7522 
SN7522 
MC7523 
7523 
SG7523 
5N7522 
SN7524 
75S24 
MC7524 
7524 
SG7524 
SN7524 
5N7525 
MC7525 
SFC2525 
7525 
SG7525 
SN7524 
7528 
MC7528 
SFC2528 
5G7528 
SN7528 
MC7529 
SG7529 
SN7528 
SN75322 
RC75324 
SN75324 
SN75325 
75325 
MC75325 
RC75325 
SG75325 
SN75325 
75S34 
MC7534 
SG7534 
MC7535 
SN75361A 
SN75364 
MC75365 
SN75365 
MC7538 
SG7538 
MC7539 
5131:>;111 
75450 
MC75450 
RC75450 
75450 
SG75450 
5N75450 
75451 
MC75451 
RC75451 
75451 
SG75451 
SN75451 
75452 
MC75452 
RC75452 

Silicon G SG75452 
TI SN75452 

::::cturer I ~nt Device 
IC Master 

Page 

OS75453 

OS75454 

OS75460 
0575461 

OS75462 

0575463 

OS75464 

OS75491 

0575492 

uS754;;~ 

OS75494 
057800 

. 057820 

057830 

057831 

OS7832 

OS7838 
058640 
058641 
058800 
OS8820 

058830 

058831 

OS8832 

058837 
OS8838 

OS8880 

0S8889 
IOM2901 A 
IOM2902 
IOM2909 
IDM29ii 
INS1671 
!NS17?1 
INS2650 
INS2tl:Jl 

IN52652 
IN52656 
IN54oo1 
IN54oo2 
INS4003 
INS4oo4 
IN54008 
INS4OO9 
INS8080A 

INS8212 
IN58214 
INS8216 
INS8224 
INS8226 

INS8238 
INS8251 

Fairchild 
Motorola 
Raytheon 
Signetics 
TI 
Fairchild 
Motorola 
Raytheon 
Signetics 
Silicon G 
TI 
TI 
Motorola 
TI 
Motorola 
TI 
Motorola 
TI 
Motorola 
TI 
Fairchild 
Motorola 
TI 
Fairchild 
Motorola 
TI 
Ti 
TI 
TI 
AMO 
Signetics 
TI 
AMO 
Signetics 
TI 
AMO 
TI 
AMO 
TI 
AMO 
Signetics 
Motorola 
TI 
AMO 
Signetics 
TI 

AMO 
Signetics 
TI 
AMO 
TI 
AMO 

I 

TI 
Motorola 
AMO 
Motorola 
Signetics 
TI 
Motorola 
NEC Micro 
NEC Micro 
NEC Micro 
NEe Micro 
Western 
Western 
5ignetics 
signetiea 
Signetiea 
5ignetics 
Intel 

75453 
MC75453 
RC75453 
75453 
5N75453 
75454 
MC75454 
RC75454 
75454 
5G75454 
SN75454 
5N75460 
MC75401 
SN75461 
MC75402 
SN75462 
MC75403 
SN75463 
MC75404 
SN75464 
75491 
MC75491 
SN75491 
75492 
MC75492 
SN75492 
51»754&3 
5N75494 
SN55180 
OM7820 
OS7820 
SN55182 
OM7830 
OS7830 
5N55183 
OM7831 • 

OS7831 
OM7832 
057832 
OS7838 
SP380 
0S8641 
SN75180 
OM8820 
OS8820 
058820 
SN75182 
OM8830 
0S8830 
SN75183 
OM8831 
058831 
DM8832 
0S8832 
MC3437 
OS8838 
MC3438 
058880 
5N75480 
MC3491 
J.tPB2901 A 
J.tP82902A 
J.tP82909A 
J.tPB29iiA 
UC1671 
FDl771 
2650 
;.!tiSl 

2652 
2304

1 

2306 
2656 
4001 

Intel 4002 
Intel 4003 
Intel 4004 
Intel 4008 
Intel 4009 
NEC Micro J.tPD8080A 2119 

J.tPD8080AF 2119 
NEC Micro J.tPB8212 2172 
NEC Micro J.tPB8214 2178 
NEC Micro J.tPB8216 2184 
NEC Micro J.tPB8224 2188 

~~~ ~:~~~ J.tPB8226 ~~~ I 
... -- •••• _. - fI"- -----

NEC Micro J.tPB8238 2193 
NEC Micro J.tPD8251 2204 

INS8255 
ISP-8A1600 
LF111 

LFl1508 

LF12508 

LF13508 

lF152 

LF155 

LF156 

LF157 

LF198 

LF211 

LF252 
LF255 

LF256 

LF257 

LF298 

LF3l1 
LF352 

LF355 

LF356 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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NEC Micro J.tPD8255 2229, 
Signetics ISP-8A/600 2314 
AMO LF111 
Fairchild 
PMI 

PMI 

PMI 

Datel 
TI 

AMO 
Fairchild 
Intersil 
Motorola 
PMI 

Raytheon 
Signetics 
TI 
AMO 
Fairchild 
Intersil 
Motorola 

J.tAFll1 
MUX-08 
MUX-88 
MUX-08 
MUX-88 
MUX-08 
MUX-88 
AM-435-1M 689 
LF152 
LF252 
LF155 
J.tAF155 
LF155 
LF155 
OP-15 
PM155 
LF155 
LF155 
LF155 
LF156 
J.tAF156 
LF156 
LF156 

PM, UP-tO 

Raytheon 
Signetics 
TI 
AMO 
Fairchild 
Intersil 
Motorola 
PMI 

Raytheon 
Signetics 
TI 
AMO 
Datal 
AMO 
Fairchild 
TI 
AMO 
Fairchild 
Intersil 
Motorola 
PMI 

Raytheon 
TI 
AMO 
Fairchild 
Intersil 
Motorola 
PMI 

Raytheon 
TI 
AMO 

PM156 
LF156 
LF156 
LF156 
LF157 
J.tAF157 
LF157 
LF157 
OP-17 
PM157 
LF157 
LF157 
LF157 
LF198 
SHM-LM-2M 685 
LF211 
J.tAF211 
LF252 
LF255 
J.tAF255 
LF255 
LF255 
OP-15 
PM255 
LF255 
LF255 
LF256 
J.tAF256 
LF256 
LF256 
OP-16 
PM256 
LF256 
LF256 
LF257 

Fairchild J.tAF257 
Intersil LF257 
Motorola LF257 
PM! OP-17 

Haymeon 
TI 
AMO 
PMI 
AMO 
Datel 
TI 

·AMO 

Fairchild 
Intersil 
Motorola 
PMI 

Raytheon 
TI 
AMD 

Intersil 
Motorola 

, PM257 

LF~57 

LF257 
LF298 
SMP-ll 
LF311 
AM-435-1C 689 
LF352 
LF355 
J.tAF355 
LF355 
LF355 
OP-15 
PM355 
LF355 
LF355 
LF356 
,....,-.., ..,~~ 

LF356 
LF356 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I RepIac:ement IC Master Manufacturer I Replacement IC Master llanufacturer I Replacement IC Master ManufactInr I Replacement IC Master 
Device Source Device Page Device Source Device Page DevIce Source Device Page Device Source DevIce Page 

National Semiconductor LM105 Raytheon LM105 LM1310 Exar XR1310 LM1558 Motorola MC1558 

(cont'd) 
Silicon G SG105 Motorola MC1310 PMI PM1558 
TI LM105 RCA CA1310 SSS1558 

LM106 AMD LM106 Sprague ULN-2110 Ray1heon RM1558 

LF356 PMI OP-16 Raytheon LM106 ULN-2210 RCA CM558 

PM356 TI LM106 LM1351 Motorola MC1351 Signatics MC1558 

Raytheon LF356 LM107 AD AD741S LM13606 Exar XR13600 933 Silicon G SG1558 

TI LF356 AMD LM107 LM137 Motorola LM137 TI MC1558 

LF357 AMO LF357 Fairchild /-LA 1 07 TI LM137 LM158 Motorola LM158 

Fairchild /-LAF357 Intarsil LM107 LM139 AMD LM139 Raytheon LMl58 

Intersil LF357 Motorola LM107 Fairchild /-LA139 RM4139 

Motorola LF357 NPC SFC2107 Motorola LM139 Signetk:s SE532 1109 

PMI OP-17 Raytheon LM107 Raytheon LM139 TI LM158 

PM357 RCA CA107 RCA CA139 LM1596 Motorola MC1596 

Raytheon LF357 Signetics LM107 Signetics LM139 Signetics MC1596 

TI LF357 Silicon G SG107 Silicon G SG139 Silicon G SG1596 

LF398 AMO LF398 TI LM107 TI LM139 LMl60 Fairchild /-LA760 

Dat .. SHM-LM-2 685 LM108 AD A0108 LM139A Motorola LM139A LM1611 National DS1611 

PMI SMP-11 AMD LM108. PMI CMP-04 LM1612 National DS1612 

LHOOO1 PMI OP-20 Fairchild /-LA 1 08 PM139A LM1613 National OS1613 

LH0021 Beckman 833-21 Intarsi.1 LM108 LM1391 Motorola MC1391 LM1614 National OS1614 

LH0042 AD ADOO42 Motorola LM108 RCA CA1391 LM163 National DSl603 

Intersil LH0042 PMI PMl08 Sprague ULN-2291 LMl63A National DSl604 

LH0044 AD AD517 Raytheon LM108 LM1394 Motorola MC1394 LMl800 Exar XRl800 

LH0062 AD AD528 RCA CM08 RCA CA1394 Fairchild ~758 

LH0070 AD AD581 Signetics LM108 Sprague ULN-2294 RCA CA758 

LH2101 AMD LH2101 Silicon G SG108 LM140 Exar XR146 929 Sprague ULN"2244 

Intarsil LH2101 LM109 Fairchild /-LA109 934 LM140-05 Silicon G SG140-05 LM1820 Fairchild /-LA720· 

Raytheon LH2101 Motorola LM109 LM140-06 Silicon G SG140-06 Sprague ULN-2137 

LH21 08 Intersil LH21 08 NPC SFC21 09 LM140-08 Silicon G SG140-08 LM1828 Sprague ULN-2228 

LH2108A PMI PM2108A Raytheon LM109 LM140-12 Silicon G SG140-12 LM1829 Fairchild /-LA787 

LH2110 Intersil LH2110 Signetics LM109 LM140-15 Silicon G SG140-15 LM1841 Fairchild ~136 

LH2111 AMD LH2111 Silicon G SG109 LM140-18 Silicon G SG140-18 Motorola MC1356 

Intarsil LH2111 TI LM109 LM140-24 Silicon G SG140-24 Sprague ULN-2136 

Raytheon LH2111 LM110 AMD LM110 LM1406 oat .. DAC-ICSBC 671 LMl848 Sprague ULN-2229 

LH2201 AMD LH2201 Fairchild /-LAll0 LM1414 Motorola MC1414 LM1877 Sprague ULN-2274 

Raytheon LH2201 Intarsil LMll0 Raytheon RC1414 lMl880 Signetics lMl880 

lH2208 PMI PM2208 Motorola LM110 TI TL5l4 LM1900 TI lMl900 

lH2208A PMI PM2208A PMI BUF-Ol LM143 Harris HA-2640 984 LM193 Signetics lM193 

LH22ll AMD lH22l1 BUF-02 lM1458 AMD 1458 TI lM193 

Ray1heon LH2211 Silicon G SG110 Exar XR1458 LM199 Ray1haon LM199 

LH2301 AMD LH2301 LM111 AMD LMlll Fairchild ~1458 LM200 Intarsil LM200 

Intarsil LH2301 Fairchild ~111 Harris HA-2655 986 NPC SFC2200 

Raytheon LH2301 Intersi! LM111 Hitachi HA17458 Silicon G SG200 

LH2308 Intarsi! LH2308 Motorola LM1t1 Motorola MC1458 LM201 AD AD201 

PMI PM2308 NPC SFC2111 NEe America /-LPC1458 AMD LM201 

LH2308A PMI PM2308A Raytheon LM111 'PMI OP-14 Fairchild /-LA201 

LH2310 Intarsi! LH231 0 RCA CA111 SSS1458 Intersil LM201 

LH2311 AMD LH2311 Signetics LM111 Raytheon RC1458 Motorola LM201 

Intarsil LH2311 Silicon G SG111 RC4558 NPC SFC2201 

Raytheon LH2311 TI LM111 RCA CA1458 RCA CA201 

LH740 Fairchild /-LA740 LM112 AMO LMl12 Signetics 'MC1458 CA748 

Intarsil LH740 Raytheon LMl12 Silicon G SG1458 Signetics LM201 

Signatics /-LA740 Silicon G SGl118 TI MC1458 Silicon G SG201 

LM0052 AD AD506 LM114 PMI MAT-Ol LM146 Exar XR146 929 TI LM201 

LM100 Intarsil LM100 LM117 Motorola LM117 LM148 AMD LMl48 LM202 AMD LM202 

NPC SFC21 00 Silicon G SGl17 Exar XR4741 Fairchild /-LA202 

Silicon G SG100 TI lM117 Harris HA-4741 Intersil lM202 

LM101 AD AD101 LM118 AD AD518 Intarsil LMl48 Motorola LM210 

AMD LMl0l AMD LM118 Motorola lM148 Silicon G SG202 

Fairchild ~10l Raytheon LM118 MC4741 lM204 Fairchild ~04 

Intarsi! LM10l TI LMl18 Raytheon LM148 Motorola LM204 

Motorola LM10l LM119 AMD LM119 TI LM148 NPC SFC2204 

NPC SFC2101 LM120-12 Silicon G SGl20-12 LM1488 Exar XR1488 Raytheon LM204 

Ray1heon lM101 LM120-15 Silicon G SG120-15 Motorola MC1488 Silicon G SG204 

RCA CA101 LM120-5 Silicon G SG120-5 National DS1488 TI LM204 

CA748 LMl20-5.2 Silicon G SGl20-5.2 Silicon G SG1488 LM205 AMD LM205 

Signetics LM101 LMl20-8 Silicon G SG120-8 LM1489 Motorola MC1489 Fairchild ~5 

Silicon G SG101 LM123 Mot.orola LM123 National DS1489 Intersil LM205 

TI LM101 Silicon G SG123 Silicon G SG1489 Motorola LM205 

LM102 AMD LM102 LM124 AMD LM124 LM149 AMD LM149 NPC SFC2205 

Fairchild ~102 Fairchild ~124 Intersil LM149 Raytheon LM205 

Intarsil LM102 Intersi! LM124 Raytheon LM149 Silicon G SG205 

Motorola LM110 Motorola LM124 LM1496 Fairchild ~796 TI LM205 

Silicon G SG102 Raytheon LM124 Motorola MC1496 lM206 AMD LM206 

LM104 Fairchild ~104 934 RCA CA124 Signetics MC1496 TI LM206 

Motorola LM104 Signetics lM124 Silicon G SG1496 LM207 AD AD741J 

NPC SFC21 04 Silicon G SG124 LM150 Motorola LM150 AMD LM207 

Raytheon LM104 TI LM124 LMl508 oat .. DAC4CSBM 671 Fairchild ~07 

Silicon G SG104 LMl29 Raytheon LM129 LM1514 Motorola MC1514 Intersil lM207 

n LM104 LM1303 Motorola MC1303 Raytheon RM1514 Motorola lM207 

LM105 AMD LM105 Raytheon RC4739 TI TL514 NPC SFC2207 

Fairchild ~105 934 lM1304 Fairchild /-LA732 lM1558 AMD 1558 Raytheon lM207 

Intarsil LM105 lM1307 Fairchild ~767 Exar XRl588 RCA CA207 

Motorola LM105 - Motorola MC1307 Fairchild ~1558 Signetics LM207 

NPC SFC2105 MC1317 HarriS HA-2650 986 Silicon G SG207 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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::~acturer I ~":':-'t Deyice IC Master :::,acturer I =:-"t Deyice IC Master ~i~DeYlce IC ........ Manufacturer I R~t IC ........ 

National Semiconductor 
(cont'd) 

LM207 TI LM207 
LM208 AD AD208 

AMD LM208 
Fairchild flA208 
Intersi! LM208 
Motorola LM208 
PMI PM208 
Raytheon LM208 
RCA CA208 
Signetics LM208 
Silicon G SG208 

LM209 Fairchild p.A209 
Motorola LM209 
NPC SFC2209 
Raytheon LM209 
Signetics LM209 
Silicon G SG209 
TI LM209 

LM210 AMD LM210 
Fairchild flA210 
Intersil LM210 
Motorola LM210 
I-'MI tiUt--ol 

BUF-02 
Silicon G SG210 

LM2l1 AMD LM2l1 
Fa1t<:niTCI ·j.LA211 
Intersil LM211 
Motorola lM2l1 
NPC SFC2211 
Raytheon LM2ll 
RCA CA211 
Signetics LM211 
Silicon G SG211 
TI lM2l1 

LM2111 Motorola MC1357 
RCA CA2111 
Signetics ULN2111 
Sprague ULN-2111 

LM2113 Sprague ULN-2l13 
LM212 AMD LM212 

Raytheon LM2l2 
Silicon G SG212 

LM216 AMD LM216 
LM217 Motorola LM2l7 

Silicon G SG217 
TI LM217 

LM218 AD AD518 
AMD LM218 
Raytheon LM218 
TI LM218 

LM219 AMD LM219 
NEG America flPC219 

LM220-05 Silicon G SG220-05 
LM220-12 Silicon G SG220-12 
LM220-15 Silicon G SG220-15 
LM220-5.2 Silicon G SG220-5.2 
LM220-8 Silicon G SG220-8· 
LM223 Motorola LM223 

SH:ccn G SG223 
LM224 AMD LM224 

Intersil LM224 
Motorola LM224 
na.yuIt:7VII L.lYlC.~'" 

RCA CA224 
Signetics LM224 
Silicon G SG224 
TI LM224 

LM237 Motorola LM237 
Ti Uvi237 

LM239 AMD LM239 
Motorola LM239 

MC3302 
Raytheon LM239 
RCA CA239 
Signetics LM239 
Silicon G SG239 
TI LM239 

LM239A Motorola LM239A 
PMI r.MP-t'lA 

PM239A 
LM246 Exar XR246 

• Discontinued 

Page 

934 

, 

LM248 

LM249 

LM250 
LM258 

LM2900 

LM2901 

••• ,..,1"'1"' .... 

LM2903 
LM2904 

LM293 

LM298 
LM299 
LM300 

LM301 

LM301A 
LM3011 
LM3018 

LM3019 

LM302 

lM3028 
LM3039 
LM304 

lM3045 

LM3046 

9291 LM305 

AMD LM248 
Exar XR4741 
Intersil LM248 
Motorola LM;;!48 

MC4741 
Raytheon LM248 
TI LM248 
AMD LM249 
Intersil LM249 
Raytheon LM249 
Motorola LM250 
Motorola LM258 
Raytheon LM258 
Signetics LM258 
TI LM258 
Fairchild f1A2900 
Motorola LM2900 
Raytheon LM2900 
TI LM2900 
Fairchild f1A2901 
Hitachi HA17901 
Motorola LM2901 
NEG America flPC2901 
Raytheon LM2901 
RCA CA339 
TI LM2901 
roo .... : ~ .. t..:,..J ""f"'Il"'II"I 

lA-t"'U:.vv.c:. 

Hitachi HA17902 
Motorola LM2902 
NEC America flPC2902 
A8ytheoo LM2902 
TI LM2902 
TI LM2903 
Motorola LM2904 
TI LM2904 
Signetic~ LM293 
TI LM293 
Burr-Brown SHC298 
Raytheon LM299 
Intersil lM300 
NPC SFC2300 
Silicon G SG300 
AD AD301 
AMD LM301 
Fairchild flA301 
Intersil LM301 
Motorola l:M301 
NEG America flPC301 A 
NPC SFC2301 
Raytheon LM301 
RCA CA301 
Signetics LM301 
Silicon G SG301 
TI LM301 
Toshiba TA7505 
NEG America flPC157 
RCA CA301.1 
Fairchild flA3018 
RCA CA3018 
Fairchild flA3019 
RCA CA3019 
AMD LM302 
Fairchild flA302 
!ntersi! LM302 
Motorola LM310 

MC7912 
Silicon G SG302 
Fa;;-child ,....A302S 
RCA CA3026 
RCA CA3028 
RCA CA3039 
Fairchild 1J.A304 
Motorola LM304 
NECAlfltlricct flPCi42 
NPC SFC2304 
Raytheon LM304 
Silicon G SG304 
TI LM304 
Fairchild flA3045 
RCA CA3045 
Silicon G SG3045 
Fairchild flA3046 
Motorola MC3346 
orA rA'l"JI':; 

Silicon G SG3046 
AMD LM305 

Page 

LM305 

LM3053 

LM3054 

I LM306 

I 

I 

LM3064 

LM3065 

LM3066 
...... ~ ... M",ot, 

LM307 

lM3070 

lM3071 

lM3072 
LM3075 

LM308 

lM3086 

lM3089 

LM309 

934 LM310 

LM311 

Fairchild 
Intersil 
Motorola 
NEG America 
NPC 
Raytheon 
Silicon G 
TI 
Fairchild 
RCA 
Sprague 
Fairchild 
Motorola 
RCA 
AMD 
R~ytheon 
TI 
Fairchild 
Motorola 
RCA 
Sprague 
Fairchild 
Motorola 
RCA 
Sprague 
RCA 
~ ...... 
AD 
AMD 
Fairchild 
intersiI 
Motorola 
NPC 
Raytheon 
RCA 
Signetics 
Silicon G 
~I 
Fairchild 
RCA 
Sprague 
RCA 
Sprague 
RCA 
Fairchild 
Motorola 
RCA 
AD 
AMD 
Fairchild 
Intersil 
Motorola 
NEG America 
PMI 
Raytheon 
RCA 
Signetics 
Silicon G 
Fairchild 
Motorola 
RCA 
Silicon G 
RCA 
Sprague 
Fairchild 
Motorola 
NPC 
Rayt'taci'i 
Signetics 
Silicon G 
TI 
AMD 
Fairchild 
intersii 
Motorola 
PMI 

Silicon G 
AMD 
Fairchild 
Intersil 
Motorola 
NEG America 

NPC 
Raytheon 

1J.A305 
LM305 
LM305 
flPC141 
SFC2305 
LM305 
SG305 
LM305 
flA753 
CA3053 
ULN-2209 
flA3054 
CA3054 
CA3054 
LM306 
LM306 
LM306 
f1A3064 
MC1364 
CA3064 
ULN-2264 
flA3065 
MC1358 
CA3065 
ULN-2165 
CA3066 
,... • ..,I'l ~ 

AD741J 
LM307 
f1A307 
lMS01 
LM307 
SFC2307 
LM307 
CA307 
LM307 
SG307 
LM307 

flA780 
CA3070 
UlN-2124 
CA3071 
UlN-2127 
CA3072 
flA3075 
MC1375 
CA3075 
AD308 
LM308 
f1A308 
lM308 
LM308 
flPC156A 
PM308 
LM308 
CA308 
LM308 
SG308 
flA3086 
MC3386 
CA3086 
SG3086 
CA3089 
ULN-2289 

f1A309 
lM309 
SFC2309 
LM30S 
lM309 
SG309 
LM309 
LM310 
flA31 0 
Livi;jiO 
LM310 
BUF-Ol 
BUF-02 
SG310 
lM311 
flA311 
lM311 
LM311 
flPC271 
J.D~'l11 

SFC2311 
LM311 

Page Devlce Source Device 

934 LM311 RCA CA311 
Signetics LM311 
Silicon G SG311 
TI LM311 

LM312 AMD LM312 
Raytheon LM312 
Silicon G SG3118 

LM3126 RCA CA3126 
LM316 AMD LM316 
LM317 Motorola LM317 

Silicon G SG317 
TI LM317 

LM318 AD AD518 
AMD LM318 

I 
NEG America flPC159A 
Raytheon LM318 
TI LM318 

LM319 AMD LM319 
NEG America flPC319 

LM319 
LM320-05 Motorola MC7905 

Silicon G SG320-05 
TI f1A7905 

LM320-06 TI f1A7906 
LM320-08 Silicon G SG320-08 

TI f1A7908 
I'V'\ 4"\ I ... M3c.v-oc. 

, .... - .. -..... 

Silicon G 
TI 

,,...., .. " .iJ'V,2., 
SG320-12 
f1A7912 
SG320-15 
JlA79t5 
I1A7924 
SG320-5.2 
SG320-8 
SG320P-12 
SG320P-15 
SG32OP-5.0 
f1A79M12 
f1A79M12 
f1A79M15 
f1A79M15 
f1A79M18 
flA79M24 
f1A79M24 
flA79M05 
f1A79M05 
f1A79M06 
f1A79M06 
f1A79M08 
1l.A79M08 
flA7912 
/LA7912 
IlA7915 
f1A7915 
f1A7918 
f1A7924 
f1A7924 
flA7905 
f1A7906 
f1A7906 
f1A7908 
f1A7908 
SH0323 
LM323 
SG323 
LM324 
flA324 
L.~J.324 

LM320-15 Silicon G 
Tt 

lM320-24 TI 
LM320-5.2 Silicon G 
LM320-8 Silicon G 
lM32QMP·12 Silicon G 
LM320MP-15 Silicon G 
LM32OMP-5.0 Silicon G 
LM320MP12 Signetics 

TI 
LM320MP15 SignetiCS 

TI 
LM320MP18 Signetics 
LM320MP24 Signetics 

TI 
LM320MP5.0 SignetiCS 

TI 
lM320MPS.O Signetics 

TI 
LM32OMPS.O Signetics 

TI 
lM320T12 Signetics 

TI 
LM320T15 Signetics 

TI 
LM320T18 Signetics 
LM320T24 Signetics 

TI 
LM320T5.0 TI 
LM320T6.0 Signetics 

TI 
LM320T8.0 Signetics 

I 
TI 

LM323 Fairchild 
Motorola 

934
1 

Silicon G 
lM324 AMD 

I Fairchild 
~.AvtGrV~Q 

NEC America /LPC324 
Raytheon LM324 
RCA CA324 
SignetiCS LM324 
Silicon G SG324 
Ti Livi;j24 

LM329 Raytheon lM329 
LM3301 Motorola MC3301 
lM3302 Motorola MC3302 

Silicon G SG3302 
TI LM3302 

LM337 Motorola LM337 
TI LM337 

LM339 AMD LM339 
Fairchild f1A339 
lAI'\."".""I,,- 1"",)0 

MC3302 
NEe America flPC339 

Page 

Bold face device numbers indicate manufactl,lrers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Reptacement ICMaster llanufactunir I Replacement IC Master Manufacturer I Replacement IC Mast ... IIanufIctInr I Rep/ac:ement IC MIster 
Device Source DeYice Page DeYice Source DeYice Page Device Source DeviGe Page DevIce Source Device Page 

National Semiconductor LM341-6 Motorola MC78M06 LM5520 Silicon G SG5520 LM711 Motorola MC1711 

. (cont'd) 
Signetics p.A78M06 LM5521 Silicon G SG5521 NPC SFC2711 
TI p.A78M06 LM5522 National OS5522 Raytheon RC711 

LM341-8 Motorola MC78M08 Silicon G SG5522 RM711 

LM339 Raytheon LM339 TI p.A78M08 LM5523 Silicon G SG5523 RCA CA711 

RCA CA339 LM342-05 Motorola MC78M05 LM5524 Motorola MC5524 Signetics p.A711 

Signetics LM339 LM342-06 Motorola MC78M06 National OS5524 Silicon G SG711 

Silicon G SG339 LM342-08 Motorola MC78M08 Silicon G SG5524 TI p.A711 

TI LM339 LM342-12 Motorola MC78M12 LM5525 Motorola MC5525 LM723 AMO 723 

LM339A Motorola LM339A LM342-15 Motorola MC78M15 Silicon G SG5525 FairchRd p.A723 934 

PM! CMP-04 LM342-18 Motorola MC78M18 LM5528 Motorola MC5528 Intersil 723 

PM339A LM342-24 Motorola MC78M24 National OS5528 Motorola MC1723 

LM340-10 TI LM340-10 LM343 Harris HA-2645 984 Silicon G SG5528 NPC SFC2723 

LM340-12 Fairchild p.A7812 Motorola MC1439 LM5529 Motorola MC5529 Raytheon RC723 

Motorola MC7812 LM346 Exar XR346 929 Silicon G SG5529 RM723 

Raytheon RC7812 LM348 AMO LM348 LM55325 Motorola MC55325 RCA CA723 

Signetics LM340-12 Exar XR4741 National OS55325 SGS L123 

Silicon G SG340-12 Harris HA-4741 Silicon G SG55325 Signetics p.A723 

TI p.A7812 Motorola LM348 LM5534 Motorola MC5534 Silicon G SG723 

LM340-12 MC474.1 National OS5534 TI p.A723 

LM340-15 Fairchild p.A7815 Raytheon LM348 Silicon G SG5534 LM725 AMO 725 

Motorola MC7815 TI LM348 LM5535 Motorola MC5535 Fairchild p.A725 

Sigoetics p.A7815 LM349 AMO LM349 Silicon G SG5535 NEy America p.PC154 

LM340-15 Raytheon LM349 LM5538 Motorola MC5538 p.PCl54A 

Silicon G SG340-15 LM350 Motorola LM350 .LM5538 National OS5538 PMI PM725 

TI p.A7815 LM351 National OS75453 Silicon G SG5538 SSS725 

LM340-15 LM354 NPC SFC2524 LM5539 Motorola MC5539 Raytheon RC725 

LM34.0-18 Fairchild p.A7818 SFC2525 Silicon G SG5539 RM725 

Motorola MC7818 .LM358 Motorola LM358 LM55450 National OS55450 LM733 AMO 733 

Raytheon RC7818 NEG America p.PC358 Silicon G SG55450 Fairchild p.A733 

Signetics p.A7818 Raytheon LM358 LM55451 National OS55451 Motorola MC1733 

LM340-18 RC4.139 Silicon G SG55451 Raytheon RC733 

Silicon G SG340-18 Signetics LM358 LM55452 National OS55452 RM733 

TI p.A7818 TI LM358 Silicon G SG55452 Signetics p.A733 

LM340-18 .LM360 Fairchild p.A760 LM55453 Silicon G SG55453 Silicon G SG733 

LM340-24 Fairchild p.A7824 LM3611 Sprague UON-3611 LM55454 National OS55454 TI p.A733 

Motorola MC7824 ULN-3611 Silicon G SG55454 LM741 AD A0741 

Raytheon RC7824 .LM3612 National 0S3612 LM555 AMO LM555 AMO 741 

Signetics /lA7824 Sprague UON-3612 Cherry CS555 Fairchild p.A741 

LM340-24 ULN-3612 Exar XR555 Intersil 741 

Silicon G SG340-24 .LM3613 . National OS3613 Fairchild p.A555 Motorola MC1741 

TI p.A7824 Sprague UON-3613 Motorola MC1455 NEG America p.PC151 

LM340-24 ULN-3613 MC1555 p.PC741 

LM340-5 Fairchild /lA7805 .LM3614 National OS3614 NEG America I1PC1555 NPC SFC2741 

Motorola MC7805 Sprague UON-3614 Raytheon RC555 PMI OP-02 

Raytheon RC7805 ULN-3614 RM555 PM741 

Signetics p.A7805 .LM3625 National OS3625 RCA CA555 SSS741 

LM340-5 .LM363 National OS3603 Signetics NE555 Raytheon RC741 

Silicon G SG340-05 .LM363A National OS3604 Silicon G SG555 RM741 

TI p.A7805 .LM367 SiliconG SG305 TI NE555 RCA CA741 

LM340-5 .LM376 Fairchild p.A376 934 SE555 Signetics p.A741 

LM340-6 Fairchild p.A7806 Motorola LM305 LM556 AMO LM556 Silicon G SG741 

Motorola MC7806 NEG America I1PC3OS Exar XR556 Sprague ULN-2151 

Raytheon RC7806 LM376 Fairchild I1A556 TI p.A741 

Signetics /lA7806 NPC SFC2376 Motorola MC3456 Toshiba TA7504 

LM340-6 TI LM376 MC3556 LM746 Motorola MC1328 

Silicon G SG340-06 LM377 Sprague ULN-2278 Raytheon RC556 Sprague ULN-2114 

TI LM340-6 LM380 Sprague ULN-2280 Silicon G SG556 ULN-2228 

LM340-8 Fairchild p.A7808 LM381 Signetics LM381 TI NE556 LM147 AMO 747 

Motorola MC7808 LM382 Signetics LM382 SE556 Fairchild p.A747 

Raytheon RC7808 LM383 Sprague ULN-3701 LM565 Motorola LM565 Motorola MC1?47 

Signetics I1A7808 LM384 Sprague ULN-2281 Signetics NE565 NEC America I1PC251 

LM340-8 LM387 Signetics LM387 LM566 . Signetics NE566 PMI OP-04 

Silicon G SG340-08 LM3900 Fairchild p.A3900 LM567 Exar XR567 PM747 

TI /lA7808 Motorola MC3401 Signetics NE567 SSS747 

LM340-8 Raytheon RC3302 LM703 Fairchild p.A703 Raytheon RC747 

LM340LA-12 TI /lA78L12 TI LM3900 LM709 Fairchild I1A709 RM747 

lM340LA·15 TI I1A78L15 KM3901 Motorola MC3302 Motorola MC1709 RCA CA747 

LM340LA-5 TI /lA78L05 Raytheon MC3302 NEG America I1PC55A Signetics p.A747 
LM340LA-6 TI I1A78L06 LM3909 Siliconix LM3909 Npc SFC2709 Silicon G SG747 

LM340LA-8 TI I1A78L08 LM3911 NEG America I1PC3911 Raytheon RC709 TI p.A747 

LM340T-12 NEG America /lPC14312 LM3911-05 NEG America /lPC616 RM709 LM748 AMO 748 

LM340T·15 NEG America I1PC14315 LM393 Signetics LM393 Signetics I1A709 Fairchild /lA748 

LM340T-18 NEG America I1PC14318 TI LM393 TI p.A709 Intersil 748 

LM340T-24 NEG America p.PC14324 LM399 AD A0581 Toshiba TA7502 Motorola MC1748 

LM340T-5 NEG America /lPC14305 Raytheon LM399 LM710 Fairchild I1A71O NPC SFC2748 

LM340T-8 NEG America p.PC14308 LM4250 Fairchild /lA776 Motorola MC1710 Raytheon RC748 

LM3401 Motorola MC3401 Harris HA-2720 990 NEG America I1PC71 RM748 
LM341-12 Motorola MC78M12 Intersil LM4250 NPC SFC2710 RCA CA748 

TI I1A78M12 Silicon G SG4250 Raytheon RC710 Signetics p.A748 
LM341-15 Motorola MC78M15 Solitron UC4250 RM710 Silicon G SG748 

TI I1A78M15 LM55107A Motorola MC55107 RCA CA710 TI I1A748 
LM341-24 Motorola MC78M24 National OS55107 Signetics I1A71O LM75107A Motorola MC75107 

TI /lA78M24 LM55108A Motorola MC551 08 Silicon G SG710 National OS75107 
LM341-5 Motorola MC78M05 National OS551 08 TI /lA71 0 LM75108A Motorola MC751 08 

TI /lA78MOS LM5520 National OS5520 LM711 Fairchild /lA711 National OS751 08 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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Ie MASTER 
Ie Master 

Page 

NEe America (cont'd) 

j.LPB74LS21 Motorola 
National" 
Raytheon 
Signetics 
TI 

flPB74LS251 AMD 
Fairchild 
Hitachi 
Motorola 
National 
Raytheon 
Signetics 
TI 

flPB74 LS253 AMD 
Fairchild 
Hitachi 
Motorola 
National 
Raytheon 
Signetics 
TI 

flPB74LS257 AMD 
Fairchild 

Motorola 
National 
Raytheon 
Signetics 
TI 

flPB74LS258 AMD 
Fairchild 
Motorola 
National 
Raytheon 
Signetics 
TI 

j.LPB74LS27 Fairchild 
Hitachi 
Motorola 
National 
Raytheon 
Signetics 
TI 

I'PB74LS279 Fairchild 
Motorola 
National 
Raytheon 
Signetics 
TI 

flPB74LS295 Fairchild 
Motorola 
Raytheon 
Signetics 
TI 

j.LPB74LS30 Fairchild 
Hitachi 
Motorola 
National 
Raytheon 
Signetics 
Ti 

I j.LPB74LS32 Fairchild 
Hitachi 

"' 

Motorola 
",_": ___ I 

I'IIQUVII(11 

Raytheon 
Signetics 
TI 

I'PB74LS365 Fairchild 
Motorola 
hidiivnai 
Raytheon 
Signetics 
TI 

j.lPB74LS366 Fairchild 
Motorola 
National 
Raytheon 
Signetics 
T! 

Hitachi 
Motorola 

• Discontinued 

SN74LS21 
OM74LS21 
74LS21 
74LS21 
SN74LS21 
SN74LS251 
74LS251 
HD74LS251 
SN74LS251 
DM74LS251 
74LS251 
74LS251 
SN74LS251 
SN74LS253 
74LS253 
HD74LS253 
SN74LS253 
DM74LS253 
74LS253 
74LS253 
SN74LS253 
SN74LS257 
74LS257 
: ,:D74:"'325, 
SN74LS257A 
DM74LS257 
74LS257 
74lS251 
SN74LS257A 
SN74LS258 
74LS258 
SN74LS258 
DM74LS258 
74LS258 
74LS258 
SN74LS258 
74LS27 
HD74LS27 
SN74LS27 
DM74LS27 
74LS27 
74LS27 
SN74LS27 
74LS279 
SN74LS279 
DM74LS279 
74 LS279 
74LS279 
SN74LS279 
74LS295 
SN74LS295 
74LS295A 
74LS295 
SN74LS295B 
74LS30 
HD74LS30 
SN74LS30 
DM74LS30 
74LS30 
74LS30 
SN74LS3C 
74LS32 
HD74LS32 
SN74LS32 
DM7-il..S32 
74LS32 
74LS32 
SN74LS32 
74LS365 
SN74LS365A 
iJiv\(4LS;$O::t 

74LS365 
74LS365A 
SN74LS365A 
74LS366 
SN74LS366A 
DM74LS366 
74LS366 
74LS366A 
SN74LS366A 
7AI C'''l~7 

HD74LS367 
SN74LS367A 

~:::cturer ! =ement Device Ie Master 
Page 

flPB74LS367 National 
Raytheon 
Signetics 
TI 

I'PB74LS368 Fairchild 
Hitachi 
Motorola 
National 
Raytheon 
Signetics 
TI 

j.LP874LS37 Fairchild 
Hitachi 
Motorola 
National 
Raytheon 
Signetics 
TI 

j.lPB74LS375 Fairchild 
Motorola 
Raytheon 
Signetics 
TI 

j.LP874LS38 Fairchild 
Hitachi 
Motorola 
Nciti,,:,u'ICti 
Raytheon 
Signetics 
TI 

IlPB74LS46"Fairchilct 
Hitachi 
Motorola 
National 
Raytheon 
Signetics 
TI 

j.LPB74LS42 Fairchild 
Hitachi 
Mot()rola 
National 
Raytheon 
Signetics 
TI 

j.LPB74LS51 Fairchild 
Hitachi 
Motorola 
National 
Raytheon 
Signetics 
TI 

j.LPB74LS54 Fairchild 
Hitachi 
Motorola 
National 
Raytheon 
Signetics 
TI 

j.LP874LS55 Fairchild 
Hitachi 
Motorola 
National 
Raytheon 
Signatics 
TI 

,u.P874LS74 Fairchild 
Hitachi 
Mvlvrvii:1 
National 
Raytheon 
Signetics 
TI 

j.LP874LS86 Fairchild 
Hitachi 
Motorola 
Raytheon 
Signetics 
TI 

p.P87 4S 113 Motorola 
j.LP87400 Fairchild 

Hitachi 
MitsubiShi 
Motorola 

Signetics 
TI 

DM74LS367 
74LS367 
74LS367A 
SN74LS367A 
74LS368 
HD74LS368 
SN74LS368A 
DM74LS368 
74LS368 
74LS368A 
SN74LS368A 
74LS37 
HD74LS37 
SN74LS37 
DM74LS37 
74LS37 
74LS37 
SN74LS37 
74LS375 
SN74LS375 
74LS375 
74LS375 
SN74LS375 
74LS38 
HD74LS38 
SN74LS38 
DM74i..S;;s 
74LS38 
74LS38 
SN74LS38 
i4LS¢O 
HD74LS40 
SN74LS40 
DM74LS40 
74LS46 
74LS40 
SN74LS40 
74LS42 
HD74LS42 
SN74LS42 
DM74LS42 
74LS42 
74LS42 
SN74LS42 
74LS51 
HD74LS51 
SN74LS51 
DM74LS51 
74LS51 
J4LS51 
SN74LS51 
74LS54 
HD74LS54 
SN74LS54 
DM74LS54 
74LS54 
74LS54 
SN74LS54 
74LS55 
HD74LS55 
SN74LS55 
DM74LS55 
74LS55 
74lS55 
SN74LS55 
74LS74 
HD74LS74A 
SN74i..S74A 
DM74LS74 
74LS74 
74LS74 
SN74LS74A 
74LS86 
HD74LS86 
SN74LS86 
74LS86 
74LS86 
SN74LS86 
SN74LS113A 
7400 
HD7400 
M53200 
MC7400 

7400 
SN7400 

Manufacturer I Replacement 
Device Source Device 

IC Master 
Page 

I 

j.LP87400 Toshiba 
TRW 

j.LPB7402 Fairchild 
Hitachi 
Mitsubishi 
Motorola 
Natior.al 
Signetics 
TI 
TRW 

j.LP87404 Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
Toshiba 
TRW 

j.LP87405 Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 

I /!P87410 
Tf1w 
Fairchild 
Hitachi 
Mitsubishi 
Mofor'bla 
National 
Signetics 
TI 

Toshiba 
TRW 

j.LPB74105 Fairchild 
j.LPB74107 Fairchild 

Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 

j.LP874123 AMD 
Fairchild 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 

j.LPB7413 Fairchild 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 

j.LP874141 Fairchild 
Motorola 
National 
Ti 

j.LP874147 Hitachi 
Mitsubishi 
National 
Signelics 
TI 

j.LP874148 Fairchild 
Hitachi 
Mitsubishi 
National 
Signetics 
TI 

j.LPB74150 Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
Toshiba 

j.LPB74151 Fairchild 
Hitachi 

TC7400 
7400 
7402 
HD7402 
M53202 
MC7402 
DM7402 
7402 
SN7402 
7402 
7404 
HD7404 
M53204 
MC7404 
DM7404 
7404 
SN7404 
TC7404 
7404 
7405 
HD7405 
M53205 
MC7405 
OM7405 
7405 
SN7405 
i40:> 
7410 
HD7410 
M53210 
MC7410 
DM7410 
7410 
SN741 0 
SN7427 
TC7410 
7410 
74105 
74107 
HD74107 
M53307 
MC74107 
DM74107 
74107 
SN74107 
SN74123 
74123 
M53323 
MC74123 
OM74123 
74123 
SN74123 
74123 
7413 
M532t3 
MC7413 
DM7413 
7413 
SN7413 
7413 
74141 
MC74141 
DM74141 
SN7414i 
H074147 
M53347 
DM74147 
(4141 

SN74147 
9318 
HD74148 
M53348 
DM74148 
74148 
SN74148 
74150 
HD74150 
M53350 
MC74150 
DM74150 
74150 
SN74150 
TC74 

74151 
HD74151 

Manufacturer I Replacement 
Device Source Device 

IC Master 
, Page 

/!PB74151 Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 

j.LP874153 " Fairchild 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 

j.LP874154 AMD 
Fairchild 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 

j.LPB74155 Fairchild 
Mitsubishi 
Motorola 
National 
Signetics 
[I 

TRW 
j.LP874156 Fairchild 

Hitachi 
Mifsublshi 
Motorola 
National 
Signetics 
TI 
TRW 

p.P874157 AMD 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 

j.LPB74161 AMD 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
Nationai 
Signetics 
TI 
TRW 

j.LPB74164 AMD 
Fairchild 
Hitachi 
Mitsubishi 
National 
Signetics 
TI 

j.LP874170 Fairchild 
Mitsubishi 
National 
Signetics 
Ti 

j.LP874175 AMD 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 

p.P874180 Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 

p.P874181 AMD 
Fairchild 

Motorola 
National 

M53351 
MC74151 
DM74151 
74151 
SN74151 
74151 
74153 
M53353 
MC74153 
DM74153 
74153 
SN74153 
74153 
SN74154 
74154 
M53354 
MC74154 
DM74154 
74154 
SN74154 
74154 
74155 
M53355 
MC74155 
DM74155 
74155 
::iN141f>f> 

74155 
74156 
HD74156 
M53356 
MC74156 
DM74156 
74156 
SN74156 
74156 
SN74157 
74157 
HD74157 
M53357 
MC74157 
DM74157 
74157 
SN74157 
SN74161 
74161 
HD74161 
M53361 
MC74161 
DM7416i 
74161 
SN74161 
74161 
74164 
74164 
HD74164 
M53364 
DM74164 
74164 
SN74164 
74170 
M53370 
DM74170 
74170 
SN74170 
SN74175 
74175 
HD74175 
M53375 
MC74175 
DM74175 
74175 
SN74175 
74180 
HD74180 
M53380 
MC74180 
DM74180 
74180 
SN74180 
74180 
SN74181 
741(:11 

MC74181 
DM74181 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 

IIMufec:turer I Replacement IC llaster IIIanufac:turer I Replacement /C llaster ManufactUfer I RepIac4Iment IC Master llanulacturer I R~ . ICMnter 
Device Source Devic:e Page Device ~ Device Page Device Source Device Page Device Source Device Page 

NEe America (cont'd) ",PB7442 TI SN7442 j.1PB7486 Fairchild 7486 j.1PD4015 Toshiba TC4015 
j.1PB7445 Fairchild 7445 Hitachi HD7486 j.1PD4017 Fairchild F4017 

Mitsubishi M53245 Mitsubishi M53286 Mitel SIL4017 

",PB74181 Signetics 74181 Motorola MC7445 Motorola MC7486 Motorola MC14017 

TI SN74181 National DM7445 National DM7486 National CD4017 

j.1PB74182 AMD SN74182 Signetics 7445 Signetics 7486 RCA CD4017 

Fairchild 74182 TI SN7445 TI SN7486 SGS HBF4017 

Mitsubishi M53382 TRW 7445 TRW 7486 Solitron CM4017 

Motorola MC74182 j.1PB7447 Fairchild 7447 j.1PB7491 Fairchild 7491 SSS SCL4017 

National DM74182 Mitsubishi M53247 Mitsubishi M53291 TI TP4017 

Signetics 74182 Motorola MC7447 Motorola MC7491 Toshiba TC4017 

TI SN74182 National DM7447 National DM7491 j.1PD4020 Fairchild F4020 

j.1PB74192 AMD SN74192 Signetics 7447 Signetics 7491 Mitel SIL4020 

Fairchild 74192 TI SN7447 TI SN7491 Motorola MC14020 

Mitsubishi M53392 j.1PB7450 Fairchild 7450 ",PC151 Toshiba TA7504 National CD4020 

Motorola MC74192 Hitachi HD7450 j.1PC157 Toshiba TA7506 RCA CD4020 

National DM74192 Mitsubishi M53250 j.1PC255 Toshiba TA7502 SGS HBF4020 

Signetics 74192 Motorola MC7450 j.1PD4001 Fairchild F4001 Solitron CM4020 

TI SN74192 National DM7450 Mitel SIL4001 SSS SCL4020 

",PB74193 AMD SN74193 Signetics 7450 Motorola MC14001 TI TP4020 

Fairchild 74193 TI SN7450 National CD4001 Toshiba TC4020 

Mitsubishi M53393 TRW 7450 RCA CD4OO1 j.1PD4021 Fairchild F4021 

Motorola MC74193 j.1PB7451 Fairchild 7451 SGS HBF4OO1 Mitel SIL4021 

National DM74193 Hitachi HD7451 Solitron CM4001 Motorola MC14021 

Signetics 74193 Motorola MC7451 SSS SCL4OO1 National CD4021 

TI SN74193 National DM7451 TI TP4OO1 RCA CD4021 

j.1PB74195 AMD SN74195 Signetics 7451 Toshiba TC4OO1 Solitron CM4021 

Fairchild 74195 TI SN7451 j.1PD4002 Fairchild F4OO2 SSS SCL4021 

Motorola MC74195 TRW 7451 Mitel SIL4002 TI TP4021 

National DM74195 j.1PB7453 Fairchild 7453 Motorola MC14002 Toshiba TC4021 

Signetics 74195 Hitachi HD7453 National CD4OO2 ",PD4023 Fairchild F4023 

TI SN74195 Mitsubishi M53253 RCA CD4002 Mitel SlL4023 

j.1PB74198 Fairchild 74198 Motorola MC7453 SGS HBF4OO2 Motorola MC14023 

Hitachi HD74198 National DM7453 Solitron CM4002 National CD4023 

Mitsubishi M53398 Signetics 7453 SSS SCL4002 RCA CD4023 

National DM74198 TI SN7453 TI TP4002 SGS HBF4023 

Signetics 74198 TRW 7453 Toshiba TC4OO2 Solitron CM4023 

Tl SN74198 j.1PB7454 Fairchild 7454 j.1PD4011 Fairchild F4011 SSS SCL4023 

",PB742O Fairchild 7420 Hitachi HD7454 Mitel SIL4011 Tl TP4023 

Hitachi HD7420 Motorola MC7454 Motorola MC14011 Toshiba TC4023 

Mitsubishi M53220 National DM7454 National C04011 ",PD4025 Fairchild F4025 

Motorola MC7420 Signetics 7454 RCA CD4011 Mitel SIL4025 

National DM7420 TI . SN7454 SGS HBF4011 Motorola MC14025 

Signetics 7420 TRW 7454 Solitron CM4011 National CD4025 

Tl SN7420 ~B7460 Fairchild 7460 SSS SCL4011 RCA CD4025 

Toshiba TC7420 Hitachi HD7460 TI TP4011 SGS HBF4025 

TRW 7420 Mitsubishi M53260 Toshiba TC4011 Solitron CM4025 

",PB74283 Fairchild 74283 Motorola MC7460 ",PD4012 Fairchild F4012 SSS SCL4025 

Mitsubishi M53483 National DM7460 Mitel SlL4012 TI TP4025 

TI SN74283 Signetics 7460 Motorola MC14012 Toshiba TC4025 

",PB7430 Fairchild 7430 Tl S~7460 National CD4012 ",PD4027 Fairchild F4027 

Hitachi HD7430 TRW 7460 RCA CD4012 Mitel SlL4027 

Mitsubishi M53230 ",PB7473 Fairchild 7473 SGS HBF4012 Motorola MC14027 

Motorola MC7430 Mitsubishi M53273 Solitron CM4012 National CD4027 

National DM7430 Motorola MC7473 SSS SCL4012 RCA CD4027 

Signetics 7430 National DM7473 Tl TP4012 SGS HBF4027 

TI SN7430 Signetics 7473 Toshiba TC4012 Solitron CM4027 

TRW 7430 Tl SN7473 ",PD4013 Fairchild F4013 SSS SCL4027 

",PB7437 Fairchild 7437 ",PB7474 Fairchild 7474 Mitel SIL4013 Tl TP4027 

Mitsubishi M53237 Hitachi HD7474 Motorola MC14013 Toshiba TC4027 

Motorola MC7437 Mitsubishi M53274 National CD4013 j.1PD4028 Fairchild F4028 

National DM7437 Motorola MC7474 RCA CD4013 Mitel SIL4028 

Signetics 7437 National DM7474 SGS HBF4013 Motorola MC14028 

TI SN7437 Signetics 7474 Solitron CM4013 National CD4028 

TRW 7437 TI SN7474 SSS SCL4013 RCA CD4028 

",PB7438 Fairchtld 7438 TRW 7474 TI TP4013 SGS HBF4028 

Mitsubishi M53238 ",PB7476 Fairchild 7476 Toshiba TC4013 Solitron CM4028 

Motorola MC7438 Mitsubishi M53276 ",PD4014 Fairchild F4014 SSS SCL4028 

National DM7438 Motorola MC7476 Mitel SIL4014 TI TP4028 

Signetics 7438 . National DM7476 Motorola MC14014 Toshiba TC4028 

TI SN7438 Signetics 7476 National CD4014 ",PD4029 Fairchild F4029 

TRW 7438 TI SN7476 RCA CD4014 Mitel SIL4029 

",PB7440 Fairchild 7440 TRW 7476 SGS HBF4014 National CD4029 

Hitacf1j HD7440 ",PB7480 Faircf1jld 7480 Solitron CM4014 RCA CD4029 

Mitsubishi M53240 Mitsubishi M53280 SSS SCL4014 SGS HBF4029 

Motorola MC7440 Motorola MC7480 Tl TP4014 Solitron CM4029 

National DM7440 Signetics 7480 Toshiba TC4014 SSS SCL4029 

Signetics 7440 TI SN7480 j.1PD4015 Fairchild F4015 TI TP4029 

TI SN7440 j.1PB7485 Fairchild 7485 Mitel SIL4015 Toshiba TC4029 

TRW 7440 Hitachi HD7485 Motorola MC14015 ",PD4030. Fairchild F4030 

j.1PB7442 Fairchtld 7442 Mitsubishi M53285 National CD4015 Mitel SIL4030 

Hitachi HD7442 Motorola MC7485 RCA CD4015 National C04030 

Mitsubishi M53242 National DM7485 SGS HBF4015 RCA CD4030 

Motorola MC7442 Signetics 7485 Solitron CM4015 SGS HBF4030 

National DM7442 TI SN7485 SSS SCL4015 Solitron CM4030 

Signetics 7442 TRW 7485 TI TP4015 SSS SCL4030 

~ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications cons.idering your requirements. 
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Ie MASTER 

::~:turer I =ement Device 
Ie Master Manufacturer ! Replacement Ie Master 

Page Device I Source Device Page 

NEC America (cont'd) p.PD4069 National CD4069 
MM74C04 

RCA CD4069 
I.lPD4030 TI TP4030 Solitron CM4069 

Toshiba TC4030 SSS SCL4069 
I.lPD4035 Fairchild F4035 TI TP4069 

Mitei SIL4035 Toshiba TC4069 
Motorola MC14035 I.lPD4071 Fairchild F4071 
National CD4035 Mitel SIL4071 
RCA CD4035 Motorola MC14071 
SGS HBF4035 Natiortal CD4071 
Solitron CM4035 RCA CD4071 
SSS SCL4035 Solitron CM4071 
TI TP4035 SSS SCL4071 
Toshiba TC4035 

I 
TI TP4071 

I.lPD4040 Fairchild F4040 Toshiba TC4071 
Mltel SIL4040 p.PD40tll Falrchlia t=40&i 
National CD4040 Mitel SIL4081 
RCA CD4040 Motorola MC14081 
Solitron CM4040 National CD4081 
SSS SCL4040 RCA CD4081 
TI TP4040 Solitron CM4081 

I .P04042 

Toshiba TC4040 

I 
SSS SCL4081 

Fairchild F4042 TI TP4081 
Mitel SIL4042 Toshiba TC4081 
~},Ot~~~!2 ~.~C~ 4042 ?.P1)<1<;1? l=<li'I'hilrl 1=<1<;1? 

National CD4042 Mitel SIL4512 
RCA CD4042 Motoroia MC14512 
SGS HBF4042 National CD4512 
SoIitron GM4042 SSS SCL45.12 
SSS SCL4042 TI TP4512 
TI TP4042 Toshiba TC4512 
Toshiba TC4042 I.lPD4519 Fairchild F4519 

I.lPD4043 Fairchild F4043 Motorola MC14519 
Mitel SIL4043 National CD4519 
Motorola MC14043 RCA CD4019 
National CD4043 TI TP4519 
RCA CD4043 p.PD4520 Fairchild F4520 
Solitron CM4043 Mitel SIL4520 
SSS SCL4043 Motorola MC14520 
TI TP4043 National CD4520 
Toshiba TC4043 RCA CD4520 

IlPD4044 Fairchild F4044 Solitron CM4520 
Mitel SIL4044 SSS SCl4520 
Motorola MC14044 TI TP4520 
National CD4044 Toshiba TC4520 
RCA CD4044 IlPD4528 Fairchild F4528 
SOhtron CM4044 Motorola MC14528 
SSS SCL4044 National CD4528 
TI TP4044 RCA CD4528 
ToShiba TC4044 SSS SCL4528 

I.lPD4049 Fairchild F4049 Toshiba TC4528 
Mitel SIL4049 J.lPD4539 Fairchild F4539 
Motorola MC14049 Motorola MC14539 
National CD4049 Toshiba TC4539 
RCA CD4049 I.lPD4556 Fairchild F4556 
SGS HBF4049 Motorola MC14556 
Solitron CM4049 RCA CD4556 
SSS SCL4049 SSS SCL4556 
TI TP4049 
Toshiba TC4049 
Fairchild F40SO 
Mitel SIL4050 
Motorola MC14050 
National CD4050 

I.lPD4050 I 
NEC Microcomputers 

I p.PB10148 Motorola MCM10148 
l·flPB2089 AMD AM27S02 

RCA , CD4050 
SGS HBFI\050 
Solitron CM4050 
SSS SCL4050 

I SN7489 
3101 

I Fairchild 74S289 
7489 

TI TP4050 National DM7489 
Toshiba TC4050 MM74S289 

I.lPD4063 RCA CD4063 Signetics N3101A 1678 
,""_1 ... _ .... :1.." 

I -tuvv I ClIlWlftlU 
nn.Af'\~C 

f>A-1 """ .... vvv ~S7! '"'J'AC!-Dft 

Mitel SIL4066 TI SN74S289 
Motorola MC14066 SN7489 
National CD4066 1076 ·flPB2200 AMD AM27LSoo 
RCA CD4066 MMI 6531 
SGS HBF4066 Signetics N82S17 1678 
Signetics N4066 
Solitron CM4066 
SSS SCL4066 
Toshiba TC4066 
Fairchild F4069 11PD4069 

1678 

1678 

I 74S2OO 

l·flPB2202 

TI SN74S301 
Signetics 74S201 
TI SN74S201 

l.uPB2205 AMD 93415M 
Harris HD74C04 Fairchild 93415 1240 
Mitel SIL4069 National DM93415 
Motorola MC14069 TI SN74S314 

• Discontinued 

=~turer I =:::-nt Device 
Ie Muter Manufacturer I Replacement IC Muter 

Page Device Source Device Page 

·flPB2206 

·flPB2289 
p.PB2902 
fJ.PB29~1 

p.PB403 

I 
I.lPB405 

I 

I 
IlPB406 

I /LPB426 

·flPB428 

I.lPBB212 

I.lPB8214 

p.PB8216 

I,PBfl??4 

p.PB8226 

I.lPB8228 

J.lPB8238 

,uPD2101 

AMD 
Fairchild 
MMI 
Signetics 
AMD 
Motorola 
National 
Raytheon 
Fairchild 
Harris 

Intersil 
MMI 
National 

Signetlcs 
11 
Fairchild 
Harris 

Intel 
Intersil 
MMI 

Nlttional 
Signetlcs 
TI 
Fairchild 
Harris 

Intel 
MMI 
National 
Signetics 
AMD 
Intel 
MMI 
EMM/Semi 
Fairchild 
Harris 

Intersil 
MMI 

National 
Signetlcs 
Ti 
Fairchild 
Harris 

MMI 
National 
Signetics 
AMD 
Intel 
MMI 
AMD 
Intel 
National 
n 
AMD 
Intel 
AMD 
Intel 
National 
AMO 

Intel 
National 
TI 
AMD 
Intel 

AMD 
Intel 
National 
TI 
AMD 
Intel 
National 
TI 
AMD 

Fairchild 
Intel 

AM27LSOl p.PD2101 
93411 
6530 p.PD2102 
N82S16 1678 
SN74S289 
MC2902 
:DM2911 
AM2911 
93417 1258 
HM7610 p.PD2111 

1284,1292 
HPROM-1024A 
IM5603 
6300-1 1449 
DM74S387 
DM7535 
N82S126 1680 
SN745387 1708 p.PD2114 
93438 1262 
HM7640 

1284,1304 
3604A 

IM5605 I 6340-1 1449 
6348-1 1449 
DM77S295 
N82S14O 
St.:74S475 

1680 l.flPD2308 
1708 

93452 
HM7642 

1264 

1284,1308 
360SA 
6352-1 
DM74S572 

1449 

N82S136 1680 
AM27S80 

National 
Signetics 
AMD 

Fairchild 
Intel 

National 
Signetics 
AMD 

Intel 

Motorola 

National 
Sigri6tics 
AMD 

AMI 
Fairchild 
Fujitsu 
Intel 
Intersi! 
Rockwell 
TI 
AMD 

Mostek 
TI 
Intel 

Mostek 
Rockwell 
Signetics 

MM2101 
2101 
2102 
9102 
2102 1275 
2102 
B102 
MM2102A 
2102 
2111 
9111 
2111 
8111 
MCM2111 
MCM68111 
MM2111 
2~11 

9114 
9124 
S2114 1196 
2114 1281 
MB8114 
2114 
7114 
R2114 
TMS4045 

3608 p.PD2316A AMI 

9208 
3508 
MK30000 
JMS4700 
2316 
2616 
8316 
MK34000 
R2316 
2316 
S6831A 

6380-1 
4200 
93448 
HM7641 

1449 

1262 

1284,1304 
IM5625 
6341-1 1449 
6349-1 1449 
DM77S296 
N82S141 1680 
SN74S44 
93453 1264 
HM7643 

1284,1308 
6353-1 1449 
DM74S573 
N82S137 1680 
AM27S81 
3628 
6381-1 
8212 
8212 
DP8212 
SN74S412 
8214 
8214 
8216 
8216 
DP8216 
8224 
8224 
DP8224 
SN74LS424 
8226 
8226 
DP!!226 
8228 
8228 
DP8228 
SN74S428 
8238 
8238 
DP8238 
SN74S438 
2101 
9101 
3538 
2101 
B101 

1449 

I 

·flPD2316A 

,..PD2332 

p.PD2716 
p.PD410 

p.PD4104 
p.PD411 

p.PD416 

·11P0418 

p.PD5101 

1215,1806 
Intel 
Mostek 
National 

'AMD 
AMI 

4316 
MK31 000 
MM2316A 
9216 
5042168 
S6831B 

1208 

1215,1806 
Mostek MK34000 
Motorola MCM68317 
Mostek MK32000 
n TMS4732 
Fujitsu MBM2716 
EMM/Semi 4200 

Mostek 
AMD 

Fujitsu 
Intel 
National 

TI 
Fairchild 
Fairchild 

Fujitsu 
Intel 
Mostek 

4202 
MK4104 
9060 
9107 
MB8107 
2107 
MM4280 
MM5280A 
MM5281 
TMS4060 
M4027 
M4027 
4096 
MB8227 
2104 
MK4027 
MK4096 

Motorola MCM4027 1522 

TI 
AMD 
Fairchild 

Fujitsu 
Intel 
Intersil 
Mostek 
Motorola 

TI 
Zilog 
AMD 
TI 

AMI 
Harris 

MCM4096 
TMS4027 
9016 
!=~6!( 

MB8116 
2116 
7116 
MK4116 
f,lPD416 
MCM4116 
TMS4116 
Z6116 
9050 
TMS4050 
TMS4051 
S5101 
HM6501 

1272 

1506 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Device Source Device Page Device Source Device Page Device Source Device Page Devtce Source Device Page 

NEe Microcomputers (cont'd) 5L3183 5ignetics CA3183 PM256 5ignetics LF256 AM2918 AMD AM2918 
5P1012 Motorola MC1012 TI LF256 NEC Micro p.PB2918A 
5P1014 Motorola MC1014 PM257 AMD LF257 HA4741 Harris HA-4741 

p.PD5101 Intel 5101 5P1015 Motorola MC1015 Fairchild p.AF257 LF155 AMD LF155 

National MM74C920 5P1016 Motorola MC1016 Intersil LF257 Fairchild p.AF155 

p.PD6508 AMI S6508 1207 5P1020 Motorola MC1020 Motorola LF257 Intersil LF155 

Harris HM6508 1366 5P1023 Motorola MC1023 National LF257 Motorola LF155 

Intersil IM6508 5P1648 Motorola MC1648 .. Raytheon LF257 National LF155 1035 

p.PD8035 Intel 8035 1934 5P1660 Motorola MC1660 5ignetics LF257 PMI PM155 

p.PD8048 Intel 8048 1934 5P1662 Motorola MC1662 TI LF257 5ignetics LF155 
p.PD8080A AMD 9080A SP1664 Motorola MC1664 PM355 AMD LF355 TI LF155 

TI TM58OS0A 5P1666 Motorola MC1666 Fairchild p.AF355 LF156 AMD LF156 
p.PD8080AF Intel 8OSOA 5P1668 Motorola MC1668 Intersil LF355 Fairchild p.AF156 

National INS8080A 238 5P1670 Fairchild 11C70 Motorola LF355 Intersil LF156 

p.PD6OS5 Intel 8OS5 Motorola MC1670 National LF355 Motorola LF156 
p.PD8OS5A AMD 8085 5P1690 Motorola MC1690 Raytheon LF355 National LF156 1035 

8085A SP1692 Motorola MC1692 5,ignetics LF355 PMI PM156 
p.PD8155 AMD 8155 5P8616 Fairchild 11C05C TI LF355 , Signetics LF156 

Intel 8155 1945 5P8640 Fairchild 95H90 PM356 AMD LF356 TI LF156 
p.PD8156 AMD 8156 5P8641 Fairchild 95H90 Fairchild p.AF356 L.F157 AMD LF157 
p.PD8251 AMD 8251 5P8685 Fairchild 11C90 Intersil LF356 Fairchild p.AF157 

Intel 8251 Motorola LF356 Intersil LF157 
National INS8251 Precision Monolithics, Inc. National LF:356 1035,1073 Motorola LF157 

p.PD8253 Intel 8253 Raytheon LF356 National LF157 1035 
p.PD8255 AMD 8255 5ignetics LF356 PMI PM157 

Intel 8255 DAC-01 Micro Power MP5520 TI LF356 5ignetics l...F157 
National IN58255 DAC-01C NEG America p.PC603 PM357 AMD LF357 TI LF157 

p.PD8255A AMD 8255A DAC-02CC NEC America p.PC61 0 Fairchild p.AF357 LF255 AMD LF255 
p.PD8257 AMD 8257 DAC-08 AMD DAC-OS Intersi! LF357 Fairchild p.AF255 

Intel 8257 Datel DAC-OS Motorola LF357 Intersi! LF255 
p.PD8259 Intel 8259 Fairchild p.A0801 National LF357 Motorola LF255 
j-tPD8355 AMD 8355 Motorola DAC-08 Raytheon LF357 National LF255 

Intel 8355 1946 NEC America DAC-08 5ignetICS LF357 PMI PM255 
p.PD8748 Intel 8748 1934 DAC08D TI LF357 slgnatics LF255 
p.PD8755 Intel 8755 Raytheon DAC-08 PM4136 Exar XR4136 TI LF255 
5101 555 5CM5101 5ignetics DAC-08 REF-01 AD AD581 lF256 AMD LF256 

NE5OO7 .5551 OS RCA CA10S Fairchild p.AF256 

Nitron NE5008 5S51408 AD AD1408 Intersil LF256 

NE5009 AMD AM1408 Motorola LF256 

5E5008 55S1408 National LF256 
.NC1181 AMI 52567 5E5OO9 Date! DAC-IC88 671 PMI PM256 
.NC1182 AMI 52566 DAC-08E NEC America DAC08C Motorola MC1408 5ignetics LF256 

NC1183 National MM5555 OP-01 Micro Power MP5501 5551408A AMD 5551408A TI LF256 
NC1184 National MM5556 MP7621 5551458 Exar XR1458 lF257 AMD LF257 
NC6560 Motorola MCM6560 OP-07 AD 517 Motorola MC1458 Fairchild p.AF257 
NC6561 Motorola MCM6561 Fairchild p.A714 RCA 5551458 Intersil lF257 
NC6570 Motorola MCM6570 PM1458 Exar XR1458 5551508 AMD S5S1508 Motorola lF257 
NC6571 Motorola MCM6571 PM155 AMD LF155 Motorola MC1508 National LF257 
NC6572 Motorola MCM6572 Fairchild p.Af155 5551558 Exar XR1558 PMI PM257 
NC6580 Motorola MCM6580 Intersil LF155 Motorola MC1558 5ignetics LF257 
NC6581 Motorola MCM6581 Motorola LF155 RCA 5551558 n LF257 
NC6583 Motorola MCM6583 National LF155 1035 .SSS208 RCA CA208 LF355 AMD LF355 
NC6590 Motorola MCM6590 Raytheon LF155 .S5S308 RCA CA308 Fairchild pAF355 

.NC6832 Motorola MCM6832 Signetics LF155 555741 Motorola MC1741 Intersil LF355 

TI LF155 RCA CA741 Motorola LF355 

Nortec ElectroniCs PM1558 Exar XR1558 555747 AMD 555747 National LF355 

PM156 AMD LF156 Motorola MC1747 PMI PM355 

Fairchild p.AF156 RCA CA747 5ignetics LF355 

2222 AMI 52222 Intersil LF156 S51508 Datal DAC-IC8BM 671 TI LF355 
6002 TI TM54062 Motorola LF156 OP-05CJ NEe America p.PC254 LF356 AMD LF356 

TM54732 National LF156 1035 OP-07 AD ADS17 Fairchild p.AF356 

6003 n TM54063 Raytheon LF156 Intersil LF356 
7001 RCA MW7oo1 5ignetics LF156 Raytheon Semiconductor Motorola LF356 

TI LF156 National LF356 1035,1073 

Panasonic PM157 AMD LF157 PMI PM356 

Fairchild p.AF157 AM2901 AMD AM2901 Signetics LF356 

Intersil lF157 Motorola MC2901 TI LF356 

AN332 Mitsubishi M5188 Motorola LF157 - AM2901 A NEC Micro p.PB2901A LF357 AMD LF357 

MN1001 Fujitsu MB8107 National LF157 1035 OEI /1PB2901 A Fairchild pAF357 

Raytheon LF157 AM2902 AMD AM2902 Intarsil LF357 

Plessey Semiconductors Signetics LF157 Motorola MC2902 Motorola LF357 

TI LF157 NEC Micro /1PB2902A National LF357 

PM255 AMD LF255 AM2905 AMD AM2905 PMI PM357 

MP3409 TI TM53404 Fairchild p.AF255 Motorola MC2905 Signetics lF357 

MP3417 TI TM53417 Intersil LF255 NEC Micro /1PB2905A TI LF357 

5L3045 RCA CA3045 Motorola lF255 AM2906 AMD AM2906 LM101 AMD LM101 

Sprague UL5-2045 National LF255 Motorola MC2906 Intarsil LM101 

5L3046 RCA CA3046 Raytheon LF255 NEC Micro /1PB2906A Motorola LM101 

5prague ULN-2046 5ignetics LF255 AM2907 AMD AM2907 National LM101 1035 

5L3054 5prague ULN-2054 TI LF255 Motorola MC2907 RCA CA101 

5L3081 Sprague ULN-2081 PM256 AMD LF256 NEC Micro /1PB2907A • 5ignetics 'LM101 

5L3082 Sprague ULN-2082 Fairchild p.AF256 AM2909 AMD AM2909 5i1icon G 5G101 

5L3083 Signetics CA3OS3 Intarsil LF256 NEC Micro /1PB2909A TI LM101 

Sprague ULN-2083 Motorola LF256 AM2911 AMD AM2911 LM104 Motorola LM104 

5L3086 RCA CA3086 National LF256 Motorola MC2911 Silicon G 5G104 

5prague ULN-2086 Raytheon LF256 NEC Micro /1PB2911A TI lM104 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

·Performance details often differ, so compare the specifications considering your requirements, 
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Raytheon Semiconductor LM209 Signetics LM209 RC10l44 Fairchild Fl0410 RC556 TI NE556 
Silicon G SG209 Fujitsu MBM10410 RC592 Motorola NE592 

(cont'd) LM211 AMD LM211 Motorola MC10144 Signetics NE592 
Intersi! LM211 NEe America ,...PB10144 RC702 Motorola MC1712 

LM105 AMD LM105 Motorola LM211 Signetics 10144 TI ,...A702 

Intersil LM105 National LM211 TI SN10l44 RC709 Motorola MC1709 

Motorola LM105 RCA CA2l1 RC1414 Motorola MC1414 Signetics ILA709 

National LM105 Signetics LM2l1 TI TL514 TI ,...A709 

Silicon G SG105 Si!icon G SG211 RC1437 Motorola MC1437 RC710 Motorola MC171 0 

TI LM105 TI LM211 RC1458 Exar XR1458 Signetics ,...A71 0 

LM106 AMD LM106 LM216 AMD LM216 Harris HA-2655 986 Silicon G SG710 

TI LM106 LM224 Motorola LM224 Motorola MC1458 TI TL710 

LM107 AMD LM107 RCA CA224 PMI OP-14 RC711 Motorola MC1711 

Intersi! LM107 Silicon G SG224 SSS1458 Signetics IlA7l1 

Motorola LM107 TI LM224 RCA CA1458 Silicon G SG711 

National 'LM107 LM239 Motorola LM239 Signetics MC1458 TI IlA71l 

RCA CA107 Silicon G SG239 Silicon G SG1458 Re723 AMD 723 

Signetics LM107 TI LM239 TI MC1458 Intersil 723 

Silicon G SG107 LM248 AMD LM248 RC1488 Exar XR1488 Motorola MC1723 

TI LM107 Exar XR4741 Motorola MC1488 National LM723 

LM108 AMD LM108 LM2900 National LM2900 Signetics MC1488 RCA CA723 

Intersi! LM108 LM2902 Motorola LM2902 Silicon G SG1488 Signetics ~723 

Motorola LMiOB National LM2902 TI SN75188 

I RC72' 

Silicon G SG723 

National LM108 1~51 TI LM2902 RC1489 Exar XR1489 TI ~723 

PMI OP-08 LM301 AMD LM301 Motorola MC1489 AMD 725 

PM108 Intersil LM301 Signetics MC1489 PMI PM725 

RCA CA108 Motorola LM301 
-I 

Silicon G SG1489 SSS725 

SignetiC!': LM108 National LM301 TI SN75189 RC733 AMD 733 

Silicon G SG108 RCA CA301 RCl489A Signetics MC1489A Fairchild ~733 

LM109 Motorola LM109 Signetics LM301 Silicon G SG148~A Motorola, MC1733 

National LM109 SilicOll G SG301 RC1556 Motorola MC1456 Signetics ~733 

Signetics LM109 TI LM301 Signetics MC1456 Silicon G SG733 

Silicon G SG109 LM304 Motorola LM304 Silicon G SG1456 TI ~733 

n LM109 National LM304 RC1558 Motorola RC1558 RC741 AMD 741 

LMlll AMD LM111 Silicon G SG304 Silicon G SG1558 Intersil 741 

Intersi! LM111 TI LM304 RC2207 Exar XR2207 925 Motorola MC1741 

Motorola LMlll LM305 AMD LM305 RC2211 Exar XR2211 922 PMI OP-02 

National LM111 Intersil LM305 RC2567 Exar XR2567 SSS741 

RCA CA111 Motorola LM305 XA2S67C RCA CA741 

Signetics LMlll National LM305 RC3302 Motorola MC3302 ,Signetics ~741 

Silicon G SG111 Silicon G SG305 Silicon G SG3302 Silicon G SG741 

n LM111 n LM305 TI LM3302 Sprague ULN-2151 

LMl12 AMD LMlt2 LM306 AMD LM306 AC3403 Exar XA3403 TI ~741 

LMt18 AMD LMt18 TI LM306 XR3403C RC747 AMD 747 

TI LMl18 LM307 AMD LM307 Fairchild ~3403 Motorola MC1747 

LM124 Motorola LM124 Intersil LM307 Motorola MC3403 PMI OP-04 

National LM104 Motorola LM307 RC4136 Exar XA4136 SSS747 

Silicon G SG124 National LM307 XR4212 RCA CA747 

I LM139 
TI LM124 RCA CA307 Fairchild ~4136 Signetics IlA747 
Motoroia LM139 Signetics LMS07 PMI OP-09 Silicon G SG747 
Siiicon G SG139 Silicon G SG307 PM4136 TI IlA747 
TI LM139 TI LM307 Silicon G SG4136 RC748 AMD 748 

LM148 AMD LM148 LM308 AMD LM308 Sprague lJLN-4136 Intersil 748 
Exar XR4741 Intersil LM308 TI RC4136 Motorola MC1748 

LM201 AMb LM201 Motorola LM308 RC414 ' TI TL514 RCA CA748 
Intersil LM201 PMI OP-08 RC4151 TI XR4151 Signetics ~748 

Motorola LM201 PM308 RC4152 TI XR4152 Silicon G SG748 
National LM201 RCA CA308 RC4156 TI XR4156 TI ~748 

RCA CA201 Signetics LM308 RC4194 Exar XR4194 RC75107 Fairchild 75107 
Silicon G SG201 Silicon G SG308 Silicon G SG4194 Motorola MC75107 
TI LM201 LM309 Motorola LM309 RC4236 Sprague ULN-4236 TI SN75107 

LM204 Motorola LM204 National LM309 RC4336 Sprague ULN-4336 RC751 08 Fairchild 75108 
National LM204 Signetics LM309 RC4436 Sprague ULN-4436 Motorola MC75108 
Siiicon G SG204 Silicon G SG309 RC4444 Motorola MC3416 TI SN75108 
TI LM204 TI LM309 RC4531 Signetics NE531 RC751 09 Fairchild 75109 

LM205 AMD LM205 LM311 AMD LM311 RC4558 Exar XR4558 TI SN751 09 
Intersi! LM205 Intersil LM311 Fairchild ~4558 RC75110 Fairchild 75110 
Motorola LM205 Motorola LM311 Motorola MC4558 Motorola MC75110 
National LM205 National LM311 TI RC4558 TI SN75110 
Silicon G SG205 RCA CA311 RC4739 Exar XR4739 +AC7520 Signetics 7520 
TI LM205 Signetics LM311 RC5330 Fairchild 93411 Silicon G SG7520 

LM207 AMD LM207 Silicon G SG311 RC5500 TI SN74S314 TI SN7520 
Intersi! LMi07 TI LMSll RC555 Cherry CS555 +RC75?1 Sj!!nt;>ti~ 7521 
Motorola LM207 LM312 AMD LM312 Exar XR555 Silicon G SG7521 
National LM207 LM316 AMD LM316 Fairchild IlA555 +RC7522 Motorola MC7522 
RCA CA207 LM318 AMD LM318 Intersil NE555 Signetics 7522 
Silicon G SG207 TI LM318 Motorola MC1455 Silicon G SG7522 
TI LM207 . LM324 Motorola LM324 RCA CA555 TI SN7522 

LM208 AMD LM208 RCA CA324 Signetics NE555 RC7523 Motorola MC7523 
Intersi! LM208 Silicon G SG324 Silicon G SG555 Signetics 7523 
Motorola LM208 TI LM324 TI NE555 Silicon G SG7523 
PMI OP-08 LM339 Motorola LM339 RC556 Exar XA556 RC75235 TI SN75235 

PM20e RCA CA339 Fairchild ~556 +RC7524 Motorola MC7524 
_nL.VV 

I LM348 

\:IfIIl;Ufl \:;J ;:'U,),3l:/ Motorola MC3456 Signetics 7524 
Silicon G SG208 AMD LM348 Signetics NE556 Silicon G SG7524 

LM209 National LM209 Exar XR4741 Silicon G SG556 TI SN7524 

+ Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Raytheon Semiconductor RC946 Fairchild 946 RM551 08 Fairchild 55108 RM932 Motorola MC932 
Motorola MC846 TI SN55108 TI SN15932 

(cont'd) TI SN15846 RM55109 Fairchild 55109 RM933 Motorola MC933 
RC948 Fairchild 948 TI SN551 09 TI SN15933 

.RC7525 Motorola MC7525 Motorola MC848 RM55110 Fairchild 55110 RM934 Motorola MC934 

Signetics 7525 TI SN15848 TI SN55110 TI SN15934 

Silicon G SG7525 RC949 Fairchild 949 RM5524 Fairchild 5524 RM935 Motorola MC935 

RC7528 Fairchild 7528 Motorola MC849 TI SN5524 TI SN15935 

Silicon G SG7528 TI SN15849 RM5525 Fairchild 5525 RM936 Motorola MC936 

TI SN7528 RC950 Fairchild 950 RM55325 Fairchild 55325 TI SN15936 

RC7529 Silicon G SG7529 Motorola MC850 Motorola MC55325 AM937 Motorola MC937 

RC75325 Fairchild 75325 TI SN15850 TI SN55325 TI SN15937 

Motorola MC75325 RC951 Fairchild 951 RM555 AMD SE555 RM940 Motorola MC940 

Silicon G SG75325 Motorola MC851 Cherry CS555 RM941 Motorola MC941 

RC8T09 Signetics 8T09 TI SN15851 Exar XR555M RM944 Motorola MC944 

RC8T10 Signetics 8T10 RC957 Fairchild 9157 Fairchild J1A555 TI SN15944 

RC8200 Signetics N8200 Motorola MC857 Intersil SE555 RM945 Motorola MC945 

RC8201 Signetics N8201 TI SN15857 Motorola MC1555 TI SN15945 

.RC8202 Signetics N8202 RC958 Faii'child 9158 Signetics SE555 RM946 Motorola MC946 

RC8203 Signetics N8203 Motorola MC858 Silicon G SG555 TI SN15946 

RC8225 Fairchild 74S189 TI SN15858 TI SE555 RM947 TI SN15947 

Signetics N8225 RC961 Fairchild 961 RM556 Exar XR556M RM948· Motorola MC948 

TI SN74S189 Motorola MC861 Fairchild J1A556 TI SN15948 

SN74S289 TI SN15861 Motorola MC3556 RM949 Motorola MC949 

RC8230 Signetics N8230 RC962 Fairc/;lild 962 Silicon G SG556 TI SN15949 

RC8231 Signetics N8231 Motorola MC862 TI SE556 RM950 Motorola MC950 

RC8233 Signetics N8233 TI SN15862 RM592 Motorola SE592 TI SN15950 

RC8234 Signetics N8234 RC9621 Fairchild 9621 Signetics SE592 RM951 Motorola MC951 

RC8241 Signetics N8241 RC9622 Fairchild 9622 RM702 Motorola MC1712 TI SN15951 

RC8242 Signetics N8242 RC963 Motorola MC863 TI p.A702 RM957 Motorola MC957 

RC8243 Signetics N8243 TI SN15863 RM709 Motorola MC1709 TI SN15957 

RC8250 Signetics N8250 RC993 Fairchild 9093 Signetics "A709 RM958 Motorola MC958 

RC8251 Signetics N8251 Motorola MC853 TI "A709 TI SN15958 

RC8252 Signetics N8252 TI SN158093 RM710 Motorola . MC1710' RM961 Motorola MC961 

RC8260 Signetics N8260 RC994 Fairchild 9094 Signetics p.A71 0 TI SN15961 

RC8261 Signetics N8261 Motorola MC856 Silicon G SG710 RM962 Motorola MC962 

RC8263 Signetics N8263 TI SN158094 TI J1A710 TI SN15962 

RC8264 Signetics N8264 RC997 Fairchild 9097 RM711 Motorola MC1711 RM9621 Fairchild 9621 

RC8266 Signetics N8266 Motorola MC855 Signetics "A711 RM9622 Fairchild 9622 

RC8267 Signetics N8267 TI SN158097 Silicon G SG711 RM963 Motorola MC963 

RC8270 Fairchild 74178 RC999 Motorola MC852 Teledyne S 711 TI SN15963 

Signetics N8270 TI SN158092 TI J1A711 RM993 Motorola MC953 

TI SN74178 RMt514 Motorola MC1514 RM723 AMD 723 TI SN159093 

RC8271 Fairchild 74179 TI TL514 Intersil 723 RM994 Motorola MC956 

Signetics N8271 RM1537 Motorola MC1537 Motorola MC1723 TI SN159094 

TI SN74179 RM1556 Motorola MC1556 National LM723 RM997 Motorola MC955 

RC8273 Signetics N8273 Signetics MC1556 RCA CA723 TI SN159097 

RC8274 Signetics N8274 Silicon G SG1556 Signetics p.A723 RM999 Motorola MC952 

RC8280 Fairchild 74176 RM1558 Exar XR1558 Silicon G SG723 TI SN159099 

Signetics N8280 Harris HA-2650 986 TI J1A723 RV4151 TI XR4151 

TI SN74176 Motorola MC1558 RM725 AMD 725 RV4152 TI XR4152 

RC8281 Signetics N8281 PMI PM1558 PMI PM725 RV4156 TI XR4156 

RC8290 Fairchild 74196 SSS1558 SSS725 SP3724 RCA CA3724 

Signetics N8290 RCA CA1558 RM733 AMD 733 SP3725 RCA CA3725 

8290 Signetics MC1558 Fairchild J1A733 25LS138 AMD AM25LS138 

TI SN74196 Silicon G SG1558 Motorola MC1733 25LS139 AMD AM25LS138 

RC8291 Fairchild 74197 TI MC1558 Signetics "A733 25LS14 AMD AM25LS14 

Signetics N8291 RM2207 Exar XR2207 925 Silicon G SG733 25LS15 AMD AM25LS15 

TI SN74197 RM2211 Exar XR2211 922 TI p.A733 25LS151 AMD AM25LS125 

RC930 Fairchild 930 RM2567 Exar XR2567 RM741 AMD 741 25LS153 AMD AM25LS153 

Motorola MC830 XR2567M Intersil 741 25LS157 AMD AM25LS157 

TI SN15830 RM3403 Exar XR3403M Motorola MC1741 25LS158 AMD AM25LS158 

RC932 Fairchild 932 RM3503 Exar XR3503 PMI PM741 25LS160 AMD AM25LS160 

Motorola MC832 Fairchild J1A3503 SSS741 25LS161 AMD AM25LS161 

TI SN15832 Motorola MC3503 RCA CA741 25LS162 AMD AM25LS162 

RC933 Fairchild 933 Silicon G SG3503 1128 Signetics J1A741 25LS163 AMD AM25LS163 

Motorola MC933 RM4136 Exar XR4136 Silicon G SG741 25LS164 AMD AM25LS164 

TI SN15833 XR4i36M Sprague ULS-2151 25LS174 AMD AM25LSi74 

RC934 Motorola MC934 Fairchild p.A4i36 TI p.A741 25LS175 AMD AM25LS175 

TI SN15834 PMI OP-09 RM747 AMD 747 25LSi81 AMD AM25LS181 

RC935 Fairchild 935 PM4136M Motorola MC1747 25LS190 AMD AM25LS190 

Motorola MC835 Silicon G SG4136 PMI PM747 25LS191 AMD AM25LS191 

TI SN15835 TI RM4136 SSS747 25LS192 AMD AM25LS192 

RC936 Fairchild 936 RM4151 TI XRA151 RCA CA747 25LSi93 AMD AM25LS193 

Motorola MC836 RM4152 TI XR4152 Signetics p.A747 25LS194A AMD AM25LS194A 

RC937 Fairchild 937 RM4156 TI XR4156 Silicon G SG747 25LS195 AMD AM25LS195 

Motorola MC837 RM4194 Exar XR4194 TI "A747 25LS22 AMD AM25LS22 

TI SN15837 Silicon G SG4194 RM748 AMD 748 25LS23 AMD AM25LS23 

RC940 Motorola MC840 RM4531 Signetics SE531 Intersil 748 25LS240 AMD 25LS240 

RC941 Motorola MC841 RM4558 Motorola MC4558 Motorola MC1748 25LS241 AMD AM25LS241 

RC944 Fairchild 944 RCA CAi558 RCA CA748 25lS251 AMD AM25LS25i 

Motorola MC844 Silicon G SG1558 Signetics p.A748 25lS253 AMD AM25LS253 

TI SN15844 TI RM4558 Silicon G SG748 25LS258 AMD AM25LS258 
RC945 Fairchild 945 RM55107 Fairchild 55107 TI p.A748 25LS299 AMD AM25lS299 

Motorola MC845 Motorola MC55107 RM930 Motorola MC930 25LS373 AMD 25LS373 
TI SN15845 TI SN55107 TI SN15930 26S10 AMD AM26S10 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Page ! Device Source Device 

Ie Master 
Page 

-----------------------------
Raytheon Semiconductor 
(cont'd) 

26S11 
29600 

29601 

29610 

29611 

29612 

29613 

29620 

29621 

29622 

29623 

29625 

2W26 

29627 

29630 

29631 

29632 

29633 

29650 

29651 

29652 

29653 

29660 

29661 

29662 

29663 

54LSOO 

54[801 

54LS02 

54LS03 

54LS04 

54LS05 

AMD 
MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

UM: 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

MMI 

Fairchild 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
N"tiQ"",1 

Signetics 
TI 
Fairchild 
Motorola 
National 

TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 

• Discontinued 

·AM26S11 
5308-t 
6308-1 
5309-1 
6309-1 
5305-1 
6305-1 
5306-1 
6306-1 
53PS240 
63PS240 
53PS241 
63PS241 
5348-1 
6348-1 
5349-1 
6349-1 
53PS480 
63PS480 
53PS481 
63PS481 

6340-1 
5341-1 
6341-1 
53PS482 
63PS482 
53PS483 
63PS483 
5380-1 
6380-1 
5381-1 
6381-1 
53PS880 
63PS880 
53PS881 
63PS881 
535840 
63S840 
538841 
638841 
53PS840 
63PS840 
53PS841 
63PS841 
5300-1 
6300-1 
5301-1 
6301-1 
53PS140 
63PS140· 
53PS141 
63PS141 
54HXX 
DM54HXX 
54HXX 
SN54HXX 
54LSOO 
SN54LSOO 
DM54lS00 
54LSOO 
SN54LSOO 
D~54LS01 

54LS01 
SN54LS01 
54LS02 
SN54lS02 
DM54LS02 

SN54LS02 
54LS03 
SN54LS03 
DM54LS03 
54LS03 
SN54LS03 
54LS04 
SN54LS04 
DM54LS04 
54LS04 
SN54LS04 
54lS05 
SN54LS05 

1449 
1449

1 

1449 
1449 
1449 . 
1449 I 
1449

1 

1449 

1449 
1449 
1449 
1449 

I 

.J 
;4491 
1449 
1449 

1449 
1449 
1449 
1449 

1453 
1453 
1453 
1453 

1449 
1449 
1449 
1449 

54LS05 

54LS08 

54LS09 

54LS10 

54LS107 

54LS109 

54LS11 

54LS112 

54LS113 

54LS114 

54LS12 

54LS122 

54LS123 

54LS125 

54LS126 

54LS13 

54LS136 

54LS138 

54LS139 

National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetlcs 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
Nl'ItiQo<!1 

Signetics 

Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
National 
TI 
AMD 
National 
TI 
Fairchild 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 

Fairchild 
Motorola 
National 
Signetics 
TI 

Motorola 
National 
Signetics 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
T! 

AMD 

DM54LSOS 
54LS05 
SN54LS05 
54lS08 
SN54LS08 
DM54LS08 
54LS08 
SN54LS08 
54LS09 
SN54LS09 
DM54 LS09 
54LS09 
SN54LS09 
54LS10 
SN54lS10 
DM54LS10 
54LS10 
SN54LS10 
54LS107 
SN54LS107A 
DM54LS107 
54LS107 
SN54LS107A 
54lS109 
SN54LS109 
DM54LS109 
54LS109 . 
SN54LSi09 
54LS11 
SN54LS11 
DM54LS11 
54LS11 
SN54LS11 
54LS112 
SN54LS112A 
DM54LS112 
54LS112 
SN54LS112 
54LS113 
SN54LS113A 
DM54LS113 
54LS113 
SN54LS113 
54LS114 
SN54LS114A 
DM54LS114 
54LS114 
SN54LS114A 
54LS12 
SN54lS12 
DM54LS12 
54LS12 
SN54LS12 
DM54LS122 
SN54LS122 
SN54lS123 
DM54LS123 
SN54lS123 
54LS125 
DM54LS125 
54LS125 
SN54LS125A 
54LS126 
SN54LS126 
DM54LS126 
54LS126 
SN54LS 1213A. 

54LS13 
SN54LS13 
DM54LS13 
54LS13 
SN54LS13 

SN54LS132 
DM54LS132 
54LS132 
54LS136 
SN54LS136 
54LS136 
SN54LS136 
54LS138 
SN54LS138 
DM54LS138 
54LS138 
SN54LS138 
SN54LS139 

54LS139 Fairchild 54LS139 

54LS14 

54LS15 

54LS151 

54LS152 

I 54LS153 

54LS156 

54LS157 

54LS158 

54L5160 

54LS161 

54LS162 

54LS163 

54LSl64 

54LS170 

54LS174 

Motorola SN54LS139 
National DM54LS139 
Signetics 54LS 139 

TI 
74LS139 
SN54LS139 

Fairchiid 54LS 14 
Motorola SN54LS14 
National DM54LS14 
Signetics 54LS14 
TI SN54LS14 
Fairchild 54LS15 
Motorola SN54LS15 
National DM54LS15 
Signetics 54LS15 
TI SN54LS15 
AMD 
Fairchild 
Motorola 
National 
Signetics 

TI 
Fairchild 
Motorola 

AMD 
Fairchild 
Motorola 
NatioAal 
Signetics 
TI 
Fairchild 
Motorola 
National 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
TI 
AMD 
C" .... :_ ....... :I..J 
t gll\AIIiU 

Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
n 
AMD 
Fairchild 
National 

SN54LS151 
54LS151 
SN54LS151 
DM54LS151 
54LS151 
54LS153 
SN54LS151 
54LS152 
SN54LS152 
SN54LS152 
SN54LS153 
54LSi53 
SN54LS153 
OM54LS153 
54LS153 
SN54LS153 
54LS156 
SN54LS156 
DM54LS156 
SN54LS156 
SN54LS157 
54LS157 
SN54LS157 
DM54LS157 
54LS157 
SN54LS157 
54LS158 
SN54LS158 
DM54LS158 
54LS158 
SN54LS158 
SN54LS160 
54LS160 
SN54LSl60A 
DM54LS160 
54LS160A 
SN54LS160A 
SN54LS161 
54LS161 
SN54LS161A 
DM54LS161 
54LS161A 
SN54LS161A 
SN54LS162 
54LS162 
SN54LS162A 
DM54LS162 
54LS162A 
SN54LS162A 
SN54LS163 
54LS163 
SN54LS163A 
DM54LS163 
54LS163A 
SN54LS163A 
SN54LS164 

SN54LS164A 
DM54LS164 
54LSl64 
SN54LSl64A 
SN54LS170 
54 LS 170 
SN54LS170 
DM54LS170 
54LS170 
SN54LS170 
SN54LS174 
54LS174 
DM54LS174 

Manufacturer I Replacement 
DevIce Source Device 

Ie Master 
Page 

54LS174 

54LS175 

54LS181 

54LS190 

54LS191 

I 54LS192 

54LS193 

Signetics 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
TI 
AMD. 
Fairchild 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Motoroia 
National 
SigneOOs 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
TI 

54LS194A AMD 
Fairchild 
Motorola 
Signetics 
TI 

54LS195A AMD 

I 54LS196 

Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 

54LS 197 Fairchild 

54LS20 

54LS21 

54LS22 

54LS242 

54LS243 

54LS251 

Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 

Signetics 
TI 
AMD 
Fairchild 
TI 
AMD 
FairChild 
TI 
AMD 
Fl'Iirr.hilrl 

Motorola 
Signetics 
TI 

54LS174 
SN54LS174 
SN54LS175 
54LS175 
SN54LS175 
DM54LS175 
54LS1i5 
SN54LS175 
SN54LS181 
54LS181 
SN54LS181 
54LS181 
SN54LS181 
SN54LS190 
54lS190 
SN54LS190 
DM54LS190 
54LS190 
SN54LSl90 
SN54LS191 
54LS191 
SN54LS191 
DM54LS191 
54LS191 
SN54LS191 
SN54LS192 
54LS192 
SN54LSi92 
DM54LS192. 
54b.S192 
SN54LS192 
SN54LS193 
54LS193 
SN54LS193 
DM54LS193 
54LS193 
SN54LS193 
SN54LSl94A 
54LS194 
SN54LS194A 
54LS194A 
SN54LSl94A 

. SN54LS195A 
54LS195 
SN54LS195A 
54LS195A 
SN54LS195A 
54LS196 
SN54LSl96 
DM54LSl96 
54LS196 
SN54LS196 
54LS197 
SN54LS197 
DM54LS197 
54LS197 
SN54LS197 
54LS20 
SN54LS20 
DM54LS20 
54LS20 
SN54LS20 
54LS21 
SN54LS21 
DM54LS21 
54LS21 
SN54l.S2~ 

54LS22 
SN54LS22 
DM54LS22 
54LS22 
SN54LS22 
Divi54LS221 
54LS221 
SN54LS221 
SN54LS242 
54LS242 
SN54LS242 
SN54LS243 
54LS243 
SN54LS243 
SN54LS251 
1\41 ~?"1 

SN54LS251 
54LS251 
SN54LS251 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Manufacturer 'RePlacement IC Master Manufac:turer ,Replacement IC Master Manufacturer ,Replacement IC Master Manufacturer 'Replacement lC .... ter 
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i 

Raytheon Semiconductor 54LS368 Signetics 54LS368A 54LS83A TI SN54LS83A 74LSOS Hitachi HD74LSOS 
TI SN54LS368A 54LS85 Fairchild 54LS85 Motorola SN74LSOS 

(cont'd) 54LS37 Fairchild 54LS37 Motorola SN54LS85 National DM74LS08 
Motorola SN54LS37 National DM54LS85 NEe America ,.,.PB74LS08 

54LS253 AMD SN54LS253 National DM54LS37 Signetics 54LS85 Signetics 74LSOS 

Fairchild 54LS253 Signetics 54LS37 TI SN54LS85 TI j SN74LS08 

Motorola SN54LS253 TI SN54LS37 54LS86 Fairchild 54LS86 74LS09 Fairchild 74LS09 

National DM54LS253 54LS373 Motorola SN54LS373 Motorola SN54LS86 Hitachi HD74LS09 

Signetics 54LS253 54LS375 Fairchild 54LS375 Signetics 54LS86 Motorola SN74LS09 

TI SN54LS253 Signetics 54LS375 TI SN54LS86 National DM74LS09 

54LS257 Fairchild 54LS257 TI SN54LS375 54LS90 Fairchild 54LS90 Signetics 74LS09 

Motorola SN54LS257A 54LS38 Fairchild 54LS38 Motorola SN54LS90 TI SN74LS09 

National DM54LS257 Motorola SN54LS38 Signetics 54LS90 74LS10 Fairchild 74LS10 

Signetics 54LS257 National DM54LS38 TI SN54LS90 Hitachi HD74LS10 

TI SN54LS257A Signetics 54LS38 54LS91 TI SN54LS91 Motorola SN74LS10 

54LS258 AMD SN54LS258 TI SN54LS38 54LS92 Motorola SN54LS92 National DM74LS10 

Fairchild 54LS258 54LS384 Motorola SN54LS384 Signetics 54LS92 NEe America ,.,.PB74LS10 

Motorola SN54LS258 54LS385 Motorola SN54LS385 TI SN54LS92 Signetics 74LS10 

Signetics 54LS258 54LS386 Signetics 54LS386 54LS93 Fairchild 54LS93 TI SN74LS10 

TI SN54LS258 TI 54LS386 Motorola SN54LS93 74LS107 Fairchild 74LS107 

54LS26 Fairchild 54LS26 54LS395 Fairchild 54LS395 Signetics 54LS93 Hitachi HD74LS107 

Motorola SN54LS26 National DM54LS395 TI SN54LS93 Motorola SN74LS107A 

National DM54LS26 Signetics 54LS395 54LS95B Fairchild 54LS95B National DM74LS107 

Signetics 54LS26 TI SN54LS395 Motorola SN54LS95B Signetics 74LS107 

TI SN54LS26 54LS40 Fairchild 54LS40 Signetics 54LS95B TI SN74LS107 

54LS261 Signetics 54LS261 Motorola SN54LS40 TI SN54LS95B 74LS109 Fairchild 74LS109 

TI SN54LS261 National DM54LS40 54S240 Fairchild 54S240 Motorola SN74LS109A 

54LS266 Fairchild 54LS266 Signetics 54LS40 MMI 545240 768. National DM74LS109 

Motorola SN54LS266 TI SN54LS40 TI SN54S240 NEe America ,.,.PB74LS109 

Signetics 54LS266 54LS42 Fairchild 54LS42 54S241 AMD .SN54S241 Signetics 74LS109 

TI SN54LS266 Motorola SN54LS42 Fairchild 54S241 TI SN74LS109A 

54LS27 Fairchild 54LS27 National DM54LS42 MM! 545241 788 74LS11 Fairchild 74LS11 

Motorola SN54LS27 Signetics 54LS42 TI SN54S241 Hitachi HD74LS11 

National DM54LS27 TI SN54LS42 54S244 AMD SN54S244 Motorola SN74LS11 

Signetics 54LS27 54LS51 Fairchild 54LS51 MMI 545244 768. National DM74LS11 

TI SN54LS27 Motorola SN54LS51 .5400 series AMD SN54XX NEe America ,.,.PB74LS11 

54LS28 Fairchild 54LS28 National DM54LS51 Fairchild 54XX Signetics 74LS11 

Signetics 54LS28 Signetics 54LS51 Ferranti ZN54XX TI. SN74LS11 

TI SN54LS28 TI SN54LS51 Motorola SN54XX 74LS112 Fairchild 74LS112 

54LS283 Fairchild 54LS283 54LS54 Fairchild 54LS54 National DM54XX Hitachi HD74LS112 

Motorola SN54LS283 Motorola SN54LS54 Signetics 54XX Motorola SN74LS112A 

National DM54LS283 National DM54LS54 TI SN54XX National DM74LSl12 

Signetics 54LS283 Signetics 54LS54 .74HXX Fairchild 74HXX NEe America ,.,.PB74LSl12 

TI SN54LS283 TI SN54LS54 National DM74HXX Signetics 74LS112 

54LS290 Motorola SN54LS290 54LS55 Fairchild 54LS55 Signetics 74HXX TI SN74LS112 

54LS293 Motorola SN54LS293 Motorola SN54LS55 TI SN74HXX 74LS113 Fairchild 74LS113 

54LS295A Fairchild 54LS295 National DM54LS55 74LSOO Fairchild 74LSOO Hitachi HD74LS113 

Motorola SN54LS295 Signetics 54LS55 Hitachi HD74LSOO Motorola SN74LS113A 

Signetics 54LS295A TI SN54LS55 Motorola SN74LSOO National DM74LS113 

TI SN54LS295B 54LS670 AMD SN54LS670 National DM74LSOO NEe America ,.,.PB74LS113 

54LS298 Fairchild 54LS298 Fairchild 54LS670 NEe America ,.,.PB74LSOO Signetics 74LS113 

Motorola SN54LS298 Motorola SN54LS670 Signetics 74LSOO TI SN74LS113 

TI SN54LS298 National DM54LS670 TI SN74LSOO 74LS114 Fairchild 74LS114 

54LS299 AMD SN54LS299 Signetics 54LS670 74LS01 Hitachi HD74LS01 Hitachi HD74LS114 

Fairchild 54LS299 TI SN54LS670 National DM74LS01 Motorola SN74LS114A 

TI SN54LS299 54LS73 Fairchild 54LS73 Signetics 74LS01 National DM74LS114 

54LS30 Fairchild 54LS30 Motorola SN54LS73A TI SN74LS01 Signetics 74LS114 

Motorola SN54LS30 National DM54LS73 74LS02 Fairchild 74LS02 T1 SN74LS114A 

National DM54LS30 Sfgnetics 54LS73 Hitachi HD74LS02 74LS12 Hitachi HD74LS12 

Signetics 54LS30 TI SN54LS73A MotQrola SN74LS02 Motorola SN74LS12 

Tl SN54LS30 54lS74 Fairchild 54LS74 National DM74LS02 National DM74LS12 

54LS32 Fairchild 54LS32 Motorola SN54LS74A NEe America ,.,.PB74LS02 Signetics 74LS12 

Motorola SN54LS32 National DM54LS74 Signetics 74LS02 TI SN74LS12 

National DM54LS32 Signetics 54LS74 TI SN74LS02 74LS122 National DM74LS122 

Signetics 54LS32 TI SN54LS74A 74LS03 Fairchild 74LS03 TI SN74LS122 

TI SN54LS32 54LS75 Motorola SN54LS75 Hitachi HD74LS03 74LS123 AMD SN74LS123 

54LS322 Motorola SN54LS322 National DM54LS75 Motorola SN74LS03 Hitachi HD74LS123 

54LS323 Motorola SN54LS323 Signetics 54LS75 National DM74LS03 National DM74LS123 

SN74LS323 TI SN54LS75 NEe America ,.,.PB74LS03 TI SN74LS123 

54LS33 Fairchild 54LS33 54LS76 Fairchild 54LS76 Signetics 74LS03 74LS125 Fairchtld 74LS125 

Signetics 54LS33 Motorola SN54LS76A TI SN74LS03 National DM74LS125 

TI SN54LS33 National DM54LS76 74LS04 Fairchild 74LS04 Signetics 74LS125 

54LS365 Fairchild 54LS365 Signetics 54LS76 Hitachi HD74LS04 TI SN74LS125A 

Motorola SN54LS365A TI SN54LS76 Motorola SN74LS04 74LS126 Fairchild 74LS126 

Signetics 54LS365A 54LS77 Motorola SN74LS77 National DM74LS04 Motorola SN74LS126 

TI SN54LS265A National DM74LS77 NEe America ,.,.PB74LS04 National DM74LS126 

54LS366 Fairchild 54LS366 TI SN54LS77 Signetics 74LS04 Signetics 74LS126 

Motorola SN54LS366A 54LS78 Fairchild 54LS78 TI SN74LS04 TI SN74LS126A 

Signetics 54LS366A Motorola SN54LS78A 74LS05 Fairchild 74LS05 74LS13 Fairchild 74LS13 

TI SN54LS366A National DM54LS78 Hitachi HD74LS05 Hitachi HD74LS13 

54LS367 Fairchild 54LS367 Signetics 54LS78 Motorola SN74LSOS Motorola SN74LS13 

Motorola SN54LS367A TI SN54LS78 National DM74LSOS National DM74LS13 

Signetics 54LS367A 54LS83A Fairchild 54LS83 NEe America ,",PB74LS05 Signetics 74LS13 

TI SN54LS367A Motorola SN54LS83 Signetics 74LS05 TI SN74LS13 
54LS368 Fairchild 54LS368 National DM54LS83 TI SN74LSOS 74LS132 Fairchild 74LS132 

Motorola SN54LS368A Signetics 54LS83A 74LSOS Fairchild 74LSOS Hitachi HD74LS132 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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Raytheon Semiconductor i 

(cont'd) 

74LS132 

74LS136 

74LS138 

74LS139 

74LS14 

74LS15 

74LS151 

74LS152 

74LS153 

74LS155 

74LS156 

74LS157 

Motorola 
National 

Signetics 
TI 
Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 
AMD 
raiiChi:d 
Hitachi 
Motorola 
National 
NEG America 
Signetics 
TI 
AMD 
Fairchild 
Hitachi 
Motorola 

NEG America 
Signetics 
TI 
Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 
Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Hitachi 
Motorola 
National 
NEG America 
Signetics 
TI 
Fairchild 
Hitachi 
Motorola 
AMD 
Fairchild 
Hitachi 
Motorola 
National 
NEG America 
Signetics 
TI 
Fairchild 

Hitachi 
Motoroia 

National 

NEG America 
Signetics 
TI 

Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 
AMD 

. Fairchild 
Motorola 
National 

SN74LS132 
DM54LS132 
DM74LS132 
74LS132 
SN74LS132 
74LS136 
HD74LS136 
SN74LS136 
DM74LS136 
74LS136 
SN74LS136 
SN74LS138 
74LS138 
HD74LS138 
SN74LS138 
DM74LS138 
/!PB74LS138 
74LS138 
SN74LS138 
SN74LS139 
74LS139 
HD74lS139 
SN74LS139 
D~.J.74LS139 

/!PB74LS139 
. 74LSt39 

SN74LS139 
74LS14 
HD74LS14 
SN74LS14 
DM74LS14 
74LS14 . 
SN74LS14 
74LS15 
HD74LS15 
SN74LS15 
DM74LS15 
74LS15 
SN74LS15 
SN74LS151 
74LS151 
HD74LS151A 
SN74LS151 
DM74LS151 
/l.PB74LS151 
74LS151 
SN74LS151 
74LS152 
HD74LS152 
SN74LS152 
SN74LS153 
74LS153 
HD74LS153 
SN74LS153 
DM74LS153 
/!PB74LS153 
74LS153 
SN74LS153 
54LS155 
74LS155 
HD74LS155 
SN54LS155 
SN74LS155 
DM54LS155 
DM74LS155 
/!PB74LS155 ' 
74LS155 
SN54LS155 
SN74LS155 
74LS156 
HD74LS156 
SN74LS156 
DM74LS156 
74LS156 
SN74LS156 
SN74LS157 
74LS157 
SN74LS157 
DM74LS157 

l>j!:v Amenca /!t-'tH4L::)1 of 

Signetics 74LS157 
TI SN74LS157 

• Discontinued 

Manufacturer I Replacement IC Malter 
Device Source Device Page 

74LS158 

74LS160 

74LS161 

74LS162 

AMD 
Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Hitachi 
Motorola 

,National 
NEG America 
Signetics 
TI 
AMD 
Fairchild 
Hitachi 
Motorola 
National 
Signetic!': 
TI 

74LSl63 AMD 
Fairchild 
Hita~hi 

Motorola 
National 
Signetics 
TI 

74LS164 AMD 
Fairchild 
Hitachi 
Motorola 
National 
NEG America 
Signetics 
TI 

74LS170 AMD 
Fairchild 
Motorola 
Nationa! 
Signetics 
TI 

74LS174 AMD 
Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 

74LS175 AMD 
Fairchild 
Hitachi 
Motorola 
National 
NEC America 
Signetics 
TI 

74LS181 . AMD 
Fairchild 
Motorola 
Signetics 
TI 

74LS190 AMD 

74LS191 

74LS192 

Fairchild 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
National 
Signetics 
TI 
AMD 
t-alrChlid 
Motorola 
National 

SN74LS158 
74LS158 
HD74LSl58 
SN74LS158 
DM74LS158 
74LS158 
SN74LS158 
SN74LS160 
74LS160 
HD74LS160A 
SN74LSl60A 
DM74LSl60 
74LS160A 
SN74LS160A 
SN74LS161 
74LS161 
HD74LS161A 
SN74LS161A 
DM74LS161 
p.PB74LS161 
74LS161A 
SN74LS161A 
SN74LS162 
74LS162 
HD74LS162A 
SN74LSl62A 
DM74LS162 
74LS162A 
SN74LS162A 
SN74LS163 
74LS163 
HD74LS163A 
SN74LS163A 
DM74LS163 
74LSl63A 
SN74LS163A 
SN74LSl64 
74LSl64 
HD74LSl64 
SN74LSl64A 
DM74LS164 
p.PB74LSl64 
74LSl64 
SN74LS164A 
SN74LS170 
74LS170 
SN74LS170 
DM74LS170 
74LS170 
SN74LS170 
SN74LS174 
74LS174 
HD74LS174 
SN74LS174 
DM74LS174 
74LS174 
SN74LS174 
SN74LS175 
74LS175 
HD74LS175 
SN74LS175 
DM74LS175 
p.PB74LS175 
74LS175 
SN74LSl15 
SN74LS181 
74LS181 
SN74LS181 
74LS181 
SN74LS181 
.SN74LS190 
74LS190 
5N74l5190 
DM74LS190 
74LS190 
SN74LS190 
SN74LS191 
74LS191 
SN74LS191 
DM74LS191 
74LS191 
SN74LS191 
SN74LS192 
74U:i192 
SN74LS192 
DM74LS192 

Manufacturer I Replacement IC Master 
Device Source Device Page 

74LS192 NEG America 
Signetics 
TI 

74LS193 AMD 
Fairchild 
Motorola 
National 
NEG America 
Signetics 
TI 

74LS194A AMD 
Fairchild 
Hitachi 
Motorola 
NEG America 
Signetics 
T! 

74LS195A AMD 
Fairchild 
Hitachi 
Motorola 
NEG America 
Signetics 
TI 

74LS196 Fairchild 

74LS197 

74LS20 

74LS21 

741S22 

Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
'TI 
Fairchild 
Hitachi 
Motorola 
National 
NEC America 
Signetics 
TI 
Fairchild 
Hitachi 
Motorola 
National 
NEG America 
Signetics 
Ti 

p.PB74LS192 
74LS192 
SN74LS192 
SN74LS193 
74LS193 
SN74LS193 
DM74LS193 
ILPB74LS193 
74LS193 
SN74LS193 
SN74LS194A 
74LS194 
HD74LSl94A 
SN74LS194A 
ILPB74LS194 
74LS194A 
SN74LS194A 
SN74LS195A 
74LS195 
HD74LS195A 
SN74LSl95A 
p.PB74LS195 
74LS195A 
SN74LS195A 
74LS196 
SN74LSl96 
DM74LSl96 
74LS196 
SN74LS196 

IC Master 
Page 

74LS251 AMD SN74LS251 
Fairchild 74LS251 
Motorola SN74LS251 
National DM74LS251 
NEG America p.PB74LS251 
Signetics 74LS251 
TI SN74LS251 

74LS253 AMD SN74LS253 
Fairchild 74LS253 
Hitachi HD74LS253 
Motorola SN74LS253 
National DM74LS253 
NEe America JiPB74LS253 
Signetics 74LS253 
TI SN74LS253 

74LS257 AMD SN74LS257 

74LS258 

74LS26 

74LS261 

74LS266 

74LS27 

Fairchild 
Hitachi 
Motorola 
National 
NEG America 
Signetics 
TI 
AMD 
Fairchild 
Motorola 
National 
NEC America 
Signetics 
TI 

. Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Hitachi 
Motorola 
National 
NEG America 
Signetics 
TI 

74LS257 
HD74LS257 
SN74LS257A 
DM74LS257 
p.PB74LS257 
74LS257A 
SN74LS257 
SN74LS258 
74LS258 
SN74LS258A 
DM74LS258 
j.iPB74LS258 
74LS258 
SN7~LS258A 

74LS26 
HD74LS26 
SN74LS26 
DM74LS26 
74LS26 
SN74LS26 
74LS261 
SN74LS261 
74LS266 
SN74LS266 
74LS266 
SN74LS266 
74LS27 
HD74LS27 
SN74LS27 
DM74LS27 
ILPB74LS27 

Fairchild 
Hitachi 
Motorola 
National 
Signetics 

_?4L,S197 _ 
SN74LS197 
DM74LS197 
74LS197 
SN74LS197 
74LS20 
HD74LS20 
SN74LS20 
DM74LS20 
p.PB74LS20 
74LS20 
SN74LS20 
74LS21 
HD74LS21 
SN74LS21 
DM74LS21· 
p.PB74LS21 
74LS21 
SN74LS21 
74LS22 
HD74LS22 
SN74LS22 
DM74LS22 
74LS22 
SN74LS22 
SN74LS221 
DM74LS221 
74LS221 
SN74LS221 
SN74LS240 
74LS240 
74LS240 
SN74LS240 
74LS240 
SN74LS240 
SN74LS241 
74LS241 
74LS241 
SN74LS241 
74LS241 
SN74LS241 
SN74LS242 
74LS242 
SN741 S?4? 

74LS242 
SN74LS242 
SN74LS243 
74LS243 
SN74LS243 
74LS243 
SN74LS243 
SN74LS244 
74LS244 
74LS244 
SN74LS244 
74LS244 
SN74LS244 

I 
.1 74LS279 Fairchild 

Motorola 

.74LS27 
SN74LS27 
54LS279 
74LS279 
SN54LS279 
SN74LS279 
DM54LS279 
DM74LS279 
/!PB74LS279 
54LS279 
74LS279 
SN54LS279 
SN74LS279 
74LS28 
74LS28 
SN74LS28 
74 LS283 
SN74LS283 
SN74LS283 
DM74LS283 
74LS283 
SN74LS283 
SN74LS290 
74LS295 
SN74LS295 

74LS221 

74LS240 

74LS241 

74LS242 

74LS243 

74LS244 

TI 

" 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
MMI 
Motorola 
Signetics 
TI 
AMD 
Fairchild 
MMI 
Motorola 
Signetics 
TI 
AMD 
Fairchild 
Mntornl::l 

Signetics 
TI 
AMD 
Fairchild 
Motorola 
Signetics 
TI 
AMD 
Fairchild 
MMI 
Motorola 
Signetics 
TI 

,..1 
I 
I 

768/ 

768 I 

1 

74LS28 

74LS283 

74LS290 
74LS295A 

74LS298 

74LS299 

74LS30 

National 

NEG America 
Signetics 

TI 

Fairchild 
Signetics 
TI 
Fairchild 
Hitachi 
Motorola 
National 
Signetics 
TI 
Motorola 
Fairchild 
Motorola 
NFC AmArit::.a I-!PB74LS295 
Signetics 74LS295' 
TI SN74LS295B 
Fairchild 74LS298 
Hitachi HD74LS298 
Motorola SN74LS298 
Signetics 74LS298 
TI SN74LS298 
AMD SN74LS299 
Fairchild 74LS299 
TI SN74LS299 
Fairchild 74LS30 
Hitachi HD74LS30 
Motorola SN74LS30 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 

=~:cturer I =~:ement Device 
Ie Master Manufacturer I Replacement Ie Master Manufacturer I Replacement Ie Master Manufacturer I Replacement IC Master 

Page Device Source Device Page Device Source Device Page Device Source Device Page 

Raytheon Semiconductor 74LS386 Signetics 74LS386 74LS85 TI SN74LS85 9LS190 Fairchild, 9LS190 
TI SN74LS386 74LS86 Fairchild 74LS86 9LS191 Fairchild 9LS191 (cont'd) 74LS395 Fairchild 74LS395 Hitachi HD74LS86 9LS192 FairChild 9LS192 
National DM74LS395 Motorola SN74LS86 9LS193 Fairchild 9LS193 

74LS30 National DM74LS30 'Signetics 74LS395 NEG America ~P874LS86 9LS194 Fairchild 9LS194 

NEG America ~P874LS30 n SN74LS395 Signetics 74LS86 9LS195 Fairchild 9LS195 

Signetics 74LS30 74LS40 Fairchild 74LS40 TI SN74LS86 9LS196 Fairchild 9LS196 

TI SN74LS30 Hitachi HD74LS40 74LS90 Fairchild 74LS90 9LS197 Fairchild 9LS197 

74LS32 Fairchild 74LS32 Motorola SN74LS40 Motorola SN74LS90 9LS20 Fairchild 9LS20 

HitaChi HD74LS32 National DM74LS40 National DM74LS90 9LS21 Fairchild 9LS21 

Motorola SN74LS32 NEG America ~PB74LS40 Signatics 74LS90 9LS22 Fairchild 9LS22 

National DM74LS32 Signetics 74LS40 TI SN74LS90 9LS251 Fairchild 9LS251 

NEG America ~PB74LS32 TI SN74LS40 74LS91 TI SN74LS91 9LS253 Fairchild 9LS253 

Signetics 74LS32 74LS42 Fairchild 74LS42 74LS92 Fairchild 74LS92 9LS257 Fairchild 9LS257 

TI SN74LS32 Hitachi HD74LS42 Hitachi HD74LS92 9LS258 Fairchild 9LS258 

74LS322 Motorola SN74LS322 Motorola SN74LS42 Motorola SN74LS92 9LS259 Fairchild 9LS259 

74LS323 AMD SN74LS323 National DM74LS42 National DM74LS92 9LS266 Fairchild 9LS266 

Fairchild 74LS323 NEG America ~PB74LS42 Signetics 74LS92 9LS27 Fairchild 9LS27 

TI SN74LS323 Signetics 74LS42 TI SN74LS92 9LS279 Fairchild 9LS279 

74LS33 Fairchild 74LS33 TI SN74LS42 74LS93 Fairchild 74LS93 9LS283 Fairchild 9LS283 

Signetics 74LS33 74LS51 Fairchild 74LS51 Motorola SN74LS93 9LS295 Fairchild 9LS295 

TI SN74LS33 Hitachi HD74LS51 National DM74LS93 9LS298 AMD 9LS298 

74LS365 Fairchild 74LS365 Motorola SN74LS51 Signetics 74LS93 Fairchild 9LS298 

Motorola SN74LS365A National DM74LS51 TI SN74LS93 9LS30 Fairchild 9lS30 

National DM74LS365 NEG America ~P874LS51 74LS95B Fairchild 74LS95 9LS32 Fairchild 9LS32 

NEG America ~PB74LS365 Signetics 74LS51 Hitachi HD74LS958 9LS37 Fairchild 9lS37 

Signetics 74LS365A ' TI SN74LS51 Motorola SN74LS95 9LS38 Fairchild 9lS38 

TI . SN74LS365A 74LS54 Fairchild 74LS54 National DM74LS958 9LS40 Fairchild 9lS40 

74LS366 Fairchild 74LS366 Hitachi HD74LS54 Signetics 74LS958 9LS42 Fairchild 9LS42 

Motorola SN74LS366A Motorola SN74LS54 TI SN74LS958 9LS51 Fairchild 9LS51 
National DM74LS366 National DM74LS54 74S240 AMD SN74S240 9LS54 Fairchild 9LS54 

NEG America ~PB74LS366 NEG America ~P874LS54 Fairchild 74S240 9LS55 Fairchild 9LS55 

Signetics 74LS366A Signetics 74LS54 MMI 745240 768 9LS670 Fairchild 9LS670 

TI SN74LS366A TI SN74LS54 TI SN74S240 9LS73 Fairchild 9LS73 

74LS367 Fairchild' 74LS397 74LS55 Fairchild 74LS55 74S241 AMD SN74S241 9LS74 Fairchild 9LS74 

Hitachi HD74LS367 Hitachi HD74LS55 Fairchild 74S241 9LS83 Fairchild 9lS83 

Motorola SN74LS367A Motorola SN74LS55 MMI 745241 768 9LS86 Fairchild 9LS86 

National DM74 LS367 National DM74LS55 TI SN74S241 9LS93 Fairchild 9LS93 

NEG America ~P874LS367 NEG America ~P874LS55 74S244 AMD SN74S244 9LS958 Fairchild 9lS95 

Signetics 74LS367A Signetics 74LS55 MMI 745244 768 93415 Fujitsu M8M93415 

TI SN74LS367A TI SN74LS55 .7400 series AMD SN74XX 
74LS368 Fairchild 74LS368 74LS670 Fairchild 74LS670 Fairchild 74XX RCA Solid State Division 

Hitachi HD74LS368 Motorola SN74LS670 . Farranti ZN74XX 

Motorola SN74LS368A National DM74LS670 Hitachi HD74XX 

National DM74LS368 Signetics 74LS670 Motorola SN74XX Ca139A PMI CMP-04 
NEG America ~PB74LS368 n SN74LS670 National DM74XX CA101 AD AD101 
Signetics 74LS368A 74LS73 Fairchild 74LS73 NEG America ~P874XX AMD LM101 
TI SN74LS368A Hitachi HD74LS73 Signetics 74XX Fairchild ~A101 

74LS37 Fairchild 74LS37 Motorola SN74LS73 TI SN74XX Intarsil LM101 
Hitachi HD74LS37 National DM74LS73 9LSOO Fairchild 9LSOO Motorola LM101 
Motorola SN74LS37 Signetics 74LS73 9LS02 Fairchild 9LS02 National 'LM101 1035 
National DM74LS37 TI SN74LS73A 9LS03 Fairchild 9LS03 NPC SFC21.21 
NEG America ~PB74LS37 74LS74 Fairchild 74LS74 9LS04 Fairchild 9LS04 Signetics LM101 
Signetics 74LS37 Hitachi HD74LS74A 9LSOS Fairchild 9LS05 Silicon G SG101 
TI SN74LS37 Motorola SN74LS74A 9LS08 Fairchild 9LS08 TI LM101 

74LS373 AMD SN74LS373 National DM74LS74 9LS09 Fairchild 9LS09 CA107 AMD LM107 
Fairchild 74LS373 NEG America ~PB74LS74 9LS10 Fairchild 9LS10 Intersil LM107 
MMI 74LS373 505 Signetics 74LS74 9LS109 Faircj1ild 9lS109 Motorola LM107 
Motorola SN74LS373 TI SN74LS74A 9LS11 Fairchild 9LS11 National LM107 
Signetics 74LS373 74LS75 Motorola SN74LS75 9LS112 Fairchild 9lS112! Raytheon LM107 
TI SN74LS373 National DM74LS75 9LS113 . Fairchild 9LS113 Signetics LM107 

74LS374 . AMD SN74LS374 Signetics 74LS75 9LSl14 Fairchild 9LS114 Silicon G SG107 
Fairchild 74LS374 TI SN74LS75 9LS132 Fairchild 9LS132 TI LM107 
MMI 74LS374 505 74LS76 Fairchild 74LS76 9LS136 Fairchild 9LS136 CA108 

I 

AMD LM108 
TI SN74LS374 Hitachi HD74LS76 9LS138 Fairchild 9LS138 Fairchild ~108 

74LS375 Fairchild 74LS375 Motorola SN74LS76A 9LS139 Fairchild 9LS139 Motorola LM108 
Motorola SN74LS375 National DM74LS76 9LS14 Fairchild 9LS14 National LM108 1035 
NEG America ~PB74LS375 Signetics 74LS76 9LS15 Fairchild 9LS15 PMI PM108 
Signetics 74LS375 TI SN74LS76 9LS151 Fairchild 9lS151 Raytheon LM108 
TI SN74LS375 74LS78 Fairchild 74LS78 9LS152 Fairchild 9LS159 Signetics LM108 

74lS377 AMD SN74LS377 Hitachi HD74LS78 9LS153 Fairchild 9LS153 Silicon G SG108 
Fairchild 74LS377 Motorola SN74LS78A 9LS155 Fairchild 9lS155 CA111 AMD LM111 
Signetics 74LS377 National DM74LS78 9LS156 Fairchild 9LS156 Intarsil LM111 
TI SN74LS377 Signetics 74LS78 9LS157 Fairchild, 9LS157 Motorola LM111 

74LS38 Fairchild 74LS38 TI SN74LS78 9LS158 Fairchild 9LS158 National LM111 
Hitachi HD74LS38 74LS83A Fairchild 74LS83 9LS159 Fairchild 9LS159 NPC SFC2111 
Motorola SN74LS38 Hitachi HD74LS83A 9LSl60 Fairchild 9LS160 Raytheon LM111 
National DM74LS38 Motorola SN74lS83A 9LS161 Fairchild 9LS161 Signetics lM111 
NEG America ~PB74LS38 National DM74LS83 9LS162 Fairchild 9LS162 Silicon G SG111 
Signetics 74LS38 DM74LS83A 9LS163 Fairchild 9lS163 TI lM111 
TI SN74LS38 Signetics 74LS83 9LS164 Fairchild 9LS164 CA1190 Sprague ULN-2290 

74LS384 Motorola SN74LS384 TI SN74LS83A 9LS170 Fairchild 9LS170 CA1310 Motorola MC1310 
74LS385 Motorola SN74LS385 74LS85 Fairchild 74LS85 9LS173 Fairchild 9LS173 Sprague ULN-2110 
74LS386 Hitachi HD74LS386 Motorola SN74LS85 9lS174 Fairchild 9lS174 ULN-2210 

Motorola SN74LS386 National DM74LS85 9LS175 Fairchild 9LS175 CA1352 Motorola MC1352 
National DM74LS386 Signetics 74lS85 9LS181 Fairchild 9lS181 Sanyo LA1352 

• Discontinued 
. The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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ICMASTER 
IC Muter 

Page =:rurer I ~~ement Device 
IC Master 

Page 

RCA Solid State Division 
(cont'd) 

CA139 
CA139A 
CA1391 

CA1394 

CA1398 

CA1458 

I 
CA1541 
CA1558 

I 

CA2oo2 
CA201 

CA207 

CA208 

CA211 

CA2111 

CA239 

CA239A 

CA3OO1 

Motorola 
PMI 
Motorola 
Sprague 
Motorola 
Sprague 
Motorola 
Sprague 
Exar 
Fairchild 
HarrIs 
Motorola 
National 
PMI 

Raytheon 
Signetics 
Silicon G 
TI 
Motorola 
Exar 
Fairchild 
Harris 
Motorola 
National 
PMI 

Raytheon 
Signetics 
Silicon G 
TI 
Sprague 
AD 
AMD 
Fairchild 
Intersil 
Motorola 
National 
Signetics 
Silicon G 
TI 
AMD 
Fairchild 
Ihtersil 
Motorola 
Nationai 
Raytheon 
Signetics 
Silicon G 
TI 
AD 
AMD 
Fairchild 
Intersil 
Motorola 
National 
NPC 
PMI 
Raytheon 
Signetics 
Silicon G 
AMD 
Intersil 
Motorola 
National 
NPC 
Raytheon 
Signetics 
Silicon G 
TI 
Motorola 
Sprague 
Motorola 
Silicon G 
TI 
PMI 

Hitachi 
Silicon G 

Fairchild 
Intersil 

+ Discontinued 

LM139 
PM139A 
MC1391 
ULN-2291 
MC1394 
ULN-2294 
MC1398 
ULN-2298 
XR1458 
",A1458 
HA-2655 
MC1458 
!..M1458 
OP-14 
SSS1458 
RC1458 
MC1458 
SG1458 
MC1458 
MC1441 
XR1558 
IlA1558 
HA-2650 
MC1558 
LM1558 
PMI558 
5SS1558 
RM1558 
MC1558 
SG1558 
MC1558 
ULN-3701 
AD201 
LM201 
",A201 
LM201 
LM201 
LM201 
LM201 
SG201 
LM201 
LM207 
J.lA207 
LM207 
LM207 
LM207 
LM207 
lM207 
SG207 
.LM207 
AD208 
LM208 
1lA208 
LM208 
LM208 
LM208 
SFC2208 
PM208 
LM208 
LM208 
SG208 
LM211 
LM211 
LM211 
LM211 
SFC2211 
LM211 
LM211 
SG211 
LM211 
MC1357 
ULN-2111 
LM239 
SG239 
LM239 
CMP-04 
PM239A 
HA1110 
SG3OO1 

IlA30l 
LM301 

CA301 

CA3011 
CA3012 
CA3013 
CA3014 
CA3018 

986 1 CA3019 
CA3026 

I 
986

1 

.CA3032 
CA3036 

CA3038 
CA3039 
CA3044 

CA3045 

CA3046 

CA3054 

CA3055 
CA3056 

CA3058 
CA3059 

CA30&4 

CA3065 

CA307 

CAaO/O 

CA3071 

CA3072 

CA3075 

CA3076 
CA3078 
CA3079 
CA308 

Motorola 
National 
NPC 
Raytheon 
Signetics 
Silicon G 
TI 
Motorola 
Motorola 
Motorola 
Motorola 
Fairchild 
NPC 
Silicon G 
Fairchild 
Fairchild 
Silicon G 
Motorola 
Fairchild 
NPC 
Motorola 
Fairchild 
Fairchild 
Mitsubishi 
Fairchild 
Hitachi 
NatiOnal 
Plessey 
Silicon G 
Sprague 
Faircfiitd 
Motorola 
National 
NPC 
Plessey 
Silicon G 
Sprague 
Fairchild 
Motorola 
National 
NPC 
Silicon G 
Sprague 
Silicon G 
Motorola 
Silicon G 
Silicon G 
Motorola 
Silicon G 
Fairchild 
Mitsubishi 
Motorola 
Sprague 
Fairchild 
Motorola 

Sanyo 
Sprague 
AMD 
Fairchild 
Intersil 
Motorola 
National 
Raytheon 
Signetics 
Silicon G 
TI 
ralrcnllO 
Sprague 
Fairchild 
Sprague 
Fairchild 
Sprague 

Fairchild 
Motorola 
Fairchild 
Raytheon 
Silicon G 
AD 
AMD 
Fairchild 
intersil 

National 
NPC 

LM301 
LM301 
SFC2301 
LM301 
LM301 
SG301 
LM301 
MC1590 
MC1590 
MC1355 
MC1357 
",A30l8 
SFC2018 
SG3018 
",A3019 
/lA3026 
SG3822 
MC1712 
/lA3036 
SFC2036 
MC1709 
IlA3039 
J.!.A3064 
M5134 
/lA3045 
HA1127 
LMaU40 

SL3045 
SG3821 
ULS-2045 
jJ.A3046 
MC3346 
LM3046 
SFC2046 
SL3046 
SG3821 
ULN-2046 
J.lA3054 
CA3054 
LM3054 
SFC2054 
SG3822 
ULN-2054 
SG300 
MC1741 
SG300 
SG3058 
CA3059 
SG3059 
IlA3064 
M5135 
MC1364 
ULN-2264 
/lA3065 
MC1358 
M5140 
LA1365 
ULN-2165 
LM307 
J.lA307 
LM307 
LM307 
LM307 
LM307 
LM307 
8G307 
LM307 
IlA780 
ULN-2124 
IlA781 
ULN-2l27 
p.A746 
ULN-2114 
ULN-2228 
IlA3075 
MC1375 
IlA3076 
RC3078 
SG3079 
AD308 
LM308 
/lA308 
LM308 

LM308 
SFC308 

Manufacturer I Replacement 
Device ' Source Device Page IC Master I 
CA308 PMI 

Raytheon 
Signetics 
Silicon G 
Plessey 
Silicon G 
Sprague 
Plessey 
Silicon G 
Sprague 
Plessey 
Signetics 
Silicon G 
Sprague 
Fairchild 
Motorola 
National 
Plessey 
Silicon G 
Sprague 
Fairchild 
SGS 
Signetics 
Sprague 
AMD 

PM308 
LM308 
LM308 
SG308 
SL3081 
SG3081 
ULN-2081 
SL3082 
SG3082 
ULN-2082 
SL3083 
CA3083 
SG3083 
ULN-2083 
J.lA3086 
MC3386 
LM3086 
SL3086 
SG3086 
ULN-2086 
p.A3089 
TDA1200 
CA3089 
ULN-2289 
LM311 

CA3081 

I CA3082 

CA3083 

CA3086 

CA3089 

CA311 

CA3120 
CA3121 
CA3123 
CA3126 
CA3135 
CA3l39 
CA3146 

CA3162 
CA3170 
CA3172 
CA3l83 

CA324 

CA3302 

CA339 

CA339A 

I 
CA340i 
CA3458 

I
·CA3458 

CA3558 
'.CA3558 
.CA3741 
.CA3747 
.CA3748 

CA555 

CA723 

Fairchild J.lA311 
Intersll 
Motorola 
National 
NPC 
RaythEion 
Signetics 
Silicon G 
TI 
Sprague 
Sprague 
Sprague 
Fairchild 
Sprague 
Motorola 
Plessey 
Silicon G 
AD 
Sprague 
Sprague 
Plessey 
Signetics 
Silicon G 
Motorola 
National 
Signetics 
Silicon G 
Ti 
Motorola 
Silicon G 
Motorola 
National 
Raytheon 
Signetics 
Sihcon G 
TI 
PMI 

Motoroia 
Exar 
RC.A, 
Exar 
RCA 
RCA 
RCA 
RCA 
AMD 

Cherry 
Exar 
Intersil 
Motorola 

National 
Raytheon 

Signetics 
Silicon G 

AMD 

LM,nl 

LM311 
LM311 
SFC3111 
LM311 
LM311 
SG311 
LM311 
ULN-2125 
ULN·2269 
ULN-2137 
p.A787 
ULN-2261 
CA3139 
SL3146 
SG3146 
AD2020 
ULN-2268 
ULN-2229 
SL3183 
CA3183 
SG3183 
LM324 
LM324 
LM324 
SG324 
LM324 
MC3302 
SG3302 
LM339 
LM339 
lM339 
LM339 
SG339 
LM339 
CMP~04 

PM339A 
MC340i 
XR1458 
CA1458 
XR1558 
CA1558 
C.A741 
CA747 
CA748 
NE555 
SE555 
CS555 
XR555 
NE555 
MC1455 
MC1555 
LM555 
RC555 
RM555 
NE555 
SG555 

SE555 
723 

Manufacturer i Replacement IC Master 
Device ' Source Oevice Page 

CA723 

CA741 

CA747 

CA748 

CA758 
CA810 

CDP1802 

CDP1821 
CDP1822 

CDP1824 

CDP1831 

CDPi832 

CDP1833 

CDP1834 

CDP1852 

CDP1853 

CDP1854 

CDP1856 

CDP1857 

CDP1858 

CDP1859 

Fairchild 
Intersil 
Motorola 
National 
NPC 
Raytheon 
Signetics 
Silicon G 
Ti 

AD 
AMD 

;.tA723 
723 
MCt723 
LM723 
SFC2723 
Re723 
;.tA723 
SG723 
/lA723 
AD741 
SSS741 
741 

Fairchild /lA741 
Intersil 
Motorola 
National 
NPC 
PMI 

Raytheon 

741 
MC1741 
LM741 
SFC2741 
OP-02 
PM741 
SSS741 
RC741 
RM741 

8ignetics ;.t.A.7 41 
Silicon G SG741 
TI /lA741 
AMD SSS747 

Fairchild 
Motorola 
National 
PM! 

Raytheon 

141 

p.A747 
MC1747 
LM747 
OP-04 
PM747 
SSS747 
RC747 
RM747 

Signetics fJ.A747 
Silicon G SG747 
TI p.A747 
AMD 748 
Fairchild /lA 7 48 
Intersil 748 
Motorola MC1748 
National LM748 
Raytheon RC748 

Signetics 
Silicon G 
TI 
Sprague 
Motorola 
SGS 
Hughes 
SSS 
SSS 
AMI 
Fairchild 
Harris 
SSS 

Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 
Hughes 
SSS 

RM748 
p.A748 
SG748 
).1A748 
ULN-2244 
MC1384 
TBA810 
HMPC1802 
SCP1802 
SCP1821 
S5101 
3538 
HM6501 
SCM5101 
SCP1822 
HCMP1824 
SCP1824 
HCMPl831 
SCP1831 
HCMP1832 
SCP1832 
HCMP1833 
SCP1833 
HCMP1834 
SCP1834 
HCMP1852 
SCP1852 
HCMP1853 
SCP1853 
HCMP1854 
SCP1854 
HCMP1856 
SCP1856 
HCMP1857 
SCP1857 
HCMP1858 
SCP1858 
HCMP1859 
SCP1859 

Motorola MC14000 
National CD4000 

934 

1035 

I 
1206 I 
13561 

I 

I 
I 

. Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 

=::~urer I =ement Device 
IC Master =cturer I ~ment Device IC Master 

=cturer I =:ement Device. IC Master =~urer I =ement Device IC Master 
Page Page Page Page , ... 

RCA Solid State Division CD4011 Hitachi HD14011 CD4017 Fairchild F4017 CD4021 Hitachi HD14021 

(cont'd) 
Mitel SIL4011 Hitachi HD14017 Mitel SIL4021 

SIL4911 Mitel SIL4017 Motorola MC14021 
Motorola MC14011 Motorola MC14017 National CD4021 

CD4000 Solitron CM4000 National CD4011 National CD4017 NEe America /-LPD4021 

SSS SCL4000 NEe America /-LPD4011 NEe America /-LPD4017 OKI MSM4021 

TI TP4000 OKI MSM4011 SGS HBF4017 Solitron CM4021 

CD4001 Fairchild F4001 MSM4012 Solitron CM4017 SSS SCL4021 

Hitachi HD14001 SGS HBF4011 SSS SCL4017 TI TP4021 

Mitel SIL4001 Solitron CM4011 TI TP4017 Toshiba TC4021 

SIL4901 SSS SCL4011 Toshiba TC4017 CD4022 Fairchild F4022 

Motorola MC14001 TI TP4011 CD40174 Fairchild F40174 Mitel SIL4022 

National CD4001 Toshiba TC4011 National CD40174 Motorola MC14022 

NEe America /-LPD4001 CD4012 Fairchild F4012 CD4018 Fairchild F4018 National CD4022 

OKI MSM4001 Hitachi HD14012 F4522 OKI MSM4022 

SGS HBF4001 Mitel SIL4012 Mitel SIL4018 SGS HBF4022 

Solitron CM4001 SIL4912 Motorola MC14018 Solitron CM4022 

SSS SCL4001 Motorola MC14012 MC14522 SSS SCL4022 

TI TP4001 National CD4012 National CD4018 TI TP4022 

Toshiba TC4001 NEe America /-LPD4012 SGS HBF4018 Toshiba TC4022 

CD4002 Fairchild F4002 SGS HBF4012 Solitron CM4018 CD4023 Fairchild F4023 

Hitachi HD14002 Solitron CM4012 SSS SCL4018 Hitachi HD14023 

Mitel SIL4002 SSS SCL4012 . SCL4522 Mitel SIL4023 

Motorola MC14002 TI TP4012 TI TP4018 SIL4923 

National CD4002 Toshiba TC4012 TP4522 Motorola MC14023 -

NEe America /-LPD4002 CD4013 Fairchild F4013 Toshiba TC4018 National CD4023 

OKI MSM4002 Hitachi HD14013 CD40181 Motorola MC14581 NEe America /-LPD4023 

SGS HBF4002 Mitel SIL4013 SSS SCL4581 OKI MSM4023 

Solitron CM4002 Motorola MC14013 TI TP4581 SGS HBF4023 

SSS SCL4002 National CD4013 CD40182 Fairchild F4582 Solitron CM4023 

TI TP4002 NEe America /-LPD4013 Motorola MC14582 SSS SCL4023 

Toshiba TC4002 SGS HBF4013 SSS SCL4582 TI TP4023 

CD4006 Fairchild F4006 Solitron CM4013 TI TP4582 Toshiba TC4023 

Motorola MC14006 SSS SCL4013 CD4019 Fairchild F4019 CD4024 Fairchild F4024 

National CD4006 TI TP4013 F4519 Mitel SIL4024 

NEe America /-LPD4006 Toshiba TC4013 Mitel SIL4019 Motorola MC14024 

Solitron CM4006 CD4014 Fairchild F4014 Motorola MC14519 National CD4024 

SSS SCL4006 Hitachi HD14014 National CD4019 NEe America /-LPD4024 

Toshiba TC4006 Mitel SIL4014 CD4519 OKI MSM4024 

CD4007 Fairchild F4007 Motorola MC14014 NEe America /-LPD4019 SGS HBF4024 

Mitel SIL4007 National CD4014 /-LPD4519 Solitron CM4024 

Motorola MC14007 NEe America /-LPD4014 OKI MSM4019 SSS SCL4024 

National CD4007 OKI MSM4014 SGS HBF4019 TI TP4024 

OKI MSM4007 SGS HBF4014 Solitron CM4019 Toshiba TC4024 

SGS HBF4007 Soiitron CM4014 SSS SCL4019 CD4025 Fairchild F4025 

Solitron CM4007 SSS SCL4014 TI TP4019 Hitachi HD14025 

SSS SCL4007 TI TP4014 TP4519 Mitel SIL4025 

TI TP4007 Toshiba TC4014 Toshiba TC4019 SIL4925 

Toshiba TC4007 CD4015 Fairchild F4015 CD40192 Fairchild F40192 Motorola MC14025 

CD4008 Fairchild F4008 Hitachi HD14015 F4510 National CD4025 

Hitachi HD14008 Mitel SIL4015 Mitel SIL4510 NEe America /-LPD4025 
Motorola MC14008 Motorola MC14015 Motorola MC14510 OKI MSM4025 

National CD4008 National CD4015 National CD40192 SGS HBF4025 

OKI MSM4008 NEe America /-LPD4015 CD4510 Solitron CM4025 

SGS HBF4008 OKI MSM4015 MM74C192 SSS SCL4025 

Solitron CM4008 SGS HBF4015 OKI MSM40192 TI TP4025 

SSS SCL4008 Solitron CM4015 RCA CD451 0 Toshiba TC4025 

TI TP4008 SSS SCL4015 SSS SCL4510 CD4026 Solitron CM4026 

Toshiba TC4008 TI TP4015 Toshiba TC4510 SSS SCL4026 

CD4009 Mitel SIL4009 Toshiba TC4015 CD40193 Fairchild F40193 CD4027 Fairchild F4027 

National CD4009 CD4016 AD ADi516 F4516 Hitachi HD14027 

SGS HBF4009 Fairchild F4016 Mitel SIL4516 Mitel SIL4027 
Solitron CM4009 Hitachi HD14016 Motorola MC14516 Motorola MC14027 

SSS SCL4009 Micro Power MP7516 National CD40193 National CD4027 
TI TP4009 Mitel SIL4016 CD4516 NEe America /-LPD4027 
Toshiba TC4009 Motorola MC14016 MM74C193 OKI MSM4027 

CD4010 Mitel SIL4010 MC14584 'RCA CD4516 SGS HBF4027 

National CD4010 National CD4016 1076 SSS SCL4516 Solitron CM4027 

SGS HBF4010 CD4584 Toshiba TC4516 SSS SCL4027 

Solitron CM4010 MM74C14 262 CD40194 Fairchild F40194 TI TP4027 

SSS SCL4010 Solitron CM4016 Motorola MC14194 Toshiba TC4027 

TI TP4010 SSS SCL4016 OKI MSM40194 CD4028 Fairchild F4028 
Toshiba TC4010 SCL4584 CD40196 Fairchild F40196 Hitachi HD14028 

CD40100 Fairchild F4583 TI TP4016 CD4020 F~rchild F4020 Mitel SIL4028 
Motorola MC14583 CD40160 Fairchild F40160 Hitachi HD14020 Motorola MC14028 
Toshiba TC4583 National CD40160 Mitel SIL4020 National CD4028 

CD40101 Fairchild F4531 Toshiba TC40160 Motorola MC14020 NEe America /lPD4028 
Motorola MC14531 CD40161 Fairchild F40161 National CD4020 OKI MSM4028 

SSS SCL4531 National CD40161 NEe America /-LPD4020 SGS HBF4<Y28 
TI TP4531 Toshiba TC401-61 OKI MSM4020 Solitron CM4028 

CD40104 OKI MSM40104 CD40162 Fairchild F40162 SGS HBF4020 SSS SCL4028 
CD40106 Motorola MC14584 National CD40162 Solitron CM4020 TI TP4028 

National CD40106 Toshiba TC40162 SSS SCL4020 Toshiba TC4028 
MM74C14 262 CD40163 Fairchild F40163 TI TP4020 CD4029 Fairchild F4029 

CD40108 Motorola MC14580 National CD40163 Toshiba TC4020 Mitel SIL4029 
CD4011 Fairchild F4011 Toshiba TC40163 CD4021 Fairchild F4021' Motorola MC14510 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Device Source Device 

RCA Solid State Division 
(cont'd) 

CD4029 

CD4030 

CD4031 

CD4032 

CD4033 

CD4034 

CD4035 

CD4036 
CD4038 

CD4039 

CD4040 

CD4041 

CD4042 

National CD4029 
NEe America p,PD4029 
OKI MSM4029 
SGS HBF4029 
Solitron CM4029 
SSS SCL4029 
TI TP4029 
Toshiba TC4029 
Fairchild F4030 
Mitel SIL4030 
Motorola MC14070 

MC14507 
National CD4030 

CD4070 
CD4507 
MM74C86 

NEG America p,PD4030 
OKI MSM4030 
RCA CD4070 
SGS HBF4030 
Solitron CM4030 
SSS SCL4030 .... ... "" 

TP4507 
Toshiba TC4030 
Fairchild F4031 

F4557 
Motorola MC14557 
National CD4031 
Motorola MC14032 
OKI MSM4032 
Solitron CM4032 
Toshiba TC4032 
SGS HBF4033 
Solitron CM4033 
SSS SCL4033 
Fairchild F4034 
Hitachi HD14034 
Motorola MC14034 
National CD4034 
OKI MSM4034 
Solitron CM4034 
SSS SCL4034 
Toshiba TC4034 
Fairchild F4035 
Hitachi HD14035 
Mitel SIL4035 
Motorola MC14035 
National CD4035 
NEe America JiPD4035 
OKI MSM4035 
SGS HBF4035 
Solitron CM4035 
SSS SCL4035 
TI TP4035 
Toshiba TC4035 
Toshiba TC4036 
Motorola MC14038 

MC14308 
OK! MSM4038 
Solitron CM4038 
Toshiba TC4038 
Solitron CM4039 
Toshiba TC4039 
Fairchild F4040 
Hitachi HD14040 
Mitel SIL4040 
Motorola MC14040 
National CD4040 
NEe ,',.mcfrCa nn",.. .. " fLr 1J'''tV*tv 

OKI MSM4040 
Solitron CM4040 
SSS SCL4040 
TI TP4040 
Toshiba TC4040 
Fairchild F4041 
National CD4041 
Solitron CM4041 
SSS CL4041 

SCl4041 
Fairchild F4042 
Hitachi HD14042 

• Discontinued 

Page ~~::eaeturer I ~:~ement Device 
Ie Master 

Page 
-

CD4042 Mitel SIL4042 
Motorola MC14042 
National CD4042 
NEG America p,PD4042 
OKI MSM4042 
SGS HBF4042 
Solitron CM4042 
SSS SCL4042 
TI TP4042 
Toshiba TC4042 

CD4043 Fairchild F4043 
Hitachi HD14043 
Mitel SIL4043 
Motorola MC14043 
National CD4043 
NEG America p,PD4043 
OKI MSM4043 
SOlltron GM4043 
SSS SCL4043 
TI TP4043 
Toshiba TC4043 

CD4044 Fairchild F4044 
Hitachi HD14044 
Mitel SIL4044 
Motorola MC14044 
National CD4044 

1=(" ArY\O"""'? .. Dr) 11'-

Soiitron CM4044 
SSS SCL4044 
Ti TP4044 
Toshiba TC4044 

CD4045 SGS HBF4045 
Solitron CM4045 
SSS SCL4445 

CD4046 Fairchild F4046 
Mitel SIL4046 
Motorola MC14046 
National CD4046 
Solitron CM4046 
SSS SCL4046 

CD4047 Fairchild F4047 
National CD4047 
Solitron CM4047 
SSS SCL4047 
Toshiba TC4047 

CD4048 National CD4048 
Solitron CM4048 

CD4049 Fairchild F4049 
HitAchi HD14Q49 
Mite! SIL4049 
Motorola MC14049 
National CD4049 
NEe America p,PD4049 
OKI MSM4049 
SGS HBF4049 
Solitron CM4049 
SSS SCL4049 
TI TP4049 
Toshiba TC4049 

CD4050 Fairchild F4050 
Hitachi HD14050 
Mitel SIL4050 
Motorola MC14050 
National CD4050 
NEe America j.1PD4050 
OKI MSM4050 
SGS uor-A"r:n 

Solitron CM4050 
SSS SCL4050 
T! TP4050 
Toshiba TC4050 

CD4051 Fairchild F4051 
{'lila",. II HD1405i 
Mitel SIL4051 
Motorola MC14051 
National CD4051 
NEG America J.lPD4051 
Solitron CM4051 
SSS SCl4051 
TI TP4051 
Toshiba TC4051 

CD4052 Fairchild F4052 
J-iit~ ..... hi Wr)<M'''''' 

Mitel SIL4052 
Motorola MC14052 

I 

Ie Master Manufacturer I Replacement 
Device . Source Device Page 

CD4052 

CD4053 

CD4054 

CD4055 

CD4056 

CD4059 
"'nAnpn 

CD4061 

CD4062 
CD4063 

CD4066 

CD4067 

CD4068 

CD4069 

National 
NEG America 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Hltacnl 
Mitel 
Motorola 
National 
NEG America 
Solitron 
SSS 
TI 
Toshiba 
OKI 
Toshiba 
Mitel 
Motorola 
Toshiba 
Mitel 
Motorola 
SSS 
Toshiba 
OK4 
lI.a._, 
National 
SSS 
OKI 
loshiba 
Motorola 
Motorola 

National 
NEe America 
OKI 
SGS 
Signetics 
Solitron 
SSS 

Toshiba 

Fairchild 
Hitachi 
Mitel 
Motorola 
National 
NEG America 
SGS 
Signetics 
Solitron 

SSS 
Toshiba 
Fairchild 
Motorola 
Fairchild 
Hitachi 
Mitel 
Motorola 

NEG America 
OKI 
Solitron 
sss 
TI 
Toshiba 
Fairchild 
Harris 

Hitachi 
Mitel 
Motorola 
National 

NEe America 
OKI 
Solitron 

TI 
TOShiba 

CD4052 
JiPD4052 " 
CM4052 
SCL4052 
TP4052 
TC4052 
F4053 
HD14053 
SIL4053 
MC14053 
CD4053 
p,PD4053 
CM4053 
SCL4053 
TP4053 
TC4053 
MSM4054 
TC4054 
SIL4055 
MC14558 
TC4055 
SIL4056 
MC14543 
SCL4543 
TC4056 
MSM4059 
~II 4 ~f" 
.... L. .. 06v 
CD4060 
SCL4060 
MSM4061 
T04061 
MC14562 
MC14066 
MC1'!f585 
MM74C85 
JiPD4063 
MSM4063 
HBF4066 
N4066 
CM4066 
SCL4066 
SCL4585 
TC4063 
TC4066 
TC4585 
F4066 
HD14066 
SIL4066 
MC14066 
CD4066 
JiPD4066 
HBF4066 
N4066 
CM4066 
CM4116 
SCL4066 
TC4066 
F4067 
MC14529 
F4068 
HD14068 
SIL4068 
MC14068 
MC14501 

I1PD4068 
MSM4068 
CM4068 
SCL4068 
TP4068 
TC4068 
F4069 
HD4069 
HD54C04 
HU/4(;U4 

HD14069 
SIL4069 
MC14069 
CD4069 
MM54C04 
MM74C04 
I1PD4069 
MSM4069 
CM4069 

TP4069 
TC4069 

1076 

=acturer i :::ernent Device 
Ie Master 

Page 

CD4070 Fairchild F4070 
Hitachi HD14070 
Mitel SIL4070 
Motorola MC14507 
National CD4070 

CD4507 
MM74C86 

RCA CD4030 
Solitron CM4030 

CM4070 
SSS SCL4030 

SCL4070 
TI TP4507 

CD4070A Motorola MC14070 
CD4071 Fairchild F4071 

Hitachi HD14071 
Mitel SIL4071 
Motorola MC14071 
National CD4071 
NEe America jJ.PD4071 
OKI MSM4071 
Solitron CM4071 
SSS SCL4071 

I I C04072 

TI TP4071 
Toshiba TC4071 
Fairchild F4072 
I "~ _ ~!,' .. - ~ ..... _ ... 
nllcsCi'1i 

Mitel SIl4072 
Motorola MC14072 
OKI MSM4072" 
SSS SCL4072 
TI TP4072 
TOShiba TC4072 

CD4073 Fairchild F4073 
Hitachi HD14073 
Mitel SIL4073 
Motorola MC14073 
National CD4073 
NEG America I1PD4073 
OKI MSM4073 
Solitron CM4073 
SSS SCL4073 
TI TP4073 
Toshiba TC4073 

CD4075 Fairchild F4075 
Hitachi HD14075 
Mitel SIL4075 
Motorola MC14075 
National CD4075 
NEe Arnerri;a J.lPD4075 
OKI MSM4075 
SSS SCL4075 
TI TP4075 
Toshiba TC4075 

CD4076 Fairchild F4076 
Harris HD54C173 

HD74C173 
Mitel SIL4076 
Motorola MC14076 
National CD4076 

MMS4C173 
MM74C173 

Solitron CM4076 
SSS SCL4076 

CD4077 Fairchild F40n 
Hitachi HD14077 
Mitel SIL40n 
MororOla ;";(;1401/ 

Solitron CM4077 
SSS SCL40n 

CD4078 Fairchild F4078 
Hitachi HD14078 
Mitel SIL4078 
Motorola MC14078 
NEG America JiPD4078 
OKI MSM4078 
Solitron CM4078 
SSS SCL4078 
TI TP4078 
Toshiba TC4078 

CD4081 Fairchild F4081 
Hitachi HD14081 
Mitel SiL4081 

...... """~-. """ ...... 
National CD4081 
NEe America ~iPD4081 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Device Source Device Page Device Source Device Page Device Source Device Page Device SOurce Device Page 

RCA Solid State Division CD4514 Solitron CM4514 RIFA HBF4008 SSS SCL4008 

(cont'd) 
SSS SCL4514 TI TP4008 
Toshiba TC4514 Toshiba TC4008 

CD4515 Fairchild F4515 PBD352301 Sprague ULN-2001 HBF4009 Mitel SIL4009 

CD4081 OKI MSM4081 Hitachi HD14515 PBD352302 Sprague ULN-2002 National CD4009 

Solitron CM4081 Mitel SIL4515 PBD352303 Sprague ULN-2003 RCA CD4009 

SSS SCL4081 Motorola MC14515 Solitron CM4009 

TI TP4081 National CD4515 Rockwell, Microelectronic SSS SCL4009 

Toshiba TC4081 NEC America p.PD4515 
Devices 

TI TP4009 

CD4082 Fairchild F4082 OKI MSM4515 Toshiba TC4009 

Hitachi HD14082 Solitron CM4515 HBF4010 Mitel SIL4010 

Mitel SIL4082 SSS SCL4515 R2332 AMI 568332 1216 National CD4010 

Motorola MC14082 Toshiba TC4515 R6502 MOS MCS6502 RCA CD4010 

NEC America p.PD4082 CD4516 Fairchild· F4516 Synertek SY6502 Solitron CM4010 

SSS SCL4082 Hitachi HD14516 R6503 MOS MCS6503 SSS SCL4010 

TI TP4082 Mitel SIL4516 Synertek SY6503. TI TP4010 

Toshiba TC4082 Motorola MC14516 R6504 MOS MCS6504 Toshiba TC4010 

CD4085 Fairchild F4085 National CD4516 Synertek SY6504 HBF4011 Fairchild F4011 

Motorola MC14506 NEG America p.PD4516 R6505 MOS MCS6505 Mitel SIL4011 

OKI MSM4085 OKI MSM4516 Synertek SY6505 Motorola MC14011 

Toshiba TC4085 RCA CD40193 R6512 MOS MCS6512 National CD4011 

CD4086 Fairchild F4086 SSS SCL4516 Synertek SY6512 NEC America p.PD4011 

OKI MSM4086 Toshiba TC4516 R6514 MOS MCS6514 RCA CD4011 

Toshiba TC4086 CD4518 Fairchild F4518 Synertek SY6514 Solitron CM4011 

CD4089 National CD4089 Mitel SIL4518 R6515 MOS SY6515 SSS SCL4011 

CD4093 Fairchild F4093 Motorola MC14518 Synertek SY6515 TI TP4011 

Motorola MC14093 National CD4518 R6520 MOS MCS6520 Toshiba' TC4011 

National CD4093 NEC America p.PD4518 Synertek SY6520 HBF4012 Fairchild F4012 

NEC America p.PD4093 OKI MSM4518 R6530 MOS MCS6530 Mitel SIL4012 

OKI MSM4093 Solitron CM4518 Synertek SY6530 Motorola MC14012 

SSS SCL4093 SSS SCL4518 R6532 MOS MCS6532 National CD4012 

Toshiba TC4093 TI TP4518 Synertek SY6532 NEG America p.PD4012 

CD4094 NEG America .p.PD4094 Toshiba TC4518 .1103 AMI Sl103 RCA CD4012 

OKI MSM4094 CD4519 Hitachi HD14519 .1103A AMI S1103 Solitron CM4012 

SSS SCL4094 CD4520 Fairchild F4520 Intel 1103 SSS SCL4012 

CD4098 Mitel SIL4098 Hitachi HD14520 Synertek 1103 TI TP4012 

Motorola MC14528 Mitel SIL4520 .1604 EA EA4096 Toshiba TC4012 

CD4099 Fairchild F4099 Motorola MC14520 HBF4013 Fairchild F4013 

Motorola MC14099 National CD4520 Sanyo 
Mitel SIL4013 

National CD4099 NEG America p.PD4520 
Motorola MC14013 

NEG America p.PD4099 OKI MSM4520 
National CD4013 

CD4174 Hitachi HD14174 Solitron CM4520 LA1230 Hitachi HA1137 NEG America p.PD4013 

CD4175 Hitachi HD14175 SSS SCL4520 LA1240 Hitachi HAll97 RCA CD4013 

CD4194 Hitachi HD14194 TI TP4520 LA1352 Motorola MC1352 Solitron CM4013 

NEG America p.PD4194 Toshiba TC4520 RCA CA1352 SSS SCL4013 
CD4501 Hitachi HD14501 CD4527 Motorola MC14527 LAl353 Motorola MC1353 TI TP4013 

CD4502 Hitachi HD14502 National CD4527 LA1365 Fairchild· p.A3065 Toshiba TC4013 

Mitel SIL4502 SSS SCL4527 RCA CA3065 HBF4014 Fairchild F4014 

Motorola MC14502 Mitel SIL4014 
OKI MSM4502 

Toshiba TR4527 Motorola MC14014 

SSS SCL4502 
CD4528 Fairchild F4528 SGS-ATES Semiconductor National CD4014 

CD4508 Hitachi HD14508 
Hitachi HD14528 NEG America p.PD4014 

Mitel SIL4508 
Motorola . MC14528 RCA CD4014 
National CD4528 HBF4001 Fairchild F400l 

Motorola MC14508 Mitel SIL4001 Solitron CM4014 

NEG America p.PD4508 
NEC America p.PD4528 

Motorola MC14001 SSS SCL4014 

OKI MSM4508 SSS SCL4528 TI TP4014 National CD4001 
Solitron CM4508 Toshiba TC4528 

NEG America p.PD400l Toshiba TC4014 

SSS SCL4508 CD4532 Fairchild F45a2 
RCA CD4001 HBF4015 Fairchild F4015 

Toshiba TC4508 Hitachi HD15532 
Solitron CM4001 Mitel SIL4015 

CD4510 Fairchild F4510 Motorola MC14532 
SSS SCL4001 Motorola MC14015 

Mitel SIL4510 NEG America p.PD4532 
TI TP4001 National CD4015 

Motorola MC14510 OKI MSM4532 
Toshiba TC4001 NEC America p.PD4015 

National CD4510 SSS SCL4532 
HBF4002 Fairchild F4002 RCA C04015 

NEC America p.PD451 0 Toshiba • TC4532 
Mitel SIL4002 Solitron CM4015 

OKI MSM4510 CD4555 Fairchild F4555 Motorola MC14002' SSS SCL4015 
RCA CD40192 Hitachi HD14555 National CD4002 TI TP4015 
SSS SCL4510 Motorola MC14555 NEG America p.PD4002 Toshiba TC4015 
Toshiba TC4510 NEG America ·p.PD4555 RCA CD4002 HBF4016 RCA CD40·16 

CD4511 Fairchild F45l1 OKI MSM4555 Solitron CM4002 CD4066 
Hitachi HD14511 SSS SCL4555 SSS SCL4002 . SSS SCL4016 
Mitel SIL4511 Toshiba TC4555 TI TP4002 HBF4017 Fairchild F4017 
Motorola MC14511 CD4556 Fairchild F4556 Toshiba TC4002 Mitel SIL4017 
National CD4511 Motorola MC14556 HBF4007 Fairchild F4007 Motorola MC14017 
NEC America /lP045l1 NEC America p.PD4556 Mitel SIL4007 National CD4017 
OKI MSM4511 OKI M5M4556 Motorola MCl4007 NEG America . /lPD4017 
Solitron CM4511 SSS SCL4556 National CD4007 RCA CD4017 
SSS SCL4511 Toshiba TC4556 RCA CD4007 Solitren CM4017 
TI TP4511 CD4560 Hitachi HD14560 SoIitron CM4007 SSS SCL4017 

CD4512 Hitachi HD14512 CD4561 Hitachi HD14561 SSS SCL4007 TI TP4017 
OKI MSM4512 CD4572 Hitachi HD14572 

- . 
TI TP4007 Toshiba TC4017 

CD4514 Fairchild F4514 CD4583 Hitachi HD14583 Toshiba TC4007 HBF4018 Fairchild F4018 
Mitel SIL4514 CD4584 Hitachi HD14584 HBF4008 Fairchild F4008 Mitel SIL4018 
Motorola MC14514 CD4585 Hitachi HD14585 Motorola MC14008 National CD4018 
National CD4514 CPP1852 SSS SCP1852 National CD4008 RCA CD4018 
NEG America p.PD45l4 MWS5040 HarriS HM6501 1356 RCA CD4008 Solitron CM4018 
OKI MSM4514 MWS5101 SSS SCM5l'Ol Solitron CM4008 SSS SCL4018 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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SGS-ATES Semiconductor 
(cont'd) 

HBF4018 

HBF4019 

HBF4020 

HBF4021 

i-ii3F<i022 

HBF4023 

HBF4024 

HBF4025 

HBF4027 

HBF4028 

TI 
Toshiba 
Fairchild 
Mitel 
National 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
Motorola 
National 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
RCA 
SSS 
i=alrcnllo 
Mitel 
Motorola 
National 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
Motorola 
National 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
Motorola 
National 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
Motorola 
National 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
Motorola 
NCltionai 
NEG America 
RCA 
Solitron 
SSS 
TI 
Tosnloa 
Fairchild 
Mitel 
Motorola 
National 
NEG America 
RCA 
Solitron 
SSS 
TI 
TnC'hih') 

HBF4029 Fairchild 
Mitel 

• Discontinued 

TP4018 
TC4018 
F4019 
SIl4019 
CD4019 
CD4019 
CM4019 
SCL4019 
TP4019 
TC4019 
F4020 
SIL4020 
MC14020 
CD4020 
J.lPD4020 
CD4020 
CM4020 
SCL4020 
TP4020 
TC4020 
CD4021 
SCL4021 

"''1ua 
SIL4022 
MC14022. 
CD4022 

-C1J4022 

CM4022 
SCL4022 
TP4022 
TC4022 
F4023 
SIL4023 
MC14023 
CD4023 
J.lPD4023 
CD4023 
CM4023 
SCL4023 
TP4023 
TC4023 
F4024 
SIL4024 
MC14024 
CD4024 
CD4024 
CM4024 
SCL4024 
TP4024 
TC4024 
F4025 
SIL4025 
MC14025 
CD4025 
,...PD4025 
CD4025 
CM4025 
SCL4025 
TP4025 
TC4025 
F4027 
Sll4027 
MC14027 
Ci)4027 
,...PD4027 
CD4027 
CM4027 
SCL4027 
TP4027 
jlj'lU2I 

F4028 
SIL4028 
MC14028 
CD4028 
/-lPD4028 
CD4028 
CM4028 
SCL4028 
TP4028 

F4029 
SIL4029 

HBF4029 

i-i8F403ii 

HBF4033 

HBF4035 

HBF4040 

HBF4042 

HBF4045 

HBF4049 

HBF4050 

HBF4066 

l201 

L202 

National 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Falrcnllo 
Mitel 
National 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
RCA 
Solitron 
SSS 
Fairchild 
Mitel 
Motorola 
National 
NEG America 
RCA 
Solitron 

CD4029 
J.lPD4029 
CD4029 
CM4029 
SCL4029 
TP4029 
TC4029 
F4030 
SIL4030 
CD4030 
J.lPD4030 
CD4030 
CM4030 
SCL4030 
TP4030 
TC4030 
CD4033 
CM4033 
SCL4033 
F4035 
SIL4035 
MC14035 
CD4035 
J.lPD4035 
CD4035 
CM4035 

SSS SC:"'';035 
TI TP4035 
Toshiba 
RCA 
SSS 
Fairchild 
Mitel 
Motorola 
National 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
RCA 
Solitron 
SSS 
Fairchild 
Mitel 
Motorola 
National 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mitel 
Motorola 
National 
NEG America 
RCA 
Solitron 
SSS 
TI 
Toshiba 
Fairchild 
Mite! 
Motorola 
Nationa' 
NEG America 
RCA 

Signetics 
Solitron 
SSS 
Toshiba 
Exar 
Fairchild 
Motorola 
Silicon G 
Sprague 
TI 
Ex.r 

TC4035 
CD4040 
SCL4040 
F4042 
SIL4042 
MC14042 
CD4042 
J.lPD4042 
CD4042 
CM4042 
SCL4042 
TP4042 
TC4042 
CD4045 
CM4045 
SCL4445 
F4049 
Sll4049 
MC14049 
CD4049 
J.lPD4049 
CD4049 
CM4049 
SCL4049 
TP4049 
TC4049 
F4050 
SIL4050 
MC14OS0 
CD4050 
J.lPD4050 
CD4050 
CM4050 
SCL4050 
TP4050 
TC4050 
F4066 
S!L4066 
MC14066 
CD406& 
J.lPD4066 
CD4063 
CD4066 
N4066 
CM4066 
SCL4066 
TC4066 
XR2201 
9665 
MC1411 
SG2001 
ULN-2001 
ULN2001 
XR2202 

Fairchild 9666 

Silicon G SG2002 
Sprague ULN·2002 

1076 
I 

931 

931 

L202 
L203 

M142 
M340 
TBA641 

TBA800 

TBA810 

TCA3089 
TCA900 
TDAll90 
TDAll90Z 
TDA1200 
TDA2002 
142 

Siemens 

GXB'Ol47 
HYB4060 
TBA120 
TBA221 
TBA440 
TCA440 

Slgn.tics 

J.lA709 

,...A71 0 

J.lA711 

p.A723 

,...A740 

J.lA741 

TI 
Exar 
Fairchild 
Motorola 
Silicon G 
Sprague 
TI 
TI 
Fujitsu 
FairchHd 

FairchUd 
NPC 
Plessey 
Fairchild 
Motorola 
RCA 
SGS 
Signetics 
Sprague 
NPC 
Sprague 
Sprague 
Sprague 
Sprague 
TI 

Fujitsu 
Fujitsu 
Plessey 
Sprague 
Plessay 
Signetics 

Fairchild 
Motorola 
National 
Raytheon 

TI 
Fairchild 
Motorola 
National 
Raytheon 

Silicon G 
TI 
Fairchild 
Motorola 
National 
Rayttleon 

Silicon G 
TI 
AMD 
Fairchild 
Intersil 
Motorola 
National 
Raytheon 

RCA 
Silicon G 
TI 
AMD 
Motorola 
National 
Raytheon 

Silicon G 
TI 
Fairchild 
Intersil 
National 
AD 
AMD 

IC Master 
Page 

ULN2002 
XR2203 
9667 
MC1413 
SG2003 
ULN-2003 
UlN2003 
TMS3120 
MB8l07 
J.lA706 
TBA641 
TBABOO 
TBA800 
TBA800 
TBA81 0 
MC1384 
CAB10 
TBA81 0 
TBA81 0 
ULN-2289 
TCA900 
ULN-2290 
UlN-2290 
UlN-2289 
UlN-3701 
TMS3404 

MB7047 
MB8107 
TBA120 
UlN-2151 
TBA440 
TCA440 

,...A709 
MC1709 
LM709 
RC709 
RM709 
J.lA709 
J.lA71 0 
MC1710 
lM710 
RC7iO 
RM710 
SG710 
J.lA71 0 
J.lA711 
MC1711 
LM711 
RC711 
RM711 
SG711 
J.lA711 
723 
,...A723 
723 
MC1723 
LM723 
RC723 
RM723 
CA723 
SG723 
,...A723 
733 
MC1733 
lM733 
RC733 
RM733 
SG733 
,...A733 
p.A740 
740 
lH740 
AD741 
741 

13,1 

937 
937 
937 

936 

1035 

Fairchild J.lA741 

Motorola MC 1741 

MInIIfacturer I R~ 
DevIce Source DevIce 

J.lA741 

,...A748 

PMI 
Raytheon 

RCA 
Silicon G 
TI 
AMD 
Fairchild 
Motorola 
National 
PMI 
Raytheon 

RCA 
Silicon G 
TI 
AMD 
Fairchild' 
Intarsi! 
Motorola 
National 
Raytheon 

RCA 
Silicon G 
TI 

J.lA 7 &G fairchiia 
J.lA78l02 TI 
J.lA78l05 Fairchild 

Silicon G 
TI 

J.lA 78L06 Silicon G 
TI 

J.lA 78112 Fairchild 
Silicon G 
TI 

J.lA78115 Fairchild 
Silicon G 
TI 

J.lA78l62 Fairchild 
J.lA78MG Fairchlkl 
p.A 78M05 ,Fairchild 

Silicon G 
TI 

,...A78M06 Fairchild 
Silicon G 
TI 

IlA78M08 Fairchild 
TI 

J.lA78M12 Fairchiid 
TI 

J.lA78M15 Fairchild 
TI 

,...A 78M20 Fairchild 
TI 

J.lA78M24 Fairchild 
Silicon G 
TI 

p.A7805 Fairchild 

/-lA7808 

J.lA7809 
,...A7812 

,...A7815 

J.lA7818 

J.lA7824 

Silicon G 
TI 
Fairchild 
Silicon G 
TI 
Fairchild 
Silicon G 
TI 
TI 
Fairchild 
Silicon G 
TI 
Fairchild 
Silicon G 
TI 
Fairchild 
Silicon G 
TI 
Fairchild 
Silicon G 
TI 

J.lA79G Fairchild 
J.lA79L05 Motorola 
,...A79L 12 Motorola 
fLn,.:n .... loJ 

SSS741 
RC741 
RM741 
CA741 
SG741 
J.lA741 
747 
J.lA747 
MC1747 
LM747 
SSS747 
RC747 
RM747 
CA747 
SG747 
J.lA747 
748 
J.lA748 
748 
MC1748 
lM748 
RC748 
RM748 
CA748 
SG748 
J.lA748 
p.Ai'aG 
J.lA78l02 
J.lA78l05 
SG7805 
,...A78l05 
SG7806 
p.A78L06 
p.A78112 
SG7812 
J.lA78L12 
J.lA78l15 
SG7815 
J.lA78115 
J.lA78l06 
,...A78MG 
J.lA78M05 
SG780S 
J.lA78MOS 
J.lA78M06 
SG7806 
J.lA78M06 
J.lA78M08 
J.lA78M08 
J.lA78M12 
J.lA78M12 
J.lA78M15 
ILA78M15 
J.lA78M20 
J.lA78M20 
J.lA78M24 
SG7824 
J.lA78M24 
J.lA7805 
SG7805 
,...A7805 
J.lA7806 
SG7806 
J.lA7806 
J.lA7808 
SG7808 
J.lA7808 
,...A7805 
J.lA7812 
SG7812 
J.lA7812 
J.lA7815 
SG7815 
J.lA7815 
J.lA7818 
SG7818 
,...A7818 
J.lA7824 
SG7824 
J.lA7824 
,...A79G 
MC79L05 
MC79112 

J.lA79MG FairchHd J.lA79MG 
National LM741 1035 J.l78M08 Silicon G SG7808 

&341 

934 

934 

Bold face device numbers indicate manufacturers data IS provided in the Ie Master on the pages noted. 
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=acturer I =:,ement Device ICMaster Manufacturer I Replacement IC Master Manufacturer I Replacement IC ...... 
Device Source Device Page Page Device Source Device Page Device Source DevIce Page 

Signetics (cont'd) LM201 Teledyne S LM201 LM339A PMI PM339A .Nl006 Motorola MC1006 
TI LM201 LM393 National LM393 .Nl0l0 Motorola MC10l0 

LM207 AMD LM207 MC1399 Motorola MC1399 .Nl0ll Motorola MC10ll 
1l78M12 Siticon G SG7812 Fairchild IlA207 MC1408 AD DA1408 .N1012 Motorola MC1012 
1l78M15 Silicon G .SG7815 Intersi! LM207 Datel DAC-IC8BC 671 .N10l3 Motorola MC1013 
7521 AMD SN7521 Motorola LM207 Motorola MC1408 .Nl014 Motorola MC1014 
DM7577 . AMD AM27Sl8 Raytheon LM207 MC1456 Motorola MC1456 .N1015 Motorola MC1015 
DM7820 AMD DM7820 RCA CA207 Raytheon RC1556 .N1016 Motorola MC1016 

TI SN55182 Silicon G SG207 Silicon G SG1456 .N1017 Motorola MC1017 
DM7830 AMD DM7830 TI LM207 MC1458 Exar XR1458 .N1024 Motorola MC1024 

TI SN55183 LM208 AMD LM208 Fairchild MC1458 .N1.025 Motorola MC1025 
DM8800 TI SN5480 Motorola LM208 Motorola MC1458 .N1027 Motorola MC1027 
DM8820 AMD DM8820 RCA CA208 National· LM1458 .N1033 Motorola MC1033 

TI SN75182 Silicon G SG208 Raytheon RC1458 .N1039 Motorola MC1039 
SN75480 LM209 Fairchild p.A209 934 RCA CA1458 .N2010 Motorola MC1160/236 

DM8830 AMD DM8830 Motorola LM209 Silicon G SG1458 N2211 Sprague ULN-2211 
TI SN75183 Raytheon LM209 TI MC1458 N2212 Sprague ULN-2212 

DM8880 National DS8880 Silicon G SG209 MC1488 AMD MC1488 N3002 Intel 3002 
DS3611 National DS3611 TI LM209 Exar XR1488 N3101 Intel 3101 
DS3612 National DS3612 LM211 AMD LM211 Silicon G SG1488 N4066 Fairchild F4066 
OS3613 National OS3613 Motorola LM211 TI SN7l5188 Mitel SIL4066 
DS3614 National DS3614 Silicon G SG211 MC1489 AMD MC1489 Motorola MC14066 
INS2652 National 2652 TI LM211 Silicon G SG1489 National C04066 1076 
ISP-8A1600 National ISP-8A/600 LM219 AMD LM219 TI SN75189 NEe AmeriCa p.PD4066 
LF155 National LF155 1035 LM224 AMD LM224 MC1489A Exar XR1489A RCA CD4063 
LF156 National LF156 1035 Motorola LM224 Silicon G SG1489A CD4066 
LF157 National LF157 1035 RCA CA224 MC1496 Motorola MC1496 SGS HBF4066 
LF255 National LF255 Silicon G SG224 National LM1496, Solitron CM4066 
LF256 National LF256 TI LM224 Silicon G SG1496 SSS SCL4066 
LF257 National LF257 LM239 AMD LM239 MC1508 Datel DAC-IC8BM 671 Toshiba TC4066 
LF355 National LF355 Motorola lM239 MC1556 Motorola MC1556 .N5065 Motorola MC1358 
LF356 National LF356 1035,1073 RCA' CA239 Raytheon RM1556 RCA CA3065 
LF357 National LF357 Silicon G SG239 Silicon G SG1556 Sprague UlN-2165 
LH21 08 PMI PM2108 TI LM239 MC1558 Exar XR1558 N5070 RCA CA3070 
LH2108A PMI PM2108A LM239A PMI CMP-04 Motorola MC1558 .N5070 Sprague UlN-2124 
LH2208 PMI PM2208 PM239A Raytheon RM1558 .N5071 Fairchild p.A781 
LH2208A PMI PM2208A lM293 National LM293 RCA CA1558 Sprague ULN-2127 
LH2308A PMI PM2308A LM301 AMD LM301 Silicon G SG1558 .N5072 Frurchild p.A746 
LM101 AMD LM101 Fairchild p.A301 TI MC1558 Sprague UlN-2114 

Fairchild p.A101 Intersi! LM301 MC1596 Motorola MC1596 .N521 Motorola MC7521 
Inters,il LM101 Motorola lM301 SiHcon G SG1596 .N5556 Motorola MC1456 
Motorola LM101 National LM301 MC3302 Motorola MC3302 N5558 Exar XR1458 
RCA CA101 Raytheon LM301 Silicon G SG3302 Silicon G SG1458 
Silicon G SG101 RCA CA301 NE5008 PMI DAC-08 N5558F Motorola MC1458 
TI LM101 Silicon G SG301 NE529 National LM361 \ N5570 Fairchild p.A780 

LM107 AMD LM107 TI lM301 NE531 Raytheon RC4531 .N5595 Motorola MC1495 
Fairchild p.A107 LM307 AMD lM307 NE532 n lM358 N5596 Motorola MC1496 
Intersil LM107 Fairchild p.A307 NE535 Motorola MC1741S Silicon G SG1496 
Motorola LM107 Intersil lM307 NE536 Fairchild p.A740 .N5709 Signetics p.A709 
Raytheon LM107 Motorola lM307 NE546 RCA CA3123 .N571 0 Signetics p.A71 0 
RCA CA107 National lM307 NE5532 Exar XR5532 929 .N5711 Signetics p.A711 
Silicon G SG107 Raytheon lM307 NE5532A Exar XR5532A .N5723 Signetics p.A723 
TI lM107 RCA. CA307 NE5533 Exar XR5533 929 .N5733 Signetics p.A733 

LM108 AMO lM108 Silicon G SG307 NE5533A Exar XR5533A .N5741 Signetics p.A741 
Fairchild p.A108 TI LM307 NE5534 Datel AM-453C .N5747 Signetics p.A747 
Motorola LM108 lM308 AMD LM308 ' Exar XR5534 929 .N5748 Signetics p.A748 
Raytheon LM108 Fairchild p.A308 TI NE5534 N8H16 National DM54H20 
RCA CAl 08 Motorola LM308 NE5534A Exar XR5534A NSH70 National OM74H10 
Silicon G SG108 National LM308 TI NE5534A TI SN74H11 

LM109 Fairchild p.A109 934 Raytheon LM308 NE555 AMD NE555 N8H80 National DM74HOO 
Motorola LM109 RCA CA308 Cherry CS555 n SN74HOO 
Silicon G SG109 Silicon G SG308 Exar XR555 N8H90 National DM74H04 
TI lM109 lM309 Fairchild p.A309 934 Fairchild p.A555 TI SN74H04 

LM111 AMD LM111 Motorola LM309 Hitachi HA17555 N8T09 Raytheon RC8T09 
Motorola LM111 Raytheon LM309 Intersil NE555 N8T10 National DM8551 
Silicon G SG111 Silicon G SG309 Motorola MC1455 Raytheon RC8T10 

- TI LM111 TI lM309 Raytheon RC555 TI SN74173 
LM119 AMD LM119 LM311 AMD lM311 RCA CA555 N8T13 Fairchild 8T13 
lM124 AMD LM124 Motorola LM311 Silicon G SG555 Motorola MC8T13 

Motorola LM124 Raytheon LM311 TI NE555 TI N8T13 
Silicon G SG124 RCA CA311 NE5556 Raytheon RC1556 SN75121 
TI lM124 Silicon G SG311 NE5558 Raytheon RC1458 N8T14 Fairchild 8T14 

LM139' AMD LM139 TI LM311 NE556 AMD NE556 Motorola MC8T14 
Motorola LM139 LM319 AMD LM319 Exar XR556 National DS75122 
RCA CA139 LM324 AMD LM324 Fairchild p.A556 n N8T14 
Silicon G SG139 Motorola LM324 Motorola MC3456 ~N75122 
TI LM139 RCA CA324 Raytheon RC556 N8T22 AMD 9601 

LM139A PMI CMP-04 Silicon G SG324 Silicon G SG556 National 0M8601 
PM139A TI LM324 TI NE556 TI SN74122 

LM193 National LM193 LM329 TI LM329 NE565 Motorola LM565 N8T23 Fairchild 8T23 
LM201 AMD LM201 LM339 AMD LM339 NE567 Exar XR567 Motorola MC8T23 

Fairchild p.A201 Motorola lM339 Raytheon XR2567 National OS75123 
Intersil LM201 RCA CA339 NE592 AMD AM592 TI NST23 
Motorola LM201 Silicon G SG339 Motorola MC1733 SN75123 
RCA CA201 n LM339 NE592 N8T24 Fairchild 8T24 
Silicon G SG201 LM339A PMI CMP-04 .N1004 Motorola MC1004 Motorola MC8T24 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the spedfications considering your requirements. 
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Signetics (cont'd) N82S130 

N82S131 
N8T24 National OS75124 

TI N8T24 
SN75124 

N8T25 National OS3625 
N8T26 TI N6T26 
N8T26A AMO N8T26A 

Motorola MC6880A 
MC8T26A 

National OS8826A 
TI N8T26A N82S136 

N8T28 AMO N8T28 
Motorola MC8T28 
Nitron MC6889 

N8T34 National OS8834 
N8T37 Motorola MC3437 

National OS8837 
N8T38 Motorola MC3438 N82S137 

National OS8838 
N8T380 National OS8836 
N8T51 National OS8856 
N8T54 National DM7448 

I 
N8T59 National OS8857 
N8TI4 Fairchild 9374 
N8T95 Motorola MC8T95 

I N82S140 
National OM8095 

N8T96 Motorola MeaT9!:! 
National OM8096 

N8T97 Motorola MCaT97 
National OM8097 

N8T98 Motorola MC8T98 
National OM7098 

OM8098 
OS8674 

N82S02 Raytheon RC5330 
N82S09 Fairchild 93419 N82S141 
N82S10 Fairchild 93415 1240 

TI SN74S314 
N82S100 Fairchild 93459 1269 
N82S101 Fairchild 93458 1269 
N82S11 AMI 54025 1203 

Fairchlkl 93425 1240 
TI SN74S214 

N82S110 TI SN74S314 
N82S111 TI SN74S214 N82S146 
N82S115 AMD AM27S15 

Harris HM7647 
NEe Micro IlPB425 1621 

N82S116 MMI 6531 N82S147 
National DM74S206 
TI SN74S200A 

N82S123 AMD 
Harris 
Intersil 
MMI 
National 

TI 
N82S126 AMD 

Fairchild 
Harris 
MMI 
National 
NEC Micro 
Raytheon 
TI 

N82S127 MMI 
N82S129 AMD 

Fairchild 
Harris 
Intersil 
MM! 
National 
Raytheon 
TI 

N82S130 AMD 
Fairchild 
Harris 

Intel 

Inlers" 
MMI 

• Discontinued 

SN74S201 
AM27S19 
HM7603 1284 
IM5610 
6331-1 1449 
DM74S288 
DM8578 
SN74S288 1708 
AM27S20 
93417 1258 
HPROM1024A 
6300-1 1449 I 
DM74S387 

1 
p.PB403 

16641 29660 
SN74S387 1708 
6300-1 1449 
AM27S21 
93427 1258 
HPROM 1 024 
IM5623 
6301-1 1449 
OM74S287 
29661 1664 
SN54S287 1708 
AM27S12 
93436 1260 
HM7620 

1284,1298 
HM7620A 
3602 I 
IMobU4 I 
6305-1 1449 ! 

N82S16 

N82S17 

N82S177 

N82S180 

N82S181 

N82S184 

N82S185 

N82S190 

N82S191 

N82S195 
N82S226 

Raytheon 29610 1654 
TI SN74170 
AMO AM27S13 
Fairchild 93446 1260 
Harris HM7621 

1284.1298 
HM7621A 

!r:tc! 3622 
Intersil IM5624 
MMI 6306-1 1449 
National OM74S571 
Raytheon 29611 1654 
Fairchild 93452 1264 
Harris HM7642 

1284.1308 
MMI 6352-1 1449 
National OM74S572 
NEe Micro p.PB406 1625 
Raytheon 29640 
Fairchild 93453 1264 
Harris HM7643 

1284,1308 
Intel 3625 
MMI 6353-1 1449 
National DM74S573 
NEe Micro IlPB426 1625 
Ravtheon 29641 

SN74S476 1713 I 
Fairchild 93438 1262 . 
T! 

Harris HM7640 
1284.1304 

Intersil IM5606 
MMI 6340-1 1449 
National DM87S295 
NEe MiCro IlPB405 1621 
Raytheon 29624 1658 
TI SN74S475 1708 
Fairchild 93448 1262 
Harris HM7641 

1284,1304 
Inten~d IM5625 
MM! 6341-1 1449 
National DM87S296 
NEe Micro IlPB425 1621 
Raytheon 29625 1658 
TI SN74S474 1708 
MMI 635480 1453 
National DM74S473 
Raytheon 29620 
TI SN74S473 

1656
1 1708 

MMI 5349-1 
63S481 
6349-1 

National DM74S472 
Raytheon 29621 
TI SN74S472 
Fairchild 93421 
MMI 6531 
Raytheon RC5340 
Fairchild 93411 
MMI 6530 
National DM74S206 
National DM74S206 
TI SN74S300 

SN74S301 
Harris HM7680 
Intel 3608 
MMI 6380-1 
National OM85S229 
Raytheon 29630 
Harris HM7681 
Intel 3628 
MMI 6381-1 
Nat!0r.::! D~.~e5S223 
Raytheon 29631 
Harris HM7684 
MMI 63S84O 
Raytheon 29650 
MM! 63S841 
Raytheon 29651 
MM! 63S168O 
Supertex SM82S190 
MMI 63S1681 
Supertex SM82S191 
Harris HM7647 
Fairchild 93416 

1449 
1453 
1449 

1656 
1708 
1252 

I 
1322 1 

14491 

1660 
1322 

1449
1 

1660 
1333 
1453 

1453 

1453 
1705 
1453 
1705 I 

I 

=:cturer 
I ~ Device 

Ie Master 
PIIg8 

N82S226 

N82S229 
N82S23 

N82S230 
N82S231 
N82S24 

N82S25 

N82S26 

N82S2708 

N82S29 

N82S30 
N82S41 
NR2S52 
N82S707 
N82S708 
N82S80 
N82S81 
N82S90 

N82S91 

N8200 
N8201 
N8202 
N8203 
N8206 

N8207 

N82147 

N82148 

N8223 

N8224 

N8225 

N8230 

N8231 

!'Je232 

N8233 

N8234 

''110C'''' 

N8242 

N8250 

N8251 

Intersil IM5603 
TI SN74187 
TI SN74S287 1708 
AMO AM27S18 
Harris HM7602 1284 
MMI 5330-1 1449 

6330-1 1449 
Naiionai DM74S1&3 
TI SN74S188 1708 
TI SN74S270 
TI SN74S370 
Intersil IM5600 
TI SN54S301 
Fairchild 74S289 
National OM74S289 
TI SN74S289 
Fairchild 93416 
Intersil IM5603 
NEC Micro IlP8403 
n SN74S387 1708 
Harris HM7608 1290 
Raytheon 29635 1662 
MMI 6301-1 1449 
TI SN74S287 1708 
National DM8312 
National DM74LS386 
"la!'Gr!a! !JMe30~ 

Motorola MCM82707 
MOioroia MCM82708 
National DM74LS196 
Natiooal - -DM74LS19-7-
National DM74LSl96 
TI SN74S196 
National DM74LS197 
TI SN74S197 
Raytheon RC8200 
Raytheon RC8201 
Raytheon RC8202 
Raytheon RC8203 
TI SN74S200A 

SN74S201 
TI SN74S300 

SN74S301 
National DM74147 
TI SN74147 
Fairchild 9318 
National DM74148 
TI SN74148 
Harris HPROM8256 
Intersil !M5600 
MMI 633Q-1 1449 
National DM8577 
n SN74S188 1708 
Intarsil IM5600 
National DM7488 
TI SN7488 
AMD 3101 
Motorola MCM4064 
Raytheon RC8225 
TI. SN74S289 
Hitachi HD8230 
Motorola MC7230 
National DM8312 
Raytheon RC8230 
TI SN29312 
Motorola MC7230 
Raytheon RC8231 
Metorola MC7230 
Raytheon RC8232 
Motorola MC8233 
Raytheon RC8233 
Motorola MC8234 
Raytheon RC8234 
f-iiiiu;hi HD8241 
Motorola MC7241 

MC7242 
National DM74LS386 
Raytheon RC8241 
Motorola MC7242 
Raytheon RC8242 
TI SN74LS266 
Motorola MC7250 

MC7251 
R~:wthp(," Rr.A?l;n 

Hitachi HD8251 
Motorola MC7250 

=.acturer j =:ement DevIce 
ICMaater 

PIIg8 

N8251 Motorola MC7251 
Raytheon RC8251 

N8252 Motorola MC7250 
MC7251 

National OM8301 
Raytheon RC8252 
TI SN29301 

N82523 National DM74S188 
N8255 AMO 3101 

Fairchild 74S289 
MMI 6560 
Motorola MCM4064 
Raytheon RC8225 
TI SN74S289 

N8260 Motorola MC7260 
Raytheon RC8260 

N8261 Hitachi H08261 
Motorola MC7261 
Raytheon RC8261 

N8262 Raytheon RC8262 
N8263 Raytheon RC8263 
N8264 Raytheon RC8264 
N8266 Motorola MC7266 

Raytheon RC8266 
N8267 Motorola MC7267 

Raytheon RC8267 
NS258 ~J.mQrv:Q MC7268 

TI SN7480 
N8269 National 'DM8200 
N8270 Fairchild 74178 

Motorota MC7210 
RaytheOn RC8270 
TI SN74178 

N8271 Fairchild 74179 
Motorola MC7271 
Raytheon RC8271 
TI SN74179 

N8277 Motorola MC7277 
Raytheon RC8277 

N8280 Fairchild 74176 
Motorola MC7280 
National DM8280 
Raytheon RC8280 
TI SN74176 

N8281 Motorola MC7281 
National DM8281 
Raytheon RC8281 
TI SN54177 

N8284 Motorola MC7284 
Haythaon RC8284 

N8285 Motorola MC7285 
Raytheon RC8285 

N8288 Motorola MC7288 
National DM8288 

N8290 Fairchild 74196 
National DM8290 
Raytheon RC8290 
TI SN74196 

N8291 Fairchild 74197 
National DM8291 
Raytheon RC8291 
TI SN74197 

N8292 Fairchild 748196 
National DM74LS196 
TI SN74LSl96 

N8293 Fairchild 74lS197 
National DM74LS197 
TI SN74L8197 

N83S27 MMI 6300-1 1449 
N8415 National DM1800 
N8455 Motorola MC7440 

National DM7440 
TI SN7440 

Nts4/U Motorola MC741 0 
National DM7410 
TI 8N7410 

N8471 Motorola MC7412 
National DM74L812 
TI SN7412 

N8480 National DM7400 
TI SN7400 

N8481 Motorola MC7403 
National DM7403 

N8490 Motorola MC7404 
National DM7404 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement Ie Master Manufacturer I Replacement IC Master ~a:'eacturer I =ement Device 

ICMIISter Manufacturer I Replacement IC Master 
DevIce Source Device Page Device Source Device Page Pige Device Source Device Page 

Signetics (cont'd) 85596 8i1icon G 8G1596 8828130 MMI . 5305-1 1449 882823 AMO AM27808 
.85709 8ignetics J.l.A709 National OM548570 AM27818 
.85710 8ignetics /lA71 0 Raytheon 29610 1654 Harris HM7602 1284 

N8490 TI 8N7404 .85711 8ignetics /lA711 8828131 AMO AM27813 Intersil IM5600 
N8806 Motorola MC7460 .85723 8ignetics /lA723 Fairchild 93446 1260 MMI 5330-1 1449 

National OM7406 .85733 8ignetics /lA733 Harris HM7621 National OM548188 
TI 8N7460 .85741 8ignetics /lA741 1284,1298 TI SN54S188 1708 

N8808 Motorola MC7430 87280 National DM7280 HM7621A 8828230 TI 8N548270 
National OM7430 87281 National OM7281 Intel 3622 8828231 TI 8N548370 
TI 8N7430 87290 National OM7290 Intersil IM5624 882825 TI 8N548289 

N8813 National OM7425 87291 National OM7291 MMI 5306-1 1449 8N548301 
N8815 National OM7425 88H16 National OM 54 H20 National OM548571 S82826 AMD 82826 

TI 8N7425 88H70 National OM54Hl0 OM748571 n SN54S387 1708 
N8824 Motorola MC7474 TI 8N54Hl1 Raytheon 29611 1654 882827 MMI 5300-1 1449 

TI 8N7474 88H80 National OM54HOO 8828136 Fairchild 93452 1264 88282708 Harris HM7608 1290 
N8825 Motorola MC7470 TI 8N54HOO Harris HM7642 Raytheon 29635 1662 

TI 8N7470 88H90 National OM54H04 1284,1308 882830 Fairchild 93812 
N8828 Motorola MC7479 TI 8N54H04 Intel 3605 882841 National DM54L8386 

National OM7474 88T09 Raytheon RM8T09 MMI 5352-1 1449 882862 Fairchild 93862 
TI 8N7474 88T10 National DM7551 National OM548572 8828707 Motorola MCM82707 

N8829 Motorola MC7472 Raytheon RM8Tl0 Raytheon 29640 8828708 Motorola MCM82708 
TI 8N74116 TI 8N54173 TI SN54S477 1713 882880 National OM54L8196 

N8840 Motorola MC7450 88T13 Fairchild 8T13 8N548571 882881 National OM54L8197 
National OM7451 TI 8N55121 8828137 Fairchild 93453 1264 882890 National OM54L8196 

.TI 8N7450 88T14 Fairchild 8T14 Harris HM7643 882891 National DM54L8197 
N8848 Motorola MC7453 TI 8N55122 1284,1308 88200 Raytheon RM8200 

TI 8N74H53 88T22 Fairchild 9601 Intel 3625 88201 Raytheon RM8201 
N8859 National OM7440 National OM9601 MMI 5353-1 1:449 88202 Raytheon RM8202 

TI 8N7450 TI 8N29601 National OM548573 88203 Raytheon RM8203 
N8875 Motorola MC7427 88T26 AMO 88T26 Raytheon 29641 88207 TI 8N548301 

National OM7427 88T28 AMD 88T28 n SN54S476 1713 882147 National DM54147 
TI 8N7427 88T54 National OM5448 8828140 Fairchild 93438 1262 882148 Fairchild 9318 

N8879 TI 8N7410 88T95 National OM7095 Harris HM7640 National OM54148 
N8881 Motorola MC7401 88T96 National OM7096 1284,1304 88223 Harris HPROM8256 

National DM7401 88T97 National OM7097 Intel 3604 Intersil IM5600 
TI 8N7401 88T98 National OM7098 Intersil IM5606 MMI 5330-1 1449 

N8890 National DM7404 882L829 n SN54S287 1708 MMI 5340-1 1449 National DM7577 
TI 8N7404 882806 Raytheon RM5340 National DM778295 TI SN54S188 1708 

N8891 National DM7405 TI 8N548201 Raytheon 29624 1658 88224 National DM5488 
TI 8N7405 882807 Raytheon RM5330 TI SN54S475 1708 TI 8N5488A 

N93415 Fairchild 93415 1240 TI 8N548301 8828141 Fairchild 93448 1262 88225 TI 8N548289 
Fujitsu MBM93415 882809 Fairchild 93419 Harris HM7641 88230 Fairchild 9312 

N93425 Fairchild 93425A 882810 Fairchild 93415 1240 1284,1304 National DM9312 
N9602 AMD 9602 8828100 Fairchild 93459 ' 1269 Intel 3624 Raytheon RM8230 
8E5009 PMI DAC'-08 8828101 Fairchild 93458 1269 Intersil IM5625 TI 8N39312 
8E529 National LM161 882811 Fairchild 93425 1240 MMI 5341-1 1449 88231 Fairchild 9313 
8E531 Raytheon RM4531 8828115 AMD AM27815 National DM778296 Raytheon RM8231 
8E532 TI LM158 Harris HM7647 Raytheon 29625 1658 88241 National OM54L8386 
8E550 National LM550 8828123 AMD AM27819 n SN54S474 1708 Raytheon RM8241 
8E5532 Exar XR5532 929 HarriS HM7603 1284 8828146 MMI 535480 1453 88242 Fairchild 54L8266 
8E5532A Exar XR5532A MMI 5331-1 1449 5348-1 1449 Raytheon RM8242 
8E5533 Exar XR5533 929 National DM548288 National OM548473 TI 8N54L8266 
8E5533A Exar XR5533A OM7578 Raytheon 29620 1656 88250 Raytheon RM8250 
8E5534 Datel AM-453M TI OM548288 TI SN54S473 1708 88251 Raytheon RM8251 

Exar XR5534 929 SN54S288 1708 8828147 MMI 535481 1453 88252 Fairchild 9301 

TI 8E5534 8828126 AMD AM27820 National DM548472 National DM9301 

8E5534A Exar XR5534A FairchRd 93417 1258 Raytheon 29621 1656 Raytheon RM8252 

TI 5E5534A Harris HM7610 TI OM548472 TI 8N39301 
5E554A TI 8E5534A 1284,1292 882816 Fairchild' 93421 1252 58260 Raytheon RM8260 

8E555 AMD 8E555 HM7610A .882816 National OM548200 88261 Raytheon RM8261 

Exar XR555 HPROM1024A TI 8N545201 88262 Raytheon RM8262 
XR555M Intersil IM5603 882817 Fairchild 93411 88263 Raytheon RM8263 

Intersi! 8E555 MMI 5300-1 1449 .882517 National DM548206 88264 Raytheon RM8264 
Motorola MC1555 National DM548387 TI 8N548301 88266 Raytheon RM8266 

, National LM555 Raytheon 29660 1664 8828180 HarriS HM7680 1322 88267 Raytheon RM8267 
Raytheon RM555 TI SN54S387 1708 Intel 3608 88268 TI 5N5480 
RCA CA555 8828127 MMI 5300-1 1449 MMI 5380-1 1449 88269 National DM7200 
8i1icon G 8G555 8828129 AMO AM27821 National DM758229 88270 Fairchild 54178 

TI 5E555 Fairchild 93427 1258 Raytheon 29630 1660 Raytheon RM8270 

8E556 Exar XR556M HarriS HM7611 8828181 Harris HM7681 1322 TI 8N54178 
Motorola MC3556 1284,1292 Intel 3628 88271 Fairchild 54179 
National 8E556 HM7611A MMI 5381-1 1449 Raytheon RM8271 
Raytheon RM556 HPROM1024 National DM758228 TI 8N54179 
8i1icon G 8G556 Intel 3621 Raytheon 29631 1660 88277 Fairchild 9328 
TI 8E556 Intersil IM5623 8828184 Harris HM7684 1333 Raytheon RM8277 

5E565 National LM565 MMI 5301-1 1449 MMI 538840 1453 88280 Fairchild 54176 
8E566 National LM566 National DM548287 Raytheon 29650 . Raytheon RM8280 
8E567 National LM567 Raytheon 29661 1664 8825185 Harris HM7685 1333 TI 8N54176 
8E5733 TI /lA733 TI SN54S287 1708 MMI 535841 1453 88281 Fairchild 54177 
8E592 Motorola MC1733 8828130 AMO AM27812 Raytheon 29651 Raytheon RM8281 

8E592 Fairchild 93436 1260 8828190 MMI 53S1680 1453 TI 5N54177 
8N74L808 Hitachi H074L808 Harris HM7620 Supertex MM82S190 1706 88288 National OM7288 
8P380 National 088640 1284,1298 8828191 MMI 53S1681 1453 88290 Fairchild 54196 
8U536 Intersil 5U536 HM7620A Supertex MM82S191 1705 Raytheon RM8290 
83532 TI LMl58 Intel 3602 8828226 TI 5N54187 TI 8N54196 
55556 8i1icon G 8G1556 Intersi! IM5604 8828229 TI SN54S287 1708 88291 Fairchild 54197 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the speciftcations considering your requirements. 
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ICMASTER 

~s:!acturer I ~ac:ment Device IC Master 

I 

I 

Signetics (cont'd) 

S8291 

S8292 

Se293 

S8455 

S8470 

58471 

S8480 

S8481 

58490 

58806 

S8808 

S8815 

S8828 

S8840 

S8848 

S8859 
S8875 

S8881 

S8890 

58891 

TBA396 
TBA520 
TBA530 
TBA540 
TBA550 
TBA560 
TBA750 
TBA920 
TBA990 
TCA800 

HDA1034 
UDN5711 
UDN5712 
UDN5713 
UDN5714 
ULN-6128 
ULN2001 

ULN2002 

ULN2003 

ULN2004 

ULN2111 

10100 

10101 

1010130 

10102 

Raytheon 
TI 
National 
TI 
NatlUt'ldi 
TI 
National 
TI 
National 
TI 
National 
TI 
National 
TI 
Nationai 
TI 
National 
TI 
National 
Ti 
National 
TI 
National 
TI 

National 

" National 
TI 
National 
TI 
National 
National 
TI 
National 
TI 
National 
TI 
National 
TI 
Sprague 
Plessey 
Plessey 
Plessey 
Plessey 
Plessey 
Piessey 
Plessev 
Plessey 
Plessey 
Signetlcs 
Sprague 
Sprague 
Sprague 
Sprague 
Exar 
Exar 
Silicon G 
Sprague 
Exar 
Silicon G 
Sorague 
Exar 
Silicon G 
Sprague 
filar 
Sprague 
Motorola 
RCA 
Sprague 
Fairchild 
~.~otcrc!~ 

RM8291 
SN54197 
DM54LS196 
SN54LS196 
DM54LS197 
SN54LS197 
DM5440 
SN5440 
DM5410 
SN5410 
DM54LS12 
SN5412 
DM5400 
5N5400 
DM5403 
SN5403 
DM5404 
5N5404 
DM5460 
SN5460 
DM5430 
SN5430 
DM5425 
5"15425 
DM5474 
SN5474 
DM5451 
SN5450 
DM54LS54 
SN54H53 
DM5440 
DM5427 
SN5427 
DM5401 
SN5401 
DM5404 
SN5404 
DM5405 
SN5405 
ULN-2219 
TBA520 
TBA530 
TBA540 
TBA550 
TBA560 
TBA750 
TBA920 
TBA990 
TCA800 
NE5534 
UDN-5711 
UDN-5712 
UDN-5713 
UDN-5714 
XR6128 
XR2201 
SG2001 
ULN-2oo1 
XR2202 
SG2002 
ULN-2002 
XR2203 
SG2003 
ULN2003 
XR2204 
ULN-2004 
MC1357 
CA2111 
ULN-2111 
Fl0100 

NEG America "PB10100 
Fairchild Fl0l01 
Hitachi HDl 01 01 
Motorola MC10101 
NEG America "PB10101 
Fairchild Fl0130 
Hitachi HD10130 
Motorola MC10130 
Fairchild Fl 01 02 
Hitachi HDl 01 02 
Motorola MC10102 
NEC America ,uPB10102 

• Discontinued 

Page 

1117 

931 

931 

931 

931 

Manufacturer I Replacement IC MaBter 
Device Source Device 

10103 

10104 

10105 

10106 

10107 

10109 

10110 

10111 

10112 
10113 

10114 

10115 

10116 

10117 

10118 

10119 

10121 

10123 

10125 

10129 
10130 

10131 

10132 

10133 

Fairchild Fl0103 
Motorola MC10103 
NEC America ).!PB10103 
Fairchild Fl0l04 
Hitachi HD10104 
Motorola MC10l04 
Fairchild Fl0105 
Hitachi HD10l05 
Motorola MC10105 
National DM10105 
NEG America ,uPB10105 
Fairchild Fl0106 
Hitachi HD10106 
Motorola MC10106 
National DM10106 
NEG America ).!PB10106 
Fairchild Fl0107 
Hitachi HD10107 
Motorola MC10l07 
NEG America ,uPB10l07 
Fairchild Fl0109 
Hitachi HD10109 
Motorola MC10109 
National DM10109 
NEG America ).!PB10109 
Fairchild Fl0110 

Motorola MC 1 011 0 
NEC America ).!PB10110 
Fairchild Fl0111 
Hitachi HDHH 11 
Motorola MC 10111 
National DM10111 
NEG America ).!PB10111 
National DM10112 
Fairchild 
Motorola 
Fairchild 
Motorola 
Fairchild 
Motorola 

Fl0113 
MCl0113 
F10114 
MC10114 
Fl0115 
MC10115 

National DM10115 
NEG America ,uPB10115 
Fairchild Fl0116 
Hitachi H010116 
Motorola MC10116 
National DM10116 
Fairchild Fl0117 
Hitachi HD10117 
Motoro!a Mel0117 
National DM10117 
NEG America ).!PB10117 
Fairchild Fl0118 
Hitachi HD10118 
Motorola MC10118 
National DMlof18 
NEG America "PB10118 
Fairchild Fl0119 
Hitachi HD10119 
Motorola 
National 
Fairchild 
Hitachi 
Motoro!a 
National 
Fairchild 
Motorola 

Hitachi 
Motorola 
National 

MC10119 
OM10119 
Fl0121 
HD10l21 
MC10121 
DM10l2l 
Fl0123 
MC10123 
r .. I'\"~" 
I IV1C. ... 

HD10124 
MC10124 
DM10124 

NEG America ).!PB10124 
Fairchild Fl0125 
Hilc1(;hi HDiOi25 
Motorola MC10125 
Motorola MC10129 
Fairchild Fl0130 
Motorola MC10130 
Fairchild Fl0131 
Hitachi HD10131 
Motorola MC10131 
NEe America ).!PB10131 
Fairchild Fl0t32 
J-Irt~ ...... hi 

Motorola 
Fairchild 

MC10132 
F~0133 

Page 

I 
I 

I 
I 

I 

=~ac:turer I ~~~:ement Device IC MaBter 
Page 

10133 

10134 

10135 

10136 

10137 

10139 

10140 
10141 

10144 

10145 

10147 
10148 

10149 
.,0149 

10158 

10159 

10160 

10161 

10162 

10164 

10165 

10170 

10171 

10172 

10173 

10174 

10175 

10176 

10179 

10180 

10181 

--
Hitachi HD10133 
Motorola MC10133 
Nce ArT'€'IC3 IlPB10133 
Fairchild Fl0134 
Hitactii HD10134 
Motorola MC10134 
Fairchild Fl0135 
Motorola MC10135 
Fairchild Fl0136 
Hitachi HD10136 
Motorola MC10136 
Fairchild Fl0137 
Motorola MC10137 
Motorola MCM10139 
TI 5Nl0139 
TI 5Nl0140 
Fairchild Fl0i41 
Motorola MCM10141 

MC10141 
Fairchild Fl0410 
Motorola MC10144 
NEG America IlPB10144 
Raytheon RC10144 
TI SN10144 
Fairchild Fl0145 
Hitachi HD10145 
Muwro;a ivlCM1Ul'l:> 

MC10145 
TI SN10145 
Fujitsu MB7047 
Hitachi HD10148 
NEG America "PB10148 
TI SN10148 
Fairchild 
Motorola 

Fairchild 
Motorola 
NEG America 
Fairchild 
Motorola 
Fairchild 
Hitachi 
Motorola 
Fairchild 

10149 
MCM10149 
MC10149 
Fl0158 
MC10158 
J.lPB10158 
Fl0.159 
MC10159 
Fl0160 
HD10160 
MC10160 
Fl0161 

Hitachi HD10161 
Motorola MC10161 
NEG America IlPB 1 0161 
Fairchild Fl0162 

Motorola 
NEG America 
FairchHd 
Hitachi 
Motorola 
NEG America 
TI 
Fairchild 
Hitachi 
Motorola 
Fairchild 
Motorola 
Fairchild 
Motorola 
Fairchild 
Motorola 
Fairchild 
Motorola 
Fairchild 
Hitachi 

nt.J1VIO~ 

MC10l62 
,..PB10162 
Fl0164 
HD10164 
MC10164 
,uPB10164 
SN10164 
Fl016S 
HD10165 
MC10165 
Fl0170 
MC10170 
Fl0171 
MCW171 
Fl0172 
MC10172 
Fl0173 
MG1011:3 
Fl0174 
HD10174 

Motorola MC10174 
NEC America ).!PB10174 
TI SN10174 
Fairchild Fl0175 
Hitachi HD10175 
Motorola MC10175 
Fairchild Fl0176 
Motorola MC10176 
Fairchild Fl0H9 
Hitachi HD10179 
Motorola MC10179 
Fairchild Fl0180 
Hilacll; H010160 

IIIEC America "PB10180 
Fairchild FI0181 

~a:::,urer I ~:ement Device 
IC Master 

Page 

j 

I 

10181 

10189 
10191 
10192 
10210 

10211 

10212 

1103 
11031 
1702 
21F02 

21L02 
2101 

21n? 

2111 

2112 

.2115 

.2125 

.2352 

.2400 

.2441 

.2451 

.2461 

.2462 

.25L01 

.2501 

.2502 

.2503 

.2504 

.2505 

.2512 

1.25i3 
.2517 

2518 
.2518 
.2521 

.2524 

.2525 

.2526 

.2527 
2530 

.2532 

.2533 

.2536 

.2548 
2600 

.2601 

.2607 

26()8 
.2608 

2609 
.2611 

2613 

.2614 

2616 

I 

Hitachi H'Jl0181 
Motorola MC10181 
NEC Micro }(P810181 
Motorola MC10189 
Motorola MC10191 
Fairchild F10192 
Fairchild F10210 
Motorola MC10210 
Fairchild F10211 
Motorola MC10211 
Fairchild Fl0212 
Motorola MC10212 
TI TMS1103 
Motorola MC10131 
Intel 1702 
Fairchild 21021 1275 
Intl;\l 2102 

Fairchild 21026 
AMD 91L02 
Fairchild 3538 
Intel 2101 
NEe Micro J.lPD2101 1586 
AMD 2102 
Fairchild 2102 1275 

21021 1275 
21022 1275 

National MM2102 
NEe Micro MPD2102 1591 I 
Intel 2111 
NEe Micro uPD2111 1595 
Intel 2112 
TI TMS4043 
Intel 2115 1416 
Intel 2125 1416 
SGS M142 
AMI S8773 
AMI S8773 
AMI S8773 
AMI 
AM! 
Mostek 
Mostek 
Synertek 
SGS 
Synertek 
Synertek 
AMD 
AMI) 
Nortec 
G~ 

AMD 
Fairchild 
TI 
AMD 
TI 
AMD 
AMD 
AMI 
Synertek 
Fairchild 
Fairchild 

Mostek 
rl 
AMD 
Synertek 
GI 

TI 
Nortec 
EA 
NEe Micro 
EA 
TI 
Motorola 
TI 
Motorola 
NEe Micro 
Fujitsu 
TI 
Intersil 

AMI 
Fairchild 

S8773 
S8773 
MK4007 
MK4007 
SY1402 
M136 
SY1403 
SYi404 
AM2505 
,,~,A2806 

2512 
H03-2513 
1507 
3349 
TMS3112 
AM2521 
TMS3128 
AM2807 
AM2808. 
S8564 
SY2527 

.3515 
3347 
3357 
MK1007 
TMS3120 
AM2833 
SY2533 
AY3-1014A 
AY3-1015 
AY5-1013A 
TMS6011 
6003 
4600 
IlPD2101AL 1586 
EA2308A 
TMS4700 
MCM6830 
TM54700 
MCM6570 
,..PD2111AL 1595 
MBM4044 
TMS4044 
IM7114 
2114 

542168 
3516E 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
ManUfacturer I Replacement IC Master Manufacturer I Replacement- IC Master Manufacturer I Replacement ICMmer Manufacturer I Replacement IC Master 
~yg ~~e ~y~ Page Deyg Source Device Page Device Source ~yice Page Device Source Device Page 

Signetics (cont'd) 54H50 Fairchild 54H50 54LS10 TI SN54LS10 54LS153 TI SN54LS153 
National DM54H50 54LS107 Fairchild 54LS107 54LS154 National DM54LS154 
TI SN54H50 Motorola SN54LS107A 54LS157 AMD SN54LS157 

2616 Intel 2316B 54H51 Fairchild 54H51 National DM54LS107 Fairchild 54LS157 
2617 AMD 9216 National DM54H51 Raytheon 54LS107 Motorola SN54LS157 

.2627 TI TMS4027 TI SN54H51 TI SN54LS107A National DM54LS157 

.2630 Intersil 7116 54H52 Fairchild 54H52 54LS109 Fairchild 54LS109 Raytheon 54LS157 

.2632 TI TMS4732 National DM54H52 Motorola SN54LS109 TI SN54LS157 
2633 AMI 568332 1216 TI SN54H52 National DM54LS109 54LS158 Fairchild 54LSl58 

.2633 TI TMS4732 54H53 Fairchild 54H53 Raytheon 54LS109 Motorola SN54LSl58 
2650 Intersil 2650 ~ational DM54H53 TI SN54LS109 National DM54LS158 

National INS2650 TI SN54H53 54LSll Fairchild 54LSll Raytheon 54LS158 
2651 National INS2651 54H54 Fairchild 54H54 Motorola SN54LSll TI SN54LSl58 
2652 National I.NS2652 National DM54H54 National DM54LS11 54LSl60 Fairchild 54LSl60 

SMC COM5025 TI SN54H54 Raytheon 54LSll Raytheon 54LSl60 
2656 National INS2656 54H55 Fairchild 54H55 TI SN54LSll 54LS161 AMD SN54LS161 

.2660 Mostek' MK4096 National DM54H55 54LSl12 Fairchild 54LSl12 Fairchild 54LS161 
TI TMS4027 TI SN54H55 Motorola SN54LSl12A Motorola SN54LS161A 

2665 AMI 54264 1212 54H60 Fairchild 54H60 National DM54LS112 National DM54LS161 
2670 National MM5270 NatiOf,lal DM54H60 Raytheon 54LSl12 Raytheon 54LS161 

.2680 TI TMS4060 TI SN54H60 TI SN54LSl12 TI SN54LS161A 
2690 AMD 9016 54H61 Fairchild 54H61 54LSl13 Fairchild 54LSl13 54LS162 Fairchild 54LS162 

Fujitsu MB8116 National DM54H61 Motorola SN54LSl13A Raytheon 54LS162 
.2690 TI TMS4116 TI SN54H61 National DM54LSl13 54LSl63 AMD SN54LS163 

2708 Fujitsu MB8518 54H62 Fairchild 54H62 Raytheon 54LSl13 Fairchild 54LSl63 
TI TMS2708 ' National DM54H62 TI SN54LS113 Motorola SN54LSl63A 

2716 Fujitsu MBM2716 TI SN54H62 54LSl14 Fairchild 54LS114 National DM54LSl63 
3415 AMI 54015 1203 54H71 Fairchild 54H71 Motorola SN54LSl14A Raytheon 54LS163 
4027 Fairchild M4027 National DM54H71 National DM54LSl14 TI SN54LSl63A 

Fujitsu MB8227 TI SN54H71 Raytheon 54LS114 54LSl64 AMD SN54LSl64 
54HOO Fairchild 54HOO 54H72 Fairchild 54H72 TI SN54LS114A Fairchild 54LS164 

National DM54HOO 54H73 54LS12 Motorola SN54LS12 Motorola SN54LS164A 
Raytheon 54HOO National DM54H72 National DM54LS12 National DM54LSl64 
TI SN54HOO TI SN54H72 Raytheon 54LS12 Raytheon 54LS164 

54H01 Fairchild 54H01 54H73 Fairchild 54H73 TI SN54LS12 TI SN54LS164A 
National DM54HOl National DM54H73 54LS125 Fairchild 54LS125 54LS170 AMD SN54LS170 
Raytheon 54HOl TI SN54H73 National DM54LS125 Fairchild 54LS170 
TI SN54H01 54H74 Fairchild 54H74 ' Raytheon 54LS125 Motorola SN54LS170 

54H04 Fairchild 54H04 National DM54H74 TI SN54LS125A National DM54LS170 
National DM54H04 Raytheon 54H74 54LS126 Fairchild 54LS126 Raytheon 54LS170 
Raytheon 54H04 TI SN54H74 Motorola SN54LS126 1'1 SN54LSt70 
TI SN54H04 54H76 Fairchild 54H76 National DM54LS126 54LS173 Fairchild 54LS173 

54H05 Fairchild 54H05 National DM54H76 Raytheon 54LS126 National DM54LS173 
National DM54H05 n SN54H76 TI SN54lS126A TI SN54LSf73 
Raytheon 54H05 54LSOO Fairchild 54LSOO 54LS13 Fairchild 54lS13 54LS174 AMD SN54lS174 
TI SN54H05 Motorola SN54LSOO Motorola SN54LS13 Fairchild 54lS174 

54H08 Fairchild 54HOS National DM54LSOO National DM54lSt3 National DM54lS174 
National DM54H08 Raytheon 54lS00 Raytheon 54lS13 Raytheon 54LS174 

54Hl0 Fairchild 54HtO TI SN54LSOO TI SN54lSt3 TI SN54LS174 
National DM54Hl0 54LSOl National DM54LSOl 54LS132 Fairchild 54lS132 54lS175 AMD SN54lS175 
Raytheon 54Hl0 Raytheon 54LSOt Motorola SN54LS132 Fairchild 54lS175 
TI SN54Hl0 TI SN54LSOl National DM54lS132 'Motorola SN54LS175 

54Hl0l Fairchild 54Hl0l 54lS02 Fairchild 54LS02 Raytheon 54lS132 National DM54lS175 
TI SN54Hl0l Motorola SN54LS02 TI SN54LS132 Raytheon 54lS175 

54Hl02 Fairchild 54Hl02 National DM54LS02 54LS136 Fairchild 54LS136 TI SN54lS175 
TI SN54Hl02 Raytheon 54LS02 Motorola SN54LS136 54lS181 AMD ' SN54LS181 

54H103 Fairchild 54Hl03 TI SN54LS02 Raytheon 54LS136 Fairchild 54LSt81 
National DM54H103 54LS03 Fairchild 54LS03 TI SN54LS136 Motorola SN54LS181 
TI SN54H103 Motorola SN54LS03 54LS138 Fairchild 54lS138 Raytheon 54lS181 

54H106 Fairchild 54H106 National DM54LS03 Motorola SN54lS138 n SN54lS181 
National DM54H106 Raytheon 54LS03 National DM54lS138 54lS190 AMD SN54LS190 
TI SN54H106 TI SN54LS03 Raytheon 54lS1;38 Fairchild 54lS190 

54H1OS Fairchild 54H1OS 54LS04 Fairchild 54lS04 TI SN54LS138 Motorola SN54LS190 
National DM54H108 Motorola SN54LS04 54LS139 Fairchild 54LS139 National DM54lS190 
TI SN54H1OS National DM54LS04 Raytheon 54lS139 Raytheon 54LS190 

54H11 Fairchild 54H11 Raytheon 54LS04 54LS14 Fairchild 54LS14 TI SN54LSl90 
National DM54H11 TI SN54lS04 Motorola SN54lS14 54LS191 AMD SN54LS191 
Raytheon 54H11 54LS05 Fairchild 54LS05 National DM54LS14 Fairchild 54LS191 
TI SN54Hl1 Motorola SN54LS05 Raytheon 54LS14 Motorola SN54LS191 

54H20 Fairchild 54H20 National DM54LS05 TI SN54lS14 National DM54LS191 
National DM54H20 Raytheon 54LS05 54LS15 Fairchild 54LS15 Raytheon 54LS191 
Raytheon 54H20 TI SN54LS05 Motorola SN54lS15 TI SN54LS1,91 
TI SN54H20 54LSOS Fairchild 54LSOS National DM54LS15 54LS192 AMD . SN54LS192 

54H21 Fairchild 54H21 Motorola SN54LSOS Raytheon 54LS15 Fairchild 54LS192 
National DM54H21 National DM54LSOS TI SN54LS15 Motorola SN54LS192 

54H22 Fairchild 54H22 Raytheon 54LS08 54LS151 AMD SN54LS151 National DM54LS192 
National DM54H22 TI SN54LS08 Fairchild 54LS151 Raytheon 54LS192 
Raytheon 54H22 54LS09 Fairchild 54LS09 Motorola SN54LS151 TI SN54LS192 
TI SN54H22 Motorola SN54LS09 National DM54LS151 54LS193 AMD SN54LS193 

54H30 Fairchild 54H30 National DM54LS09 Raytheon 54LS151 Fairchild 54LS193 
National DM54H30 Raytheon 54LS09 n SN54lS151 Motorola SN54LS193 
TI SN54H30 TI SN54LS09 54LS153 AMD SN54lS153 National DM54LS193 

54H40 Fairchild 54H40 54LS10 Fairchild 54LS10 Fairchild 54lS153 Raytheon 54LS193 
National DM54H40 Motorola SN54LS10 Motorola SN54LS153 TI SN54LS193 
Raytheon 54H40 National DM54LS10 National DM54LS153 54LSl94A Fairchild 54lS28 
TI SN54H40 Raytheon 54LS10 Raytheon 54LS153 Raytheon 541S194A 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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ICMASTER 
ManuflCturer I· Replacement 
Device Source Device 

ICMuter 
Page 

Signetics (cont'd) 

54LS195A AMD 

54LS196 
54LS197 
54LS20 

54LS21 

54lS22 

54lS221 

54LS248 
54LS251 

54LS253 

54LS257 

54lS26 

Fairchild 
Motorola 
Raytheon 
T! 
Raytheon 
Raytheon 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
National 
Ravtheon 
TI 
~ .. ~otcro!a 
AMD 
Fairchild 
Motorola 
Raytheon' 
TI 
AMD 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI . 

54LS260A Motorola 
54LS261 Raytheon 

TI 
54LS266 Fairchild 

54LS27 

54LS279 

54LS28 

54LS283 

54LS290 

54LS293 

Motorola 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
Raytheon 
Fairchild 
Motor0!a 
TI 
Fairchild 
Motorola 
TI 

54LS295A Fairchild 
Raytheon 

54LS30 Fairchild 

54LS32 

Motorola 
National 
Raytheon 
TI 
Fairchild 

• Discontinued 

SN54LS195A 
54LS195 
SN54LS195A 
54LS195A 
SN54LS195A 
54LS196 
54LS197 
54LS20 
SN54LS20 
DM54LS20 
54lS20 
SN54LS20 
54LS21 
SN54LS21 
DM54LS2', 
54LS21 
SN54LS21 
54LS22 
SN54LS22 
DM54LS22 
54LS22 
SN54LS22 
DM54LS221 
54lS221 
SN54LS221 
SN54LS248 
SN54LS251 
54LS251 
SN54LS251 
54LS251 
SN54LS251 
SN54LS253 
54LS253 
SN54LS253 
DM54LS253 
54LS253 
SN54LS253 
54LS257 
SN54LS257A 
DM54LS257 
54LS257 
SN54LS257A 
54LS26 
SN54LS26 
DM54LS26 
54LS26 
SN54LS26 
SN54LS260A 
54LS261 
SN54LS261 
54LS266 
SN54LS266 
54LS266 
SN54LS266 
54LS27 
SN54LS27 
DM54LS27 
54LS27 
SN54LS27 
54LS279 
SN54LS279 
DM54LS279 
74LS279 
SN54LS279 
fi41 S?A 

54LS28 
SN54LS28 
54LS283 
54LS283 
54LS290 
SN54LS2eo 
SN54LS290 
54LS293 
SN54LS293 
SN54LS293 
54LS295 
54LS295A 
54LS30 
SN54LS30 
DM54LS30 
54LS30 
SN5.4LS30 
54LS32 

54LS32 

54LS33 

54 LS3€5 

54LS366 

54LS367 

54 LS368 

54LS37 

54LS375 

54LS38 

54LS386 

54LS395 

54LS40 

54LS42 

54LS51 

54LS54 

54LS55 

54LS73 

54LS74 

54LS75 

Motorola 
National 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
Motorola 
Raytheon 
TI 
Fairchild 
Motorola 
Raytheon 
TI 
Fairchild 
Motorola 
Raytheon 
TI 
Fairchild 
Motorola 
Raytheon 
TI 
Fairchild 
Motorola 
National 
R'lythpon 

TI 
MotOfOia 
Motorola 
II 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Raytheon 
TI 
Fairchild 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
NatiOnal 
Raytheon 
Ti 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fa~!"ch!!d 

Motorola 
National 
Raytheon 
TI 
Fairchild 
iviviuruict 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
RClytheon 
TI 
Motoro!a 
N~ti()n~: 

Raytheon 
TI 

IC Master ! Manufacturer I Repl.acement 
Page Device Source Device 

Ie Muter 
Page 

SN54LS32 
DM54LS32 
54LS32 
SN54LS32 
54LS33 
54LS33 
SN54LS33 
54LS365 
SN54LS365 
54LS365 
SN54LS365 
54LS366 
SN54LS366 
54LS366 
SN54LS366 
54LS367 
SN54LS367 
54LS361 
SN54LS367 
54LS368 
SN54LS368 
54LS368 
SN54LS368 
54LS37 
SN54LS37 
DM54LS37 
'i4LS'P 
SN54LS37 
SN54LS373 
SN74LS375 
SN54LS375 
54LS38 
SN54LS38 
DM54LS38 
54LS38 
SN54LS38 
SN54LS386 
SN54LS386 
54LS395 
DM54LS395 
54LS395 
SN54LS395 
54LS40 
SN54LS40 
DM54LS40 
54LS40 
SN54LS40 
54LS42 
SN54LS42 
DM54LS42 
54LS42 
SN54LS42 
54LS51 
SN54LS51 
DM54LS51 
54LS51 
SN54LS51 
54LS54 
SN54LS54 
DM54LS54 
54LS54 
SN54LS54 
54LS55 
SN54LS55 
DM54LS55 
54LS55 
SN54LS55 
51LS€7C 
SN54LS670 
DM54LS670 
54LS670 
SN54LS670 
54LS73 
SN54LS73A 
DM54LS73 
54LS73 
SN54LS73A 
54LS74 
SN54LS74A 
DM54LS74 
54LS74 
SN54LS74A 
SN54LS75 
nM<;&1 ~7~ 

54LS75 
SN54LS75 

54LS76 

54LS78 

54LS83 

54LS85 

54LS86 

54LS89 
54LS90 

54LS93 

54LS958 

54LS96 
54SOO 

54S02 

54504 

54S05 

54S08 

54S09 

54S11 

54S139 

54S140 

54S15 

54S151 

54S153 

545157 

54S158 

54S181 

54S22 

548251 

54S253 

54S257 

Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Raytheon 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
Raytheon 
TI 
Motorola 
Fairchild 
Motorola 
Raytheon 
TI 

Raytheon 
TI 
Fairchild . 
Motorola 
Raytheon 
TI 
Fairchild 
Raytheon 
TI 
Fairchild 
TI 
Fairchild 
TI 
Fairchild 
TI 
Fairchild 
TI 
Fairchild 
TI 
Fairchild 
Ti 
Fairchild. 
TI 
AMD 
Fairchild 
TI 
AMD 
TI 
Fairchild 
TI 
AMD 
Fairchild 
TI 
AMD 
Fairchild 
TI 
AMD 
Fairchild 
TI 
AMD 
Fi1itchilti 
TI 
AMD 
Fairchild 
TI 
Fairchild 
National 
TI 
AMD 
Fairchild 
TI 
AMD 
Fairchild 
AMD 
Fairchild 
TI 

Fairchild 
TI 

54LS76 
SN54LS76A 
DM54LS76 
54LS76 
SN54LS76 
54LS78 
SN54LS78A 
DM54LS78 
54LS78 
SN54LS78 
54LS83 
54LS83A 
54LS85 
SN54LS85 
DM54LS85 
54LS85 
SN54LS85 
54LS86 
SN54LS86 
54LS86 
SN54L586 
SN54LS89 
54LS90 
SN54LS90 
54LS90 
SN54LS90 
CN54LS92 
54LS92 
SN54LS92 
54LS93 
SN54t:S93 
54LS93 
SN54LS93 
54LS95 
54LS958 
SN54LS96 
54SOO 
SN54Soo 
54S02 
SN54S02 
54S04 
SN54S04 
54S05 
SN54S05 
54 SOB 
SN54S08 
54S09 
SN54S09 
54S11 
SN54S11 
5N54S139 
54S139 
SN54S139 
SN54S140 
SN54S140 
54S15 
SN54S15 
SN54S151 
54S151 
SN54S151 
SN54S153 
54S153 
SN54S153 
SN54S157 
54S157 
SN54S157 
SN54S158 
545158 
SN54S158 
SN54S181 
93S41 
SN54S181 
54S22 
DM54S22 
SN54S22 
SN54S251 
54S251 
SN54S251 
SN54S253 
54S253 
SN54S257 
54S257 
SN74S257 

548258 
SN54S258 

=~ j =:""ent Device 
ICMaater 

Page 

54S301 
54S32 

54837 
54585 
54886 

5400 

5401 

5402. 

5403 

5404 

5405 

5406 

5407 

5408 

5409 

5410 

54100 

54107 

54109 

5411 

54116 

5412 

54121 

54123 

54125 

54126 

5413 

TI 
Fairchild 
TI 
TI 
TI 
Fairchild 
TI 
Fairchild 
Motorola 
National 
TI 
Fairchild 
Motorola 
National 
Raytheon 
TI 
Fairchild 
Motorola 
National 
TI 
Fairchild 
Motorola 
Nationa! 
TI 
Fairchild 
Motorola 
Nllliunai 
TI 
Fairchild 
Motorola 
National 
TI 
Fairchild 
Motorola 
National 
TI 
Fairchild 
Motorola 
National 
TI 
Fairchild 
Motorola 
National 
TI 
Fairchild 
Motorola 
National 
TI 
Fairchild 
Motorola 
National' 
TI 
Motorola 
TI 
Fairchild 
Motorola 
National 
TI 
Fairchild 
National 
TI 
Fairchild 
National 
Ti 
Fairchild 
TI 
Fairchild 
TI 
Fairchild 
Motorola 
National 
TI 
AMD 
Fairchild 
Motorola 
National 
TI 
Fairchild 
National 
TI 
Fairchild 
National 
TI 

Fairchild 
Motorola 

SN54S301 
54S32 
SN54S32 
SN54S37 
SN54585 
54S86 
SN54S86 
5400 
MC5400 
DM5400 
SN5400 
5401 
MC5401 
DM5401 
5401 
SN5401 
5402 
MC5402 
DM5402 
SN5402 
5403 
MC5403 
DM5403 
SN5403 
5404 
MC5404 
uM54v4 
SN5404 
5405 
MC5405 
0M5405 
SN5405 
5406 
MC5406 
DM5406 
SN5406 
5407 
MC5407 
DM5407 
SN5407 
5408 
MC5408 
DM5408 
SN5408 
5409 
MC5409 
DM5409 
SN5409 
5410 
MC54iO 
DM5410 
SN5410 
MC541 00 
SN54100 
54107 
MC54107 
DM54107 
SN54107 
9024 
DM54109 
SN54109 
5411 
DM5411 
SN54ii 
54116 
SN54116 
5412 
SN5412 
54121 
MC54121 
DM54121 
SN54121 
SN54123 
54123 
MC54123 
DM54123 
SN54123 
54125 
DM54125 
SN54125 
54126 
DM54126 
SN54126 

v''IiJ''''.!O 

5413 
MC5413 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement ICMaster ~rer I~ Device 

Ie Master Manutac:turer I Replacement IC Master ManufactlR'er I Replacement IC Master 
Device Source Device 

Signetics (cont'd) 

5413 National DM5413 
TI SN5413 

54132 Fairchild 54132 
Motorola MC54132 
National DM54132 
TI SN54132 

5414 Fairchild 5414 
Motorola MC5414 
National DM5414 
TI SN5414 

54145 Fairchild 54145 
Motorola MC54145 
National DM54145 
TI SN54145 

54147 National DM54147 
TI SN54147 

54148 Fairchild 9318 
National DM54148 
TI SN54148 

54150 Fairchild 54150 
Motorola MC54150 
National DM54150 
TI SN54150 

54151 Fairchild 54151 
Motorola MC54151 
National DM54151 
TI SN54151 

54152 Fairchild 54152 
Motorola MC54152 
TI SN54152 

54153 Fairchild 54153 
Motorola . MC54153 
National DM54153 
TI SN54153 

54154 AMD SN54154 
Fairchild 54154 
Motorola MC54154 
National DM54154 
TI SN54154 

54155 Fairchild 54155 
Motorola MC54155 
National DM54155 
Raytheon 54155 
TI SN54155 

54156 Fairchild 54156 
Motorola MC54156 
National DM54156 
TI SN54156 

54157 AMD SN54157 
Fairchild 54157 
Motorola MC54157 
National DM54157 
TI SN54157 

5416 Fairchild 5416 
Motorola MC5416 
National DM5416 
n SN5416 

54160 AMD SN54160 
Fairchild 54160 
Motorola MC54160 
National DM54160 
TI SN54160 

54161 AMD SN54161 
Fairchild . 54161 
Motorola MC54161 
National DM54161 
TI SN54161 

54162 AMD SN54162 
Fairchild 54162 
Motorola MC54162 
National DM54162 
TI SN54162 

54163 AMD SN54163 
Fairchild 54163 
Motorola MC54163 
National DM54163 
TI SN54163 

54164 AMD SN54164 
Fairchild 54164 
National DM54164 
TI SN54164 

54165 Fairchild 54165 
Motorola MC54165 

• Discontinued 

IC MASTER 1979 

Page Page DevIce Source Device Page Device Source Device Page 

54165 National DM54165 5420 Fairchild 5420 5473 
TI SN54165 Motorola MC5420 

54166 Fairchild 54166 National DM5420 5474 
National DM54166 TI SN5420 
TI SN54166 5421 Fairchild 5421 

5417 Fairchild 5417 54221 AMD SN54221 
Motorola MC5417 5426 Fairchild 5426 5475 
National DM5417 Motorola MC5426 
TI SN5417 National DM5426 

54170 Fairchild 54170 TI SN5426 
National DM54170 54279 Fairchild 54279 5476 
TI SN54170 TI SN54279 

54174 AMD SN74174 54298 Fairchild 54298 
Fairchild 54174 Motorola MC54298 
Motorola MC54174 TI SN54298 5477 
National DM54174 5430 Fairchild 5430 
TI SN54174 Motorola MC5430 

54175 AMD SN54175 National DM5430 5480 
Fairchild 54175 TI SN5430 
Motorola MC54175 5432 Fairchild 5432 
National DM54175 National DM5432 5485 
TI SN54175 TI SN5432 

54176 Fairchild 54176 5437 Fairchild 5437 
Motorola MC54176 Motorola MC5437 
National DM54176 National DM5437 5486 
TI SN54176 TI SN5437 

54177 Fairchild 54177 5438 Fairchild 5438 
Motorola MC54177 Motorola MC5438 
National DM54177 National DM5438 5490 
TI SN54177 TI SN5438 

54180 Fairchild 54180 5440 Fairchild 5440 
Motorola MC54180 Motorola MC5440 
National DM54180 National DM5440 5491 
TI SN54180 TI SN5440 

54181 AMD SN54181 5442 Fairchild 5442 
Fairchild 54181 Motorola MC5442 
Motorola MC54181 National DM5442 5492 
National DM54181 TI SN5442 
TI SN54181 5443 Fairchild 5443 

54182 AMD SN54182 Motorola MC5443 
Fairchild 54182 TI SN5443 5495 
Motorola MC54182 5444 Fairchild 5444 
National DM54182 Motorola MC5444 
TI SN54182 TI SN5444 

54190 Fairchild 54190 5445 Fairchild 5445 5496 
Motorola MC54190 Motorola MC5445 
National DM54190 Natjonal DM5445 
TI SN54190 1'1 SN5445 

54191 Fairchild 54191 5446 Fairchild 5446 55325 
Motorola MC54191 Motorola MC5446 
National DM54191 National DM5446 55450 
TI SN54191 TI SN5446 

54192 AMD SN54192 5447 Fairchild 5447 55451 
Fairchild 54192 Motorola MC5447 
Motorola MC54192 National DM5447 55452 
National DM54192 TI SN5447 
TI SN54192 5448 Fairchild 5448 55453 

54193 AMD SN54193 Motorola MC5448 
Fairchild 54193 National DM5448 55454 
Motorola MC54193 TI SN5448 
National DM54193 5450 Fairchild 5450 72S180 
TI SN54193 Motorola MC5450 72S52 

54194 AMD SN54194 National DM5450 7293 
Fairchild 54194 TI SN5450 74HOO 
Motorola MC54194 5451 Fairchild 5451 
National DM54194 Motorola MC5451 
TI SN54194 National DM5451 

54195 AMD SN54195' n SN5451 
Fairchild 54195 5453 Fairchild 5453 74H01 
Motorola MC54195 Motorola MC5453 
National DM54195 National DM5453 
TI SN54195 TI SN5453 

54196 Fairchild 54196 5454 Fairchild 5454 
Motorola MC54196 Motorola MC5454 74H04 
National DM54196 National DM5454 
TI SN54196 TI SN5454 

54197 Fairchild 54197 5460 Fairchild 5460 
Motorola MC54197 Motorola MC5460 
National DM54197 National DM5460 74H05 
n SN54197 TI SN5460 

54198 Fairchild 54198 5472 Fairchild 5472 74H08 
National DM54198 Motorola MC5472 
TI SN54198 National DM5472 74H10 

54199 Fairchild 54199 TI SN5472 
National DM54199 5473 Fairchild 5473 
TI SN54199 Motorola MC5473 

The manufacturers report their devices can be used as direct replacements, 
Performance details often differ. so compare the specifications considering your requirements. 

National DM5473 
TI SN5473 
Fairchild 5474 
Motorola MC5474 
National DM5474 
TI SN5474 
Fairchild 5475 
Motorola MC5475 
National DM5475 
TI SN5475 
Fairchild 5476 
Motorola MC5476 
National DM5476 
TI SN5476 
Fairchild 5477 
Motorola MC5477 
TI SN5477 
Fairchild 5480 
Motorola MC5480 
TI SN5480 
Fairchild 5485 
Motorola MC5485 
National DM5485 
II SN5485 
Fairchild 5486 
Motorola MC5486 
National ·DM5486 
TI SN5486 
Fairchild 5490 
Motorola MC5490 
National DM5490 
TI SN5490 
Fairchild 5491 
Motorola MC5491 
National DM5491 
TI SN5491 
Fairchild 5492 
Motorola MC5492 
National DM5492 
TI SN5492 
Fairchild 5495 
Motorola MC5495 
National DM5495 
TI SN5495 
Fairchild 5496 
Motorola MC5496 
National DM5496 
TI SN5496 
Silicon G SG55325 
TI SN55325 
Silicon G SG55450 
TI SN55450 
SiliCOn G SG55451 
n SN55451 
Silicon G SG55452 
TI SN55452 
Silicon G SG55453 
TI SN55453 
Silicon G SG55454 
n SN55454 
National DM85S229 
National DM8301 
National DM74LS197 
Fairchild 74HOO 
National DM74HOO 
NEe America· p.PB74HOO 
Raytheon 74HOO 
TI SN74HOO 
Fairchild 74HOl 
National DM74H01 
NEe America p.PB74HOl 
Raytheon 74HOl 
TI SN74H01 
Fairchild 74H04 
National DM74H04 
NEe America p.PB74H04 
Raytheon 74H04 
TI SN74H04 
Raytheon 74H05 
TI SN74H05 
Fairchild 74H08 
National DM74H08 
Fairchild 74H10 
National DM74H10 
NEe America p.PB74Hl0 
Raytheon 74H10 
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Manufacturer I Replacement Ie Master 
DevIce Source Device Page 

Signetics (cont'd) 

74Hl0 TI SN74Hl0 
74H102 Fairchild 74Hl02 

TI SN74Hl02 
74H103 Fairchild 74Hl03 

, Nationa! DM74H103 
TI SN74Hl03 

74Hl06 Fairchild 74H106 
National DM74H1'06 
TI SN74Hl06 

74Hl08 Fairchild 74H108 
National DM74H108 
TI SN74H108 

74H11 Fairchild 74Hll 
Nationa! DM74Hl1 

I 

Raytheor. 74H1i 
TI SN74Hll 

74H20 Fairchild 74H20 
National DM74H20 
NEG America p.P874H20 

I Raytheon 74H20 
TI SN74H20 

74H21 Fairchild 74H21 
National DM74H21 
TI SN74H21 I I 74H22 Fairchild 74H22 
NaUcnal D",174H22 
Raytheon 74H22 
TI SN74H22 

74H30 Fairchild 74H30 
National DM74H30 
NEG America J.lP874H30 
TI SN74H30 

74H40 Fairchild 74H40 
National DM74H40 
NEG America J.lP874H40 
Raytheon 74H40 
TI SN74H40 

74H50 Fairchild 74H50 
National DM74H50 
TI SN74H50 

74H51 Fairchild 74H51 
National DM74H51 
NEG Amenca p.P874H51 
TI SN74H51 

74H52 Fairchild 74H52 
National DM74H52 
TI SN74H52 

74H53 F8Jrchild 74H53 
National DM74H53 
TI SN74H53 

74H54 Fairchild 74H54 
National DM74H54 
TI SN74H54 

74H55 Fairchild 74H55 
National DM74H55 
TI SN74H55 

74H60 Fairchild 74H60 
National DM74H60 
TI SN74H60 

74H61 Fairchild 74H61 
TI SN74H61 

74H62 Fairchild 74H62 
National DM74H62 
TI SN74H62 

74H71 Fairchild 74H71 
National DM74H71 
Ti SN74H71 

74H72 Fairchild 74H72 
National DM74H72 
TI SN74H72 

74H73 F=~irt:'hild 71H73 
National DM74H73 
TI SN74H73 

74H74 Fairchild 74H74 
National DM74H74 
Raytheon 74H74 
TI SN74H74 

74H76 Fairchild 74H76 
National DM74H76 
TI SN74H76 

74LSOO Fairchild 74LSOO 
Hitachi HD74LSOO 
Motorola SN74LSOO 

• Discontinued 

Manufllc:turer I Replacement IC IIKter 
Device Source Device PIge 

74LSOO 

74LS01 

74LS02 

74LS03 

74LS04 

74LS05 

74LS08 

74LS09 

I 74LS10 

74LS107 

74LS109 

74LS~ ~ 

74LS112 

74LS113 

National DM74LSOO 
NEG America p.P874LSOO 
Raytheon 74LSOO 
TI SN74LSOO 
Fairchild SN74LS109A 
Hitachi HD74LS01 
National DM74LSOl 
Raytheon 74LSOl 
TI SN74LSOl 
Fairchild 74LS02 
Hitachi HD74LS02 
Motorola SN74LS02 
National DM74LS02 
NEG America J.lP874LS02 
Raytheon 74LS02 
TI SN74LS02 
Fairchild 74LS03 
Hitacnl HD74LS03 
Motorola SN74LS03 
National DM74LS03 
NEG America p.P874LS03 
Raytheon 74LS03 
TI SN74LS03 
Fairchild 74LS04 
Hitachi HD74LS04 
Motorola SN74LS04 
National DM?4! .. .s0'f 
NEG America J.lP874LS04 
Raytheon 74LS04 
TI SN74LS04 
FaiI'chiId 74lSOS 
Hitachi HD74LS05 
Motorola SN74LSOS 
National DM74LS05 
NEG America p.P874LS05 
Raytheon 74LS05 
TI SN74LSOS 
Fairchild 74LS08 
Motorola SN74LS08 
National DM74LS08 
NEG America p.P874LS08 
Raytheon 74LS08 
TI SN74LS08 
Fairchild 74LS09 
Hitachi HD74LS09 
Motorola SN74LS09 
National DM74LS09 
Raytheon 74LS09 
1"1 SN74LS09 
Fairchild 74lS10 
Hitachi HD74LS10 
Motorola SN74LS10 
National DM74LS10 
NEe America p.P874LS10 
Raytheon. 74LS 1 0 
TI SN74LS10 
Fairchild 7 4LS 107 
Hitachi HD74LS107 
Motorola SN74LS107A 
National DM74LS107 
Raytheon 74LS107 
TI SN74LS107 
Fairchild 74LS109 
Nationa! DM74LS109 
NEG America p.P874LS109 
Raytheon 74LS109 
TI SN74LS109A 
F~::-ch:!d 74LS~ 1 
Hitachi HD74LS11 
Motorola SN74LS11 
National DM74LS11 
NEG America p.P874LS11 
Raytheon 74LS11 

" SN74LSii 
Hitachi HD74LS112 
Motorola SN74LS112A 
National DM74LS112 
NEG America IlP874LS112 
Raytheon 74LS112 
TI . SN74LS112 
Fairchild 74LS113 
Hitachi HD74LS113 
Motoro!a SN74LS113A 
N~tinn~1 nU7J11 C:1i? 

NEG America p.P874LS113 
Raytheon 74LS113 

Manufacturer ,Reptacement ICllast. IlI1tUfac:turer I RepIIIcement ICII"'er 
DevIce Source Device PIgtI DevIce Source Device Page 

74LS113 TI SN74LSl13 74LS153 Fairchild 74LS153 
74LS114 Fairchild 74LS114 Hitachi HD74LS153 

Hitachi HD74LS114 Motorola SN74LS153 
Motorola SN74LS114A National DM74LS153 

National DM74LS114 NEe America p.P874LS153 
Raytheon 74LS114 Raytheon 74LS153 
TI SN74LSl14A TI SN74LS153 

74LS12 Fairchild 74LS12 74LS154 National DM74LS154 
Hitachi HD74LS12 74LS155 Fairchild 74LS155 
Motorola SN74LS12 Hitachi HD74LS155 
National DM74LS12 Motorola SN74LS155 
Raytheon 74LS12 • National DM74LS155 
TI SN74LS12 NEG America p.P874LS155 

74LS125 Fairchild 74LS125 Raytheon 74LS155 
National DM74LS125 TI SN74LS155 
Raytheon 74LS125 74L$156 Fairchild 74LSl56 
TI SN74LS125A Hitachi HD74LS156 

74LS126 Fairchild 74LS126 Motorola SN74LS156 
Motorola SN74LSl26 National DM74LSl56 
National DM74LSl26 Raytheon 74LS156 
Raytheon 74LS126 TI SN74LS156 
TI SN74LS126A 74LS157 AMD SN74LS157 

74LS13 Fairchild 74LS13 Fairchild 74LS157 
Hitachi HD74LS13 Motorola SN74LS157 
Motorola SN74LS13 National DM74LS157 
National DM74LS13 NEG America J.lP874LS157 
rlcitr,evn , .. LSi3 Ha neon /4LS157 

I 74L$132 
TI SN74LS13 
Fairchild 74LS132 74LS158 

yt 
TI SN74LS157 
AMD SN74LS158 

Hitachi HD74LS132 Fairchild 74LS158 
Motorola SNi4tSl32 HitaChi HD74LS1S8 
National DM74LS132 Motorola SN74LS158 
Raytheon 74LS132 National DM74LS158 
TI SN74LS132 Raytheon 74LS158 

74LS136 Fairchild 74LS136 Tl SN74LS158 
Hitachi HD74LS136 74LS160 AMD SN7 4LS 160 
Motorola SN74LS136 Fairchild 74LSl60 
National DM74LS136 Motorola SN74LS160A 
Raytheon 74LS136 National DM74LS160 
TI SN74LS136 Raytheon 74LSl60 

74LS138 AMD SN74LS138 TI SN74LS 160A 
Fairchild 74LS138 74LSl60A Hitachi HD74LS160A 
Hitachi HD74LS138 74LS161 AMD SN74LS161 
Motorola SN74LS138 Fairchild 74LS161 
NatIOnal DM74LS138 Motorola SN74LS161A 
NEe America ~PB74LS138 National DM74LS161 
Raytheon 74LS138 NEG America p.P874LS161 
TI SN74LS138 Raytheon 74LS161 

74LS139 AMD SN54LS139 TI SN74LS161A 
SN74LS139 74LS161A Hitachi HQ74LSi61 A 

Fairchild 54LS139 74LS162 AMD SN74LS162 
74LS139 Fairchild 74LS162 

Hitachi HD74LS139 Motorola SN74LS162A 
Motorola SN54LS139 National DM74LS162 

SN74LS139 Raytheon 74LS162 
National DM54LS139 TI SN74LS162A 

DM74LS139 74LS162A Hitachi HD74LS162A 
NEG America p.PB74LS139 74LS163 AMD SN74LS163 
Raytheon 54LS139 Fairchild 74LS163 

74LS139 Motorola SN74LS163A 
TI SN54LS139 National DM74LSl63 

SN74LS139 Raytheon 74LSl63 
74LS14 Fairchild 74lS14 TI SN74LS163A 

Hitachi HD74LS14 74LSi63A Hitachi HD74LS163A 
Motorola SN74LS14 74LS164 AMD SN74LS164 
National DM74lS14 Fairchild 74LS164 
Raytheon 74LS14 
Ti SN74LS14 

Hitachi HD74LSl64 
Motorola SN74LSl64A 

74LS145 TI SN74LS145 National DM74LS164 
74LS15 Fairchild 74LS15 NEG America p.P874LSl64 

Hitachi HD74LS15 Raytheon 74LS164 
Motorola SN74LS15 TI SN74LS164A 
National DM74LS15 74LS170 AMD SN74LS170 
Raytheon 74LS15 Fairchild 74LS170 
n SN74LS15 Motorola SN74LS170 

74LS151 AMD SN74LS151 National DM74LS170 
Fairchild 74LS151 Raytheon 74LS170 
Hitachi HD74LS151A TI SN74LS170 
Motorola SN74LS151 74LS173 Fairchild 74LS173 
National DM74LS151 National DM74LS173 
NEG America p.P874LS151 TI SN74LS173 
Raytheon 74LS151 74LS174 AMD SN74LS174 
TI SN74LS151 Fairchild 74LS174 

"7""IC'-4C;"r'I HUf4U:ilf4 
Raytheon 74LS152 Motorola SN74LS174 

74LS153 AMD SN74LS153 National DM74LS174 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement Ie Master 

=::turer I =~~ement Device 
Ie Master Manufacturer I Replacement IC Master Manufacturer I Replacement· Ie llaater 

Device Source Device Page Page Device Source Device Page Device Source Device Page 

Signetics (cont'd) 74LS22 Motorola SN74LS22 74LS27 Raytheon 74LS27 74LS37 Raytheon 74LS37 
National DM74LS22 TI SN74LS27 TI SN74LS37 
Raytheon 74LS22 74LS273 AMD SN74LS273 74LS373 AMD SN74LS373 

74LS174 Raytheon 74LS174 TI SN74LS22 Fairchild 74LS273 Fairchild 74LS373 
TI SN74LS174 74LS221 Motorola SN74LS221 TI SN74LS273 MMI 741.S373 505 

74LS175 AMD SN74LS175 National DM74LS221 74LS279 Fairchild 74LS279 Motorola SN74LS373 
Fairchild 74LS175 Raytheon 74LS221 Motorola SN74LS279 Raytheon 741.S373 543 
Hitachi HD74LS175 TI SN74LS221 National DM74LS279 TI SN74LS373 
Motorola SN74LS175 74LS240 AMD SN74LS240 NEG America p.PB74LS279 74LS375 Fairchild 74LS375 
National DM74LS175 Fairchild 74LS240 Raytheon 74LS279 Motorola SN74LS375 
NEG America p.P874LS175 MMI 74LS24O 768 TI SN74LS279 NEG America p.P874LS375 
Raytheon 74LS175 Motoroia SN74LS240 74LS28 Fairchild 74LS28 Raytheon 74LS375 
TI SN74LS175 Raytheon 741.S24O 522 Raytheon 74LS28 TI SN74LS375 

74LS181 AMD SN74LS181 TI SN74LS240 TI SN74LS28 74LS377 AMD SN74LS377 
Fairchild 74LS181 74LS241 AMD SN74LS241 74LS283 Fairchild 74LS283 Fairchild 74LS377 
Motorola SN74LS181 Fairchild 74LS241 Motorola SN74LS283 Raytheon 74lS3n 549 
Raytheon 74LS181 MMI 74LS241 768 National DM74LS283 TI SN74LS377 
TI SN74LS181 Motorola SN74LS241 Raytheon 74LS283 74LS378 AMD SN74LS378 

74LS190 AMD SN74LS190 Raytheon 74LS241 525 TI SN74LS283 Fairchild 74LS378 
Fairchild 74LS190 TI SN74LS241 74LS290 Fairchild 74LS290 TI SN74LS378 
Motorola SN74LS190 74LS242 AMD SN74LS242 Motorola, SN74 LS290 7'4LS38 Fairchild 74LS38 
National DM74LS190 Fairchild 74LS242 National DM74LS290 Hitachi HD74LS38 
Raytheon 74LS190 Motorola SN74LS242 TI SN74LS290 Motorola SN74LS38 
TI SN74LSl90 Raytheon 74LS242 528 74LS293 Fairchild 74LS293 National DM74LS38 

74LS191 AMD SN74LS191 TI SN74LS242 Motorola SN74LS293 NEG America p.PB74LS38 
Fairchild 74LS191 74LS243 AMD SN74LS243 National DM74LS293 Raytheon 74LS38 
Motorola SN7~LS191 Fairchild 74LS243 TI SN74LS293 TI SN74LS38 
National DM74LS191 Motorola SN74LS243 74LS295 Fairchild 74LS295 74LS386 Hitachi HD74LS386 
Raytheon 74LS191 Raytheon 741.S243 528 Motorola SN74LS295 Motorola SN74LS386 
TI SN74LS191 TI SN74LS243 NEG America p.P874LS295 National DM74LS386 

74LS192 AMD SN74LS192 74LS244 AMD SN74LS244 Raytheon 74LS295A Raytheon 14LS386 
Fairchild 74LS192 Fairchild 74LS244 TI SN74LS2958 TI SN74LS386 
Motorola SN74LS192 MMI 74LS244 768 74LS295A Raytheon 74LS295A 74LS395 Fairchild 74LS395 
National DM74LS192 Motorola SN74LS244 74LS298 ' Fairchild 74LS298 National DM74LS395 
NEG America p.PB74LS192 Raytheon 74LS244 525 Hitachi HD74LS298 Raytheon 74LS395 
Raytheon 74LS192 TI SN74LS244 Motorola SN74LS298 TI SN74LS395 
TI SN74LS192 74LS245 Motorola SN74LS245 Raytheon 74LS298 74LS40 Fairchild 74LS40 

74LS193 AMD SN74LS193 74LS251 ANID SN74LS251 TI SN74LS298 Hitachi HD74LS40 
Fairchild 74LS193 Fairchild 74LS251 74LS30 Fairchild 74LS30 Motorola SN74LS40 
Motorola SN74LS193 Hitachi HD74LS251 Hitachi HD74LS30 National DM74LS40 
National DM74LS193 Motorola ' SN74LS251 Motorola . SN74LS30 NEG America p.P874LS40 
NEG America p.PB74LS193 National DM74LS251 National DM74LS30 Raytheon 74LS40 
Raytheon 74LS193 .NEG America p.P874LS251 NEG America- p.PB74LS30 TI SN74LS40 
TI SN74LS193 Raytheon 74LS251 Raytheon 74LS30 74LS42 Fairchild 74LS42 

74LS194A AMD SN74LS194A TI SN74LS251 TI SN74LS30 Hitachi HD74LS42 
Fairchild 74LS194 74LS253 AMD SN74LS253 74LS32 Fairchild 74LS32 Motorola SN74LS42 
Hitachi HD74LS194A Fairchild 74LS253 Hitachi HD74LS32 National DM74LS42 
Motorola SN74LS194 Hitachi HD74LS253 Motorola ' SN74LS32 NEG America p.P874LS42 
National DM74LS194 Motorola SN74LS253 National DM74.LS32 Raytheon 74LS42 
NEG America p.P874LS194 National DM74LS253 NEG America p.PB74LS32 TI SN74LS42 
Raytheon 74LS194A NEG America p.P874LS253 Raytheon 74LS32 74LS48 , Motorola SN74LS48 
TI SN74LS194A Raytheon 74LS253 TI SN74LS32 74LS51 Fairchild 74LS51 

74LS195A AMD SN74LS195A TI SN74LS253 74LS33 Fairchild 74LS33 Hitachi HD74LS51 
Fairchild 74LS195 74LS257 AMD SN74LS257 Raytheon 74LS33 Motorola SN74LS51 
Hitachi HD74LS195A Fairchild 74LS257 TI SN74LS33 NatiOnal DM74LS51 
Motorola SN74LS195 Hitachi HD74LS257 74LS365 Fairchild 74LS365 NEG America p.P874LS51 
National DM74LS195 Motorola SN74LS257A Motorola SN74LS365 Raytheon 74LS51 
NEG America p.P874LS195 National DM74LS257 National DM74LS365 TI SN74LS51 
Raytheon 74LS195A NEG America p.PB74LS257 NEG America p.PB74LS365 74LS54 Fairchild 74LS54 
TI SN74LS195A Raytheon 74LS257 Raytheon 74LS365 ' Hitachi HD74LS54 

74LS196 Fairchild 74LS196 TI SN74LS257A TI SN74LS365 Motorola SN74LS54 
Motorola SN74LSl96 74LS258 AMD SN74LS258 74LS366 Fairchild 74LS366 National OM74LS54 
National DM74LS196 Fairchild 74LS258 Motorola SN74LS366 NEG America .p.P874LS54 
Raytheon 74LS196 Motorola SN74LS258A. National OM74LS366 Raytheon 74LS54 
TI SN74LSl96 National DM74LS258 NEG America p.PB74LS366 TI SN74LS54 

74LS197 Fairchild 74LS197 NEG America p.P874LS258 Raytheon 74LS366 74LS55 Fairchild 74LS55 
Motorola SN74LS197 Raytheon 74LS258 TI SN74LS366 Hitachi HD74LS55 
National DM74LS197 TI SN74LS258A 74LS367 Fairchild 74LS367 Motorola SN74LS55 
Raytheon 74LS197 74LS26 Fairchild 74LS26 Hitachi HD74LS367 NatiOnal DM74LS55 
TI SN74LS197 Hitachi HD74LS26 Motorola SN74LS367 NEG America itP874LS55 

74LS20 Fairchild 74LS20 Motorola SN74LS26 National DM74LS367 Raytheon 74LS55 
Hitachi HD74LS20 National DM74LS26 NEG America p.PB74LS367 TI SN74LS55 
Motorola SN74LS20 Raytheon 74LS26 Raytheon 74LS367 74LS670 Fairchild 74LS670 
National DM74LS20 TI SN74LS26 TI SN74LS367 Motorola SN74LS670 
NEG America p.PB74LS20 74LS260 Fairchild 74LS260 74LS368 Fairchild 74LS368 National DM74LS670 
Raytheon 74LS20 74LS261 Raytheon 74LS261 Hitachi HD74LS368 Raytheon 74LS670 
TI SN74LS20 TI SN74LS261 Motorola SN74LS368 TI SN74LS670 

74LS21 Fairchild 74LS21 74LS266 Fairchild 74LS266 National DM74LS368 74LS73 Fairchild 74LS73 
Hitachi HD74LS21 Motorola SN74LS266 NEG America p.PB74LS368 Hitachi HD74LS73 
Motorola SN74LS21 Raytheon 74LS266 Raytheon 74LS368 Motorola SN74LS73A 
National DM74LS21 TI SN74LS266 TI SN74LS368 National QM74LS73 
NEG America p.P874LS21 74LS27 Fairchild 74LS27 74LS37 Fairchild 74LS37 Raytheon 74LS73 
Raytheon 74LS21 Hitachi HD74LS27 Hitachi H074LS37 TI SN74LS73A 
TI SN74LS21 Motorola SN74LS27 Motorola SN74LS37 74LS74 Fairchild 74LS74 

74LS22 Fairchild 74LS22 NatiOnal DM74LS27 National DM74LS37 Hitachi HD74LS74A 
Hitachi HD74LS22 NEG America p.P874LS27 NEG America p.PB74LS37 Motorola SN74LS74A 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Ie MASTER 
MlIlUfaeturer I Replacement IC Master =~urer ! ==ement Device 

IC Master 
Device Source Device Page Page 

Signetics (cont' d) 74809 Fairchild 74809 
8ignetics 74809 
TI 8N74809 

74L874 National DM74L874 74810 Fairchild 74810 

NEe America ,...PB74L874 Hitachi HD74810 

Raytheon 74L874 Mitsubishi M5S010 

TI 8N74L874A National DM74810 
74L875 Motorola 8N74L875 TI SN74810 

National DM74L875 74811 Fairchild 74811 

Raytheon 74L875 Hitachi HD74811 

TI 8N74L875 Mitsubishi M5S011 

74LS76 Fairchild 74L876 . National DM74811 

Hitachi HD74L876 TI 8N74811 

Motorola 8N74LS76A 748112 Fairchild 748112 

National DM74L876 Hitachi HD748112 
Raytheon 74L876 Mitsubishi M58112 
TI 8N74LS76 Motorola 8N74S112 

74LS78 Fairchild 74L878 Nationa! DM748n2 
Hitachi HD74LS78 TI 8N748112 
Motorola 8N74LS78A 74S113 Fairchild 748113 
National DM74L878 Hitachi HD748113 

~ 

Raytheon 74L878 Mitsubishi M5S113 
TI 8N74L878 Motorola 8N74S113 

74LS83 Fairchild 74LS83 National DM74S113 

Motorola 8N74L883A TI SN74S113 
National DM74L883 748114 Fairchild 748114 

DM74L883A Hitachi HD748114 

Raytheon 74L883 Mitsubishi M5S114 
74L883A Nationa! D~ .. ~74S114 

TI 8N74L883A TI SN74S114 

74LS85 Fairchild 74LS85 74S133 Fairchild 748133 
Motorola 8N74LS85 Hitachi HD74S133 
National DM74LS85 Mitsubishi M5S133 
Raytheon 74L885 National DM748133 
TI SN74LS85 TI SN748133 

74LS86 Fairchild 74LS86 74S134 Fairchild 74S134 
Hitachi HD74LS86 Hitachi HD748134 
Motorola SN74LS86 National DM748134 
NEe America J-lPB74LS86 TI SN748134 
Raytheon 74LS86 748135 Fairchild 748135 
TI SN74L886 Hitachi HD748135 

74L889 Motorola 8N74LS89 National DM74S135 
74L890 Fairchild 74L890 TI 8N74S135 

Motorola SN74LS90 748138 AMD SN74S138 
Raytheon 74L890 Fairchild 74S138 
TI 8N74LS90 Mitsubishi M5S138 

74LS92 FairChild 74L892 National DM74S138 
Hitachi HD74LS92 TI 8N74S138 
Motorola 8N74LS92 745139 AMD SN74S139 
Raytheon 74LS92 Fairchild 748139 
Tf SN74lS92 National DM74S139 

74LS93 Fairchild 74LS93 TI SN74S139 
Motorola 8N74L893 74S140 Fairchild 748140 
Raytheon 74LS93 Hitachi HD748140 
TI SN74LS93 National DM748140 

74L895B Fairchild 74LS95 Tt SN71P140 
Hitachi HD74L895B 74S15 Fairchild 74815 
Motorola SN74L895 Hitachi HD74815 
Raytheon 74LS95B Mitsubishi M5S015 
TI SN74LS95B National DM74815 

74LS96 Tl SN74LS96 TI 8N74815 
74800 Fairchild 74800 748151 AMD SN74S151 

Hitachi HD74Soo Fairchild 748151 
Mitsubishi M5S000 Hitachi HD748151 
National DM74Soo Mitsubishi M5S151 
Tl 8N748oo National DM74S151 

74S02 Fairchild 74502 TI 8N74S151 
National DM74S02 748153 AMD SN74S153 
TI SN74S32 Fairchild. 74S153 

74803 Fairchild 74S03 Mitsubishi M5S153 
Hitachi HD74S03 National DM74S153 
Mitsubishi M5S003 Tl 8N74S153 
National DM74S03 74S157 AMD SN74S157 
TI SN74S03 FlIir()hiltj 748157 

74804 Fairchild 74804 Mitsubishi M5S157 
Hitachi HD74S04 National DM74S157 
Mitsubishi M5Soo4 TI 8N74S157 
National DM74804 74S158 AMD SN74S158 
TI SN74804 Fairchild 748158 

74S05 Fairchild 74S05 Mitsubishi M58158 
Hitachi HD74805 National DM74S158 
Mitsubishi M5S005 TI SN74S158 
National DM74805 748174 AMD SN748174 
TI 8N74S05 Fairchild 745174 
I Qu\..,mu , .. "vo Hitachi HD748174 
TI 8N74808 Mitsubishi M55174 

• Discontinued 

IC Master Manufacturer I Replacement 
Device . Source Device Page 

74S174 

748175 

748181 

748182 

748194 

74S195 

.74S195 
748196 
748197 I 74S2O 

748200 

748201 

74S22 

74S251 

74S253. 

74S257 

74S258 

74S280 

748301 

74532 
74837 
74840 

74S51 

74S64 

74865 

National 
TI 
AMD 
Fairchild 
Hitachi 
Mitsubishi 
National 

" 
AMD 
Fairchild 

Hitachi 
Mitsubishi 
TI 
Fairchild 
HitaChi 
Mitsubishi 
Nationai 
TI 
AMD 
Fairchild 
TI 
AMD 
Fairchild 
TI 
TI 
TI 

Fairchild 
Httachi 
Mitsubishi 
National 
Tl 
National 
NEC Micro 
TI 

MMI 
TI 
Fairchild 
Hitachi 
Mitsubishi 
National 
TI 
AMD 
Fairchild 
Hitachi 
Mitsubishi 
National 
TI 
AMD 
Fairchild 
National 
AMD 
Fairchild 
Mitsubishi 
National 
TI 
AMD 
Fairchild 
Mitsubishi 
Tl 
Fairchild 
National 
Tl 
Raytheon 
TI 

Fa!rch:!d 
Tl 
Fairchild 
Hitachi 
Mitsubishi 
National 

" Fairchild 
Mitsubishi 
National 
TI 
Fairchild 
Hitachi 
National 
TI 
Fairchild 
Hitll()hi 

National 
TI 

DM748174 
8N748174 
8N748175 
748175 
HD748175 
M58175 
DM748175 
SN74S175 
8N748181 
938141 
93841 
HD748181 
M5S181 
8N748181 
93842 
HD748182 
M58182 
DM·,4S182 
SN748182 
8N74S194 
748194 
8N748194 
SN748195 
93800 
SN748195 
8N748196 
8N?4S197 
74820 
HD74S20 
M5S020 
DM74S20 
8N74S20 
DM74S2oo 
J-lPB2206 
SN74S2ooA 
SN74S201 
6531 
SN748201 
74S22 
HD74822 
M5S22 
DM74S22 
8N74S22 
SN74S251 
74S251 
HD74S251 
M58251 
DM748251 
SN748251 
SN74S253 
748253 
DM74S253 
SN748257 
748257 
M5S257 
DM748257 
SN74S257 
SN74S258 
748258 
M58258 
SN748258 
748280 
DM74S280 
SN74S280 
RC5330 
8N74S300 
8N74S301 
74532 
SN74S37 
74S40 
HD74S40 
M5S040 
DM74S40 
SN74S ... v 
74S51 
M5S051 
DM74851 
SN74S51 
74S64 
HD74S64 
DM74S64 
8N74S64 
74865 
Hn74~~'" 

DM74S65 
8N74865 

Manufacturer I Replacement Ie Master 
Device Source Device Page 

74885 Mitsubishi M58085 
TI 8N74885 

74886 Fairchild 74886 
Hitachi HD74S86 
National DM74886 
TI 8N74886 

74889 Fairchild 748289 
1400 Fairchild 7400 

Hitachi HD7400 
Mitsubishi M53200 
Motorola MC7400 
National DM7400 
NEe America ,...PB74oo 
TI SN7400 
Toshiba TC7400 
TRW 7400 

7401 Fairchild 7401 
HitaChi HD7401 
Mitsubishi M53201 
Motorola MC7401 
National DM7401 
Tl 8N7401 
TRW 7401 

17~ Fairchild 7402 
Hitachi HD7402 
Mitsubishi M53202 
Motorola MC7402 
National DM7402 
NEe America J.tPB7402 
TI SN7402 
TRW 1402 

7403 Fairchild 7403 
Hitachi HD7403 
Mitsubishi M53203 
Motorola MC7403 
National . DM7403 
Tl 8N7403 
TRW 7403 

7404 Fairchild 7404 
Hitachi HD7404 
Mitsubishi M53204 
Motorola MC7404 
National DM7404 
NEe America ,...PB7404 
TI SN7404 
Toshiba TC7404 
TRW 7404 

7405 Fairchild 7405 
Hitachi HD7405 
Mitsubishi M53205 
Motorola MC7405 
National DM7405 
NEe America J-lPB7405 
TI SN7405 
TRW 7405 

7406 Fairchild 7406 
Hitachi HD7406 
Mitsubishi M53206 
Motorola MC7406 
National DM7406 
TI SN7406 
TRW 7406 

7407 Fairchild 7407 
Hitacroi HD740i 
Mitsubishi M53207 
Motorola MC7407 
National DM7407 
Ti SN7407 
TRW 7407 

7408 Fairchild 7408 
Hitachi HD7408 
Mitsubishi M53208 
Motorola MC7408 
NatlOl18l DM7408 
Tl SN7408 
Toshiba TC7408 
TRW 7408 

7409 Fairchild 7409 
Hitachi HD7409 
Mitsubishi M53209 
Motorola MC7409 
National DM7409 
TI SN7409 

7410 Fairchild 7410 
Hitachi HD7410 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement IC Master ~~ I=:-t Device 

IC Master Manufacturer I Replacement IC Master Manufac:turer I RepIKement IC Master 
Deva S~e Deva Page Page Device . Source Device Page Device Source Device Page 

Signetics (cont'd) 74145 TRW 74145 74161 Motorola MC74161 74181 Mitsubishi M53381 
74147 Hitachi HD74147 National DM74161 Motorola MC74181 

Mitsubishi M53347 NEG America I1PB74161 National DM74181 

7410 Mitsubishi M53210 National DM74147 TI SN74161 NEG America I1PB74181 
Motorola MC7410 NEG America I1PB74147 TRW 74161 TI SN74181 

National DM7410 TI SN74147 74162 AMD SN74162 74182 AMD SN74182 

NEG America I1PB7410 74148 Fairchild 9318 Fairchild 74162 Fairchild 74182 
TI SN7410 Hitachi HD74148 Hitachi HD74162 Mitsubishi M53382 

SN7427 Mitsubishi M53348 Mitsubishi M53362 Motorola MC74182 
Toshiba TC7410 National DM74148 Motorola MC74162 National DM74182 
TRW 7410 NEG America I1PB74148 National DM74162 NEG America JlPB74182 

74100 Motorola MC741 00 TI SN74148 TI SN74162 TI SN74182 

TI SN74100 74150 Fairchild 74150 TRW 74162 74190 Fairchild 74190 

74107 Fairchild 74107 Hitachi HD74150 74163 AMD SN74163 Hitachi HD74190 

Hitachi HD74107 Mitsubishi M53350 Fairchild 74163 Mitsubishi M53390 -Mitsubishi M53307 Motorola MC74150 Hitachi HD74163 Motorola MC74190 

Motorola MC74107 National DM74150 Mitsubishi M53363 National DM74190 

National DM74107 NEG America JlPB74150 Motorola MC74163 TI SN74190 

NEG America I1PB74107 TI SN74150 National DM74163 74191 Fairchild 74191 

TI SN74107 TRW 74150 TI SN74163 Hitachi HD74191 

74109 Fairchild 9024 74151 Fairchild 74151 TRW 74163 Mitsubishi M53391 

National DM74109 Hitachi HD74151 74164 AMD 74164 Motorola MC74191 

TI SN74109 Mitsubishi M53351 Fairchild 74164 National DM74191 

7411 Fairchild 7411 Motorola MC74151 Hitachi HD74164 TI SN74191 

Hitachi HD7411 National DM74151 Mitsubishi M53364 74192 AMD SN74192 

National DM7411 NEG America I1PB74151 National DM74164 Fairchild 74192 

74116 Fairchild 74116 TI SN74151 NEG America JlPB74164 Mitsubistii M53392 
TI SN74116 TRW 74151 TI SN74164 Motorola MC74192 

7412 Fairchild 7412 74153 Fairchild 74153 74165 Fairchild 74165 National DM74192 

Hitachi HD7412 Mitsubishi M53353 Mitsubishi M53365 NEe America JlPB74192 
TI SN7412 Motorola MC74153 Motorola MC74165 TI SN74192 
TRW 7412 National DM74153 National DM74165 74193 AMD SN74193 

74121 Fairchild 74121 NEG America ","PB74153 TI SN74165 Fairchild 74193 

Hitachi HD74121 TI SN74153 74166 Fairchild 74166 Mitsubishi M53393 

Mitsubishi M53321 TRW 74153 Hitachi HD74166 Motorola MC74193 

Motorola MC74121 74154 AMD SN74154 Mitsubishi M53366 National DM74193 

National DM74t21 Fairchild 74154 National DM74166 NEe America JlPB74193 

TI SN74121 Mitsubishi M53354 n SN74166 T1 SN74193 

• TRW 74121 Motorola MC74154 7417 Fairchild 7417 74194 AMD SN74194 

74122 Fairchild 74122 National DM74154 Hitachi HD7417 Fairchild 74194 

Mitsubishi M53322 NEe America I1PB74154 Mitsubishi M53217 Hitachi HD74194 

Motorola MC74122 TI SN74154 Motorola MC7417 Motorola MC74194 

TI SN74122 TRW 74154 National DM7417 National DM74194 

74123 AMD SN74123 74155 Fairchild 74155 TI SN7417 TI SN74194 

Fairchild 74123 Mitsubistii M53355 TRW 7417 74195. AMD SN74195 

Mitsubishi M53323 Motorola MC74155 74170 Fairchild 74170 Fairchild 74195 

Motorola MC74123 National DM74155 Mitsubishi M53370 Motorola MC74195 

National DM74123 NEG America JlPB74155 NatiOnal DM74170 Natio~1 DM74195 

NEG America I1PB74123 TI SN74155 NEG America ILPB74170 NEG America JlPB74195 

TI SN74123 TRW 74155 TI SN74170 TI SN74195 

TRW 74123 74156 Fairchild 74156 74172 TI SN74172 74196 Fairchild 74196 

74125 Fairchild 74125 Hitachi HD74156 74174 AMD SN74174 Motorola MC74196 

Hitachi HD74125 Mitsubishi M53356 Fairchild 74174 National DM74196 

Mitsubishi M53325 Motorola MC74156 Hitachi HD74174 TI SN74196 

National DM74125 National DM74156 Mitsubishi M53374 74197 Fairchild 74197 

TJ SN74125 NEe America I1PB74156 Motorola MC74174 Motorola MC74197 

74126 Fairchild 74126 TI SN74156 National DM74174 National DM74197 

Hitachi HD74126 TRW 74156 TI SN74174 TI SN74197 

Mitsubishi M53326 74157 AMD SN74157 74175 AMD SN74175 74198 Fairchild 74198 

National DM74126 Fairchild 74157 Fairchild 74175 Hitachi HD74198 

TI SN74126 Hitachi HD74157 -Hitachi HD74175 Mitsubishi M53398 

74128 TI SN74128 Mitsubishi M53357 Mitsubishi M53375 National DM74198 

7413 Fairchild 7413 Motorola MC74157 Motorola MC74175 NEG America I1PB74198 

Mltsubishi M53213 National DM74157 - National DM74175 TI SN74198 

Motorola MC7413 NEG America I1PB74157 NEG America I1PB74175 74199 Fairchild 74199 

National DM7413 TI SN74157 TI SN74175 Mitsubishi M53399 

NEG America I1PB7413 74158 Mitsubishi M53358 74176 Fairchild 74176 National DM74199 

TI SN7413 7416 Fairchild 7416 Mitsubishi M53376 TI SN74199 

TRW 7413 Hitachi HD7416 Motorola MC74176 7420 Fairchild 7420 

74132 Fairchild 74132 Mitsubishi M53216 National DM74176 Hitachi HD7420 

Hitachi HD74132 Motorola MC7416 TI SN74176 Mitsubishi M53220 

Mitsubishi M53332 National DM7416 74177 Fairchild 74177 Motorola MC7420 

Motorola MC74132 TI SN7416 Mitsubishi M53377 National DM7420 

National DM74132 TRW 7416 Motorola MC74177 NEe America I1PB7420 

TI SN74132 74160 AMD SN74160 National DM74177 TI SN7420 

7414 Fairchild 7414 Fairchild _ 74160 TI SN74177 T(}shiba TC7420 

Hitachi HD7414 Hitachi HD74160 74180 Fairchild 74180 TRW 7420 

Mitsubishi M53214 Mitsubishi M53360 Hitachi HD74180 74200 Raytheon RC5340 

Motorola MC7414 Motorola MC74160 Mitsubishi M53380 7421 Fairchild 7421 

National DM7414 National DM74160 Motorola MC74180 74221 TI SN74221 

TI SN7414 TI SN74160 National DM74180 7426 Fairchild 7426 

74145 Fairchild 74145 TRW 74160 NEG America I1PB74180 Hitachi HD7426 

Mitsubishi M53345 74161 AMD SN74161 TI SN74180 Motorola MC7426 

Motorola MC74145 Fairchild 74161 TRW 74180 National DM7426 

National DM74145 Hitachi HD74161 74181 AMD SN74181 TI SN7426 

TI SN74145 Mitsubishi . M53361 Fairchild 74181 TRW 7426 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements. 
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Ie MASTER 
Manufacturer I Replacement i D1!vice , Source DeviCe 

Ie Master 
Page 

I Signetics (cont'd) 

7427 

14279 

7428 
74298 

7430 

7432 

7433 

7438 

7439 
7440 

7442 

7443 

7444 

7445 

7446 

7447 

Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Fairchild 
TI 
TI 
Fairchild 
Motorola 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
TI 
TRW 
Fairchild 
Hitachi 
National 
TI 
TI 

Mitsubishi 
Motorola 
National 
NEe America 
TI 
TRW 
Fairchild 
Mitsubishi 
Motorola 
National 
NEG America 
TI 
TRW 
Fairchild 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 

7427 
HD7427 
M53227 
MC7427 
DM7427 
74279 
SN74279 
SN7428 
74298 
MC74298 
SN74298 
7430 
HD7430 
M53230 
MC7430 
DM7430 
IlPB7430 
SN7430 
7430 
7432 
HD7432 
DM7432 
SN7432 
SN7433 
74~7 

M53237 
MC7437 
DM7437 
J.lPB7437 
SN7437 
7437 
7438 
M53238 
MC7438 
DM7438 
J.lPB7438 
SN7438 
7438 
7439 
7440 
HD7440 
M53240 
MC7440 
0M?440 

NEG America IlPB7440 
TI SN7440 
TRW 

TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
TI 
Fa;rchild 
Hitachi 
Mitsuhishi 
Motorola 

" Fairchild 
Mitsubishi 
Motorola 
National 
NEG America 
Ti 
TRW 
Fairchild 
Motorola 
National 
TI 
Fairchild 
Mitsubishi 
Motorola 
National 

7440 
HD7441 
SN74141 
7442 
H07442 
M53242 
MC7442 
OM7442 
/-LPB7442 
SN7442 
7443 
H07443 
M53243 
MC7443 
SN7443 
7444 
HD7444 
M53244 
MC7444 
SN1444 
7445 
M53245 
MC7445 
OM7445 
IlPB7445 
SN7445 
7445 
7446 
MC7446 
OM7446 
SN7446 
7447 
M53247 
MC7447 
OM7447 

"",t:'(' A,.... ...... ; ...... ,.-, ... ,~-:,~~:-

TI SN7447 

• Discontinued 

7448 Fairchild 7448 

7450 

7451 

7453 

I 7454 

7460 

7470 

7472 

7473 

7474 

7475 

7476 

Mitsubishi M53248 
Motorola MC7448 
National OM7448 
TI SN7448 
Fairchild 
Hitachi 
Mitsubi!lhi 
Motorola 
National 
NEG America 
TI 
TRW 
Fairchild 
Hitachi 
Motorola 
National 
NEG America 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
TI 
TRW 
Fairchild 
Hitachi 
Motorola 
National 
NEG America 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
TI 
Fairchild 
Hitachi 
Mitsubisht 
Motorola 
National 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
n 
Fairchild 
HitactJi 
Mitsubishi 
Motorola 
National 
NEG America 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
\I 

TRW 

7450 
HD7450 
M53250 
MC7450 
DM7450 
J.lPB7450 
SN7450 
7450 
7451 
HD7451 
MC7451 
DM7451 
/lPB745~ 

SN7451 
7451 
7453 
H07453 
M53253 
MC7453 
DM7453 
/-lPB7453 
SN7453 
7453 
7454 
H02514 
MC7454 
DM7454 
/-lPB7454 
SN7454 
7454 
7460 
HD7460 
M53260 
MC7460 
OM7460 
/-lPB7460 
SN7460 
7460 
7470 
HD7470 
M53270 
MC7470 
0:1117470 
SN7470 
7472 
HD7472 
M53272 
MC7472 
OM7472 
SN7472 
7472 
7473 
H07473 
M53273 
MC7473 
OM7473 
/-lPB7473 
SN7473 
7474 
HD7474 
M53274 
MC7474 
DM7474 
/-lPB7474 
SN7474 
7474 
7475 
HD7475 
M53:>75 
MC7475 
OM7475 
SN7475 
7475 
7476 
H07476 
M53276 
MC7476 
OM7476 
/-lPB7476 
::)N1476 
7476 

Ie Mllter 
Page 

7477 

7480 

7463 

7485 

7486 

7488 
7489 

7490 

7491 

I 7492 

7493 

7494 

I 7495 

7496 

75S107 
75S108 
75107 

Fairchild 
Motorola 
TI 
Fairchild 
Mitsubishi 
Motorola 
NEC America 
Tl 
Fairchild 
Mitsubishi 
Motorola 
National 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 

7477 
MC7477 
SN7477 
7480 
M53280 
MC7480 
/-lPB7480 
SN1480 
7483 
M53283 
MC7483 
OM7463 
SN7463 
7485 
H07485 
M53285 
MC7465 
OM7465 
/-lPB7485 
SN7485 
7485 
7486 
HD7486 
M53266 
MC7466 
OM7486 

Ie Master 
Page 

~G .A.~!"!ce ;.:.pa7485 
TI SN7486 
TRW 
TI 
Hitachi 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
TI 

TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
TI 

Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
TI 

TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
TI 

TRW 
Fairchild 
Hitachi 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
TI 

Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
TI 
TRW 
TI 
TI 
AMD 
National 
Raytheon 

7486 
SN7488A 
HD74$ 
SN7489 
7490 
HD7490 
M53290 
MC7490 
DM7490 
SN7490 
SN7490A 
7490 
7491 
H07491 
M53291 
MC7491 
OM7491 
/-lPB7491 
SN7491 
SN7491A 
7492 
HD7492 
M53292 
MC7492 
OM7492 
SN7492 
SN7492A 
7492 
7493 
HD7493 
M53293 
MC7493 
DM7493 
SN7493 
SN7493A 
7493 
7494 
H07494 
SN7494 
7495 
H07495 
M53295 
MC7495 
OM7495 
SN7495 
Sj,j74~5A 

7496 
H07496 
M53296 
MC7496 
DM7496 
SN7496 
7496 
SN75S107 
SN75S108 
~N7a:;1n7 

OS75107 
RC75107 

Manufacturer I Replacement 
Device Source DeviCe 

75107 
75108 

7520 

7522 

+7523 

75232 
75234 
7524 

7528 
75324 
75325 
75361 
75450 

75451 

75452 
75453 
75454 
7550 
8080A 
82S10 
82S123 
93425 

TI 
AMO 
National 
Raytheon 
TI 
AMO 
Motorola 
National 
Silicon G 
TI 
Motorola 
Silicon G 
TI 
Motorola 
National 
Silicon G 
TI 
Motorola 
Silicon G 
TI 
TI 
TI 
AMD 
Fairchild 
Motorola 
National 
Siiicon G 
TI 
AMO 
Motorola 

Silicon G 
TI 
TI 
TI 
TI 
TI 
Fairchild 
National 
Raytheon 
Silicon G 
TI 
Fairchild 
National 
Raytheon 
Silicon G 
TI 
TI 
TI 
TI 
Hitachi 
National 
AMI 
Intersil 
AMI 

SN75107 
SN75108 
OS75108 
RC75108 
SN75108 
SN7520 
MC7520 
OS7520 
SG7520 
SN7520 
MC7521 
SG7521 
SN7520 
MC7522 
OS7522 
SG7522 
SN7522 
MC7523 
SG7523 
SN7522 
SN75232 
SN75234 
SN7524 
75S24 
MC7524 
OS7524 
SG7524 
SN7524 
SN7525 
MC7525 
SN7525 
SG7525 
SN7524 
SN7526 
SN75324 
SN75325 
SN75361 
75450 
OS75450 
RC75450 
SG75450 
SN75450 
75451 
OS75451 
RC75451 
SG75451 
SN75451 

, SN75452 

SN75453 
SN7S454 
H02506 
8080A 
S4015 
IM561 0 
54025 

Silicon General 

SG101 

SG102 
SG104 

SG105 

SG107 

SG108 

AMO 
Intersil 
Motorola 

Nationa' 
RCA 

Signetics 
TI 
Motorola 
Motorola 
TI 
AMO 
Intersi! 
Motorola 
National 
Raytheon 
TI 
AMO 
Intersil 
Motorola 
National 
Raytheon 
RCA 

LM101 
LM101 
LM101 
lM101 
CA101 
CA748 
LM101 
LM10l 
LM110 
LM104 
LM104 
LM105 
LM105 
LM105 
LM105 
LM105 
LM105 
LM107 
LM107 
LM107 
LM107 
LM107 
CA107 

Signetics lM107 

AMD 
Intersil 

LM106 
LM108 

Ie MI.ter 
Page 

1203 

1203 

1035 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Ihnufacturer \ Replacement IC Master Manufacturer I Replacement ICMaster Manufacturer I RepIacem8nt lC .... ter Manuracturer 1 Replacement IC Master 
DevIce SOUrce Device Page DevIce Source Device Page DeYic:e Source DevIce Page DevIce Source DeYic:e Page 

Silicon General (contJ~) SG2002 Exar XR2202 931 SG305 TI LM305 SG556 Motorola MC3456 
Fairchild 9666 SG3058 RCA CA3058 MC3556 
SGS L202 SG3059 RCA CA3059 SigneticS NE556 

SG108 Motorola LM108 SigneticS NE5502 SG307 AMD LM307 SE556 

National LM108 1035 ULN2002 Motorola LM307 SG710 Motorola MC1710 

Raytheon LM108 Sprague ULN-2002 National LM307 National LM710 

RCA CA108 TI ULN2002 Raytheon LM307 Raytheon RC710 

Signetics LM108 SG2003 Exar XR2203 931 RCA CA307 RM710 

SG109 Motorola LM109 Fairchild 9667 Signetics LM307 SignetiCs /lA71 0 

National LM109 SGS L203 TI LM307 TI /lA71 0 

Raytheon LM109 Signetics NE5503 SG3079 RCA CA3079 SG711 Motorola MC1711 

Signetics LM109 ULN2003 SG308 AMO LM308 National LM711 

TI LM109 Sprague ULN-2003 Motorola LM308 Raytheon' RC711 

SG110 AMO LM110 TI ULN2003 National LM308 RM711 

Intersil LM110 SG201 AMO LM201 Raytheon LM308 Signetics /lA711 

Motorola LM110 Intersil LM201 RCA CA308 TI /lA711 

National LM110 Motorola LM201 Signetics LM308 5G723 - AMO 723 

SG111 AMO LM111 National LM201 SG3081 RCA CA3081 Intersi! 723 

Intersil LM111 RCA CA201 Signetics CA3081 Motorola MC1723 

Motorola LM111 Signetics LM201 SG3082 RCA CA3082 National LM723 

National LM111 TI LM201 Signetics CA3082 Raytheon RC723 

Raytheon LM111 5G202 Motorola LM210 SG3083 RCA CA3083 ~M723 

RCA CA111 SG204 Motorola LM204 Signetics CA3083 RCA CA723 

TI LM111 SG205 AMO LM205 SG3086 Motorola MC3386 Signetics /lA723 

SG124 Motorola LM124 Intersil LM205 SG309 Motorola LM309 TI /lA723 

Signetics LM124 Motorola LM205 National LM309 SG733 AMO 733 

SG139 Motorola MLM139 National LM205 Raytheon LM309 Motorola MC1733 

Signetics LM139 Raytheon LM205 5ignetics LM309 Raytheon RC733 

SG139A PMI CMP-04 SG2Q7 AMO lM207 TI LM309 RM733 

PM139A Intersi! LM207 SG310 Motorola LM310 Signetics /lA733 

SG1403 Motorola MC1403 Motorola LM207 National LM310 TI I1A733 

SG1436 Motorola MC1436 National LM207 SG311 AMO LM311 SG741 AMO 741 

SG1456 Motorola MC1456 Raytheon LM207 Motorola LM311 Motorola MC1741 

Signetics MC1456 RCA CA207 National LM311 National LM741 1035 

TI MCi456 5ignetics LM207 Raytheon LM311 PMI SSS741 

SG1458 Exar XR1458 TI LM207 RCA CA311 Raytheon RC741 

Harris HA-2655 986 SG208 AMO LM208 Signetics LM311 RM741 

Motorola MC1458 Intersil LM208 TI LM311 RCA CA741 

PMI S551458 Motorola LM208 SG3183 5ignetics CA3183 Signetics p.A741 

Raytheon RC1458 National LM208 SG324 Motorola LM324 TI p.A741 

RCA CA1458 Raytheon LM208 RCA CA324 SG747 , AMO 747 

Signetics MC1458 RCA CA208 Signetics LM324 Motorola MC1747 

TI MC1458 Signetics LM208 SG339 Motorola LM339 National LM747 

SG1468 Motorola MC1468 SG209 Motorola LM209 RCA CA339 PMI SSS747 

SG1488 AMO MC1488 National LM209 Signetics LM339 Raytheon RC747 

Exar XR1488 5ignetics LM209 SG339A PMI CMP-04 RM747 

National OS1488 TI SG209 PM339A RCA CA747 

Raytheon RC1488 SG210 AMO LM210 SG340-12 Motorola MC7812 Signetics J.1A747 

Signetics MC1488 Intersil LM210 Signetics J.1A7812 TI /lA747 

SG1489 AMO MC1489 Motorola LM210 SG340-15 Motorola MC7815 SG748 AMO 748 

Exar 'XR1489 National LM21 0 Signetics J.1A7815 Motorola MC1748 

National OS1489 SG211 AMO LM211 5G340-18 Motorola MC7818 Raytheon RC748 

Raytheon RC1489- Intersil LM211 Signetics /lA7818 RM748 

Signetics MC1489 Motorola LM211 SG340-24 Motorola MC7824 RCA CA748 

5G1489A Exar XR1489 National LM211 Signetics J.1A7824 5ignetics J.1A748 

Signetics MC1489A Raytheon LM211 SG340-5 Motorola MC7805 TI /lA748 

SG1495 Motorola MC1495 RCA CA211 Signetics I1A7805 SG7520 National OS7520 

SG1496 Motorola MC1496 Signetics LM211 SG340-6 Motorola MC7806 SigneticS 7520 

Signetics MC1496 TI LM211 -Signetics I1A7806 TI SN7520 

SG1501A Motorola MC1568 +SG2206 Exar XR2206 924 SG340-8 Motorola MC7808 5G7522 Motorola MC7522 

5G1524 Exar XR1524 930 5G224 Motorola LM224 Signetics I1A7808 National 057522 

Signetics SG1524 Signetic~ LM224 SG3501 Raytheon RC555 Signetics 7522 

TI SG1524 SG239 RCA CA239 RM555 TI SN7522 

SG1536 Motorola MC1536 Signetics LM239 RCA CA555 5G7523 Motorola MC7523 

SG1543 Exar XR1543 SG239A PMI CMP-04 5G3501A Motorola MC1468 SG7524 Motorola MC7524 

5G1556 Motorola MC1556 PM239A SG3524 Exar XR3524 930 National 057524 

TI MC1556 SG2501A Motorola MC1468 Signetics SG3524 Signetics SN7524 

SG1558 Exar XR1558 SG2524 Exar XR2524 930 TI SG3524 SG7525 Motorola MC7525 

Harris HA-2650 986 Signetics SG2524 SG3543 Exar XR3543 SG7528 Motorola MC7528 

Motorola MC1558 TI SG2524 SG3821 Sprague ULS-2045 TI SN7528 

PMI 5SS1558 SG2543, Exar XR2543 SG3851 Signetics NE5501 SG7529 Motorola MC7529 

Raytheon RM1558 SG301 AMO LM301 SG3852 Signetics NE5502 SG7805 Motorola MC7805 

RCA CA1558 Motorola LM301 SG3853 Signetics NE5503 SG7806 Motorola MC7806 

Signetics MC1558 National LM301 SG3886 Sprague ULN-2086 5G7808 Motorola MC7808 

TI MC1558 Raytheon LM301 SG4250 National LM4250 SG7812 Motorola MC7812 

SG1595 Motorola MC1595 RCA CA301 SG4501 Motorola MC1468 SG7815 Motorola MC7815 

SG1596 Motorola MC1596 Signetics LM301 SG555 Cherry CS555 5G7818 Motorola MC7818 

Signetics MC1496 TI LM301 Exar XR555 SG7824 Motorola MC7824 

+SG1741S Motorola SG1741S SG302 Motorola LM310 Motorola MC1455 +SN7524 TI SN7524 

SG2001 Exar XR2201 931 SG304 Motorola LM304 MC1555 
Fairchild 9665 Raytheon LM304 RCA CA555 Siliconix 
SGS L201 TI LM304 Signetics NE555 
Signetics NE5501 SG305 AMD- LM305 SE555 

ULN2001 Motorola LM305 TI NE555 OF320 Nitron NC320 

Sprague ULN-2001 National LM305 SE555 DF321 Nitron NC321 

TI ULN2001 Raytheon LM305 SG556 Exar XR556 DF322 Nitron NC322 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 

IC MASTER 1979 2419 



Ie MASTER 

:::cturer I ~=~ement Device 
IC Master :~~:cturer I =~~~~ement Device 

IC Master ~:~:Cturer I =~ement Device 
Ie Master ~~::::turer I ~acement Device 

IC Master 
Page Page Page Page 

Siliconix (cont'd) SCL4000 SOlitron CM4000 SCL4013 NEe America I1PD4013 SCL4022 RCA C04022 
TI TP4000 RCA C04013 SGS HBF4022 

SCL4001 Fairchild F4001 SGS HBF4013 Solitron CM4022 
OF331 Nitron NC331 Mitel SIL4oo1 Solitron CM4013 TI TP4022 
OF332 Nitron NC332 SIL4901 TI TP4013 Toshiba TC4022 
OF341 Nitron NC341 Motorola MC14oo1 Tashiba TC4013 SCL4023 Fairchild F4023 
OF342 Nitron NC342 National C04001 SCL4014 Fairchild F4014 Mitel SIL4023 
OG126 Intersll OG126 I NEe A.ll1erica /lPD4001 Mittll SiL40i4 SIL4923 

I National AH0126 RCA C04001 Motorola MC14014 Motorola MC14023 
OG129 Intersil OG129 SGS HBF4oo1 National C04014 National C04023 

National AH0129 SOlitron CM4001 NEe America I1P04014 NEe America JLP04023 
OG133 Intersil OG133 TI TP4oo1 RCA C04014 RCA CD4023 

National AH0133 1076 Toshiba TC4001 SGS HBF4014 SGS HBF4023 
OG134 Intersil OG134 SCL4002 Fairchild F4oo2 Solilron CM4014 Solilron CM4023 

National AH0134 1076 

I 
Mitel SIL4002 TI TP4014 TI TP4023 

OG139 Intersil OG139 Motorola MC14002 Toshiba TC4014 Toshiba TC4023 
National AH0139 National C04002 SCL4015 Fairchild F4015 SCL4024 Fairchild F4024 

OG140 Intersil OG140 NEC Amai;ca /iPD4002 Mitel SIL4015 Mitel SIL4024 
National AH0140 RCA C04002 j Motorola MC14015 Motorola MC14024 

OG142 Intersil OG142 SGS HBF4002 National C04015 National C04024 
National AH0142 Solitron CM4002 NEe America /iP04015 NEe America /iP04024 

OG143 Intersil OG143 TI TP4002 RCA C04015 RCA C04024 
National AH0143 Toshiba TC4oo2 SGS HBF4015 SGS HBF4024 

DG144 tntersH DG144 SCL4006 Fairchild F4006 Solilron CM4015 

I 
Solitron CM4024 

National AH0144 Motorola MC14006 TI TP4015 TI TP4024 
OG145 Intersil OG145 National C04006 Toshiba TC4015 Toshiba TC4024 

National AH0145 NEe America !-1P04OO6 <:'G1AI)1 43 AD An~c .. c ...,vL"'tVC:'-J Fdirchiiti i=4025 
iJG140 IntersH OG146 RCA C04006 

National AH0146 Sofitron C~Y14006 
-\ Fairchild F4016 Milel SIL4025 

Micro Power MPS7516 SIL4925 
OG151 National AH0151 1076 SCL4007 Fairchild F4oo7 Mitel SIL4016 Molorola MC14025 
OG153 Intersil OG153 Mitel SlL4007 MoIDro\a MC14016 NatiOnal CD4025 

National AH0153 Motorola MC14oo7 
OG154 Inlersil OG154 National C04OO7 

National CD4016 1076 NEe America I1PD4025 
RCA CD4016 RCA C04025 

National AM0154 RCA C04OO7 CD4066 SGS HBF4025 
OG163 Intersil OG163 SGS HBF4oo7 Solitron CM4016 Solitron CM4025 

National AM0163 Solilron CM4oo7 TI TP4016 TI TP4025 
OG164 Intersil OG164 TI TP4oo7 SCL4017 Fairchild F4017 Toshiba TC4025 

National AMOl64 Toshiba TC4007 Milel, SIL4017 SCL4026 RCA C04026 
OG180 Intersil OG180 SCL4006 Fairchild F4008 Molorola MC14017 Solitron CM4026 
OG181 Intersil OG161 Motorola MC14oo6 National C04017 SCL4027 Fairchild F4027 

Siliconix 00381 825 Nalional CD4008 NEe America /iP04017 . Milel SlL4027 
OG182 intersil OG182 RCA CD4OO8 RCA C04017 Molorola MC14027 

TI TL182 SGS HBF4008 SGS HBP'4017 National CD4027 
OG183 Intersil OG163 Solitron CM4008 Solilron CM4017 NEe America /-lP04027 
OG184 Intersil OG184 TI TP4008 TI TP4017 RCA CD4027 

Siliconix DG384 825 Toshiba TC4008 Toshiba TC4017 SGS HBF4027 
OG185 Intersil OG185 SCL4009 Mitel SIL4009 SCL4018 Fairchild F4018 Solitron CM4027 

TI TL185 National CD4009 Mitel SIL4018 TI TP4027 
OG186 Inter~iI DG186 RCA CD4009 
OG187 Intersil OG187 SGS HBF4009 

National CD4018 I SCL4026 
Toshiba TC4027 

RC.A, CD4018 Fairchdd F4028 
Siiiconix OG387 825 Solitron CM4oo9 

OG18~ Intersil OG188 TI TP4009 
SGS HBF4018 Mitel SIL4028 
Soli Iron CM4018 Motorola MC14028 

Tl TL188 Toshiba TC4009 TI TP4018 National C04028 
OG189 Intersil OG189 SCL4010 Mitel SIL4010 
OGl90 Intersil OG190 National C04010 SCL4019 

Toshiba TC4018 NEe America I1P04028 
Fairchild F4019 RCA C04028 

Sillconlx DG390 825 RCA CD4010 Mitel SIL4019 SGS HBF4028 
OG191 intersil OG191 SGS HBF4010 National C04019 Solilron CM4028 

TI TL191 Solilron CM4010 
OG2oo AO A07513 TI TP4010 

NEe America I1P04019 TI TP4028 
RCA C04019 Toshiba TC4028 

Micro Power MP7513 Toshiba TC4010 SGS HBF4019 SCL4029 Fairchild F4029 
OG506 AD A07506 SCL4011 Fairchild F4011 Solitron CM4019 Mitel SIL4029 

Harris H1506 Mitel SIL4011 TI TP4019 National C04029 
Intersil IH5060 SIL4911 Toshiba TC4019 NEe America I1P04029 
Micro Power MP7506 Motorola MC14011 SCL4020 Fairchild F4020 RCA C04029 

DG507 AD A07507 National C04011 Milel SIL4020 SGS HBF4029 
MicrO Power MP7507 NEC America I1PD4011 Molorola MC14020 Solitron CM4029 

00509 Harris HI509A RCA C04011 National C04020 TI TP4029 
LOll0 Intersil L0110 SGS HBF401 ~ N;::C AIII~rica /iP04020 Toshiba TC4029 
LDlll Intersil L0111 Solilron CM4011 RCA C04020 SCL4030 Fairchild F4030 

Motorola MC1405 TI TP4011 SGS HBF4020 Mitel SIL4030 
L0114 Intersil LD114 Toshiba TC4011 Solitron CM4020 Molorola MC14507 
LM101 Motorola LM101 SCL4012 Fairchild F4012 TI TP4020 National C04030 

RCA CA101 Mitel SIL4012 Toshiba TC4020 CD4070 
TI LM101 ~.L-+"'It:. 5CL4U~' t-alrchlld F4021 C04507 

Motorola MC14012 Milel SIL4021 MM74C86 

Solid State Scientific Nalional C04012 
NEe America /-lP04012 

Motorola MC14021 NEe Amenca /iP04030 
National C04021 RCA C04030 

RCA C04012 NEe America /iP04021 C04070 
CL4041 National CD4041 SGS HBF4012 RCA C04021 SGS HBF4030 

RCA C04041 Solilron CM4012 Solitron C~4021 Solitron CM4030 
Solitron CM4041 TI TP4012 TI TP4021 TI TP4030 
SSS SCL4041 Toshiba TC4012 Toshiba TC4021 TP4507 

SCL4000 Mitel SIL4oo0 SCL4013 Fairchild F4013 
Molorola MC14oo0 Mitel S1l4n1~ 

Fairchild F4022 TOShiba TC4030 
("til .. ,.. ........ 

nvM IjU4V"" 

I SCL4022 

''Il:Iuonal I.,;U4000 Motorola MC14013 Motorola MC14022 SGS HBF4033 
RCA CD4000 National C04013 National C04022 Solitron CM4033 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Solid State Scientific (cont'd) SCL4050 SGS HBF4050 SCL4073 Mitel SIL4073 SCL4512 Mitel SIL4512 

Solitron CM4050 Motorola MC14073 Motorola MC14512 
TI TP4050 National CD4073 National CD4512 

SCL4034 Fairchild F4034 Toshiba TC4050 NEG America I1PD4073 NEG America I1PD4512 

Motorola MC14034 SCL4051 Fairchild F4051 RCA CD4073 TI TP4512 

National CD4034 Mitel SIL4051 Solitron CM4073 Toshiba TC4512 

NEG America I1PD4034 Motorola MC14051 TI TP4073 SCL4514 Fairchild F4514 

RCA CD4034 National CD4051 Toshiba TC4073 Mitel SIL4514 

Solitron CM4034 NEG America I1PD4051 SCL4075 Fairchild F4075 Motorola MC14514 

Toshiba TC4034 RCA CD4051 Mitel SIL4075 National CD4514 

SCL4035 Fairchild F4035 Solitron CM4051 Motorola MC14075 NEG America PPD4514 

Mitel SIL4035 TI TP4051 National CD4075 RCA CD4514 

Motorola MC14035 Toshiba TC4051 NEG America I1PD4075 Solitron CM4514 

National CD4035 SCL4052 Fairchild F4052 RCA CD4075 Toshiba TC4514 

NEG America I1PD4035 Mitel SIL4052 n TP4075 SCL4515 Fairchild F4515 

RCA CD4035 Motorola MC14052 Toshiba TC4075 Mitel SIL4515 

SGS HBF4035 National CD4052 SCL4076 Fairchild F4076 Motorola MC14515 

$olitron CM4035 NEG America I1PD4052 Harris HD74C173 National CD4515 

TI TP4035 RCA CD4052 Mitel SIL4076 NEG America p.PD4515 

Toshiba TC4035 Solitron CM4052 Motorola MC14076 RCA CD4515 

SCl4040 Fairchild F4040 TI TP4052 National CD4076 Solitron CM4515 

Mitel SIL4040 Toshiba TC4052 MM74C173 Toshiba TC4515 

Motorola MC14040 SCl4053 Fairchild F4053 RCA CD4076 SCL4516 Fairchild F4516 

National CD4040 Mitel SIL4053 Solitron CM4076 Mitel SIl4516 

NEG America I1PD4040 Motorola MC14053 SCL4077 Fairchild F4077 Motorola 'MC14516 

RCA CD4040 National CD4053 Mitel Sll4077 National CD4516 

Solitron CM4040 NEG America I1PD4053 Motorola MC14077 NEG America I1PD4516 

TI TP4040 RCA CD4053 RCA CD4077 RCA CD40193 

Toshiba TC4040 Solitron CM4053 Solitron CM4077 CD4516 

SCl4041 Fairchild F4041 Toshiba TC4053 SCl4078 Fairchild F4078 Toshiba 'TC4516 

National CD4041 SCl4060 Mitel Sll4060 Mitel SIl4078 SCl4517 Motorola MC14517 

RCA CD4041 National CD4060 SIl4978 NEG America ,...PD4517 

Solitron CM4041 RCA CD4060 Motorola MC14078 SCL4518 Fairchild F4518 

SSS CL4041 SCl4006 Fairchild F4066 NEG America I1PD4078 Mitel SIl4518 

SCl4042 Fairchild F4042 Mitel Sll4066 RCA CD4078 Motorola MC14518 

Mitel SIl4042 Motorola MC14066 Solitron CM4078 National' CD4518 

Motorola MC14042 National CD4066 1076 Toshiba' TC4078 NEG America ,...PD4518 

National CD4042 NEG America I1PD4066 SCL4081 Fairchild F4081 RCA CD4518 

NEG America I1PD4042 RCA CD4063 Mitel SIL4081 Solitron CM4518 

RCA CD4042 CD4066 Motorola MC14081 TI TP4518 

SGS HBF4042 SGS HBF4066 National CD4081 Toshiba TC4518 

Solitron CM4042 Signetics N4066 NEGAmerica p.PD4081 SCl4520 Fairchild F4520 

TI TP4042 Solitron CM4066 RCA CD4081 Mitel SIL4520 

Toshiba TC4042 Toshiba TC4066 Solitron CM4081 Motorola MC14520 

SCL4043 Fairchild F4043 SCl4068 Fairchild F4068 TI TP4081 National CD4520 

Mitel Sll4043 Mitel SIL4068 Toshiba TC4081 NEG America p.PD4520 

Motorola MC14043 SIl4968 SCL4082 Fairchild F4082 RCA CD4520 

National CD4043 Motorola MC14068 Mitel ' SIl4082 Solitron' CM4520 

NEG America I1PD4043 NEG America I1PD4068 Motorola MC14082 n TP4520 

RCA CD4043 RCA CD4068 ' NEG America I1PD4082 Toshiba TC4520 

Solitron CM4043 Solitron CM4068 RCA CD4082 SCL4522 Fairchild F4522 

TI TP4043 TI TP4068 TI TP4082 Motorola MC14522 

Toshiba TC4043 Toshiba TC4068 Toshiba TC4082 National CD4522 

SCL~044 Fairchild 'F4044 SCL4069 Fairchild F4069 SCL4094 NEG America I,lPD4094 NEG America p.PD4522 

Mitel SIL4043 Harris HD74C04 RCA CD4094 RCA CD4018 

SIL4044 Mitel Sll4069 SCL4402 RCA CD4048 TI TP4522 

Motorola MC14044 Motorola MC14069 SCL4412 RCA CD4068 SCL4526 Fairchild F4526 

National CD4044 National CD4069 SCl4445 RCA CD4045 Motorola MC14526 

NEG America ,...PD4044 MM74C04 SGS HBF4045 NEG America p.PD4526 

RCA CD4044 NEG AfT1!lrica I1PD4069 Solitron CM4045 TI TP4526 

Solitron CM4044 RCA CD4069 SCL4449 RCA CD4069 SCL4527 Motorola MC14527 

TI TP4044 Solitron CM4069 SCL4502 Mitel SIL4502 National CD4527 

Toshiba TC4044 TI TP4069 Motorola MC14502 RCA CD4527 

SCl4045 RCA CD4045 Toshiba TC4069 RCA CD4502 SCl4528 Fairchild F4528 

SCL4046 Fairchild F4046 SCl4070 Fairchild F4070 SCl4508 Mitel SIl4508 Mitel SIl4528 

Mitel SIl4046 Mltel SIl4070 Motorola MC14508 Motorola MC14528 

Motorola MC14046 National CD4070 NEG America p.PD4508 National CD4528 

National CD4046 MM74C86 RCA CD4508 NEG America I1PD4528 

RCA CD4046 RCA CD4070 Toshiba TC4508 RCA CD4098 

Solitron CM4046 Solitron CM4070 SCL4510 Fairchild F4510 CD4528 

SCl4049 Fairchild F4049 SCL4071 Fairchild F4071 Mitel SIl4510 Toshiba TC4528 

Mitel SIL4049 Mitel SIL4071 Motorola MC14510 SCl4531 Fairchild F4531 

Motorola MC14049 Motorola MC14071 National CD451 0 Motorola MC14531 

National CD4049 National CD4071 NEG America ,...PD4510 RCA CD40101 

NEG America I1PD4049 NEG America I1PD4071 RCA CD40192 TI TP4531 

RCA CD4049 RCA CD4071 CD4510 SCL4543 Motorola MC14543 

SGS HBF4049 Solitron CM4071 Toshiba TC451 0 National CD4543 

Solitron CM4049 TI TF4071 SCL4511 Fairchild F4511 RCA CD4056 

TI TP4049 Toshiba TC4071 Mitel SIl4511 SCl4555 Fairchild F4555 

Toshiba TC4049 SCL4072 Fairchild F4072 Motorola MC14511 Motorola MC14555 

SCl4050 Fairchild F4050 Mitel SIL4072 National CD4511 NEG America I1PD4555 

Mitel SIl4050 Motorola MC14072 NEG America I1PD4511 RCA CD4555 

Motorola MC14050 RCA CD4072 RCA CD4511 SCL4556 Fairchild F4556 

National CD4050 TI TP4072 Solitron CM4511 Motorola MC14556 

NEG America I1PD4050 Toshiba TC4072 TI TP4511 NEG America J.lPD4556 

RCA CD4050 SCL4073 • Fairchild F4073 SCl4512 Fairchild F4512 RCA CD4556 

• Discontinued 
The manufacturers report their devices can be used as direct replacements, 

Performance details often differ, so compare the specifications considering your requirements. 
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Solid State Scientific (cont'd) CM4010 SGS HBF4010 CM4019 RCA CD4019 CM4029 National CD4029 
SSS SCL4010 SGS HBF4019 NEG America IlPD4029 
TI TP4010 SSS SCL4019 RCA CD4029 

SCL4581 Motorola MC14581 Toshiba TC4010 TI TP4019 SGS HBF4029 
RCA CD40181 CM4011 Fairchild F4011 Toshiba TC4019 SSS SCL4029 
TI TP4581 Mitel SIL4011 CM4020 Fairchild F4020 TI TP4029 

SCL4582 Fairchild F4582 Motorola MC14011 Mitel SIL4020 Toshiba TC4029 
Motorola MC1458:? N~tional CD4011 Motor<lla MC14020 CM4030 Fairchild F4030 
RCA CD40182 NEG America IlPD4011 National CD4020 Mitel SIL4030 
TI TP4582 RCA CD4011 NEG America IlPD4020 National CD4030 

SCL4584 Motorola MC14584 SGS HBF4011 RCA CD4020 NEC America IlPD4030 
National CD4584 SSS SCL4011 SGS HBF4020 RCA CD4030 

MM74C14 262 TI TP4011 SSS SCL4020 CD4070 
NEG America IlPD4584 Toshiba TC4011 TI TP4020 SGS HBF4030 
RCA CD4016 CM4012 Fairchild F4012 Toshiba TC4020 SSS SCL4030 

SCL4585 Motorola MC14585 

I 
Mitel SIL4012 CM4021 Fairchild F4021 TI TP4030 

National MM74C85 Motorola MC14012 Mitel SIL4021 Toshiba TC4030 
RCA CD4063 Nationai CD4012 Motorola MC14021 CM4032 Motorola MC14032 
Toshiba TC4585 NEC America IlPD4012 National CD4021 RCA CD4032 

.SCL5437 Mostek MK50040 RCA CD4012 NEG America IlPD4021 Toshiba TC4032 
SGS HBF4012 RCA CD4021 CM4033 RCA CD4033 

Solitron Devices sss SCL4012 SSS SCL4021 SGS HBF4033 
TI TP4012 TI TP4021 SSS SCL4033 
Toshiba TC4012 Toshiba TC4021 CM4034 Fairchild F4034 

IlA2556 Mostek MK4007 CM4013 Fairchild F4013 CM4022 Fairchild F4022 Motorola MC14034 
IlA2656 Mostek MK4007 Mitel ' SIL4013 Mitel SIL4022 National CD4034' 
!lA3556 Mostek MK4007 Motorola MC1401 3 ~J.QtvnJ:a rvtC14022 RCA CD4034 
IlA3656 Mostek MK4007 National CD4013 National CD4022 SSS SCL4034 
CM4000 Mite! S!L4000 ~~EC Ameftc& IlPD4013 RCA CD4022 Toshiba TC4034 

Motorola MC14000 RCA CD4013 SGS HBF4022 CM4035 Fairchild F4035 
National C04000 SGS HBF-4013 SSS SCl4022 Mitel SIL4035 
RCA CD4000 SSS SCL4013 TI TP4022 Motorola MC14035 
SSS SCL4000 TI TP4013 Toshiba TC4022 National CD4035 
TI TP4000 Toshiba TC4013 CM4023 Fairchild F4023 NEG America IlPD4035 

CM4001 Fairchild F4001 CM4014 Fairchild F4014 Mitel SIL4023 RCA CD4035 
Mitel SIL4001 Mitel SIL4014 Motorola MC14023 SGS HBF4035 
Motorola MC14001 Motorola MC14014 National CD4023 SSS SCL4035 
National CD4001 National CD4014 NEC America ItPD4023 TI TP4035 
NEG America ItPD4001 NEG America IlPD4014 RCA CD4023 Toshiba TC4035 
RCA CD4001 RCA, CD4014 SGS HBF4023 CM4036 RCA CD4036 
SGS HBF4001 SGS HBF4014 SSS SCL4023 CM4037 RCA CD4037 
SSS SCL4001 SSS SCL4014 TI TP4023 CM4038 Motorola MC14038 
TI TP4001 TI TP4014 Toshiba TC4023 MC14308 
Toshiba TC4001 Toshiba TC4014 CM4024 Fairchild F4024 RCA CD4038 

CM4002 Fairchild F4002 CM4015 Fairchild F4015 Mitel SIL4024 Toshiba TC4038 
Mitel SIL4002 Mitel SIL4015 ' Motorola MC14024 CM4039 RCA CD4039 
Motorola MC14002 Motorola MC14015 National CD4024 CM4040 Fairchild F4040 
National CD4002. National CD4015 RCA CD4>024 Mitel StL4040 
NEG America I-IPD4002 NEe Amenca IlPD4015 SGS HBF4024 Motorola MC14040 
RCA CD4002 RCA CD4015 SSS SCL4024 Nationai CD4040 
SGS HBF4002 SGS HBF4015 TI TP4024 NEC America IlPD4040 
SSS SCL4002 SSS SCL4015 Toshiba TC4024 RCA CD4040 
TI TP4002 TI TP4015 CM4025 Fairchild F4025 SSS SCL4040 
Toshiba TC4002 Toshiba TC4015 Mitel SIL4025 TI TP4040 

CM4006 Fairchild F4006 CM4016 AD AD7516 Motorola MC14025 Toshiba TC4040 
Motorola MC14006 Fairchild F4016 National CD4025 CM4041 Fairchild F4041 
National CD4006 Micro Power MP7516 NEC America IlPD4025 National CD4041 
RCA CD4006 Mitel SIL4016 RCA CD4025 RCA CD4041 
SSS SCL4006 Motorola MC14016 SGS HBF4025 SSS CL4041 

CM4007 Fairchird F4007 National C04016 1076 SSS SCL4025 SCL4041 
Mitel SIL4007 RCA CD4016 TI TP4025 CM4042 Fairchild F4042 
Motorola .MC14007 CD4066 Toshiba TC4025 Mitel SIL4042 
National CD4007 SSS SCL4016 CM4026 RCA CD4026 Motorola MC14042 
RCA CD4007 TI TP4016 SSS SCL4026 NatIOnal CD4042 
SGS HBF4007 CM4017 Fairchild F4017 CM4027 Fairchild F4027 NEG America IlPD4042 
SSS SCL4007 Mitel SIL4017 Mitel SIL4027 RCA ·CD4042 
TI TP4007 Motorola MC1 4917 Motorola MC14027 SGS HBF4042 
Toshiba TC4007 Natio'1a! CD4017 National CD40~7 SSS SCL4042 

CM4008 Fairchild F4008 NEC America IlPD4017 NEG America IlPD4027 TI TP4042 
Motorola MC14008 RCA CD4017 RCA CD4027 Toshiba TC4042 
National CD4008 SGS HBF4017 SGS HBF4027 CM4043 Fairchild F4043 
RCA CD4008 SSS SCL4017 SSS SCL4027 Mitel SIL4043 
SGS HBF4008 TI TP4017 TI TP4027 Motorola MC14023 
SSS SCL4008 IU>:tlflUCI TC40i7 Toshiba TC4027 MC14043 
TI TP4008 CM4018 Fairchild F4018 CM4028 Fairchild F4028 National CD4023 
Toshiba TC4008 Mitel SIL4018 Mitel SIL4028 CD4043 

CM4009 Mitel SIL4009 National CD4018 Motorola MC14028 NEC America IlPD4043 
National CD4009 RCA CD4018 National CD4028 RCA CD4023 
RCA CD4009 SGS HBF4018 NEC America ItPD4028 CD4043 
SGS HBF4009 SSS SCL4018 RCA CD4028 SSS SCL4023 
SSS SCL4009 TI TP4018 SGS HBF4028 SCL4043 
TI TP4009 Toshiba TC4018 SSS SCL4028 TI TP4043 
Toshiba TC4009 CM4019 Fairchild F4019 TI TP4028 Toshiba TC4043 

I CM4010 Mitel SIL4010 Mit'll !=:II A01Q rail \,;I 1110 r4U44 
National CD4010 Motorola MC14519 CM4029 Fairchild F4029 Mitel SIL4044 
RCA CD4010 National CD4019 Mitel SIL4029 Motorola MC14044 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Manufacturer I R~ement ICMaster Manufacturer I Replacement . IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement IC IIastet 
Device Source Device 

Solitron Devices (cont'd) 

CM4044 National C04044 
NEe America ,.tP04044 
RCA C04044 
SSS SCL4044 
TI TP4044 
Toshiba TC4044 

CM4045 RCA C04045 
SGS HBF4045 

SSS SCL4445 
CM4046 Fairchild . F4046 

Mitel SIL4046 
Motorola MC14046 
National C04046 
RCA C04046 
SSS SCL4046 

CM4047 Fairchild F4047 
RCA C04047 
Toshiba TC4047 

CM4048 RCA C04048 
CM4049 Fairchild F4049 

Mitel SIL4049 
Motorola MC14049 
National C04049 
NEe America "P04049 
RCA C04049 
SGS HBF4049 
SSS SCL4049 
TI TP4049 
Toshiba TC4049 

CM4050 . Fairchild F4050 
Mitel SIL4050 
Motorola MC14050 
National C04050 
NEG America ,.tP04050 
RCA C04050 
SGS HBF4050 
SSS SCL4050 
TI TP4050 
Toshiba TC4050 

CM4051 Fairchild F4051 
Mitel SIL4051 
Motorola MC14051 
National C04051 
RCA C04051 
SSS, &CL4051 
TI TP4051 
Toshiba TC4051 

CM4052 Fairchild F4052 
Mitel SIL4052 
Motorola MC14052 
National C04052 
RCA C04052 
SSS SCL4052 
TI TP4052 
Toshiba TC4052 

CM4053 Fairchild F4053 
Mitel SIL4053 
Motorola MC1.4053 
National C04053 
RCA C04053 
SSS SCL4053 
Toshiba TC4053 

CM4066 Fairchild F4066 
Mitel SIL4066 
Motorola MC14066 
National C04066 
NEe Amelica "P04066 
RCA C04063 

C04066 
SGS HBF4066 
Signetics N4066 
SSS SCL4066 
Tos/Jiba TC4066 

CM4068 Fairchild F4068 
Mitel SIL4068 

. Motorola MC14068 
RCA C04068 
SSS SCL4068 
TI TP4068 
Toshiba TC4068 

CM4069 Fairchild F4069 
Harris HD74C04 
Mitel SIL4069 

• Discontinued 

Ie MASTER 1979 

Page Device Source Device Page 0eYice Source Device Page Device Source Device Page 

CM4069 Motorola MC14069 CM4518 SSS SCL4518 .ULN-2114 Fairchild ,.tA746 
National C04069 TI TP4518 RCA CA3072 

MM74C04 Toshiba TC4518 ULN-2124 Fairchild ,.tA780 
NEe America ,.tP04069 CM4520 Fairchild F4520 RCA CA3070 
RCA C04069 Mitel SIL4520 ULN-2125 RCA CA3120 
SSS SCL4069 Motorola MC14520 .ULN-2126 Exar XR4739 
TI TP4069 National C04520 Fairchild "A739 
Toshiba TC4069 NEC America "P04520 SGS TBA231 

CM4070 Fairchild F4070 RCA C04520 ULN-2127 Fairchild "A781 
Mitel SIL4070 SSS SCL4520 RCA CA3071 
National C04070 TI TP4520 

.ULN-2128 Fairchild ,.tA767 
MM74C86 Toshiba TC4520 

.ULN-2129 Motorola MC1375 
RCA C04070 UC4250 Intersil LM4250 

.ULN-2131 Fairchild ).tA753 
SSS SCL4070 National LM4250 

CM4071 Fairchild F4071 Silicon G SG4250 ULN-2136 Fairchild ,.tA2136 

Mitel SIL4071 UC4741 PMI SSS741 Motorola MC1356 

Motorola MC14071 RCA CA741 .ULN-2137 Fairchild ).tA720 

National C04071 RCA CA3123 

NEe America ,.tP04071 Sprague Electric Company 
.ULN-2165 Fairchild "A3065 

RCA C04071 Motorola MC1358 

SSS SCL4071 RCA CA3065 

TI TP4071 CA3089 Signetics CA3089 ULN-2209 Fairchild ).tA753 
Toshiba TC4071 UON-2841 TI UON2841 .ULN-2210 Exar XR1310 

CM4073 Fairchild F4073 UON-2842 TI UON2842 Motorola MC1310 
Mitel SIL4073 UON-2843 n UON2843 RCA CA1310 
Motorola MC14073 UON-2844 TI UON2844 ULN-2211 Motorola MC1310 
National C04073 UON-2845 TI UON2845 RCA CA3011 
RCA C04073 UON-2846 TI UON2846 ULN-2212 RCA CA3012 
SSS SCL4073 UON-5711 Motorola MC1471 ULN-2224 Motorola MC1324 
TI TP4073 Signetics UON5711 ULN-2244 Fairchild ).tA758 
Toshiba TC4073 UON-5712 Motorola MC1472 RCA CA758 

CM4075 RCA C04075 Signetics UON5712 .ULN-2262 Fairchild ).tA787 
CM4076 Fairchild F4076 UON-5713 Motorola MC1473 RCA CA3126 

Harris H074C173 Signetics UON5713 ULN-2264 Fairchild "A3064 Mitel SIL4076 UON-5714 Motorola MC1474 
Motorola MCl364 

Motorola MC14076 Signetics UON5714 
RCA CA3064 

National C04076 UDN-6144 Dionics 01502 
MM74C173 UON-6164 Dionics 01507 +ULN-2266 RCA CA3066 

RCA C04076 UON-6184 Oionics 01512 .ULN-2267 Fairchild ).tA3067 

SSS SCL4076 UON-7183 Oionics 01302 ULN-2269 RCA CA3121 

CM4077 Fairchild F4077 UON-7184 Oionics 01302 ULN-2278 ·Fairchild ).tA705 

Mitel SIL4077 UON-7185 Oionics UON-7186 ULN-2289 Fairchild ).tA3089 

Motorola MC14077 ULN-2001 Exar XR2201 931 RCA CA3089 

RCA C04077 Fairchild 9665 ULN-2298 Motorola MC1398 

SSS SCL4077 Motorola MC1411 RCA CA1398 

CM4078 Fairchild F4078 ULN-2001 ULN-2741 National LM141 1035 
Mitel SIL4078 SGS L201 RCA CA741 
Motorola MCl4078 Signetics NE5601 TI ).tA741 
RCA C04078 ULN2001 .ULN-2747 RCA CA747 
SSS SCL4078 Silicon G SG2001 TI ).tA747 
Toshiba TC4078 TI ULN2001 .ULN-3006 Sprague UGN-3201 

CM4081 Fairchild F4081 ULN-2002 Exar XR2202 931 .ULN-3007 Sprague UGN-3203 
Mitel SIL4081 Fairchild 9666 .ULN-3008 Sprague UGN-3501 
Motorola MC14081 Motorola MC1412 .ULN-3100 Sprague UGN-3600 
National C04081 ULN-2002 +ULN-3101 Sprague UGN-3601 
NEe America "P04081 SGS L202 ULN-3303 Cherry CS102-2 
RCA C04081 Signetics NE5502 

ULN-3304 Cherry CS102 
SSS SCL4081 ULN2002 

MCC102 
TI TP4081 Silicon G SG2002 

ULN-3305 Cherry CSl22 
Toshiba TC4081 TI ULN2002' 

CM4510 National C04510 ULN-2003 Exar XR2203 931 MCC122 

RCA C04510 Fairchild 9667 ULN-3306 Cherry CS122-2 

CM4511 Fairchild F4511 Motorola MC1413 ULN-6118 Exar XR6118 931 

Mitel SIL4511 ULN-2003 ULN-6128 Exar XR6128 

Motorola MC14511 SGS L203 
National C04511 Signetics NE5503 Standard Microsystems 
RCA C04511 ULN2003 Corporation _SSS SCL4511 Silicon G SG2003 

1076 TI TP4511 TI ULN2003 
CM4514 Fairchild F4514 ULN-2004 Exar XR2204 931 CG441 00 Mostek MK2002 

Mitel SIL4514 Fairchild 9668 COM1671 Westem UC1671 
Motorola MC14514 Motorola MC1416 COM2017 AMI 51883 629 
RCA C04514 ULN-2004 n TMS6011 
SSS SCL4514 Signetics NE5504 Western TRl602 
Toshiba TC4514 ULN2004 

COM2502 Fairchild F6850 1887,1891 
CM4515 Mitel SIL4515 TI ULN2004 

GI AY3-1014A 
Motorola MC14515 ULN-2021 Signetics NE5501 

AY3-1015 
RCA C04515 ULN-2022 Signetics NE5502 

TRl602A 
SSS SCL4515 ULN-2023 Signetics NE5503 Westem 

Toshiba TC4515 ULN-2024 Signetics NE5504 COM2505 GI AY5-1013 

CM4516 National C04516 ULN-2064 TI ULN2064 COM2601 AMI S2350 634 

CM4518 Fairchild F4518 ULN-2065 TI ULN2065 COMS016 Westem BR1941 

Mitel SIL4518 ULN-2111 Fairchild ,.tA2136 COM5025 National INS2652 

Motorola MC14518 Motorola MC1357 SIgnetica 2652 2306 

National C04518 National LM2111 KR2376 GI AY5-2376 

RCA C04518 RCA CA2111 KR3600 GI AY5-3600 

The manufacturers report their devices can be used as direct replacements, 
Performance details often differ, so compare the specification~ considering your requirements, 
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Synertek 

SY1103 AMI S1103A 
SY1103A AMI S1103A 

Intel 1103A 
Rockwell 1103A 

SY21H02 Fa:rchild 3542 
SY21L02 Fairchild 2102L 1275 

Signetics 21L02 
SY2101 Fairchild 2102 1275 

21021 1275 
3538 

Signetics 2101 
SY2102 Signelics 21F02 
SY2111 Signelics 2111 
SY2112 Signetics 2112 
SY2i14 AMD 9114 

9124 
AMI 52114 1196 
Fairchild 2114 1281 
Fujitsu M88114 

I Intel 2114 
Rockwell R2114 
5ignetics 2614 1669 
TI TMS4045 

1117" 16 S· SY23 "90 
SY2316A AMI 

~tie!; ?R16 
S6a31A ._. - I 

'i215,l8Uti 
MK31 000 Mostek 

SY2316B AMI 

Mostek 
TI 

SY2332 AMI 
Rockwell 
5ignetics 

SY2364 AMI 
SY5101 AMI 

SSS 
SY5102 SSS 

.SY5280 Fujitsu 
SY6502 MOS 

Rockwell 
SY6503 MOS 

Rockwell 
SY6504 MOS 

Rockweil 
SY6505 MOS 

Rockwell 
SY6506 Rockwell 
SY6507 Rockwell 
SY6512 MOS 

Rockwell 
SY6513 Rockwell 
SY6514 MOS 

Rockwell 
SY6515 MOS 

Rockwell 
SY6520 MOS 

Rockwell 
SY6522 MOS 
SY6530 MOS 

Rockwell 
SY6531 Rockwell 
SY6532 MOS 

Rockwell 
SY6545 Rockwell 
SY6551 Rockwell 
S42364 Mostek 
S65OO/1 Rockwell 

S42168 1209 
56831B 

1215,1806 
MK34000 
TMS4732 
568332 1216 
R2332 
2632 
S4264 
55101 
SCM5101 
SCM5102 
MB8107 
MCS6502 
R6502 
MCS6503 
R6503 
MCS6504 
R6504 
MCS6505 
R6505 
R6506 
R6507 
MCS6512 
R6512 
R6513 
MCS6514 
R6514 
SY6515 
R6515 
MCS6520 
R6520 
MCS6522 
MCS6530 
R6530 
R6531 
MCS6532 
R6532 
R6545 
R6551 
MK36000 
R6500/1 

1672 
1212 
1206 

T~I~dYiie C,rjstaionics 

CDR125 Siliconix 0125 

Teledyne Philbrick 

• Discontinued 

I 
I 

=:cturer I ::c~ent DevIce 
Ie Master 

1324 Harris HA-2S05 
1430 Date! AM-5OOC 
1431 Harris HA-2065A 
4551 Datet MXD-807 

Hams H!507A 
4552 Datel MX-1606 

Harris HI506A 
4856 Date! SHM-iC-l 

Harris HA-2425 

Teledyne Semiconductor 

8700 Datel 
8701 Datef 
8702 Datel 
8703 Datel 
8704 Date! 
8705 Datel 
8750 Datel 
9400C Datel 

Telefunken 

TCA830 SGS 
~ ..... _ .. "' ....... 

I LIM I vo,) "prague 
TDA440 Plessey 

SGS 

ADC-EK8B 
ADC-EK10B 
ADC-EK12B 
ADC-ET88 
ADC-ET108 
ADC-ET128 
ADC-EK12D 
VFQ-1 

TCA830 .. 
ULN ~~04 

TDA440 
TDA440 

Texas Instruments 

I1A702 Fairchild I1A702 
Motorola MC1712 
NEe America /-LPC51 

J.lPC51 A 
Raytheon RC702 

RM702 
Fairchild J.lA709 
Motorola MC1709 
National LM709 
NEe America /-LPC55A 
Raytheon RC709 

RM709 
Signetics /-LA709 
Toshiba TA7502 

jlA71 0 Fajrchild IlA71 0 
Motorola MC1710 
Nationai LM710 
NEe America IlPC71 
Raytheon RC7l0 

RM710 
Signetics /-LA7l0 
Silicon G SG710 
Fairchild J.lA711 
Motorola MC1711 
National LM711 
Raytheon RC711 

RM711 
Signetics I1A711 
Silicon G SG711 
AMD 723 
Fairchild I1A123 
Intarsil 723 
Motorola MC1723 
National LM723 
naytlltlUII RC72& 

RM723 
RCA CA723 
Signetics /-LA723 
Silicon G SG723 
AMD 733 
Falrcnlld /-LA733 
Motorola MC1733 
National LM733 
Raytheon RC733 

RM733 
Signetics jlA733 
Silicon G SG733 
AMD 741 
Fairchild I1A741 
Intersil 741 
"".", ..... 1 ... 

&,,... .. ..,. .... 
National LM741 
NEe America IlPC151 

Page 

966 

962 
683 

683 

685 
1020 

662 
662 
662 

1035 

934\ 

I 

1035

1 

MMUfacturer I Replacement IC Malter 
DevIce Source DevIce 

jlA741 

I1A747 
, 

I1A748 

/-LA??7 

/-LA78L02 
I1A78L05 

!-LA78L06 
I1A78L08 

/-LA78L12 

/-LA78L15 
/-LA78M05 

/-LA78M06 
IlA78M08 
jlA78M12 
/-LA78M15 

/-LA7805 

!-LA7806 
I1A7808 

/-LA7812 

/-LA7815 

I1A7818 

J.lA7824 

/-LA79M05 
J.lA79M06 
I1A79M08 
p.A79M12 
/-LA79M15 
/-LA/9M24 
I1A7905 
p.A7906 
/-LA7908 
I1A7912 
I1A7918 
/-LA7924 
LF155 

LF156 

NEe America 
PMI 

Raytheon 

RCA 
Signetics 
Silicon G 
Toshiba 
AMD 
Fairchild 
Motorola 
National 
NEe America 
PMI 

Raytheon 

RCA 
Silicon G 
AMD 
Fairchild 
Intersi! 
Motorola 
National 
R aytheon 

RCA 
Signetics 
SiliCon G 
Fairchild 
Intersi! 
Silicon G 
Signetics 
NEe America 
Signetics 
Signstics 
NEe America 
Signetics 
NEe America 
Signetics 
Signetics 
NEC America 
Signetics 
Signetics 
NEe America 
NEe America 
NEe America 
NEC Amenca 
Signetics 
Signetics 
NEe America 
Signetics 
NEe America 
Signetics 
NEe America 
Signetics 
NEe America 
Signetics 
NEe America 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Signetics 
Sighetics 
Signetics 
Signetics 
AMD 
Fairchild 
Intersil 
Motorola 
National 
PMI 
Raytheon 
Signetics 
AMD 

I1PC741 
OP-02 
PM741 
88S741 
RC741 
RM741 
CA741 

/-LA741 
SG741 
TA7504 
747 

/-LA747 
MC1747 
LM747 
/-LPC251 
PM747 
S8S747 
RC747 
RM747 
CA747 
SG747 
748 
jlA748 
748 
MC1748 
LM748 

C748 R 
RM748 
CA748 
IlA748 
SG748 
I1A7?? 
777 
SG777 
/-LA78L02 
IlPC78L05 
1LA78L05 
J.lA78L06 
IlPC78L08 
J.lA78L08 
J.lPC78L12 
1LA78L12 
/-LA78L15 
/-LPC78M05 
IlA78M05 
/-LA78M06 
/-LPC78M08 
jlPC78M12 
I1PC78M15 
p.PC14305 
I1A7805 
I1A7806 
jlPC14308 
/LA 7808 
jlPC14312 
p.A7812 
/-LPC14315 
/-LA7815 
/-LPC14318 
117818 
/-LPC14324 
jlA7824 
/-LA7.9M05 
/-LA79M06 
IlA79M08 
p.A79M12 
I1A79M15 
I1A79M24 
/-LA7905 
/-LA7906 
I1A7908 
/-LA7912 
IlA7918 
IlA7924 
LF155 
jlAF155 
LF155 
LF=155 
LF15S 
PM155 
LF155 
LF155 
LF156 

I g,,'-'I'ItU ,...Mrl;}O 

Intersil LF156 
Motorola LF156 

Page 

1035 

I 

Ie Master Mlnufacturer I Replacement 
Device Source Device Page 

LF156 

LF157 

LF255 

LF256 

LF257 

LF355 

LF356 

LF357 

LM101 

LM104 

LM105 

LM106 
LM107 

National 
PMI 
Raytheon 
Signetics 
AMD 
Fairchild 
Intarsi! 
Motorola 
National 
PMI 
Raytheon 
Signetics 
AMD 
Fairchild 
Intersi! 
Motorola 
NaUona! 
PMI 
Raytheon 
Signetics 
AMD 
Fairchild 
intersii 
Motorola 
National 
PMI 
Ra heon yt 
Signetics 
AMD 
Fairchild 
Intersi! 
Motorola 
National 
PMI 
Raytheon 
Signetics 
AMD 
Fairchild 
Intersil 
Motorola 
National 
PMI 
Raytheon 
Signetics 
AMD 
Fairchild 
Intersil 
Motorola 
National 
PMI 
Raytheon 
Signetics 
AMD 
Fairchild 
Intersi! 
Motorola 
National 
PMI 
Raytheon 
Signetics 
AMD 
Fairch'ild 

Intersil 
Motorola 
National 
Raytheon 
RCA 
Signetics 
Silicon G 
Motorola 
Silicon G 
AMD 
Inter~iI 

Motorola 
National 
Raytheon 
Silicon G 
AMD 
AMD 
Fairchild 
Intersil 
Motorola 
National 
Haytheon 
RCA 
Signetics 

LF156 1035 
PM156 
LF156 
LF156 
LF157 
/-LAF157 
LF11;7 
LF157 
LF157 1035 
PM157 
LF157 
LF157 
LF255 
/-LAF255 
LF255 
LF255 
LF255 
PM255 
LF255 
LF255 
LF256 
ILAF256 
LF256 
LF256 
LF256 
PM256 
LF256 
LF256 
LF257 
JJAF257 
LF257 
LF257 
LF257 
PM257 
LF257 
LF257 
LF355 
/-LAF355 
LF355 
LF355 
LF355 
PM355 
LF355 
LF355 
LF356 
jlAF356 
LF356 
LF356 
LF356 1035,1073 
PM356 
LF356 
LF356 
LF357 
jlAF357 
LF357 
LF357 
LF357 
PM357 
LF357 
LF357 
LM101 
/-LA 1 01 
LM101 
LM101 
LM101 1035 
LM101 
CA101 
LM101 
SG101 
LM104 
SG104 
LM105 
LM1Q5 
LM105 
LM105 
LM105 
SG105 
LM106 
LM107 
IlA107 
LM107 
LM107 
LM107 
LM107 
CA107 
LM107 

Bold face device numbers indicate manufacturers data is provided in the rc Master on the pages noted. 
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Page Device Source Device Page Device Source DevIce Page DevIce Source DevIce Page 

Texas Instruments (cont'd) MC1458 Fairchild I1A1458 .SN10131 Motorola MC10131 SNl5836 Fairchild 936 
Harris HA-2655 986 +SN10133 Motorola MC10133 Hitachi HD2206 
Motorola MC1458 SN10140 Signetics 10140 Motorola MC836 

LM107 Silicon G SG107- National LM1458 SN10144 Motorola MC10l44 National DM936 
LM108 AMD LM108 NEC America I1PC1458 NEC America I1PB10144 SN15837 Fairchild 937 

Raytheon LM108 PMI OP-14 Raytheon RC10144 Motorola MC837 
RCA CA308 SSS1458 Signetics 10144 National DM937 
Silicon G SG108 Raytheon RC1458 SN10l47 Fairchild Fl0405 SN15838 Fairchild 9135 

LMlll AMD LM111 RC4558 SN10148 Hitachi HD10148 Motorola . MC835 
Intersil LM111 RCA CA1458 Motorola MCM10148 SN15844 Fairchild 944 
National LM111 Signetics MC1458 NEC America I1PB10148 Hitachi HD2lO9 
Raytheon LM111 Silicon G SG1458 Signetics 10148 Motorola MC844 
RCA CA111 MC1489A Signetics MC1489A .SN10160 Motorola MC10160 National DM944 
Signetics LM111 Silicon G SG1489A .SN10161 Motorola MC10161 SN15845 Fairchild 945 
Silicon G SG111 MC1558 Exar XR1558 SN10164 Fairchild F10164 Hitachi HD2205 

LM118 AMD LM118 Fairchild I1A1558 Hitachi HD10164 Motorola MC845 
LM301 AMD LM301 Harris HA-2650 986 Motorola MC10164 National DM945 

Fairchild J.lA301 Motorola MC1558 NEC America I1PB10164 SN15846 Fairchild 946 
Intersil LM301 National LM1558 Signetics 10164 Hitachi HD2203 

. Motorola LM301 PMI PM1558 SN10174 Fairchild F10174 Motorola MC846 

National LM301 8SS1558 Hitachi HD10174 National DM946 
Raytheon LM301 Raytheon RM1558 Motorola MC10174 SN15848 Fairchild 948 

RCA CA301 RM4558 NEC America I1PB10174 Motorola MC848 
Signetics LM301 RCA CA1558 Signetics 10174 National DM948 
Silicon G SG301 Silicon G SG1558 SN10175 Motorola MC10175 SN15849 Fairchild 949 
Toshiba TA7506 MC3423 Motorola MC3423 .SN10179 Motorola MC10179 Motorola MC849 

LM301A NEC America J.lPC157 MC3446 Motorola MC3446A .SN10181 Motorola MC10181 National DM949 
I1PC301A NE555 AMD NE555 SN151800 Motorola MC1800 SN15850 Fairchild 950 

LM304 Fairchild I1A304 934 Cherry CS555 National DM1800 Motorola MC850 
Motorola LM304 Exar XR555 SN151801 Motorola MC1801 SN15851 Fairchild 951 
NEC America J.lPG142 Fairchild J.lA555 National DM1801 Motorola MC851 
Silicon G SG304 Intersil NE555 SN151802 Motorola MC1802 SN15857 Fairchild 9157 

LM305 AMD LM305 Motorola MC1455 SN151803 Motorola MC1803 Motorola MC8S7 
Fairchild J.lA305 934 NEC America I1PC1555 SN151804 Motorola MC1804 National DM957 
Intarsil LM305 Raytheon RC555 SN151805 Motorola MC1805 SNl5858 Fairchild 9158 
Motorola LM305 RCA CA555 SN151806 Motorola MC1806 Motorola MC858 

NEC America I1PC141 Signetics NE555 SN151807 Motorola MC1807 National DM958 
Raytheon LM305 Silicon G SG555 SN151808 Motorola MC1808 SN15861 Fairchild 961 
Silicon G SG305 NE556 Exar XR556 SN151809· Motorola MC1809 Motorola MC861 

LM306 AMD LM306 Fairchild J.lA556 SN151810 Motorola MC1810 National DM961 
LM307 AMD LM307 Motorola MC3456 SN151811 Motorola MC1811 SN15862 Fairchild 962 

Fairchild ~307 Silicon G SG556 SN151812 Motorola MC1812 Hitachi HD2lO7 

Intersil LM307 RC4136 Exar XR4136 SN151820 Motorola MC1820 Motorola MC862 

Motorola LM307 Raytheon RC4136. SN151900 Motorola MC~900 National DM962 

National LM307 Silicon G SG4136C SN151901 Motorola MC1901 SN15863 Fairchild 963 
Raytheon LM307 RC4558 Exar XR4558 SN151902 Motorola MC1902 Motorola MC863 

RCA CA307 Motorola MC4558 SN151904 Motorola MC1904 National DM963 
Signetics LM307 NEC America I1PC4558 8N151905 Motorola MC1905 SN159093 Fairchild 9093 

Silicon G SG307 Raytheon RC4558 SN151906 Motorola MC1906 Motorola MC953 
LM308 AMD LM308 RM4136 Exar XR4136 SN151907 Motorola MC1907 Raytheon RM993 

NEe America I1PC156A Raytheon RC4136 SN151908 Motorola MCl908 SN159094 Fairchild 9094 
Raytheon LM308 Silicon G SG4136 SN151909 Motorola MC1909 Motorola MC956 
Silicon G SG308 RM4558 Exar XR4558 SN151910 Motorola MC1910 Raytheon RM994 

LM311 AMD LM311 Motorola MC4558 SN151911 Motorola MC1911 SN159097 Fairchild 9097 
Fairchild I1A311 Raytheon RM4558 SN151912 Motorola MC1912 Motorola MC955 
Intersi! LM311 SE555 AMD SE555 SN151920 Motorola MC1920 Raytheon RM997 
Motorola LM311 Exar XR555M SN158093 Fairchild 9093 SN159099 Fairchild 9099 

NEC America I1PC271 Intersil SE555 Motorola MC853 Motorola MC952 

I1PC311 Motorola MC1555 National DM9093 Raytheon RM999 
Raytheon I1PC271 Raytheon RM555 SN158094 Fairchild 9094 SN15930 Fairchild 930 

LM311 RCA CP;555 Motorola MC856 Motorola MC930 
RCA CA311 Signetics SE555 National DM9094 Raytheon RM930 
Signetics LM311 Siticon·G SG555 SN158097 Fairchild 9097 SN15931 Fairchild 931 
Silicon G SG311 SG1524 Exar XR1524 930 Motorola MC855 Motorola MC931 

LM318 AMD LM318 Silicon G SG1524 1128 National DM9097 Raytheon RM931 
NEe America J.lPC159A SG2524 Exar SR2524 SN158099 Fairchild 9099 SN15932 Fairchild 932 

LM324 NEC America I1PC324 Silicon G SG2524 1128 Motorola MC852 Motorola MC932 
LM339 NEe America I1PC339 SG3524 Silicon G SG3524 1128 National DM9099 Raytheon RM932 
LM340-12 National LM340-12 1060 SG3624 Exar XR3524 930 SN15830 Fairchild 930 SN15933 Fairchild 933 

Silicon G SG340-12 .SN10101 Motorola MC10101 Hitachi HD2204 Motorola MC933 
LM340-15 National LM340-15 1060 .SN10102 Motorola MC10l02 Motorola MC830 Raytheon RM933 

Silicon G SG340-15 NEC America I1PB10142 National DM930 SN15934 Motorola MC934 . LM340-18 National LM340-18 1060 .SN10104 Motorola MC10104 SN15831 Fairchild 931 Raytheon RM934 
Silicon G SG340-18 .SN10105 Motorola MC10105 Motorola MC831 SN15935 Fairchild 935 

LM340-24 National LM340-24 1060 .SN10106 Motorola MC10106 SN15832 Fairchild 932 Motorola MC940 
Silicon G SG340-24 .SN10l07 Motorola MC10107 Hitachi HD2201 Raytheon RM935 

LM340-5 National l.M34O-5 1060 .SN10109 Motorola MC10109 Motorola MC832 SN15936 Fairchild 936 
SilicOn G SG340-5 .SN10110 Motorola MC10110 National DM932 Motorola MC936 

LM340-6 NatIonal LM340-6 1060 .SN10111 Motorola MC10111 SN15833 Fairchild 933 Raytheon RM936 
Silicon G SG340-6 .SN10115 Motorola' MC10115 Hitachi HD2202 SN15937 Fairchild 937 

LM340-8 National LM340-8 1060 +SN10116 Motorola MC10116 Motorola MC833 Motorola MC937 
Silicon G SG340-8 .SN10117 Motorola MC10117 National DM933 Raytheon RM937 

LM358 NEC America I1PC358 .SN10118 Motorola MC10118 SN15834 Motorola MC834 SN15938 Fairchild 9135 
LM376 Fairchild 1!A376 934 .SN10119 Motorola MC10119 SN15835 Fairchild 935 Motorola MC935 

NEe America I1PC305 .SN10121 Motorola MC10121 Motorola MC840 SN15944 Fairchild 944 
MC1458 Exar XR1458 .SN10130 Motorola MC10130 National DM935 Motorola MC944 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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ICMASTER 
~:i,!acturer I =ement Device 

Ie Master Menufac:turer I Replacement IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master 
Page Device Source Device Page Device Source Device Page Device Source DevICe Page 

Texas Instruments (cont'd) SN29334 National DM8334 SN54HOl National DM54HOl SN54H72 Signetlcs 54H72 
SN29601 AMD 9601 Raytheon 54HOl SN54H73 Fairchild 54H73 

I Fairchild 9601 Signetics 54HOl National DM54H73 
SN15944 Raytheon RM944 Motorola MC9601 SN54H04 Fairchild 54H04 Signetics 54H73 
SN15945 Fairchild 945 National DM8601 National DM54H04 SN54H74 Fairchild 54H74 

Motorola MC945 Raytheon RF9601 Raytheon 54H04 National DM54H74 
Raytheon RM945 SN29602 National DM8602 Signetics 54H04 Raytheon 54H74 

SN15946 Fairchild 946 RaythfW)n ~M9322 SN54HC5 Fairchi:d 54H05 $Ignetlcs b4H74 
Motorola MC946 SN39000 Fairchild 9000 National DM54H05 SN54H76 Fairchild 54H76 
Raytheon RM946 SN39001 Fairchild 9001 Raytheon 54H05 National DM54H76 

SN15948 Fairchild 949 SN39024 National DM9024 Signetics 54H05 Signetics 54H76 
Motorola MC948 SN39300 Fairchild 9300 SN54Hl0 Fairchild 54Hl0 SN54H78 Fairchild 54H78 
Raytheon RM948 National DM9300 National DM54Hl0 National DM54H78 

SN15949 Fairchild 949 SN39301 Fairchild 9301 Raytheon 54Hl0 SN54H87 Fairchild 54H87 
Motorola MC949 National DM9301 Signetics 54Hl0 SN54LSoo Fairchild 54LSOO 
Raytheon RM949 SN39308 Fairchild 9308 SN54Hl0l Fairchild 54Hl01 Motorola SN54LSoo 

SN15950 Fairchild 950 SN39309 Fairchild 9309 Signetics 54Hl01 National DM54LSoo 
Motorola MC950 Nationa! DM9309 SN54Hl02 Fairchild 54Hl02 Raytheon 54LSoo 
Raytheon RM950 SN39310 Fairchild 9310 Signetics 54Hl02 Signetics 54LSOO 

SN15951 Fairchild 951 National DM9310 SN54Hl03 Fairchild 54Hl03 SN54LSOl Motorola SN54LSOl 
Motorola MC951 SN39311 Fairchild 9311 National DM54H103 National DM54LSOI 
Raytheon RM951 National DM9311 Signetics 54Hl03 Raytheon 54LSOl 

SN15957 Fairchild 9157 SN39312 Fairchild 9312 SN54Hl06 Fairchild 54Hl06 Signetics 54LSOl 
I Motorola MC957 Nationai DM9312 National DM54Hl06 I SN54LS", Fairchild 54LS02 

SN15958 Fairchild 9158 SN39316 Fairchild 9316 Signetics 54Hl06 Motorola SN54LS02 
Motorola MC958 National DM9316 SN54Hl08 Fairchild 54Hl08 National DM54LS02 

SN15961 Fairchild 961 SN39318 Fairchild 9318 Nfltlonal 1)M54H~1)S;! Ra:i'thsOit 54L!;C2 
Motorola MC961 National DM9318 Signetics 54Hl08 Signetics 54LS02 
Raytheon RM961 SN39322 ~a!rch!!d 9322 SN54H11 Fairchiid 54Hii SN54LS03 Fairchild 54LS03 

SN15962 Fairchild 962 National DM9322 National DM54Hll Motorola SN54LS03 
Motorola MC962 SN39334 Fairchild 9334 Rayt/:leon 54Hl1 National DM54tS03 
Raytheon RM962 National DM9334 Signetics 54Hl1 Raytheon 54LS03 

SN15963 Fairchild 963 SN39601 Fairchild 9601 SN54H15 Fairchild 54H15 Signetics 54LS03 
Motorola MC963 National DM9601 Raytheon 54H15 SN54LS04 Fairchild 54LS04 
Raytheon RM963 . SN39602 Fairchild 9602 SN54H183 Fairchild 54H183 Motorola SN54LS04 

SN29000 Fairchild 9000 National DM9602 SN54H20 Fairchild 54H20 National DM54LS04 
SN29001 Fairchild 9001 SN4LS160A Fairchild 74LSl60 National DM54H20 Raytheon 54LS04 
SN29002 National DM9002 .SN52L022 TI TL022M Raytheon 54H20 Signetics 54LS04 
SN29003 National DM9003 .SN52L044 TI TL044M Signetics 54 H20 SN54LS05 Fairchild 54LS05 
SN29004 National DM9OO4 .SN52101 TI LM10l SN54H21 Fairchild 54H21 Motorola SN54LS05 
SN29OO5 National DM9OO5 SN52104 TI LM104 National DM54H21 National DM54LS05 
SN29006 National DM9006 .SN52105 TI LM105 Signetics 54H21 Raytheon 54LS05 
SN29008 National DM9oo8 .SN52106 TI LM106 SN54H22 Fairchild 54H22 Signetics 54LS05 
SN29009 National DM9009 .SN52107 TI LM107 National DM54H22 SN54LSOS Fairchild 54LS08 
SN29012 National DM9012 .SN52108 AMD LM108 Raytheon 54H22 Motorola SN54LS08 
SN29016 Nabonal DM9016 Intersil LM108 Signetics 54H22 National DM54LS08 
SN29024 National DM8024 Motorola LM108 SN54H30 Fairchild 54H30 Raytheon 54LS08 
SN29300 AMD 9300 National LM108 1035 National DM54H30 Signetics 54LS08 

Fairchild 9300 Raytheon LM108 Signetics 54H30 SN54LS09 Fairchild 54LS09 
National DM8300 RCA CAl 08 SN54H40 Fairchild 54H40 Motorola SN54LSQ9 
Raytheon RM9300 Silicon G SG108 National DM54H40 National DM54LS09 

SN29301 AMD 9301 .SN52109 TI LM109 Raytheon 54H40 Raytheon 54LS09 
Fairchild 9301 SN52110 AMD LM110 Signetics 54H40 Signetics 54LS09 
National DM8301 Intersll LM110 SN54H50 Fairchild 54H50 SN54LS10 Fairchild 54LS10 

DM9301 Motorola LM110 National DM54H50 Motorola SN54LS10 
SN29308 AMD 9308 National LM110 Signetics 54H50 National DM54LS10 

Fairchild 9308 Silicon G SG110 SN54H51 Fairchild 54H51 Raytheon 54LS10 
Raytheon RC9308 +SN52111 TI LM111 National DM54H51 Signetics 54LS10 

RM9308 .SN52118 TI LM118 Signetics 54H51 SN54LS107A Fairchild 54LS107 
SN29309 AMD 9309 SN52197 Signetics S8291 SN54H52 Fairchild 54H52 Motorola SN54LS107A 

Fairchild 9309 .SN52506 TI TL506 National DM54H52 National DM54LS107 
National DM8309 .SN52510 TI TL510 Signetics 54H52 Raytheon 54LS107 

SN29310 AMD 9310 .SN52514 TI TL514 SN54H53 Fairchild 54H53 Signetics 54LS107 
Fairchild 9310 .SN52555 TI SE555 National DM54H53 SN54L$109A Fairchild 54LS109 
National OM8310 rSN52558 . TI MC1558 Signetics 54H53 Motorola SN54LS109A 
Raytheon RM9310 .SN52702 TI TL702 SN54H54 Fairchild 54H54 National DM54LS109 

SN29311 AMD 9311 ,.SN52702A Ti /lA702 National DM54H54 Raytheon 54LS109 
Fairchild 9311 .SN52709 TI uA709 Sig'letics 54H54 Signetic5 54LSi09 
National DM8311 .SN52710 TI TL710 SN54H55 Fairchild 54H55 SN54LS11 Fairchild 54LSll 
Raytheon RM9311 .SN52711 TI /lA711 National DM54H55 Motorola SN54LS11 

SN29312 AMD 9312 .SN52723 TI /lA723 Signetics 54H55 National DM54LS11 
Fairchild 9312 .SN52733 TI /lA733 SN54H60 Fairchild 54H60 Raytheon 54LSll 
National DM8312 SN52741 Sprague ULS·2151 National DM54H60 Signetics 54LSll 
Raytheon RC9312 .SN52741 TI I,A74~ 

Ci ___ "~ __ 

oJ .. nov SN54LSi i2A Fairchiid MLSl12 VI~'f'O'l,"".:;) 

RM9312 .SN52747 TI /lA747 SN54H61 Fairchild 54H61 Motorola SN54LSl12A 
SN29316 AMD 9316 .SN52748 TI /lA748 National DM54H61 National DM54LS112 

Fairchild 9316 .SN52771 Signetics MC1556 Signetics 54H61 Raytheon 54LS112 
National DM8316 .SN52777 TI /lA777 SN54H62 Fairchild 54H62 Signetics 54LS112 
Raytheon RM9316 .SN52810 TI TL810 National DM54H62 SN54LS113A Fairchild 54LS113 

SN29318 AMD 9318 .SN52811 TI TL811 Signetics 54H62 Motorola SN54LS113A 
Fairchild 9318 .SN52820 TI TL820 SN54H71 Fairchild 54H71 National DM54LS113 
National DM8318 SN54HOO Fairchild 54Hoo National DM54H71 Raytheon 54LS113 

SN29322 AMD 9322 National DM54Hoo Signetics 54H71 
I C:~I~AI C:H ~A 

Signetics 54LS113 
Fairchlid 9322 Raytheon 54Hoo SN54H72 FairC'.hild fi4Hn t:.., ....... h:l.J 

.,.<.n_VlIOI UIVIO-.)££ Signetics 54Hoo 54H73 Motorola SN54LS114A 
SN29334 Fairchild 9334 SN54H01 Fairchild 54H01 National DM54H72 National DM54LS114 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted .. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement IC Master ~a::acturer I =:=ment Device 

IC Master Manufacturer I Replacement ICMaster Manufacturer I Reptac:ement ICMaster 
Device . Source Device Page Page Device Source Device Page Device Source Device Page 

Texas Instruments (cont'd) SN54LS157 AMD SN54LS157 SN54LS191 Motorola SN54LS191 SN54LS253 Fairchild 54LS253 
Fairchild 54LS157 National DM54LS191 Motorola SN54LS253 
Motorola SN54LS157 Raytheon 54LS191 National DM54LS253 

SN54LSl14A R;aytheon 54LSl14 National DM54LS157 Signetics 54LS191 Raytheon 54LS253 

Signetics 54LSl14 Raytheon 54LS157 SN54LS192 AMD SN54LS192 Signetics 54LS253 

SN54LS12 Motorola SN54LS12 Signetics 54LS157 Fairchild 54LS192 SN54LS257A AMD SN54LS257 

National DM54LS12 SN54LS158 AMD SN54LSl58 Motorola SN54LS192 Fairchild 54LS257 

Raytheon 54LS12 Fairchild 54LS158 National DM54LS192 Motorola SN54LS257A 

Signetics 54LS12 Motorola SN54LS158 Raytheon 54LS192 National DM54LS257 

SN54LS122 Motorola SN54LS122 National DM54LS158 Signetics 54LS192 Raytheon 54LS257 

National DM54LS122 Raytheon 54LS158 SN54LS193 AMD SN54LS193 Signetics 54LS257 

Raytheon 54LS122 Signetics 54LS158 Fairchiid 54LS193 SN54LS258A AMD SN54LS258 

SN54LS123 AMD SN54LS123 SN54LSl60A AMD SN54LS160 Motorola SN54LS193 Fairchild 54LS258 

Motorola SN54LS123 Fairchild 54LS160 National DM54LS193 Motorola SN54LS258A 

National DM54LS123 Motorola SN54LSl60A Raytheon 54LS193 Raytheon 54LS258 

Raytheon 54LS123 National DM54LSl60 Signetics 54LS193 Signetics 54LS258 

SN54LS125A Fairchild 54LS125 Raytheon 54LS160 SN54LS194A AMD SN54LS194A SN54LS259 Fairchild 54LS259 . 

Motorola SN54LS125A SN54LS161A AMD SN54LS161 FairchHd 54LS194 Motorola SN54LS259 

National DM54LS125 Fairchild 54LS161 Motorola SN54LS194A SN54LS26 Fairchild 54lS26 

Raytheon 54LS125 Motorola SN54LS161A Raytheon 54LS194A Motorola SN54LS26 

Signetics 54LS125 National DM54LS161 SN54LS195A AMD SN54LS195A National DM54LS26 

SN54LS126A Fairchild 54LS126 Raytheon 54LS161 Fairchild 54LS195 Raytheon 54LS26 

Motorola SN54LS126A Signetics 54LS161 Motorola SN54LS195A Signetics 54lS26. 

National DM54LS126 SN54LS162A AMD SN54LS162 Raytheon 54LS195A SN54LS261 Raytheon 54lS261 

Raytheon 54LS126 Fairchild 54LS162 Signetics 54LS195A Signetics 54LS261 

Signetics 54LS126 Motorola SN54LS162A SN54LS196 Fairchild 54LS196 SN54LS266 Fairchild 54LS266 

SN54LS13 Motorola SN54LS13 National DM54LS162 Motorola SN54LSl96 Motorola SN54LS266 

National DM54LS13 Raytheon 54LS162 National DM54LS196 Raytheon 54LS266 

Raytheon 54LS13 SN54LSl63A AMD SN54LSl63 Raytheon 54LSl96 Signetics 54LS266 

Signetics 54LS13 Fairchild 54LS163 SN54LS197 Fairchild 54LS197 SN54LS27 Fairchild 54LS27 

SN54LS132 Fairchild 54LS132 Motorola SN54LS163A Motorola SN54LS197 Motorola SN54LS27 

MotGrola SN54LS132 National DM54LS163 National DM54LS197 National DM54LS27 

National DM54LS132 Raytheon 54LS163 Raytheon 54LS197 Raytheon 54LS27 

Signetics 54LS132 Signetics 54LSl63 SN54LS20 Fairchiid 54LS20 Signetics 54LS27 

SN54LS136 Fairchild 54LS136 SN54LS 164 AMD SN54LS164 Motorola SN54LS20 SN54LS273 AMD SN54LS273 

Motorola SN54LS136 Fairchild 54LS164 National DM54LS20 MMI 54LS273 509 

Raytheon 54LS136 National DM54LSl64 Flaytheon 54LS20 Raytheon 54LS273 531 

Signetics 54LS136 Raytheon 54LSl64 Signetics 54LS20 SN54LS279 Fairchild 54LS279 

SN54LSl38 AMD SN54LS138 Signetics 54LSl64 SN54LS21 Fairchild 54LS21 Motorola SN54LS279 

Fairchild 54LS138 SN54LSl64A Motorola SN54LS164A Motorola SN54LS21 National DM54LS279 

Motorola SN54LS138 SN54LS165 Fairchild 54LS165 National DM54LS21 Raytheon 74LS279 

National DM54LS138 Motorola SN54LS165 Raytheon 54LS21 Signetics 54LS279 

Raytheon 54LS138 SN54LS 166 Motorola SN54LS166 Signetics 54LS21 SN54LS28 Fairchild 54LS28 

SigneticS 54LS138 SN54LS 168 AMD SN54LSl68 SN54LS22 Fairchild 54LS22 Motorola SN54LS28 

SN54LS 139 AMD SN54LS139 Fairchild 54LS168 Motorola SN54LS22 Raytheon 54LS28 

Fairchild 54LS139 Motorola SN54LSl68 National DM54LS22 Signetics 54LS28 

Motorola SN54LS139 National DM54LSl68 Raytheon 54LS22 SN54LS280 Fairchild 54LS280 

National DM54LS139 SN54LS169 AMD SN54LS169 Signetics 54LS22 SN54LS281 AMD SN54LS281 

Raytheon 54LS139 Fairchild 54LS169 SN54LS221 Motorola SN54LS221 SN54LS283 Fairchild 54LS283 

Signetics 54LS139 Motorola SN54LS169 National DMS4LS221 MMI 54LS283 

74LS139 National DM54LS169 Raytheon 54LS221 Motorola SN54LS283 

SN54LS14 Fairchild 54LS14 SN54LS170 AMD SN54LS170 Signetics 54LS221 National DM54LS283 

Motorola SN54LS14 Fairchild 54LS170 SN54LS240 AMD SN54LS240 Raytheon 54LS283 

National DM54LS14 Motorola SN54LS170 Fairchild 54LS240 SN54LS289 Motorola SN54LS289 

Raytheon 54LS14 National DM54LS170 MMI 54LS240 768 SN54LS290 Fairchild 54LS290 

Signetics 54LS14 Raytheon 54LS170 Motorola SN54LS240 Motorola SN54LS29O 

SN54LS148 AMD SN54LS148 Signetics 54LS170 Raytheon 54LS240 522 Signetics 54LS29O 

SN54LS15 Fairchild 54LS15 SN54LS173A Fairchild 54LS173 SN54LS241 AMD SN54LS241 SN54LS293 Fairchild 54LS293 

Motorola SN54LS15 Motorola SN54LS173 Fairchild 54LS241 MotoTola SN54LS293 

National DM54LS15 National DM54LS173 MMI 54LS241 768 Signetics 54LS293 

Raytheon 54LS15 Signetics 54LS173 Motorola S"l54LS241 SN54LS295B Fairchild 54LS295 

Signetics 54LS15 SN54LS174 AMD SN54LS174 Raytheon 54LS241 525 Motorola SN54LS295A 

SN54LS151 AMD SN54LS151 Fairchild 54LS174 SN54LS242 AMD SN54LS242 Raytheon 54LS295A 

Fairchild 54LS151 National DM54LS174 Motorola SN54LS242 Signetics 54LS295A 

Motorola SN54LS151 Raytheon 54LS174 Raytheon 54LS242 528 SN54LS298 Fairchild 54LS298 

National DM54LS151 Signetics 54LS174 SN54LS243 AMD SN54LS243 Motorola SN54LS298 

Raytheon 54lS151 SN54LS175 AMD SN54LS175 Motorola SN54LS243 Raytheon 54LS298 

Signetics 54LS151 Fairchild 54LS175 Raytheon 54LS243 528 SN54LS299 AMD SN54LS299 

SN54LS152 Fairchild 54LS152 Motoroia SN54LS175 SN54LS244 AMD SN54LS244 . Fairchild 54LS299 

Motorola SN54LS152 National DM54LS175 MMI 54LS244 768 MMI 54lS299 

Raytheon 54LS152 Raytheon 54LS175 Motorola SN54LS244 Raytheon 54LS299 533 

SN54LS153 AMD SN54LS153 Signetics 54LS175 Raytheon 54LS244 525 SN54LS30 Fairchild 54LS30 

Fairchild 54LS153 SN54LS181 AMD SN54LS181 SN54LS245 MMI 54LS245 n4 Motorola SN54LS30 

Motorola SN54LS153 Fairchild 54LS181 Motorola SN54LS245 National DM54LS30 

National DM54LS153 Motorola SN54LS181 SN54LS247 Motorola SN54LS247 Raytheon 54LS30 

Raytheon 54LS153 Raytheon 54LS181 National DM54LS247 Signetics 54lS30 

Signetics 54LS153 Signetics 54LS181 SN54LS248 Motorola SN54LS248 SN54LS32 Fairchild 54lS32 

SN54LS155 Fairchild 541,.S155 SN54LS189 Motorola SN54LS189 National DM54LS248 Motorola SN54LS32 

Motorola SN54LS155 SN54LS 190 AMD SN54LS19O SN54LS249 Motorola SN54LS249 National DM54LS32 

National DM54LS155 Fairchild 54LS190 National DM54LS249 Raytheon 54LS32 

Raytheon 54LS155 Motorola SN54LS190 SN54LS251 AMD SN54LS251 Signetics 54LS32 

74LS155 National DM54LS19O Fairchild 54LS251 SN54LS322 MMI 54LS322 

SN54LS156 Fairchild 54LS156 Raytheon 54LS19O Motorola SN54LS251 Motorola SN54LS322 

Motorola SN54LS156 Signetics 54LS19O Raytheon 54LS251 Raytheon 54LS322 537 
National DM54LS156 SN54LS191 AMD SN54LS191 Signetics 54LS251 SN54lS322A AMD AM25LS22 

Raytheon 54LS156 Fairchild 54LS191 SN54LS253 AMD SN54LS253 SN54LS322 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your reqUirements. 

Ie MASTER 1979 2427 



Ie MASTER 

:~~:turer I =~c:ment Device IC Master Manufacturer I Replacement ' IC Master 
Page Device Source Device 

Texas Instruments (cont'd) 

SN54LS322A Raytheon 
SN54LS323 MMI 

Motorola 
Raytheon 

i ~~;~~~~3;. AMD 
Fairchild 
Motorola 
Raytheon 
Signetics 

SN54L5352 Fairchild 
Motorola 
National 

SN54LS353 Fairchild 
Motorola 
National 

SN54LS363 MMI 
SN54LS365A Fairchild 

Motorola 
Raytheon 

I SN54LS366A 
Signeiics 
Fairchild 
Motorola 
Raytheon 
SlgnAtl"" 

SN54LS367A Fairchild 
~v1otoiQla 

Raytheon 
Signetics 

SN54LS368A Fairchild 
Motorola 
Signetics 

SN54LS37 Fairchild 
Motorola 
National 
Raytheon 
Signetics 

SN54LS373 AMD 
MMI 
Motorola 
Raytheon 

SN54LS374 AMD 
MMI 
Raytheon 

SN54LS375 Motorola 
Signetics 

SN54LS377 AMD 
MMI 
Raytheon 

SN54LS378 AMD 
Motorola 

SN54LS379 AMD 

Motorola 
SN54LS38 Fairchild 

Motorola 
National 
Raytheon 
Signetics 

SN54LS381 AMD 
SN54LS384 AMD 

Motorola 
Raytheon 

SN54LS385 AMD 

Motorola 
Raytheon 

SN54LS386 Motorola 
Raytheon 
Si!Jn<;>ti~ 

SN54LS390 Fairchild 
Motorola 

SN54LS393 Fairchild 
Motorola 

SN54LS395A Fairchild 
Motorola 
National 
Raytheon 
Signetics 

SN54LS399 AMD 

Motorola 

• DIscontinued 

54LS322A 
54LS323 
SN54LS323 
S4LS323 
AM25LS23 
54LS33 
SN54LS33 
54LS33 
54LS33 
54LS352 
SN54LS352 
DM54LS352 
54LS353 
SN54LS353 
DM54LS353 
54LS363 
54LS365 
SN54LS365A 
54LS365 
54LS365A 
54LS366 
SN54LS366A 
54LS366 
"41 !,;::IAA 

54LS367 
SN54LS367A 
541.$367 
54LS361A 
54LS368 
SN54LS368A 
54LS368A 
54LS37 
SN54LS37 
DM54LS37 
54LS37 
54LS37 
SN54LS373 
54LS373 
SN54LS373 
54LS373 
SN54LS374 
54LS374 
54LS374 
SN54LS375 
54LS375 
SN54LS377 
54LS377 
54lS377 
SN54LS378 
SN54LS378 
AM25LS08 
SN54LS379 
SN54LS379 
54LS38 
SN54LS38 
DM54LS38 
54LS38 
54LS38 
SN54LS381 
AM25LS14 
SN54LS384 
SN54LS384 
54LS244 
54LS384 
AM?5! 515 
SN54LS385 
SN54LS385 
54LS385 
SN54LS386 
54LS386 
54LS3!!5 
54LS390 
SN54LS390 
54LS393 
SN54LS393 
54LS395 
SN54LS395A 
DM54LS395 
54LS395 
54LS395 
AM25LS09 
SN54LS399 
SN54LS399 

540 

I 

SN54LS40 Fairchild 
Motorola 
National 
Raytheon 
Signetics 

5N54LS42 Fairchild 
Motorola 
National 
Raytheon 
Signetics 

SN54LS424 AMD 
SN54LS47 Motorola 
SN54LS48 Motorola 
SN54LS49 Motorola 
SN54LS490 Fairchild 

SN54LS51 

SN54LS54 

I:: ~I::I:: 

Motorola 
Fairchild 
Motorola 
National 
Raytheon 
Signetics 
Fairchild 
Motorola 
National 
Raytheon 
Signetics 
t:"tr ...... .,,.4 

Motorola 
Nationai 
Raytheon 

.SigAeties 

SN54LS640 Motorola 
SN54LS641 Motorola 
SN54LS642 Motorola 
SN54LS645 Motorola 
SN54LS670 Fairchild 

Motorola 
National 
Raytheon 
Signelics 

505 SN54LS73A Fairchild 
Motorola 

543 National 
Raytheon 

505 Signetics 
543 SN54LS74A Fairchild 

Motorola 
National 
Raytheon 

509 Signetics 
549 SN54LS75 Motorola 

National 
Raytheon 
Signetics 

SN54LS76A Motorola 
National 
Raytheon 
Signetics 

SN54LS77 Fairchild 
Motorola 
Raytheon 

SN54LS78A Motorola 
National 
Raytheon 

I 
Signetics 

525 SN54LS83A Fairchild 

551 I ~~:i~~~~ 

554 

Raytheon 
SN54LS85 Fairchild 

Motorola 
National 
Raytheon 
SiyfI6ii(;:) 

SN54LS86 Fairchild 
Motorola 
Raytheon 
Signetics 

SN54LS90 Fairchild 
Motorola 
Raytheon 
SignetiCS 

SN54LS91 Raytheon 
SN54LS9~ Motnrnl" 

Rayth,eon 
Signetics 

54LS40 
SN54LS40 
DM54LS40 
54LS40 
54LS40 
54LS42 
SN54LS42 
DM54LS42 
54LS42 
54LS42 
SN54LS424 
SN54LS47 
SN54LS48 
SN54LS49 
54LS490 
SN54LS490 
54LS51 
SN54LS51 
DM54LS51 
54LS51 
54L551 
54LS54 
SN54LS54 
DM54LS54 
54LS54 
54LS54 
t:'.t'r::-r:f:" 

SN54LS55 
DM54LS55 
54LS55 
54lS55 
SN54LS640 
SN54LS641 
SN54LS642 
SN54LS645 
54LS670 
54LS670 
DM54LS670 
54LS670 
54LS670 
54LS73 
SN54LS73A 
DM54LS73 
54LS73 
54LS73 
54LS74 
SN54LS74A 
DM54LS74 
54LS74 
54LS74 
SN54LS75 
DM54LS75 
54LS75 
54LS75 
SN54LS76A 
DM54LS76 
54LS76 
54LS76 
54LS77 
SN54LS77 
54LS77 
SN54LS78A 
DM54LS78 
54LS78 
54LS78 
54LS83 
SN54LS83A 
DM54LS83 
54LS83A 
54LS85 
SN54LS85 
DM54LS85 
54LS85 
54LSS5 
54lS86 
SN54LS86 
54LS86 
54LS86 
54LS90 
SN54LS90 
54LS90 
54LS90 
54LS91 
<:flJC;'" ~O? 

54LS92 
S54LS92 

Page 
IC Muter Manufacturer I Replacement 

Device Source ,Device Page 

SN54LS92 Signetics 
SN54LS93 Fairchild 

Motorola 
Raytheon 
Signetics 

SN54LS958 Fairchild 

Motorola 
Raytheon 

SN54LS96 Signetics 
SN54LOO National 
SN54L01 National 
SN54L02 National 
SN54L03 National 
SN54L04 National 
SN54Ll0 National 
SN54l123 National 
5N54L154 National 
SN54l157 National 
SN54l164 National 
SN54l192 National 
SN541193 National 
SN54L20 Nationa! 
SN54L30 National 
SN54L368A Raytheon 
SN54L42A 
........ ,..". -, 
" .... ~ .... L::JI 

SN54L54 
SN54L55 
SN54L71 
SN54l72 
SN54L73 
5N54l74 
SN54L75 
SN54L78 
SN54L85 
SN54L86 
SN54L90 
5N54L91 
SN54L93 
SN54L95 
SN54L98 
SN54Soo 

SN54S02 

SN54S03 
SN54S04 

SN54S05 

SN54S08 

SN54S09 

5N54S10 
SN54S11 

National 

"'allonal 
National 
National 
National 
NatiOnal 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
Fairchild 

Fairchild 
Signetics 
Fairchild 
Fairchild 

Signetlcs 
Fairchild 

Signetics 
Fairchild 
Signetics 
Fairchild 
Signetics 
Fairchild 
Fairchild 
Signetics 

SN54S 112 Fairchild 
Motorola 

SN54S 113 Fairchild 
Motorola 

SN54S 114 Fairchild 
5N54S 13 Fairchild 
SN54S132 Fairchild 
SN54S 133 Fairchiid 
SN54S134 Fairchild 
SN54S 135 Fairchild 
SN54S138 AMD 

Fairchild 
SN54S139 AMD 

Fairchild 
Signetics 

SN54S 140 AMD 
Fairchild 
National 
Signetics 

SN54S15 Fairchild 
Signetics 

SN54S 151 AMD 
Fairchild 

SN54S153 AMD 
Fairchild 

54LS92 
54LS93 
SN54LS93 
54LS93 
54Ls93 
54LS95 
54LS958 
SN54LS95B 
54LS958 
54LS96 
DM54Loo 
DM54L01 
DM54L02 
DM54L03 
DM54L04 
DM54l10 
DM54l123 
DM54Ll54A 
DM54l157A 
DM54L164 
DM54l192 
DM54l193 
DM54120 
DM54L30 
54 LS368 
DM54L42A 
-UM:>4L:>1 

DM54L54 
DM54L55 
DM54L71 
1JM54L72 
DM54L73 
DM54L74 
DM54L75 
DM54L78 
DM54L85 
DM54L86 
DM54L90 
DM54L91 
DM54L93 
DM54L95 
DM54L98 
54SOO 
9S00 
54S02 
54502 
54503 
54504 
9504A 
54S04 
54S05 
9505A 
54S05 
54S08 
54S08 
54S09 
54S09 
54S10 
54S11 
54S11 
54S112 
SN54S112 
54S113 
SN54S113 
54S114 
54LS13 
54S132 
54S133 
54$134 
54S135 
SN54S138 
545138 
SN54S139 
54S139 
54S139 
SN54S140 
54S140 
DM54S140 
54S140 
54S15 
54S15 
SN54S151 
54S151 

SN54S153 
54S153 

IC Mater Manufacturer I Replacement 
Device Source Device Page 

SN54S153 Signetics 
SN54S157 AMD 

Fairchild 
Signetics 

SN545158 AMD 
Fairchild 
Signetics 

SN545174 AMD 
Fairchild 

SN545175 AMD 
Fairchild 

5N54S181 AMD 
Fairchild 

Signetics 
5N545182 Fairchild 

MMl 
5N545188 AMD 

Harris 
MMI 

National 

I SN54S'" 

Supertex 
AMD 

National 
:SN54S 194 AMD 

Fairchild 
SN54S195 AMD 

Fairchild 
SN54SiO Fairchild 
SN54S2oo Falrchld 

+SN54S2oo MMI 
National 
Raytheon 
Signetics 
TI 

SN54S201 National 
SN54S206 MMI 

National 
Raytheon 
TI 

SN54S214 FalrchHd 
SN54S22 Fairchild 

National 
Signetlcs 

5N545240 AMD 
MMI 
Raytheon 

SN54S241 AMD 
MMI 

Raytheon 
SN54S244 MMI 
SN54S251 AMD 

Fairchild 
Signetics 

SN54S257 AMD 
SN54S258 AMD 

Fairchild 
Signetics 

SN54S270 MMI 
SN54S283 MMI 
SN54S287 AMD 

Fairchild 
Harris 

MMI 
National 
Raytheon 

SN54S288 AMD 
Harris 
MMI 
National 

Supertex 
SN54S289 AMD 

National 
SN54S30 Fairchild 
SN54S301 Fairchild 

National 
;-....... 11 .. 0 

SN54S32 Fairchild 
Signetics 

54S153 
SN54S157 
54S157 
545157 
SN54S158 
54S158 
545158 
SN54S174 
545174 
SN54S175 
54S175 
SN54S181 
545181 
93S41 
54S181 
93542 
545162 
AM27516 
HM7602 
5330 
5330-1 
DM595188 
MM14S188 
AM27S03 
SN54S189 
DM54S189 
SN54S194 
54S194 
SN54S195 
93Soo 
54S20 

1284 

1441 

1704 

93421 1252 
5531 
DM54S2oo 
RM5340 
545200 1678 
SN54S201 
DM54S2oo 
5205-1 1486 
DM54S206 
RM5330 
SN74S301 
93425 1240 
54S22 
DM54S22 
54S22 
SN54S240 
54S24O 7tI8 
54S240 
SN545241 
545241 788 
54S242 
545241 
545244 788 
SN545251 
545251 
545251 
SN54S257 
SN54S258 
545258 
545258 
5205-1 1486 
54S283 
AM27S21 
93427 1258 
HM7611 

1284,1292 
HM7611A 
5301-1 1441 
DM54S287 
29661 1864 
AM27519 
HM7603 1284 
5331-1 1441 
DM545286 

DM75l" 
MM745288 1704 
AM27502 
SN54S289 
DM54S289 
54S30 
93411 
DM54S206 
_10 '4-

54S32 
54S32 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement ICMaster Manufacturer I Replacement IC Master 
Device Source Device Page Device So\Irce Device Page Device Source Device Page Device . Source Device Page 

Texas Instruments (cont'd) SN5407 Signetics 5407 +SN54151 Signetics 54151 SN54174 National DM54174 
SN5408 Fairchild 5408 TI SN54151A Signetics 54174 

Motorola MC5408 +SN54152 Fairchild 54152 SN54175 AMD SN54175 

SN54S37 Signetics 54S37 National DM5408 Motorola MC54152 Fairchild 54175 

SN54S370 MMI 5206-1 1466 Signetics 5408 Signetics 54152 Motorola MC54175 

SN54S373 MMI 545373 505 SN5409 Fairchild 5409 TI SN54152A National DM54175 

SN54S374 MMI 54S374 505 Motorola MC5409 SN54153 AMD SN54153 Signetics 54175 

SN54S381 MMI 54S381 National DM5409 Fairchild 54153 SN54176 Fairchild 54176 

SN54S387 AMD AM27S20 Signetics 5409 Motorola MC54153 Motorola MC54176 

Fairchild 93417 1258- SN5410 Fairchild 5410 National DM54153 National DM54176 

Harris HM7610 Motorola MC5410 Signetics 54153 DM7280 
1284,1292 National DM5410 SN54154 AMD SN54154 Signetics S8280 

HM7610A Signetics 5410 Fairchild 54154 54176 

MMI 5300-1 1449 SN54100 Motorola MC54100 9311 SN54177 Fairchild 54177 

National DM54S387 Signetics 54100 Motorola MC54154 Motorola MC54177 

Raytheon 29660 1664 SN54107 AMD SN54107 National DM54154 National DM54177 

Signetics S82S126 1680 Fairchild 54107 Signetics 54154 DM7281 

SN54S40 Fairchild 54S40 9N107 SN54155 Fairchild 54155 Signetics S8281 

SN54S412 AMD SN54S412 Motorola MC54107 Motorola MC54155 54177 
SN54S470 MMI 5308-1 1449 National DM54107 National DM54155 SN54178 Fairchild 54178 

National DM59S470· Signetics 54107 Signetics 54155 Signetics S8270 

Raytheon 29600 1652 SN54109 Fairchild 9024 SN54156 Fairchild ·54156 SN54179 Fairchild 54179 

SN54S471 MMI 5309-1 1449 National DM54109 Motorola MC54156 SN54180 Fairchild 54180 
National DM54S471 Signetics 54109 National DM54156 Motorola MC54180 

Raytheon 29601 1652 SN5411 Fairchild 5411 Signetics 54156 National DM54180 
SN54S472 MMI 5349-1 1449 National DM5411 SN54157 AMD SN54157 Signetics 54180 

National DM54S472 Signetics 5411 Fairchild 54157 SN54181 AMD SN54181 
Raytheon 29621 1656 SN5~116 Fairchild 54116 9322 9341 

SN54S473 MMI 5348-1 1449 Signetics 54116 Motorola Me54157 Fairchild 54181 
National DM54S473 SN5412 Fairchild 5412 National DM54157 9341 
Raytheon 29620 1656 Signetics 5412 DM9322 Motorola MC54181 

SN54S474 Fairchild 93448 1262 SN54120 Motorola MC54120 Signetics 54157 National DM54181 

MMI 5341·1 1449 SN54121 Fairchild 54121 SN5416 Fairchild 5416 Signetics 54181 

National DM77S296 9603 Motorola MC5416 SN54182 AMD SN54182 

Raytheon 29625 1658 Motorola MC54121 National DM5416 9342 

SN54S475 Fairchild 93438 1262 MC9603 Signetics 5416 Fairchild 54182 

93452 1264 National DM54121 SN54160 AMD SN54160 9342 

MMI 5340-1 1449 Stgnetics 54121 Fairchild 54160 Motorola MC54182 

National DM77S295 SN54122 Fairchild 54122 9310 National DM54182 

Raytheon 29624 1658 Motorola MC54122 Motorola MC54160 Signetics 54182 
SN54S476 Fairchild 93453 1264 SN54123 AMD AM26123 National DM54160 SN54184 National DM54184 

MMI 535441 1453 SN54123 Signetics 54160 SN54185 National DM54185 

Raytheon 29641 Fairchild 54.123 SN54161 AMD SN54161 SN54185A National DM54185A 
SN54S477 MMI 535440 1453 Motorola MC54123 Fairchild 54161 SN54186 Harris HPROM0512 

Raytheon 29640 National DM54123 9316 1346 

SN54S478 MMI 5381·1 1449 Signetics 54123 Motorola MC54161 SN54187 Intersil IM5603 

SN54S479 MMI 5380-1 1449 SN54125 Fairchild 54125 National DM5.4161 MMI 5200-1 1466 

SN54S51 Fairchild 54S51 National DM54125 Signetics 54161 National DM54187 

SN54S64 Fairchild 54S64 DM7093 SN54162 AMD SN54162 SN54188 AMD AM27S18 
SN54S65 Fairchild 54S65 Signetics 54125 Fairchild 54162 Harris HM7602 1284 

9S65 SN54126 Fairchild 54126 Motorola MC54162 MMI 5330-1 1449 
SN54S74 Fairchild 54S74 National DM54126 . National DM54162 National DM7577 
SN54S85 Signetics 54S85 DM7094 Signetics 54162 SN54190 Fairchild 54190 
SN54S86 Fairchild 54S86 Signetics 54126 SN54163 AMD SN54163 Motorola MC54190 

Signetics 54S86 SN54128 Signetics 54128 Fairchild 54163 National DM54190 

SN5400 Fairchild 5400 SN5413 Fairchild 5413 Motorola MC54163 Signetics 54190 

Motorola MC5400 Motorola MC5413 National DM54163 SN54191 Fairchild 54191 

National DM5400 National DM5413 Signetics 54163 Motorola MC54191 

Signetics 5400 Signetics, 5413 SN54164 AMD SN54164 . National DM54191 

SN5401 Fairchild 5401 SN54132 Fairchild 54132 Fairchild 54164 Signetics 54191 

Motorola MC5401 Motorola MC54132 National DM54164 SN54192 AMD SN54192 

National DM5401 National DM54132 DM7570 9360 

Signetics 5401 Signetics 54132 Signetics 54164 Fairchild 54192 
SN5402 Fairchild 5402 SN5414 Fairchild 5414 SN54165 Fairchild 54165 Motorola MC54192 

Motorola MC5402 Motorola MC5414 Motorola MC54165 National DM54192 

National DM5402 National DM5414 National DM54165 DM7560 

Signetics 5402 Signetics 5414 DM7590 Signetics 54192 
SN5403 Motorola MC5403 SN54141 Motorola MC54141 Signetics 54165 SN54193 AMD SN54193 

National DM5403 National DM54141 SN54166 Fairchild 54166 9366 

Raytheon 5403 Signetics 54141 National DM54166 Fairchild 54193 

Signetics 5403 SN54145 Fairchild 54145 Signetics 54166 Motorola MC54193 

SN5404 Fairchild 5404 Motorola MC54145 SN54167 Motorola MC54167 National DM54193 

. Motoroia MC5404 National DM54145 SN5417 Fairchild 5417 DM7563 
National DM5404 Signetics 54145 Motorola MC5417 Signetics 54193 
Signetics 5404 SN54147 National DM54147 National DM5417 SN54194 AMD SN54194 

SN5405 Fairchild 5405 Signetics 54147 Signetics 5417 Fairchild 54194 
Motorola MC5405 SN54148 Fairchild 9318 SN54170 Fairchild 54170 Motorola MC54194 
National DM5405 National DM54148 National DM54170 National DM54194 
Signetics 5405 Signetics 54148 Signetics 54170 Signetics 54194 

SN5406 Fairchild 5406 SN54150 Fairchild 93150 SN54173 Fairchild 54173 SN54195 AMD SN54195 
Motorola MC5406 Motorola MC54150 National DM54173 Fairchild 54195 
National DM5406 National DM54150 DM7551 9300 
Signetics 5406 Signetics 54150 SN54174 AMD SN54174 Motorola MC54195 

SN5407 Fairchild 5407 +SN54151 Fairchild 54151 SN74174 National DM54195 
Motorola MC5407 Motorola MC54151 Fairchild 54174 DM9300 
National DM5407 National DM54151 Motorola MC54174 Signetics 54195 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the specifications considering your requirements,' 
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Ie MASTER 
Manufacturer I Replacement IC Master 
Device Source Device 

Texas Instruments (cont'd) 

SN54196 

SN54197 

SN54198 

SN54199 

SN5420 

.SN54200 

SN54206 

SN5422 
SN54221 
SN5423 

SN5425 

SN54251 

SN542~9 
SN5426 

SN5427 

SN54270 
SN54278 
SN54279 

SN54283 
SN54284 
SN54285 
SN54290 
SN54293 
SN54298 

SN5430 

SN5432 

SN54365 
SN54366 
8N54367 
SN54368 
SN5437 

SN54370 
SN5438 

SN5440 

.SN5442 

Fairchild 
Motorola 
National 
Signetics 

Fairchild 
Motorola 
National 
Signetics 
Fairchild 
National 
Signetics 
Fairchild 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 

MMI 
TI 
MMI 
National 
TI 
Fairchild 
AMO 
Fairchild 
Motorola 
National 
Fairchild 
Motorola 
Nat:onal 
National 

AMO 
Fairchild 
Motorola 
National 
Signetics 

Fairchild 
Motorola 
National 
MMI 
Motoroia 
Fairchild 
Motorola 
Signetics 
Fairchild 
National 
National 
Motorola 
Motorola 
Fairchild 
Motorola 
Signetics 
Fairchild 
Motorola 
National 
Signetics 

Fairchild 
National 
Si!Jn~ti0~ 

National 
National 
National 
National 
Fairchild 

National 
Signetics 
MMI 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 

• Discontinued 

54196 
MC54196 
OM54196 
S8290 
54100 
54197 
MC54197 
OM54197 
54197 
54198 
OM54198 
54198 
54199 
OM54199 
54199 
5420 
MC5420 
OM5420 
S8819 
5420 
5531 
SN54S201 
5530 
DM54S?06 
SN54S301 
5422 
SN54221 
5423 
MC5423 
OM5423 
5425 
MC5425 
DM5425 
OM7121 
SM54251 
SN54259 
5426 
MC5426 
DM5426 
S~1T18 
5426 
5427 
MC5427 
DM5427 
5205-1 
MC54278 
54279 
MC54279 
54279 
54283 
DM7875A 
DM7875B 
MC54290 
MC54293 
54298 
MC54298 
54298 
5430 
MC5430 
OM5430 
S8808 
5430 
5432 
OM5432 
5432 

DM7095 
OM7096 
OM7097 
OM7098 
5437 

OM5437 
5437 
5206-1 
5438 
MC5438 
OM5438 
5438 
5440 
MC5440 
OM5440 
5440 
5442 

Page 

1466 

1466 

lC .... ter MItnuhIcturer I Replacement 
Device Source Device Page 

.SN5442 

SN54425 
SN54426 

.SN5443 

.SN5444 

SN5445 

.SN5446 

.SN5447 

SN5448 

SN5449 

SN5450 

SN5451 

SN5453 

SN5454 

SN5460 

SN5470 

SN5472 

SN5473 

I SN5474 

SN5475 

SN5476 

SN5477 

SN5480 

.SN5481 

Motorola 
National 
Signetics 
TI 
National 
National 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 

if'<' S!gneL_ 
TI 
Fairchiid 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
Signetics 
Fairchild 
Motorola 
~innl),til"c 

Fairchild 
TI 

MC5442 
OM5442 
5442 
SN5442A 
OM7093 
OM7094 
5443 
MC5443 
5443 
SN5443A 
5444 
MC5444 
5444 
SN5444A 
5445 
MC5445 
OM5445 
5445 
5446 
MC5446 
OM5446 
5446 
SN5446A 
5447 
MC5447 
DM5447 

7 544. 
SN5447A 
5448 
MC5448 
DM5448 
5448 
5449 
MC5449 
5450 
MC5450 
DM5450 
5450 
5451 
MC5451 
OM5451 
5451 
5453 
MC5453 
OM5453 
5453 
5454 
MC5454 
DM5454 
5454 
5460 
MC5460 
DM5460 
5460 
5470 
MC5470 
OM5470 
5470 
5472 
MC5472 
OM5472 
5472 
5473 
MC5473 
OM5473 
5473 
5474 
MC5474 
DM5474 
5474 
5475 
MC5475 
OM5475 
5475 
5476 
MC5476 
OM5476 
5476 
5477 
MC5477 
5477 
5480 
MC5480 
""An 
93407 
SN5481A 

IC Master Ulnufaeturer I Replacement 
Device Source Device Page 

SN5482 

.SN5483 

SN5485 

SN5486 

.SN5488 

.SN5489 

.SN5490 

+SN5491 

.SN5492 

.SN5493 

SN5494 

.SN5495 

SN5496 

SN5497 

.SN5510 
SN55107 

SN55108 

SN55109 

SN55110 

SN55112 
SN55114 

SN55121 

Fairchild 
Motorola 
Fairchild 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
National 
Signetics 

Inters" 
MMI 
National 
TI 
AMO 

Fairchild 
MMI 
National 
TI 
Fairchild 

...... , ..... ,~ My,Q,O,a 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
Signetics 
Fairchild 
Motorola 
National 
Signetics 
TI 
Fairchild 
Motorola 
National 
Signetics 
Fairchild 
Motorola 
Motorola 
AMO 
Fairchild 
Motorola 
National 
Raytheon 
Silicon G 
AMO 
Fairchild 
Motorola 
National 
Raytheon 
Silicon G 
AMO 
Fairchild 
Raytheon 
Silicon G 
AMO 
Fairchild 
Raytheon 
Silicon G 
Fairchild 
AMD 
Fairchild 

Fairchild 
Fairchild 

5482 
MC5482 
5483 
OM5483 
5483 
SN5483A 
5485 
MC5485 
OM5485 
5485 
5486 
MC5486 
OM5486 
5486 
IM5600 
5230-1 
OM5488 
8N5488A 
SN5489 
5889 
5489 
5560 
OM5489 
SN54S189 
5490 
9390 

,......,.." ~ M",,, .. SV 
OM5490 
5490 
SN5490A 
541J1 
MC5491 
OM5491 
5491 
SN5491A 
5492 
MC5492 
DM5492 
5492 
SN5492A 
5493 
MC5493 
DM5493 
5493 
SN5493A 
5494 
MC5494 
5494 
5495 
MC5495 
OM5495 
5495 
SN5495A 
5496 
MC5496 
DM5496 
5496 
5497 
MC5497 
MC1510 
SN55107 
55107 
MC55107 
OS55107 
RM55107 
SG107 
SN55108B 
5510& 
MC55108 
OS55108 
RM551 08 
SG108 
SN55109 
55109 
RM55109 
SG109 
SN55110 
55110 
RM55110 
SG110 
55112 
9614 
96114 

96115 
55121 

1466 

ICMnter MlnuflCtlnr I Replacement 
Device Source Device Page 

SN55121 
SN55122 

SN55123 

SN55124 

SN55138 
SN55154 
SN55180 
SN55182 

SN55183 

SN5520 

SN55207 

SN55208 

.SN5521 

.-. -- ......... 

SN55224 
SN55225 

.SN5523 

SN55232 
SN55233 
SN55234 

SN55235 

SN55238 

SN55239 

SN5524 

I SN55244 

.SN5525 

SN5526 
SN5527 
SN5528 

.SN5529 

SN55325 

SN55326 
SI'-!55327 

.SN5534 

SN5535 

SN5536 
SN55361 
SN55365 
SN55369 

National 
Fairchild 
National 
Fairchild 
Silicon G 
Fairchild 
Silicon G 
Silicon G 
Silicon G 
National 
AMO 
National 
Signetics 
AMO 
National 
8ignetics 
AMD 

National 
Silicon G 
Fairchild 
Silicon G 
Fairchi!d 
Silicon G 
AMO 
Silicon G 
Mmorola 
National 
Silicon G 
Fairchild 
Fairchild 
Motorola 
Silicon G 
Fairchild 
Fairchild 
AMO 
Fairchild 
AMO 
Fairchild 
AMO 
Fairchitd 
AMO 
Fairchild 
Silicon G 
AMO 
Fairchild 
Motorola 
National 
Silicon G 
AMD 
Motorola 
AMO 
Fairchild 
Motorola 
Silicon G 
Silicon G 
Silicon G 
Fairchild 
Motorola 
National 
Silicon G 
Fairchild 
Motorola 
SWcon G 
AMO 
Fairchild 
Motorola 
National 
Raytheon 
Silicon G 
Fairchild 
Fairchild 
Fairchild 
National 
Silicon G 
Fairchild 
Silicon G 
Silicon G 
National 
National 
AMD 
National 
Silicon G 

National 
Silicon G 

OS55121 
55122 
0855122 
55123 
SG123 
55124 
SG124 
SG55138 
SG55154 
OS7800 
OM7820 
OS7820 
OS7820 
OM7830 
OS7830 
OS7830 
SN5520 
SN5521 
OS5520 
SG5520 
55207 
SG207 
55208 
SG208 
SN5521 
SG5521 

;""\," '~o' M\jt>t>22 

OS5522 
SG5522 
55224 
55225 
MC5523 
SG5523 
55232 
55233 
SN55234 
55234 
SN55235 
55235 
SN55238 
55238 
SN55239 
55239 
SG239 
SN5524 
5524 
MC5524 
OS5524 
SG5524 
MC1544 
MC1544 
SN5525 
5525 
MC5525 
SG5525 
SG5526 
SG5527 
5528 
MC5528 
085528 
SG5528 
5529 
MC5529 
SG5529 
SN55325 
55325 
MC55325 
OS55325 
RM55325 
SG55325 
55326 
55327 
5534 
OS5534 
SG5534 
5535 
SG5535 
SG5536 
OS55361 
OS55365 
MMHOO20 
OS0026 
SG5537 

OS5538 
SG5538 

Bold face device numbers indicate manufacturers data is, provided in the Ie Master on the pages notad. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master =~acturer I =ement Device IC Master Manufacturer I Replacement IC Master 
Device SOurce Device Page Device SOurce Device Page Page Device Source Device Page 

Texas Instruments (cont'd) +SN72709 TI p.A709 SN74H22 Fairchild 74H22 SN74LS01 Hitachi HD74LS01 
+SN72710 TI TL710 Motorola MC74H22 Motorola SN74LS01 
+SN72711 TI p.A711 National DM74H22 National DM74LS01 

+SN5539 Fairchild 5539 +SN72720 TI TL720 Raytheon 74H22 Raytheon 74LS01 

Silicon G SG5539 +SN72723 Motorola MC723 Signetics 74H22 Signetics 74LS01 

SN55450 Fairchild 55450 TI p.A723 SN74H30 Fairchild 74H30 SN74LS02 Fairchild 74LS02 

National DS55450 +SN72733 TI p.A733 Motorola MC74H30 Hitachi HD74LS02 

Raytheon RM55450 SN72741 Sprague ULN-2151 National DM74H30 Motorola SN74LS02 

Silicon G SG55450 +SN72741 TI p.A741 NEG America p.PB74H30 National DM74LS02 

SN55451 Fairchild 55451 +SN72747 TI p.A747 Signetics 74H30 NEG America p.PB74LS02 

National D555451 +SN72748 TI p.A748 SN74H40 Fairchild 74H40 Raytheon 74LS02 

Raytheon RM55451 +SN72777 TI p.A777 Motorola MC74H40 Signetics 74LS02 

Silicon G SG55451 +SN72810 TI TL810 National DM74H40 SN74LS03 Fairchild 74LS03 

SN55452 Fairchild 55452 +SN72811 TI TL811 NEG America p.PB74H40 Hitachi HD74LS03 

National DS55452 +SN72820 TI TL820 Raytheon 74H40 Motorola SN74LS03 

Raytheon RM55452 +SN72905 Motorola MC7905 Signetics 74H40 National DM74LS03 

Silicon G SG55452 +SN72906 Motorola MC7906 SN74H50 Fairchild 74H50 NEG America p.PB74LS03 

SN55453 Fairchild 55453 +SN72908 Motorola MC7908 Motorola MC74H50 Raytheon 74LS03 

National DS55453 +SN72912 Motorola MC7912 National DM74H50 Signetics 74LS03 

Raytheon RM55453 +SN72915 Motorola MC7915 Signetics 74H50 SN74LS04 Fairchild 74LS04 

Silicon G SG55453 +SN72918 Motorola MC7818 SN74H51 Fairchild 74H51 Hitachi HD74LS04 

SN55454 Fairchild 55454 +SN72924 Motorola MC7824 9H51 Motorola SN74LS04 

National DS55454 SN74HOO Fairchild 74HOO Motorola MC74H51 National DM74LS04 

Raytheon RM55454 Motorola MC74HOO National DM74H51 NEe America p:PB74LS04 

Silicon G SG55454 National DM74HOO NEe America p.PB74H51 Raytheon 74LS04 

SN55460 Fairchild 55460 NEe America p.PB74HOO Signetics 74H51 Signetics 74LS04 

National DS55460 Raytheon 74HOO SN74H52 Fairchild 74H52 SN74LS05 Fairchild 74LS05 

Silicon G SG55460 Signetics 74HOO Motorola MC74H52 Hitachi HD74LSOS 

SN55461 Fairchild 55461 SN74H01 Fairchild 74H01 National DM74H52 Motorola SN74LSOS 

National DS55461 Motorola MC74H01 Signetics 74H52 National DM74LS05 

Silicon G SG55461 National . DM74H01 SN74H53 Fairchild 74H53 NEG America p.PB74LSOS 
SN55462 Fairchild 55462 NEG America p.PB74H01 Motorola MC74H53 Raytheon 74LS05 

National DS55462 Raytheon 74H01 National DM74H53 Signetics 74LSOS 

Silicon G SG55462 Signetics 74H01 Signetics 74H53 SN74LS08 Fairchild 74LS08 

SN55463 Fairchild 55463 SN74H04 Fairchild 74H04 SN74H54 Fairchild 74H54 Hitachi HD74LS08 

National DS55463 Motorola MC74H04 Motorola MC74H54 Motorola SN74LS08 

Silicon G SG55463 National DM74H04 National DM74H54 National DM74LS08 

SN55464 Fairchild 55464 NEG America p.PB74H04 Signetics 74H54 NEG America p.PB74LS08 

National DS55464 Raytheon 74H04 SN74H55 Fairchild 74H55 Raytheon 74LS08 

Silicon G SG55464 Signetics 74H04 Motorola MC74H55 Signetics 74LS08 

SN55470 Fairchild 55470 SN74H05 Fairchild 74H05 National DM74H55 SN74LS09 Fairchild 74LS09 

SN55471 Fairchild 55471 Motorola MC74H05 Signetics 74H55 Hitachi HD74LS09 

Silicon G SG55471 National DM74H05 SN74H60 Fairchild 74H60 Motorola SN74LS09 

SN55472 Fairchild 55472 Raytheon 74H05 Motorola MC74H60 National DM74LS09 

Silicon G SG55472 Signetics 74H05 National DM74H60 Raytheon 74LS09 

SN55473 Fairchild 55473 SN74H10 Fairchild 74H10 Signetics 74H60 Signetics 74LS09 

Silicon G SG55473 Motorola MC74H10 SN74H61 Fairchild 74H61 SN74LS10 Fairchild 74LS10 

SN55474 Fairchild 55474 National DM74H10 Motorola MC74H61 Hitachi HD74LS10 

Silicon G SG55474 NEG America p.PB74H10 National DM74H61 Motorola SN74LS10 

SN55480 National DS7880 Raytheon 74H10 Signetics 74H61 National DM74LS10 

SN55493 National DS55493 Signetics 74H10 SN74H62 Fairchild 74H62 NEe America p.PB74LS10 

SN55494 National DS55494 SN74H101 Motorola MC74H101 Motorola MC74H62 Raytheon 74LS10 

+SN56502 TI TL441 Signetics 74H101 National DM74H62 Signetics 74LS10 

+SN72L022 TI TL022 SN74H102 Fairchild 74H102 Signetics 74H62 SN74LS107A Fairchild 74LS107 

+SN72L044 TI TL044 Motorola MC74H102" SN74H71 Fairchild 74H71 Hitachi HD74LS107 

+SN72301 A·" TI LM301 Signetics 74H102 Motorola MC74H71 Motorola SN74LS107A 

+SN72304 Motorola MLM304 SN74H103 Fairchild 74H103 National DM74H71 National DM74LS107 

TI LM304 National DM74H103 Signetics 74H71 " Raytheon 74LS107 

+SN72305 Motorola MLM305 Signetics 74H103 SN74H72 Fairchild 74H72 Signetics 74LS107 

TI LM30S SN74H106 Fairchild 74H106 Motorola MC74H72 SN74LS109A Fairchild 74LS109 

+SN72306 TI LM306 9H106 National DM74H72 Motorola SN74LS109A 

+SN72307 TI LM307 National DM74H106 Signetics 74H72 National DM74LS109 

+SN72308 AMD· LM308 Signetics 74H106 SN74H73 Fairchild 74H73 NEe America p.PB74LS109 

Fairchild p.A308 SN74H108 Fairchild 74H108 Motorola MC74H73 Raytheon 74LS109 

Intersil LM308 Motorola MC74H108 National DM74H73 Signetics 74LS109 

Motorola LM308 National DM74H108 Signetics 74H73 SN74LS11 Fairchild 74LS11 

Raytheon LM308 Signetics 74H108 SN74H74 Fairchild 74H74 Hitachi HD74LS11 

RCA CA308 SN74H11 Fairchild 74H11 Motorola MC74H14 Motorola SN74LS11 

Silicon G SG308 Motorola MC74H11 National DM74H74 National DM74LS11 

+SN72309 TI LM309 National DM74H11 Raytheon 74H74 NEG America p.PB74LS11 

+SN72310 AMD LM310 Raytheon 74H11 Signetics 74H74 Raytheon 74LS11 

Fairchild p.A31 0 Signetics 74H11 SN74H76 Fairchild 74H76 Signetics 74LS11 

Intersil LM310 SN74H15 Fairchild 74H15 Motorola MC74H76 SN74LS112A Fairchild 74LS112 

Motorola MLM310 Raytheon 74H15 National DM74H76 Hitachi HD74LS112 

Silicon G SG310 SN74H183 Fairchild 74H183 Signetics 74H76 Motorola SN74LS112A 

+SN72311 TI LM311 Hitachi HD74H183 SN74H78 Fairchild 74H78 National DM74LS112 

+SN72318 TI LM318 SN74H20 Fairchild 74H20 National DM74H78 NEe America p.PB74LS112 

+SN72376 n LM376 Motorola MC74H20 SN74H87 Fairchild 74H87 Raytheon 74L~112 

+SN72440 TI TL440 National DM74H20 Motorola MC74H87 Signetics 74LS112 

+SN72506 n TL506 NEC America p.PB74H20 SN74LSOO Fairchild 74LSOO SN74LS113A Fairchild 74LS113 

+SN72510 n TL510 Raytheon 74H20 Hitachi HD74LSOO Hitachi HD74LS113 

+SN72514 TI TL514 Signetics 74H20 Motorola SN74LSOO Motorola SN74LS113A 

+SN72555 TI NE555 SN74H21 Fairchild 74H21 National DM74LSOO National DM74LS113 

+SN72558 TI MC1458 Motorola MC74H21 NEG America p.PB74LSOO NEG America p.PB7 4LS 113 

+SN72560 n TL560 National DM74H21 Raytheon 74LSOO Raytheon 74LS113 

+SN72702 n TL702 Signetics 74H21 Signetics 74LSOO Signetics 74LS113 

• Discontinued 
The manufacturers report their devices can be used as direct replac~ments" 

Performance details often differ, so compare the specifications considering your requirements. 
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Ie MASTER 
. Manufacturer I Replacement Ie Master :~~~rer I ::::-"t Device 

IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master 
Device . Source Device Page Page Device Source Device Page Device Source Device Page 

Texas Instruments (cont'd) SN74LS151 Signetics 74LS151 SN74LS170 AMD SN74LS170 SN74LS20 NEG Amenca ),lPB74LS20 
SN74LS 152 Fairchild 74LS152 Fairchild 74LS170 Raytheon 74LS20 

Hitachi HD74LS152 Motorola SN74LS170 Signetics 74LS20 
SN74LSl14A Fairchild 74LS114 Raytheon 74LS152 National DM74LS170 SN74LS21 Fairchild 74LS21 

Hitachi HD74LSl14 SN74LS153 AMD SN74LS153 Raytheon 74LS170 Hitachi HD74LS21 
Motorola SN74LSl14A Fairchild 74LS153 Signetics 74LS170 Motorola SN74LS21 
National DM74LS114 Hitachi HD74LS153 SN74LS173A Fairchild 74LS173 I N"tjo'1",1 DM?4LS21 

Raytheon 74LS114 Motorola SN74LS153 

I 
Motorola SN74LS173 NEG America ),lPB74LS21 

Signetics 74LS114 National DM74LS153 National DM74LS173 Raytheon 74LS21 
SN74LS12 Hitachi HD74LS12 NEG America ",PB74LS153 

I 
Signetics 74LS173 Signetics 74LS21 

National DM74LS12 Raytheon 74LS153 SN74LS174 AMD SN74LS174 SN74LS22 Fairchild 74LS22 
Raytheon 74LS12 Signetics 74LS153 

I 

Fairchild 74LS174 Hitachi HD74LS22 
Signetics 74LS12 SN74LS155 Fairchild 74LS155 Hitachi HD74LS174 Motorola SN74LS22 

SN74LS122 Motorola SN74LS122 Hitachi HD74LS155 Motorola SN74LS174 National DM74LS22 
National DM74LS122 Motorola SN74LS155 National DM74LS174 Raytheon 74LS22 
Raytheon 74LS122 National DM74LS155 I Raytheon 74LS174 - Signetics 74LS22 

SN74LS123 AMD SN74LS123 NEG America /J.PB74LS155 Signetics 74LS174 SN74LS221 Motorola SN74LS221 
Hitachi HD74LS123 Raytheon 74LS155 SN74LS175 AMD SN74LS175 National DM74LS221 
Motorola SN74LS123 Signetics 74LS155 Fairchild 74LS175 Raytheon 74LS221 
National DM74LS123 SN7 4LS 156 Fairchild 74LS156 Hitachi HD74LS175 Signetics 74LS221 
Raytheon 74LS123 Hitachi HD74LS156 Motorola SN74LS175 SN74LS240 AMD SN74LS240 

SN74LS125A Fairchild 74lS125 Motorola SN74LS156 National DM74LS175 Fairchild 74LS240 
Motorola SN74LS125A Nationa! DM74LS156 NEG America "PB74LS175 

I 

MMi 74LS240 158 
National DM74LS125 Raytheon 74LS156 Raytheon 74LS175 Motorola SN74LS240 
Raytheon 74LS125 Signetics 74LS156 Signetics 74LS175 Raytheon 74LS240 522 
Signetics 74LS125 SN74LS157 AMD SN74LS157 SN74LS181 AMD SN74LS181 Signetics 74LS240 

SN7~~£~ ze,A, f~;t~hi:d 7'~L.Si2G Fairchiio f4LS1!l1 Fairchild 74LS181 SN74LS241 AMD SN74LS241 
Motorola SN74LS126A Motorola SN74LS157 Motorola SN74LS181 !=airchild ?4LS241 
National DM74LS126 National DM74LS157 Raytheon 74LS181 MMI 74LS241 768 
Raytheon 74LS126 NEG America ),lPB74LS157 Signetics 74LS181 Motorola SN74LS241 
Signetics 74lS126 Raytheon 74LS157 SN74LS189 Motorola SN74LS189 Raytheon 74LS241 525 

SN74LS13 Fairchild 74LS13 Signetics 74LS157 SN74LS190 AMD SN74LS190 Signetics 74LS241 
Hitachi HD74LS13 SN74LS158 AMD SN74LS158 Fairchild 74LS190 SN74LS242 AMD SN74LS242 
Motorola SN74LS13 Fairchild 74LS158 Motorola SN74LS190 Fairchild 74LS242 
National DM74LS13 Hitachi HD74LS158 National DM74LS190 Motorola SN74LS242 
Raytheon 74LS13 Motorola SN74LS158 Raytheon 74LS190 Raytheon 74LS242 528 
Signetics 74LS13 National DM74LS158 Signetics 74LS190 Signetics 74LS242 

SN74LS132 Fairchild 74LS132 Raytheon 74LS158 SN74LS191 AMD SN74LS191 SN74LS243 AMD SN74LS243 
Hitachi HD74LS132 Signetics 74LS158 Fairchild 74LS191 Fairchild 74LS243 
Motorola SN74LS132 SN74LS160A AMD SN74LS160 Motorola SN74LS191 Motorola SN74LS243 
National DM74LS132 Hitachi HD74LS160A National DM74LS191 Raytheon 74LS243. 528 
Raytheon 74LS132 Motorola SN74LS160A Raytheon 74LS191 Signetics 74LS243 
Signetics 74LS132 National DM74LS160 Signetics 74LS191 SN74LS244 AMD SN74LS244 

SN74LS136 Fairchild 74LS136 Raytheon 74LS160 SN74LS192 AMD SN74LS192 Fairchild 74LS244 
Hitachi HD74LS136 Signetics 74LS160A Fairchild 74LS192 MMI 74LS244 768 
Motorola SN74LS136 SN74LS161A AMD SN74LS161 Motorola SN74LS192 Motorola SN74LS244 
National DM74LS136 Fairchild 74LS161 National DM74LS192 Raytheon 74LS244 525 
Raytheon 74LS136 Hitachi HD74LS161A . NFC A.menca J!PB74LS192 Signetics 74LS244 
Signetics 74LS136 Motorola SN74LS161A Raytheon 74LS192 SN74LS245 MMt 74LS245 774 

SN74LS138 AMD SN74LS138 National DM74LS161 Signetics 74LS192 Motorola SN74LS245 
Fairchild 74LS138 NEG America J!PB74LS161 SN74LS193 AMD SN74LS193 Signetics 74LS245 
Hitachi HD74LS138 Raytheon 74LS161 Fairchild 74LS193 SN74LS247 Fairchild 74LS247 
Motorola SN74lS138 Signetics 74LS161A Motorola SN74LS193 HitachI HD74LS247 
National DM74lS138 SN74LS162A AMD SN74LS162 National DM74LS193 Motorola SN74LS247 
NEG America ),lPB74LS138 Fairchild 74LS162 NEG Amerk:a ),lPB74LS193 National DM74LS247 
Raytheon 74LS138 Hitachi HD74LS162A Raytheon 74LS193 SN74LS248 Fairchild 74LS246 
Signetics 74LS138 Motorola SN74LS162A Signetics 74LS193 Hitachi HD74LS248 

SN74LS139 AMD SN74LS139 National DM74LS162 SN74LS194A AMD SN74LS194 Motorola SN74LS248 
Fairchild 74LS139 Raytheon 74LS162 SN74LS194A National DM74lS248 
Hitachi HD74LS139 Signetics 74LS162 Fairchild 74LS194 SN74LS249 Fairchild 74LS249 
Motorola SN74LS139 SN74LSl63A AMD SN74LS163 . Hitachi HD74LS194A Hitachi HD74LS249 
National DM74LS139 Fairchild 74LS163 Motorola 74LS194A Motorola SN74LS249 
NEG America ),lPB74LS139 Hitachi HD74LS163A NEG America ),lPB74LS194 National DM74LS249 
Raytheon 74LS139 Motorola SN74LS163A Raytheon 74LS194A I SN"LS251 AMD SN74LS251 
Signetics 74LS139 National DM74LSl63 Signetics 74LS194A Fairchild 741-S251 

SN74LS14 Fairchild 74LS14 Raytheon 74LS163 SN74LS195A AMD SN74LS195A Hitachi HD74LS251 
Hitachi HD74LS14 Signetics 74LS163A Fairchild 74LS195 Motorola SN74LS251 
rJ,otoiola SN74LSi4 SI-.i74LS 164 AMD SN14LS164 Hitachi HD74LS195A National DM74LS251 
National DM74LS14 Fairchild 74LS164 Motorola SN74LS195A NEG America J!PB74LS251 
Raytheon 74LS14 Hitachi HD74LS164 NEG Amerk:a /-lPB74LS195 Raytheon 74LS251 
Signetics 74LS14 Motorola SN74LS164A Raytheon 74LS195A Signetics 74LS251 

SN74LS145 Signetics 74LS145 National DM74LS164 Signetics 74LS195A SN74LS253 AMD SN74LS253 
SN74LS148 AMD SN74lS148 NEG Amerk:a /-lPB74LS164 SN7 4LS 196 Fairchild 74LSl96 Fairchild 741 ~~s~ 
~1 .. t""LOI\.J rain;hiio 74LS15 Raytheon 74LS164 Motorola SN74LSl96 Hitachi HD74LS253 

Hitachi HD74LS15 Signetics 74LSl64A National DM74lS196 Motorola SN74LS253 
Motorola SN74LS15 SN74LS165 Fairchild 74LS165 Raytheon 74LS196 National DM74LS253 
National DM74LS15 Motorola SN74LS165 Signetics 74LS196 NEG America ),lPB74LS253 
Raytheon 74LS15 SN74LS166 Motorola SN74LS166 SN74LS197 Fairchild 74LS197 Raytheon 74LS253 
Signetics 74LS15 SN74LSl68 AMD SN74LS168 Motorola SN74LS197 Signetics 74LS253 

SN74LS151 AMD SN74LS151 Fairchild 74LSl68 National DM74LS197 SN74LS257A AMD SN74LS257 
Fairchild 74LS151 Motorola SN74LS166A Raytheon 74LS197 Fairchild - 74LS257 
Hitachi HD74LS151A . National- DM74LSl68 Signetics 74LS197 Hitachi HD74LS257 . 
Motoro!a SN74tS151 ! SN74LS169 ~~.~ .... ~ SN74LSf69 I SN74LS20 Fairchild 74LS20 Motorola SN74LS257A 
N",tion,,1 rV.A7AI CH:'1 National UMf4L~t!!>{ 

NEC America /-lPB74LS151 I' Motorola SN74LS169A Motorola SN74LS20 NEG America p.PB74LS257 
Raytheon 74LS151 I National DM74LS169 National DM74LS20 Raytheon 74LS257 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
.Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master Manufacturer I Replacement IC Master ManufllCtlnr .1 Replacement IC Master 
Device Source Device Page Device Source Device Page Device Source Device Page Device Source Device Page 

Texas Instruments (cont'd) SN74LS32 Fairchild 74LS32 SN74LS377 Raytheon 74LS377 548 SN74LS55 National DM74LS55 
Hitachi HD74LS32 Signetics 74LS377 NEC America ~PB74LS55 
Motorola SN74LS32 SN74LS378 AMD SN74LS378 Raytheon 74LS55 

SN74LS257A Signetics 74LS257 National DM74LS32 Fairchild 74LS378 Signetics 74LS55 
SN74LS258A AMD SN74LS258 NEC America ~PB74LS32 Motorola SN74LS378 SN74LS640 Motorola SN74LS640 

Fairchild 74LS258 Raytheon 74LS32 Signetics SN74LS378 Signetics 8T125 
Motorola SN74LS258A Signetics 74LS32 SN74LS379 AMD AM25LS08 SN74LS641 Motorola SN74LS641 
National DM74LS258 SN74LS322 AMD SN74LS322 SN74LS379 SN74LS642 Motorola SN74LS642 
NEG America IlPB74LS258 Fairchild 74LS322 Fairchild 74LS379 SN74LS645 Motorola SN74LS645 
Raytheon 74LS258 MMI 74LS322 Motorola SN74LS379 SN74LS670 Fairchild 74LS670 
Signetics 74LS258 Motorola SN74LS322 SN74LS38 Pairchild 74LS38 Motorola SN74LS670 

SN74LS259 Fairchild 74LS259 Raytheon 74LS322 537 Hitachi HD74LS38 National DM74LS670 
Motorola SN74)..S259 SN74LS322A AMD AM25LS22 Motorola SN74LS38 Raytheon 74LS670 

SN74LS26 Fairchild 74LS26 Raytheon 74lS322A National DM74LS38 Signetics 74LS670 
Hitachi HD74LS26 SN74LS323 AMD AM25LS23 NEG America ~PB74LS38 SN74LS73A Fairchild 74LS73 
Motorola SN74LS26 SN74LS323 Raytheon 74LS38 Hitachi HD74LS73 
National DM74LS26 Fairchild 74LS323 Signetics 74LS38 Motorola SN74LS73A 
Raytheon 74LS26 MMI 74lS323 SN74LS381 AMO SN74lS381 National DM74LS73 
Signetics 74LS26 Motorola SN74LS323 SN74LS384 AMD AM25LS14 Raytheon 74LS73 

SN74LS261 "Raytheon 74LS261 Raytheon 74LS323 540 SN74LS384 Signefics 74LS73 
Signetics 74LS261 SN74LS33 Fairchild 74LS33 Fairchild 74LS384 SN74LS74A Fairchild 74LS74 

SN74LS266 Fairchild 74LS266 Motorola SN74LS33 Motorola SN74LS384 Hitachi SN74LS74A 
Motorola SN74LS266 Raytheon 74LS33 Raytheon 74LS384 551 Motorola SN74LS74A 
Raytheon 74LS266 . Signetics 74LS33 SN74LS385 AMD AM25LS15 National DM74LS74 
Signetics 74LS266 SN74LS352 Fairchild 74LS352 SN74LS385 NEG America ~P874LS74 

SN74LS27 Fairchild 74LS27 Motorola SN74LS352 Motorola SN74LS385 Raytheon 74lS74 
Hitachi HD74LS27 National DM74LS352 Raytheon 74LS385 554 Signetics 74lS74 
Motorola SN74LS27 SN74LS353 Fairchild 74LS353 SN74LS386 Fairchild 74LS386 SN74LS75 Fairchild 74LS75 
National DM74LS27 Motorola SN74LS353 Hitachi HD74LS386 Motorola SN74LS75 
NEC America ~PB74LS27 National . DM74LS353 Motorola SN74LS386 National DM74LS75 
Raytheon 74LS27 SN74LS363 Signetics 74LS363 National DM7~386 Raytheon 74lS75 
Signetics 74LS27 SN74LS364 Signetics 74LS364 Raytheon 74LS 6 Signetics 74LS75 

SN74LS273 AMD SN74LS273 SN74LS365A Fairchild .74LS365 Signetics 74LS386 SN74LS76A Hi1achi HD74LS76 
Fairchild 74LS273 Motorola SN74LS365A SN74LS390 Fairchild 74LS390 Motorola SN74LS76A 
MMI 74LS273 509 National DM74LS365 Motorola SN74LS390 National DM74lS76 
Raytheon 74lS273 531 NEC America . ~PB74LS365 SN74LS393 Fairchild 74LS393 Raytheon 74LS76 
Signetlcs 74LS273 Raytheon 74LS365 Motorola SN74LS393 Signetics 74lS76 

SN74LS279 Fairchild 74LS279 Signetics 74LS365A SN74LS395 Signetics 74LS395 SN74LS77 Motorola SN74LS77 
Motorola SN74LS279 SN74LS366A Fairchild 74lS366 SN74LS395A Fairchild 74lS395 SN74LS78 Fairchild 74LS78 
National DM74LS279 Motorola SN74LS366A Motorola SN74LS395A SN74LS78A Hitachi HD74LS78 
NEG America IlPB74LS279 National. DM74LS366 National DM74LS395 Motorola SN74LS78A 
Raytheon 74LS279 NEC America IlPB74LS366 'Raytheon 74LS395 National DM74LS78 
Signetics 74LS279 Raytheon 74LS366 SN74LS398 Motorola SN74LS398 "Raytheon 74LS78 

SN74LS28 Fairchild 74LS28 Signetics 74LS366A SN74LS399 AMD AM25LS09 Signetics 74LS78 
Motorola SN74LS28 SN74LS367 Hitachi HD74LS367 SN74LS399 SN74LS83A Fairchild 74LS83 
Raytheon 74LS28 SN74LS367A Fairchild 74LS367 Motorola SN74LS399 Hitachi HD74LS83A 
Signetics' 74LS28 Motorola SN74LS367A SN74LS40 Fairchild 74LS40 Motorola SN74LS83A 

SN74LS280 Fairchild 74LS280 National DM74LS367 Hitachi HD74LS40 National DM74LS83 
SN74LS281 AMD SN74LS281 NEC America IlPB74LS367 Motorola SN74LS40 DM74LS83A 
SN74LS283 Fairchild 74LS283 Raytheon 74LS367 National DM74LS40 Raytheon 74LS83A 

Hitachi SN74LS283 Signetics 74lS367A NEC America ~PB74LS40 Signetics 74LS83 
MMI 74LS283 SN74lS368 Hitachi HD74LS368 Raytheon 74LS40 74LS83A 
Motorola SN74LS283 SN74LS368A Fairchild 74LS368 Signetics 74LS40 . SN74LS85 Fairchild 74LS85 
National DM74LS283 Motorola SN74LS368A SN74LS42 Fairchild 74LS42 Motorola SN74LS85 
Raytheon 74LS283 National DM74LS368 Hitachi HD74LS42 National DM74LS85 
Signetics 74LS283 NEC America ~PB74LS368 Motorola SN74LS42 Raytheon 74LS85 

SN74LS289 Motorola SN74LS289 Raytheon 74LS368 National DM74LS42 Signetics 74LS85 
SN74LS290 Fairchild 74LS290 Signetics 74LS368A NEC America ~P874LS42 SN74LS86 Fairchild 74LS86 

Motorola SN74LS290 SN74LS37 Fairchild 74LS37 Raytheon 74LS42 Hitachi HD74LS86 
National DM74LS290 Hitachi HD74LS37 Signetics 74LS42 Motorola SN74LS86 
Signetics 74LS290 Motorola SN74LS37 SN74LS424 AMD SN74LS424 NEC America ~PB7 4LS86 

SN74LS293 Fairchild 74LS293 National DM74LS37 NEe Micro ~PB8224 2188 Raytheon 74LS86 
Motorola SN74LS293 NEC America ~PB74LS37 SN74LS47 Hitachi HD74LS47 Signetics 74LS86 
National DM74LS293 Raytheon 74LS37 Motorola SN74S47 SN74LS90 Fairchild 74LS90 
Signetics 74LS293 Signetics 74LS37 SN74LS48 Hitachi HD74LS48 Motorola SN74LS90 

SN74LS295B Fairchild 74LS295 SN74LS373 AMD SN74LS373 SN74LS49 Hitachi HD74LS49 Raytheon 74LS90 
Motorola SN74LS295 Fairchild 74LS373 Motorola SN74LS49 Signetics 74LS90 
NEC America IlPB74LS?95 MMI 74LS373 505 SN74LS490 Fairchild 74LS490 SN74LS91 Raytheon 74LS91 
Raytheon 74LS295A Motorola SN74LS373 Motorola SN74LS490 SN74LS92 Fairchild 74LS92 
Signetics 74LS295 Raytheon 74LS373 543 SN74LS51 Fairchild 74LS51 Hitachi HD74LS92 

SN74LS298 Fairchild 74LS298 Signetics 74LS373 Hitachi HD74LS51 Moto(ola SN74LS92 
Hitachi HD74LS298 SN74LS374 AMD SN74LS374 Motorola SN74LS51 Raytheon 74LS92 
Motorola SN74LS298 Fairchild 74LS374 National DM74LS51 Signetics 74LS92 
Raytheon 74LS298 . MMI 74LS374 505 NEC America IlPB74LS51 SN74LS93 Fairchild 74LS93 
Signetics 74LS298 National DM74LS374 Raytheon 74LS51 Motorola SN74LS93 

SN74LS299 AMD SN74LS299 Raytheon 74lS374 543 Signetics 74LS51 Raytheon 74LS93 
Fairchild 74LS299 Signetics 74lS374 SN74LS54 Fairchild 74LS54 Signetics 74LS93 
MMI 74LS299 SN74LS375 Fairchild 74LS375 Hitachi HD74LS54 SN74LS958 Fairchild 74LS95 
Raytheon 74LS299 533 Motorola SN74LS375 Motorola SN74LS54 Hitachi HD74LS95B 

SN74LS30 Fairchild 74LS30 NEC America ~B74LS375 National DM74lS54 Motorola SN74LS95B 
Hitachi HD74LS30 Raytheon 74LS375 NEC America ~PB74LS54 Raytheon 74LS95B 
Motorola SN74LS30 Signetics 74LS375 Raytheon 74LS54 Signetics 74LS95B 
National DM74LS30 SN74LS377 AMD SN74LS377 Signetics 74lS54 SN74LS96 Signetics 74LS96 
NEC America ~PB74LS30 Fairchild 74LS377 SN74LS55 Fairchild 74LS55 SN74LOO National DM74LOO 
Raytheon 74LS30 MMI 74LS3n 509 Hitachi HD74LS55 SN74L01 National DM74l01 
Signetics 74LS30 Raytheon 54lS3n 548 Motorola SN74LS55 SN74L02 National DM74L02 

• Discontinued 
TITe manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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I 

Manufacturer I Replac;ement IC Master 

::s Ins::ents 7cont'd) -
1------------------
I 
j 

SN74L03 
SN74L04 
SN74L10 
8N74L123 
SN74L154 
SN74L157 
SN74L164 
SN74L192 
SN74L193 
SN74L20 
8N74L30 
SN74L42 
8N74L51 
SN741.54 
SN74L55 
SN74L71 
SN74L72 
SN74L73 
SN74L74 
SN74L75 
SN74L78 
SN74L85 
SN74L86 
SN74L90 
8N74L91 
SN74L93 
SN74L95 
SN74L98 
8N74800 

SN74S02 

SN74S03 

8N74804 

National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
NRtional 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
National 
Fairchild 
Hitachi 
Mitsubishi 
National 
Siglletics 
Fairchild 
Hitachi 
MMI 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Nationa: 
Signetics 
Fairchild 
Hitachi 
~.~itsut1!shi 

National 
Signetics 

SN74S05 Fairchild 

8N74808 

SN74S09 

8N74810 

Hitachi 
Mitsubishi 
National 
Signetics 
Fairchild 
Signetics 
Fairchild 
Signetics 
Fairchild 
Hitachi 
Mitsubishi 
National 
Signetics 

SN74S109 Fairchild 
SN74S11 Fairchild 

Hitachi 
Mitsubishi 
National 
8ignetics 

SN7 48112 Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
8ignetics 

SN74S113 Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
8ignetics 

SN748114 Fairchild 
MIl6cm 

Mitsubishi 
National 

DM74L03 
DM74L04 
DM74Ll0 
DM74L123 
DM74L154A 
DM74L157A 
DM74L164 
DM74L192 
DM74L193 
DM74L20 
DM74L30 
DM74L42A 
DM74L51 
DM74L54 
DM74L55 
DM74L71 
DM74L72 
DM74l73 
DM74L74 
DM74L75 
DM74L78 
DM74L85 
DM74L86 
DM74L90 
DM74L91 
DM74L93 
DM74L95 
DM74L98 
74SOO 
HD74S00 
M55OO0 
DM74Soo 
74500 
74S02 
HD74S02 
74S373 
5N74S373 
74S03 
HD74S03 
M5S003 
DM74S03 
74S03 
74S04 
HD74S04 
M5S00~ 

DM74S04 
74S04 
74S05 
HD74S05 
M5Soo5 
DM74S05 
74805 
74S08 
74S08 
74S09 
74S09 
74S10 
HD74S10 
M5S010 
DM74S10 
74S10 
74S109 
74811 
HD74S11 
M5S011 
DM74811 
74811 
748112 
HD74S112 
M5S112 
SN745112 
DM74S112 
745112 
74S113 
HD74S113 
M5S113 
8N745113 
DM74S113 
74S113 
748114 
HU(4~1 14 

M5S114 
DM748114 

505 

~~~~urer ,=:-ment Device 
IC Master 

Page 

5N74S114 
SN74S12 

Signetics 
Hitachi 
Motorola 

5N745132 Fairchild 
SN74S133 Fairchild 

Hitachi 
Mitsubishi 
National 
Signetics 

5N74S134 Fairchild 
Hitachi 
National 
5ignetics 

SN745135 Fairchilq 
Hitachi 
National 
Signetics 

SN7 4S 138 AMD 
Fairchild 
Mitsubishi 
National 
Signetics 

SN74S139 AMD 
Fairchild 
National 
Signetics 

SN74S140 Fairchild 
Hitachi 
National 
51gnetics 

SN74515; Fairchild 
Hitachi 
Mitsubishi 
National 
Signetics 

SN74S151 AMD 
Fairchild 
Hitachi 
Mitsubishi 
National 
Signetics 

SN74S153 AMD 
Fairchild 
Hitachi 
Mitsubishi 
National 
Signetics 

SN74S157 AfJ,O 
Fairchild 
Hitachi 
Mitsubishi 
National 
51gnetics 

SN74S158 AMD 
Fairchild 
Hitachi 
Mitsubishi 
National 
Signetics 

SN74S174 AMD 
Fairchild 
Hitachi 
Mitsubishi 
National 
Signetics 

SN74S175· AMD 
Fairchild 
Hitachi 
Mitsubishi 
National 
5ignetics 

SN748181 AMD 
Fair~hilrt 

Hitachi 
Mitsubishi 
Signetics 

SN74S182 Fairchild 
H;tachi 
Mitsubishi 
MMI 
National 
Signetics 

SN745188 AMD 
HarrIS 
MMI 

745114 
HD74512 
SN74S12 
745132 
74S133 
HD74S133 
M5S133 
DM745133 
745133 
745134 
HD745134 
DM745134 
745134 
745135 
HD74S135 
DM745135 
74S135 
5N745138 
745138 
M5S138 
DM74S138 
745138 
SN74S139 
745139 
DM745139 
745139 
745140 
HD74S140 
DM745140 
745140 
74515 
HD74515 
M55015 
DM74515 
74515 
5N745151 
745151 
HD748151 
M55151 
DM745151 
745151 
5N745153 
745153 
HD745153 
M55153 
DM745153 
74S153 
SN7~Si57 

74S157 
HD74S157 
M55157 
DM74S157 
748157 
SN74S158 
74S158 
HD74S158 
M5S158 
DM74St58 
74S158 
8N74S174 
745174 
HD748174 
M58174 
DM745174 
74S174 
SN74S175 
74S175 
HD74S175 
M5S175 
DM74S175 
748175 
8N745181 
91841 
HD74S181 
M55181 
74S181 
93S42 
HD74S182 
M5S182 
74S182 
DM74S182 
74S182 
AM27S18 
HM7602 
6330 
6330-1 

1284 

1449 

:::.acturer I =:ement Device IC ~.; I 
SN74S188 National DM74S188 I 

Signetics N82S23 1680 i 
SN74S189 AMD AM27S03 

Supertex SM74S188 17041 

SN74S189 
Fairchild 748189 I 
Hit~chi HD74S 189 
National DM74S189 

5N74S194 AMD 5N745194 
Fairchild 745194 
5ignetics 745194 

5N745195 AMD SN74S195 
Fairchild 
National 

93SOO 
DM74S195 

Signetics 74S195 
SN74S197 Signetics 745197 
SN74S2C Fairchild 

Hitachi 
Mitsubishi 
National 
8ignetics 

74S20 

I SN74S2oo Fairchild 
MMI 
National 
NEC Micro 
Raytheon 
Signetiea 

HD74S20 
M58020 
DM74520 
74S20 
93421 
6531 
DM74S2oo 
I1PB22oo 
RC5340 
745200 

1252 

1678 
T! SN74S201 

SN74S201 MMI 
National 
Signetiea 

SN74S206 MM. 
National 
Raytheon 
Signetlcs 
TI 

SN74S214 Fairchild 
SN74S22 Fairchild 

Hitachi 
Mitsubishi 
National 
Signetics 

SN745240 AMD 
Fairchild 
MM. 
Raytheon 

5N74S241 AMD 

I

I 6N746'" 

SN74S251 

MM. 
Raytheon 
FUjitsu 
MMI 
AMD 
Fairchiid 
Hitachl 
Mltsubishi 
National 

I 
I 
I 

Signetics 
SN74S257 AMD 

Fairchild 

Hitachi 
Mitsubishi 
National 
Signetics 

I· 5N74S258 AMD 
Fairchild 

I 
Hitachi 
Mitsubishi 
Signetics 

SN?4S27 Q !~tersH 

MM. 
SN74S280 Hitachi 

National 
Signetics 

SN74S281 National 
SN74S283 MMI 
5N74S287 AMD 

Fairchild 
Harris 

Intel 
Intersi! 

6531 
DM74SZoo 
745201 
6205-1 
DM74S206 
RC5330 
N82S17 
SN74S301 
93425 
74S22 
HD74S22 
M5S22 
DM74S22 
74S22 
SN74S240 
74S240 
745240 
74S240 
SN74S241 
745241 

1678 
1466 

1678 

1240 

788 

745241 768 
74S241 
MB7047 
74S244 768 
SN74S251 
74S251 
HD74S251 
M55251 
DM74S251 
748251 
8N54S257 
SN74S257 
54S257 
74S257 
HD74S257 
M5S257 
DM74S257 
548257 
74S257 
SN74S258 
748258 
HD74S258 
M5S258 
74S258 
!M561J-1 
6205-1 1466 
HD74S280 
DM745280 
74S280 
DM745281 
748283 
AM27821 
93427 1258 
HM7611 

1284.1292 I 
HM7611A 
3621-1 
IM5623 

~1~tDeYice IC Master 
PIg4I 

5N74S287 MM. 
National 
Raytheon 
Signetlcs 

SN74S288 AMD 
Harris 
~MI 

National 

Signetics 
Supertex 

5N745289 AMD 
Fairchild 
Hitachi 
National 
NEC Micro 
Signetica 

5N74S30 Fairchild 
Mitsubishi 
National 

SN74S301 Fairchild 
National 
Signetlcs 

SN74S314 Fairchild 
Fujitsu 

5N74S32 Fairchild 

5N74S37 
SN745370 
SN748373 

SN745374 
SN74S387 

AI~.;.: ...... _ ..... 1 
,,,OllVtICU 

Signetics 
Signetics 
MM. 
MM. 
TI 
MM. 
A'v1D 
Harris 

6301·1 
DM74S287 
29661 
N82S129 
AM27819 
HM7603 
6331"1 
DM74S288 
DM8578 
N82S123 
SM74S288 
SN74S289 
74S289 
HD74S289 
DM74S289 
I1PB2289 
N82S25 
3101A 
74530 
M55030 
DM74S30 
93411 
DM745206 
745301 
93415 
MBM93415 
74S02 
Dfv174S02 
74S02 
7.4537 
6206-1 
74S373 
SN74S02 
745374 
AM27S20 
HM7610 

1449 

1664 
1680 

1284 

1680 
1704 

1678 

1678 
1240 

1466 
505 

505 

1284,1292 
HM7610A 
6300-1 
DM745387 
I!PB403 

1449 MM. 
National 
NEe Micro 
Raytheon 
Signetics 
Fairchild 
Hitachi 
Mitsubishi 
National 

29660 1664 
N82S126 1680 

SN74840 74S40 
HD74S40 
M5S040 
DM74S40 

Signetics 74540 
5N74S412 AMD SN74S412 

NEe Micro 1!PB8212 
I!PD8212 

SN748428 NEe Micro J.LPB8228 
8N74S438 NEe Micro J.LPB8238 
SN74S44 NEe Micro I!PB425 
8N748470 MMI 6308-1 

National DM74S470 
Raytheon 29600 

SN74S471 MM. 6309-1 
National DM74S471 
Raytheon 29601 

SN74S472 Harris HM7649 
MMI 6349-1 
National DM74S472 
Raytheon 29621 

5N748473 HarriS HM7648 
MM. 6348-1 
N"til)n"J 

Raytheon 
SN74S474 Fairchild 

MM. 
National 
Raytheon 

DU74S47:j 

29620 
93448 
6341·1 
DM87S296 
29625 

SN74S4-'5 !=a!~ch!!~ .... A'JO 

MM. 
NEe Micro 
Raytheon 

SN74S476 Fairchild 
MM' 
Raytheon 

SN745477 MM. 

93452 
6340-1 

I1PB405 
29624 
93453 
63S441 
29641 
63S44O 

I 
21721 

2193 
2193 
1621 
1449 

1652 
1449 

1652
1 1320 

.14491 
I 

16561 
1320 I 
1449

1 
1656 
1262 
1449 

1658 

1264 
1449 
1621 
1658 
1264 
1453 

1453 
Raytheon 

SN748478 MMI 
Signetlea 

SN74S479 MMI 

29640 
6381·1 1449 I 

6380-1 1449 
Signetics N82S180 1680 

N82S18~1680 

~------------------~--~----------------~--------------------~--------~-------, 
• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
lImNfacturer I RepJac;ement IC Master Manufacturer I Replacement IC Master Manufacturer I RepIKanent IC Master Manufacturer I RepIac:eInenf IC Master 
Device Source Device Page DevIce Source DevIce Page Device Source Device Page Device Source Device Page 

Texas Instruments (cont'd) SN7406 Motorola MC7406 SN74123 Motorola MC74123 .SN74152 TRW 74152 
National DM7406 National DM74123 SN74153 AMD SN74153 
Signetics 7406 NEC America J.lPB74123 Fairchild 74153 

SN74S51 Fairchild 74S51 Toshiba TD3406 Signetics 74123 Hitachi HD74153 
Hitachi HD74S51 TRW 7406 TRW 74123 Mitsubishi M53353 
Mitsubishi M5S051 SN7407 Fairchild 7407 SN74125 Fairchild 74125 Motorola MC74153 
National DM74S51 Hitachi HD7407 Hitachi HD74125 National DM74153 
Signetics 74S51 Mitsubishi M53207 Mitsubishi M53325 NEC America J.lPB74153 

SN74S570 Signetics N82S130 1680 Motorola MC7407 National DM74125 Signetics 74153 
SN74S571 Signetics 82S131 National DM7407 DMS093 TRW 74153 
SN74S64 Fairchild 74S64 Signetics 7407 SigneticS 74125 SN74154 AMD SN74154 

Hitachi HD74S64 Toshiba TD3407 SN74126 Fairchild 74126 Fairchild 74154 
National DM74S64 TRW 7407 Hitachi HD74126 Hitachi HD74154 
Signetics 74S64 SN7408 Fairchild 7408 Mitsubishi M53326 Mitsubishi M53354 

SN74S65 Fairchild 74S65 Hitachi HD7408 National DM74126. Motorola MC74154 
Hitachi HD74S65 Mitsubishi M53208 Signetics 74126 National DM74154 
National DM74S65 Motorola MC7408 SN74128 Signetics 74128 NEC America J.lPB74154 
Signetics 74S65 National DM7408 SN74129 National DM74193 Signetics 74154 

SN74S74 Fairchild 74S74 Signetics 7408 SN7413 Fairchild 7413 TRW 74154 
Hitachi HD74S74 Toshiba TC7408 Hitachi HD7413 SN74155 Fairchild 74155 
Mitsubishi M5S074 TD3408 Mitsubishi M53213 Mitsubishi M53355 
National DM74S74 TRW 7408 Motorola MC7413 Motorola MC74155 
Signetics 74S74 SN7409 Fairchild 7409 National DM7413 National DM74155 

SN74S85 Mitsubishi M5S085 Hitachi HD7409 NEC America J.lPB7413 . NEC America J.lPB74155 
Signetics 74S85 Mitsubishi M53209 Signetics 7413 Signetics 74155 

SN74S86 Fairchild 74S86 Motorola MC7409 TRW 7413 TRW 74155 
Hitachi HD74S86 National DM7409 SN74132 Fairchild 74132 SN74156 Fairchild 74156 
National DM74S86 Signetics 7409 Hitachi HD74132 Hitachi HD74156 
Signetics 74S86 Toshiba TD3409 Mitsubishi M53332 Mitsubishi M53356 

SN7400 Fairchild 7400 TRW 7409 Motorola MC74132 Motorola MC74156 
Hitachi HD7400 SN7410 Fairchild 7410 National DM74132 National DM74156 
Mitsubishi M53200 Hitachi HD7410 Signetics 74132 NEC America J.lPB74156 
Motorola MC7400 Mitsubishi M53210 SN74136 Hitachi HD74136 Signetics 74156 
National DM7400 Motorola MC741 0 Motorola MC74136 TRW 74156 
NEC America J.lPB74oo National DM741 0 TRW 74136 SN74157 AMD SN74157 
Signetics 7400 

, 
NEC America p.PB7410 SN7414 Fairchild 7414 Fairchild 74157 

Toshiba TC7400 Signetics 7410 Hitachi HD7414 9322 
TD3400 TI SN7427 Mitsubishi M53214 Hitachi HD74157 

TRW 7400 Toshiba TC7410 Motorola MC7414 Mitsubishi M53357 
SN7401 Fairchild 7401 TD341 0 National DM7414 Motorola MC74157 

Hitachi HD7401 TRW 7410 Signetics 7414 National DM74157 
Mitsubishi M53201 SN741 00 Motorola MC741 00 SN74141 Fairchild 74141 DM8322 
Motorola MC7401 Signetics 74100 Hitachi HD74141 NEC America J.lPB74157 
National DM7401 .SN74104 TI SN29000 Motorola MC74141 Signetics 74157 
Signetics, 7401 .SN74105 TI SN29oo1 National DM74141 SN7416 Fairchild 7416 
Toshiba TD3401 SN74107 AMD SN74107 DM7441 Hitachi HD7416 
TRW 7401 Fairchild 74107 NEC America J.lPB74141 Mitsubishi M53216 

SN7402 Fairchild 7402 Hitachi HD74107 Signetics 74141 Motorola MC7416 
Hitachi HD7402 Mitsubishi M53307 7441 National DM7416 
Mitsubishi M53202 Motorola MC74107 SN74145 Fairchild 74145 Sigrietics 7416 
Motorola MC7402 National DM74107 Hitachi HD74145 Toshiba TD3416 
National DM7402 NEC America J.lPB74107 Mitsubishi M53345 TRW 7416 
NEC America J.lPB7402 Signetics 74107 Motorola MC74145 SN74160 AMD SN74160 
Signetics 7402 Toshiba TD34107 National DM74145 Fairchild 74160 
Toshiba TD3402 SN741 09 Fairchild 9024 Signetics 74145 9310 
TRW 7402 National DM74109 TRW 74145 Hitachi HD74160 

SN7403 Fairchild 7403 Signetics 74109 SN74147 Hitachi HD74147 Mitsubishi M53360 
Hitachi HD7403 SN74111 TRW 74111 Mitsubishi M53347 Motorola MC74160 
Mitsubishi M53203 SN74116 Fairchild 74116 National DM74147 ,National DM74160 
Motorola MC7403 Signetics 74116 NEC America J.lPB74147 Signetics 74160 
National DM7403 SN7412 Fairchild 7412 Signetics 74147 TRW 74160 
Signetics 7403 Hitachi HD7412 SN74148 Fairchild 9318 SN74161 AMD SN74161 
Toshiba TD3403 Motorola MC7412 Hitachi HD74148 Fairchild 74161 
TRW 7403 Signetics 7412 Mitsubishi M53348 9316 

SN7404 Fairchild 7404 TRW 7412 National DM74148 Hitachi HD74161 
Hitachi HD7404 SN74120 Motorola MC74120 NEC America J.lPB74148 Mitsubishi M53361 
Mitsubishi M53204 SN74121 Fairchild 74121 Signetics 74148 Motorola MC74161 
Motorola MC7404 9603 SN74150 Fairchild 74150 National 'DM74161 
National DM7404 Hitachi HD74121 Hitachi HD74150 NEC America ,..PB74161 
NEC America J.lPB7404 Mitsubishi M53321 Mitsubishi M53350 Signetics 74161 
Signetics 7404 Motorola MC74121 Motorola MC74150 TRW 74161 
Toshiba TC7404 National DM74121 National DM74150 SN74162 AMD SN74162 

TD3404 Signetics 74121 NEC America p.PB74150 Fairchild 74162 
TRW 7404 Toshiba TD34121 Signetics 74150 Hitachi HD74162 

SN7405 Fairchild 7405 TRW 74121 TRW 74150 Mitsubishi M53362 
Hitachi HD7405 SN74122 Fairchild 74122 .SN74151 Fairchild 74151 Motorola MC74162 
Mitsubishi M53205 Mitsubishi M53322 Hitachi HD74151 National DM74162 
Motorola MC7405 Motorola MC74122 Mitsubishi M53351 Signetics 74162 
National DM7405 National DM74122 Motorola MC74151 TRW 74162 
NEC America J.lPB7405 Signetics 74122 National DM74151 SN74163 AMD SN74163 
Signetics 7405 8T22 NEC America ,..PB74151 Fairchild 74163 
Toshiba TD3405 SN74123 AMD AM26123 Signetics 74151 Hitachi HD74163 
TRW 7405 SN74123 TI SN74151A Mitsubishi M53363 

SN7406 Fairchild 7406 Fairchild 74123 TRW 74151 Motorola MC74163 
Hitachi HD7406 Hitachi HD7123 +SN74152 Fairchild 74152 National DM74163 
Mitsubishi M53206 Mitsubishi M53323 Motorola MC74152 Signetics 74163 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ. so compare the Specifications considering your requirements. 
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Ie MASTER 

~~urer I =ement Device 
Ie Master Manufacturer I Replacement Ie Master :::crorer i ~ Device 

Ie Master I Manufacturer I Replacement Ie Master 
Page Device Source Device Page Page Device I Source Device Page 

Texas Instruments (cont'd) SN74180 TRW 74180 SN74196 Motorola MC74196 i SN74290 Motorola MC74290 
SN74181 AMD SN74181 National DM74196 TRW 74290 

9341 Signetics N8290 ,SN74293 Fairchild 74293 

SN74163 TRW 74163 Fairchild 74181 .,4196 Mitsubishi M53493 

SN74164 AMD SN74164 9341 SN74197 Fairchild 74197 Motorola MC74293 

74164 Hitachi HD74181 Motorola MC74197 TRW 74293 

Fairchild 74164 Mitsubishi M53381 Nationa! DM74197 St~742aa Fairchild 74298 

Hitachi HD74164 Motorola MC74181 Signetics N8291 Motorola MC74298 

Mitsubishi M53364 National DM74181 74197 Signetics 74298 

National DM74164 NEe America J.lPB74181 SN74198 Fairchild 74198 SN7430 Fairohild 7430 

DM8570 Signetics 74181 Hitachi HD74198 Hitachi HD7430 

NEe America J.lPB74164 SN74182 AMD SN74182 Mitsubishi M53398 Mitsubishi M53230 

Signetics 74164 9342 Motorola MC74198 Motorola MC7430 

SN74165 Fairchild 74165 Fairchild 74182 National DM74198 National DM7430 

Mitsubishi M53365 9342 NEe America J.lPB74198 NEe America J.lPB7430 

Motorola MC74165 Hitachi HD74182 Signetics 74198 Signetics 7430 

Nationa! DM74165 MitsL:bishi M53382 SN741S9 Fairchiid 74199 fosnlOa TDJ430 

DM8590 , Motorola MC74182 Mitsubishi M53399 TRW 7430 

Signetics 74165 National DM74182 Motorola MC74199 SN7432 Fairchild 7432 

SN74166 Fairchild 74166 NEe America /olPB74182 National DM74199 Hitachi HD7432 

Hitachi HD74166 Signetics 74182 Signetics 74199 National DM7432 

Mitsubishi M53366 SN74184 National DM74184 SN7420 Fairchild 7420 Signetics 7432 

Motorola MC74166 Toshiba TD3503 Hitachi HD7420 SN7433 Signetics 7433 

National DM74166 SN74185 Mitsubishi M53385 Mitsubishi M53220 SN74365 National DM8095 

Sigriatics 74166 National DM74185 Motorola MC7420 SN74366 National DM8096 

SN74167 Motorola MC74167 SN74185A National DM74185A National DM7420 SN74367 National DM8097 

SN7417 Pairchild 7417 SN74186 Harris HPROM0512 NEe America J.lPB7420 SN74368 National DM8098 

Hitacni HD74H ~2(S Signetics 7420 a,,./"'t.;J( FairChild 7437 

Mitsubishi M53217 SN74187 Intarsil IM5603 Toshiba TC7420 Hitachi HD7437 

Motorola MC7417 MMI 6200-1 1466 TD3420 Mitsubishi M53237 

National DM7417 National DM74187 TRW 7420 Motorola MC7437 

Signatics 7417 Signetics N82S226 SN74200 MMI 6531 National DM7437 

Toshiba TD3417 SN74188 AMD AM27S18 Raytheon RC5340 NEe America /olPB7437 

TRW 7417 Harris HPROM8256 Signetics 74200 Signetics 7437 

SN74170 Fairchild 74170 Intersil IM5600 TI SN74S201 Toshiba TD3437 

Hitachi HD74170 MMI 6330-1 1449 SN74206 MMI 6530 TRW 7437 

Mitsubishi M53370 National DM8577 National DM74S206 SN74370 MMI 6206-1 1466 

National DM74170 Signeta N82S23 1680 Raytheon RC5330 SN7438 Fairchild 7438 

NEe America J.lPB74170 TI SN74188A TI SN74S301 Hitachi HD7438 

Signetics 74170 SN74190 Fairchild 74190 SN7421 Toshiba TD3421 Mitsubishi M53238 

SN74172 Signetics 74172 Hitachi HD74190 SN7422 Fairchild 7422 Motorola MC7438 

SN74173 Fairchild 74173 Mitsubishi M53390 Hitachi HD7422 National DM7438 

National DM74173 Motorola MC74190 SN74221 AMD SN74221 NEe America J.lPB7438 

DM8551 National DM74190 SN7423 Fairchild 7423 Signetics 7438 

SN74174 AMD SN74174 Signetics 74190 Motorola MC7423 Toshiba TD3438 

Fairchild 74174 SN74191 Fairchild 74191 National DM7423 TRW 7438 

Hitachi HD74174 Hitachi HD74191 SN7425 Fairchild 7425 SN74387 Fairchild 93416 

Mitsubishi M53374 

I 
Mltsubishi M53391 

I 
Milsublshl M53225 I SN7440 Fairchlid 1440 I Motorola MC74174 Motorola MC74191 Motorola MC7425 Hitachi HD7440 

National DM74174 I National DM74191 I National DM7425 

I 
Mitsubishi M53240 

Signetics 74174 Signetics 74191 

I 
SN74251 National DM74251 Motorola MC7440 

SN74175 AMD SN74175 SN74192 AMD SN74192 SN74259 AMD SN74259 National DM7440 

Fairchild 74175 9360 I SN7426 Fairchild 7426 NEe Amenca J.lPB7440 

Hitachi HD74175 Fairchild 74192 Hitachi HD7426 Signetics 7440 

Mitsubishl M53375 Mitsubishi M53392 Motorola MC7426 Toshiba TD3440 

Motorola MC74175 Motorola MC74192 National DM7426 TRW 7440 

National DM74175 National DM74192 Signetics N8T18 SN7441 Toshiba TD3441 

NEe America ~PB74175 DM8560 7426 .SN7441A National DM7441A 

Signetics 74175 NEe America J.lPB74192 Toshiba TD3426 TI SN74141 

SN74176 Fairchild 74176 Signetics 74192 TRW 7426 .SN7442 Fairchild 7442 

Mitsubishi M53376 Toshiba TD34192 SN7427 Fairchild 7410 Hitachi HD7442 

Motorola MC74176 I SN74193 AMD SN74193 7427 Mitsubishi M53242 

National DM74176 • 9366 Hitachi HD7410 Motorola MC7442 

I 5N14177 

DM8280 Fairchild 74193 Mitsubishi M53210 National DM7442 

Signetics N8280 Mitsubishi M53393 Motorola MC7410 NEe America /olPB7442 

74176 Motorola MC74193 MC7427 Signetics 7442 

Fairchild 74177 National DM74193 Nation;!1 nM7410 T! SN7442A 
Mitsubishi M53377 DM8563 DM7427 Toshiba TD3442 
Motorola MC74177 NEC America J.lPB74193 NEe Amenca J.lPB7410 .SN7443 Fairchild 7443 
National DM74177 Signetics 74193 Signetics 7410 Hitachi HD7443 

DM8281 Toshiba TD34193 TI SN7410 Mitsubishi M53243 
Signetics N8281 SN74194 AMD SN74194 Toshiba TC7410 Motorola MC7443 

74177 Fairt:'hillj 74194 TRW ?1~O Ci.:.. ........ +: ........ 
I..,.~v _,~ •• vl,." .. ~ 

SN74178 Fairchild 74178 Hitachi HD74194 SN74270 MMI 6205-1 1466 TI SN7443A 

Motorola MC74178 Motorola MC74194 SN74278 Mitsubishi M53478 .SN7444 Fairchild 7444 

Signetics N8270 National DM74194 SN74279 Fairchild 74279 9354 

SN74179 Fairchild 74179 Signetics 74194 . Signetics 74279 Hitachi HD7444 

Motorola MC74179 SN74195 AMD SN74195 SN7428 Signetics 7428 Mitsubishi M53244 

Signetics N8271 Fairchild 74195 SN74283 Fairchild 74283 Motorola MC7444 

SN74180 Fairchild 74180 9300 Mitsubishi M53483 Signetics 7444 

Hitachi HD74180 Motorola MC74195 NEe America /olPB74283 TI SN7444A 

Mitsubishi M53380 National DM74195 SN74284 National DM8875A SN7445 Fairchild 7445 

Motorola MC74180 DM8300 SN74285 National DM88758 Hitat:hi Hn744"i 

National DM74180 NEG America J.lPB74195 SN74287 Fairchild 93426 Mitsubishi M53245 

NEG America /olPB74180 Signetics 74195 SN74290 Fairchild 74290 Motorola MC7445 

Signetics 74180 SN74196 Fairchild 74196 Mitsubishi M53490 National DM7445 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Manufacturer I Replacement IC Master ~:'eacturer I ~ent Device IC Master ~~~~urer I :=ement Device 

IC Master ::,~urer I =:-nt Device 
IC Master 

Device Source Device Page Page Page Page 

Texas Instruments (cont'd) SN7473 Hitachi H07473 SN7489 Hitachi HM2502 SN75114 AMO 9614 
Mitsubishi M53273 Mitsubishi M53289 Fairchild 9614 
Motorola MC7473 National OM7489 SN75115 AMO 9615 

SN7445 NEG America IlPB7445 National OM7473 NEC Micro IlPB2089 Fairchild 9615 

- Signetics 7445 NEG America IlPB7473 TRW 7489 SN75121 Fairchild 75121 
TRW 7445 Signetics 7473 +SN7490 Fairchild 7490 Motorola MC8T13 

+SN7446 Fairchild 7446 Toshiba T03473 Hitachi H07490 National OS75121 
Hitachi H07446 SN7474 Fairchild 7474 Mitsubishi M53290 SN75122 Fairchild 75122 
Motorola MC7446 Hitachi H07474 Motorola MCM4023 Motorola MC8T14 
National OM7446 Mitsubishi M53274 MC7490 National 0575122 
Signetics 7446 Motorola MC7474 National OM7490 SN75123 Fairchild 75123 
TI SN7446A National OM7474 Signetics 7490 Motorola MC8T23 

+SN7447 Fairchild 7447 NEG America J.LPB7474 TI SN7490A National OS75123 
Hitachi H07447 Signetics 7474 Toshiba T03490 SN75124 Fairchild 75124 
Mitsubishi M53247 Toshiba T03474 TRW 7490 Motorola MC8T24 
Motorola MC7447 TRW 7474 +SN7491 Fairchild 7491 SN75125 Motorola MC75125 
National OM7447 SN7475 Fairchild 7475 Hitachi H07491 National OS75125 
NEG America J.LPB7447 Hitachi H07475 Mitsubishi M53291 SN75127 Motorola MC75127 
Signetics 7447 Mitsubishi M53275 Motorola MC7491 SN75128 Motorola MC75128 
TI SN7447A Motorola MC7475 NatiOnal OM7491 SN75129 Motorola MC75129 
Toshiba T03447 National OM7475 NEG America J.LPB7491 SN75138 Silicon G SG75138 

SN7448 Fairchild 7448 Signetics 7475 Signetics 7491 SN75140 Motorola MC75140 
Mitsubishi M53248 Toshiba T03475 TI SN7491A SN75150 Fairchild 75150 
Motorola MC7448 TRW 7475 Toshiba T03491 Raytheon RC75150 
National OM7448 SN7476 Fairchild 7476 +SN7492 Fairchild 7492 SN75152 Fairchild 9627 
Signetics 7448 9N76 Hitachi H02521 SN75154 Fairchild 75154 

SN7449 Fairchild 7449 Hitachi H07476 H07492 Hitachi H075154 
Motorola MC7449 Mitsubishi M53276 Motorola MC7492 National OS75154 

SN7450 Fairchild 7450 Motorola MC7476 National OM7492 Raytheon RC75154 
9N50 National OM7476 Signetics 7492 SN75180 National OS88oo 

Hitachi H07450 NEG America J.LPB7476 TI SN7492A SN75182 AMO OM8820 
Mitsubishi M53250 Signetics 7476 Toshiba T03492 National OS8820 
Motorola MC7450 Toshiba TD3476 TRW 7492 Signetics . OS8820 
National OM7450 TRW 7476 +SN7493 Fairchild 7493 SN75183 AMO OM8830 
NEG America J.LPB7450 +SN7477 Fairchild 7477 Hitachi H07493 National 0S8830 
Signetics 7450 Motorola MC7477 Mitsubishi M53293 Signetics OS8830 
Toshiba T03450 Signetics 7477 Motorola MC7493 SN75188 AMO MC1488 
TRW 7450 +SN7480 Fairchild 7480 National DM7493 Hitachi H075188 

SN7451 Fairchild 7451 Mitstlbishi M53280 Signetics 7493 Motorola MC1488 
Hitachi H07451 Motorola MC7480 1:1 SN74~3A National OS1488 
Motorola MC7451 NEG America J.LPB7480 Toshiba TD3492 Signetics MC1488 
National OM7451 Signetics 7480 TRW 7493 SN75189 AMO MC1489 
NEG America J.LPB7451 8268 SN7494 Fairchild 7494 Hitachi H075189 
Signetics 7451 Toshiba T03480 Hitachi H07494 Motorola MC1489 
Toshiba T03451 +SN7481 Fairchild 93407 Motorola MC7494 NatiOnal OS1489 
TRW 7451 Hitachi HM2501 Signetics 7494 Signetics MC1489 

SN7453 Fairchild 7453 Motorola MC4oo4 +SN7495 Fairchild 7495 SN75189A Exar XR1489A 
Hitachi H07453 TI SN7481A Hitachi H07495 SN7520 AMO SN7520 
Mitsubishi M53253 TRW 7481 Mitsubishi M53295 SN7521 
Motorola MC7453 SN7482 Fairchild 7482 Motorola MC7495 Motorola MC7520 
National OM7453 Hitachi H07482 National OM7495 National OS7520 
NEG America J.LPB7453 Motorola MC7482 Signetics 7495 Signetics 7520 
Signetics 7453 National OM7482 TI SN7495A Silicon G SG7520 
TRW 7453 +SN7483 Fairchild 7483 Toshiba T03495 SN75207 AMO SN75207 

SN7454 Fairchild 7454 Hitachi ' H07483 SN7496 Fairchild 7496 Fairchild 75207 
Hitachi H07454 Mitsubishi M53283 Hitachi H07496 SN75208 AMO SN75208 
Motorola MC7454 Motorola MC7483 Mitsubishi M53296 Fairchild 75208 
National OM7454 National OM7483 Motorola MC7496 +SN7521 AMO SN7521 
NEG America J.LPB7454 !?ignetics 7483 National OM7496 Motorola MC7521 
Signetics 7454 TI SN7483A Signetics 7496 National OS7521 
TRW ,7454 +SN7484 Mitsubishi M53284 TRW 7496 Signetics 7521 

SN745475 National OM87S295 TI SN7484A SN7497 Fairchild 7497 Silicon G SG7521 
SN7460 Fairchild 7460 SN7485 Fairchild 7485 Motorola MC7497 SN7522 Signelics 7522 

Hitachi H07460 Hitachi H07485 +SN7510 Motorola MC1410 Silicon G SG7522 
Mitsubishi M53260 Mitsubishi M53285 SN75107 AMO SN75107 SN75224 Fairchild 75224 
Motorola MC7460 Motorola MC7485 Fairchild 75107 SN7523 Signetics 7523 
National OM7460 National OM7485 Motorola MC75107 Silicon G SG7523 
NEG America J.LPB7460 NEG America J.LPB7485 National OS75107 SN75234 AMO SN75234 
Signetics 7460 Signetics 7485 Raytheon RC75107A Fairchild 755234 
Toshiba TD3460 TRW 7485 SN75107A Hitachi H075107A SN75235 AMO SN75235 
TRW 7460 SN7486 Fairchild 7486 SN75108 AMO SN74108 Motorola MC75235 

SN7470 Fairchild 7470 Hitachi H07486 Fairchild 75108 SN75238 AMO SN75238 
Hitachi H07470 Mitsubishi M53286 Motorola MC75108 Fairchild 75238 
Mitsubishi M53270 Motorola MC7486 National OS751 08 SN75239 AMO SN75239 
Motorola MC7470 National. DM7486 Raytheon RC75108A SN7524 AMO SN7524 
National OM7470 NEG America J.LPB7486 SN75108A Hitachi H075108A 7525 
Signetics 7470 Signetics 7486 SN75109 AMO SN75109 Fairchild 7524 

SN7472 Fairchild 7472 Toshiba T03486 Fairchild 75109 Hitachi HAl902 
Hitachi H07472 TRW 7486 Hitachi H0751 09 Motorola MC7524 
Mitsubishi M53272 +SN7488 Intersil IM5600 Raytheon RC751 09 National .75S24 
Motorola MC7472 MMI 6230-1 1466 SN75110 AMO SN75110 Signetics 7524 
National OM7472 Motorola MCM4oo2 Fairchild 75110 Silicon G SG7524 
Signetics 7472 National OM7488 Hitachi H075110 +SN7525 AMO SN7525 
Toshiba T03472 TI SN7488A Motorola MC75110 Motorola MC7525 
TRW 7472 SN7489 AMO SN7489 Raytheon RC75110 Signetics 7525 

SN7473 Fairchild 7473 Fairchild 7489 SN75112 Fairchild 75112 Silicon G SG7525 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications conSidering your requirements. 
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Manufacturer i Replacement IC Muter 
Device ' Source Device Page 

! Texas Instruments (cont'd) 

SN7528 Fairchild 
Motorola 
National 
Silicon G 

.SN7529 Motorola 
Silicon G 

SN75324 National 
Raytheon 

SN75325 AMO 
Fairchild 
Motorola 
National 
Raytheon 
Silieor. G 

SN75326 Fairchild 
SN75327 Fairchild 

.SN7534 National 
Silicon G 

.SN7535 Fairchild 
Silicon G 

SN75361 National 
SN75362 National 
SN75365 Motorola 

National 
SN75368 Motorola 
SN75369 AMO 

Motorola 
National 

.SN7538 National 
Silicon G 

.SN7539 Silicon G 
SN75450 Fairchild 

Hitachi 
Motorola 
National 
Raytheon 
Signetics 
Silicon G 

SN75450A Hitachi 
SN75451 Fairchild 

Hitachi 
Motorola 
National 
Raytheon 
Signetics 
Silicon G 

SN75451 A Hitachi 
SN75452 Fairchild 

Hitachi 
Motorola 
National 
Raytheon 
Signetics 
Silicon G 

SN75453 Fairchild 
Hitachi 

Motorola 
National 
Raytheon 
Signetics 
Silicon G 

SN75454 Fairchild 
Hitachi 

Motorola 
National 
Raytheon 
Signetics 
Silicon G 

SN75460 Fairchild 
Motorola 
National 
Silicon G 

SN75461 Fairchild 
Motorola 
National 
Silicon G 

SN75462 Fairchild 
Motorola 
NallOflal 

Silicon G 
SN75463 Fairchild 

• Discontinued 

7528 
MC7528 
OS7528 
SG7528 
MC7529 
SG7529 
OS75324 
RC75324 
SN75325 
75325 
MC75325 
OS75325 
RC75325 
8G75325 
75326 
75327 
OS7534 
SG7534 
7535 
SG7535 
OS75361 
OS75362 
MC75365 
OS75365 
MC75368 
MH0026 
MMH0026 
OS0026 
OS7538 
SG7538 
SG7539 
75450 
H02574 
MC75450 
OS75450 
RC75450 
75450 
SG75450 
H075450A 
75451 
H02575 
MC75451 
OS75451 
RC75451 
75451 
SG75451 
H075451A 
75452 
H075452 
MC75452 
OS75452 
RC75452 
75452 
SG75452 
75453 
H02578 
H075453 
MC75453 
OS75453 
RC75453 
75453 
8G75453 
75454 
H02579 
H075454 
MC75454 
OS75454 
RC75454 
75454 
SG75454 
75460 
MC75460 
OS75460 
SG75460 
75461 
MC75461 
OS75461 
SG75461 
75462 
MC75462 
U::>ft>4t)~ 

SG75462 
75463 

SN75463 

SN75464 

SN7546? 

SN75467 

SN75468 

SN75469 

SN75470 

SN75471 

SN75472 

SN75473 

SN75474 

SN75475 
SN75476 
SN75477 
SN75478 
SN75479 
SN75480 
SN75491 

SN75492 

SN75493 
SN75494 
SN76OO1 
SN761 04 
SN76111 

SN76115 

SN76116 

SN76131 

SN76149 

SN76177 
SN76226 
SN76227 

SN76228 
SN76242 

SN76243 

SN76246 

SN76266 
SN76267 

SN76298 

.SN76502 
SN76514 
SN76530 
SN76544 
::>NIt)t>b4 

Motorola 
National 
Silicon G 
Fairchild 
Motorola 
National 

Silicon G 
Motorola 
Signetics 
Sprague 
Motorola 
Signetics 
Sprague 
Motorola 
Signetics 
Sprague 
Signetics 
Sprague 
Fairchild' 
Silicon G 
Fairchild 
SHicon G 
Fairchild 
Silicon G 
Fairchild 
Silicon G 
Fairchi!d 
Silicon G 
Motorola 
.sprague 
Sprague 
Sprague 
Sprague 
National 
Fairchild 
Motorola 
National 
Fairchild­
Molorola 
National 
National 
National 
SGS 
Fairchild 
Fairchild 
RCA 
Motorola 
RCA 
Spragua 

Fairchild 
RCA 
Sprague 
Exar 
Fairchild 
SGS 
Exar 
Fairchild 
Sprague 
Sprague 
Plessey 
Spragua 
Sprague 
Fairchild 
RCA 
Sprague 
Fairchild 
Sprague 
Fairchild 
RCA 
Sprague 

RCA 
Fairchild 
RCA 
Motorola 
RCA 
Sprague 
TI 
Motorola 
Motorola 
Plessey 
t-airctllid 
Motorola 
RCA 

IC Master 
Page 

MC75463 
OS75463 
SG75463 
75464 
MC75464 
OS75464 
SG75464 
SG75464 
MC1411 
NE5501 
ULN-2021 
MC1412 
'NE5502 
ULN-2022 
MC1413 
NE5503 
ULN-2023 
NE5504 
ULN-2024 
75470 
SG75470 
75471 
SG7541 
75472 
SG7542 
75473 
SG7543 
75474 
SG7544 
MC1472 
UON-5711 
UON-5712 
UON-5713 
UON-5714 
OS8880 
75491 
MC75491 
OS75491 
75492 
MC75492 
OS75492 
OS75493 
OS75494 
TBA820 
p.A732 
/J.A767 
CA758 
MC1310 
CA1310 
ULN-2ll0 
ULN-2210 
/J.A758 
CA758 
ULN-2244 
XR4739 
/olA739 
TBA231 
XR4739 
/olA749 
ULN-2277 
ULN-2216 
SL1327 
ULN-2217 
ULN-2218 

I1A780 
CA3070 
ULN-2124 

I1A781 
ULN-2127 

I1A746 
CA3071 
ULN-2114 
ULN-2228 
CA3066 
p.A3067 
CA3067 
MC1398 
CA1398 
UlN-2298 
TL441 
MC1496 
MC13,30 
SL76544 
3064 
MC1364 
CA3064 

~~urer I ::ceacement 
Device 

IC Muter 
Page 

SN76564 
SN76565 
SN76591 

SN76594 

SN76600 
SN76635 

SN76642 

SN76643 

SN76650 

SN76651 
SN76665 

SN76666 

SN766Q9 

SN76575 

SN76676 
SN76678 

SN76689 

TL072 

TL074 
TL081 
TL082 
TL083 
TL084 
TL089 
TL430 
TL484 
TL485 
TL494 
TL495 
TL514 

I TL720 
TMS0803 
TMS0851 

HMS1103 
HMS2l01 

HMS2102 
.TMS2300 
HMS2500 

TMS2516 

IHMS2600 

I TMS"08 

TMS2716 

HMS2800 
.TMS2900 

TMS3112 
TMS3114 
TMS3120 

HMS3121 
HMS3133 
HMS3304 
I TMS3409 

Sprague 
Motorola 
Fairchild 
Motorola 
Fairchild 
Motorola 
Motorola 
Fairchild 
Sprague 
Motorola 
Sprague 
Fairchild 
Signetics 
Sprague 
Motorola 
RCA 
Motorola 
Fairchild 
Motorola 
RCA 
Sprague 
Fairchild 
Motorola 
Sprague 
Fairchild 
Motorola 
Sprague 
Fairchild 
Motorola 
RCA 
Fairchild 
Sprague 
Fairchild 
RCA 
Sprague 
Exar 
PMI 
Exar 
PMI 
Exar 
Exar 
Exar 
Harris 
Signetics 
Motorola 
Motorola 
Motorola 
Motorola 
Motorola 
Raytheon 

National 
GI 
GI 

ULN-2264 
MC1364 
/J.A1391 
MC1391 
/olA1394 
MC1394 
f.1C135C 

I1A720 
ULN-2137 
MC1357 
ULN-2113 
2136 
ULN2111 
ULN-2111 
MC1352 
CA1352 
MC1351 
/J.A3064 
MC1364 
CA3065 
ULN-2165 
/J.A3065 
MC1358 
ULN-2165 
/J.A2136 
MC1356 
ULN-2136 
;;.A3075 
MC1375 
CA3076 
I-lA753 
ULN-2209 
/J.A3089 
CA3089 
ULN-2289 
XR072 
OP-25 
XR074 
OP-16 
XR082 
XR083 
XR084 
HA·2905 
TL430 
TL484 
TL485 
TL494 
TL495 
MC1514 
RC1414 
RM1514 
LM1414 
C-593 
CF-593 

Signetics 1103 
Fairchild 3538 
NEC Micro /J.PD2101 
NEC Micro I1PD2102 
AMI S8l73 
AMI S8773 
AMI S4716 
AMI S8773 
National MM4230 

AMO 
EA 
Fairchild 
Fujitsu 
Intel 
Motorola 
National 
Fujitsu 
Motorola 

National 
AMI 
Fairchild 
AMO 
Fairchild 
5GS 
Fairchild 
Fairchild 
MotorQla 
Fairchild 
Mostek 
Plessey 
SGS 

MM5230 
2708 
EA2708 
2708 
MB8518 
2708 
MCM2708 
MM2708 
MBM2716 
TUS271~ 

MM4210 
S8773 
3348 
3114 
3347 
M142 
3342 
3355 
MC1141 
3357 
MK1007 
MP3409 
M142 

HMS3412 AMI S1685 
S1685 
3342 
MP3417 
2114 
R2114 
R05-81S2 
M4027 
MB8227 
IM7027 
MK4027 
MK4027 
MCM4027 
p.P0414 
2107A 
21021 

HMS3414 AMI 
TMS3417 Fairchild 

Plessey 
TMS40L45 Fairchild 

926 

926 

927 

trf-AS4000 
TMS4027 

HMS4030 
TMS4033 

HMS4033 

HMS4034 

HMS4035 

HMS4039 
'tTfv1S4042 

TMS4044 

TMS4045 

927 TMS4050 
927 
996 TMS4051 

TMS4060 

1 

I 
TMS4062 

HMS4070 

HMS41 00 
TMS4116 

1588 
1591 • 

1220 

I 
12821 

TMS4700 
TMS4732 

TMS4764 
HMS4800 

HMS5000 
HMS5001 
HMS54071 
HMS6010 

TMS6011 

Rockwell 
Gi 
Fairchild 
Fujitsu 
Intersil 

Mostak 
Motorola 
NEC Micro 
Intal 
Fairchild 
National MM2l02 
NEC Micro /J.PD2102 
SGS M330 
Fairchild 21022 
National MM21 02 
NEC Micro /J.PD2102 
Signatics 2102 
Fairchild 2102 
National MM2101 
Signetics 2102 
NEC Micro /J.P02101 
NEe Micru /J.P02111 
AMO 4044 
Fujitsu MBM4044 
Intersil 7141 
Mltaublshi MST 4044 
AMD 9114 

9124 
AMI S2114 
Fujitsu MB8114 
Intel 2114 
Intersil IM71,14 

2114 
NEC Micro I1PD2114 
AMD 9050 
NEC Micro /olPD418 
NEC Micro /J.PD418 
AMO 9060 
EA EA4060 
Fujitsu MB8107 
Intal 2107 
National .. M5280 
NEC Micro 11P0411 
Intersil 6002 
Nortec 6002 
Intersil 7116 
Zilog Z6l16 
SMC CG41 00 
AMO 9016 
Fairchild F16K 
Fujitsu MB8116 
Intel 2116 
Intersil 7116 
Mostek MK4116 
Motorola MCM4116 
NEC Micro /J.PD416 

Si9netIca 2690 
Mostek MK30000 
AMI S68332 
NEC Micro "PD2332 
Signeflcs 2632 
SMC ROM4732 
Supertex CM3200 
AMI S4264 
EA EA4800 

SMC 
GI 
Mostek 
AMI 
GI 
SMC 
AUt 
GI 

RCA 
SMC 
Westem 
Intersil 

EA4900 

KR3600 
AY5-3600 
MK4116 
S1757 
AY5-1013A 
COM2502 
S1883 
AY3-1014A 
AY3-l015 
COP1854 
COM2017 
TRl602 
IM7001 

1281 

1522 

1275 

1591 

1275 

1591 

1275 

1588 
1595 

1432 

1196 

1604 

270 
1547 

1272 

1505 
1562 

::1 1637 
1872 

1701 
1212 

62t 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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Manufacturer I Replacement IC Master ~1~Device Ie Master Manufacturer I Replacement IC Master Manufacturer I Replacement ICMaster 
Device . Source Device Page Page Device Source Device Page Device Source Device Page 

Texas Instruments (cont'd) TP4012 NEG America p.PD4012 TP4021 NEG America p.PD4021 TP4035 RCA CD4035 
RCA CD4012 RCA CD4021 SGS HBF4035 
SGS HBF4012 Solitron CM4021 Solitron CM4035 

TMS8080 AMD 9080 Solitron CM4012 SSS SCL4021 SSS SCL4035 
Intel 8080 SSS SCL4012 Toshiba TC4021 Toshiba TC4035 
NEC Micro p.PD8080AF 2119 Toshiba TC4012 TP4022 Fairchild F4022 TP4040 Fairchild F4040 

TMS8080A National IN88080A 238 TP4013 Fairchild F4013 Mitel SIL4022 Mitel SIL4040 
NEC Micro p.PD8080A 2119 Mitel SIL4013 Motorola MC14022 National CD4040 

TMS9900 AMI 89900 1840 Motorola MC14013 National CD4022 NEG America p.PD4040 
TMS9901 AMI 89901 1844 National CD4013 RCA CD4022 RCA CD4040 
TMS9902 AMI 89902 1846 NEG America J1PD4013 SGS HBF4022 Solitron CM4040 
TMS9903 AMI 89903 1848 RCA CD4013 Solitron CM4022 SSS SCL4040 
TMS9940 AMI 89940 1850 SGS HBF4013 SSS SCL4022 Toshiba TC4040 
TMS9980 AMI 89980 1851 Solitron CM4013 Toshiba TC4022 TP4042 Fairchild F4042 

SMC UPC9980 SSS SCL4013 TP4023 Fairchild F4023 Mitel SIL4042 
TP4000 Mitel SIL4000 Toshiba TC4013 Mitel SIL4023 Motorola MC14042 

Motorola MC14000 TP4014 Fairchild F4014 Motorola MC14023 National CD4042 
National CD4000 Mitel SiL4014 National CD4023 NEG America J1PD4042 
RCA CD400 Motorola MC14014 NEG America J1PD4023 RCA CD4042 

CD4000 National CD4014 RCA CD4023 SGS HBF4042 
Solitron CM4000 NEG America J1PD4014 SGS HBF4023 $olitron CM4042 
SSS SCL4000 RCA CD4014 Solitron CM4023 SSS SCL4042 

TP4001 Fairchild F4001 SGS HBF4014 SSS SCL4023 Toshiba TC4042 
Mitel SIL4001 Solitron CM4014 Toshiba TC4023 TP4043 Fairchild F4043 
Motorola MCl4001 SSS SCL4014 TP4024 Fairchild F4024 Mitel SIL4043 
National CD4001 Toshiba TC4014 Mitel SIL4024 Motorola MC14043 
NEG America J1PD4001 TP4015 Fairchild F4015 Motorola MC14024 National CD4043 
RcA CD4001 Mitel SIL4015 National CD4024 NEG America IlPD4043 
Solitron CM4001 Motorola MC14015 RCA CD4024 RCA CD4043 
SSS SCL4001 National CD4015 SGS HBF4024 Solitron CM4043 
Toshiba TC4001 NEG America J1PD4015 SOlitron CM4024 SSS SCL4043 

TP4002 F'airchild F4002 RCA CD4015 SSS SCL4024 Toshiba TC4043 
Mitel SIL4002 SGS HBF4015 Toshiba TC4024 TP4044 Fairchild F4044 
Motorola MC14002 Solitron CM4015 TP4025 Fairchild F4025 Mitel SIL4044 
National CD4002 SSS SCL4015 Mite! SIL4025 Motorola MC14044 
NEG America 'J1PD4002 Toshiba TC4015 Motorola MC14025 National CD4044 
RCA CD4002 TP4016 AD AD7516 National CD4025 NEG America J1PD4044 
SGS HBF4002 Fairchild F4016 NEG America J1PD4025 RCA CD4044 
Solitron CM4002 Micro Power MPS7516 RCA CD4025 Sotitron CM4044 
SSS SCL4002 Mitel SIL4016 SGS HBF4025 SSS SCL4044 
Toshiba TC4002 Motorola MC14016 Solitron CM4025 Toshiba TC4044 

TP4007 Fairchild F4007 National CD4016 1076 SSS SCL4025 HP4047 Fairchild F4047 
Mitel SIL4007 RCA CD4016 Toshiba TC4025 Motorola MC14047 
Motorola MC14007 CD4066 TP4027 Fairchild F4027 RCA CD4047 
National CD4007 Solitron CM4016 Mitel SIL4027 Solitron CM4047 
RCA CD4007 SSS SCL4016 Motorola MC14027 Toshiba TC4047 
SGS HBF4007 TP4017 Fairchild F4017 National CD4027 TP4049 Fairchild F4049 
Solitron CM4007 Mitel SIL4017 NEG America J1PD4027 Mitel SIL4049 
SSS SCL4007 Motorola MC140t7 RCA CD4027 Motorola MC14049 
Toshiba TC4007 National CD4017 SGS HBF4027 National CD4049 

TP4008 Fairchild F4008 NEG America J1PD4017 $olitron CM4027 NEG America J1PD4049 
Motorola MC14008 RCA CD4017 SSS SCL4027 RCA CD4049 
National CD4008 SGS HBF4017 Toshiba TC4027 SGS HBF4049 
RCA CD4008 Solitron CM4017 TP4028 Fairchild F4028 Solitron CM4049 
SGS HBF4008 SSS SCL4017 Mitel SIL4028 SSS SCL4049 
Solitron CM4008 Toshiba TC4017 ' Motorola MC14028 Toshiba TC4049 
SSS SCL4008 TP4018 Fairchild F4018 National CD4028 TP4050 Fairchild F4050 
Toshiba TC4008 Mite! SIL4018 NEG America J1PD4028 Mitel SIL4050 

TP4009 Mitel SIL4009 National CD4018 RCA CD4028 Motorola MC14050 
National CD4009 RCA CD4018 SGS HBF4028 National CD4050 
RCA CD4009 SGS HBF4018 Solitron CM4028 NEG America J1PD4050 
SGS HBF4009 Solitron CM4018 SSS SCL4028 RCA CD4050 
Solitron CM4009 SSS SCL4018 Toshiba TC4028 SGS HBF4050 
SSS SCL4009 Toshiba TC4018 TP4029 Fairchild F4029 Sotitron CM4050 
Toshiba . TC4009 TP4019 Fairchild F4019 Mitel SIL4029 SSS SCL4050 

TP4010 Mitel SIL4010 Mitel SIL4019 National CD4029 Toshiba TC4050 
National CD4010 National CD4019 NEe America J1PD4029 TP4051 Fairchild F4051 
RCA CD4010 RCA CD4019 RCA CD4029 GI MEM4051 
SGS HBF4010 SGS HBF4019 SGS HBF4029 Mitel SIL4051 
Solitron CM4010 $olitron CM4019 Solitron CM4029 Motorola MC14051 
SSS SCL4010 SSS SCL4019 SSS SCL4029 National CD4051 
Toshiba TC4010 Toshiba TC4019 Toshiba TC4029 RCA CD4051 

TP4011 Fairchild F4011 TP4020 Fairchild F4020 TP4030 Fairchild F4030 $olitron CM4051 
Mitel SIL4011 Mitel SIL4020 Mitel SIL4030 SSS SCL4051 
Motorola MC14011 Motorola MC14020 National CD4030 Toshiba TC4051 
National CD4011 National CD4020 NEC America J1PD4030 TP4052 Fairchild F4052 
NEG America J1PD4011 NEG America J1PD4020 RCA CD4030 Mitel SIL4052 
RCA CD4011 RCA CD4020 SGS HBF4030 Motorola MC14052 
SGS HBF4011 SGS HBF4020 Solitron CM4030 National CD4052 
Solitron CM4011 $olitron CM4020 SSS SCL4030 RCp, CD4052 
SSS SCL4011 SSS , SCL4020 Toshiba TC4030 $olitron CM4052 
Toshiba TC4011 Toshiba TC4020 TP4035 Fairchild F4035 SSS SCL4052 

TP4012 Fairchild F4012 TP4021 Fairchild F4021 Mitel SIL4035 Toshiba TC4052 
Mitel SIL4012 Mitel SIL4021 Motorola MC14035 TP4053 RCA CD4053 
Motorola MC14012 Motorola MC14021 National CD4035 TP4068 Fairchild F4068 
National C[)4012 National CD4021 NEG America J1PD4035 Mitel SIL4068 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Texas Instruments (cont'd) HP4093 National CD4093 TP4582 Motorola MC14582 TC4011 RCA CD4011 

RCA CD4093 RCA CD40182 SGS HBF4011 
HP4099 Fairchild F4099 SSS SCL4582 Solitron CM4011 

TP4068 Motorola MC14068 National CD4099 ULN-2001 Signetics ULN2001 SSS SCL4011 
RCA CD4068 RCA CD4099 ULN-2004 Signetics ULN2004 TI TP4011 
Solitron CM4068 TP4315 RCA CD4069 ULN2001 Exar XR2201 931 TC4012 Fairchild F4012 
SSS Sr:t 40fiR TP4321J RCA CD40€7 Fa~,chiid 9605 Milei SiL40i2 
TOshiba TC4068 TP4360 Fairchild F40160 SGS L201 Motorola MC14012 

TP4069 Fairchild F4069 Motorola MC14160 Silicon G SG2001 National CD4012 
Harris HD74C04 National MM74C160 Sprague ULN-2001 NEe America IJ.PD4012 
Mitel SIL4069 TP4361 Fairchild F40161 ULN2002 Exar XR2202 931 RCA CD4012 
Motorola MC14069 Motorola MC14161 Fairchild 9666 SGS HBF4012 
National CD4069 National MM74C161 SGS L202 Solitron CM4012 

MM74C04 TP4362 Fairchild F40162 Signetics ULN2002 SSS SCL4012 
NEG America IJ.PD4069 Motorola MC14162 Silicon G SG2002 TI TP4012 

RCA CD4069 National MM74C162 Sprague ULN-2002 TC4013 Fairchild F4013 

SolJtror. CM4069 TP4363 Fairchild F40i63 uLN2003 Exar XR2203 1131 Mltel SIL4013 

SSS SCL4069 Motorola MC14l63 Fairchild 9667 Motorola MC14013 
Toshiba TC4069 National MM74C163 SGS L203 National CD4013 

HP4070 Fairchild F4070 TP4507 Motorola MC14507 Signetics ULN2003 NEG America IJ.PD4013 
Mitel SIL4070 National CD4070 Silicon G SG2003 RCA CD4013 
National CD4070 CD4507 Sprague ULN-2003 SGS HBF4013 

MM74C86 MM74C86 ULN2004 Exar XR2204 931 Solitron CM4013 
RCA CD4070 RCA CD4030 Fairchild 9668 SSS SCL4013 
Solitron CM4070 CD4070 Sprague , ULN-2004 il TP4013 
SSS SCL4070 SSS SCL4030 TC4014 Fairchild F4014 

TP4071 Fairchild F407l TP4511 Fairchild F45l1 Toshiba Mitel SIL4014 
Mitt'll S!L40?1 ~ ... ~ite! SIL4511 Moioroia iviCi40i4 
Motorola MC14071 Motorola MC14511 National CD4014 
National CD4071 National CD4511 TA7613 Sprague ULN-2204 NEG America IJ.PD4014 
NEC America IJ.PD4071 RCA CD4511 TC4001 Fairchild F4001 RCA CD4014 
RCA CD4071 Solitron CM4511 Mitel SIL4001 SGS HBF4014 
SOlitron CM4071 SSS SCL4511 Motorola MC14001 Solitron CM4014 
SSS SCL4071 TP4512 Fairchild F45l2 National CD4001 SSS SCL4014 
Toshiba TC4071 Mitel SIL4512 NEC America IJ.PD4001 Ti TP4014 

TP4072 Fairchild F4072 Motorola MC14512 RCA CD4001 TC4015 Fairchild F4015 
Mitel SIL4072 National CD4512 SGS HBF4001 Mitel SIL4015 
Motorola MC14072 NEC America JlPD4512 Solitron CM4001 Motorola MC14015 
RCA CD4072 SSS SCL4512 SSS SCL4001 National CD4015 
SSS SCL4072 Toshiba TC4512 TI TP4001 NEC America I1PD4015 
Toshiba TC4072 I TP4516 

Fairchild F4516 TC4002 Fairchild F4002 RCA CD4015 
TP4073 Fairchild F4073 HP4516 Mitel SIL4516 Mitel SIL4002 SGS HBF4015 

Mitel SIL4073 Motorola MC14516 Motorola MC14002 Solitron CM4015 
Motorola MC14073 National CD4516 National CD4002 SSS SCL4015 
National CD4073 

I 
RCA CD40193 NEC America I1PD4002 TI TP4015 

RCA CD4073 CD4516 RCA CD4002 TC4017 F81rchild F4017 

Solitron CM4073 SSS SCL4516 SGS HBF4002 Mitel SIL4017 

SSS SCL4073 Toshiba TC4516 

I Soiitron CM4002 MotorOla MC14017 I I Toshiba TC4073 I TP4518 Fairchild F4518 SSS SCL4002 National CD4017 

TP4075 Fairchild F4075 Mitel SIL4518 

I 
TI TP4002 NEC America I1PD4017 

Mitel SIL4075 Motorola MC14518 TC4007 Fairchild F4007 RCA CD4017 
Motorola MC14075 National CD4518 Mitel SIL4007 SGS HBF4017 
National CD4075 RCA CD4518 Motorola MC14007 Solitron CM4017 
RCA CD4075 Solitro" CM4518 National CD4007 SSS SCL4017 

SSS SCL4075 SSS SCL4518 RCA CD4007 TI TP4017 
Toshiba TC4075 Toshiba TC4518 SGS HBF4007 TC4018 Fairchild F4018 

HP4076 Fairchild F4076 I 
TP4519 Fairchild F4519 Solitron CM4007 Mitel SIL4018 

Harris HD74C173 Motorola MC14519 SSS SCL4007 National CD4018 

Mitel SIL4076 

I 

National CD4519 TI TP4007 RCA CD4018 

Motorola MC14076 NEC America I1PD4519 TC4008 Fairchild F4008 SGS HBF4018 

National CD4076 RCA CD4019 Motorola MC14008 Solitron CM4018 

MM74C173 TP4520 Fairchild F4520 National CD4008 SSS SCL4018 

RCA CD4076 Mitel SIL4520 RCA CD40Qa TI TP4018 

Solltron CM4076 Motorola MC14520 SGS HBF4008 TC4019 Fairchild F4019 

SSS SCL4076 National CD4520 Solitron CM4008 Mitel SIL4019 

TP4078 Motorola MC14078 NEG Amenca I1PD4520 SSS SCL4008 National CD4019 
RCA CD4078 RCA CD4520 TI TP4008 ~CA CDII019 

TP4081 Fairchild F4081 Solitron CM4520 TC4009 Mitel SIL4009 SGS HBF4019 
Mitel SIL4081 SSS SCL4520 National CD4009 Solitron CM4019 
Motorola MC14081 Toshiba TC4520 RCA CD4009 SSS SCL4019 
National CD4081 TP4522 Fairchild F4522 SGS HBF4009 TI TP4019 
NEe Amenca I1PD4081 Motorola MC14522 Solitron CM4009 TC4020 Fairchild F4020 

RCA CD4081 N~ti0rl~J (04522 SSS SCL~QQg ... ;.,,1 
vlL. ... "'C.V 

Solitron CM4081 RCA CD4018 TI TP4009 Motorola MC14020 

SSS SCL4081 SSS SCL4522 TC4010 Mitel SIL4010 National CD4020 

Toshiba TC4081 TP4526 Fairchild F4526 National CD4010 NEG America I1PD4020 

TP4082 Fairchild F4082 Motorola MC14526 RCA CD4010 RCA CD4020 

Mitel SIL4082 SSS SCL4526 SGS HBF4010 SGS HBF4020 

Motorola MC14082 TP4531 Fairchild F4531 Solitron CM4010 Solitron CM4020 

RCA CD4082 Motorola MC14531 SSS SCL4010 SSS SCL4020 

SSS SCL4082 RCA CD40101 TI TP4010 TI TP4020 

Toshiba TC4082 SSS SCL4531 TC4011 Fairchild F4011 TC4021 Fairchi!d F402l 

IHP4085 Fairchild F4085 TP4581 Motorola MC14581 Mitel SIL4011 Mitel ~II 40?1 

Ht;A CD4085 RCA CD40181 Motorola MC14011 Motorola MC14021 

HP4093 Fairchild F4093 SSS SCL4581 National CD4011 National CD4021 

Motorola MC14093 TP4582 Fairchild F4582 NEC America I1PD4011 NEC America I1PD4021 

• Discontinued 

Bold face device numbers indicate manufacturers data is provided in the Ie Master on the pages noted. 
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'Toshiba (cont'd) TC4034 Fairchild F4o.34 TC4052 Fairchild F4052 TC4081 NEG America J.lPD4081 
Motorola MC14o.34 Mitel SIL4052 RCA CD4o.81 
National CD4034 Motorola MC14052 Solitron CM4081 

iC4021 RCA CD4o.21 RCA CD4034 National CD4052 SSS SCL4o.81 

Solitron CM4o.21 Solitron CM4034 RCA CD4052 TI TP4081 

SSS SCL4o.21 SSS SCL4o.34 Solitron CM4052 TC4082 Fairchild F4082 

TI TP4021 TC4035 Fairchild F4035 SSS SCL4052 Mitel SIL4082 

TC4022 Fairchild F4022 Mitel SIL4035 TI TP4052 Motorola MC14082 

Mitel SIL4022 Motorola MC14035 TC4053 Fairchild F4053 RCA CD4082 

Motorola MC14022 National CD4035 GI MEM4053 SSS SCL4082 

National CD4022 NEG America IlPD4o.35 Mitel SIL4053 TI TP4082 

RCA CD4022 RCA CD4035 Motorola MC14053 TC4508 Mitel SiL4508 

SGS HBF4022 SGS HBF4035 National CD4053 Motorola MC14508 

Solitron CM4022 Solitron CM4035 RCA CD4053 RCA CD4508 

SSS SCL4022 SSS SCL4035 Solitron CM4053 SSS SCL4508 

TI TP4o.22 TI TP4035 SSS SCL4053 TC451 0 Fairchild F4510 

TC4023 . Fairchild F4o.23 TC4038 Motorola MC14308 TC4061 RCA CD4061 Mitel SIL4510 

Mitel SIL4023 RCA CD4038 TC4066 Fairchild F4066 Motorola MC14510 

Motorola MC14023 Solitron CM4038 Mitel SIL4066 National CD451 0. 
National CD4023 TC404~ Fairchild F4040 Motorola MC14066 RCA CD40192 

NEG America IlPD4023 Mitel SIL4040 National CD4066 10.76 CD4510 

RCA CD4023 National CD4040 NEe America J.lPD4066 SSS SCL4510 

SGS HBF4023 NEG America IlPD4040 RCA CD4063 TC4512 Fairchild F4512 

Solitron CM4023 RCA CD4040 CD4066 Mitel SIL4512 

SSS SCL4023 Solitron CM4040 SGS HBF4066 Motorola MC14512 

TI TP4023 SSS SCL4040 Signetics N4066 National CD4512 

TC4024 Fairchild F4024 TI TP4040 Solitron CM4066 NEG America IlPD4512 
Mitel SIL4024 TC4042 Fairchild F4042 SSS SCL4066 SSS SCL4512 

Motorola MC14024 Mitel SIL4042 TC4068 Fairchild F4068 TI TP4512 

National CD4024 Motorola MC14042 Mitel SIL4068 TC4514 Fairchild F4514 

RCA CD4024 National CD4042 Motorola MC14068 Mitel SIL4514 

SGS HBF4024 NEG America IlPD4042 RCA CD4068 Motorola MC14514 

Solitron CM4024 RCA CD4042 Solitron CM4068 National CD4514 

SSS SCL4024 SGS HBF4042 SSS SCL4068 RCA CD4514 

TI TP4024 Solitron CM4042 TI TP4068 Solitron CM4514 

TC4025 Fairchild F4025 SSS SCL4042 TC4069 Fairchild F4069 SSS SCL4514 

Mitel SIL4025 TI TP4042 Harris HD74C04 TC4515 Fairchild F4515 

Motorola MC14025 TC4043 Fairchild F4043 Mitel SIL4069 Mitel SIL4515 

National CD4025 Mitel SIL4043 Motorola MC14069 Motorola MC14515 

NEG America J.lPD4025 Motorola MC14043 National CD4069 National CD4515 

RCA CD4025 , National CD4043 MM74C04 RCA CD4515 

SGS HBF4025 NEe America IlPD4043 NEG America IlPD4069 Solitron CM4515 

Solitron CM4025 RCA CD4043 RCA CD4069 SSS SCL4515 

SSS SCL4025 Solitron CM4043 Solitron CM4069 TC4516 Fairchild F4516 

TI TP4025 SSS SCL4043 SSS SCL4069 Mitel SIL4516 

TC4027 Fairchild F4027 TI TP4043 TI TP4069 Motorola MC14516 

Mitel SIL4027 TC4044 Fairchild F4044 TC4071 Fairchild F4071 National CD4516 

Motorola MC14027 Mitel SIL4044 Mitel SIL4071 RCA CD40193 

National CD4027 Motorola MC14044 Motorola MC14071 CD4516 

NEe America IlPD4027 National CD4044 National CD4071 SSS SCL4516 
RCA C04027 NEe America 1lPD4044 NEG America IlPD4071 TC4518 Fairchild F4518 

5GS HBF4027 RCA CD4044 RCA CD4071 Mitel SIL4518 

Solitron CM4027 Solitron CM4044 Solitron CM4071 Motorola MC14518 

SSS SCL4027 SSS SCL4044 SSS SCL4071 National CD4518 

TI TP4027 TI TP4044 TI TP4071 RCA CD4518 

TC4028 Fairchild F4028 TC4047 Fairchild F4047 TC4072 Fairchild F4072 Solitron CM4518 

Mitel SIL4028 RCA CD4047 Mitel SIL4072 SSS SCL4518., 

Motorola MC14028 Solitron CM4047 Motorola MC14072 TI TP4518 

National CD4028 TC4049 Fairchild F4049 RCA CD4072 TC4520 Fairchild F4520 

NEe America IlPD4028 Mitel SIL4049 SSS SCL4072 Mitel SIL4520 

RCA CD4028 Motorola MC14049 TI TP4072 ' Motorola MC14520 

SGS HBF4028 National CD4049 TC4073 Fairchild F4073 National CD4520 

Solitron CM4028 NEe America IlPD4049 Mitel SIL4073 NEe America IlPD4520 

SSS SCL4028 RCA CD4049 Motorola MC14073 RCA CD4520 

TI TP4028 SGS HBF4049 National CD4073 Solitron CM4520 

TC4029 Fairchild F4029 Solitron CM4049 RCA CD4073 SSS SCL4520 
Mitel SIL4029 SSS SCL4049 Solitron CM4073 TI TP4520 

National CD4029 TI TP4049 SSS SCL4073 TC4528 Fairchild F4528 

NEe America IlPD4029 TC4050 Fairchild F4050 TI TP4073 Motorola MC14528 

RCA CD4o.29 Mitel SIL40SO TC4075 Fairchild F4075 NEe America IlPD4528 

SGS HBF4029 Motorola MC14050 Mitel SIL4075 RCA CD4528 

Solitron CM4029 National CD4050 Motorola MC14075 SSS SCL4528 

SSS SCL4029 NEG America IlPD4050 National CD4075 TC4532 Fairchild F4532 

TI TP4029 RCA CD4050 RCA CD4075 Motorola MC14532 
TC4030 Fairchild F4030 SGS HBF4050 SSS SCL4075 RCA CD4532 

Mitel SIL4030 Solitron CM4050 TI TP4075 TC4539 Fairchild F4539 
National CD4o.30 SSS SCL4050 TC4078 Fairchild F4078 ' Motorola MC14539 

NEe America IlPD4030 TI TP4050 Mitel SIL4078 NEG America IlPD4539 
RCA CD4030 TC4051 Fairchild F4051 Motorola MCl4078 TC4583 Fairchild F4583 
SGS HBF4030 Mite! SIL4051 RCA CD4078 Motorola MC14583 
Solitron CM4030 Motorola MC14051 Solitron CM4078 RCA CD40100 
SSS SCL4030 National CD4051 SSS SCL4078 TC4585 Mot9rola MC14585 
TI TP4030 RCA CD4051 TC4081 Fairchild F4081 National MM74C85 

TC4032 Motorola MC14032 Solitron CM4051 Mitel SIL4081 RCA CD4063 
RCA CD4032 SSS SCL4051 Motorola MC14081 SSS SCL4585 

SoIitron CM4032 TI TP4051 National CD4081 TC7400 Fairchild 7400 

• Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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Toshiba (cont' d) 

TC7400 

HC7404 

HC1408 

TC7410 

TC7420 

TMM314 
TMM323 

IHMM414 

I·;~~:;~ 
TRW 

MPY16 
7400 

I 7401 

I 

7402 

7403 

Hitachi 
Mitsubishi 
Motorola 
National 
NI:C America 
Signetics 
TI 
TRW 
Fairchild 
Hitachi 
Mltsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Fairchild 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 

TRW 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
TRW 
Fujitsu 
Fujitsu 
Fujitsu 
Fujitsu 
FUjitsu 

MMI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEC America 
Signetics 

" 
Toshiba 
Fairchild 
Mitsubishi 
MOloroia 
National 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motoroia 
......... '-- -; 

Signetics 
TI 

• Discontinued 

HD7400 
M53200 
MC7400 
DM7400 
IlPB7400 
7400 
SN7400 
7400 
7404 
HD7404 
M53204 
MC7404 
DM7404 
IlPB7404 
7404 
SN7404 
7404 
7408 
M53208 
MC7408 
DM7408 
7408 
SN7408 
7408 
7410 
HD7410 
M53210 
MC7410 
DM7410 
j.1PB7410 
7410 
SN7410 
SN7427 
7410 
7420 
HD7420 
M53220 
MC7420 
DM7420 
j.1PB7420 
7420 
SN7420 
7420 
MB8114 
MBM2716 
MB8107 
t.,1B8227 
MB8116 

MPY16 
7400 
HD7400 
M53200 
MC7400 
OM7400 
J..lPB7400 
7400 
SN740C 
TC7400 
7401 
M53201 
MC7401 
DM7401 
7401 
SN7401 
7402 
HD7402 
M53202 
MC7402 
DM7402 
j.1PB7402 
7402 
SN7402 
7403 
HD7403 
M53203 
MC7403 
.-." ........ "" .... 

7403 
SN7403 

Manufacturer i Replacement 
Device 

7404 

7405 

7406 

7407 

7408 

7409 

7410 

74111 
7412 

74121 

7412;5 

7413 

I 74136 

74145 

'. Source 

Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
Toshiba 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
Fairchild 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
ToShiba 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEC America 
Signetics 
TI 

Toshiba 
TI 
Fairchild 
Hitachi 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Muturuia 
Nationa! 
Signetlcs 
TI 
AlViu 
Fairchild 
Mitsubishi 
Motorola 
National 
NEC America 
Signetics 
TI 
Fairchild 
Mitsubishi 
Motorola 
National 
NEC Amenca 
Signetics 
TI 
Hiiachi ... 
TI 
Fairchild 

Ie Master 
Device 

7404 
HD7404 
M53204 
MC7404 
DM7404 
IlPB7404 
7404 
SN7404 
TC7404 
7405 
HD7405 
M53205 
MC7405 
DM7405 
J.lPB7405 
7405 
SN7405 
7406 
HD7406 
M53206 
MC7406 
DM7406 
7406 
SN7406 
7407 
HD7407 
M53207 
MC7407 
DM7407 
7407 
SN7407 
7408 
M53208 
MC7408 
DM7408 
7408 
SN7408 
TC7408 
7409 
HD7409 
M53209 
MC7409 
DM7409 
7409 
SN7409 
7410 
HD7410 
M53210 
MC7410 
DM7410 
).!P87410 
7410 
SN7410 
SN7427 
TC7410 
SN74111 
7412 
HD7412 
7412 
SN7412 
74121 
HD74121 
M53321 
MC74i21 
DM74121 
74121 
SN74121 
bN/41<!J 
74123 
M53323 
MC74123 
DM74123 
J..lPB74123 
74123 
SN74123 
7413 
M53213 
MC7413 
DM7413 
j.1PB7413 
7413 
SN7413 
HD74136 . .. "".., ..... ~ ~ ......... 

SN74136 
74145 

Page 
Ie Master Manufacturer i Replacement 

Device ' Source Device Page 

74145 

74150 

74151 

74152 

74153 

74154 

74155 

74156 

I 
I 
I 

7416 

74160 

I 
I 

74161 

74162 

I 

I 74163 

Mitsubishi 
Motorola 
National 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEG Amenca 
Signetics 
TI 
Fairchild 
Motoro!a 
Fairchild 
Mitsubishi 
Motorola 
National 
NEG America 
Signetics 
TI 
AMD 
Fairchild 
Mitsubishi 
Motorola 
National 
NEG Amenca 
Signetics 
TI 
Fairchdd 
Mitsubishi 
Motorola 
National 
NEC America 
Signetics 
TI 
Fairchild 
Hitachi 
Mit!'iubishi 
Motorola 
NatlOflai 
NEC America 
Signetics 
Tl 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
Signetics 
TI 
AMD 
Fairchild 
Hitachi 
MltSUOIShi 
Motorola 
Nationa! 
Signetics 
fI 
AMD 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
National 
NEC America 
Signetics 
TI 
AMD 
Fairchild 
Hitachi 
Mitsubishi 
Motorola 
Nationai -. 
Tl 
AMD 

M53345 
MC74145 
DM74145 
74145 
SN74145 
74150 
HD74150 
M53350 
MC74150 
DM74150 
IlPB74150 
74150 
SN74150 
74151 
HD74151 
M53351 
MC74151 
DM74151 
J.lPB74151 
74151 
SN74151 
74152 
MC74152 
74153 
M53353 
MC74153 
DM74153 
JiPB74153 
74153 
SN74153 
SN74154 
74154 
M53354 
MC74154 
DM74154 
IlPB74154 
74154 
SN74154 
74155 
M53355 
MC74155 
DM74155 
J..lPB74155 
74155 
SN74155 
74156 
HD74156 
M53356 
MC74156 
DM74156 
j.1PB74156 
74156 
SN74156 
7416 
HD7416 
M53216 
MC7416 
DM7416 
7416 
SN7416 
SN74160 
74160 
HD74160 
M53360 
MC74160 
DM74160 
74160 
SN74160 
SN74161 
74161 
HD74161 
M53361 
MC74161 
DM74161 
IlPB74161 
74161 
SN74161 
SN74162 
74162 
HD74162 
M53362 
MC74162 
DM74i62 
- --
SN74162 
SN74163 

=~~urer I =:ement Device 
Ie Master 

Page 

74163 Fairchild 74163 
Hitachi HD74163 
Mitsubishi M53363 

Motorola MC74163 

National DM74163 
Signetics 74163 

TI SN74163 

7417 Fairchild 7417 

Hitachi HD7417 

Mitsubishi M53217 

Motorola MC7417 

National DM7417 
Signetics 7417 

TI SN7417 

74180 Fairchild 74180 
Hitachi HD74180 
Mitsubishi M53380 
Motorola MC74180 
National DM74180 
NEG America IlPB74180 
Signetics 74180 
TI SN74180 

7420 Fairchild 7420 
Hitachi HD7420 
Mitsubishi M53220 
Motorola MC7420 
National DM7420 
NEC America p.PB7420 
Signetics 7420 
TI SN7420 
Toshiba TC7420 

7426 Fairchild 7426 
Hitachi HD7426 
Motorola MC7426 
National DM7426 
Signetics 7426 
TI SN7426 

74290 Fairchild 74290 
Mitsubishi M53490 
Motorola MC74290 
TI SN74290 

74293 Fairchild 74293 
Mitsubishi M53493 
Motorola MC74293 
TI SN74293 

7430 Fairchild 7430 
Hitachi HD7430 
UitslJb~hi M53230 

I· I Motorola MC7430 

I 
National DM7430 
NEG America J..lPB7430 
Signetics 7430 
il SN7430 

7437 Fairchild 7437 
Mitsubishl M53237 
Motorola MC7437 
National DM7437 
NEC America jiPB7437 
Slgnelics 7437 
TI SN7437 

7438 Fairchild 7438 
Mitsubishi M53238 
Motorola MC7438 

I 
National DM7438 

I 
NEC America j.1PB7438 

Signetics 7438 

I Ti SN7438 

I 7440 Fairchild 7440 
Hitachi HD7440 
Mitsubishi M53240 
Motorola MC7440 
National DM7440 
NEC America /.lPB7440 
Signetics 7440 
TI SN7440 

7445 Fairchild 7445 
Mitsubishi M53245 
Motorola MC7445 
National DM7445 
NEG America J.tPB7445 
Sig:letics 7445 
TI SN7445 

7450 f-airchild 7450 I , , MtJl .. OV 

Milsubishl M53250 
MOtOro:,3 MG7450 

Bold face device numbers indicate manufacturers data IS provided In the Ie Master on the pages noted. 
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ALTERNATE SOURCE DIRECTORY 
Menutacturer I RepIac:em8nt Ie linter Manurac:twer I ~ IC linter II8rIufKturer I Replacement , ICllatw IIMufIIchnr I RepIIIc:ement IC ..... 
DevIce Source Device Page DevIce Source DevIce Page DevIce Source DevIce Page DevIce Source Device Page 

TRW (cont'd) 7489 National DM7489 
TI SN7489 

7490 Fairchild 7490 

7450 National DM7450 Hitachi HD7490 
NEe America JlPB7450 Mitsubishi M53290 

Signetics 7450 Motorola MC7490 

TI SN7450 National DM7490 

7451 Fairchild 7451 Signetics 7490 

Hitachi HD7451 TI SN7490 

Motorola MC7451 7492 Fairchild 7492 

National DM7451 Hitachi HD7492 

NEC America JlPB7451 Mitsubishi M53292 

Signetics 7451 Motorola MC7492 

TI SN7451 National DM7492 

7453 Fairchild 7453 Signetics 7492 

Hitachi HD7453 TI SN7492 

Mitsubishi M53253 7493 Fairchild 7493 

Motorola MC7453 Hitachi HD7493 

National DM7453 Mitsubishi M53293 

NEe America JlPB7453 Motorola MC7493 

Signetics 7453 National DM7493 

TI SN7453 Signetics 7493 

7454 Fairchild 7454 TI SN7493 

Hitachi HD7454 7496 Fairchild 7496 

Motorola MC7454 Hitachi HD7496 

National DM7454 Mitsubishi M53296 

NEe America JlPB7454 Motorola MC7496 

Signetics 7454 National DM7496 

TI SN7454 Signetics 7496 

7460 Fairchild 7460 TI SN7496 

Hitachi HD7460 
Mitsubishi M53260 Western Digital 
Motorola MC7460 
National DM7460 
NEe America JlPB7460 BR194l SMC COM5016 

Signetics 7460 FDl771 National INSl77l 

. TI SN7460 +RM1701 Intel 2107 

7472 Fairchild 7472 TI TMS4060 

Hitachi HD7472 +RM4096 Mostek MK4096 

Mitsubishi M53272 TR1402 SMC COM2502 

Motorola MC7472 TR1402A GI AY5-l013A 

National DM7472 SMC COM2502H 

Signetics 7472 TR1602 AMI 81883 629 

TI SN7472 GI AY3-1014A 

7474 Fairchild 7474 AY3-1015 

Hitachi HD7474 AY5-1013A 

Mitsubishi M53274 RCA CDP1854 

Motorola MC7474 SMC COM2017 

National DM7474 COM2502 

NEe America JlPB7474 TI TMS6011 

Signetics 7474 TR1863 SMC COM8017 

TI SN7474 UC1671 National INS1671 

7475 Fairchild 7475 SMC COM1671 

Hitachi HD7475 
Mitsubishi M53275 Zilog 
Motorola MC7475 
National DM7475 
Signetics 7475 Z6116 AMD 9016 

TI SN7475 Fairchild F16K 1272 

7476 Fairchild 7476 Fujitsu MB8116 

Mitsubishi M53276 Intel 2117 

Motorola MC7476 Intersi! 7116 

National DM7.476 Mostek MK4116 

NEe America JlPB7476 Motorola MCM4116 1505 

Signetics 7476 NEC Micro JlPD416 1562 

TI SN7476 l80-CPU Mostek MK3880 

7481 TI SN7481 l80-CTC Mostek MK3882 

7485 Fairchild 7485 l80-DMA Mostek MK3883 

Hitachi HD7485 
l80-P10 Mostek MK3881 

Mitsubishi M53285 
l80-S10 Mostek MK3884 

Motorola MC7485 
6104 Mostek MK41 04 

National DM7485 
NEe America JlPB7485 
Signetics 7485 
TI SN7485 

7486 Fairchild 7486 
Hitachi HD7486 
Mitsubishi M53286 
Motorola MC7486 
National DM7486 
NEe America JlPB7486 
Signetics 7486 
TI SN7486 

7489 AMD SN7489 
Fairchild 7489 
Mitsubishi M53289 

+ Discontinued 
The manufacturers report their devices can be used as direct replacements. 

Performance details often differ, so compare the specifications considering your requirements. 
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SEMICONDUCTORS CAPACITORS 
AND IC's AND FILTERS 
Alpha (Microwave) ARCO 
AmPower Capar 

COl Compensated Devices CAL-R 

Computer Diode Cornel Dubilier 

Crystalonics/Teledyne 
E. F. Johnson 
ITT 

Delco Johanson 
EDI Mallory 
Electronic f.rrays Murata 
Exar NCI 
General Instrument San Fernando/Westcap 

General Semiconductor Sangamo 

ITT 
Intersil CONNECTORS 

Kertron Semiconductor AND SOCKETS 
Microsemiconductor Corp. Amphenol 

Microwave Associates Cinch 

Monolithic Memories (MMI) 
Robinson Nugent 
Pomona SAE 

Mostek Sullins 
NAE North American Electronics Vernitron Corp. 
NEC Microcomputer Inc. 
Optron CONTROLS AND 
Semicon SWITCHES 
Semtech 

AH & H 
Sensitron Alco Switch 
Signetics Cherry 
Silicon General Clarostat 
Silicon Transistor Corp. CTS 
Solid Power Corp Deltrol 
Solid State Devices Hamlin 
Solid State Scientific Mallory 

Solitron Devices Omron 
RCL SMC Microsystems Corp. 
Stackpole 

FMC (Syntron) 
Ward-Leonard 

Teledyne 
Texas Instruments FANS & BLOWERS 
Western Digital 

Howard Industries Xciton 

FUSES AND HOLDERS 
Bussman 
Litteltuse 

HARDWARE 
AND CABINETS 
Bud Radio 
Hammond 
H.H. Smith 
Hollingsworth 
Ungar 

METERS OF TEST 
EQUiPMENT 
Simpson 
Triplett 

OPTOELECTRONICS 
Chicago Miniature 
General Electric 
Monsanto 
Optron 
Texas Instruments 
Xciton 

POTENTIOMETERS 
AND TRIMMERS 
Clarostat 
CTS' 
SpectrOI 
VRN (IRC) 

RELAYS 
Allied Controls 
Deltrol 
Electro! 
Guardian 
Hamlin 
IDEC 
ITT 
Potter & Brumfield 
Omron 

RESISTORS 
American Corp. 
CAL-R 
Capar 
Ciarostat 
Mallory 
Memcor 
RCL 
Shallcross 
Stackpole 
Ward-Leonard 

R.F. CHOKES 
J.W. Miller 

THERMISTORS 
AND RF FILTERS 
CORCOM 
Fenwal 
Gu!ton !ndustries 

TRANSFORMERS 
AND POWERSTATS 
Chicago Stancor 

TUBES 
Amperex 

WIRE, CABLE, 
INSULATION 
PRODUCTS 
Alpha 
Belden 
Cabie-Tech 
Cimco 
Coleflex 
Columbia 
Dearborn 
DeWire 
Electronized Chemical Corp. 
Harbor Industries 
Hi Temp 
Insultab 
ITT 
Manhattan 
Norflex 
Rainbow 

Each of the Above Listed Lines are Franchised at one or more of the Following Locations. 

DIPLOMAT 
ELECTRONICS, INC. 
Woodbury, N.Y. 
(516) 921-9373 

DIPLOMAT 
t:'1 t:'f'TQnllllf'~ 11IIf' 

Farmington, Mich. 
(313) 477-3200 
DIPLOMAT 
ELECTRONICS, INC. 
Totowa, N.J. 
(201) 785-1830 

2444 

DIPLOMAT 
ELECTRONICS, INC. 
Elk Grove Village, III. 
(312) 595-1000 

DIPLOMAT 
t:'1 t:'f'TDn",,,,.C! I""f' 

Chicopee FailS: Mass. 
(413) 592-9441 
DIPLOMAT 
ELECTRONICS, INC. 
Minneapolis, Minn. 
(612) 788-8601 

DIPLOMAT 
ELECTRONICS, INC. 
Mt. Laurel, N.J. 
(609) 234-8080 

DIPLOMAT 
C, CI"TD"" .. ""C!'t 
Salt Lake City, 'Utah 
(801) 486-4134 

DIPLOMAT 
ELeCTRON ICS, INC. 
St. Louis, Mo. 
(314) 645-8550 

DIPLOMAT 
ELECTRONICS, INC. 
Holliston, Mass. 
(617) 429-4120 

DIPLOMAT 
1=1 j:'r.TRnllllr.~ 11IIr. 

Sunnyvale, Calif. 
(408) 734-1900 

DIPLOMAT 
ELECTRONICS, INC. 
Clearwater, Fla. 
(813) 443-4514 

DIPLOMAT 
ELECTRONICS, INC. 
Ft. Lauderda!e, Fla. 
(305) 771-0440 

DIPLOMAT 
F=I j:'r.TRnt.llf'~ 11IIf' 

Melbourne, Fla. 
(305) 725-4520 

DIPLOMAT 
INTERNATIONAL, INC. 
Woodbury, N.Y. 
(516) 921-7920 
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The Manufacturers and Distributors/Representa­
tives Directory is a comprehensive telephone 
directory of the entire Ie industry. It places at your 
fingertips the names and phone numbers you need 
to know. It includes manufacturers, field sales 
offices, representatives and distributors. The man­
ufacturers' listings tell you where and whom to call 
to obtain technical and ordering information. It 
enables you to ask for the right person or phone 
extension. It gives you the terminology understood 
by the individual company's switchboard opera­
tors, e.g, in some companies you should ask for 
sales, in others, customer service. This directory 
will reduce frustration and save Y()U time. 
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Advanced Micro Devices 

Advanced Micro Devices, Inc. 
901 Thompson Place 
Sunnyvale, California 94086 
(408) 732-2400 
TWX: (910) 339-9380 
Telex: 34-6306 
Fede~a! LD. 34355 

Specific pro~uct information: . 
Bipolar Microprocessors ................ John Spnnger 
Bipolar Memory .............................. Ralph Cognac 
Logic (MS/) .......................................... Mike Walt~n 
Hi-Rei Logic and Interface .................... Len Selb 
MOS Microprocessors and Support 

Circuits .......................................... Randy Crume 
MOS Serial Memory, Mask-programmable 

ROM's and E-PROM's ................ Bill DeMatteis 
MOS-RAM's ...................................... Lowell Turriff 
Computer Interface ............................ AI Tremain 
Linear .......................................... Steve Thompson 

Application engineering: 
Bipolar Digital Products ........................ Roy Levy 
MOS Products .................................... Joe Kroeger 
Linear Products ...................................... Russ Apfel 

Literature ................................... ~ .... Literature Dept. 
Price and delivery .................. Contact AMD Sa~es 

Office, Rep. or Dlst. 
Follow-UD on order. ____ " Customer Se!'V!ce Dept. 

All othe; information .... Corporate Communications 
Dept. 

AL 

AZ 

CA 

Sales Offices & Representatives 

Huntsville 
Electronic Manufactl,lrers Agents, (205) 
533-6640 

Tempe 
AMD, (602) 244-9511 

Beverly Hills 
AMD, (213) 278-9700/1 
Newport Beach 
AMD, (714) 752-6262 
Cupertino 
AMD, (408) 446-270011 
Santa Clara 
Il Incorporated, (408) 988-3400 
San Diego 
Bestronics Inc., (714) 278-2150 

CO Denver 

CT 

FL 

GA 

IA 

IL 

IN 

KS 

MA 

MD 

2446 

AMD, (303) 427-3307 
Parker 
R2 Marketing, (303) 841-5822 

Cheshire 
Scientific Components, (203) 272-2160 

Boca Raton 
Conley & Associates, (305) 395-6108 
Ft. Lauderdale 
AMD, (305) 771-6510 
Oviedo 
Coniey & Associates, (305) 365-3283 
Tampa 
Conley & Associates, (813) 933·1759 

NorerOSA 
AMD, (404) 448-2921 

Cedar Rapids 
Lorenz Sales, (319) 393-6912 

Elk Grove Village 
Oasis RajAs, (:l1?) 1)4"-H~50 
Schaumberg 
AMD, (312) 882-8660 

Frankfort 
CoS Electronic Sales, Inc., (317) 659-1874 
South Bend 
COS Electronic Sales, Inc., (219) 291-6258 

Overland Park 
Kebco Sales, (913) 649-1051 

Woburn 
AMU, (617) 933-1234 

Baltimore 
AMD, (301) 744-8233/4 
Burgin-Kreh Assoc., (301) 788-5200 

MI 

MN 

MO 

NC 

NJ 

NM 

NY 

OH 

OR 

PA 

TN 

TX 

UT 

VA 

InU 

Inti 

Brighton 
S.A.I. Marketing Corp., (313) 227-1786 
Grand Rapids 
S.A.I. Marketing Corp., (616) 942-2504 
Livonia 
AMD, (313) 425-3440 

Bloomington 
AMD, (612) 854-6500 

Maryland Heights 
Kebco Saies, (314) 576-4111' 
Raleigh 
Burgin-Kreh Associates, Inc., 
(919) 781-1100 

Edison 
AMD, (201) 985-6800 

Albuquerque 
The Thorson Company, (505) 265-5655 

Bowmanvllle 
Ossmann Component Sales Corp., (716) 
681-9700 
East Syracuse 
AMD, (315) 437-7546 
Kingston 
Ossmann Component Sales Corp., (914) 
338-5505 
Rochester 
Ossmann Component Sales Corp., 
424-4460 
Roslyn Heights 
AMD. (516) 4!4~4990!1 
Syrecuse 
Ossmann Component Sales Corp., 
455-6611 
Vestal 
Ossmann Component Sales Corp., 
785-9949 

Centerville 
Dolfuss-Root & Co., (513) 433-6776 
Columbus 
AMD, (614) 457-7766 
Rocky River 
Dolfuss-Root & Co., (216) 333-7504 

Portland 
AMD, (503) 292-2666 

Ft. Washington 
GCM Associates, (215) 646-7535 
Waterford 

(716) 

(315) 

(607) 

Bacon Electronic Sales, (814) 796-6556 

Kingston 
Burgin-Kreh Associates, Inc., 
(615) 690-6100 
Knoxville 
Electronic Manufacturing Agent, 
(615) 966-1286 

Dallas 
AMD, (214) 234-5886 
Bonser-Philhower Sales, (214) 234-8438 
Houston 
Bonser-Philhower Sales, (713) 467-4373 

Salt Lake City 
R2 Marketing, (801) 972-5646 

Lynchburg 
Burgin-Kreh Associates, (804) 845-5600 

Bellevue 
Venture Electronics, (206) 454-4594 

Menomonee Falls 
Oasis Sales, Inc., (414) 251-9431 

St. Laurent, Quebec 
Vitel Electronics, (514) 331-7393 
Toronto, OntarIo 
Vitel Electronics, (416) 622-6300 

Belgium, Bruxelles 
AMD, ittL 32·3 .. iil.99,93 

France, Rungls Cede x 
AMD, S. A., Tel: (1) 686-91-86 

InU Germany, Hamburg 
Advanced Micro Devices, Tel: 040-6030595 
Munchen 
Advanced Micro Devices, Tel: Sammet-Nr: 
(0 89) 539588 
Stutlgart-Vaihingen 

I AMD, Tel: 0711-681001 

Inll Japan, Tokyo 
AMD, Tel: (03) 329·2751 

Inti United Kingdom, London 
AMD, IX Ltd., Tel: (01) 235-6380/88/89 

Distributors 

AL Huntsville 
Hamiltonl Avnet Electronics, (205) 533-1170 
Hall-Mark Electronics, (205) 837-8700 

AZ Phoenix 

CA 

CO 

CT 

Hamiltonl Avnet ElectroniCS, (602) 275-7851 
Liberty Electronics, (602) 249-2232 

Costa Mesa 
Avnet Electronics, (714) 754-6084 
Culver City 
Hamilton Electro Sales, (213) 558-2100, 
(714) 522-8220 
EISegundo 
Liberty Electronics, (213j 322-8iOO 
Irvine 
Schweber E!ectronics, (714) 556-3880, 
Mountain View 
Eimar I:lectronics, (415) 961-3611 
Hamiltonl Avnet Electronics, (415) 961-7000 
San Diego 
Hamiltonl Avnet Electronics, (714) 279-2421 
Liberty Electronics, (714) 565-9171 
SUnnyvale 
Bell Industries, (408) 734-8570 

Commerce City 
Elmar ElectroniCS, (303) 287-9611 

Denver 
Hamilton/Avnet Electronics, (303) 534-1212 

Wheatridge 
Century Electronics, (303) 424-1985 

Danbury 
~rnwoho,. J:fo,..trnnil"C! ~~~~~ :':'~ ~!:~~ 

Georgetown 
Hamilton! Avnet Electronics, (203) 762-0361 

Hamden 
Arrow Electronics, (203) 248-3801 
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Advanced Micro Devices (cont) 
FL Ft. Lauderdale 

Arrow Electronics, (305) 776-7790 
Hamiltonl Avnet Electronics, (305) 971-2900 
Hollywood 
Schweber Electronics, (305) 927-0511 
Orlando 
Hall-Mark Electronics, (305) 855-4020 
Palm Bay 
Arrow Electronics, (305) .725-1480 

GA Atlanta 
Schweber Electronics, (404) 449-9170 
Doraville 
Arrow Electronics, (404) 455-4054 
Norcross 
Hamiltonl Avnet Electronics, (404) 448-0800 

IL Elk Grove Village 
Schweber Electronics, (312) 593-2740 
Schaumburg 
Arrow Electronics, (312) 893-9420 
Schiller Park 
Hamiltonl Avnet Electronics, (312) 678-6310 

KS Lenexa 
Hamilton/Avnet, (913) 888-8900 
Shawnee Mission 
Hall-Mark Electronics, (913) 888-4747 

MA Waltham 
Schweber Electronics, (617) 890-8484 
Woburn 
Arrow Electronics, (617) 933-8130 
Hamiltonl Avnet Electronics, (617) 933-8020 

MD Baltimore 
Arrow Electronics, (301) 247-5200 
Hall-Mark Electronics, (301) 796-9300 
Gaithersburg 
Schweber Electron ics, (301).840-5900 
Hanover 
Hamilton!Avnet Electronics, (301) 796-5000 

MI Ann Arbor 
Arrow Electronics, (313) 971-8220 
Livonia 
Hamilton! Avnet Electronics, (313) 522-4700 
Schweber Electron iCs, (313) 525-8100 

MN Bloomington 
Arrow Electronics, (612) 888-5522 
Hall-Mark Electronics, (612) 884-9056 
Eden Prairie 
Schweber Electronics, (612) 941-5280 
Edina 
Hamilton!Avnet Electronics, (612) 941-3801 

MO . Earth City 
Hall-Mark Electronics, (314) 291-5350 
Hazelwood 
Hamilton/Avnet Electronics, (314) 731-1144 

NC Kornersville 
Arrow Electronics, (919) 996-2039 
Raleigh 
Hall~Mark Electronics, (919) 832-4465 
Hamiltonl Avnet Electronics, (919) 829-8030 
Cramer/EW Winston-Salem, (919) 725-8711 

NJ Cedar Grove 
Hamiltonl Avnet Electronics, (201) 239-0800 
Moorestown 
Arrow Electronics, (609) 235-1900 
Mt. Laurel 
Hamilton/Avnet Electronics, (609) 234-2133 
Saddle Brook 
Arrow Electronics, (201) 797-5800 
Somerset 
Schweber Electronics, (201) 469-6008 

NM Albuquerque 
Century Electronics, (505) 292-2700 
Hamiltonl Avnet Electronics, (505) 765-1500 

NY Buffalo 
Summit Distributors, Inc., (716) 884-3450 
East Syracuse 
Hamilton/Avnet Electronics, (315) 437-2642 
Farmingdale 
Arrow Electronics, (516) 694-6800 
Rochester 
Hamiltonl Avnet Electronics, (716) 442-7820 
Schweber Electronics, (716) 461-4000 
Summit Electronics of Rochester, (716) 
334-8110 
Westbury 
Hamiltonl Avnet Electronics, (516) 333-5800 
Schweber Electronics, (516) 334-7474 

OH Beachwood 
Schweber Electronics, (216) 464-2970 
Cincinnati 
Sheridan/Cincinnati, (513) 761-5432 
Cleveland 
Arrow Electronics, (216) 464-2000 
Hamilton!Avnet Electronics, (216) 461-1400 
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PA 

TX 

UT 

WA 

WI 

Can 

InU 

Inti 

Inti 

Inti 

inti 

Inti 

Inti 

Inti . 

Inti 

Inti 

Inti 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Dayton 
Hamilton! Avnet Electronics, (513) 433-0610 
Kettering 
Arrow Electronics, (513) 253-9176 
Horsham 

·Schweber Electronics, (215) 441-0600 
Huntingdon Valley 
Hall-Mark Electronics, (215) 355~73oo 
Dallas 
Hall-Mark Electronics, (214) 234-7300 
Hamilton! Avnet Electronics, (214) 661-8661 
Schweber Electronics, (214~ 661-5010 
Houston 
Hall-Mark Electronics, (713) 781-6100 
Hamilton! Avnet Electronics, (713) 780-1771 
Schweber Electronics, (713) 784-3600 
Salt Lake City 
Century Electronics, (801) 972-6~9 
Hamilton! Avnet Electronics, (801' 972-2800 
Bellevue 
Hamilton! Avnet Electronics, (206) 746-8750 
Liberty Electronics N.E., (206) 453-8300 
New Berlin 
Arrow Electronics, (1114) 782-2801 
Hamiltonl Avnet Electronics, (414) 784-4510 
Mississauga, Onto 
Hamilton!Avnet Electronics, (416) 667-7432 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Ottawa, Onto 
Future Electronics, (613) 232-7757 
Hamilton/Avnet Electronics, (613) 226-1700 
Rexdale, Onto 
Future Electronics, (416) 677-7820 
St. Laurent, Quebec 
Hamiltonl Avnet Electronics, (514) 331-6443 
Vancouver, B.C. 
RAE Electronics, (604) 687-2621 
Australia 
Burwood 
Rand D Electronics, Tel: (03) 2888232 
Prospect, S. Australia 
A.J. Ferguson Pty. Ltd., Tel: (8) 269-1244 
Sydney, R&D Electronics, Tel: 4395488 
Austrra, Wien 
Elbatex, GmbH, Tel: 869158,869168,863448 
Belg'ium, Dungree 
MCA Tronics, Tel: 041-362780 
Brazil, Sao Paulo 
Icotron SA, Tel: (011) 261-0211 
Denmark, Falkoneralle 
Advanced Electronic of Denmark, 
Tel: 45-1-194433 
Finland, Itaportti 
Komdel Qy, Tel: (0) 8038976 or 882875 
France 
Boulogne 
A2M, Tel: 603 66 40 
Massy Est 
Ropel AS, Tel: 33-1-9208289 
Neullly-sur-Seine 
Radio Television Francaise, Tel: 747-11-01 
Germany 
Burgwedel 
EBV-Elektronik, Tel: 05139-4570 
Duesseldorf 
EBV-Elektronik, Tel: 0211-84846 
Frankfurt 
EBV-Elektronik, Tel: 0611-720416 
Heilbron 
Elbatex GmbH, Tel: 07131-89001 
Kanalweg 
Cosmos Electronic, GmbH, Tel: 09181-9731 
Kiel 
Nordelektronik Vertriebs, Tel: (0431) 21556 
Munchen 
Cosmos Electronic, Tel: (089) 602088 
EBV-Elektronik, Tel: 089-644055 
Quickbom 
Nordelektronik Vertriebs, Tel: (04106) 4031 
Stuttgart 
EBV-Electronik, Tel: 0711-247481 
Holland,Oss 
Arcobel, Tel: 04120-24200/04120-27574 
Hong Kong, Kowloon 
Ace Enterprise, Tel: 3-302925, 3-302927 
India, Bombay 

Bangalore 
Ashwin Enterprises, Tel: 62120 
Bombay . 
Sujata Sales & Exports Ltd., Tel: 3254275 
Zenith Electronics, Tel: 384214 

Inti Ireland, Dublin 
ITT Electronic Services 

lOti Israel, Tel-Aviv 
Talvitan Electronics, Tel: 444572 

Inti Italy 
Milano 
AMD-Elettronica, SRL, Tel: (2) 2364284 
Cramer !talia, S. P. A., Tel: 809326 
Indelco S. R. I., Tel: 862963 
Roma 
Cramer Italia, S. P. A., Tel: 517981 
Indelco S. R. I., Tel: 5140722 
Torino 
Cramer Italia, S. P. A. 

Inti Japan 
Narashi 
Dainichi Electronics 
Tokyo 
Advanced Technology Corporation of Ja­
pan, Tel: (03) 265-94~6 
Dainischi Electronics, Tel: (03) 813-6876 
lSI Ltd., Tel: (03) 264-3301 
Kenematsu-Denshi K.K., Tel: (03) 562-8813 
Microtek, Inc., Tel: 03-363-2317 

Inti Norway, Strommen 
A/S Kjeil Bakke, Tel: 47-02-711872,715350 

Inti South Africa 
Pinegowrie 
South Continental Devices, Ltd., Tel: 48-
7125 

Inti South America 
Mountain View, California 
Intectra, Tel: (415) 967-8818, 967-8825 

Inti Spain 
Barcelona 
Regual, S.A., Tel: 386-1958 
Madrid 
Regual, SA, Tel: 459-3300, 459-3304, 
459-3308 

IntI Sweden, Vallingby 
Svensk Teleindustry, Tel: 46-8-890435 

Inti Switzerland, Zurich 
Kurt Hirt AG, tel: 00411-512121 

IntI Taiwan, Tapei 
Multitech, Tel: 768-1232 

Inti United Kingdom 
Derby 
Quarndou Electronics Ltd., 
Tel: Derby 32651 
England, Ealing 
Cramer Electronics, Tel: (01)579-3001 
Essex, Harlow 
ITT Electronic Services, Tel: Harlow 26811 
Middlesex, Pinner 

ENGLAND 
Dage Eurosem Ltd. 

Tel: 01-868-0024 
IC MASTER DISTRIBUTOR 

Sunbury on Thames 
Cramer Components Ltd., 
Tel: Sunbury (76) 85577 

American Microsystems Inc. 

American Microsystems Incorporated 
3800 Homestead Road 
Santa Clara, California 95051 
(408) 246-0330 
TWX: 910-338-0018 

Specific product information: 
Product Marketing ........................ (408) 246-0330 

Application engineering: 
Russ Knapp .............................................. ext. 254 

Literature: 
Denise .Trimble ........................................ ext. 189 

FollOW-LIp on order: 
Ed Boule .................................................... ext. 327 

All other information: 
Tom Edel .................................................. ext. 651 

2447 



iC MASTER 

American Micros~stems (cont) WA 

Sales Offices & Representatives WI 

AL Huntsville Can 
Rep Inc., (205) 881-9270 

AZ Phoenix 
Hecht Henschen & Associates, Inc., 
(602) 275-4411 

CA Los Gatos 
ROW International, (408) 354-7698 Inti 

Long Beach 
Sales Office, (213) 595-4768 Inti 
Application Representatives, (312) 636-3170 
Mt. View Inti 
Thresum Associates Inc., (415) 965-9180 
San Diego 
Hadden Associates, (714) 565-9445 
Santa Clara 
Sales Office, (408) 249-4550 Inti 

Shingle Springs 
ROW Inc., (916) 677-2827 Inti 

CO· Parker 
R2 Marketing, (303) 455-1444 Inti 

CT Orange 
CPS Corp., (203) 795-3515 Inti 

FL Altamonte Springs 
Sales Office, (306) 830-8889 Inti 

GA Tucker 
Rep Inc., (404) 938-4358 

IA Cedar Rapids 
Comstl'ilna inc., (319j 37i-1575 

IL Elk Grove Village 
Oasis Office, (312) 640-1850 
Sales Office, (312) 437-6496 Inti 

IN Ft. Wayne 
Technical Representatives Inc., 
(219) 484-1432 Inti 
Indianapolis 
Technical Representatives Inc., Inti 
(317) 849-6454 
Noblesville 
Sales Office, (317) 773-6330 inti 

KY Louisville 
Technical Representatives Inc., Inti 
(502') 451-9818 

MA Lexington Inti 
Circuit Sales Co., (617) 861-0567 
Norwood Inti 
Sales Office, (617) 762-0726/6141 

MD Baltimore Inti 
Coulbourn De Greif Inc., (301) 247-4646 

lot! L.ivonla inti 
Sales Office, (313) 478-9339 

UN Minneapolis 
Comstrand Inc., (612) 571-0000 

MO Grandvle. 
Beneke & Mc Caul, (816) 765-2998 
St. Louis 
Beneke & Mc Caul, (314) 434-6242 

NC Raleigh 
Rep Inc .. (919) 851-3007 

NM Clinton 
Advanced Components, (315) 853-6438 Inti 
Endicot 
Advanced Components, (607) 785-3191 

NY Melville 
Astrorep Inc., (516) 423-2266 
Monsey 
Sales Office, (914) 352-5333 

AL Scottsville 
Advanced Componenis, (716) 889-1429 
Syracuse AZ 
Advanced Components, (315) 699-2671 

OK Oklahoma City 
Ammon & Rizos, (405) 373-2748 

OR Portland CA 
SO-R2 Products & Sales, (503) 246-9305 

PA Ambler 
Sales Office, (215) 643-0217 

TN Jefferson City 
Rep Inc., (615) 475-4105 

TX Austin 
Ammon & Rizos, (512) 454-5131 
Dallas 
Ammon & Rizos, (214) 233-5591 
Houston 
Ammon & Rizos, (713) 781-6240 
Richardson 
<:' ... 1 ........ "".r;_ ... ''''04 A\ ",., .. e"'",\ .. 1C'",nc-

- --"-··1--·-·-·-----
UT Salt Lake City 

Rt Marketing, (801) 972-5646 
VA Charlotte.ville 

Coulbourne De Grief, Inc., (804) 977-0031 
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Bellevue 
SDR2 Products & Sales, (206) 747-9424 
(206) 624-2621 
Menomonee Falls 
Oasis Sales, (414) 251-9431 
Toronto, Ontario 
Can Tec, (514) 675-2460 
Ottawa, Ontario 
Can Tec, (613) 225-0363 
Pointe Claire, Quebec 
Can Tec, (514) 694-4049 
Australia, Presti on, Victoria 
RIFA Pty., Ltd., Tel: (03) 486-1211 
.Brazil, Sao Paulo 
Datatronix Electronica Ltda, Tel: 209-0134 
England 
Wiltshire 
A"I Microsystems, Ltd., Tel: (0793) 31345 
Buckinghamshlre 
Adrian Electronics Ltd., Tel: Winslow 3535 
Finland, H&lsinki 
Atomica, Tel: 66 17 99 
France, Vincennes 
AMI Microsystems SARL, Tel: 374-00-90 
Holland, Rotterdam 
AMI Microsystems, ltd., Tel: 3-694659 
Italy, Milano 
Paolo Meoni & Assoc., Ltd., Tel: 29 3745 
Japan 
.Osaka 
Matsushita Electric Trading Company, Ltd., 
Tel: (06) 204-5510 
Tokyo 
AMI Japan Ltd., Tel: 586-8131 
Micro Systems, Inc., Tel: (03) 452-4994 
Korea, Seoul 
Korean Microsystems, Inc., Tel: (Inchon) 
54275 (Seoul) 62-7006 
Malaysia, Singapore 
Airco Singapore PTE, Ltd., Tel: 65-1533 
New Zealand, Auckland 
David P. Reid (NZ) Ltd., Tel: 65 1533 
South Africa, Johannesburg 
Tecnetics, Tel: 48-5712 
Spain, Madrid 
Ataio Engenieros SA, Tel: 215-3543 
Sweden, Bromma 
AB Rifa, Tel: 826-2600 
Switzerland, Zurich 
W. Moor A G, Tel: (01) 840 6644 
Taiwan, Taipei 
Bynamar Ltd., Tel: 541-8252 
West Germany 
Berlin 
Aktiv Electronics Gmbh, (030) 771 -4408 
Munchen 
AMI Microsystems, Gmbh, Tel: (89) 483081 
Seefeld 
Ultratranik, Tel: 08 1521 7696 
Stuttgart 
Ditronic, Gmbh, Tel: (9711) 724844 
Taufkirchen 
Neumuller Gmbh, (089) 61118-1 
Yugoslavia, Ljubljana 
Iskra Standard, (601) 59-198 

Distributo,", 

Huntsville 
Resistacap, (205) 881-9270 
Phoenix 
R. V. Weatherford Co., (602) 272-7144 
Sterling Electronics, (602) 258-4531 
Kierutff, (602) 243-4101 
Anaheim 
R. V. Weatherford Co., (714) 634-9600 
Glendale 
R. V. Weitherford Co., (213) 849-3451 
Irvine 
Schweber Electronics, (213) 537-4320 
(714) 556-3880 
Los Angeles 
Kierulff, (213) 685-5511 
Palo Alto 
R. V. Weatherford Co., (415) 493-5373 
Kierulff, (415) 968-6292 
Pomona 
R. V. Weatherford Co., (714) 623-1261 
\':I~I ","OU-O"tOI 

San Diego 
R. V. Weatherford Co., (714) 278-7400 
Intermark Electronics, (714) 279-5200 
Kierultt, (714) 278-2112 

CO 

CT 

FL 

GA 

IL 

IN 

LA 

MA 

MD 

MI 

MN 

NC 

NH 

NJ 

NM 

NY 

OH 

OR 

PA 

Santa Ana 
Intermark Electronics, (714) 540-1322 
(213) 436-5275 
Sunnyvale 
Intermark Electronics, (408) 738-1111 
Western Microtechnology, (408) 737-1660 
Tuslin 
Kierulff, (714) 731-5711 

Denver 
Kierulff. (3031371-0500 
Englewood . 
R. V. Weatherford Co., (303) 770-9762 
Whealridge 
Century Electronics, (303) 424-1985 

Danbury 
Schweber Electronics, (203) 792-3500 
Hamden 
Arrow E leclron ics, (203) 248-3801 

Ft. Lauderdale 
Arrow Electronic!', (305) 776-77flO 
Hollywood 
Schweber Electronics, (305) 927-0511 
Palm Bay (Melbourne) . 
Arrow Electronics, (305) 725-1480 

Atlanta 
Schweber Electronics, (404) 449-9170 
Doraville 
Arrow Electronics, (404) 455-4054 

Elk Grove Village 
Schweber Electronics, (312) 593-2740 
Kierulff, (312) 640-0200 
Schamburg (Chicago) 
Arrow Electronics, (312) 893-9420 
Westmont RIM Electronics, (312) 323-9670 

Indianapolis 
RIM Electronics, (317) 247-9701 

Metairie 
Sterling Electronics, (504) 887-7610 

Waltham 
Schweber Electronics, (617) 890-8484 
Watertown 
Sterling Electronics, (617) j:l26-9720 
Woburn 
Arrow Electronics, (617) 933-8130 

Baltimore 
Arrow Electronics, (301) 247-5200 
Gaithersburg 
Schweber Electronics, (301) 840-5900 

Ann Arbor 
Arrow Electronics, (313) 971-8220 
Kentwood 
RIM Electronics, (616) 531-9300 
Troy 
Schweber Electronics, (313) 583-9242 

Bloomington 
Arrow Electronics, (612) 887-6400 
Eden Prairie 
Schweber Electronics, (612) 941-5280 

Winston Salem 
Arrow Electronics, (919) 725-1971 

Manchester 
Arrow Electronics, (603) 668-6968 

Moorestown 
Arrow Electronics, (609) 235-1900 
Perth Amboy 
Sterling Electronics, (201) 442-8000 
Saddle brook 
Arrow Electronics, (201) 797-5800 
Some,set 
Schweber Electronics. (201) 469-6008 

AIDuquerque 
Sterling Electronics, (505) 345-6601 
Century Electronics, (505) 292-2700 

Farmingdale 
Arrow Electronics, (516) 694-6800 
Fishkill 
Arrow Electronics, (914) 896-7530 
Rochester 
Schweber Electronics, (716) 461-4000 
Westbury 
Schweber Electronics, (516) 334-7474 

Beechwood 
Schweber Electronics, (216) 464-2970 
Cleveland 
Arrow Electronics, (216) 464-2000 
Kett&ring 
Arrow Electronics, (513\ ?53-(H70 

Beaverton 
Parrott, (503) 641-3355 

Horsham 
Schweber E leclron ics, (215) 441-0600 
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American Microsystems (cont) 
TX Dallas 

Component Specialties Inc., (214) 357-6511 
Schweber Electronics, (214) 661-5010 
Sterling Electronics,(214) 357-9131 
R. V. Weatherford Co., (214) 243-1571 
Houston 
Component Specialties Inc., (713) 771-7237 
Schweber Electronics, (713) 784-3600 
Sterling Electronics, (713) 627-9800 
(713) 623-6600 
R. V. Weatherford Co., (713) 688-7406 

UT Salt Lake City 
Century Electronics, (801) 972-6969 
Kierulff, (801) 973-6913 

VA Richmond 
Sterling Electronics, (804) 359-0221 

WA Seattle 
R. V. Weatherford Co., (206) 243-8340 

WI Oak Creek 
Arrow Electronics, (414) 764-6600 

Can Edmonton, Alberta 
Bowtek Electronics Co., (403) 426-1072 
Vancouver, British Columbia 
Bowtek Electronics Co., (604) 736-1141 
Winnipeg, Manitoba 
Bowtek Electronics Co., (204) 633-9525 
Downsview, Ontario 
Cesco Electronics, Ltd., (416) 661-0220 
Ottawa, Ontario 
Cesco Electronics, Ltd., (613) 729-5118 
Future Electronics Corp., (613) 232-7757 
Rexdale, Ontario 
Future Electronics Corp., (416) 675-7820 
Montreal, Quebec 
CescoElectronics, Ltd., (514) 735-5511 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Quebec, Quebec 
Cesco Electronics, Ltd., (418) 524-4641 

Amperex 

Amperex 
Provi'dence Pike 
Slatersville, Rhode Island 02876 
401-762-9000 
TWX: 710-382-6332 

Analog Devices 

PO Box 280 
Route 1 Industrial Park 
Norwood, Massachusetts 02062 
(617) 329-4700 
TWX: (710) 394-6577 
Cable: Analog Norwood Mass 
Telex: 924-491 

Specific product information: 
Regional Offices: 
Massachusetts, Mac Wylie, (617) 329-4700 
...................................................................... ext. 310 
Illinois, Edward Grokulsky, (312) 894-3300 
California, Walter Borlase, (213) 595-1783 
Texas, Joe Coe, (214) 231-5094 

Literature: 
Joseph Chelluk, Director Mail Supervision 
........................................................................ ext. 391 

Price and delivery: 
See Product Information 

Place an order: 
Regional Offices: 
MassachQsetts, Mac Wylie, (617) 329-4700 
...................................................................... ext. 310 
Illinois, Edward Grokulsky, (312) 894-3300 
California, Walter Borlase, (213) 595-1783 
Texas, Joe Coe, (214) 231-5094 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Follow-up an order: 
Dave Buttrick, Manager of Customer Service 
........................................................ ,' ............... ext. 311 

All other information: 
Joseph Codispoti, Public Relations Manager 
........................................................................ ext. 287 

Sales Offices & Representatives 

AL Huntsville 
Currie, Peak & Frazier, (205) 536-5650 

AZ Mesa 
Grady Moore Assoc., (602) 839-3458 

CA Long Beach 
Analog Devices, (213) 595-1783 
Mountain View 
Analog Devices, (415) 969-8525 

CO Boulder 
Grady Moore Associates, (303) 494-3351 

FL Orlando 
Currie, Peak & Frazier, (305) 855-0843 

IL Bloomingdale 
Analog Devices, (312) 894-3300 
Northfield 
Torkelson Associates,(312) 446-9085 

IN Indianapolis 
Torkelson Assoc., (317) 244-7867 

KS Shawnee Mission 
Technical Sales Assoc., (913) 888;3330 

MA Norwood 
Analog Devices Inc., (617) 329-4700 

MD Columbia 
Rep-Tron, Inc., (301) 953-7580 

MI Petosky 
A.P.J. Associates, (616) 526-6974 
Plymouth 
A.P.J. Assoc., (313) 459-1200 

MN Minneapolis 
Torkelson Associates, (612)835-2414 

MO St. Louis 
Tecnnical Sales, (314) 725-5361 

NC Greensboro 
Currie, Peak & Frazier, (919) 273-3040 

NJ Irvington 
Harwood-Sandler Assoc., (201) 399-3748 

NM Albuquerque 
Grady Moore Assoc., (505) 262-1416 

NY N. Tonawanda 
Labtronics, (800) 962-5701 
Rochester 
Labtronics, Inc., (800) 962-5701 
Syracuse 
Labtronics,(315) 454-9314 
Ulster Park 
Labtronics, (800) 962-5701 
Woodbury 
Harwood-Sandler Associates, 
(51?) 692-6100 ' 

OH Cleveland 
Electro Sales Associates, (216) 261-5440 
Dayton 
Electro Sales Associates, (513) 426-5551 

PA Glenside 
Wyncote Instrumentation Co., (215) 887-
4661 
Pittsburgh 
Electro Sales Associates, (412) 371-9449 

TX Houston 
Analog Devices, (713) 664-6704 
Richardson 
Analog Devices, (214) 231-5094 

WA Seattle 
Avionics Liaison, (206) 767-3870 

Can Downsview, Ontario 
Tracan Electronics Corp., (416) 638-0052 
Ottawa, Ontario 
Tracan Electronics Corp., (613) 722-7667 
POinte Claire, Quebec 
Tracan Electronics Corp., (514) 694-2355 
West Vancouver, B.C. 
Tracan Electronics Western Ltd., '(604) 
926-3411 

Inti Argentina, Buenos Aires 
Rayo Electronica s.r.i., Tel: 38 17 79 

Inti Australia 
Crow's Nest, N.S.W. 
Parameters Pty., Ltd., Tel: 43 93 288 
Mordialloe, Vic10ria 
Parameters, Pty., Ltd., Tel: 90 74 44 

Inti Austria 
Wien 
International Electronics Co., 
Tel: (0222) 859304 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Walter Rekirsch Elektronische Gerate 
Geselischaft m.b.H. & Co:, Tel: 73 42 94 
Belgium, Antwerpen 
Analog Devices Benelux, Tel: 031/374803 
Brazil, Sao Paulo 
Artimar Ltd., Tel: 228-7361 
Denmark, Herlev 
Analog Devices APS, Tel: (02) 845800 
Finland, Helsinki 
SW Instruments, Tel: 90 73 82 ~5 
France 
Alencon 
Analog Devices, S.A., Tel: 33 26 07 61 
Muret 
Analog Devices, S.A., Tel: 61/91 1327 
Rungis 
Analog Devices, S.A., Tel: 686-7760 
Voiron 
Analog Devices, S.A., Tel: (76) 05 50 03 
Greece, Athens 
George D. Chryssos, Tel: 021/89 43 777 
Holland, Breda 
Analog Devices Benelux, Tel: 076-8792 51 
India, Allahabad 
Darbari Industries, Tel: 33 85 
Israel, Tel Aviv' 
STG International Ltd., Tel: 03-248231 
Italy 
Bologna 
Dott. Ing. Giuseppe de Mico, Tel: (051) 
55 56 14 
Ivrea 
Dott. Ing. Giuseppe de Mico, Tel: (0125) 
42 23 00 
Milano 
Dott. Ing. Giuseppe de Mico, Tel: 65 31 31 
Padova 
Dott. Ing. Giuseppe de Mico, Tel: 041 65 
29 09 
Roma 
Dott. Ing. Giuseppe de Mica, Tel: 06/31 
62 04 
Torino 
Dot!. Ing. Giuseppe de Mico, Tel: (011) 
8741 37 
Japan 
Osaka 
Analog Devices of Japan, Inc., Tel: 06/37 
21 184 
Tokyo 
Analog Devices of Japan, Inc., Tel: 03/26 
36 82 6 
Malaysia, Selangor 
General Engineers (Electr.) Corp. 
Mexico, D.F. 
Nucleoelectronica S.A., Tel: 915/5936043 
New Zealand 
Auckland 
W. Arth.ur Fisher Ltd., Tel: 59 55 27, 59 
82 02 
Christchurch 
W. Arthur Fisher Ltd., Tel: 67-692 
Wellington 
W. Arthur Fisher Ltd., Tel: 850 243 
Norway, Hvalstad 
Estronic, Tel: (2) 78 24 10 
Pakistan, Karachi 
Superior Electronic Assoc., Tel: 61 36 55 

Singapore • 
General Engineers (Electr.) Corp., Tel: 33 
36 41/5. 
South Africa, Pretoria 
Electronic Building Elements (Pty.) Ltd., 
Tel: 78/92 21 
Spain, Madrid 
Belport Electronica de Madrid, Tel: 262 
8835 

Sweden, Solna 
NAXAB, Tel: 08/98 51 40 

Switzerland 
Geneva 
Analog Devices, S.A., Tel: 022/31 97 04 
Oberbeinwil 
Switzerland Lit. Depot, Tel: 061/80 00 71 
Steinhausen 
Analog Devices A. G., Tel: 042/36 75 35 
Taiwan, Taipei 
Yuan Kong Enterprises, Ltd., Tel: 331 8833 

Thailand, Bankok 
Dynamic Supply Engineering, Tel: 39 14 
434 
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Analog Devices (cont) 

Inti Turkey 
Ankara 
Simge Ltd., Tel: 29 77 44 
Istanbul 
Simge, Ltd., Tel: 66 91 84 

Inll United Kingdom & Eire, East Molesey, 
Surrey 
Analog Devices, Ltd., Tel: 01/94 10 46 6 

Inti West Germany 
Berlin 
Herrn Horst Walkusat, Tel: 0311/31 6441 
Bucholz 
Analog Devices GmbH, Tel: 04187/381 
Munchen" 
Analog Devices GmbH, Tel: 089/53 03 19 
Seiterichstrasse 
Analog Devices GmbH, Tel: 0721/69 4600 

Distributors 

AZ Tempe 
Marshall Industries, (602) 968-6181 

CA Canoga Park 
Marshall Industries, (213) 999-5001 
EI Monte 
Marshall Industries, (213) 686-0141 
EI Segundo ' 
Tisco, (213) 973-2571 
Irvin. 
Marshall Industries, (714) 556-6400 
San Diego 
Marshall Industries, (714) 278-6350 
San Francisco 
Tisco, (415) 392-5700 
Sunnyvale 
Marshall Industries, (408) 732-1100 
Tisco, (408) 732-5555 

CT Hamden 
Arrow Electronics, (203) 248-3801 

FL Fort Lauderdale 
Arrow Electronics, (505) 776-7790 
Palm Beach 
Arrow Electronics, (505) 725-1480 

GA Doraville 
Arrow Electronics, (404) 455-4054 

IL Arlington Heights 
Tiseo, (312) 640-2964 

MA Waltham 
Tisco, (617) 890-0510 
Woburn 
Arrow Electronics, (617) 933-8130 

MD Baltimore 
Arrow Electronics, (301) 247-5200 
Columbia 
Technico, (301) 461-2200 

MI Ann Arbor 
Arrow Electronics, (313) 971-8220 

MN Bloomington 
Arrow Electronics, (612) 888-5522 

NC Kernersville 
Arrow Electronics, (919) 996-2039 

NH Manchester 
Arrow Electronics, (603) 668-6968 

NJ Clark 
Tisco, (201) 3821400 
Moorestown 
Arrow ElectroniCS, (609) 235-1900 
Saddlebrook 
Arrow Eitujliuf.ics, (201) i9i-5S0G 

NY Farmingdale 
Arrow Electronics, (516) 694-6800 
Fishkill 
Arrow Electronics, (914) 896-7530 

OH Cleveland 
Arrow t:lectronlcs, (216) 464-200U 
Kettering 
Arrow Electronics, (513) 253-9176 

OR Portland 
Almac/Stroum, (503) 292-3534 

TX Dallas 
Tisco, (214) 238-6821 
Houston 
Harrison Equipment, (713) 652-4700 
Tisco, (713) 776-6711 

Technico, (703) 563-4975 
WA Seattle 

Almac/Stroum, (206) 763-2300 
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WI Oak Creek 
Arrow Electronics, (414) 764-6600 

SWEDEN 
Naxab 

Tel: 08/9851 40 
Ie MASTER DISTRIBUTOR 

Analogic 

Analogic Corporation 
Audubon Road 
Wakefield, Massachusetts 01880 
(617) 246-0300 
TWX: (710) 348-0425 

Beckman Instruments 

Beckman "Instruments, rnc. 
Helipel Division 
2500 Harbor Boulevard 
Fullerton, California 92634 
(714) 871-4848 
TWX: 910-592-1260 
Telex: 06-78413 

Specific product information: 
Clarence Shiner ........................................ ext. 1519 

Application engineering: 
Steve" BilellO .............................................. ext. 3235 

Literature: 
Dan Rime .................................................... ext. 1311 

Price and delivery: 
Clarence Shiner ........................................ ext. 1519 

Fo"ow-up an order: 
Clarence Shiner ........................................ ext. 1519 

All other Information: 
Clarence Shiner ........................................ ext. 1519 

Sales Offices & Representatives 

AL Huntsville 
Murcota Corporation, (205) 539-8476 

AZ Scottsdale 
Arcom Sales Company, (602) 947-5745 

CA Fullerton 
Beckman Instruments, Inc., (714) 871-4848 
Mountain View 
Beckman Instruments, Inc., (415) 961-6817 
Orange County 
Beckman Instruments. Inc .. (714) 538-0086 

FL Boca Raton 
Conley & Associates, Inc., (305) 395-6108 
OvIedo 
Conley & Associates, Inc., (305) 365-3283 
Tampa 
Conley & Associates, Inc., (813) 933-3183 

IA Cedar Rapids 
Carlson Electronics, (319) 377-6341 

IL Elk Grove Village 
Carlson Electronic Sales Co., 
(312) 956-8240 

IN Berne 
Beckman Instruments, Inc., (219) 589-8729 
indianapoiis 
Carlson Electronic Sales, Co., 
(317) 253-5610 

MA Needham Heights 
Beckman Instruments, Inc., (617) 444-9010 

MD Silver Spring 
Beckman Instruments, Inc., (301) 622-2500 

MI Briahton 
SA 1- Marketing Corp., (313) 227-1786 
Grand Rapids 
SAl Marketing Corp", (616) 942-2504 

MN Minneapolis 
Comstrand Inc., (612) 571-0000 

MO Florissant 
SAl Marketing Corp", (314) 837-5200 

Ne Winston-Satem 
Murcota Corporation, (919) 722-9445 

NJ Clifton 
V:J~Uldllll vUllltJUfttJl1l vClIt::::t VUltJ., 

(201) 778-8888 
Mt. Laurel 
Beckman Instruments, Inc., (609) 235-3314 

NM Albuquerque 
Arcom Sales Co., (505) 296-0606 

NY Bomansville 
Ossmann Component Sales Corp., 
(716) 681-9700 
Kingston 
Ossmann Component Sales Corp., 
(914) 338-5505 
Syracuse 
Ossmann Component Sales Corp., 
(315) 454-4477 
Vestal 
Ossmann Component Sales Corp., 
(607) 785-9949 

OH Beachwood 
SAl Marketing, Corp., (216) 292-2982 
Dayton 
SAl Marketing Corp., (513) 435-3181 

OK Tulsa 
Norcom, Inc., (918) 663-1247 

PA Pittsburgh 
SAl Marketing Corp., (412) 782-5120 

TX Dallas 
Norcom, Inc., (214) 233-0020 
Houston 
Norcom, Inc., (713) 774-2568 

WA Be"evue 
Beckman Instruments, Inc., (206) 453-1255 

Can Toronto, Ontario 
Beckman Instruments, Inc., (416) 251-5251 

Inti Argentina, Qullmes 
Controles Electronicos, SA, Tel: 253-7698 

Inti Australia, New South Wales 
Warburton O'Donnell, Ltd., Tel: 407-3261 

Inti Austria, Wien 
Beckman Instruments, GmbH, Tel: 322557 

Inti Germany, Munchen 
Beckman Instruments, GmbH, Tel: 38-871 

Inti Japan, Tokyo 

I 
Beckman Instruments, Ltd. 

Inti Mexico 
Beckman Instruments de Mexico, S.A. de 
C.V., Tel: 576-36-66 

I Inti Scotland, Glenrothes, Fife I Beckman Instruments, Ltd., Tel: 753811 

I 
Inti South Africa, Cape Town 

Beckman Instruments, Ltd., Tel: 47-1450 

I 
Distributors 

AL Huntsville I Powell Electronics, (205) 539-2731 

I 
AZ Phoenix 

Kierulft Electronics, Inc., (602) 243-4101 
Liberty Electronics, (602) 249-2232 
Tempe I Marshall Industries, (602) 968-6181 

I 
CA Canoga Park 

Marshall Industri~s, (213) 999-5001 
EI Monte 
Marshall Industries, (213) 686-0141 

I EI Segundo 
Liberty ElectroniCS, (213) 322-8100 

I 
Irvine 
Marshall Industries, (714) 556-6400 
Mountain View 
Eimar Electronics, (415) 961-3611 

I San Diego 
Liberty Electronics, (714) 565-9171 

I Marshall Industries, (714) 278-6350 
SunnyvalQ 
Marshall Industries, (408) 732-1100 

CO Arvada 
Marshall Industries, (303) 423-9670 Ie 

Commerce City I 

Elmar Electronics, (303) 287-9611 I:'; 
Oe~ ... e:, 
Kierulff Electronics, (303) 371-6500 Ii 

CT Hamden h; 
Arrow Electronics, Inc., (203) 248-3801 
North Branford 
Marshall Industries, (203) 484-0488 

FL Clearwater 
M&C Sales, Inc., (813) 443-2697 

I: Fort Lauderdale 
Arrow Electronics, Inc., (305) 776-7790 
Maitland 
LY' II.; 11-\::1 ttll II y I\lSlSUli'i:IH:lS, inC., 
(305) 831-5572 
Miami Springs 
Powell Electronics, (305) 592-3260 
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Beckman Instruments (cont) 
IL Elk Grove Village 

Kierulff Electronics, (312) 640-0200 
Mount Prospect 
Magnuson Electronics, (312) 956-0700 
Schaumburg 
Arrow Electronics, (312) 893-9420 

MA Billerica 
Kierulff Electronics, (617) 667-8331 
Newton 
Marshall Industries, (617) 965-5115 
Woburn 
Arrow Electronics, loc., (617) 933-8130 

MD Baltimore 
Arrow Electronics, Inc., (301) 247-5200 
Bellsville 
Powell Electronics, (301) 937-4030 

MI Farmington 
Sheridan Sales Company, (313) 477-3800 

MN Bloomington 
Arrow Electronics, Inc., (612) 887-6400 
Plymouth 
Marshall Industries, (612)559-2211 
St. Paul 
Magnuson Electronics, (612) 227-8495 

NC Winston-Salem 
M & C Sales, Inc., (919) 722-9445 

NJ Fairfield 
Kierulff Electronics, Inc., (201) 595-6750 
Morristown 
Arrow Electronics, (609) 235-19001 
(215) 928-1800 
Saddlebrook 
Arrow Electronics, Inc., (201) 797-5800 

NY Farmingdale 
Arrow Electronics, Inc., (516)694-6800 
Marshall Industries, (516) 293-4141 
Huntington 
Ossman Component Sales, (516) 673-9300 
Mt. Vernon 
OAR Industrial Electronics, (914) 699-2224 
Rochester 
Ossman Component" Sales Corp., 
(716) 424-4460 
Rochester Radio Supply, (716) 454-7800 

OH Cincinnati 
Sheridan Sales Company, (216) 831-0130 
Cleveland 
Arrow Electronics, (216) 464-2000 
Sheridan Sales Company, (216) 831-0130 
Dayton 
Sheridan Sales Company, (513) 223-3332 
Kettering 
Arrow Electronics,'(513) 253-9176 

OK Tulsa 
Norcom Electronics, (918) 663-1247 

OR Portland 
Almac/Stroum Electronics, (503)' 292-3534 

PA Philadelphia 
Powell Electronics, (215) 365-1900 
Pittsburgh 
Sheridan Sales Company, (412) 244-1640 

TX Dallas 
Marshall Industries, (214) 233-5200 
Norvell Electronics, (214) 233-0020 
Houston 
Marshall Industries, (713) 777-0358 
Norvell Electronics, (713) 777-1666 

WA Bellevue 
Liberty Electronics, (206) 453-8300 
Seattle 
AlmaclStroum Electronics, (206) 763-2300 

WI Oak Creek 
Arrow Electronics, Inc., (414) 764-6600 

Can Toronto, Ontario 
Semad Electronics, (416) 635-9880 
Specialty Electronics, (416) 678-2104 
Vancouver, B.C. 
Bowtek Electronics, (604) 736-7677 
Montreal, Quebec 
Semad Electronics, (514) 636-4614 
Specialty Electronics, (514) 336-4500 

BEl Microelectronics 

BEl Microelectronics 
A Division of BEl ElectroniCS 
1101 McAlmont 
Little Rock, Ark. 72203 
(501) 372-7351 
TWX: 910-722-7384 
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Burr-Brown Research 

Burr-Brown Research Corp. 
International Airport Industrial Park 
Tucson, Arizona 85734 
(602) 746-1111 
TWX: (910) 952-1111 
Product information: 

Sales Department .......................... Ext. 200, 201 

AZ 

cA 

CO 

CT 

FL 

IL 

MA 

MD 

MI 

MN 

MO 

NM 

NY 

OH 

OK 

PA 

TX 

UT 

VA 

WA 

Can 

Inti 

Inti 

Sales Offices & Representatives 

Tucson 
Burr-Brown, (602) 746-1111 
San Jose 
Burr-Brown, (408) 984-7700 
Santa Ana 
Burr-Brown, (714) 835-0712 
Denver 
Sales Office, Enterprise 6730 
Southbury 
Sales Representative, (800) 645-8212; (516) 
466-2650 
Orlando 
BCS Assocs., (305) 896-4881 
Addison 
Burr-Brown, (312) 832-6520 ' 
Needham 
Burr-Brown, (617) 444-9020 
Bethesda ' 
Powell-Pendergraph, (301) 656-4535 
Brighton , 
SAl Marketing, (313) 227-1786 
Grand Rapids 

. SAl Marketing, (616) 942-2504 
Bloomington 
Electronic Sales, (612) 884-8291 
Florissant 
SAl Marketing, (314) 837-5200 
Albuquerque 
Sales Office, Enterprise 6730 
Clinton 
Advanced Comps. Corp., (315) 853-6438 
Endicott 
Advanced Comps. Corp., (607) 785-3191 
Great Neck, L.I. . 
Burr-Brown, (516) 466-2650 
Scottsville 
Advanced Comps. Corp., (716) 889-1429 
Syracuse 
Advanced Components, (315) 699-2671 
Cleveland 
SA I Marketing, (216) 292-2982 
Dayton 
SAl Marketing,(614) 454-8942 
Tulsa 
Norcom, Inc., (918) 663-1247 
Hatboro 
OED Electronics, (215) 674-9600 
Pittsburgh 
SAl Marketing, (412) 782-5120 
Dallas , 
Norcom, Inc., (214) 386-4888 
Houston 
Norcom, Inc., (713) 988-0022 
Salt Lake City 
Sales Office, Zenith 6730 
Richmond 
Powell Pendergraph, (804) .264-2341 
Lynnwood 
Industrial Electronics Instruments (206) 
775-3516 ' 
Calgary, Alberta 
Allan Crawford Assocs., (403) 276-9658 
Dartmouth, Nova Scotia 
Allan Crawford Assocs., (902) 469-7865 
Longueuil, Quebec 
Allan Crawford Assocs., (514) .670-1212 
Mississauga, . Ontario 
Allan Crawford Assocs., (416) 678-1500 
Ottawa, Ontario 
Allan Crawford Assocs., (613) 829-9651 
Vancouver, B.C. 
Allan Crawford Assocs., (604) 980-4831 
Australia 
Burwood, Victoria 
Kenelec Systems (Pty.) Ltd., Tel: (03) 288-
7100 
Austria, Wi en 
Dipl. Ing. Peter Marchet, Tel: 57 82 30 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Belgium, Bruxelles 
BETEA, Tel: (02) 49 99 00 
Denmark, Copenhagen 0 
Mer-el AlS, Tel: 20 74 44 
England, Watford 
Burr-Brown International, Ltd., Tel: (0923) 
33837 
Finland, Helsinki 
OY Findip A B, Tel: 90-502 255 
France, Le Chesnay 
Burr-Brown International SA 
Tel: 954c3558 .. , 
Germany 
Bremen 
Burr-Brown International, Ltd., 
Tel: 0421/25 39 31 
Leinfelden Stuttgart 
Burr-Brown International GmbH 
Tel: (0711) 701025 ' 
Munchen 
Burr-Brown International, Ltd., Tel: 0891 
6~ 7737 
Greece, Athens 
Hellenic ScientifiC Representations Ltd 
Tel: 7705960' ., 
Holland, Schiphol Oost . 
Burr-Brown International, Ltd., Tel: (020) 
470590 
Japan, Tokyo 
Burr-Brown International, Ltd., Tel: (03) 
586-8141 
India, Bombay 
Oriole Services & Consultants Pty., Ltd., 
Tel: 551973 
New Zealand, Aukland 
W. & K. McLean LtLd., Tel: 587 037 
Norway, Oslo 
Hugo Riso AlS, Tel: 23 2580 
Pakistan, Karachi 
I & S Corporation, Tel: 437669 
Portugal, Lisbon 
Telectra, Tel: 686072 
So. Africa, Johannesburg 
David Pollock (Pty.) Ltd., Tel: 724 8274 
Spain, Madrid 
Unitronics SA, Tel: 242 5204 
Sweden, Vallingby 
Teleinstrument AB, Tel: 08380370 
Switzerland, Riischlikon 
Burr-Brown Internatio.nal, Ltd., Tel: 011724' 
0428 , 
Taiwan 
Alpha Precision Instrumentation, 
Tel: (02) 752-7111 
Turkey, Istanbul 
Telekom, Tel: 49 40 40 

Cermetek 

Cermetek, Incorporated 
660 National Avenue 
Mountain View, California 94043 
(415) 969-9433 
TWX: 910-379-6931 

AZ 

CA 

CT 

FL 

IL 

MA 

MN 

NJ 

NY 

Sales Offices & Representatives 

Scottsdale 
DAR-C, (602) 948-2240 
Costa Mesa 
Relcom, (714) 549-3674 
Marina del Ray 
Relcom, (213) 822-1187 
North Haven 
Kitchen & Kutchin, Inc., (203) 239-0212 
Clearwater 
Brennan Associates, Inc., (813) 446-5006 
Chicago 
I.R.I., (312) 647-7755 
I.exington 
Kitchen & Kutchin, Inc., (617) 862-8230 
MinneapOlis 
Jos Co/Melius, Inc., (612) 861-3343 
Clifton 
Com par New York, (201) 546-3660 
Rochester 
Canavan-Scanlon Assoc., Inc., (716) 442-
0720 
Syracuse 
Canavan-Scanlon Assoc., Inc.; (315) 437-
1271 
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Cermetek (cont) 
NM Albuquerque 

Tritronixl Albuqueraue, (505) 265-8400 
OH Cleveland 

Marlow Assoc., (216) 932-0900 
West Carrollton 
Marlow Assoc., (513) 866-4991 

PA King of Prussia 
Rivco. Inc .. (215) 265-5211 
Pittsburgh" . 
Marlow Assoc., (412) 831-6113 

TX Austin 
The Cunningham Co., (512) 459-8947 
Dallas 
The Cunningham Co., (214) 233-4303 
Houston 
The Cunningham Company (713) 461-4197 

VA Arlington 
H. J. Heffernan Company, (703) 522-6666 

WI Milwaukee 
I.R.I., (414) 259-0966 

Can Montreal, Quebec 
Consolidated Cybernetics Controls Ltd., 
(514) 934-0000 

Inti Palo Alto, California 
Western International Trade Corp., Tel: 
(415) 321-1240 

'Cherry Semiconductor Corp. 

Cherry Semiconductor 
99 Bald Hill Road 
Cranston, Rhode Island 02920 
(401) 463-6000 
TWX: 710-381-1757 
Product information: 

Marketing & Sales Department "" (401) 463-6000 

AL 

AZ 

CA 

CO 

FL 

IL 

IN 

KS 

MA 

MI 

MN 

MO 

NC 

NJ 

NY 

OH 

TX 

WA 
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Sales Offices & Representatives 

Huntsville 
20th Century Marketing, (205) 772-2194 
Glendale 
O'Donnell Associates Southwest, 
(602) 938-3120 
Phoenix 
Toward Engineering Assoc., (602) 955-3193 
Palo AUo 
Abbott Engineering Co" (415) 968-2265 
San Diego 
The Rep Company. (714) 292-9001 
Torrance 
O'Donnell Associates Inc., (213) 328-9710 
Littleton 
The McCarthy Co., (303) 773-0643 
Fori Lauderdale 
CBC Electronics, Inc., (305) 484-7330 
Chicago 
M and S Sales, (312) 992-1053 
Fort Wayne 
Menze Sales, Inc., (219) 747-5616 
Shawnee Mission 
Florence and Meyer, Inc., (913) 722-5210 
Wichita 
Florence and Meyer. Inc., (316) 838-7226 
Westboro 
Technical Marketing Services, 
(617) 3GG-a4G2 
Ann Arbor 
O-M Sales, Inc., (313) 973-9450 
Sl. Paul 
Cahill Associates, (612) 646-7217 
Kirkwood 
t-Iorence and Meyer, inc., (;:114) tl22-2b2\:1 

Winslon-Salem 
Powertronics, Inc" (919) 765-6539 
Pitman 
Colrud Corporation, (609) 589-5866 
Hempstead 
Kahgan Sales Corp .. (516) 538-2300 
Rochester 
Elcom Sales, Inc., (716) 385-1400 
Cincinnati 

Dallas 
Ion Associates. Inc., (214) 357-9441 
Seattle 
Jas. J. Backer Co., (206) 285-1300 

Inti England, Sandridge 
Cherry Electrical Prods. Ltd. 

Inti France, SeYres 
Tekelec Airtronic, Tel: (1) 626-02-35 

Inti Japan, Tokyo 
Nippon Imex., 03-321-4415 

Inti West Germany, Bayreuth 
Cherry Mikroschalter GMBH 

Consumer Microcircuits of 
America 

Consumer Microcircuits of America 
114 E. Simmons Street 
Galesburg, Illinois 61401 
(309) 342-5311 or (309) 342-8196 

Sales Offices & Representatives 

DC Washington, D.C. 
Oou Boyle, (703) 620-9598 

IL Chicago 
Bob Bode, (312) 774-1952 

Cybernetic Micro Systems 

Cybernetic Micro Systems 
2378-A Walsh Avenue 
Santa Clara, California 95050 
(408) 249-9255 

Data Device Corp. 

ILC Data Device Corp. 
Airport International Plaza 
Bohemia, New York 11716 
(516) 567-5600 
TWX: 510-228-7324' 

Sales Offices & Representatives 

At Huntsvi!le 
REP Inc. (205) 881-9270 

AZ Tempe 
Trebly Assoc., (602) 967-2058 

CA North Hollywood 
ILC Data Device Corporation, 
(213) 982-6454 
Palo Alto 
Coherent Marketing Associates, 
(415) 327-2217 

CO Denver 
Trembly Assoc., (303) 759-1195 

GA Tucker 
REP Inc., (404) 938-4358 

IL . Arlington Heights 
"DYTEC/Central. !nc., (312) 394-3380 

KS Lenaza 
DYTEC/South Inc., (913) 888-0215 

MA Burlington 
DynamiC Sales ot New Englano, 
(617) 272-5676 

MD Wheaton 
Data Sytems Marketing, (OSM), 
(401) 933-0900 

MI Warren 
Luebbe Sales Company, (313) 574-2230 

MN Minneapolis 
Wendell, Lee & Assoc., (612) 831-5056 

MO Hazelwood 
DYTEC/South, Inc., (314) 731-5400 

NC Raleigh 
REP Inc., (919) 851-3007 

NM Albuquerque 
Trembly Associates, (505) 266-8616 

N~~~;:'i;c~~(315) 437-8343 
Great Neck ,0, 

Measurement Technology, Inc., (516) 482-
3500, (212) 895-7177 

OH 

PA 

TN 

TX 

WA 

Can 

inti 

Inti 

Inti 

Cincinnati 
Luebbe Sales Company, (513) 871-4211 
Cleveland 
Luebbe Sales Company" (216) 333-0425 
Columbus 
Luebbe Sales Co., (614) 475-5504 
Dayton 
Luebbe Sales Company, (513) 294-0426 

King of Prussia 
RIVCO. Inc .. (215) 265-5211 

Jefferson City 
REP Inc., (615) 475-4105 

Richardson 
Lear Assoc., Inc., (214) 231-5388 
Houston 
Lear Assoc., Inc., (713) 686-1838 

Redmond 
DESCO, Northwest, (206) 883-6336 

Montreal, P.Q. 
Associated Test Equipment Ltd., 
(514) 481-7733 
Ottawa, Ontario 
Associated Test Equipment Ltd" 
(613) 728.3717 
Scarborough, Ontario 
Associated Test Equipment Ltd., 
(416) 497-2208 
Vancouver, B.C. 
Associated Test Equipment Ltd., 
(604) 734-2012 

Australia, Brookvale, N.S.W. 
Allied Capacitors Pty. Ltd., 
Tel: 61-2-938-2135 

Belgium, Bruxelles 
Techmation, Tel: 32-2-241.65.73 

England, Cheshire 
Techmation, Tel: 44-61-485-2368 
Middx 
Techmation Ltd., Tel: 44-1958-3111 

Inti France 
Luynes 
Techmation, Tel: 33-91-24.01.19 
Paris 
Techmation, Tel: 33-1-200.11.05 
Toulouse 
Techmation, Tel: 33-61-80.86.94 

Inti India, Ahmedabad 
Industrial Electronic Instruments, 
Tel: (272) 79678 

Inti Israel, Ramal Hasharon 
ROT Electronics, Tel: 92-3-48.32.11 

Inti Italy, Roma 
Microelit s.r.1. Tel: 39-6-8123773 

Inti Japan, Tokyo 
NESCO, Tel: 81-3-287-1781 
NMB, Tel: 81-3-293-9251 

Inti Norway. Oslo 
Henaco AlS, Tel: 47-2-15.75.20 

Inti Sweden, Tyresco 
Hybridteknik AlB, 
Tel: 46-8-712672017126619 

Inti Switzerland 
Chlasso 
Microelit Italia, s.r.i., 
Te!: 39-2-47947814227775 
Mutschellen 
Stolz AG, Tel: 41-57-54655 

Inti Taiwan, Taipei 
idi i T!duing Cu., Tel. 86-2-3936111 

Inti West Germany 
Berlin 
Ernt Fey. Tel: 49-30-852-1855 
Munchen 
Ernst Fey, Tel: 49-89-184041 
Kohfurth 
Ernst Fey, Tel: 49-40-5-23-29-30 

Inti Yugoslavia, Titova 
Electrotehna, Tel: (61) 32.02.41 

Data General 

Data Generai Corporation 
.. r:: .,.. •• ___ :1 ..... n_ ...... .- . _ ... ,..., .. - .. ---
Westboro, Massachusetts 01587 
(617) 366-8911 
TWX: 710-390-1217 
Telex: 94-8460 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Inti Australia 

Datel Systems Artarmon NSW Dionics .. 
Digital Elect Mktg. Pty. Ltd., Tel: 438-2444 

Datel Systems 
Malvern, Victoria Dionics Inc. Digital Elect. (Victoria) 

1020 Turnpike Street Inti Austria, Wien 
65 Rushmore Street 

Canton, Ma'ssachusetts 02021 Bacher Elektronische Gerate GMBH, 
Westbury, New York 

(617) 828-8000 Tel: 83-63-96-0 
Tel: (516) 997-7474 

TWX: (710) 348-0135 Inti Belgium, Bruxelles 
TWX: 510-222-0974 

Telex: 92-4461 Simac Electronics sprl, Tel: 02-6724556 AL Huntsville 

Specific product information: Inti Denmark, Valby Murcota, (205) 539-8476 

Eugene Murphy .......................................... ext. 141 Paratron A/S, Tel: 01-74-44-66 AZ Scottsdale 

Application engineering: ' Inti Finland, Helsinki Verein Corporation, (602) 948-3571 

Eugene Murphy Havulinna OY, Tel: 90-755-4144 CA Escondido 

Literature: Inti France, Paris Interstate Marketing Associates, 

Arlene Constantine Datel Systems, SARL, Tel: 620-06-74 (714) 278-0870 
San Jose 

Price and delivery: Inti Germany, Munchen Advantage, (408) 253-7559 
Mary Pimantel Datalek Systems GMBH, Tel: 089-77-60-95 Santa Ana 

Follow up on order: Inti India, Bombay RicalAssociate, (714) 557-6543 
Frank Myska Kaytronics, Tel: 334450 CT Hamden 

Smitronix Int'l, Tel: 536238 Impact Sales Co., Inc., (203) 281-1331 
Inti Israel, Tel Aviv FL Ft. Lauderdale 

Sales Offices & Representatives -MTI Engineering Ltd., Tel: 244090 CBC Electronics, (305) 484-7330 
Inti Italy, Milano HI Honolulu 

AL Huntsville Sitces, Tel: 747649-730932 AloHa ASSOCiates, 941-2574 
International Scientific Instr., 3G Electronics S.R.L., Tel: 544291 IL Des Plaines 
(205) 533-6880 Inti Japan Coombs Associates Inc., (312) 298-4830 

AZ Phoenix Osaka MA Newton 

Cleveland Enterprises, (6Q2) 944-4670 Datel KK, Tel: 06-354-2025 Impact Sales Co., (617) 964-7740 

CA Santa Ana Shibuya-Ku, Tokyo MI Farmington Hills 

Datel Systems, Inc., (213) 933-7256 Datel KK, Tel: 793-1031 Lowell-Wendt Marketing Co., 

Sunnyvale Int( Netherlands, Veldhoven 
(313) 553-9800 

Datel Systems, Inc., (408) 733-2424 Simac Electronics b.v., Tel: 040-533725 
MO Maryland Heights 

KEBCO, (314) 576-4111 
CO Denver Inll New Zealand, Aukland NC Winston-Salem 

Cleveland Enterprises of Colorado, David Reid Ltd., Tel: 492-189 Murcota" (919) 722-9445 
(303) 751-3252 

Inti Norway, Oslo OH Brecksville 
CT' Hamden Morgenstierne Co AlS W.R.R. ASSOCiates, (216) 526-2023 

JBL Associates, Inc., (203) 281-3161 
Inti Portugal, Porto 

TX Richardson 
FL Pompano Beac,", Hytech Inc., (214) 234-3375 

Saber Associates, (305) 943-3076 Commercial Laborun, Lda., Tel: 62925 WI Milwaukee 
HI Honolulu Inti South Africa, Johannesburg Coombs Assoc., (414) 671-1945 

Hawaii Data Sys~ems, (808) 946-1533 Peter Jones Elect. Equip., Tel: 22-3658 Inti Argentina, Buenos Aires 
IA Cedar Rapids Inti Spain Nuclex, Tel: 49-1735 

Technical Representatives, Inc., Barcelona-9 Inti Denmark, Horsholm 
(319) 393-5510 Aupoca Elec Y Sist, Tel: 257-48-98 Transcan, Tel: (02) 86-38-88 

IL Chicago Madrid Inti England, Hertforshire 

Carter Electronics, (312) 585-5485 Aupoca Elec, L Sist, Tel: 457-53-12 REL, Tel: (0462) 57181 

IN Indianapolis Inti Sweden, Stockholm Inti France, Levallois Perret 

Carter Electronics, (317) 293-0696 ' Martinson & Company AB, Comsatec, Tel: 758-59-10 

KS Lenexa Tel: 08-63 11 05 Inti Hong Kong, Kowloon 

Technical Representatives, Inc., Inti Switzerland, Zurich 
Corton Trading Company, Inc., 
Tel: 44-3058 

(913) 888-0212 Traco Electronics Co. Ltd., Inti India, Bombay 
MA Canton Tel: 01-201-0711 Hindco, Tel: 373544/373545 

Datel Systems, Inc., (617) 828-8000 Inti Taiwan, Taipei Inti Israel, Tel Aviv 
MD Gaithersburg Multitech International Corp., Electronic Microsystems, Ltd., 

Datel Systems, Inc., (301) 840-9490 Tel: 02-7681232 Tel: 03 412403/42172,2 
MI Troy Inti United Kingdom, Andover, Hants Inti Italy, Milano 

George R. Peters Associates, Datel UK Ltd., Tel: 0264-51055 Skylab s.r.i., Tel: (12) 6883806 
(313) 362-1220 Inti Japan, Tokyo 

MN Minneapolis Corton Trading Co., Inc., Tel: (03) 449-7141 
Carter Electron ics, (612) 559-1976 Distributors 

Inti Korea, Seoul 

MO Hazelwood Corton Trading Co., Tel: 22-8882 

Technical Representatives, Inc., Inti Sweden, Stockholm ' 

(314) 731-5200 
OK Tulsa Combinent AB, Tel: 08/230760 

NC Raleigh 
Component Specialties, (918) 664-2820 Inti Switzerland 

TX Austin Contiflex, Tel: 01 910 8t 81-83 
Saber Associates, (919) 834-3961 Component Specialties, (512) 459-3308 Inti Taiwan, Taipei 

NM Albuquerque Dallas Corton Trading Co., Tel: (02) 351330 
Cleveland Enterprises, (505) 266-5594 Component Specialties, (214) 357-6511 Inti West Germany, Munchen 

NY Great Neck Houston Conti flex AG, Tel: 26 60 17-17 
SET Marketing, Inc., (516) 466-0550 Componet Specialties, (713) 771-7237 
Liverpool CAN Montreal, Quebec 
R&D Associates, Inc., (315) 457-0100 Multilek, Inc., (514) 481-1350 Electronic Arrays OH Cleveland Ottawa, Ontario 
Instrumentation Systems, (216)561-6100 Multilek, Inc., (613) 825-4553 
Dayton Toronto, Ontario Electronic Arrays, Inc. 
Instrumentation Systems, (513) 294-2838 Multilek, Inc., (416) 245-4622 550 E. Middlefield Road 

PA Jenkintown Mountain View, California 94043 

Stein Instrumentation, (215) 885-2370 (415) 964-4321 

Pittsburgh Delco Electronics 
TWX: (910) 379-6985 

Instrumentation Systems, (412) 243-1282 Specific product information: 
TX Dallas LSI Products .................................... Mike Cassidy 

Datel Systems, Inc., (214) 241-0651 Delco Electronics Division Memory Products .......................... Maurice O'Shea 
Houston 700 East Firmin Street Literature: 
Datel Systems, Inc., (713) 932-1130 Kokomo, Indiana 46901 Marketing Services 

WA Bellevue 
(317) 459-1271 Price and delivery: 

Tasco, Inc., (206) 543-1414 
William J. Gressman Local Field Sales 'Offices (preferred), or Cus-

WI Milwaukee 
Delco Electronics Division tomer Service 

Carter Electronics, (414) 464-5555 
4600 Park Road Follow-up on order: 
Charlotte, North Carolina 28209 Customer Service 

can Ottawa, Ontario (704) 527-4444 All other information: 
Multitek, Inc., (613) 825-4553 Anthony E. Manes Marketing Services 
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Electronic Arrays (cont) 

Sales Offices & Representatives 

AZ Phoenix 
Chaparral-Dorton, (602) 263-0414 

CA Costa Mesa 
Santana Sales, (714) 642-3282 
Goleta 
Thorson Company, (805) 964-8751 
Mountain View 
Caltron Components Corp., (415) 964-3244 
San Diego 
Cerco Sales Engineers, (714) 560-9143 

CO Aurora 
Delltron Co., Inc., (303) 750-0625 
Denver' 
The Thorson Company, (303) 759-0809 

CT Greenwich 
Crane & Egbert Corp., (203) 622-9191 
Wallingford 
Com-Sale, (203) 269-7964 

FL Ft. Lauderdale 
Electrocomp Associates. Inc .• (305) 491-
4141 

IL Glen Ellyn 
Regional Sales Office, (312) 858-8508 
Westchester 
Gassner & Clark Company. (312) 345-4245 

IN Ft. Wayne 
M. S. Sales, (219) 484-1904 

KS Overland Park 
Delltron Co., Inc., (913) 649-2078 

MA Carlisle 
Regional Sales Office, (617) 369-2982 
Waltham 
Com-Sale, Inc., (617) 890-0011 

M I Farmington Hills 
Lowell-Wendt Marketing Co., 
(313) 553-9800 

MN Minneapolis 
Marsh Sales, (612) 881-7511 

MO St. Louis 
Delltron Co., Inc., (314) 869-4779 

NH Londonberry, Manchester 
Com-Sale, Inc., (603) 668-1440 

NY Buffalo 
Quality Component, Inc., (716) 839-4170 
Elmont 
Crane & Egbert Corp., (516) 488-2100 
Manlius 
Quality Component, Inc., (315) 682-8885 

OH Chagrin Falls 
Midwest Marketing Associates, (216) 247" 
6655 
Dayton 
Midwest Marketing Associates. (513) 433-
2511 

OR Beaverton 
N. R. Schultz Company, (503) 643-1644 

PA Bala Cynwyd 
Vantage Sales Co .• (215) 667-0990 

TX Dallas 
J. Clay Co., (214) 350-1281 
Woodlands 
J. Clay Co .• (713) 367-2292 

UT Salt Lake City 
Thorson Co .• (801) 973-7969 

VA Reston 
Boyle Associates, (703) 620-9558 

WA Bellevue 
N. R. SC"IJI~Z Co. (206) 454-0300 

Can Pt. Claire, Quebec 
Repco Engineering Co .• (514) 694-1877 

InU Australia, Prospect. S.A. 
A. J. Ferguson. Tel: 269-1244 

InU ~~~~~u!!,~_~ru..:"~I.I~~ ".,.. ,..,., ,..,., 
l.,.I'C'I.'C'Cl V...,II., I 'gl. UG u .... a 03o:J vu 

Inti Denmark. Hoersholm 
C-88, Tel: 02-570888 

Inti Finland, Helsinki 
S.W. Instruments, Tel: 7382651713575 

Inti France. Paris 
Technology Resources S.A., Tel: 01 747 
4717 

Inti Germany, Munchen 
Electronic Array GmbH, Tel: 08917853112 

'ft" u ............. -t a ............ 

Famatra Benelux, Tel: 076-133457 
Inti Hong Kong, Kowloon 

5.S.1. Far East Limited, Tel: 3-672112-3. 
3-680411 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

inil 

Inti 

AZ 

CA 

CO 

FL 

IL 

IN 

IA 

MA 

MD 

MI 

MN 

NY 

OH 

PA 

TX 

UT 

WA 

Hungary, Budapest 
Hunicoop, Tel: 1 429779 
India, Bombay 
Hinditron Services Pvt. Ltd., Tel: 36 5 3 44 
Israel. Ramat-Gan 
Telsys. Ltd., Tel: 739865, 722362 
Italy, Milano 
Comprel Elettronica. Tel: 2.64385191763 
Japan 
Osaka 
Rikel Corporation, Tel: 06 (374) 1771 
Tokyo 
Rikel Corporation, Tel: 03-591-5241 

Korea, Seoul 
Caduceus, Ltd., Tel: 777-2325 

Norway, Kjellergy 
Kjell Bakke, Tel: 02 711872 

South and Central America, Mountain View, 
California 
Intectra, Tel: (415) 967-8818, 967-8825 

Spain, Madrid 
Belport Electronica. Tel: 012628837/8 
Sweden, Vallingby 
Svensk Tele Industri, Tel: 08/89 04 35 

Switzerland, Zurich 
Dimos AG, Tel: 01-626 140 
Ellyptic AG, Tel: (01) 330589 

Taiwan, Taipei 
Mardel Limited, Tel: 5943127-8 

Uniied Kingdom, Moiesey, Surrey 
Analog Devices, Ltd., Tel: 01 941 0466 

Yugoslavia, Maribor 
Ellyptic AG, Tel: (062) 31041 

Distributors 

Phoenix 
Weatherford Company, (602) 272-7144 

Anaheim 
Weatherford Company. (714) 634-9600 
Glendale 
Weatherford Company, (213) 849-3451 
Palo Alto 
Weatherford Company. (415) 493-5373 
Pomona 
Weatl)erford Company, (213) 966-8461 
Santa Ana 
Intermark Electronics, (714) 540-1322 
San Diego 
Intermark Electronics, (714) 453-9005 
Weatherford Company, (714) 278-7400 

Englewood 
Weatherford Company, (303) 761-5432 

Pompano Beach 
Zeus Components, Inc., (800) 327-1110 

Rosemont 
Advent Electronics, Inc., (312) 297-6200 

IndianapOlis 
Advent Electronics. Inc., (317) 297-4910 

Cedar Rapids 
Advent Electronics, Inc., (319) 363-0221 

Burlington 
Zeus Cpmponents, Inc., (617) 273-0750 

Savage 
Pyttronics Industries. Inc .. (301) 792-0780 
Farmington 
Atfvent Eiectronics t in.:.., (3.3) ;69 .. a650 

Minneapolis 
Diplomat Electrocom, (612) 788-8601 

Elmsford 
Zeus Components, Inc., (914) 592-4120 
Melville 
Zeus Components, Inc., (516) 752-9551 

Centerville 
Industrial Products Distributing Co., 
(513) 435-2086 

Montgomery 
Pyttronics Industries, Inc., (215) 242-6700 

Dallas 
Quality Components, Inc., (214) 387-4949 
Houston 
Quality Components, Inc., (713) 772-7100 

Salt Lake City 
Bell Industries, (801) 972-6969 

Seattle 
Weatherford Company, (206) 243-6340 

EMM/Semi 

EMM/Semi 
3883 North 28th Avenue 
Phoenix, Arizona 85017 
(602) 263-0202 
TWX: (910) 951-1383 

Sales Offices & Representatives 

AL Huntsville 
Gentry Associates, (205) 534-9771 

CA Burlingame 
EMM/5EMI, (415) 692-4250 
EI Segundo 
Varigon, (213) 322-1120 
San Diego 
Varigon Assoc., (714) 299-5413 

FL Orlando 
Gentry Assoc., (305) 894-4401 

GA Atlanta 
Gentry Assoc., (404) 455-1206 

IL Westchester 
Gassner & Clark Co., (312) 345-4245 

MA Burlington 
Tricorn Associates, (617) 272-8163 

MN Bloomington 
• Electronic Sales Agency, Inc., 

fe .. ,,\ OOA 0"1/""11' 
\ v I c..J vu-.-u,.,;r I 

NC Burlington 
Gentry Assoc, (919) 227-3639 

NJ Cherry Hill 
Trinkle Sales, Inc., (609) 795-4200 

NY Great Neck 
Trionic Associates Inc., (516) 466-2300 
Melville 
EMM/Semi, (516) 423-5800 

OH Columbus 
T. Mulligan & Assoc., (614) 457-2242 

OR Portland 
The Thorson Co .• (503) 620-5800 

TX Dallas 
Young Sales, (214) 341-2900 
EI Paso 
Young Sales, (915) 584-5842 

WA Bellevue 
Thorson Company. (206) 455-9180 

Can Ottawa, Ontario 

AZ 

GA 

CO 

CT 

FL 

GA 

IL 

LA 

MA 

MD 

Cantec Representaolives, (613) 225-0363 
Pointe Claire, Quebec 
Cantec Representatives. (514) 694-4049 
Rexdale, Ontario 
Cantec Representativs, (416) 675-2460 

Distributors 

Phoenix 
Sterling ElectroniCS. (602) 258-4531 
Gardena 
Bell Industries, (213) 515-1800 
San Diego 
Sterling Electronics, (714) 565-2441 
Santa Ana 
Emitter Eiectronics, (714) 557-7131 
Santa Clara 
Sterling Electronics. (408) 985-7411 
Sun Valley 
SitlriiflY Eitlcironic:;. (213j 767-70ui 
Sunnyvale 
Bell Industries, (408) 734-8570 
Wheat ridge 
Bell Industries. (303) 424-1985 
Hamden 
Arruvv Eitlciruflic:;. (2u3) £4tl-;)l:lUl 

Ft. Lauderdale 
Arrow Electronics, (305) 776-7790 
Doraville 
Arrow Electronics, (404) 455-4054 
Schaumburg 
Arrow Electronics, (312) 893-9420 
Metairie 
Sterling ElectroniCS, (504) 887-7610 
Watertown 

Arrow Electronics, (617) 933-8130 
Baltimore 
Arrow Electronics, (301) 247-5200 

I 

Woburn --J 
L-______________________________ ~ ________________________________ ~ ________________ _ 
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EMM/Semi (cont) 

MI Ann Arbor 
Arrow Electronics, (313) 971-8220 

MN Bloomington 
Arrow Electronics, (612) 887-6400 

NC Kernersville 
Arrow Electronics, (919) 996-2039 

NH Manchester 
Arrow Electronics, (603) 668-6968 

NJ . Morristown 
Arrow Electronics, (609) 235-1900 
Perth Amboy 
Sterling Electronics, (201) 442-8000 
Saddlebrook 
Arrow E lectron-ics, (201) 797-5800 

NM Albuquerque 
Bell Industries, (505) 292-2700 
Sterling Electronics, (505) 345-6601 

NY Farmingdale 
Arrow Electronics, (516) 694-6800 

OH Cleveland 
Arrow Electronics, (216) 464-2000 
Kettering 
Arrow Electronics, (513) 253-9176 

TX Austin 
Sterling Electronics, (512) 836-1341 
Dallas 
Sterling Electronics, (214) 357-9131 
Houston 
Sterling Electronics, (713) 627-9800 

UT Salt Lake City 
Bell Industries, (801) 972-6969 

VA Richmond 
Sterling Electronics, (804) 226-2190 

WA Bellevue 
Bell Industries, (206) 747-1515 
-Seattle 
Sterling Electronics, (206) 762-9100 

WI Oak Creek 
Arrow Electronics, (414) 764-6600 

Can Downsview, Ontario 
Zentronics, (416) 635-2822 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Montreal, Quebec 
Zentronics, (514) 735-5361 
Ottawa, Ontario 
Zentronics, (613) 238-6411 
Resdale, Ontario 
Future Electronics, (416) 675-7820 

Inti Australia, Strathfield 
Amprec Engrg. Co., Tel: 02~818-1166 

Inti Denmark, Copenhagen 
E. V. Johanssen Elektronik A-S, 
Tel: (451) 83-9022 

Inti England, Thames 
Memec Ltd., Tel: Thame 084421-3149 

Inti France, Antony 
Aimex S.A., Tel: 66621 12 

Inti Germany, Munchen 
Dema Electronische, Tel: 089-288018 

Inti Italy, Milano 
Eltronic S.R.L., Tel: 313364 

Inti Japan, Tokyo 
Nissho Electronics Corp., Tel: (03) 544-8311 

Inti Netherlands, Breda 
Famatra Benelux, Tel: 076/133457 

Inti Norway, Oslo 
Henaco AIS, Tel: (02) 157550 

Inll Sweden, Sundbyberg 
AB Electroflex, Tel: Stockholm (8) 289290 

Inll Switzerland, Zurich 
Rotronic AG, Tel: (01) 523211 

Essex International 

Essex International, Inc. 
301 Alpha Drive 
Pittsburgh, Pennsylvania 15328 
(412) 782-0200 
(412) 963-7203 

©IC MASTER 1979 
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Exar 

Exar Integrated Systems 
750 Palomar Avenue. 
Sunnyvale, California 94086 
(408) 732-7290 
TWX: 910-339-9233 

Specific product information: 
Earl Kiyan 

I
, Application engineering: 

Joel Silverman, Perry Mostaan 
Literature: 

Sharon Hites, Debbie Spoils 
Price and delivery: 

Sharon Hites, Debbie Spotts 
Follow-up an order: 

Sharon Hites, Debbie Spotts 
All other information: 

Sharon Hites, Debbie Spotts 

AL 

AZ 

CA 

CO 
CT 

FL 

·GA 

IL 

10 

MA 

MD 

MN 

MO 

NC 

NM 

NY 

OH 

OK 

PA 

TN 

TX 

UT 

WA 

Can 

Inti 

Inti 

Inti 

Sales Offices & Representatives 

Huntsville 
Rep Inc., (205) 881-9270 
Scottsdale 
Summit Sales, (602) 994-4587 
Culver City I 

DeAngelo Rothman & Co., (213) 398-6239 
San Diego 
DeAngelo Rothman & Co., (714) 560-5707 
Sunnyvale 
Trident Associates, (408) 734-5900 
Denver 
Component Sales Inc., (303) 759-1666 
Ridgefield 
Phoenix Sales, (203) 438-9644 
Casselberry 
EIR Incorporate, (305) 830-9600 
Tucker 
Rep Inc., (404) 938-4358 
Des Plaines 
Janus, (312) 298-9330 
Cedar Rapids 
Bytronix Inc., (309) 377-8275 
Burlington . 
Contact Sales Inc., (617) 273-1520 
Baltimore 
Component Sales Inc., (301) 484-3647 
Minneapolis 
Electronic Innovators, (612) 884-7471 
Bridgeton 
Dytronix Inc., (314) 731-5799 
Independence 
Dytronix, (816) 373-6600 
Raleigh 
Component Sales, (9"19) 782-8433 
Albuquerque 
Tri-Tronix, (505) 265-8409 
Buffalo 
Quality Components Inc., (716) 839-2044 
Manlius 
Quality Components Inc., (315) 682-8885 
Plainview 
ERA Inc., (516) 822-9890 
Columbus 

. McFadden Sales, (614) 459-1280 
Tulsa 
Technical Marketing Inc., (918) 622-5984 
Huntington Valley 
Dick Knowles Assoc., (215) 947-5641 
Jefferson City . 
Rep Inc., (615) 475-4105 
Dallas 
Technical Marketing Inc., (214) 387-3601 
Houston 
Technical Marketing Inc., (713) 777-9228 
Salt Lake City 
SK Component Sales, (801) 4'84-4222 
Bellevue 
SDR2 Products & Sales, (206) 747-9424 
Mississauga, Ontario 
RFQ Limited, (416) 626-1445 
Montreal, Quebec 
RFQ Limited, (514) 694-5724 
Argentina, Pisos 
Rayo Electronica ARL, Tel: 37 98 90 
Australia, Prospect 
A. J. Ferguson (Adelaide) Pty. Ltd., 
Tel: 2691 244 
Denmark, Copenhagen 
Mer-el AlS Tel: (01) 20 7444 44 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

AZ 

CA 

CO 

IL 

IA 

IL 

IN 

KS 

MA 

MD 

MI 

MN 

MO 

MT 

Finland, Helsinki 
SW Instruments, Tel: 73 82 651 76 2486 
France, Sevres 
Tekelec/Airtronic, Tel: (1) 027 75 35 
Germany, Korshenbroich 
R Ohm Electronics GmbH, 
Tel: (02161) 29 805 
Greece, Nikaia 
General Electronics Ltd., Tel: 49 13 595 
Hong Kong, Kowloon 
R. Ohm Electronics (H.K.) Co. Ltd., 
Tel: 3-688841/2-672307 
India, Bombay 
Zenith Electronics, Tel: 38 42 14 
Israel, Bnei.Brak 
CVS Technologies, 1974 Ltd. 
Tel: 25 55 061 259241 
Italy, Milano 
I.S.A.B. Spa, Tel: (02) 68 86 3061 68 86 315 
Japan, Yokohama 
Panetron Div., Tokyo Electron Labs Inc., 
Tel: (045) 47 18 811 
Netherlands, Zoetermeer 
Tekelic/Airtronic V.B., Tel: 079-310100 
New Zealand 
Professional Electronics Ltd., Tel: 469450 
Norway, Oslo 
Hefro Teknisk AlS, Tel: 38 02 86 
South Africa, Randburg 
South Continental Devices (Pty) Ltd., 
Tel: 48 05 15 
Spain, Madrid 
Elico Fastronix S A, Tel: 415 66 54 
Sweden, Upplands Vasby 
Johan Lagercrantz KB, Tel: (0760) 86 120 
Switzerland, Zurich 
Amera Electronics AG Tel: (01) 5711 12 
United Kingdom, Thame, Oxon 
Memec Ltd., Tel: (084421) 3146 
Latin America 
Mountain View, California 
Intectra., Tel: (415) 96 78818 

Distributors 

Phoenix 
Choyce Electronic Distr., (602) 997-6194 
Chatsworth 
Jaco, (213) 998-2200 
Culver City 
Nesco, (213) 391-6294 
San Diego 
Intermark ElectroniCS, (714) 279-5200 
Santa Ana 
Intermark Electronics, (714) 540-1322 
Sunnyvale. 
Intermark Electronics, (408) 738-1111 
Western Microtechnology, (408) 737-1660 
Wheatridge . 
Century Electronics, (303) 424-1985 
Clearwater 
Diplomat Southland, (813) 443-4514 
Cedar Rapids 
Iowa Technical Supply, (319) 377-5795 
Westmont 
R. M. Bodelle Co. Inc., {312) 323-9670 
Anderson 
Graham Electronics, (317) 644-3381 
Fort Wayne 
Graham Electronics, (219) 423.-3422 
Indianapolis 
Graham Electronics, (317) 634-8202 
Lafayette 
Graham Electronics, (317) 742-4006 
Muncie 
Graham Electronics, (317) 288-8837 
Wichita 
Radio Supply, (316) 267-5216 
Dedham 
Gerber Electronics, (617) 329-2400 
Gaithersburg 
Pioneer, (301) 948-0710 
Ann Arbor 
Wedermeyer Electronics, (313) 665-8611 
Livonia 
Camelot, (314) 591-0055 
Minneapolis 
Cassidy Electronics, (612) 835-7746 
St. Louis 
Olive Industrial Elect., (314) 426-4500 
Belgrade 
Flamand Elect. Supply, (406) 388-6606 

\ 

2455 



Ie MASTER 

Exar (cont) 
NH Londonderry 

Yankee Elect., (603) 625-9746 
NM Albuquerque 

Century Electronics, (505) 292-2700 
NY Hauppauge 

Components Plus, (516) 231-9200 
Jaco, (516) 273-5500 

OH Cincinnati 
Graham Electronics, (513) 772-1661 

OK Tulsa 
Component Specialties Inc., (918) 664-282C 
Radio, Inc., (918) 587-9123 

OR Portland 
Radar, (503) 233-3691 

PA Erie 
Advacom, (814) 455-8110 
Horsha", 
Pioneer, (215) 674-4000 

TX Austin 
Component Specialties Inc., (512) 459-3307' 
Dallas ,X 
Component Specialties Inc., (214) 357-6511':~ 
Houston ' 
Component Specialties Inc., (714) 771-7237 

UT Salt Lake City 
Century Electronics Div. of Bell Inc., 
(801) 972-6969 

WA Seattle 
Radar, (206) 282-2511 
Steriing EiectroniCs, (206) 762-9100 

WI Mequin 
Taylor Electric Co., (414) 241-4321 

Can Calgary, Alberta 
PAAR Ind. Electronics Ltd, (403) 287-2840 
Edmonton, Alberta 
PAAR, (403) 436-4445 
Lethbridge. Alberta 
PAAR, (403) 327-1933 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (S14) 735';5775 

IC MASTER DISTRIBUTOR 

Vancouver, B.C. 
RAE Industrial Electronics, (604) 687-2621 
Winnepeg, Manitoba 
W E S Ltd., (204) 632-1260 

GERMANY, MUNCHEN 
Astronic GmbH 

Tel: 089-3040 11 
IC MASTER DISTRIBUTOR 

Fairchild 

Fairchild Camera and Instrument Corp. 
Semiconductor Groups 
464 Ellis Street 
Mountain View, California 94042 
(415) 962-5011 
T\A.JX:{9~Oj379 .. o345 

Specific product information: 
local field sales office or franchised distributor, 
or contact the specific product marketing depart­
ment at 464 Ellis Street, Mountain View, CA 
RP.C]IlMt thrnllgh mAin ~wi!rhbt:><m:!~ (415) 962-
5011 : 

LSI Products ...• 
Microprocessors (MaS, Bipolar, ECl) 
Memories (Bipolar, MaS, CCD) 
LSI logic (ECl, MaS, CCD) 
Analog (CCD) 

IC Components 
Digital SSI & MSI (TTL & CMOS) 
Linear 
Interface 

Discrete 
Diode 
Transistor - Power & Smail Signal 
OPTO 
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Fairchild (cont) 
WI Milwaukee 

Marsh Electronics, Inc., (414) 475-6000 
New Berlin 
Hamilton/Avnet Electronics, (414) 784-4510 

Can Calgary, Alberta 
Cam Gard Supply, Ltd., (403) 287-0520 
Edmonton, Alberta 
Cam Gard Supply, Ltd., (403) 426-1805 
Red Deer, Alberta 
Cam Gard Supply, Ltd., (403) 346-2088 
Kamloops, British Columbia 
Cam Gard Supply, Ltd., (604) 372-3338 
Vancouver, British Columbia 
R.A.E. Industrial Electronics, Ltd., (604) 
687-2621 
Winnepeg, Manitoba 
Cam Gard Supply, Ltd., (204) 786-8401 
Fredericton, New Brunswick 
Cam Gard Supply, Ltd., (506) 455-8891 
Moncton, New Brunswick 
Cam Gard Supply Ltd., (506) 855-2200 
Halifax, Nova Scotia 
Cam Gard Supply, Ltd., (902) 454-8581 
Downsview, Ontario 
Semad Electronics, Ltd., (416) 635-9880 
Mississauga, Ontario 
HamiltonJ Avnet International (Canada) 
Ltd., (416) 677-7432 
Ottawa, Ontario 
Future 'Electronics Corporation, (613) 232-
7757 
Hami Iton/ Avnet International (Canada) 
Ltd., (613) 226-1700 
Semad Electronics, Ltd., (613) 722-6571 
Rexdale, Ontario 
Future Electronics Corporation, (416) 677-
7820 
Willowdale, Ontario 
Electro Sonic Industrial Sales (Toronto) 
Ltd., (416) 494-1666 
Dorval, Quebec 
Semad Electronics, Ltd., (514) 636-4614 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Saint Laurent, Quebec 
Hamilton/ Avnet International (Canada) 
Ltd., (514) 331-6443 
Regina, Saskatchewan 
Cam Gard Supply, Ltd., (306) 525-1317 
Saskatoon, Saskatchewan 
Cam Gard Supply, Ltd., (306) 652-6424 

GERMANY, MUNCHEN 
Electronic 2000 
Vertriebs GmbH 
Tel: 089 4340 61 

Ie MASTER DISTRIBUTOR 

Ferranti Electric 

Ferranti Electric 
East Bethpage Rd., 
Plainview, New York 11603 
(516) 293-8383 
TWX: (510) 224-6483 

Specific product information: 
Ken Kushman 

Application engineering: 
Ken Kushman 

Literature: 
Diane MacKenzie 

Price and delivery: 
Ken Kushman 

Follow-up an order: 
Diane MacKenzie 

All other information: 
Ken Kushman 

2458 

Sales Offices & Representatives 

FL Orlando 
Publicover Associates, (305) 898-9361 

IL Morton Grove 
T Squared Associates, (312) 965-1515 

MI Grand Rapids 
R. P. Urban Assoc., (616) 245-6511 

NJ Fairneld 
Brunetta Sales, (201) 227-2522 

NY Huntington 
Brunetta Sales, (516) 549-3286 

Inti United Kingdom, Chadderton, Oldham 
Ferranti, Ltd., Tel: 061-624 0515 

Inti West Germany, Munchen 
Ferranti GmbH, Tel: (089) 293-871 

GERMANY, MUNCHEN 
Astronic GmbH 

Tel: 089-3040 11 
IC MASTER DISTRIBUTOR 

Fujitsu 

Fujitsu America, Inc. 
1208A East Araues Avenue 
Sunnyvale,Cal'ifornia 94086 
(408) 739-3200 
TWX: 910-338-0047 

Specific product information: 
Ron Gorshe 

Application engineering: 
Ron Gorshe 

Literature: 
Sam lancaster 

Price and delivery: 
Nan Gonzales-Ketchum, Jan Tomisaka 

Follow-up an order: 
Nan Gonzales-Ketchum, Jan Tomisaka 

Distribution: 
Dan Buist, San Lancaster 

Sales Offices & Representatives 

AL Huntsville 
Hughes Associates, ·Inc., (205) 533-9108 

AZ Phoenix 
Fujitsu America, loc., (602) 994-9179 
Scottsdale 
DAR-C Inc., (602) 948-2240 

CA Los Alamitos 
Reed Electronic Marketing, (714) 821-9600 
Del Mar 
Reed Electronic Marketing, (714) 452-1456 
Mt. View 
Straube Associates, (415) 969-6060 

CO Westminster 
Straube Associates, (303) 426-0890 

CT North Haven 
Comp Rep Associates, (203) 239-9762 

FL Maitland 
Lawrence ASSOCiates, Inc., (305) 647-1118 
Clearwater 
lawrence Associates, Inc., (813) 443-2698 

IL ROiling Meadows 
Sieger Associates, (312) 991-6161 
Roselle 
Fujitsu America, Inc., (312) 529-7220 

MD Baltimore 
Component Sales Inc., (301) 484-3647 

IIA "'""""dh<!!!! H!!i~h!! 
Camp Rep Associates, (617) 444-2484 

MN Minneapolis 
\ Electromec Sales Inc., (612) 835-2177 

MO St. Louis 
Engineering Services Company, 
(314) 997-1515 
Independence 
Engineering Services Company, 
(816) 254-3600 

NM Albuquerque 

NY 

HC 

C:t,.<;lnho l\(",C'''\I ... j'':l.''''~ Ic:. ... r;:\ "at;: "''''C't"i 

Jamaica 
SJ Sales, (212) 291-3232 
Raleigh 
Component Sales Inc., (919) 782-8433 

OH 

PA 

TN 

TX 

UT 

WA 

Can 

AZ 

CA 

CT 

FL 

IL 

KS 

MA 

MD 

NJ 

NY 

OH 

TX 

Gel 

Gene 
Micn 
600 i 
Hickl 
(516) 
TWX 

AZ 

CA 



MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Inti Finland, Helsinki EMM/Semi (cant) Exar sw Instruments, Tel: 73 82 65/ 762486 
Inti France, Sevres 

MI Ann Arbor Tekelec/Airtronic, Tel: (1) 027 7535 
Arrow Electronics, (313) 971-8220 Exar Integrated Systems Inti Germany, Korshenbroich 

MN Bloomington 750 Palomar Avenue. R Ohm Electronics GmbH, 
Arrow Electronics, (612) 687-6400 Sunnyvale, California 94086 Tel: (02161) 29 805 

NC Kernersville (408) 732-7290 Inti Greece, Nikaia 
Arrow Electronics, (919) 996~2039 TWX: 910-339-9233 General Electronics Ltd., Tel: 49 13 595 

NH Manchester Specific product information: Inti Hong Kong, Kowloon 
Arrow Electronics, (603) 668-6968 Earl Kiyan R. Ohm Electronics (H.K.) Co. Ltd., 

Tel: 3-688841/2-672307 NJ . Morristown Application engineering: 
Inti India, Bombay Arrow Electronics, (609) 235-1900 Joel Silverman, Perry Mostaan 

Zenith Electronics, Tel: 38 42 14 Perth Amboy Literature: 
Sterling Electronics, (201) 442-8000 Sharon Hites, Debbie Spotts Inti Israel, Bnei-Brak 
Saddlebrook Price and delivery: CVS Technologies, 1974 Ltd. 
Arrow Electron-ics, (201) 797-5800 Sharon Hites, Debbie Spotts Tel: 25 55 061 25 92 41 

Inti Italy, Milano NM Albuquerque Follow·up an order: 
I.S.A.B. Spa, Tel: (02) 6886306/6886315 Bell Industries, (505) 292-2700 Sharon !;lites, Debbie Spotts 

Inti Japan, Yokohama Sterling Electronics, (505) 345-6601 All other information: 
Panetron Div., Tokyo Electron Labs Inc., NY Farmingdale Sharon Hites, Debbie Spotts 
Tel: (045) 47 18 811 Arrow Electronics, (516) 694·6800 Inti Netherlands, Zoetermeer 

OH Cleveland 
Tekelic/Airtronic V.B., Tel: 079·310100 Arrow Electronics, (216) 464-2000 Sales Offices & Representatives Inti New Zealand 

Kettering 
Professional Electronics Ltd., Tel: 469450 Arrow Electronics, (513) 253-9176 AL Huntsville Inti Norway, Oslo 

TX Austin Rep Inc., (205) 881·9270 Hefro Teknisk AlS, Tel: 38 02 86 
Ster1ing Electronics, (512) 836-1341 AZ Scottsdale Inti South Africa, Randburg 
Dallas Summit Sales, (602) 994-4587 South Continental Devices (Pty) Ltd., 
Sterling Electronics, (214) 357-9131 CA Culver City Tel: 480515 
Houston DeAngelo Rothman & Co., (213) 398-6239 Inti Spain, Madrid 
Sterling Electronics, (713) 627-9800 San Diego Elico Fastronix S A, Tel: 415 66 54 

UT Salt Lake City DeAngelo Rothman & Co., (714) 560·5707 Inti Sweden, Upplands Vasby 
Bell Industries, (801) 972·6969 Sunnyvale Johan Lagercrantz KB, Tel: (0760) 86 120 

VA Richmond Trident Associates, (408) 734·5900 Inti Switzerland, Zurich 
Sterling Electronics, (804) 226-2190 CO Denver Amera Electronics AG Tel: (01) 57 11 12 

WA Bellevue Component Sales Inc., (303) 759·1666 Inti United Kingdom, Thame, Oxon 
Bell Industries, (206) 747-1515 CT JUdgefield Memec Ltd., Tel: (084421) 3146 
-Seattle Phoenix Sales, (203) 438-9644 Inti Latin America 
Sterling Electronics, (206) 762-9100 FL Casselberry Mountain View, California 

WI Oak Creek EIR Incorporate, (305) 830-9600 Intectra., Tel: (415) 96 78 818 
Arrow Electronics, (414) 764·6600 ·GA Tucker 

Rep Inc., (404) 938-4358 Can Downsview, Ontario 
IL Des Plaines Zentronics, (416) 635-28~2 

Janus, (312) 298-9330 Distributors 
10 Cedar Rapids 

Bytronix Inc., (309) 3.17-8275 AZ Phoenix 
MONTREAL, QUEBEC MA Burlington Choyce Electronic Distr., (602) 997·6194 

Future Electronics Contact Sales Inc., (617) 273-1520 CA Chatsworth 

Tel: (514) 735-5775 MD Baltimore Jaco, (213) 998-2200 
Component Sales Inc., (301) 484-3647 Culver City 

IC MASTER DISTRIBUTOR MN Minneapolis Nesco, (213) 391-6294 
Electronic Innovators, (612) 884-7471 San Diego 

MO Bridgeton Intermark Electronics, (714) 279-5200 
Montreal, Quebec Dytronix Inc., (314) 731-5799 Santa Ana 
Zentronics, (514) 735-5361 Independence Intermark Electronics, (714) 540-1322 
Ottawa, Ontario Dytronix, (816) 373·6600 Sunnyvale. 
Zentronics, (613) 238-6411 NC Raleigh Intermark Electronics, (408) 738-1111 
Resdale, Ontario Component Sales, (9'19) 782-8433 Western Microtechnology, (408) 737-1660 
Future Electronics, (416) 675-7820 NM Albuquerque CO Wheat ridge 

Inti Australia, Strathfield Tri-Tronix, (505) 265-8409 Century Electronics, (303) 424-1985 
Amprec Engrg. Co., Tel: 02~818-1166 NY Buffalo IL Clearwater 

Inti Denmark, Copenhagen Quality Components Inc., (716) 839-2044 Diplomat Southland, (813) 443-4514 
E. V. Johanssen Elektronik A-S, Manlius IA Cedar Rapids Tel: (451) 83-9022 Quality Components Inc., (315) 682-8885 

Iowa Technical Supply, (319) 377·5795 Inti England, Thames Plainview 
IL Westmont Memec Ltd., Tel: Thame 084421-3149 ERA Inc., (516) 822-9890 

R. M. Bodelle Co. Inc., {312) 323.9670 Inti France, Antony OH Columbus 
. McFadden Sales, (614) 459~1280 IN Anderson Aimex SA, Tel: 666 21 12 

OK Tulsa Graham Electronics, (317) 644-3381 Inti Germany, Munchen 
Technical Marketing Inc., (918) 622-5984 Fort Wayne 

Dema Electronische, Tel: 089-288018 PA Huntington Valley Graham Electronics, (219) 423.3422 
Inti Italy, Milano 

Dick Knowles Assoc., (215) 947-5641 Indianapolis 
Eltronic S.R.L., Tel: 313364 TN Jefferson City Graham Electronics, (317) 634-8202 

Inti Japan, Tokyo Rep Inc., (615) 475·4105 Lafayette 
Nissho Electronics Corp., Tel: (03)544-8311 TX Dallas Graham Electronics, (317) 742-4006 

Inti Netherlands, Breda Technical Marketing Inc., (214) 387-3601 Muncie 
Famatra Benelux, Tel: 076/133457 Houston Graham Electronics, (317) 288-8837 

Inti Norway, Oslo Technical Marketing Inc., (713) 777-9228 KS Wichita 
Henaco AlS, Tel: (02) 157550 UT Salt Lake City Radio Supply, (316) 267-5216 

Inti Sweden, Sundby berg SK Component Sales, (801) 4"84-4222 MA Dedham 
WA Bellevue Gerber Electronics, (617) 329-2400 AB Electroflex, Tel: Stockholm (8) 289290 

SDR2 Products & Sales, (206) 747-9424 MD Gaithersburg Inti Switzerland, Zurich 
Can Mississauga, Ontario Pioneer, (301) 948-0710 Rotronic AG, Tel: (01) 523211 

RFQ Limited, (416) 626-1445 MI Ann Arbor 
Montreal, Quebec Wedermeyer Electronics, (313) 665-8611 
RFQ Limited, (514) 694-5724 Livonia 

Essex International Inti Argentina, Pisos Camelot, (314) 591-0055 
Rayo Electronica ARL. Tel: 37 9890 MN Minneapolis 

Essex International, Inc. Inti Australia, Prospect Cassidy Electronics, (612) 835-7746 
301 Alpha Drive A. J. Ferguson (Adelaide) Pty. Ltd., MO St. Louis 
Pittsburgh, Pennsylvania 15328 Tel: 2691 244 Olive Industrial Elect., (314) 426-4500 
(412) 782-0200 Inti Denmark, Copenhagen MT Belgrade 
(412) 963-7203 Mer-el A/S Tel: (01) 20 7444 44 Flamand Elect. Supply, (406) 388·6606 

\ 
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Exar (cont) 
NH Londonderry 

Yankee Elect., (603) 625-9746 
NM Albuquerque 

Century Electronics, (505) 292-2700 
NY Hauppauge 

Components Plus, (516) 231-9200 
Jaco, (516) 273-5500 

OH Cincinnati 
Graham Electronics, (513) 772-1661 

OK Tulsa 
Component Specialties Inc., (918) 664-2820 
Radio, Inc., (918) 587-9123 

OR Portland 
Radar, (503) 233-3691 

PA Erie 
Advacom, (814) 455-8110 
Horshalt' 
Pioneer, (215) 674-4000 

TX Austin 
Component Specialties Inc., (512) 459-3307 
Dallas 
Component Specialties Inc;, (214) 357-6511 
Houston 
Component Specialties Inc., (714) 771-7237 

UT Salt Lake City 
Century Electronics Div. of Bell Inc., 
(801) 972-6969 

WA Seattle 
Radar, (206) 282-2511 
Steriing Eiectronics, (206) 762-9100 

WI Mequin 
Taylor Electric Co., (414) 241-4321 

Can Calgary. Alberta 
PAAR Ind. Electronics Ltd, (403) 287-2840 
Edmonton, Alberta 
PAAR, (403) 436-4445 
Lethbridge, Alberta 
PAAR, (403) 327-1933 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735';5775 

IC MASTER DISTRIBUTOR 

Vancouver, B.C. 
RAE Industrial Electronics, (604) 687-2621 
Winnepeg, Manitoba 
WE S Ltd., (204) 632-1260 

GERMANY, MUNCHEN 
Astronic GmbH 
Tel: 089-304011 

IC MASTER DISTRIBUTOR 

Fairchild 

Fairchild Camera and Instrument Corp. 
Semiconductor Groups 
464 Ellis Street 
MOllntai" View, California 94042 

~~!,~.,~~~~~~~1 ~~.~ 
, y,.I"\_\"" I VJvl .;j-Vv .... v 

SpeCific product information: 
Local field sales office or franchised distributor, 
or contact the specific product marketing depart­
ment at 464 Ellis Street, Mountain View, CA 
Reauest throuoh mllin !'lwitr.hhoMrI: (41~\ Q";?-
5011: - . • -. --

LSI Products .... 
Microprocessors (MOS, Bipolar, ECL) 
Memories (Bipolar, MOS, CCD) 
LSI Logic (ECL, MOS, CCD) 
Analog (CCD) 

IC Components 
Digital SSI & MSI (TTL & CMOS) 
Linear 
Interface 
I-lvhrirl 

Discrete 
Diode 
TranSistor - Power & Smal! Signal 
OPTO 
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Application engineering: 
See Product Information 

Literature: 
Local field office, representative or franchised 
d i stri butor. 

Price and delivery: 
Local field sales office or franchised distributor. 

Place an order: 
Local field sales office or franchised distributor. 

Follow-up an order: 
Cusiomer Service Ceniet, 40j Eiiis Street, Moun­
tain View, CA 94042, (415) 962-4486 

All other information: 
Fairchild Information Line, (415) 962-4401 

AL 

AZ 

CA 

co 

CT 

FL 

GA 

IL 

IN 

KS 

MA 

MD 

MI 

MN 

MS 

NC 

NJ 

NM 

NY 

Sales Offices & Representatives 

Huntsville 
Cartwright & Bean, Inc., (205) '533-3509 
Field Sales Ottlce, (205) 837-8960 
Phoenix 
Field Sales Office, (602) 264-4948 
EtSegundo 
Celtec Co., (213) 644-9712 
Los Angeles 
Field Saies Office, (213) 990-9800 
San Diego 
Celtec Company, (714) 279-7961 
Intermark Electronics Inc., (714) 279-5200 
Santa Ana 
Field Sales Office, (714) 558-1881 
Intermark Electronics Inc., (714) 540-1322 
Santa Clara 
Field Sales Office, (408) 244-1400 
Magna Sales, Inc., (408) 985-1750 
Littleton 
Simpson Associates, Inc., (303) 794-8381 
Ridgefield 
Phoenix Sales Company, (203) 438-9644 
Altamonte Springs 
Lectromech, Inc., (305) 831-1577 
Field Sales Office, (305) 834-7000 
Clearwater 
Lectromech, Inc., (813) 726-0541 
Fort Lauderdale 
Ft. Lauderdale Office, (305) 771-0320 
Hollywood 
Lectromech, Inc., (305) 920-2291 
Atlanta 
Cartwright & Bean, Inc., (404) 255-5262 
Elk Grove Village 
Micro Sales, Inc., (312) 956-1000 
Rolling Meadows 
Chicago Office, (312) 640-1000 
Fort Wayne 
Field Sales Office, (219) 483-6453 
Indianapolis 
Field Sales Office, (317) 849-5412 
Leslie M. Devoe Co., (317) 842-3245 
Overland Park 
Field Sales Office, (913) 649-3974 
Shawnee Mission 
B. C. Electronic Sales, Inc., (913) 888-6680 
Wellesley 
Spectrum Associates, (617) 237-2796 
Wellesley Hills 
Field Sales Office, (617) 237-3400 
Columbia 
Field Sales Office, (301) 730-1510 
Delta III Associates, (301) 730-1510 
Detroit 
Rathsburg Associates, (313) 882-1717 
!=3!'~~~:tor. H:!!! 
Field Sales Office, (313) 478-7400 
Edina 
Field Sales Office, (612) 835-3322 
Minneapolis 
PSI Company, (612) 884-1777 

B. C. Electronic Sales Inc., (314) 731-1255 
Jackson 
Cartwright & Bean, Inc., (601) 981-1368 
Charlotte 
Cartwright & Bean, Inc., (704) 377-5673 
Raleigh 
Cartwright & Bean, Inc., (919) 781-6560 
Wayne 
Field Sales Office, (201) 696-7070 
Lorac Sales, Inc., (201) 696-8875 
Albuquerque 

. Field Sales Office, (505) 265-5601 
Endwell 
Tri-Tech Electronics, Inc., (607) 754-1094 

OH 

OK 

OR 

PA 

TN 

TX 

UT 

WA 

WI 

Can 

InU 

inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Fairport 
Field Sales Office, (716) 223-7700 
Tri-Tech Electronics, Inc., (716) 223-5720 
Fayetteville 
Tri-Tech Electronics, Inc., (315) 446-2881 
Hicksville 
Lorac Sales, (516) 681-8746 
Melville 
Field Sales Office, (516) 293-2900 
Poughkeepsie 
Fieid Saies Ottice, (914) 47~-5730 
Tri-Tech Electronics, Inc., (914) 473-3880 
Cleveland 
Sheridan/Cleveland, (216) 461-3300 
Dayton 
Field Sales Office, (513) 278-8278 
The Lyons Corporation, (513) 278-0714 
Highland Heights 
The Lyons Corporation, (216) 461-8288 
Tulsa 
Technical Marketing, (gIS, 622-5984 
Aloha 
Quadra Corporation, (503) 225-0350 
Pittsburgh 
Sheridan/Pittsburgh, (412) 351-4000 
Willow Grove 
BGR Associates, (215) 657-3301 
Field Sales Office, (215) 657-2711 
Knoxville 
Cartwright & Bean, Inc., (615) 693-7450 
Memphis 

. Cartwright & Bean, !nc., (901) 276-4442 
Dallas 
Field Sales Office, (214) 234-3391 
Technical Marketing, (214) 387-3601 
Houston 
Field Sales Office, (713) 771-3547 
Technical Marketing, (713) 777-9228 
Salt Lake City 
Simpson Assoc., Inc., (801) 571-7877 
Redmond 
Quadra Corporation, (206) 883-3550 
Wauwatosa 
Larsen Associates, (414) 258-0529 
Kirkland, Quebec 
R. N. Longman Sales, Inc., (L.S.I.), (514) 
694-3911 
Mississauga, Ontario 
R. N. Longman Sales, Inc., (L.S.I.), (416) 
625-6770 

Australia, New South Wales 
Fairchild Australia Pty. Ltd" Tel: Sydney 
(02) 438-2733 
Ausiria, Schwedenplatz 
Fairchild Electronics, Tel: 0222635821 
BraZil, Sao Paulo 
Fairchild Semiconductors, Ltda, Tel: 66-
9092 
France, Paris 
Fairchild Camera & Instrument SA, Tel: 
00331-584 5566 
Germany 
Hanover 
Fairchild Camera and Instrument, 
Tel: 0511 17844 
Leonberg 
Fairchild Camera and Instrument, 
Tel: 0715241026 
Munchen 
Tel: (089) 320031 
Nuermberg 
Fairchild Camera ann In!'llrllmt'ml 
Tel: 0911 407005 
Holland, Eindhoven 
Fairchild Semiconductor, Tel: 00-31-
40-446909 
Hong Kong, Kowloon 
Fairchild Semiconductnr (HK) Ltt.:!., Te!: 
K-890271 
Italy 
Milano 
Fairchild Semiconduttori, S.P.A., Tel: 02 
6887451 
Roma 
Fairchild Semiconduttori, S.P.A., 
Tel: 06 3274006 
Japan, Tokyo 
Fairchild Japan Corp., Tel: 03 400 8351 

Korea, Seoul d 
Fairchild Semikor Ltd., Tel: 85-0067 

Mexico, Mexico City 
Fairchild Mexicana SA, Tel: 9~~~563-5411 , 
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Fairchild (cont) 
Inti Singapore, Toa Payoh 

Fairchild Semiconductor Pty. Ltd., Tel: 
531-066 

Inti Taiwan, Taipei 
Fairchild Semiconductor (Taiwan) Ltd., 
Tel: 573205 

Inti United Kingdom 
Hertfordshire, England 
Fairchild Camera and Instrument (UK) 
Ltd., Tel: 0707 51111 

Inti West Lothian, Scotland 
Fairchild Semiconductor Ltd., Tel: living­
ston 0589 32891 

1---------------
I . ,,,e 
'io\J~ 
48" 01\ 

Distributors 

AL Huntsville 
Hallmark Electronics, (205) 837-8700 
Hamilton/ Avnet Electronics, (205) 533-1170 

AZ Phoenix 
Hamilton/ Avnet Electronics, (602) 275-7851 
Kierulff Electronics,(602) 243-4101 
Liberty Electronics, (602) 249-2232 
Sterling Electronics, (602) 258-4531 

CA Canoga Park 
G. S. Marshail Company, (213) 999-5001 
Costa Mesa 
Avnet Electronics, (714) 754,6111 
Culver City 
Hamilton Electro Sales, (213) 558-2121 
EI Monte 
G. S. Marshall Company, (213) 686-0141 
EI Segundo 
Liberty Electronics, (213) 322-8100 
Irvine 
G. S. Marshall Company, (714) 556-6400 
Mountain View 
Elmar Electronics, (415) 961-3611 
Hamilton/ Avnet Electronics, (415) 961-7000 

@IC MASTER 1979 

co 

CT 

FL 

GA 

IL 

IN 

KS 

LA 

MA 

MD 

MI 

MN 

MO 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

San Diego 
G. S. Marshall Company, (714) 278-6350 
Hamilton/ Avnet Electronics, (714) 279-2421 
Liberty Electronics/San Diego, (714) 565-
9171 
Sunnyvale 
eell Industries, (408) 734-8570 
Arvada 
G. S. Marshall Company, (303) 423-9670 
Commerce- City 
Elmar Electronics, (303) 287-9611 
Denver 
Cramer Electronics, (303) 758-2100 
Hamilton/Avnet Electronics, (303) 534-1212 
Wheatridge 
Century Electronics, (303) 424-1985 
Danbury 
Schweber Electronics, (203) 792-3500 
Georgetown 
Hamilton/ Avnet Electronics, (203) 762-0361 
North Haven 
Cramer Electronics, (203) 239-5641 
Norwalk 
Harvey Electronics, (203) 853-1515 
Fort Lauderdale 
Arrow Electronics, (305) 776-7790 
Hallmark Electronics, (305) 971-9280 
Hamilton/ Avnet Electronics, (305) 971-2900 
Hollywood 
Schweber Electronics, (305) 927-0511 
Orlando 
Cramer Electronics, (305) 894-1511 
Hallmark Electronics, (305) 855-4020 
Palm Bay 
Arrow Electronics, (305) 7.25-1408 
St. Petersburg 
Hami Iton / Avnet E lectronics,(813) 576-3930 
Doraville 
Arrow Electronics, (404) 455-4054 
Norcross 
Hamilton/ Avnet Electronics, (404) 448-0800 
Lykes Electronics Corporation, (404) 449-
9400 
Elk Grove Village 
Hallmark Electronics Inc., (312) 437-8800 
Kierulff Electronics, (312) 640-0200 
Schweber Electronics, Inc., (312) 593-2740 
Elmhurst 
Semiconductor Specialists, Inc., 
(312) 279-1000 
Schiller Park 
Hami Iton/ Avnet Electronics, (312) 678-6310 
Indianapolis 
Graham Electronics, (317) 634-8486 . 
Overtand Park 
Hamilton/ Avnet Electronics, (913) 888-8900 
Shawnee Mission 
Hallmark Electronics, ·Inc.,' (913).888-4746 
Metairie 
Sterling Electronics Corporation, (504) 
887-7610 ' 
Dedham 
Gerber Electronics, (617) 329-2400 
LeXington 
Harvey Electronics, (617) 861-9200 
Newton Centre 
Cramer Electronics, (617) 964-4000 
Waltham 
Schweber Electronics, (617) 890-8484 
Woburn 
Hamilton/ Avnet Electronics, (617) 933-8000 
Baltimore 
Hallmark Electronics Inc., (301) 796-9300 
Gaithersburg . 
Pioneer Washington Electronics, Inc., 
(301) 948-0710 
Schweber Electronics, (301) 840-5900 
Hanover 
Hamilton/Avnet Electronics, (301) 796-5000 
Farmington 
Sheridan Sales Co., (313) 477-3800 
Livonia 
Hamilton/ Avnet Electronics, (313) 522-4700 
Pioneer/ Detroit, (313) 525-1800 
Schweber Electronics, (313) 525-8100 
Wyoming 
R-M Electronics, (616) 531-9300 
Eden Prairie 
Schweber Electronics, (612) 941-5280 
Edina 
Hamilton/Avnet Electronics, (612) 941-3801 
Minneapolis 
Semiconductor Specialists, (612) 854-8841 
Earth City 
Hallmark Electronics, Inc., (314).291-5350 

NC 

NJ 

NM 

NY 

OH 

OK 

PA 

SC 

TX 

UT 

WA 

Hazelwood 
Hamilton/Avnet Electronics, (314) 731,-1144 
Greensboro 
Pioneer/Carolina Electronics, (919) 273-
4441 
Raleigh 
Hallmark Electronics, (919) 832-4465 
Hamilton/ Avnet Electronics, (919) 829-8030 
RESCa, (919) 781-5700 
Winston Salem 
Cramer Electronics, (919) 725-8711 
Cedar Grove ' 
Hamilton/ Avnet Electronics, (201) 239-0800 
Clifton 
Wilshire Electronics, (201) 365-2600 
Hazelwood 
Hamilton/Avnet Electronics, (314) 731-1144 
Mt. Laurel 
Hamilton/ Avnet Electronics, (609) 234-2133 
Wilshire Electronics (215) 627-1920 
Perth Amboy 
Sterling Electronics, (201) 442-8000 
Somerset 
Schweber Electronics, (201) 469-6008 
Albuquerque 
Century Electronics, (505) 292-2700 
Hamilton/ Avnet Electronics, (505) 765-1500 
Buffalo 
Summit Distributors, Inc., (716) 884-3450 
E. Syracuse 
Cramer Electronics, (315) 437-6671 
Hamilton/Avnet Electronics, (315) 437-2642 
Farmingdale 
Arrow Electronics, (516) 694-6800 
Hauppauge 
Components Plus, Inc., (516) 231-9200 
Cramer Electronics, (516) 231-5682 
Jaco Electronics, Inc., (516) 273-1234 
Rochester 
Hamilton/ Avnet Electronics, (716) 422-7820 
ROChester Radio Supply, (716) 454-7800 
Schweber Electronics Inc., (716) 461-4000 
Westbury 
Hamilton/ Avnet Electronics, (516) 333-5800 
Schweber Electronics, (216) 464-2970 
Beachwood . 
Schweber Electronics, (216) 464~2970 
Sheridan Sales Company, (216) 831-0130 
Cleveland 
Hamilton/ Avnet electronics, (216) 461-1400 
Pioneer/Cleveland, (216) 587-3600 
Sheridan/Cleveland, (216) 461-3300 
Dayton 
Hamilton/Avnet Electronics, (513) 433-0610 
Pioneer/Dayton, (513) 236-9900 
Reading 
Sheridan Sales Co.', (51-3) 761-5432 
Tulsa 
Hallmark Electronics, (918) 835-8458 
Radio Inc. Industrial Electronics, 
(918) 587-9123' 
Horsham 
Pioneer/Delaware Valley Electronics, 
(215) 674-4000 
Schweber Electron ics, (215) 441-0600 
Huntingdon Valley . 
Hallmark Electronics, Inc., (215) 355-7300 
Pittsburgh 
Pioneer ElectroniCS, Inc., (412) 782-2300 
Sheridan Sales Company, (412) 244-1640 
Columbia 
Dixie Electronics, Inc., (803) 779-5332 
Austin 
Hallmark Electronics Corp., (512) 837-2814 
Dallas 
Cramer Electronics, (214) 661-9300 
Hallmark Electronics, (214) 234-7300 
Hamilton/Avnet Electronics, (214) 661-8661 
Schweber Electronics, Inc., (214) 661-5010 
Fort Worth 
Allied Electronics, (817) 336-5401 
Houston 
Hallmark Electronics, Inc., (713) 761-6100 
Hamilton/ Avnet Electronics, (713) 780-1771 
Schweber Electronics, Inc., (713) 784-3600 
Sterling Electroni~s, (713) 627-9800 
Salt Lake City 
Century Electronics, (801)' 972-6969 
Hamilton/ Avnet Electronics, (801) 972-2800 
Bellevue 
Hamilton/ Avnet Electronics, (206) 746-8750 
Liberty Electronics, (206) 453-8300 
Seattle 
Radar Electric Company, Inc., (206) 282-
2511 
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Fairchild (cont) Sales Offices & Representatives 

Milwaukee WI FL Orlando 
Marsh Electronics, Inc., (414) 475-6000 

Publicover Associates, (305) 898-9361 
New Berlin IL Morton Grove 
Hamilton! Avnet Electronics, (414) 784·4510 

T Squared Associates, (312) 965·1515 
Can Calgary, Alberta MI Grand Rapids 

I Cam Gard Supply, Ltd., (403) 287-0520 R. P. Urban Assoc., (616) 245·6511 

I Edmonton, Alberta NJ Fairfield 
Cam Gard Supply. Ltd., (403) 426-1805 Brunetta Sa:as, (201) 227 .. 2522 
Red Deer, Alberta NY Huntington 
Cam Gard Supply, Ltd., (403) 346-2088 Brunetta Sales, (516) 549-3286 
Kamloops, British Columbia Inti United Kingdom, Chadderton, Oldham 
Cam Gard Supply, Ltd., (604) 372·3338 Ferranti, Ltd., Tel: 061-624 0515 
Vancouver, British Columbia Inti West Germany, Munchen 
RAE. Industrial Electronics, Ltd., (604) Ferranti GmbH, Tel: (089) 293·871 
687-2621 
Winnepeg, Manitoba 
Cam Gard Supply, Ltd., (204) 786·8401 GERMANY, MUNCHEN 
Fredericton, New Brunswick Astronic GmbH 
Cam Gard Supply, Ltd., (506) 455·8891 

Tel: 089-3040 11 Moncton, New Brunswick 
Cam Gard Supply Ltd., (506) 855·2200 IC MASTER DISTRIBUTOR 
Halifax, Nova Scotia 
Cam Gard Supply, Ltd., (902) 454·8581 
Downsview, Ontario 
Semad Electronics, Ltd., (416) 635·9880 

Fujitsu Mississauga, Ontario 
Hamilton! Avnet International (Canada) 
Ltd., (416) 677-7432 Fujitsu America, Inc. 
Ottawa. Ontario 1208A East ArQues Avenue 
Future ··Electronics Corporation, (613) 232- Sunnyvale, California 94086 
7757 (408) 739·3200 
Hamilton/ Avnet International (Canada) TWX: 910·338-0047 
Ltd., (613) 226-1700 

Specific product information: Semad Electronics, Ltd., (613) 722·6571 
Ron Gorshe Rexdale, Ontario 

Application engineering: Future Electronics Corporation, (416) 677· 
Ron Gorshe 7820 

Literature: Willowdale, Ontario 
Sam Lancaster Electro Sonic Industrial Sales (Toronto) 

Ltd., (416) 494·1666 Price and delivery: 

Dorval, Quebec Nan Gonzales-Ketchum, Jan Tomisaka 

Semad Electronics, Ltd., (514) 636-4614 Follow·up an order: 
Nan Gonzales-Ketchum, Jan Tomisaka 

Distribution: 

MONTREAL, QUEBEC Dan Buist, San Lancaster 

Future Electronics 
Tel: (514) 735-5775 Sales Offices & Representatives 

IC MASTER DISTRIBUTOR 
AL Huntsville 

I 
Hughes .A,ssociates. !nc., (205) 533-9108 

I 
Saint Laurent, Quebec AZ Phoenix 
Hamilton/Avnet International (Canada) Fujitsu America, Irrc., (602) 994-9179 
Ltd., (514) 331-6443 Scottsdale 
Regina, Saskatchewan DAR-C Inc., (602) 948-2240 
Cam Gard Supply, Ltd., (306) 525·1317 CA Los Alamitos 
Saskatoon, Saskatchewan Reed Electronic Marketing, (714) 821·9600 
Cam Gard Supply, Ltd., (306) 652·6424 Del Mar 

Reed Electronic Marketing, (714) 452-1456 
Ml. View 

GERMANY, MUNCH EN Straube Associates, (415) 969-6060 

Electronic 2000 CO Westminster 

Vertriebs GmbH Straube Associates, (303) 426-0890 
CT North Haven Tel: 089 4340 61 Comp Rep Associates, (203) 239-9762 

IC MASTER DISTRIBUTOR '--___________ .... 1 I FL Maitland 
Lawrence Associates, Inc., (305) 647-1118 
Clearwater 

Ferranti Electric 

Ferranti Electric 
East Bethpage Rd., 
Plainview, New York 11603 
(516) 293-8383 
TWX: (510) 224·6483 

Specific product information: 
Ken Kushman 

Application engineering: 
Ken Kushman 

Literature: 
Diane MacKenzie 

Price and delivery: 
Ken Kushman 

~OIlOW'Up an oraer: 
Diane MacKenzie 

All other information: 
Ken Kushman 
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MD 

MA 

MN 

MO 

NM 

NY 

NC 

Lawrence Associates, Inc., (813) 443-2698 
Ramns Me:ldows 
Sieger Associates, (312) 991-6161 
Roselle 
Fujitsu America, Inc., (312) 529·7220 
Baltimore 
Component Sales Inc., (301) 484-3647 
Needham Heiahts 
Comp Rep Associates, (617) 444-2484 
Minneapolis 
Electromec Sales Inc., (612) 835-2177 
SI. Louis 
Engineering Services Company, 
(314) 997-1515 
Independence 
Engineering Services Company, 
(816) 254-3600 
Albuquerque 
StrilllhA A"'~or.iilt"'~ (<;1 <;\ ?~<;_77<;Q 

Jamaica 
SJ Sales, (212) 291·3232 
Raleigh 
Component Sales Inc., (919) 782-8433 

OH Columbus 
McFadden Sales, (614) 459-1280 

PA Narberth 
Bresson Associates, Inc., (215) 664-6460 

TN Morristown 

TX 
Gillum Sal~s Inc., (615) 587-2770 
Dallas 
Delta Components, (214) 241-4914 

UT Salt Lake City 
Straube Associates, (801) 322-1828 

WA Bellevue 
Olson, Ferree & Associates, (206) 454-1210 

Can Ottawa, Ontario 
Cantec Representatives, Inc., 
(613) 225·0363 
Pointe Claire, Quebec 
Cantec Representatives, Inc., 
(514) 694·4049 
Rexdale, Ontario 
Cantec Representatives, Inc., 
(416) 675·2460 

Distributors 

AZ Phoenix 
Moltronics, (602) 272-7951 

CA San Diego 
Moltronics, (714) 278·5020 
Santa Clara 
Moltronics, (408) 244-7600 
Southgate 
MOltronics, (213) 7.73-6521 
Mt. View 
Time Electronics Nor·Cal, (415) 965-8000 
Torrance 

. Time Electronics - West, (213) 320·0880 
CT Orange 

Milgray Connecticut, (203) 795-0711 
FL Winter Park 

Milgray Florida, Inc., (305) 647-5747 
Ft. Lauderdale 
Time Electronics, (305) 974-4800 

IL Northbrook 
Classic Components Supply, Inc., 
(312) 272·9650 

KS Overland Park 
Milgray Kansas City, Inc., (913) 236·8800 

MA Burlington 
Milgray Electronics - New England, 
(617) 272-6800 
Woburn 
Time Electronics - New England, 
(617) 935·8080 

MD Lanham 

I 
Milgray Washington Inc., (301) 459·2222 

NJ Cherry Hill 
Milgray Del Valley, Inc., (609) 424-1300 

NY Freeport 

OH 
Milgray Electronics !nt'!, (516) 546-6000 
Cleveland 
Milgray Cleveland, (216) 881·8800 

TX Dallas 
Trevino Electronics Inc., (214) 358·2418 

MONTREAL, QUEBEC 
Future Electronics I I Tel: (514) 735-5775 

j I IC MASTER DISTRIBUTOR 1 I ,.---------' 
I General Instrument 

General Instrument Corporation 
Microelectronics 
600 'v"Yt:::lii Juhu Street 
Hicksville, New York 11802 
(516~ 733·3107 
TWX: (510) 221·1866 

Sales Offices & Representatives 

AZ Chandler 
Southwest Sales Office, (602) 963·7373 
Dhn .. niv 

Electronic Development & Sales, 
CA (602) 277-7407 

EISegundo 
Varigon Assocs., (213) 322-1120 
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General Instrument (cont) 
Newport Beach 
Western Sales Office, (714) 833-9400 
Sunnyvale 
Quad Rep, (408) 733-7300 

CO Wheat Ridge 
Eggeman Assoc:, (303) 423-3707 

CT Stratford 
Gerald Rosen Company, (203) 375-5456 

FL Ft. Lauderdale 
Hutto, Hawkins & Peregoy, (305) 971-5750 
Maitland 
Hutto, Hawkins & Peregoy, (305) 831-2474 

IA Cedar Rapids . 
PMA, (319) 362-9177 

IL Chicago 
Central Sales Office, (312) 338~9200 
Park Ridge 
Metcom Assoc., (312) 696-1490 

IN Ft. Wayne 
Valentine & Assoc., (219) 482-8542 
Greenwood 
Valentine & Assoc., (317) 888-2260 
South Bend 
Valentine & Assoc., (219) 282-1251 

KS Overland Park 
PMA, (913) 381-0004 
Wichita 
PMA, (316) 264-2662 

MA Framingham 
Gerald Roseri, (617) 879-5505 
Weston 
Northeast Sales Office, (617)899-8800 

MD Baltimore 
Component Sales, (301) 484-3647 
Towson 
Southeast Sales Office, (301) 296-8010 

MI Southfield 
Valentine & Assoc., (313) 559-3680 

MN Minneapolis 
Quantium Sales, (612) 831-8583 

MO Maryland Heights 
PM A, (314) 569-1220 

NC Raleigh 
Component sales, (919) 782-8433 

NJ Teaneck 
R. T. Reid Assoc., (201) 692-0200 

NY Hicksville 
General Instrument Corp., Microelectronics 
Headquarters, (516) 733-3107 

OH Richfield 
Bear Marketing, (216) 659-3131 

OR Portland 
Jas. J. Backer Company, (503) 297-3776 

PA Bridgeville 
Foster-McClinton, (412) 941-4800 
Erie 
Foster-McClinton, (814) 455-9111 
Huntingdon Valley 
Knowles Assoc., (215) 947-5641 

TX Houston 
Oeler & Menelaides, (713) 772-0730 
Richardson 
Oeler & Menelaides, (214) 234-6334 

WA Seattle 
Jas. J. Backer Company, (206) 285-1300 

WV Nitro 
Foster-McQlinton, (304) 763-5161 

Can Mississauga, Ontario 
Pipe-Thompson, Ltd., (416) 274-1269 

Inti Germany, Munchen 
General Instrument Deutschland GmbH, 
Tel: (089)28 40 31 

Inti Italy, Milano 
Southern European Sales Office, 
Tel: 02/ 4084101 

Inti Japan, Tokyo 
General Instrument International Corp., 
Tel: (03) 437-0281 

Inti Hong Kong, Kowloon 
General Instrument Hong Kong Ltd., Tel: 
3-675528 

Inti Taiwan, Taipei 
General Instrument Microelectronics 
Taiwan, Tel: (07) 830402 

Inti United Kingdom, London 
General Instrument Microelectronics Ltd., 
Tel: 01-439-1891 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Distributors 

AL Huntsville 
Hall-Mark~ (205) 839-8700 

AZ Phoenix 
Cramer, (602) 267-7321 

CA Los Angeles 
Cramer, (714) 979-3000 
San Diego 
Intermark, (714) 279-5200 
Santa Ana 
Intermark, (714) 540-1322 
Sunnyvale 
Cramer, (408) 739-3011 
Diplomat, (408) 734-1900 
Intermark, (408) 738-1111 
Woodland Hills 
Jaco, (213) 884-4560 

CO Denver 
Cramer, (303) 758-2100 

CT Hamden 
Arrow, (203) 248-3801 
N. Hayen 
Cramer, (203) 239-5641 

FL Clearwater 
Diplomat, (813) 443-4514 
Ft. Lauderdale 
Arrow, (305) 776-7790 
Hall-Mark, (305) 971-9280 
Ho'lIywood 
Cramer, 3(05) 921-7878 
Orlando 
Cramer, (305) 894-1511 
Hall-Mark, (305) 855-4020 
Palm Bay 
Arrow, (305) 725-1480 

GA Atlanta 
Arrow, (404) 455-4054 

IL Chicago 
Arrow, (312) 893-9420 
Cramer .. (312) 593-8230 

KS 

MA 

MD 

MI 

MN 

MO 

NC 

NH 

NJ 

NM 

NY 

OH 

OK 

PA 

TX 

UT 

WA 

Elk Grove Village 
Diplomat, (312) 595-1000 
Hall-Mark, (312) 437-8800 
Schaumburg 
Arrow, (312) 893-9420 

Shawnee Mission 
Hall-Mark, (913) 888-4747 

Chicopee Falls 
Diplomat, (413) 592-9441 
Holliston 
Diplomat, (617) 429-4120 
Newton 
Cramer, (617) 964-4003 
Woburn 
Arrow, (617) 933-8130 

Baltimore 
Arrow, (301) 247-5200 
Hall-Mark, (301) 796-9300 
Gaithersburg 
Cramer, (301) 948-0110 
Pioneer, (301) 948-0710 

Detroit 
Cramer, (313) 425-7000 
Farmington 
Diplomat, (313) 477-3200 

,Bloomington 
Arrow, (612) 887-6400 
Edina 
Cramer, (612) 835-7811 
Minneapolis 
Diplomat, (612) 788-8601 
Hall-Mark, (612) 884-9056 

Earth City 
Hall-Mark, (314) 291-5350 
St. Louis 
Diplomat, (314) 645-8550 

Raleigh 
Hall-Mark, (919) 832-4463 
Winston-Salem 
Arrow, (919) 996-2039 
Cramer, (919) 725-8711 

Manchester 
Arrow, (603) 668-6g68 

Cherry Hill 
Cramer, (609) 424-5993 
Moonachie 
Cramer, (201) 785-4300 
Moorestown 
Arrow, (609) 235-1900 
Mt. Laurel 
Diplomat, (609) 234-8080 
Saddlebrook 
Arrow, (201) 797-5800 
Totowa 
Diplomat, '(201) 785-1830 

Albuquerque 
Cramer, (505) 243-4566 

Farmingdale 
Arrow, (516) 694-6800 
Fishkill 
Arrow, (914) 896-7530 
Hauppauge 
Cramer, (516) 231-5600 
W. Babylon 
Arrow, (516) 643-4500 
Woodbury 
Diplomat, (516) 921-9373 

Cleveland 
Arrow, (216) 464-2000 
Cramer, (216) 248-8400 
Columbus 
Hall-Mark, (614) 846-1882 
Dayton 
Arrow, (513) 253-9176 

Tulsa 
Hall-Mark, (918) 835-8458 

Huntington Valley 
Hall-Mark, (215) 355-7300 

Austin 
Hall-Mark, (512) 837-2814 
Dallas 
Cramer, (214) 661-9300 
Hall-Mark, (214) 234-7343 
Houston 
Hall-Mark, (713) 781-6100 

Salt Lake City 
Diplomat, (801) 486-4134 

Seattle 
Cramer, (206) 575-0907 
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General Instrument (cont) 

WI Milwaukee , 
Ha!I·Mark, (414) 476·1270 
Oak Creek 
Arrow, (414) 764-6600 

Can Vancouver, British Columbia 

Inti 

rntl 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

1 
I 
Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inll 
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RAE Industrial Electronics Ltd., (604) 687-
2621 
Winnipeg, Manitoba 
Cam Guard Supply & Service Ltd" (204) 
786-8481 
Rexdale, Ontario 
Future Electronics Corp., (416) 677-7820 

MONTReAL, QUEBEC 
Future Electronics 
Tel: (514) 735·5775 

IC MASTER DISTRIBUTOR 

Australia 
Crows Nesl, New South Wales 
G.E.S. (Pty) Ltd., Tel: 439-2488 

, Austria, Wien 
Elbetex GmbH, Tel: 0043/222/869158 

Belgium, Bruxelles 
C. P. Cla:'e International N.V., 
Tel: 02-771.98.08 

Brazil, Sao Paulo, 
KDC Desenvolvimento Ltd .. 
Tel: 011/210/5508 

Denmark, Herlev 
A/S Nordisk·Elektronik, Tel: 84.30.00 

Finland. Espoo 
Jorma Sarkkinen Ky .. Tel: 46.10.88 

France, Montrouge 
P.E.P., Tel: 735-33-20 

Germany 
Berlin 
Roederstein·Baulemente, Tel: 030/7014029 
Frankfurt/Main 
Berger Elektronik GmbH, Tel: 0611 490311 
Hebronn 
Elbalex GmbH. Tel: 07131/89001 
Lehrle 
Aitron KG, Tei: 05132/53024 
43 40 61 

GERMANY. MUNCHEN 
Electronic 2000 
Vertriebs GmbH 
Tel: 089 4340 61 

IC MASTER DISTRIBUTOR 

Greece, Athens 
Elton Ltd .. Tel: (021) 93 48 912 

GREECE 

Adelsy S.p.A. 

Ie MASTER DISTRIBUTOR 

Holland, Geldermalsen 
Curijn Hasselaar, Tel: 3455-3150 

Hong Kong. Kowloon 
Aslec International, Ltd., Tel: 3-694751 

India, New Oehli 
SDM and Assoc., Tel: 393349/391225 

Iran, Tehran 
A. Ardehali. Tel: 621583 

Ireland, Dublin 
Neitronic, Ltd" Tei: (01) 501845 

Israel, Tel·Aviv 
Alexander Schneider. Ltd .. 
Tel: 320.89·346.07 

Italy 
Bologna 
I.C.C. S.LI., Tel: 051/726186 

Inti 

Inti 

Inti 

Genova 

ITALY 
Adelsy S.p.A. 

Tel: 010/589674 
IC MASTER DISTRIBUTOR 

Milano 
Adelsy S.p.A., Tel: 4985051-2-3-4-5 
Roma 
Adelsy S. p. A., Tel: 06/595310 
Torino 
Adelsy S.p.A., Tel: 011/53914 
Udine 
Adelsy S.p,A., Tel: 0432/26996 

Korea, Seoul 
Dongyoung Trading Co., Tel: 794-4812 

Norway, Oslo 
J. M. Feiring AlS, Tel: (02) 196200 

Philippines, MakatiRlzal 
Astec Philippines, Tel: 89-99-91 

Inti Portugal, Lisboa 
Equipamentos de Laboratorio, Lda., 
Tel: 976551 

PORTUGAL 

Adelsy S.p.A. 

IC MASTER DISTRIBUTOR 

Inti Singapore 
Astec Singapore Pte Ltd., Tel: 2-920-826 

Inti South Africa 
Dunswart 
Pace Electronic, Tel: 52-7025 

Inti Spain, Madrid 
Sagitron SA, Tel: 275.48.24 

SPAIN 

Adelsy S.p.A. 

IC MASTER DISTRIBUTOR 

inti Sweden, Sundbyberg 
Algers Elektronik AB, Tel: 08-985475 

Inti Switzerland, Zurich 
Eliyptic AG, Tei: (01) 54 1100 

Inll Taiwan, Taipei 
Astec Taiwan, Tel: 522-4800 

Inti Turkey, Istanbul 
EFG Inc., Tel: 66 73 61 

Inti United Kingdom 
Keighley 
Semicomps Northern Ltd., Tel: Keighley 
65191 
Kelso 
Semicomps Northern Ltd., Tel: Kelso 2366 
Kenilworth 
Semicomps Northern Ltd., Tel: 0926-59411 
Manchester 
Crellon Electronics Ltd., Tel: 061 831 7471 
Portsmouth 
SDS Components Ltd., Tel: 0705 65311 
St. Albans 
Semicomps Ltd., Tel: Bowmans Green 
~4522 

Slough 
Crellon Electronics, Tel: Burnham 4434 
West Drayton 
Semiconductor Speciaists Ltd .. Tel: West 
Drayton 46415 

Harris Semiconductor 

Harris Semiconductor 

P.O. Box 883 
Melbourne, Florida 32901 
(305) 724-7000 
TWX: 510-959-6259 

Specific product information: 
Contact Field Sales Office 

Application engineering: 
Contact Field Sales Office 

Literature: 
Contact Field Sales Office 

Price and delivery: 
Analog Products ................................ (305) 724-7673 
Digital Products ................................ (305) 724-7347 

Place an order: 
Contact Fiejd Sales Office 

Follow-up an order: 
Customer Services ............................ (305) 724-7430 

All other information: 
Marketing Communications ............ (305) 724-7407 

Sales Offices & Representatives 

AL Huntsville 

AZ 

CA 

co 

FL 

IL 

IN 

KS 

KY 

MA 

MD 

MI 

MN 

NC 

NJ 

NM 

NY 

OH 

OR 

Electronic Marketing Associates, 
(20p) 533-3620 

Phoenix 
Q. T. Wiles & Associates, (602) 971-6250 

Goleta . 
The Thorson Company, (805i 964-8751 
Mountain View 
Harris Semiconductor, (415) 964-6443 
Newport Beach 
Harris Semiconductor, (714) 540-2176 
Palo Alto 
Nor-Cal Associates, (415) 961-8121 
San Diego 
Hadden Associates, (714) 565-9444 

Denver 
The Thorson Company, (303) 759-0809 

Ft. Lauderdale 
Harris Semiconductor, (305) 971-3200 
Maitland 
Delmac Sales, (305) 423-7562 
Melbourne 
Harris Semiconductor, (305) 724-7000 
Pompano Beach 
Delmac Sales, (305) 781-6670 
Tampa 
Delmac Sales, (813) 685-9434 

Arlington Heights 
Harris Semiconductor, (312) 437-4712 
Elk Grove Village 
Oasis Sales, (312) 640·1850 

Fort Wayne 
Technical Representatives, (219) 484-1432 
Indianapolis 
Technical Representatives, (317) 849-6454 

Lenexa 
Electro Marketing Company, (913) 492-8863 

Louisville 
Technical Representatives, (502) 451-9818 

Burlington 
Mill-Bern Associates, Inc., (617) 273-1313 
Wellesley 
Harris Semiconductor, 617) 237-5430 

Lanham 
L D. Lowery, Inc., (301) 459-1556 
Farmington 
Miltimore Sales, (313) 476-2446 

51. Paul 
Cahill Associates, Inc., (612) 646-7217 

Winston·Salem 

(919) 722-5151 

Keasbey 
Addem Group (516) 752-9303 

Albuquerque 
The Thorson Co., (505) 265-5655 

Albany 
Reagan/Compar Albany, (518) 489-7408 
Farmingdale 
Addem Group, (516) 752-9303 
Melville 
Harris Semiconductor, (516) 249-4500 

Chagrin Falls 
Midwest Marketing ASSOCiates, 
(216) 247-6655 
Dayton 
HMri.: ~p.mic:onductor 1~1~\ ??R-nR~F; 

Midwest Marketing ASSOCiates, 
(513) 433-2511 

Beaverton 
N. R. Schultz Co., (503) 643-1644 
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Harris Semiconductor (cont) 

PA Broomall 
L. D. Lowery, Inc., (215) 356-5300 
Wayne 
Harris Semiconductor, (215) 687-6680 

SC Greenville 
Electronic Marketing Associates, 
(803) 233-4637 

TX Dallas 
Harris Semiconductor, (214)231-9031 
Mark Kruvand Associates, Inc., 
(214) 691-4592 
Houston 
Mark Kruvand Associates, Inc., 
(713) 780-9710 

UT Salt Lake City 
The Thorson Co., (801) 973-7969 

VA Charlottesville 
L. D. Lowery, Inc., (804) 973-6672 

WA Bellevue 
N. R. Schultz Co., (206) 454-0300 

Can Mississauga, Ontario 
Munro Electronic Components, Ltd., 
(416) 676-1042 

Inti - Belgium, Bruxelles 
Harris Semiconductor, Inc., 
Tel: (02) 511 0824 

Inti England, Slough 

Inti 

Inti 

AL 

AZ 

CA 

CO 

CT 

FL 

GA 

IL 

KS 

Harris Systems Ltd., Tel: (Slough) 34666 

France, Le Chesnay. • 
Harris Semiconductor, Tel: 955-45-20 

Germany, Munchen 
Harris GmbH 

Distributors 

Huntsville 
Hami Iton/ Avnet, (205) 553-1170 

Phoenix 
Hamilton/ Avnet, (602) 275-7851 
R. V. Weatherford, (714) 272-7144 
Anaheim 
R. V. Weatherford, (714) 634-9600 
Costa Mesa 
Avnet Electronics, (714) 754-6021 
Culver City 
Hamilton Electro Sales, (213) 558-2011 
Glendale 
R. V. Weatherford, (213) 849-3451 
Irvine 
Schweber Electronics, (714) 556-3880 
Mountain View 
Hamilton/Avnet, (415) 961-7000 
Palo Alto 
R. V. Weatherford, (415) 493-5373 
Pomona 
R. V. Weatherford, (714) 623-1261 
San Diego 
Hamilton/ Avnet, (714) 279-2421 
R. V. Weatherford, (714) 278-7400 
Sunnyvale 
Western Microtechnology Sales, (408) 737-
1660 
Denver 
Hamilton/Avnet, (303) 534-1212 
.Englewood 
R. V. Weatherford, (303) 761-5432 
Danbury 
Schweber, (800) 645-7381 
Georgetown 
Hamilton/ Avnet, (203) 762-0361 
Norwalk 
Harvey, (203) 853-1515 

Ft. Lauderdale 
Hami Iton/ Avnet, (305) 925-5401 
Hollywood 
Schweber Electronics, (305) 927-0511 

Atlanta 
Schweber Electronics, (404) 449-9170 
Norcross 
Hami Iton/ Avnet, (404) 448-0800 

Elk Grove Village 
Schweber Electronics, (312) 593-2740 
Schiller Park 
Hamilton/ Avnet, (312) 678-6310 

Lenexa 
Hamilton/ Avnet, (913) 888-8900 
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MA 

MD 

MI 

MN 

MO 

NC 

NJ 

NM 

NY 

OH 

OR 

PA 

TX 

UT 

WA 

WI 

Can 

Inti 

Inti 

Inti 

Inti 

Inti 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Lexington 
Harvey Electronics, (617) 861-9200 
Waltham 
Schweber Electron ics, (617).890-8484 
Woburn 
Hamilton Avnet, (617) 933-8020 
Baltimore 
Hamilton/Avnet, (301) 796-5000 
Gaithersburg 
Schweber Electronics, 301) 840-5900 
Livonia 
Hami Iton/ Avnet, (313) 522-4700 
Schweber Electronics, (313) 525-8100 
Edina 
Hamilton/ Avnet, (612) 941-3801 
Edinprairy 
Schweber Electronics, (612) 941-5280 
Hazelwood 
Hamilton/Avnet, (314) 731-1144 

Raleigh 
Hamilton/ Avnet, (919) 829-8030 

Cedar Grove 
Hamilton/Avnet, (201) 239-0800 
Mount Laurel 
Hamilton/Avnet, (609) 234-2133 
Pinebrook 
Harvey, (201) 227-1262 
Somerset 
Schweber Electronics, (201) 469~6008 

Albuquerque 
Hamilton/Avnet, (505) 765-1500 
Binghamton 
Harvey, (607) 748-8211 
Rochester 
Hamilton/Avnet, (716) 442-7820 
Schweber, (716) 461-4000 
E. Syracuse 
Hamilton/Avnet, (315) 437-2641 
Westbury 
Hamilton/Avnet, (516) 333-5800 
Schweber, (516) 334-7474 
Woodbury 
Harvey, (516) 921-8700 

Beachwood 
Schweber Electronics, (216) 464-2970 
Cleveland 
Hamilton/Avnet, (216) 461-1400 
Dayton 
Ham itonl Avnet, (513) 433-0610 

Beaverton 
Parrott Electronics, Inc., (503) 641-3355 

Horsham 
Schweber Electronics, (215) 441-0600 

Dallas 
Hamilton/ Avnet, (214) 661-8661 
Schweber Electronics, (214) 661-5010 
R. V. Weatherford, (214) 243-1571 
Houston 
Hamilton/Avnet, (713) 780-1771 
Schweber Electro\lics, (713) 784-3600 
R. V. Weatherford, (713) 688-7406 
Salt Lake City· 
Hamilton/Avnet, (801) 972-2800 

Bellevue 
Hamilton/ Avnet, (206) 746-8750 
Seattle 
R. V. Weatherford, (206) 243-6340 
New Berlin 
Hamilton/ Avnet, (414) 784-4510 
Mississauga, Ontario 
Hamilton/Avnet, (416) 677-7432 
Prelco Electronics, Ltd.,. (416) 678-0401 
Ottawa, Ontario 
Hamilton/Avnet, (613) 226-1700 
Prelco Electronics, Ltd., (613) 226-3491 
Montreal, Quebec 
Hamilton/Avnet, (514) 331-6443 
Prelco Electronics, Ltd., (514) 389-8051 
Vancouver, B.C. 
Intek Electronics Ltd., (604) 324-6831 

Australia, Crows Nest, N.S.W. 
Cema (Distrib.) Pty. Ltd., Tel: 439-4655 

Austria, Wien 
Kontron GmbH, Tel: (222) 945646 

Belgium, Bruxelles 
Betea, S.A., Tel: (02) 6499900 

Denmark, Glostrup 
Ditz Schweitzer A.S., Tel: (02) 453044 
Finland, Tapiola 
Finn Metric OY, Tel: 460844 

Inti 

Inti 

France 
Antony 
Almex (Distrib.) Tel: 666-21-12 
Boulogne 
A 2 M, Tel: (1) 6036640 
Rungis 
Spetelec, Tel: 686 5665 

Germany 
Eching near Munchen 
Kontron Electronik GmbH, Tel: (89) 3188-1 
Quickborn b. Hamburg 
Alfred-Neye-Enatechnik GmbH, 

Inti 

Inti 

Tel: (04106) 612/1 

India, Santa Clara, CA 
American Components Inc., 
Tel: (408) 249-4212 

rtaly, Milano 
Erie Elettronica SPA, Tel: (2) 6884833/4/5 

Inti 

Inti 

Inti 

Japan, Tokyo 
Harris Semiconductor Inc., 
Tel: (03) 279-1691 
Hakuto Co., Ltd., Tel: (03) 503-3711 
Mitsubishi Corp., Tel: (03) 210-3023 

Netherlands, Amsterdam 
Techmation Electronics B.V., 
Tel: (020)456955 

Norway, Oslo 
EGA AlS, Tel: (02) 221900 

Inti South America, Shingle Springs, California 
ROW Inc., (916) 677-2827 

Inti Spain, Madrid 
Instrumentos Electronicos De Precision, 
Tel: 2741007 

Inti Sweden, Sundbyberg 
AB Elektroflex, Tel: (08) 289290 

SWITZERLAND 
W.StolzAG 

. Tel: (057) 54655 
IC MASTER DISTRIBUTOR 

Inti United Kingdom 
Slough, Berks, England 
Apex Ltd., Tel: (06286) 63741 
Crellon Electronics Ltd., 
Tel: Burnham (06286) 4434 
Thame, Oxon, England 
·Memec Ltd., Tel: (084421) 3146 

Hitachi America, Ltd. 

Hitachi America, Ltd. 
2700 River Road 
Des Plaines, Illinois 60018 
(312) 298-0840 
Telex: 726-353 

Mr. D. Morishima, General Manager 

Mr. J. Ordway, Marketing Director 

Mr. J. Konrath, Technical Marketing Manager 

Mr. J. Ueda, Memory & Micro-Processor Engnrng. 

Mr. Y. Suzuki, Linear, Discrete, Logic Engnrng. 

Sales Offices & Representatives 

CA San Diego 
Littlefield & Smith Assoc., (714) 455-0055 

Santa Ana 
Ricai Assoc., (714) 557-6543 

Sunnyvale 
Quadrep, Inc., (408) 733-7oi«l 

MA Burlington 
Mill-Bern Assoc., (617) 273-1313 

NY Williston Park 
ABC Electronic Sales Co., (516) 747-6610 

PA Southampton 
Campbell Assoc., (215) 322-6630 
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Hitachi (cont) 

Distributors 

CA Chatsworth 
Jaco Electronics, (213) 998-2200 
Gardena 
Bell Ir'ldustries, (213) 515-1800 
Inglowood 
Time Electronics, (213) 649-6900 
Mountain View 
Jaco Electronics, (415) 969-5101 
Time Electronics, (415) 965-8000 
San Diego 
Jaco Electronics, (714) 565-7515 

IL Chicago 
Bell Industries, (312) 982-9210 

MA Natick 
Future Electronics, (617) 879-0850 
Woburn 
Time Electronics, (617) 935-8080 

NY Hauppauge 
Jaco Electronics, (516) 273-5500 ' 
Time Electronics, (516) 273-0100 

PA Clifton Heights 
Time Electronics, (215) 622-2500 

WA Bellvue 
Bell Industries, (206) 747-1515 

Can Downsview, Ontario 
Future Eiectronics, (4i6) 663-5563 
Ottawa, Ontario 
Future Electronics, (613) 820-9471 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Holt, Inc. 

Holt, Inc. 
3303 Harbor Blvd., Ste. 0-5 
Costa Mesa. California 92626 
(714) 754-1844 
Telex: 678401 

Hughes 

Hughes Aircraft Solid State Products Division 
MOS Products 
500 Superior Avenue 
Newport Beach, California 92663 
(714) 759-2411 
TWX: 910-596-1374 

AL 

AZ 

CA 

CO 

CT 

FL 

IL 

KS 

MA 

MD 

2462 

Sales Offices & Representatives 

Huntsville 
20th Century Marketing, (205) 772-9237 

Phoenix 
Toward Engineering Associates, Inc., (602) 
!355-3193 

Mountain View 
Leddy Associates, (415) 969-6313 
Van Nuys 
W.E.S.-K Associates, (213) 989-3070 
'Englewood 
A-G Electronics, (303) 771-8088 

Guilford 
R. H. Sturdy Company (203) 453-5424 

Pompano Beach 
Technology Marketing Associates, 
(305) 942-0774 

Des Plaines 
Coombs Associates, (312) 298·4830 

Prairie Village 
EnQineerino Services Co .. (913) 649-4000 

Wellesley Hills 
R. H. Sturdy Company, (617) 235-2330 

Ellicott City 
Marketing Technology Inc., (301) 465-5944 

MI Warren 
Luebbe Sales Company (313) 574-2230 

MN Bloomington 
Northport Engineering, Inc" (612) 854·5556 

MS Corinth 
20th Century Marketing, (601) 287-2493 

MO SI. Louis 
Engineering Service.s Co., (314) 997-1515 

Ne Greensboro 
L & 0 Inc., (803) 268-5201 

NH Windham 
R. H. Sturdy Company, (603) 893-9506 

NJ Parsippany 
Robert Diamond, Inc., (201) 575·7344 

NY Bayside 
Robert Diamond, Inc., (212) 423-7330 
Fayetteville 
Tri-Tech Electronics, Inc., (315) 446·2881 

OH Cincinnati 
Luebbe Sales Company, (513) 871-4211 

PA Bala Cynwyd 
Electro-Comp Sales, (215) 667·9360 

SC Greenville 
L 8. 0 Inc., (803 268-5201 

TN Greenville 
20th Century Marketing, (615) 638-4021 

TX Ft. Worth 
EI-Tec Sales, (817) 268-2896 

WA Vaiicouv6f 
Ray Over Sales, (206) 695·6179 

WI Milwaukee 
Coombs Associates, (414) 671-1945 

Can Montreal, Quebec 
Solid State Engineering Co., (514) 481-3313 

Hybrid Systems 

Hybrid Systems 
Crosby Drive 
Bedford Research Park 
Bedford. Massachusetts 01730 
(617) 275-1570 
TWX: 710-326-7584 

Specific product information: 
Regional sales: I C. Anthony Boucher .............................. ext. 60 

l t.11dwest: Charles J. Bevivinc .............. ext. 13 
West Coast: Hank Diamond .................. ext. 18 

Applications engineering: 
Paul M. Goss .............................................. ext. 16 

Literature: 
Catherine A. Latwas .................................. ext. 21 

Ordering, price & delivery: 
PatriCia G. Bradley ........... , ........................ ext. 12 

Export: 
Janey J. Ray ................................................ ext. 14 

Product marketing: 
Allen L. Pollens .......................................... ext. 20 

I Sales Offices & Representatives ----
I AZ 

CA 

CO 

FL 

IL 

MA 

MN 

Scottsdale 
DAR·C, in!;., (602) 945-2240 

Los Altos 
Cain White & Company, (415) 948·6533 
Marina del Rey , 
Relcom, (213) 822-1187 

LafaYette 
Spectrum Sales Company, (303) 449-7677 

Maitland 
Delmac Sales, Inc., (305) 432·7562 

Wheaton 
Len Felder Associates, (312) 665-9070 

Bedford 
Hybrid Systems Corporation, (617) 275-1570 
Holbrook 
McLellan Associates. Inc,. (617) 767-4771 

Burgin Kreh ASSOCiates, Inc., 
(301) 788-5200 

Minneapolis 
Northstar Components, Inc., (612) 553-1888 

NJ Bellmawr 
Thomas ASSOCiates, Inc., (609) 933-2600 

NY Plainview 
E'RA, Inc., (516) 822-9890 
Rochester 
H. C. Johnson Agencies, Inc" 
(716) 482·3000 

OH Dayton 
Barberich Associates, Inc., (513) 433-0342 

TX Carrollton 
Technical Marketing, Inc., (214) 387·3601 

WA Tukwila 
General Electronics, Inc., (206) 575·4030 

WI Milwaukee 
J. M. Sales Company, (414) 546-0040 

Can Dollard des Ormeaux, Quebec 
Repco Engineering Company, 
(514) 694·1877 

Inti Australia, Strathfield NSW 
AMPEC EngineEoriny COln~ilny, 
Tel: (02) 747-2731 

Inti Austria, Wi en 
Transistor Vetriebsgeseleschaft mgH 

Inti Belgium, Bruxelles Entrepot·Bureau 
Restant 
J. P. Lemaire, Tei: 478·48·47 

Inll Denmark, Copenhagen 
Scansupply, Tel: 0193/ AEGIR 5090 

Inll England, Camberley, Surrey 
Hybrid (Component) Systems U.K. Ltd. 
Camber!ey. Te!: 28128 

InU France, Levallois-Peret 
Comsatec, Tel: 758-59-10 

InU Germany, Luisenplatz 
Hybrid Systems GmbH, Tel: 06151-291595 

InU Israel, Tel-Aviv 
Vectronics Ltd., Tel: 23 44 24/ 2284 72 

Inti Italy, Milano 
Tekelecl Airtronic, Tel: 7380641 

Inti Japan, Yokohama 
Panetron Division, Tel: 045-471-8811 

Inll Netherlands, Montfoort 
Logic Control Electronics B.V. 

Inti Norway, Oslo 
Datamatic A/S, Tel: 266330 

Inti Sweden, Sundyberg 
A.B, Elektroflex, Tel: 082892 90 

InU Switzerland, Zurich 
Industrade AG. Tel: 01/60 22 30 

Hy Comp 

Hy Comp Inc. 
146 Main Street Box 250 
Maynard. Massachusetts 01754 
(617) 897-4578 

Marketing & Sales Manager: 
Norman S. Palazzini 

Applications Engineer: 
John J. Madden 

Customer Services: 
Nancy Oelschlegel 

AZ 

CA 

CT 

FL 

IL 

MA 

MD 

MN 

NJ 

NY 

Sales Offices & Representatives 

Phoenix 
M-R Engilleering Saies Co., (602) 959-5i50 
Mountain View 
Thresum Associates, (415) 965·9180 
Pasadena 
Mar·Land Enterprises, (213) 681-9440 
Litchfield 
intrade, inc., (500) 243·525 i 
Orlando 
Publicover Associates, (305) 898·9361 
Morton Grove 
T-Squared Associates, (312) 965-1515 
Waltham 
Dynasel Associates, (617) 890-6777 
Ellicott City 
Marketing Technology, (301) 465-5944 
lakeville 

Ridgefield 
Micro-Plex, (201) 945·5250/5251 
Syracuse 
W. H. Zimmerman, Inc" (315) 474-4889 
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Hy Comp (cont) 

TX Austin 
The Cunningham Co., (512)459-8947 
Dallas 
The Cunningham Co., (214) 233-4303 
Houston 
The Cunningham Co., (713) 461-4197 

VA Gladys 
Ralph Lawson, (804) 283-5656 

Intech/Function Modules 

Intech/Functon Modules, Inc. 
282 Brokaw Road 
Santa Clara, California 95050 
(408) 244-0500 
TWX: (910) 388-0254 

Specific product information: 
Dan Loyer, Jerry Maes ........................ ext. 70, 61 

Applications engineering: 
Dan Loyer .................................................... ext. 70 

Literature: 
Dan Loyer .............. : ..................................... ext. 70 

Price and delivery: 
Customer Service .......................... ext. 54, 65, 70 

Place an order: 
Customer Service .......... : .......•....... ext. 54, 65, 70 

Follow-up on order: 
Customer Service .......................... ext. 54, 65, 70 

All other information: 
Dan Loyer .................................................... ext. 70 

AZ 

CA 

FL 

IL 

IN 

MA 

MD 

MI 

MN 

MO 

NC 

NJ 

NM 

NY 

OH 

OR 

Sales Offices & Representatives 

Scottsdale 
Summit Sales, (602) 994-4587 
Pasadena' , 
A-F Sales Engineering, Inc., (213) 681-5631 
San Diego 
Mesa Engineering & Sales Assoc., (714) 
278-8021 
Santa Clara 
Intech/FMI, Inc., (408) 244-0500 
Sunnyvale 
RPD Instruments, (408) 735-9040 
Clearwater 
Brennan Assoc., (813) 446-5006 
Elk Grove Village 
Oasis Sales Corp., (312) 640-1850 
Indianapolis 
Loren Green, (317) 293-9827 
Peabody 
Murray Sales, (617) 535-3058 
Towson 
Scientific Assoc., (301) 321-1411 
Birmingham 
Favco Technical Representatives, (313) 
644-0173 
Minneapolis 
Loren Green Assoc. of Minn., (612) 781-
1611 
Raytown 
Paloma Sales, (816) 358-7272 
Greensboro 
DM I, (919) 885-4634 
Cherry Hill 
Scientific Assoc., (609) 482-0059 
Clifton 
Compar New York, (201) 546-3660 
Albuquerque 
Tri Tronix, (505) 265-0172 
Bowmansville 
Ossmann Component Sales, (716) 681-9700 
Kingston 
Ossmann Component Sales, (914) 338-5505 
Rochester 
Ossmann Component Sales, (716) 424-4460 
Syracuse 
Ossmann Component Sales, (315) 454-4477 
Vestal 
OssJllann Component Sales, (607) 785-9949 
Richfield 
Bear Marketing, (216) 659-3131 
Portland 
Western Technical Sales, (503) 297-1711 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

TX 

VA 

WA 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Austin 
The Cunningham Co., (512) 459-8947 
Dallas 
The Cunningham Co., (214) 233-4303 
Houston 
The Cunningham Co., (713) 461-4197 
Falls Church 
Scientific Assoc., (703) 573-8787 
Bellevue 
Western Technical Sales, (206) 641-3900 
Australia, Sidney 
Ampec Engineering Co., Te-I: (02) 818-1166 
Austria, Salzburg . 
Schock Electro-Optic, Tei: 06222/85264 
Belgium, Bruxelles 
C. N. Rood, s.a., Tel: 02-35 21 35 
Denmark, Naerum 
SC Metric AlS, Tel: (02) 8042 00 
Finland, Tapiola 
Finn Metric OY, Tel: 460844 
France, Paris 
Septa, Tel: 206-16-59 
Germany, Munchen 
Ernst Fey, Tel: 980/18 40 41 
Israel, Tel Aviv 
Industry Sales Promotion, Tei: 03-23.42.38 
Italy, Milano 
Nuclear Milano, S.N.C., Tel: ,(02) 2401801-
2401683 
Japan, Tokyo 
Microtek, Inc., Tel: (03) 363-2317 
Netherlands, Rijswijk 
C. N. Rood b.v., Tel: 070-99 63 60 

Norway, Oslo 
Metric A.S., Tel: (02) 28 26 24 

Republic of South Africa, Cape Town 
Eagle Electric Co., (Ply.) Ltd., Tel: 45-1421 

Sweden, Solna 
Scandia Metric AB, Tel: 08/82 04 10 

Taiwan, Tapel 
Tai I Tradihg Co., Ltd., Tel: 3936111 

United Kingdom, Surrey, England 
Tenkis Electronics, Tel: STD (04868) 5432, 

Distributors 

CA Sunnyvale 
Intermark Electronics, (408) 738-1111 
Chatsworth ' . 
Jaco Electronics, Inc., (213) 884-4560 

IN Indianapolis 
RA-DIS-CO, (317)' 637-5571 

MA Framingham 
Cadence, (617) 879-3000 

NM Albuquerque 
Century Electronics, (505) 292-2700 

NY Hauppauge, L. I. 
Jaco Electronics, Inc., (516) 273-5500 

OH Dayton 
NJDI, (513) 435-4503 

TX Austin 
Quality Components, Inc., (512) 458-4181 
Dallas 
Quality Components, Inc., (214) 387-4949 
Houston 
Quality Components, (713) 772-7100 

Integrated Photomatrix 

Integrated Photomatrix, Incorporated 
1101 Bristol Road 
MOUntainside, New Jersey 07092 
(201) 233-7200 
Telex: 13~275 

Specific product information: 
Mike Feeney 

Applications engineering: 
Mike Feeney 

Literature: 
Marie Rozar 

Price and delivery: 
Marie Rozar 

Follow-up an order: 
Marie Rozar 

All Other Information: 
Marie Rozar 

CA 

HI 

IN 

IL 

KS 

MA 

MN 

NJ 

NY 

PA 

TX 

WA 

Intel 

Sales Offices & Representatives 

Los Angeles 
C H Scientific Inc., (213) 476-7341 
Palo Alto 
C H Scientific Inc., (415) 967-8939 
Honolulu 
Aloha Associates, (808) 941-1574 
Ft. Wayne 
Fiat Engineering, (219) 482-2408 
Des Plaines 
Coombs Associates, (312) 298-4830 
Derby 
Palantine North, (316) 788-0621 
Amesbury 
ATM World Trade Inc., (603) 394-7874 
Hazelwood . 
Palantine Sales, (314) 895-4577 
Minneapolis 
International Sales Co., (612) 831-8423 
Paterson 
JEC Associates, (201) 523-3500 
New York 
ATM World Trade Inc., (212) 687-5244 
Glenside 
Wyncote Instrumentation Co., 
(215) 643-2440 
AUstin 
Palatine South, (512)451-7463 
Houston 
Palatine South, (713) 783-1492 
Richardson 
Palatine South, (214) 231-9489 
Bellevue 
SD-R2, (206) 747-9424 

Intel Corporation 
3065 Bowers Avenue 
Santa Clara, California 95051 
(408) 987-8080 
TWX: 910-338-0026 
Telex: 34-6372 

AL 

AZ 

CA 

CO 

CT 

FL 

IA 

IL 

IN 

KS 

MA 

MD 

Sales Offices & Representatives 

HUntsville 
Glen White ASSOCiates, (205) 883-9394 
Phoenix 
Sales Office, (602) 242-7205 
Berkeley 
Mac-1, (415) 843-7625 
Cupertino 
Mac-1, (408) 257-9880 
Fountain Valley 
Mac-1, (714) 839-3341 
San Diego 
Earle Associates, Inc., (71-4) 278-5441 
Santa Ana 
Sales Office, (714) 835-9642 
Sherman Oaks 
Sales, (213) 986--9510 
Sunnyvale 
Sales Office, (408) 738-3870 
Woodland Hills 
Mac,1, (213) 347-5900 
Denver 
Sales Office, (303) 758-8386 
Danbury 
Sales Office, (203) 792-8366 
Fori Lauderdale 
Sales Office, (305) 771-0600 
Orlando 
Sales Office, (305) 628-2393· 
Cedar Rapids 
Technical Representatives, (319) 393-5510 
Oakbrook 
Sales Office, (312) 325-9510 
Indianapolis 
Electro Reps Inc., (317) 255-4147 
Fort Wayne 
Electro Reps Inc., (219) 482-2388 
Lenexa 
Technical Representatives Inc., 
(913) 888-0212 
Chelmsford 
Sales Office, (617) 667-8126 
Hanover 
Sales Office, (301) 252-7742 
Timonium 
Glen White ASSOCiates, (301) 252-6360 

2463 



Ie MASTER 

Intel (cont) 

MI Southfield 
Sale Office, (313) 353-0920 

MN Bloomington 
Sales Oltice, (612) 835-6722 

MO Hazelwood 
Technical Representatives Inc. 
(814) 7::\1-5/'00 

NC Raleigh 
Glen White AssoCiates, (919) 787·7016 

NJ Edison 
Sales Office, (201) 494-5040 

NM Albuquerque 
BFA Corporation, (505) 292-1212 
Las Cruces 
BFA Corporation, (505) 523-0601 

NY Hauppauge 
Sales Office, (516) 231·3300 
Pittsford 
T-Squared, (716) 248-5005 
Poughkeepsie 
Sales Office, (914) 473-2303 
Rochester 
Sales Office, (716) 328-7340 
Syracuse 
T cSquared, (315) 463·8592 

OH Cleveland 
Sales Of ice, (216) 464·2736 
Pavton 
saies Office, (513) 890-5350 

OR Beaverton 
E.S'/Chase Company, (503) 641-4111 

PA Fort Washington 
Sales Office, (215) 542-9444 

TN Germantown 
Glen White Associates, (901) 754-0483 
Hixon 
Glen White Associates, (615) 842·7799 
Jonesboro 
Glen White Associates, (615) 477-8850 

TX Dallas 
Mycrosystems Marketing Inc., 
(214) 238-7157 
Sales Office, (214) 241-9521 
Houston 
Mycrosystems Marketing Inc., ' 
(713) 783-2900 
Sales Office, (713) 784-3400 

VA Co!onial Beach 
Glen White Associates, (804) 224-4871 
Lynchburg 
Glen White Associates, (804) 384-6920 

WA SeaUle 
E.S.!Chase Co., (206) 762-4824 

WI Milwaukee 
Sales Office, (414) 747-0289 

Can Bells Corners, Ontario 
Sales Office, (613) 829-9714 
Ottawa, Ontario 
Multilek, Inc., (613) 226-2365 

Inti Belgium, Bruxelles 
Sales Office, Tel: (02) 6603010 

Inti France, Sillic 
Sales Office, Te!: (01) 6872221 

Inll Scandinavia, Denmark 
Sales Office, Tel: (01) 182000 
Sweden 
Sa!es Of!!ce Te!: (08) 98 53 gO 

Inti England 
Cowley 
Sales Office, Tel: (0865) 77 1431 
Nahntwich 
Sales Office, Tel: (0270) 626560 

inii Germany 
Fellbach 
Intel Semiconductor GmbH, 
Tel: (0711) 580082 
Hannover 
Intel Vertriebsburo, Tel: (0511) 852051 
Muenchen 
Intel Semiconductor GmbH, 
Tel: (089) 5581 41 
Wiesbaden 
~ntel sem.ico~d.u_ctor GmbH, 
tOOt. \VVtc...IJ ,"'tv...., ..... 

Inti Hong Kong 
China Electronics 

Inti Japan, Tokyo 
Intel Japan Corporation, Tel: (03) 426-9261 
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Inti Korea, Chung·Ku, Seoul 
Koram Digital 
Leewood International, Inc. 

Inti Singapore 
General Engineers Associates 

Inti Taiwan, Tapei 
Taiwan Automation Co., Tel: (02) 7710940-3 

---------------1 _"e,,! 
"~1\ I 

AL 

AZ 

CA 

CO 

CT 

I Fl. 

GA 

Distributors 

Huntsville 
Hami Iton! Avnet Electronics, (205) 533-1170 
Pioneer, (205) 837-9300 
Phoenix 
Hamilton! Avnet Electronics, (602) 275-7851 
Phoenix 
Liberty! Arizona, (602) 257·1272 
Costa Mesa 
Avnet Electronics, (714) 745-6111 
Culver City' 
Hamilton Electro Salas, (213) 558-2121 
:;::SegundG 
Liberty Electronics, (213) 322-8100 
Mountain View 
Elmar Electronics, (415) 961-3611 
Mountain View 
Hamilton! Avnet Electronics, (415) 961-8600 
San Dieao 
Liberty!San Diego, (714) 565-9171 
Hamilton! Avnet Electronics, (714) 279-2421 
Commerce City 
Elmar IDenver, (303) 287-9611 
Denver 
Hamilton!Avnet Electronics, (303) 534-1212 
Georgetown 
Hamilton/ Avnet Electronics, (203) 762-0361 
Norwalk 
Harvey Electronics, (203) 853-1515 
Ft I :'IIldF!rd:llp. 
Hamilton/ Avnet Electronics, (305) 971-2900 
Orlando 
Pioneer, (305) 859-3600 
Norcross 
Hamilton! Avnet Electronics, (404) 448-0000 

IL 

IN 

KS 

MA 

MD 

MI 

MN 

MO 

NC 

NJ 

NM 

NY 

OH 

OK 

OR 

PA 

TX 

UT 

Elk Grove Village 
Pioneer!Chicago, (312) 437-9680 
Mt. Prospect 
Cramer/Chicago, (312) 593-8230 
Schiller Park 
Hamilton! Avnet Electronics, (312) 678-6310 
Indianapolis 
Pioneer/ Indiana, (317) 849-7300 
Sheridan Sales, (317) 297-3146 
Overland Park 
Hamilton/ Avnet Electronics, (913) 888-8900 
Newton 
Cramer Electronics Inc., (617) 969-7700 
Woburn 
Hamilton/ Avnet Electronics, (617) 933-8000 
Gaithersburg 
Pioneer/Washington, (301) 948-0710 
Hanover 
Hamilton! Avnet, (301)796-5000 
Farmington Hills 
Sheridan Sales Co., (313) 477-3800 
Livonia 
Hamilton! Avnet Electronics, (313) 522·4700 
Pioneer/Michigan, (313) 525·1800 
Edina 
Cramer/Bonn, (612) 835·7811 
Hamilton/.Avnet Electronics, (612) 941-3801 
Minneapolis 
Industrial Components, (612) 831·2666 
Forissant 
Sheridan Sales. /314\ B~7-5200 
Hazelwood .. , .. 

Hamilton! Avnet Electronics, (314) 731-1144 
Greensboro 
Pioneer/Carolina, (919) 273-4441 
Raleigh • 
Hamilton/ Avnet Electronics, (919) 829-8030 

Cedar Grove 
Hamilton/ Avnet Electronics, (201) 239-0800 
Fairfield 
Harvey Electronics, (201) 227-1262 
Mt. Laurel 
Hamilton/ Avnet ElectroniCS, (609) 234-2133 
Albuquerque 
Alliance ElectroniCS Inc., (505) 292-3360 
Hamilton! Avnet ElectroniCS, (505) 765-1500 

East Syracuse 
Cramer/Syracuse, (315) 437-6671 
Hamilton/ Avnet Electronics, (315) 437-2641 
Rochester / 
Cramer/Rochester, (716) 275-0300 
Hamilton/ Avnel Electronics, (716) 442-7820 
Westbury 
Hamilton/Avnet, (516) 333-5800 
Woodbury 
Harvey Electronics, (516) 921-8700 

Beachwood 
Sheridan Sales Co., (216) 831-0130 
Cincinnati 
Sheridan Sales Co., (513) 761-5432 
Hamiltonl Aynet Electronics, (216) 461-1400 
Pioneer/Cleveland, (216) 587-3600 
Dayton 
Hamilton/ Avnet Electronics, (513) 433-0610 
Pioneer/Dayton, (513) 236-9900 
Sheridan Sales, (513) 223-3332 

Tulsa 
Components Specialties, Inc., (918) 664-
2820 

Portland 
Almac/Stroum Electronic", (50~) ?92-3534 

Horsham 
Pioneer/Delaware, (215) 674-4000 
Pittsburgh 
Pioneer/Pittsburgh, (412) 782-2300 
Sheridan Sales Co., (412) 244.1640 

Sheridan Sales, (615) 588-5386 

Austin 
Component Specialties, Inc., (512) 459-
3308 
Dallas 
Cramer Electronics, (214) 661-9300 
Co~ponent SpeCialties, Inc., (214) 357-
6511 
Hamilton/ Avnet Electronics, (214) 661-8661 
Houston 
~~3~ponent opeClaltleS, Inc., (713) 771-

Hamilton/Avnet Electronics, (713) 780-1771 

Salt Lake City 
Hamilton/Avnet Electronics, (801) 972-2800 
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Intel (cont) 
WA Bellvue 

Hamilton/Avnet Electronics, (206) 746-8750 
Liberty Electronics, (206) 763-8200 
Seattle 
Almac/Stroum Electronics, (206) 763-2300 

WI New Berlin 
Hamilton! Avnet, (414) 784-4510 

Can Calgary, Alberta 
L. A. Varah Ltd., (403) 276-8818 
Downsville, Ontario 
Zentronics, (416) 635-2822 
Hamilton. Ontario 
L. A. Varah, (416) 561-9311 
Mississauga, Ontario 
Hamilton/Avnet Electronics, (416) 677-7432 
Oltawa, Ontario 
Hamilton/ Avnet Electronics, (613) 226-1700 
Zentronics, (613) 238-6411 
St. Laurent, Quebec 
Hamilton! Avnet Electronics, (514) 331-6443 
Vancouver, British Columbia 
L. A. Varah Ltd., (604) 873-3211 

Inll Argentina, Buenos Aires 
S.I.E.S.A., Tel: 35-6784 

Inll Australia 
Auburn, N.S.W. 
Warburton-Frankie (Sydney) Ply. Ltd., Tel: 
648-1711, 648-1381 
Prospect, South Australia 
A. J. Ferguson (Adelaide) Pty. Ltd., Tel: 
269-1244 
South Melbourne, Victoria 
Warburton-Frankie Industries, 
Tel: 699-4999 
West Ryde, N.S.W. 
A. J. Ferguson Electronics, 
Tel: (02) 807-6878 

Inti Austria, Wien 
Bacher Elektroische Gerate GmbH, Tel: 
(0222) 83 63 96 

Inti Belgium, Bruxelles 
Inelco Belgium SA, Tel: (02) 660 00 12 

Inll Denmark 
Lyngso Komponent AlS Tel: (01) 670077, 
Scandinavian Semiconductor Supply AlS 
Tel: (01) 83 50 90 

Inti Finland, Helsinki 
Oy Fintronic AB Tel: (90) 664-451 

Inti France 
Gentilly 
Celais, Tel: 581 0020- 581 0409 
Metrologle 
La Tour d'Ashieres Tel: 791 4444 
Tekelec Airtronic Tel: (1) 027 7535 

Inti Germany 
QUickborn, Hamburg 
Alfred Neye Enatachnick GmbH, 
Tel: (04106) 6121 

GERMANY,MUNCHEN 
Electronic 2000 
Vertriebs GmbH 
Tel: 089 4340 61 

IC MASTER DISTRIBUTOR 

Kamburg 
Jermyn GmbH, Tel: (06434) 6005 

Inti India, Secunderabad 
Electronics International, Tel: 73720 

Inti Israel, Tel-Aviv 
Eastronics Ltd., Tel: 475151 

Inti Italy 
Milano 
Eledra 3S S.P.A., Tel: (02) 3493041 
Roma 
Eledra 3S S.P.A., Tel: (06) 81 27 290 -
81 27324 
Torino 
Eledra 3S S.P.A., Tel: (011) 30 97 097 -

, 30 97 114 

Inti Japan 
Tokyo, Chiyoda-ku 
Nippon Micro Computer Co., Ltd., Tel: (03) 
230-0041 
Tokyo, Chuo-Ku 
Ayoyo Electric Corp., Tel: (03) 543-7711 
Yokohama, Midori-Ku 
Pan Electron, Tel: (045) 471-8811 

©IC MASTER 1979 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Inti New Zealand, Glenn Innes 
W. K. McLean, Tel: 587-037 

Inti Korea, Bukchan-Dong Chling-Ku 
Koram Digital 

Inti Netherlands, Amsterdam 
Inelco Nederland, Tel: (020) 934824 

Inti Norway, Oslo 
Nordisk Elektronik (Norge) AlS, Tel: (02) 
553893 

Inti Portugal, Lisboa 
Ditram, Tel: 11945313 

inti South Africa, Pretoria 
Electronic Building Elements, Tel: 78 92 21 

Inll Spain, Barcelona 
Interface, Te!: 301 78 51 

Inti SWeden, Stockholm 
Nordisk Electronik AB, Tel: (08) 248340 

Inti Switzerland, Zurich 
Industrade AG, Tel: (01) 60 22 30 

Inti United Kingdom 
London 
Rapid Recall Ltd., Tel: (01) 379-6741 
Middlesex 
G.E.C. Semiconductor Ltd., Tel: (01) 904-
9303 ' 
Reading 
Sintrom, Tel: (0734) 85464 
Sevenoaks, Kent 
Jermyn Industries, Tel: (0732) 50144 

Interdesign 

Interdesign 
(Ferranti Electronics, LTD., Subsidiary 
1255 Aeamwood Avenue 
Sunnyvale, California 94086 
(408) 734-8666 

'" TWX: 910-339-9374 

Sales Offices & Representatives 

CA Los Angeles 
Sales Office, (213) 933-7013 

CO Denver 
Quatra, (303) 795-3187 

MI Detroit 
Chapman Assoc., (313) 352-1645 

NY Melville, L.I. 
R.O.M.E., (516) 249-0011 

Inti Germany, Munchen 
Sales Office, Tel: (089) 293871 

Inti Israel, Tel-Aviv 
STG International, Tel: 03-248231 

Inti Italy, Milano 
COMPAEL, Tel: (02) 92.80.809/345/406/ 
855/318 

Inti Japan, Tokyo 
Microtek, Tel: 03-363-2317 

Inti Sweden, Solna 
SATTCO AS, Tel: 08-830280 

Inti United Kingdom, Oldham 
Sales Office, Tel: 061-624-0515 

International Microcircuits, Inc. 

International Microcircuits Inc. 
3004 lawrence Expresway 
Santa Clara, California 95051 
(408) 735-9370 

Intersil 

Intersil. Inc. 
10900 N. Tantau Avenue 
Cupertino, California 95014 
(408) 996-5000 
TWX: (910) 338-0228 

Specific product information: 
Memory .............................................. (408) 996-5292 
Analog 
Linear ................................................ (408) 996-5149 
Analog Devices .............................. (408) 996-5152 

Discretes: 
FETs Duals, Bipolar .......................... (408) 996-5149 
Timing Devices .............................. (408) 996-5100 

Application engineering: 
Contact Ap,propriate Product Marketing Depart­
ment 

Literature: 
Marketing Service Department ...... (408) 996-5403 

Price and delivery: 
Customer Service Department ........ (408) 996-5137 
Place an order: 
Customer Service Department ........ (408) 996-5137 

Follow-up an order: 
Customer Service Department ........ (408) 996-5137 

All other information: 
Marketing Services Department .... (408) 996-5406 

Sales Offices & Representatives 

AL Huntsville 
K & E Associates, Inc., (205) 883-9720 

AZ Phoenix 
Shefler-Khan, (602) 257-9015 

CA Carson 
Intersil, Inc., (213) 532-3544 
San Diego 
Daniels & Doty Sales, (714) 560-6266 
Sunnyvale 
Intersil, Inc., (408) 744-0618 

CO Denver 
Intarsil, Inc., (303) 750-7004 
Parker-Webster, (303) 751-2600 

CT Wallingford 
COM-SALE, (203) 269-7964 

FL Casselberry 
EIA, Inc., (305) 830-9600 
Ft. Lauderdale 
Inlersil, Inc., (305) 772-4122 

IA Cedar Rapids 
Dy-Tronix, Inc., (319) 377-8275 

IL Franklin Park 
Dekotech, Inc., (312) 455-5100 
Hinsdale 
Intersil, Inc., (312) 986-5303 

IN Ft. Wayne 
Delsea Sales, (219) 483-9537 
Indianapolis 
Delesa Sales, (317) 894-3778 

MA Lexington 
Intersil, Inc., (617) 861-6220 
Waltham 
COM-SALE, (617) 890-0011 

MD Glen Burnie 
New Era Sales, Inc., (301) 768-6666 

MI Livonia 
Giesting & Associates, (313) 477-6060 
Stevensville 
Giesting and Associates, (616) 465-6544 

MN Minneapolis 
Intersil, Inc., (612) 925-1844 

MO Bridgeton 
Dy-Tronix, Inc., (314) 731-5799 
Independence 
Dy-Tronix, Inc., (816) 737-1100 

MS Corinth 
K & E Associates, (601) 287-1471 

NC Raleigh 
B. T. Funderburk, Inc., (919) 782L3493 

NH Londonderry 
COM-SALE, (603) 668-1440 

NJ Cherry Hili 
Barrett Associates, (609) 429-1551 
Englewood Cliffs 
Intersil, Inc., (201) 567-5585 

NM Albuquerque 
Shelfer-Kahn, (505) 296-0749 

NY East Syracuse 
Nycom, Inc., (315) 437-8343 

OH Chagrin Falls 
Crest Comp Sales, (216) 543-9808 
Cincinnati 
Giesting & Associates, (513) 521-8800 
Dayton 
Giesting & Associates, (513) 293-4044 
Intersil, Inc., (513) 866-7328 
Galion 
Giesting & Associates, (419) 468-3737 

OR Beaverton 
LD Electronics, (503) 649-8556 or 649-6177 

TX Dallas 
Southern State Marketing, Inc., (214) 387-
2489 
Intersil, Inc., (214) 387-0539 
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Intersil (cont) 

Houston 
Southern State Marketing, Inc., (713) 665· 
0991 

UT Salt Lake City 
Parker Webster, (801) 487-5911 

WA Wooden ville 
LD Electronics, (206) 485-7312 

\AJ: Oak Cieek 
Dolin Sales, (414) 482-1111 

Can Brampton, Ontario 
Intersil, .Inc., (416) 457·1014 
Scarborough, Ontario 
Lenbrook Industries Ltd., (416) 438-4610 

---------------

Distributors 

AZ Phoenix 
Kierulff ElectroniCs, (602) 243-4101 
Liberty Electronics, (602) 249-2232 

CA EI Segundo 
Liberty Electronics, (213) 322-8100 
Irvine 
Schweber Electronics, (714) 556-3880 
Los Angeles 
Kierulff Electronics, (213) 685-5511 
Mt. View 
Elmar Electronics, (415) 961-3611 
i'aioAilo 
Kierulff Electronics, (415) 968-6292 
San Diego 
Intermark Electronics Inc., (714) 279-5200 
Liberty Electronics, (714) 565-9171 
Sunnyvale 
Intermark Electronics Inc., (408) 738-1111 
Tustin 
Kierulff Electronics, (714) 731-5711 

CO Commerce City 

CT 

FL 

'GA 

It. 

IN 

MA 

MO 

MI 

MN 

MO 

NC 

NH 

NJ 

NM 

NY 

OH 

OK 

PA 

Danbury 
Schweber Electronics, (203) 792·3500 
Hamden 
Arrow Electronics, (203) 248·3801 
Clearwater 
DiplimatlSouthland, Inc., (813) 443-4514 
Ft. Lauderdale 
Arrow Electronics, (305) 776·7790 
Hollywood 
Schweber Electronics, (305) 927.0511 
Palm 8ay 
Arrow Electronics, (305) 725-1480 
Atlanta 
Schweber Electronics, (404) 449-9170 
Doraville 
Arrow Electlonics, (404) 455-4054 
Elk Grove Village 
Kierulff Electronics, (312) 640·0200 
Schweber Electronics, (312) 593-2740 
Schaumburg 
Arrow Electronics, (312) 893-9420 
Indianapolis 
Advent Electronics, (317) 297-4910 
Sheridan Associates, (317) 297-3147 
Billerica 
Kierulff Electronics, Inc., (617) 667-8331 
Waltham 
Schweber Electronics, (617) 890·8484 
Woburn 
Arrow Electronics, (617) 933-8130 
Baltimore 
Arrow Electronics, (301) 247·5200 
Rockville 
Schweber Electronics, (30l) 881-3300 
Farmington 
Sheridan Sales, (313) 447-3800 
Livonia 
Schweber Electronics, (313) 525-8100 
Bloomington 
Arrow Electronics, (612) 887-6400 
Eden Prairie 
Schweber Electronics, (612) 941·5280 
Kansas City 
LCOMP, (816) 221-2400 
Maryland Heights 
lCOMP, (314) 291-6200 
Kernersville 
Arrow Electronics, (919) 996-2039 
Raleigh 
RESCO, (919) 781-5700 
Manchester 
Arrow Electronics, (603) 668-6968 
Moorestown 
Arrow Electronics, (609) 235·1900 
Somerset . 
Scnweber E!ectronics, (201) 469-6008 
Towata 
Diplomat IPC, Corp., (201) 785-1830 
Albuquerque 
Alliance Electronics, Inc., (505) 292-3360 
8ell Industries. Century Electronics Div., 
(505) 292-2700 
Binghamton 
Harvey Federal Electronics, (607) 748-8211 
Buffalo 
Summit Distributors, Inc., (716) 884-3450 
Farmingdale 
Arrow Electronics, (516) 694-6800 
Arrow ElectroniCS, (516) 694-1359 
Hauppauge 
Components Plus, (516) 231-9200 
Rochester 
Schweber Electronics, ~716) 461·-4000 
West Henrietta 
Harvey rt::,derai cieClronics, \bUI) jj4-oY~0 
Westbury 
Schweber Electronics, (516) 334-7474 
Beachwood 
Schweber Electronics, (216) 464-2970 
~~:~:~~~.~ssociates, (216) 831-0130 
"'UI"lIlItelU 

Sheridan Associates, (S13) 761-5432 
Dayton 
Arrow Electronics, (513) 253-9176 
Tulsa 
Component Specialties. (918) 664-2820 
Horsham 
Schweber Electronics, (215) 441-0600 
Pittsburgh 
Sheridan Sales, (215) 244-1640 

Elmar Electronics. (303) 287-9611 TX Austin 

UT 

WA 

Wi 

Can 

Inti 

Inti 

Inti 

Inll 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inll 

Inti 

Inti 

Inll 

!nt! 

Inti 

inii 

Inti 

Inti 

Inti 

Houston 
Component SpeCialties, (713) 771·7237 
Schweber Electron ics, (713) 784-3600 
Salt Lake City 
Bell Industries, (801) 972-6969 
Kierulff Electronics, (801) 973-6913 
Bellevue 
Liberty ElectroniCS, (206) '453-8300 
Tukwila 
Kierulff Electronics, (206) 575-4420 
OaK Creek 
Arrow Electron:cs, (414) 764-6600 
Downsview, Ontario 
CESCO, (416) 661-0220 
Zentronics Ltd., (416) 635-2822 
Montreal, Quebec 
CESCO, (514) 735-5511 
Z~ntronics Ltd., (514) 735-5361 
Ottawa, Ontario 
CESCO, (613) 729-5118 
Zcr.tron:cs· Ltd., (613) 238 .. G41-; 
Quebec City, Quebec 
CESCO, (418) 524-4641 
Vancouver, British Columbia 
R.A.E. Ind. Elect. Ltd., (604) 687-2621 
Waterloo, Ontario 
Zentronics Ltd., (519) 884·5700 
Australia 
Burwood, Victoria 
R&D Electronics Pty. Ltd., 
Tel: 288-8232/8262 
Crows Nest NSW 
R&D E:lectronics, Pty. Ltd., Tel: 439-5488 
Austria. Wi en 
Rieger GmbH, Tel: (0222) 73-46-84.0 
Belgium, Bruxelles 
Auriema-Europe, Tel: 02-5236295 

Denmark, Copenhagen 
E. V. JOhanssen Electronik A-S, Tel: 45-1-
839022 

Finland, Espoo 
Nabla Elektronikka Oy, Tel: 90·46 28 29 
France, Savres 
Tekelec-Airtronic, Tel: (1) 027-75-35 
Hong Kong, Kowloon 
S.S.i.·Far East Ltd., Tel: 3·672112-3 
India, Bombay . 
Zenith Electronics, Tel: 384214 
India 
U.S. Office, Palo Alto, California 
Fegu Electronics, Tel: 415-493-1788 
Israel, Tel-Aviv 
R N. ElectlOnics, Tei; 471659 
Italy, Milano 
Auriema Italia SRL, Tel: 02-430602 
Japan 
Tokyo 160 
Intern:)( Inc, Tel: 369-1101 
Osaka 
Intermix Inc., Tel: (03) 369-1101 
Korea, Seoul 
Caduceus Ltd., Tel: 777·2325 
U.S. Office. Palo Alto, California 
Saturn Trading Limited, (415) 493-0813 
New Zealand 
Delphi Industries Ltd., 
Tel: Auckland 574-858 

Norway, Oslo 
Hans H. Schive AIS, Tel: 557692 
Si!'!gap~~e 

General Engineers Corp. Ply. Ltd., Tel: 
333641, 333651 
South Africa, Pretoria 
Electronic Bldg., Elements Pty. Ltd., Tel: 
78-9221/6 

Souio Airica 
U.S. Office, Mountain View, California 
Intectra, Tel: 415-967-8818 
Spain. Madrid 
Hispano Electronica, Tel: 61941 08 
Sweden, Vallingby 
Svensk Te!4~import AB, Tel: 133033 STIAB S 
Switzerland, Zurich 
Laser & Electronic-Equipment, 
Tei: 0; 553330 

Denver Component Specialties, (512) 459_33~0~£,"U lalwan,lalpel 
Kierulff Electronics, (303) 371-6500 Dallas Enterprex Corporation, Tel; 5318375-8 
Wheatridge Component Specialties, (214) 357-6511 Inti Thailand, Bangkok 

'--____ B_e_II_ln_d_u_st_r_ie_s_, _(3_0_3,,;,,)_4_2_4-_'_9_85 _____ -L. ____ S_c_h_w_e_b_c_r _E_le_c_t_ro_nics,_:~:~~~~,1_0 _ SOI~~SUPPIY Centre (SSC), Tel: 519889 
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Intersil (cont) 
Inti :rurkey, Ankara 

Turkelek Elektronik ltd., Tel: 189483 

Inti United Kingdom, Derby, England 
Andis Components Ltd., Tel: 0332 363296 
Hampton, England 
Tranchant Electronics Ltd., 
Tel: 019790123/7 
London, England 
Rapid Recall Ltd., Tel: 01-3796741 
Slough, England 
Anzac Components Ltd., Tel: 0753.38811 
Macro-Marketing Ltd., Te!: (06286) 63011 

Inti West Germany, Buc\(eburg 
Spezial-Electronic KG, Tel: 057221011 
Munchen 
Spezial Electronic KG, Tel: 89/530387 

Lambda 

Lambda Semiconductor 
Lambda Electronics 
121 International Drive 
Corpus Christi, TX 78410 
(512) 883-6251 

Sales Offices & Representatives 

CA Carson 
Lambda, (213) 537-8341 
Sunnyvale 
Lambda, (408) 738-2541 

CO Denver 
Lambda, (303) 779-9561 

FL Largo 
Lambda, (813) 596-5151 

IL Arlington Heights 
Lambda, (312) 593-2550 
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MA Lexington 
Lambda, (617) 861-8585 

MN Minneapolis 
Lambda, (612) 935-6194 

NY Melville 
Lambda, (516) 694-4200 
Poughkeepsie 
Lambda, (914), 297-4800 
Rochester 
Lambda, (716) 454-6770 

OH Cleveland 
Lambda, (216) 585-7808 
Lambda, Enterprise 2-183 

TX Dallas 
Lambda, (214) 341-5130 
Houston 
Lambda, (713) 464-6554 

Can Pointe-Claire, Quebec 
Veeco Lambda Ltd., (514) 697-6520 
Toronto, Ontario 
Veeco Lambda Ltd., (416) 486-0794 

Inti England, High Wycombe, Bucks 
Lambda Electronics, Tel: High Wycombe 
36386/7{8 

Inti France, Gometz Ie Chatel 
Lambda Electronique S.A., Tel: 012-1487 

Inti Germany, Aachen 
Lambda Netzgerate GmbH., Tel: 078-41-
5527 

GERMANY,MUNCHEN 
Astronic GmbH 
Tel: 089-3040 11 

IC MASTER DISTRIBUTOR 

Inti Israel, Tel Aviv 
IsLambda Electronics Ltd., Tel: 240-672 

InU Japan, Yokohama 
Nemic, Tel: 03-490-5831 

Inti Mexico 
Mexitek, S.A., Tel: 5-36-09-10 or 5-43-03-
77 

LSI Computer Systems 

LSI Computer Systems, Inc. 
1235 Walt Whitman Road 
Melville, New York 11746 
(516) 271-0400 
TWX: 510-226-7833 

Specific product information: 
Ronald Colino 

Applications engineering: 
Ronald Colino 

Literature: 
Shari Chassen 

Price and delivery: 
Shari Chassen 

Follow-up an order: 
Shari Chassen 

All other information: 
Shari Chassen 

AL 

AZ 

CA 

co 

IL 

IN 

MA 

MD 

NJ 

Sales Offices & Representatives 

Huntsville 
REMCO, (205) 883-9260 
Scottsdale 
Verein Corporation, (602) 948-3571 
San Diego 
Mesa, (714) 278-8021 
Santa Clara 
Fischer Associates, (408) 733-7350 
Parker 
Component Sales, Inc., (303) 841-2650 
Bellwood 
Fiat Engineering Associates, (312) 547-620() 
Ft. Wayne 
Fiat Engineering Associates, (219) 482-2408 
Framingham 
Bartlett Associates, (617) 879-7530 
Fulton 
Gans, Fryling & Pugh, Inc., (301) 837-6311 
Wallington 
Com-Tech Sales, Inc., (201) 935-5454 

NY 

OH 

PA 

TX 

VA 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

New Hyde Park 
Comp-Tech Sales, (516) 593-2628 
Penfield 
Barthel Enterprises, (716) 377-3018 
Cleveland 
Components, Inc., (216) 243-9200 
West Carrollton 
Components, Inc., (513) 866-0661 
Wayne 
Bartlett Associates, (215) 688-7325 
Houston 
J~ckson Arnold Company, (713) 981-5789 
Richardson 
Jackson Arnold Company, (214) 783-8348 
Arlington 
Gans, Fryling & Pugh, Inc., (703) 527-3262 
Argentina, Buenos Aires 
Nuclex, Tel: 46-9549 
France, Boulogne 
International Semiconductor Corp., 
Tel: 6045275+ 
Germany, Munchen 
Solicomp, Tel: 089/69 65 66167 
Italy, Milano 
Skylab, Tel: 688.38.06 
Japan, Tokyo 
Corton Trading Company, 
Tel: (03) 44907141/2 
United Kingdom, London 
ADCO Industrial Components, 
Tel: 01-995-8495 • 

Maruman 

Maruman Integrated Circuits 
122 Midas Way 
Sunnyvale, California 94086 
(408) 739-0560 

AL 

AZ 

CA 

CO 

CT 

FL 

IL 

IN 

KS 

·MA 

MI 

Sales Offices & Representatives 

Huntsville 
Electronic Mkt. Assoc., Inc., (205) 533-
3620 
Phoenix 
Cleveland Ent., Inc., (602) 944-4670 
Los Angeles . 
Ed Landa Co., (213) 879-0770 
Denver 

• Cleveland Ent. Colorado, Inc., (303) 751-
3252 
Washington 
Tri Com, (203) 868-7748 
Lighthouse 
R. C. Simon & Company Inc., (305) 941-
2757 ' 
Des Plaines 
Janus, Inc., (312) 298-9330 
Indianapolis 
Ihrig Assoc., Inc., (317) 783-7630 
Overland Park 
Kebo rVlfg. Rep., (913) 649-1051 
Burlington 
Tri Com, (617) 272-8163 
Farmington Hills 
Carter, McCormic & Peirce Inc (313) 
477-7700 ' ., 

MO St. Louis 
Kebco Mfg. Rep., (314) 576-4111 

NC Winston-Salem 
Electronic Mkt. Assoc., Inc., (919) 722-
5151 

NJ Cherry Hill 
J. N. Barrett, (609) 429-1551 

NM Albuquerque 
Cleveland Ent., Inc., (505) 266-5594 

NY Hicksville 
Sales Office, (516) 364-8810 
Jericho 
J-Square Mkt., (516) 997-6210 
Syracuse 
Labtronics, (315) 454-9314 

OH Dayton 
Carter, McCormic & Peirce, Inc., (513) 
222-7700 
Fairview Park 
Carter, McCormic & Peirce, Inc., (216) 
779-5100 

PA Monroeville 
Carter, McCormic & Peirce, Inc., (412) 
372-4415 
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Maruman (cont) 

SC Greenville 
Electronic Mkt. Assoc., Inc., (803) 233-
4637 

TX Houston 
SSA, Inc., (713) 661-0681 
Richardson 
SSA', inc .• (214) 231-8181 

VA 'Reston 
,Boyle Assoc" (703) 620-9558 

WA Seattle 
Datacom Assoc., (206) 285-2525 

Dlstributofl 

CA Sunnyvale 
Western Micro Technology, (408) 737-1660 

Master Logic Corp. 

Master Logic Corporation 
716 E. Evelyn 
Sunnyvale, CA 94086 
(408) 732-7777 

Specific prcdu~t !nform:ti:;)~: 
Stephen R. Allen 

Application engineering: 
Stephen R. Allen 

Literature: 
Stephen R. Allen 

Price and delivery: 
Stephen R. Allen 

Follow-up an order: 
Stephen R. Allen 

All other Information: 
Charles A. Allen 

Matrox 

Matrox Electronic Systems Ltd. 
2795 Bates Road 
Montreal, Quebec, H3S 1 B5, Canada 
(514) 481·6838 
TWX: 05-825651 

Sales Offices & Representatives 

MA Burlington 
Dynamic Sales, (617) 272-5676 
Cambridge 
Media Systems Inc., (617) 661-9424 

MI Ann Arbor 
Newman Computer Exchange, 
(313) 994-3200 

NJ Tenafly 

NY 

TX 

Can 

Inti 

Inti 

InU 

Inti 

Inti 
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Budd-Tronics Inc., (201) 569-2230 
Mooers 
Matrox International Corp. 
Dallas 
~~~~os~~t!~~ Marketing Inc., 
\',.." 2VU-1 Ivl 

Houston' 
Microsystems Marketing Inc" 
(713) 783-2900 

Ontario, Ottawa 
Multilek Inc., (613) 226-2365 
Australia, Epping 
Measuring & Control Equipment, 
Mace Co. Pty. Ltd., Tel: 86-4060 
Austria, Amelsg 
Dontron GES M.B.H. & Co. KG, 
Tel: (0222) 94 5646 
Denmark 
Jorgen Andersen Ingeniorfirma A.S., 
Tel: (02) 91 8888 
England, London 
Shelton Instruments Ltd., Tel: 01-278 6273 
England, Bournemouth 
Techexport Inc, 
Finland, Helsinki 
Distep-TY 

Inti France, Asnleres 
Metrologie, Tel: 791 4444 

Inti Germany, Munchen 
Atlantik Electronik GmbH, 
Tel: 089/7 85 31 12 

Inti Greece, Athens 
Dimitri B. Zahos, Tel: 77 70 423 

Inti Hong Kong 
Shl;l!)klil1 T'~ding Co Ltd, Tel; 5-i'8H521_3 

Inti India, Calcutta 
Summit PVT Ltd., Tel: 23-1671-2 

Inti Israel, Tel-Aviv 
RN Electronics Agencies, Tel: (03) 471659 

Inti Italy, Milano 
3-G Electronics s.r.i., Tel: 544291 

Inti Japan, Tokyo 
Internix Incorporated, Tel: 369-1101 

Inti Netherlands, Breda 
Famatre Benelux, Tel: (076) 133457 

Inti South Africa, Johannesburg 
L'Electron (PTY) Ltd., Tel: 40-6296 . 

Inti Spain, Madrid 
Neotecnica S.A.E., Tel: 2420900 

Inti Sweden, Malmo 
Satt Electronlund AB, Tel: 040-22 20 00 

Inti Switzerland, Zurich 
Kontron Electronic Ltd., Tel: 01-62 82 82 

Inti Taiwan, Taipei 
Multitech International Corporation, 
Tel: (02) 7681232 

Microcircuits Technology 

Microcircuits Technology 
650 Nuttman. #104 
Santa Clara, CA 95050 
(408) 988-7771 

Micro Networks 

Micro Networks Corporation 
324 Clark Street 
Worcester, Massachusetts 01606 
(617) 852-5400 

Specific product Information: 
Chuck Sabolis ..... " ..................... " .. ".""",,. Ext. 208 

Applications engineering: 
Chuck Sabolis ............................................ Ext. 208 

Literature: . 
Jack Cutone .............................................. Ext. 220 

Price and delivery: 
Jack Cutone ............................................ Ext. 220 

Follow-up an order: 
Jack Cutone .............................................. Ext. 220 

AU other information: 
John Munn .................................................. Ext. 225 

AZ 

CA 

co 

CT 

FL 

IL 

IN 

Sales Offices & Representatives 

Tempe 
Sedco Sales, Inc., (602) 968-7791 

Canoga Park 
California Electronic Marketing, Inc., 
(213) 884-7867 
Mt. View 
Leddy Associates, (415) 969-6313 
Santa Ana 
California Electronic Marketing, Inc., 
(714) 835-2702 
Parker 
Technoiogy Marketing Associates, 
(303) 841-3435 

Easton 
John E. Boeing, Inc., (800) 225-1333 

Clearwater 
Dyne-A-Mark Corporation, (813) 441-4702 
Fort Lauderdale 
Dyne-A-Mark Corporation, (305) 771-6501 
Maitland 

Elk Grove Village 
Oasis Sales Corporation, (312) 640-1850 

Fort Wayne 
T X Sales, Inc., (2i9) 637-5410 

10 

KS 

MA 

MD 

MI 

MN 

MO 

NY 

NM 

OH 

PI\ 

TX 

Davenport 
Ensco-Rep, Inc., (319) 386-6600 
Overland Park 
Ensco-Rep. Inc., (913) 381-7557 
Lexington 
John E. Boeing, Inc., (617) 862-2500 
Gaithersburg 
Houck ASSOCiates, (301) 840-2256 
Lutherville 
Houck Associates, (301) 296-6021 
Grosse Point Woods 
A & D Electronics, (313) 884-1956 
MinneapOlis 
Beta Engineering Corporation, 
(612) 546-2215 
St. Louis 
Ensco-Rep, Inc., (314) 567-3935 
East Syracuse 
Nycom, Inc., (315) .437-8343 
Jamaica 
S-J Sales Associates, (212) 291-.3232 
Albuquerque 
Technology Marketing Associates, 
(505) 298-4321 
Chagrin Falls 
Midwest Marketing Associates, 
(216) 247-6655 
Dayton 
Midwest Marketing Associates, 
(513) 433-2511 
King oi Prussia 
Rivco-January, Inc., (215) 265-5211 
Dallas 
J. Clay Company, (214) 350-1281 
Houston 
J. Clay Company, (713) 367-2292 

WA Seattle 
Datacom Associates, (206) 285-2525 

WI Menomonee Falls 
:>asis Sales Corporation, (414) 251-9431 

Can Ontario, Oakville 
Haltronics, Ltd., (416) 844-2121 

Inti Australia, Adelaide 
Prospect, A.J.F. Systems & Components 
Pty. Ltd., Tel: 269-1244 

Inti Austria, Wien 
Kapla Electronik, Tel: 43-48-122 

Inti Belgium, Bruxelles 
I.S.I., Tel: 02/660-13 56 

Inti Denmark, Silkeborg 
Erni & Co. AlS, Tel: (06) 836211 

Inti England, Middlesex 
Pascali Electronics Ltd., 
Tel: Sunbury 932787418 

Inti Finland, Helsinki 
Turion OY, Tel: 90-377787 

Inti France, Les Ulis 
Microel, Tel: 1-9070824 

Inti Germany, Munchen 
Tekelec Airtronic, Tel: (089) 594-621 

Inti Greece, Athens 
Mr. Theodore D. Tzitzinias, Tel: 942,4071 

Inti India, Bombay 

inti 

InU 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Hind Ind'i & Mercantile Co. Private Ltd., 
,Tel: 373 544 

Israel, Tel-Aviv 
R.N. Electronics, Tel: 03-471032 
Italy, Milano 
Microelit S.R.L., Tel: 479487 
Japan, Tokyo 
Intern ix, Tel: (03) 369-1101 
Netherlands, Breda 
Indelec B.V., Tel: 076-142333 
Norway, Oslo 
SC(ln~opier AS, Tei: 02-6~ 44~U 
South Africa, Bryanston 
S'Electronics 

Spain, Madrid 
Compania Electronica de Technicas, 
Tel: 254-9831 
Sweden, Vallingby 
Scancopter, Tel: 08/38 00 65 
Switzerland, Zurich 
Telemeter ElectroniC AG, Tel: 01125 7872 
Taiwan, Taipei 
Tai I Trading Co., Ltd., Tel: 39361111 
Yugoslavia 
Belram S.A., Brussels, Belgium. 
Tei: 34.33.32 
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Micropac Industries 

Micropac Industries, Incorporated 
905 East Walnut Street 
Garland, Texas 75040 
(214) 272-3571 
TWX: (910) 860-5186 

All other Information: 
All Inquiries: Marketing Department 
.................. , ........................................... ext. 20, 21, 24 

Sales Offices & Representatives 

AL Huntsville 
A. B. Andrews & Co., Inc., (205) 539-6817 

AZ Phoenix 
Bob Anderson Company, (602) 26&-2070 

CA Los Altos 
Stout-Loeswick, .Inc., (415) 948-3265 
Palo Alto 
Western International Trade Corp., (415) 
321-1240 
San Diego 
Van Gott & Associates, (714) 272-8452 
Santa Ana 
Rical Associates, (714) 557-6543 

CO Denver 
Component Sales, Inc., (303) 759-1666 

CT Milldale 
Wood Sales Co., (203) 621-4887 

FL Coral Springs 
H. A. Inc., (305) 752-7520 
Largo 
H.A. Inc., (813) 536-8536 

IL Des Plaines 
Janus, Inc., (312) 298-9330 

KS Overland Park 
John F. Guernsey & Co., (913) 381-2225 

MA Needham Heights 
Wood Sales Co., (617) 444-1601 

MI Ann Arbor 
O-M Sales Co., (313) 973-9450 

MN Arden Hills 
Magner & Associates, Inc., 
(612) 483-065617 

MO Maryland Heights 
John F. Guerney & Co., (314) 878-5404 

NC Research Triangle Park 
A. B. Andrews & Co., ·Inc., (919) 549-0563 

NH Wilton 
Wood Sales Co., (603) 654-2961 

NJ Ridgefield 
Rical Associates, (201) 945-5250 

NY Syracuse 
T-z Electronics, (315) 463-8592 
Victor 
T-2 Electronics, (716) 924-9101 

OH Centerville 
Charles V. Clark, (513) 435-3000 
Cleveland 
Del Steffen & Associates, (216) 461-8333 
Dayton 
Del Steffen & Associates, (513) 293-3146 

OR Portland 
Northwest Marketing Associates (503) 297-
2581 

VA Vinton 
A. B. Andrews & Co., Inc. 

WA Bellevue 
Northwest Marketing Associates, (206) 
455-5846 

Micro Power Systems 

Micro Power Systems 
3100 Alfred Street 
Santa Clara, California 95050 
(408} 247-5350 
TWX: (910) 338-0154 

Specific product information: 
Standard Products Division .................. ext. 318 

Literature: 
Standard Products Division .................. ext. 314 
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Sales Offices & Representatives 

CA San Diego 
Harvey King Associates, (714) 566-5252 
San Jose 
Electro-Ventures, (408) 997-0955 
Santa Ana 
Rical Associates, (714) 557-6543 

CO Parker 
Component Sales; (303) 841-2650 

FL Coral Spring$ 
H.A. Inc., (305) 752-7520 

IL Chicago 
Industry Representatives Inc., 
(312) 647-7755 

IN Indianapolis 
Electro Reps Inc. (317) 255-4147 

MA Burlington 
Dynamic Sales, (617) 272-5676 

MD Baltimore 
Stemler Associates, (301) 944-8262 

MI Southfield 
L. H. Dickelman Co., (313) 353-8210 

MN Minneapolis 
Peterson Electronics, (612) 884-3483 

NM Albuquerque 
Trembly Associates, (505) 266-8616 

NY Rochester 
Ontek, Inc., (716) 464-8636 
Tuckahoe 
Spectrum Sales, (914) 793-1660 

TX Austin 
The Cunningham Company, (512) 459-8947 
Dallas 
The Cunningham Company, (214) 233-4303 
Houston 
The Cunningham Company, (713) 461-4197 

WA Tukwila 
General Electronics Inc., (206) 575-4030 

Inti Australia, Strathfield 
AMPEC Engineering Co. 

Inti Belgium, Brussels 
SA Sotronic NV 

Inti Denmark, Copenhagen 
Advanced Electronics of Denmark Aps. 

Inti England, Essex 
Pronto Elec. Systems Ltd. 

Inti France, Boulogne-sur-Seine 
Martec 

Inti India, New Delhi 
Chawla Sales Corp. 

Inti Israel, Tel-Aviv 
R N Electronics 

Inti Italy, Milano 
Tekelec-Airtronic 

Inti Mexico, Mt. View, California 
Intectra, (408) 967-8818 

Inti Sweden, Dalvagen 
Sattco AB 

Inti Switzerland, Steinhausen 
ANATEC AG 

Inti West Germany, Munchen 
Tekelec-Airtron ic 

Distributors 

MD Baltimore 
Whitney Distributors, (301) 944-8080 

Mitel Semiconductor 

Mitel Semiconductor Inc. 
P.O. Box 13089 
Kanata, Ottawa, Ont., Canada, K2K lX3 
(613) 592-2122 
Telex: 053-4596 
TWX: 610-562-8529 

Specific product information: 
Marketing 

Application engineering: 
Marketing 

Literature: 
Marketing 

Follow-up an order: 
Customer Service .......................... (514) 534-2321 

All other information: 
Marketing 

Sales Offices & Representatives 

AL Huntsville 
A. B. Andrews & Company, (205,539-6817 

CA San Diego 
Mitel Semiconductor, (714) 299-4888 
Santa Clara 
12L Incorporated, (408) 985-0400 
Torrance 
Component Marketing Assoc., 
(213) 541-2515 

CO Denver 
Mitel Semiconductor, (303) 750-8177 

CT Orange 
Contact Sales, (203) 932-5656 

IL Rolling Meadows 
Sieger Assoc., (312) 991-6161 

IN Fort Wayne' . 
Scott Electronics, (219) 743-1586 
Indianapolis . 
Scott Electronics, (317) 897-9976 

MA Burlington 
Contact Sales, (617) 273-1520 

MI Plymouth 
Scott Electronics, (313) 455-2440 

MN New Brighton 
T. W. C. Sales, (612) 636-1770 

MO St. Louis 
Beneke & McCaul, (314) 434-6242 

HC Raleigh 
A. B. Andrews & Company, (919) 549-0563 

NJ Haddonfield 
Mesa Technical Assoc., (609) 429-9531 

NY Ogdensburg 
Mitel Semiconductor, (315) 393-1212 
Valley Cottage 
L. R. C. Assoc., (914) 634-7973 

OH Cincinnati 
Scott Electronics, (513) 791-2513 
Cleveland 
Scott Electronics, (216) 291-2600 
Columbus 
Scott Electr6nics, (614) 236-8619 
Dayton 
Scott Electronics, (513) 294-0539 

PA Pittsburgh 
Scott Electronics, (412) 828-1073 

TX Dallas 
N. Reese Assoc., (214) 638-6575 
Houston 
W. Reese Assoc., (713) 621-3134 

VA Arlington 
Mitel Semiconductor, (703) 243-1600 
Vinton 
A. B. Andrew & Company ,(703) 890-1128 

WA TukWila 
General Electronics Inc., (206) 575-4030 
Vancouver 
General Electronics Inc., (206) 693-0025 

WI Janesville 
Mitel Semiconductor, (608) 752-3537 

Can Montreal, Quebec 
Mitel Semiconductor, (514) 534-2321 
Ottawa, Ontario 

. Mitel SemicondUctor, (613) 592-2122 
Toronto, Ontario 
Canadian General Electric, (416) 537-4481 
Vancouver, B.C. 
Memco, (604) 943-3552 

Inti Australia, Victoria 
R&D Electronics, Tel: 288-8232 

Inti England, Slough 
Mitel Semiconductor, Tel: 0753-28154 

Inti Belgium, Bruxelles 
Sotronic, Tel: 7.:35-9791 

Inti Finland, Helsinki 
Yleiseletronika, Tel: 90-558-841 

Inti Germany, Munchen 
Atlantik Elektronik, Tel: 089-785-3165 

Inti Hong Kong, Kowloon 
Mitel Semiconductor, Tel: 3-318256 

Inti India, Bombay 
Ramniklal C. Kothari & Co., Tel: 25-1632 
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M itel (cont) 

Inti Ireland, Shannon 
Mitel Semiconductor, Tei: 061-61433 

Inti Israel, Tel-Aviv 
K.N. Electronics, Tel: 03-471659 

Inti Japan, Tokyo 
lEE Corp., Tel: 03585-2333 

Inti Oenmark, Copenhagen 
Mitel Semiconductor, Tel: 01-119302 

Inti Switzerland, l.urich 
Dimos, Tel: 01-626140 

Inll Puerto Rico, Katano 
Mitel Sef1liconductor, Tel: (809) 795-0365 

Distributors 

AZ Tucson 
Ancrona, (602) 881-2348 

CA Culver City 
Ancrona, (213) 390-3595 

Los Angeles 
Energy Electronic Products, (213) 67G-7880 

Santa Ana 
Ancrona, (714) 547-8424 

Sunnyvale 
Ancrona, (406) 243-4121 

GA Atlanta 
Ancrona, (404) 261-7100 

IL Des Plaines 
Edmar Electronics, (312) 298-8580 

MA Framingham 
Future Electronics, (617) 879-0860 
(800) 275-0480 

OR Portland 
Ancrona, (503) 254-5541 

TX Houston 
Ancrona, (713) 529-3489 

Can Toronto, Ontario 
Canadian General Electric, (416) 537-4481 

Vancouver, B.C. 
Conto Electronics, (604) 324-0505 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Mitsubishi Electric Corp. 

Mitsubishi Electric Corp. 
Mitsubishi'Denki Bldg. 
Marunouchi, Tokyo 
Post Code 100, Japan 
Tel: (03) 218-3473 
Cable: MELCO TOKYO 

Melco Sales, Inc. 
2500 Main SI. 
Irvine, CA 92714 

Melco Sales, Inc. 
7045 North Ridgeway Ave. 
Linconwood, Illinois 60645 
(312) 973-2000 

Melco Sales, Inc. 
3030 East Victorie Street 
Compton, California 90221 
(213) 537-7132 

Monolithic Memories' 

Mnnnlithir. Mpmnrjp<: 

l
1165 East Arques Avenue 
Sunnyvale, California 94086 
Tel: (408) 739-3535 
TWX: 91 0-339-9229 
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AL 

AZ 

CA 

CO 

Sales Offices & Representatives 

Huntsville 
REP, Inc .. , (205) 881-9270 

Scottsdale 
Summit Sales, (602) 994-4587 

Culver City 
Bestronics, (213) 870-9191 
Irvine' 
Bestronics, (714) 979-9910 
Mountain View 
Thresum Associates, (415) 965-9180 
San Diego 
Littlefield & Smith, (714) 455-0055 

Wheatridge 
Waugaman Associates, (303) 423-1020 

CT . North Haven 
Comp Rep Associates, (203) 239-9762 

FL Clearwater 
Dyne-A-Mark, (813) 441-4702 
Fort Lauderdale 
Dyne-A-Mark, (305) 771-6501 
Altamonte Springs 
Dyne-A-Mark, (305) 831-2097 

GA Tucker 
Rep, Inc., (404) 938-4358 

IL Rolling Meadows 
Sumer, (312) 394-4900 

iN Indiaiiapolis 
Electro Reps, (317) 255-4147 

10 Cedar Rapids 
S & Sales, (319) 393-1845 

KA Olathe 
Rush and West, (913) 764-2700 

MD Baltimore 
Monolithic Sales, (301) 296-2444 

MA Needham Height!! 
Comp Rep Associates, (617) 444-2484 

MI Grosse Point 
Greiner Associates, (313) 499-0188 

MN MinneapOlis 
Nortec Sales, (612) 835-7414 

MO Ballwin 
Rush and West, (314) 394-7271 

NJ Teaneck 
R. T. Reid Assoc., (201) 692-0200 

NY Rochester 
L-Mar ASSOCiates, (716) 328-5240 
Syracuse 
L-Mar Associates, (315) 437-7779 

NC Raleigh 
Rep, Inc., (919) 851-3007 

OH Cincinnati 
Makin Associates, (513) 871-2424 
Men~or 
Makin ASSOCiates, (216) 464-4330 

OR Portland 
N. W. Marketing, (503) 297-2581 

PA Oreland 
CMS Marketing, (215) 885-5106 

TN Jefferson City 
Rep, Inc., (615) 475-4105 

TX Dallas 
West & Associates, (512) 451-2456 

NH Salt Lake City 
Waugaman Associates, (801) 363-0275 

WA Bellevue 
Northwest Marketing, (206) 455-5846 

WI Milwaukee 
Sumer, (414) 259-9060 

Can Milton, Ontario 

Inti 

Cantec, (416) 624-9696 
Ottawa, OntariO 
Cantec, (613) 225-0363 
Pierre Ponds, Quebec 
Cantec, (514) 620-3121 

W. Germany, Munchen 

982601 

Inti . Japan, Tokyo 
Monolithic Memories, Tel. 3-4039061 

Distributors 

AL Huntsville 
Hall-Mark Electronics, (205) 837-8700 

AZ Phoenix 
Kierulft Electronics, (602) 243-4101 
Sterling ElectroniCS, (602) 258-4531 

CA Los Angeles 
Kieruiff Electronics, (213) 685-5511 

Pa(o Alto 
Kierulff Electronics, (415) 968-6292 

San Diego 
Intermark Electronics, (714) 279-5200 
Kierulff ElectroniCS, (714) 278-2112 

Santa Ana 
IntJlrmark Eelctronics, (714) 540-1322 

Sunnyvale 
DipiomaiiWesiiand, (408) 734-1900 
Intermark Electronics, (408) 738-1111 

Tustin 
Kierulff Electronics, (714) 731-5711 

CO Denver 
Kierulff Electronics, (303) 371-6500 
Wheatridge 
Century Electronics, (303) 424-1985 

CT Hamden 
Arrow' Electronics, (203) 248-3801 

Wilton 
Components for Industries, (203) 762-8691 

. FL Clearwater 
Diplomat/Southland, (813) 443-4514 

Ft. Lauderdale 
Arrow Electronics, (305) 776-7790 
Hall-Mark Electronics, (305) 971-9280 

Orlando 
~ ._ ..•.. _ .. , -.---- ............. , ~...,vvJ VVv-""ULU 

IL Elk Grove Village 
Hall-Mark Electronics, (312) 437-8800 
Kierul1f Electronics, (312) 640-0200 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Monolithic Memories 
MONTREAL, QUEBEC Monosil 

IN Indianapolis Future Electronics 
Advent Electronics, (317) 297-4910 

Tel: (514) 735-5775 
Monosil 

KS Shawnee Mission 975 Comstock 
Hall-Mark Electronics, (913) 888-4747 IC MASTER DISTRIBUTOR Santa Clara, California 95050 

MA Billerica (408) 249-2501 
Kierulff Electronics, (617) 935-5134 
Burlington Edmonton, Alberta 
Lionex, (617) 272-9400 Bowtek Electric, (403) 426-1072 

MOS Technology Woburn Inti Australia, Burwood 
Arrow Electronics, (617) 933-8130 R&D Electronics Pty. Ltd., Tel: 288-8232 

MD Baltimore Inti Austria, Geylinggasse MOS Technology 
Arrow Electronics, (202) 737-1700 Ing. Ernst Steiner, Tel: 222-822674 950 Rittenhouse Road 
Pytron ics/Savage, (301) 792-0780 

Inti Belgium, Antwerp 
Norristown, Pennsylvania 19401 

Gaithersburg (215) 666-7950 
Pioneer Washington, (301) 948-0710 

Ritro Electronics, Tel. 31-353272 TWX: 510-660-4033 
Savage Inti Denmark, Horsholm 
Pyttronics Industries, (301) 792-0780 C-88, Tel: 2-570888 Specific product information: 

MI Ann Arbor Inti England, East Molesey J. C. Hertsch 

Arrow Electronics, (313) 971-8220 Memory Devices Ltd., Tel: 1-9411066 Application engineering: 

Farmington Berkshire Eric Rehnke .............................................. ext. 302 

Diplomat/Northland, (313) 477-3200 Macro Marketing Ltd., Tel: 6286-63011 Literature: 

MN Bloomington Inti . Finland, Vantaa 
Local Representative 

Arrow Electronics, (612) 887-6400 Telecas O.Y., Tel: 0-821655 
Price and delivery: 

Local Representative or Nancy Carey. Hall-Mark Electronics, (612) 884-9056 
Inti France, P~lris Follow-up an order: 

MO Earth City Monolithic Memories France S.A.R.L., Tel: Nancy Carey 
. Hall-Mark Electronics, (314) 291-5350 1-6860386 All other information: 

NC Raleigh Cely J. C. Hertsch 
Hall-Mark Electronics, (919) 832-4465 Alfatronic SAR.L., Tel: 1-7914444 

NH Manchester Rue des Tilleuis 
Arrow Electronics, (603) 668-6968 Assistance Microprocesseurs, Tel: 1- Sales Offices & Representatives 

NJ Fairfield 6036640 
Kierulff Electronics, (201) 575-6750 Perret CA Culver City Moorestown Radio Equipments-Antares, Tet: 1-7581111 
Arrow Electronics, (609) 235-1900 D'Angelo, Rotham & Co., (213) 398-6239 

Rutherford Inti Germany Los Altos 

Kieru Iff Electron ics, ' (201) 935-2120 West Germany W. W. Rosey Co. Inc., (415) 948-7771 

Diplomatl PC, (201) 785-1830 Monolithic Memories, GmbH, Tel: 89- CT Southington 

Saddlebrook 982601 Orion Group, (203) 621-5941 

Arrow Electronics, (201) 797-5800 IL Des Plaines 

NM Albuquerque 
Janus Inc., (312) 298-9330 

Century Electronics, (505) 292-2700 GERMANY, MUNCHEN MA Lynnfield 

NY Buffalo Astronic GmbH 
Orion Group, (617) 245-5220 

NJ Nutley 
Summit Distributors, (716) 884-3450 Tel:. 089-304011 Falk Baker and Assoc., (201) 661-2430 
Farmingdale 

IC MASTER DISTRIBUTOR OH Medina 
Arrow Electronics, (516) 694-6800 McSane, (216) 725-4568 
Rochester PA King Of Prussia 
Summit Distributors, (716) 334-8110 Rivcol January, (215) 265-5211 
Smithtown WA Seattle 
Current Components, (516) 979-9030 GERMANY, MUNCHEN Sea Well Marketing, (206) 783-2043 
Woodbury Electronic 2000 Diplomat Electronics, (516) 921-9373 

OH Cleveland' . Vertriebs GmbH 
Arrow Electronics, (216) 464-2000 Tel: 089 4340 61 Mostek 
Dayton IC MASTER DISTRIBUTOR 
Arrow Electronics, (513) 253-9176 Mostek Corporation 

OK Tulsa 
Putxbrunn 1;115 West Crosby Rd. 

Hall-Mark Electronics, (918) 835-8458 
Panel GmbH, 89-464024 Carrollton, Texas 7,5006 

OR Portland 
Gerlingen (214) 242-0444 

Almac/Stroum Electronics, (503) 292-3534 
Positron Bauelemente Vertriebs GmbH, Telex: 730423 

PA Horsham Tel: 7156-23051 Specific product informatio~: Pioneer/Delaware Valley, (-215) 674-4000 
TX Austin Inti India Microcomputers .............................. Bob Schweitzer 

Hall-Mark Electronics, (512) 837-2814 New Delhi Memory Products ................................ Derrell Coker 

Quality Components, (512) 458-4181 Chawla Sales, Tel: 277388 Memory systems ...................................... Jim Carver 

Dallas Bombay Telecommunications .............................. Jim Garrett 

Hall-Mark Electronics, (214) 234-7400 Zenith Electronics, Tel: 384212 Literature: 

Quality Components, (214) 387-4949 Inti Israel, Ramat-Gan Advertising Dept. 

Houston Telsys Ltd., Tel: 3-739865 Price and delivery: 

Hall-Mark Electronics, (713) 781-6100 Inti Italy, Viale Romagna 
Contact sales office, Rep. or Dis!. 

Quality Components, (713) 772-7100 Comprel S.R.L., Tel: 2-9280809 
Follow up: 

Customer service 
Sterling Electronics, (713) 627-9800 Inti Netherlands, Barneveld 

UT Salt Lake City Ritro Electronics B.V., Tel: 3420-5041 
Calron Electric Supply, (801) 487-7451 Breda Sales Offices & Representatives Century Electronics, (810) 972-6969 Famatra Benelux, Tel: 76-139100 

WA SeaUle 
Almac/Stroum Electronics, (206) 763-2300 Inti Norway, Oslo AL Huntsville 
Tukwila Henaco AIS, Tel: 472-157550 Beacon Electronic Associates Inc., (205) 
Kierulff Electronics, (206) 575-4420 Inti Spain, Madrid 881-5031 

WI West Allis Comisa Ingenieros SA, Tel: 1-2542901 AZ Phoenix 
Hall-Mark Electronics, (414) 476-1270 Mostek, (602) 997-7573 

Can Ottawa, Ontario Scottsdale 
Zentronics Limited, (613) 238-6411 SWEDEN Summit Sales, (602) 994-4587 
Toronto, Ontario CA Culver City 
Future Electronics, (416) 675-7820 Naxab Bestronics, Inc., (213) 870-9191 
Zentronics Limited, (613) 238-6411 Tel: 08/9851 40 Irvine 
Vancouver, British Columbia 

IC MASTER DISTRIBUTOR 
Bestronics, Inc., (714) 979-9910 

Bowtek Electric, (604) 736-1141 Mostek, (714) 549-0397 
Winnipeg, Manitoba San Diego 
Bowtek Electronic, (204) 633-9523 Harvey King, Inc., (714) 566-5252 
Montreal, Quebec Inti Switzerland, Zurich San Jose 
Zentronics Limited, (514) 735-5361 Baerlocher A.G., Tel: 1-429900 Mostek, (408) 287~5081 
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Mostek (cont) 
CO Wheat Ridge 

Waugaman Asociates, (303) 423-1020 
CT Greenwich 

Mostek, (203) 622-0955 
W. Hartford 
New England Technical Sales, (203) 236-
4705 

FL Ft. Lauderdale 
Beacon Electronic Associates, Inc., (305) 
971-7320 
Ft. Walton Beach 
Beacon Electronic Associates, Inc., (904) 
244-1550 
Maitland 
Beacon Electronic Associates, Inc., (305) 
647-3498 
Tampa 
Mostek, (813) 876-1304 

GA Atlanta • 
Beacon Electronic Associates, Inc., (404) 
393-9880 

IA Cedar Rapids 
Cahill AssOCiates, (319) 377-4018 

IL Rolling Meadows 
Sumer inc., (312) 991-8500 

IN Carinel 
Rich Electronic Marketing, (317) 844-8462 
Fort Wayne 
Rich Electronic Marketing, (219) 432-5553 

KS Olathe 
Rush & West Associates, (913) 764-2700 

MA Burlington 
New England Technical Sales, (617) 272-
0434 

MD Waltham 
Mostek, (627) 880-9107 
Silver Spring 
Marktrcn, Inc., (301) 460-6100 
Timonium 
Marktron, Inc., (301) 252-7111 

MI Livonia 
Lillonia Palli Ii ion East, (313) 255-3011 
Plymouth 
A.P.J. Associates, Inc., (313) 459-1200 

MN Edina 
Mostek, (612) 835-7303 
St. Paul 
Cahill ASSOCiates, (612) 646-7217 

MO Ballwin 
Rush & West ASSOCiates, (314) 394-7271 

NC Greensboro 
Beacon Electronic Associates Inc., (919) 
257·9997 

NJ Mt. Laurel 
East Gate Business Center, (609) 235-4112 

NM Albuquerque 
Waugaman Associates, (505) 294-1436 

NY Binghamton 
PreCision Sales Corp., (607) 648-3686 
North Syracuse 
Precision Sales Corp., (315) 458-2223 
Plainview ' " 
ERA, (516) 822-9898 
Rochester 
Precision Sales Corp., (716) 381-2820 

OH Cincinnati 
Makin Associates, (513) 871-2424 
Miamisburg 
Mostek, (513) 866-3405 
Strongsville 
Makin Associates, (513) 687-:10:19 

OR Portland 
Northwest Mkt. ASSOCiates, (503) 297-2581 

PA Fort Washington 
Mostek, (215) 628-9050 
Oreland 
CMS Marketing, ('15) RR5-51015 

TN Oak Ridge 
Beacon Electronic Associates, Inc., (615) 
482-2409 

TX Austin 
West & Associates, Inc., (512) 451-2456 
Dallas 
West & ASSOCiates, Inc., (214) 661-9400 
Farmers Branch 
Mostek, (214) 243-1017 

UT, Sail Lake 
•• --:::IWO ......... • ~ ............... '''''''w.:J, \,""V I) vvv-"'''-, OJ 

Charlotte 
Marktron, Inc., (3011460·6100 
Bellevue 
Northwest ~k1. Associates, (206) 455·5846 

WI Milwaukee 
Sumer, Inc., (414) 259-9060 

Can Downsvjew, Ontario 
Weber Electronics, Inc., (416) 638-1322 
Dorval, Quebec 
Weber Electronics, Inc., (514) 861-2014 

Distributors 

AZ Phoenix 
Cramer Electronics, (602) 267-7321 
Kierulff Electronics, (602) 243-4104 

CA Irvine 
Schweber Electronics, (714) 556-3880 
Los Angeles 
Kierulff Electronics, (213) 685-5511 
Palo Alto 
Kierulff Electronics, (415) 968-6292 
Santa Anna 
Intermark Electronics, (714) 540-1322 
San Diego 
Cramer Electronics, (714) 565-1881 
Intermark Electronics, (714) 279-5200 
Kierulff Electronics, (714) 278-2112 
Sunnyvale 
Cramer Electronics, (408) 739-3011 
Intermark Electronics, (408) 738·1111 
Trustin 
Kierulff Electronics, (714) 731-5711 

(;0 uenver 
Kierulff Electronics, (303) 371-6500 
Wheatridge 
Century Electronics, (303) 424·1985 

CT Hamden 
Arrow Electronics, (203) 248·3801 
North Haven 
Cramer Electronics, (203) 239-5641 

FL Clearwater' 
Diplomat/Southland Inc., (813) 443-4514 
Ft. Lauderdale 
Arrow E:lectronlcs, (3Utl) 7/0-7190 
Palm Bay 
Arrow Electronics, (305) 725·1480 
St. Petersburg 
Kierulff Electronics, (813) 576-1966 

GA 

IA 

IL 

IN 

MA 

MD 

MI 

MN 

NC 

NJ 

NM 

NY 

On 

PA 

SC 

iii: 

UT 

WA 

WI 

Atlanta 
Schweber Electronics, (404) 449-9170 
Doraville 
Arrow Electronics, (404) 455-4054 
Cedar Rapids 
Advent Electronics, (319) 363-0221 
Chicago 
Bell Industries, (312) 982-9210 
Elk Grove Village 
Kierulft E!ectronics, (312) 640-0200 
Mt. Prospect 
Cramer Electronics, (312) 593-8230 
Ft. Wayne 
Fort Wayne Electronics, (219) 423-3422 
Indianapolis 
Advent Electronics, (317) 297-4910 
Billerica 
Kierulff Electronics, (617) 667-8331 
Burlington 
Lionex Corp., (617) 272-940P 
Newton 
Cramer Electronics, (617) 969-7700 
Baltimore 
Arrow Electronics, (301) .247-5200 
Columbia 
Technico Inc., (301) 461-2200 
Gaithersburg 
Cramer Electronics, (301) 948-0110 
Ann Arbor 
Arrow Electronics, (313) 971-8220 
Livonia 
Schweber Electronics, (313) 525-8100 
Bloomington 
Arrow Electronics, (612) 887-6428 
Minneapolis 
Cramer Electronics, (612) 835-7811 
Kansas City 
Semiconductor Specialists, (816) 452-3900 
St. Louis 
Olive Electronics, (314) 426-4500 
Greensboro 
Hammond Electronics, (919) 275-6391 
Cherry Hill 

. Cramer Electronics, (609) 424-5993 
Fairfield 
Kierulff Electronics, (201) 575-6750 
Little Falls 
Cramer Electronics, (201) 785-4300 
Morrestown 
Arrow Electronics. (609) 235-1900 
Saddlebrook, (201) 797-5800 
Somerset 
Schweber Electronics, (201) 469-6008 
Albuquerque 
Century Electronics t (505) 292 .. 2700 
Cramer Electronics, (505) 243-4566 
Buffalo 
Summit Electronics, (716) 884-3450 
East Syracuse 
Cramer ElectroniCs, (315) 437-6671 
Farmingdale 
Arrow Electronics, (516) 694-6800 
Hauppauge, LI 
Cramer Electronics, (516) 231-5600 
Rochester 
Cramer Electronics, (716) 275-0300 
Summit Electronics, (716) 334·8110 
Westbury 
SchweberElectronics, (516) 334-7474 
Beachwood 
Arrow Electronics, (216) 464-2000 
Kettering 
Arrow Electronics, (513) 253-9176 
Solon 
Cramer Efectronics, (216) 248-8400 
Horsham 
Schweber Electron ics, (215) 441-0600 
Greenville 
Hammond Electronics, (803) 233-412~ 
AUlitin 
Quality Components, (512) 458-4181 
Dallas 
Cramer Electronics, (214) 661·9300 
Quality Components, Inc., (214) 387-4949 
Houston 
Quality Components, (713) 772-7100 
Schweber Electronics, (713) 784-3600 
Salt Lake City 
Century Electronics, (801) 972-6969 
Seattle 
I\lerum t::lectronlcs, (206) 575-4420 
Tukwila 
Cramer E!ectronics, (206) 575-0907 
Oak Creek ' 
Arrow ElectroniCS, (414) 764·6600 ~: 

---------------------------~-----------------------_____ ~L_ __________________________ ~ 
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Mostek (cont) 
Can Mississauga, Ontario 

Prelco Electronics, (416) 678-0401 
Montreal, Quebec 
Prelco Electronics, (514) 389-8051 
OUowa, Ontario 
Prelco Electronics, (613) 226-3491 
Vancouver, British Columbia 
R.A.E. Industrial, (604) 687-2621 
Winnepeg, Manitoba 
W.E.S. Ltd., (204) 632-1260 

Motorola Semiconductor 

Motorola Semiconductor Products 
5005 East McDowell Road 
Phoenix, Arizona 85008 

Specific product information 
Contact nearest district sales office or fran­

chised distributor 
Application engineering: 
See product information 

Literature: 
See above 

Price and delivery: 
Direct contact with the proper people in the 
factory, if required, can be made through one 
of the sales offices or distributors. 

Place an order: 
See Price and Delivery 

Follow-up an order: 
See above 

AL 

AZ 

CA 

CO 

CT 

DC 

FL 

GA 

IA 

IL 

IN 

KS 

MA 

MI 

MN 

MO 

NC 

Sales Offices & Representatives 

Huntsville 
Motorola, (205) 533-1650 
Phoenix 
Motorola, (602) 994-6326 
Scottsdale 
Motorola, (602) 949-3811 
Encino 
Motorola, (213) 986-6850 
Los Angeles 
Motorola, (213) 865-9552 
San Diego· 
Motorola, (714) 560-4644 
San Jose 
Motorola, (408) 985-0510 
Orange 
Motorola, (714) 634-2844 
Denver 
Motorola, (303) 773-6800 
Hamden 
Motorola, (203) 281-0771 
Washington, D.C. 
Motorola, (301) 577-2600 
Altamonte Springs 
Motorola, (305) 831-3422 
Ft. Lauderdale 
Motorola, (305) 473-6000 
Motorola, (305) 491-8141 
St. Petersburg 
Motorola, (813) 377-9439 
Atlanta 
Motorola, (404) 394-6627 
Cedar Rapids 
Motorola, (319) 377-9439 
Park Ridge 
Motorola, (312) 576-2600 
Schaumburg 
Motorola, (312) 576-2788 
Motorola, (312) 576-5518 
Ft. Wayne 
Motorola, (219) 484-0436 
Indianapolis 
Motorola, (317) 849-7060 
Mission 
Motorola, (913) 384-3050 
Lexington 
Motorola, (617) 861-1350 
Benton Harbor/Douglas 
Motorola, (616) 857-2159 
Detroit/Westland 
Motorola, (313) 261-6200 
Minneapolis 
Motorola, (612) 545-0251 
St. Louis 
Motorola, (314) 872-7681 
Raleigh 
Motorola, (919) 782-7604 
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NJ 

NY 

OH 

OK 

OR 

PA 

TN 

TX 

VA 

WA 

WI 

Can 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

River Edge 
Motorola, (201) 488-1200 
Fishkill 
Motorola, (914) 896-8970 
Hauppauge 
Motorola, (51'6) 231-9000 
Rochester 
Motorola, (716) 381-7220 
Syracuse 
Motorola, (315) 454-9373 
Cleveland 
Motorola, (216) 461-3160 
Dayton 
Motorola, (513) 294-2231 

. Worthington 
Motorola, (614) 846-9460 
Tulsa 
Motorola, (918) 664-5227 
Portland 
Motorola, (503) 297-2235 
Ft. Washington 
Motorola, (215) 643-4500 
Knoxville 
Motorola, (615) 690-5592 
Austin 
Motorola, (512) 452-7673 
Dallas 
Motorola, (214) 661-9829 
Ft. Worth 
Motorola, (817) 284-4861 
Houston 
Motorola, (713) 668~4583 
Charlottesville 
Motorola, (804) 977-3691 
Kirkland 
Motorola, (206) 827-4681 
Wauwatosa 
Motorola, (414) 476-5554 
Downsview, Ontario 
Motorola Sem.iconductor Products, (416) 
661-6400 
Ottawa, Ontario 
Motorola Semiconductor Products, (613) 
729-4361 
Montreal, Quebec 
Motorola Semiconductor Products, (514) 
731-6881 
Vancouver, B.C. 
Motorola Semiconductor Products, (604) 
985-4618 
Argentina, Buenos Aires 
Motorola International, Tel: 4617437 
Australia, Sidney 
Motorola Semiconductor Products Div., 
Tel: 43-4409/4299 
Brazil, Sao Paulo 
Motorola Semiconductors do BrasH, Ltd., 
Tel: 70-2395 or 70-7286 
Denmark, Lyngby 
Motorola Semiconductors, Tel: (01) 88 
44 55 
England 
Manchester 
Motorola Semiconductors Ltd., Tel: 061-
833-0731 
Wembly. Middlesex 
Motorola Semiconductors Ltd., Tel: 01-
902-8836 
France, Paris 
Motorola Semiconducteurs S.A. Tel: 551 
50 61 
Germany 
Langenhagen/Hannover 
Motorola GmbH, Geschaftsbereich Hal­
bleiler, Tel: (0511) 77-20-37 
Munchen 
Motorola GmbH, Geschaftsbereich Hal­
bleiter, Tel: 089-95-1041 
Nuremberg 
Motorola GmbH, Geschaftsbereich Hal­
bleiter, Tel: (0911) 65761 
Sindelfingen 
Motorola GmbH, Geschaftsbereich Hal­
bleiter, Tel: (07031) 83074 
Wiesbaden 
Motorola GmbH, Geschaftsbereich Hal­
bleiter, Tel: (06121) 76-1921 
Holland, Utrecht 
Motorola N.V., Tel: 030 510207 
Hong Kong 
Hunghom, Kowloon 
Motorola Semiconductors H.K. Ltd., Tel: 
3-694717 
Israel, Tel Aviv 
Motorola Israel, Ltd., Tel: 03-38973 • 

Inti Italy 
Bologna 
Motorola Semiconduttori S.P.A., Tel: 
266905 
Milano 
Motorola Semiconduttori S.P.A., Tel: 
738-6141 
Roma 
Motorola Semiconduttori S.P.A., Tel: 
83 14 7 46 

Inti Japan 
Osaka 
Motorola Semiconductors Ltd., T431: 06-
262-4637 
Tokyo 
Motorola Semiconductors Ltd., Tel: 03-
499-1241 

Inti Mexico 18, D.F. 
Productos Semiconductores· Motorola de 
Mexico, S.A. Tel: (905) 524-8191 

Inti Puerto Rico, Santurce 
Motorola Americas, Tel: (809) 723-9350 

Inti Singapore 
Motorola Singapore Pty. Ltd., Tel: 361-755 

Inti Sweden, Solna 
Motorola Semiconductor AS, Tel: 08/82 
0295 

Inti Switzerland 
Geneve 
Motorola Semiconductor Products, Inc., 
Tel: (022) 33 56 07 
Zurich 
Motorola Semiconductor Products Inc., 
Tel: (051) 65 56 56 07 

Inti Taiwan, Taipei 
Motorola Asia, Ltd., Tel: 594-7172/6 

1---------------1 

I ~"'~,,! 
~1\ 

Distributors 

AL Huntsville 
Hall-Mark Electronics, (205) 837-8700 
Pioneer-Standard Electronics, 
(205) 837-9300 
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Motorola (cont) 

AZ Phoenix 
Hamilton/Avnet Electronics, (602) 275-7851 
Liberty Electronicsl Arizona, (602) 249-2232 

CA Culver City 
Hamilton Electro Sales/L.A., (213) 558-
2000 \ 
Costa Mesa 
Avnet, (714) 754-6111 
EI Segundo 
Uberty Electronics Corp., (213) 322-8100 
Irvine 
Cramer/Los Angeles, (213) 771-8300 
Mountain View 
Elmar Electronics, (415) 961-3611 
Hamilton/Avnet Electronics, (415)961-8600 
Palo Alto 
Kierulff Electronics, Inc., (415) 968-6292 
San Diego . 
Hamil!onl Avnet Electror.ics, (714) 279·2421 
Liberty Electronics/San Diego, (714) 565-
9171 
Sunnyvale 
Western Microtechnology Sales, 
(408) 737-1660 

CO Commerce City 
Elmar Electronics, (303) 287-9611 
Denver 
Hamilton/Avnet Electronics, (303) 534-1212 

CT Danbury 
Schweber' Electronics, (203) 792-3500 
Georgetown 
Hamilton/ Avnet, (203) 762-0361 
North Haven 
Cramer Electronics, (203) 239-5641 

FL Ft. Lauderdale 
Hall-Mark Electronics, (305) 971-9280 
Hamilton/Avnet Electronics, (305) 971-2900 
Hollywood 
Schweber Electronics, (305) 927-0511 
Orlando 
Cramer Electronics, (305) 894-1511 
Hall·Mark Electronics, (305) 855-4020 

GA Atlanta 
Schweber Electronics, (404) 449-9170 
Norcross 
Hamilton! Avnet Electronics, (404) 448-0806 

IL Chicago 
Newark Electronics Corp., (312) 638-4411 
Semiconductor Specialists, (312) 279-1000 
Elk Grove Village 
Pioneer, (312) 437·9680 
Schweber Electronics, (312) 593-2740 
Mt. prospect 
Cramer Electronics, (312) 593-8230 
Schiller Park 
Hamilton/ Avnilt Electronics, (312) 678-6310 

tN Indianapolis 
Graham Electronics Supply. (317) 634-
8202 
Pioneer/Indianapolis, (317) 849-7300 

KS Overland Park 
Hamilton/ Avnet Electronics, (913) 888-8900 
Shawnee Mission 
Hall-Mark Electronics, (913) 888-4747 

LA Melairie 
Sterling Electronics, (504) 887-7610 

MA Builifiyiufi 
Zeus Components, (617) 273-0750 
lexington 
Harvey Electronics, (617) 861-9200 
Newto .. 
Cramer Electronics, (617) 969-7700 
Impact Sales Co., Inc .. (617) 964-7740 
Waltham 
Schweber Electronics, (617) 890-8484 
Woburn 
H::::.miltnn/A\lnot J:lo,..trf\ni"e 1&:'17\ 0"1'1 oonn 
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Cramer/Wash ington, (301) 948-0110 
Pioneer/Washington Electronics, (301) 
948-0710 
Hanover 
Hami lIon! Avnet Electron ics, (301) 796-5684 
Rockville 
Schweber ElectroniCs, (301) 881-3300 
Savage 
Pyttronic Industries, (301) 953-9650 

Hamillon/Avnet Electronics, (313) 522-4700 
Pioneer, (313) 525-1800 . 
R S Electronics, (313) 525·1155 

MN 

MO 

NC 

NM 

NY 

OH 

PA 

SC 

TX 

UT 

WA 

WI 

Bloomington 
Hall-Mark Electronics, (612) 884-9056 
Eden Prairie 
Schweber Electronics, (612) 941-5280 
Edina 
Cramer/Minnesota, (612) 835-7811 
Hamilton/ Avnet Electronics, (612) 941-3801 
Earth City 
Hall-Mark Electronics/SI. Louis, (314) 291-
5350 
Hazelwood 
Hamilton/Avnet Electronics, (314) 731-1144 
Greensboro 
Pioneer Electronics, (919) 273-4441 
Raleigh' 
Hall-Mark Electronics, (919) 832-4465 
Winston-Salem 
Cramer Electron ics, (919) 725-8711 
Cedar Grove 
Hamilton/ Avnet Electronics, (201) 239-0800 
Mt. laurel 
Hamilton/ Avnet Electronics, (609) 234-2133 
Pennsauken 
Resco Electronics, (609) 662-4000 or (215) 
925~6900 

Somerset 
Schweber Electronics, (201) 469-6008 
Albuquerque 
Hamilton/Avnet Electronics, (50S) 765-1500 
East Syracuse 
Hamilton! Avnet Electronics, (315) 437-2462 
Elmsford 
Zeus Component~, (91<1) 592-4121 
Farmingdale 
Harrison Radio Corp., (516) 293·7979 
Hauppauge, L.I. 
Cramer Electronics, (516) 231-5600 
Rochester 
Cramer Electronics, (716) 275-0300 
Hamilton/Avnet Electronics, (716) 442-7820 
Schweber Electronics, (716) 461-4000 
Syracuse 
Cramer Electronics, (315) 437-6671 
Westbury, L.I. 
Schweber Electronics, (516) 334·7474 
Woodbury, l.l. 
Harvey Electronics, (516) 921-8700 
Beachwood 
Schweber Electronics, (216) 464-2970 
Cleveland 
Hamiltonl Avnet Electronics, (216) 461-1400 
Pioneer-Standard Electronics, (216) 587-
3600 
Dayton 
Hamilton/ Avnet Electronics, (513) 433-0610 
Pioneer. (513) 236-9900 
Solon 
Cramer/Cleveland, (216) 248-8400 
Tulsa 
Hall-Mark Electronics, (918) 835-8458 
Horsham 
Pioneer/Washington. (215) 674·4000 
Montgomeryville 
Pyttron ic Industries, (215) 643-2850 
Pittsburgh 
Pioneer-Standard, (412) 782-2300 
Columbia 
Dixie Electronics, (803) 779-5332 
Austin 
Hall-Mail-; Electronics, (512) 837-28i4 
Sterling Electronics, (512) 836-1341 
Dallas 
Hall·Mark Electronics. (214) 234-7400 
Harr::!!~~! A'y~ot C:6CtiOji;C5, \2~';} u6i-Sool 
Schweber Electronics, (214) 661-5010 
Sterling Electronics, (214) 357·9131 
Trevino Electronics, (214) 358-2418 
EI Paso 
Midland SpeCialty Co., (915) 533-9555 
H~IJ!!o!! 

Hall-Mark Electronics, (713) 781-6100 
Hami Itonl Avnet Electronics. (713) 780-1771 
Sterling Electronics, (713) 627·9800 
Salt Lake City 
Hamiltonl Avnet Electronics, (801) 972·2800 
Bellevue 
Hamilton/ Avnet Electronics, (206) 746-8750 
Liberty Electronics Corp., (206) 453-8300 
Seattle 
AlmaclStroum Electronics. (206) 763-2300 
MilwaUKee 
Marsh E!ectronics, (414) 475·60()() 
New Berlin 
Hamilton/ Avnet Electronics, (414) 784-4510 

Can 

Inti 

Inti 

Inll 

Inti 

IntI 

Inti 

Inti 

Inll 

Inti 

Inll 

Calgary, Alberta 
L. A. Varah, Ltd., (403) 276-86i8 
Downsview, Ontario 
Zentronics, Ltd., Tel: (416) 635-2822 
Edmonton, Alberta 
Bowtek Electric Co., Ltd .. (403i 426-1072 
Hamilton, Ontario 
L. A. Varah, Ltd., (416) 561-9311 
london, Ontario 
CM Peterson Co., Ltd., (519) 434-3204 
Mississauga, Ontario 
Hamilton/Avnet Elec!f0nics, (416) 677·7432 
Montreal, Quebec 
Cesco ElectroniCS, Ltd., (514) 735-5511 
Ottawa, Ontario 
Hamilton/Avnet Electronics, (613) 262-1700 
Zentronics, Ltd., (613) 232-3591 
Quebec, Quebec 
Cesco Electronics, Ltd., (418) 524-4641 
St. laurent, P.Q. 
Hamilton/Avnet Electronics. (514) 331-6443 
Mount Royal, Quebec . 
Zentronics, Ltd., (514) 735-5361 
Vancouver, B. C. 
Intek ElectroniCS, Ltd., (604) 324-6831 
L. A. Varah, Ltd., (604) 873-3211 
Willowdale, Ontario 
Electro Sonic, Inc., (416) 494-1555 
Winnipeg, Manitoba 
L. A. Varah, Ltd., (204) 633-6190 
Argentina, Buenos Aires 
Compania de Semi 
Aiisifaiia 
Brighton, Victoria 
Total ElectroniCS 
Crows Nest, N.S.W. 
Cema Distributors Pty., Ltd., Tel: 439-4655 
Austria, Wien 
Elbatex GmbH, Tel: (0222) 86-91·58 
Belgium. Bruxelles 
Diode Belgium, Tel: (02) 428-51-05 
Chile, Santiago 
Raylex Ltd. 
Colombia, Bogota 
Etelco 
Denmark, Havdrup 
GDS-Henckel Aps, Tel: (03) 38-57-16 
Finland, Helsinki 
Field Oy, Tel: (80) 69-22-577 
France 
Brest Cedex 
Bellion, Tel: (98) 803800 
Gentilly 
Celdis, Tel: (01) 581-00-20 
Nancy . 
Els GROS S.A., Tel: (028) 242422 
Rungis 
S.C.A.I.B., S.A., Tel: (01) 687-23-13 
Saint Andre Les Lille 
Ets GROS S:A., Tel: (020) 556470 
Saint Priest en Jarez 
Ste FEUTRIER, Tel: (77) 746733 
Suresnes 
Feutrier lie de France, Tel: (01) 772-46-46 
Toulouse 
Ste CommerCial Toutelectrique', Tel: (61) 
624784 
Germany 
eer!i~ 
Distron oHG, Tel: (30) 8-24-30-61 
Bremen 
Mutron Muller & Co., KG, Tel: (0421) 31-
0A ·85 
Burgwebel/Hannover 
E.B.V. Electronik Vertriebs, Tel: (051) 39-
45-70 
Camberg 
Jermyn GmbH, Tel: (6434) 6005 
Dortmund 
R.T.G., E. Springorum KG, Tel: (0231) 
57-92-52 
Dusseldorf 
E.B.V. Elektronik Vertriebs, Tel: (02-1) 
8-48-46 
Ousseldorf/Meerbusch 
Sasco, Tel: (02150) 14-33 
Frankfurt 
E.B,V. Elektronik Vertriebs, Tel: (0611) 
72·04-16 
HamDurg 
R.Te , Tel: (040) 20-29·136 
Hannover 
Sasco, Tel: (0511) 86·25-86 

I 
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Motorola (cont) 
Hannover-Vahrenwald 
R.T.G., Tel: (0511) 66-20-26 
Mannheim-Vogelstang 
R.T.G., Tel: (0621) 70-88-88 
Munchen 
Celdis GmbH, Tel: (89) 45-43-06/08 
E.B.V. Elektronik Vertriebs, Tel: (089) 64-
40-55 
R.T.G., Tel: (089) 36-65-00 
Putzbrunn b. Munchen 
Sasco Vertrieb von Electronischen, Tel: 
(089) 46-50-81 
Schwalbach 
Technoprojekt, Tel: (06196) 8-21-00 
Stuttgart-Bad Cannstatt 
Technoprojekt, Tel: (0711) 56-17-12 
Stuttgart 1 
Sasco, Tel: (0711) 24-45-21 
E.B.V. Elektronik Vertriegs, Tel.: (0711) 
24-74-81 
Stultgart-Degerloch 
R.T.G:; Tel: (0711) 76-64-28 
Wiesbaden 
R.T.G., Tel: (06121) 52-73-09 

Inti Greece, Thessaloniki 
Macedonian Electronics, Ltd., Tel: 42-
60-32 

Inti HoUand, Utrecht 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

N.V. Diode, Tel: (30) 88-42-14 

HOLLAND 

Manudax-Nederland 

Ie MASTER DISTRIBUTOR 

Hong Kong 
Alberta Elec. Co., Ltd., Tel: 5~7299211-4 
Iran, Tehran 
Milcom, Ltd., Tel: 66-12-14/15 
Italy 
Bologna 
Celdis Italiana SpA, Te1: (51) 31-08-43 
Crame:r Italia SpA, Tel: (51) 42-28-90 
Milano 
Celdis Italiana SpA, Tel: (02) 688-96-51 
Cramer Italia SpA, Tel: (02) 376-40-39 
Roma 
Celdis Italiana SpA, Tel: (06) 42-38-55 
Cramer !talia SpA, Tel: (06) 513-93-90 
Torino --
Celdis Italiana SpA, Tel: (11) 35-83-12 
Japan 
Hantano-City 
International Rectifier Corp., Japan, Ltd. 
-Naniwa-Ku, Osaka-City 
Shinko Denki K.K. 
Bunkyo-Ku, Tokyo 
Fuji Electronics Co., Ltd. 
Chiyoda-Ku, Tokyo 

--
Tokyo Denshi Kagaku-Kizai Co., Ltd. 
Meguro-Ku. Tokyo 
Tachibana Shokai K.K. 
Musashino-City, Tokyo 
Maruei Shoji K.K. 
Mexico, Tlacoquemecatl 
Mexel 
New Zealand, Auckland 
Cema-Elekon, Ltd., Tel: 760-019 
Norway, Oslo 
Ola Tandberg Elektro AlS, Tel: (02) 19-
70-30 
Philippines, Makari, Rizel 
Magnus Elect. Corp., Tel: 89-23-38 
Portugal, Lisbon 
Equipamentos de Laboratorie Ltda., Tel: 
97-02-51 
Singapore 
General Electronics & PTE, Tel: 258-7339, 
258-8706 . 
South Africa 
Maitland 
L'Electron, Tel: 51-8698/51-5296 
Wynberg, Tvl. 
L'Electron, Tel: 406290/296, 408057/095 
Spain 
Barcelona 
Hispano Electronica S. A. 
Madrid 
Hispano Electronlca, S.A., Tel: (01) 619· 
41-08 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Inti Sweden, Enskede 
Interelko AB, Tel: (08) 49-25-05 

Inti Switzerland 
Geneve 
GDC-Muller S.A., Tel: (022) 21-59-77 
Zurich 
GDC-Muller, S.A., Tel: (01) 47-28-50 
Omni Ray A.G., Tel: (01) 34-07-66 
Wettingen 
Elbatex A.G., Tel: (056) 26-56-41 

Inti Taiwan, Taipei 
Strong Industrial Co., Ltd., Tel: 521-88261 
8827 

Inti Thailand, Bangkok 
G. Simon Radio Co., Ltd., Tel: 30991-3 

Inti Turkey 
Ankara 
Altay Kolletif Sirketi, Tel: 25-25-06 
Istanbul 
Era Electronik Sanayi, Tel: 64-30-05 

Inti United Kingdom' 
Harlow, Essex 
ITT Components, Tel: (0279) 26777/26811 
Ealing, London 
Cramer Components, Ltd., Tel: (01) 579-
30-01 
Oldham, Lanes. 
A. rJI. Lock & Co., Ltd., Tel: (061) 652-
04-31 
Reading, Berks. 
Celdis Ltd., Tel: (0734) 585-171 
Sevenoaks, Kent 
Jermyn Industries, Tel: (732) 511-74 
Slough, Bershire 
Macro Marketing Ltd., Tel: 06286 63011 
Slough, Bucks. 
GDS (Sales) Ltd., Tel: 753-30-211 

Inti Uruguay, Montevideo 
Eneka Sa Avida Uruguay 

InU Venezuela, Caracas 
J. Kiwsow Representatives 

Inti Yugoslavia, Beograd 
Elektrotehna, Tel: 628-155 

National Semiconductor 

National Semiconductor 
2'900 Semiconductor Drive 
Santa Clara, California 95051 
(408) 737-5000 
TWX: (910) 339-9240 

Specific product information: 
Digital Dept. Head ...... : ........................... ext. 5715 
Bipolar logic ............................................ ext. 5832 
CMOS Logic ............................................ ext. 5720 
Interface .................................................... ext. 5873 

Discrete Devices ...................................... ext. 5710 
Hybrid Devices .......................................... ext. 5854 
Linear IC Dept. Head ............................ ext. 5719 
Advanced Linear ...................................... ext. 5884 

Consumer .................................................... ext. 5851 
Standard Linear ...................................... ext. 5856 

Memory Systems (OEM) .......................... ext. 5838 
Microprocesor Dept. Head .................... ext. 5956 
All Microprocessor Products .............. ext. S543 
Low Cost Microprocessors .................... ext. 5175 
Standard & High Performance .......... , ... ext. 5175 
Training .................................................... ext. 6453 

Modules ...................................................... ext. 5831 
MOS LSI Dept. Head .............................. ext. 5864 
Calculator Chips .................................... ext. 5883 
Clocks and Timing ................................ ext. 5844 
Custom Circuits ...................................... ext. 5844 
LSI Communication Circuits ................ ext. 5834 
Watch Circuits ........................................ ext. 5864 

MOS Memory Components Dept. Head ext. 5723 
RAMS ........................................................ ext. 5891 
ROMS ....................................... : ................ ext. 5891 

Transducers .............................................. ext. 5393 
Application engineering: 
Digital .......................................................... ext. 6523 
Discrete ...................................................... ext. 5566 
Hybrid .......................................................... ext. 6264 
Linear 
Advanced ................................................ ext. 5613 
Consumer .................................................. ext. 5607 
Standard .................................................. ext. 5607 

Microprpcessors ........................................ ext. 5120 
MOS/LSI ............................................ ext. 6587-6523 
MeS Memory ........................................ : ... ext. 5118 
Transducer ......................... : ...................... ext. 5394 

Literature: 
Adrienne Roudebush 
Marketing Services .................................. ext.5142 

Price and delivery: 
See listing of sales offices and representatives 

Place an order: 
See listing of sales offices and representatives 

Follow-up an order: 
Customer Service 
Distributor Sales .................................... ext. 6610 
OEM Sales .............................................. ext. 6620 

All other information: 
Public Relations ........................................ ext. 5287 

Sales Offices & Representatives 

AL Huntsville 
Interep Assoc., (205) 881-3677 
National Semiconductor, Dixie Regional 
Office, (205) 881-0622 . 

AZ Scottsdale 
Fred Board Assoc., (602) 994-9388 . 
National Semiconductor, Rocky Mountain 
Regional Office, (602) 945-8473 

CA Irvine 
National Semiconductor Western Area 
Office, (714) 957-1626 
San Diego 
National Semiconductor District Sales 
Office, (714) 455-0300 
S.R. Electronics, (714) 453-1640 
Santa Clara 
Criterion Sales, Inc., (408) 243-3600 
National Semiconductor, North-West Re­
gional Office, (408) 247-6397 
Sherman Oaks 
Great American Rep Co., (213) 990-4870 
National Semiconductor, Los Angeles Re­
gional Office, (213) 995-8335 
Tustin 
National Semiconductor, Southern Calif. 
Regional Offi~e, (714) 832-8113 

CO Denver 
Electrodyne, (303) 759-4409 

OT Westport 
NRG Limited, (203) 226-7527 
Wilton 
National Semiconductor Northeast Area 
Sales Office, (203) 762-0378 

FL Altamont Springs 
aXI, (305) 331-1001 
Ft. Lauderdale 
National Semiconductor, Regional Office, 
(305) 772-6970 
St. Petersburg 
aXI, (813) 821-2281 
Tamarac 
aXI, (305) 485-6030 

GA Atlanta 
Interp Assoc., (404) 394-7156 
Norcross 
Interp Assoc., (404) 449-8680 

IA Cedar Rapids 
Gassner & Clark Co., (319) 393-5763 

IL Mt. Prospect . 
Delta Technical Sales, (312) 253-9440 
National Semiconductor, West-Central Re­
gional Office, (312) 394-8040 

IN Fort Wayne 
Advanced Component Sales, 
(219) 484-0722 
Indianapolis 
Advanced Component Sales, 
(317) 545-6441 
National Semiconductor, North-Central 
Regional Office, (317) 255-5822 

MA Bedford 
National Semiconductor, North-East 
Regional Office, (617) 275-8505 
Lexington 
AID Systems Sales, (617) 861-6370 

MD Glen Burnie 
National Semiconductor, Capital Regional 
Office, (301) 760-5220 
Trimark, Inc., (301) 768-2800 

MI Farmington Hills 
National Semiconductor, District Sales Of­
fice, (313) 553-0600 
Grand Rapids 
Representative of Electronic Products, 
(616) 942-1320 
Southfield 
Representative of Electronic Products, 
(313) 559-1080 
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National Semiconductor (cont) 
MN Minneapolis 

National Semiconductor, Regional Office, 
(612) 888-3060 
Stan Clothier Co., (612) 944-3456 

MO Earth City 
Cen Tech, (314) 291-4230 
Raytown 
Cen Tech, (816) 358-8100 

He Highpoint 
Engineering Devices Corp., (919) 869-7200 

NJ Englewood CJlffs 
National Semiconductor, District Sales Of­
fice, (201) 461-5959 
Fort Lee 
New Jersey NECCO, (201) 461-2789 

NM Albuquerque 
Reptronix, Inc., (505) 881-8001 

NY Metropolitan Area' 
LEJ Component Sales, (516) 6949090 
National Semiconductor, Mid-Atlantic Re­
gional Office, (516) 921-2589 
Poughkeepsie 
National Semiconductor, Regional Office, 
(914) 462-2380 
Rochester 
Electra Sales Corp., (716) 436-4030, 436-
4037 
Syracuse 
Electra Sales Corp., (315) 455-5783 
National Semiconductor, CAN-AM Region­
ai Office, (315) 455-5858 

OH Columbus 
Micro-Tec, Inc., (614) 888-9761/64 
Dayton 
Tektron, Inc., (513) 435-4644 
Highland Heights 
Micro-Tec, (216) 461-0191 
National Semiconductor, East-CElntrai Re­
gional Office, (216) 442-1555 

OR Portland 
Vantage Corp., (503) 297-1714 

PA Ft. Washington 
National Semiconductor, Liberty Regional 
Office, (215) 628-8877 
Huntington Valley 
Omega Electronic Sales, (215) 947-4135 

TX Dallas 
National' Semiconductor, South-Central 
Regional Office, (214) 690-4552 
Garland 
Carter Assoc., (214) 276-7151 
Houston 
Carter Assoc., (713) 789-1680 

UT Salt Lake City 
Electrodyne, (801) 486-3801 

WA Bellevue' 
National Semiconductor, District Sales Of­
fice, (206) 454-4600 
Vantage Corp., (206) 455-3460 

Can Downsview, Ontario 
National Semiconductor, District Sales Of­
fice, (416) 635-7260 
Malton, Ontario 
Canadian Microsales, (416) 677-6633 
Western Provinces 
see Washington 

Inti Argentina, Buenos Aires 
Thiko Automacion S.R.L., Tel: 304 .. 132 

Inti Australia, Bayswater Victoria 
NS Electronics Pty., Ltd .. Tel: 03-729-6333 

Inti Austria, Wi en 
W Moor GmbH, Tei: 0222/638294;635981 

Inll Belgium, Bruxelles 
J. P. Lemaire, Tel: 4784847 
National Semiconductor, Belgium, Tel: 02-
4783400 

Inti Brazil 
iieiio Horizonte 
NS Electronics Do Brazil, Tel: 031-226-1328 
Sao Paulo 
Alfatronic, Te!: 282-0915 
Filcress IMP. E. Representa 
Labo Industrial 
NS Electronics Do Brazil, Tel: 011-210-2866 
Repil 

Inti Chile, Santiago 
Rodolto Baffico G: Tel: 289 718 

Inti Colombia. Pereira 
Rimel, Tel: 30310·33907 

Inti Denmark, Copenhagen 
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National Semiconductor, Denmark, Tel: 
01 0 356533 

Inti Ecuador, Quito 
Matelec, Inc. 

Inti Finland, Helsinki 
Multikomponent, Tel: 09-739019' 

Inti France, Fontenay aux Roses 
National Semiconductor, France, 
Tel: 01 66081 40 

Inti Germany 
Bad Homburg 
National Semiconductor GmbH, Tel: 
06172/23011 
Fuerstenfeldbruck 
National Semiconductor GmbH, Tel: 
081411103-1 
Hamburg 
National Semiconductor GmbH, Tel: 
040/868457 
Leinfelden-Stuttgart 
National Semiconductor GmbH, Tel: 
0711/751057 
Munchen 
National Semiconductor GmbH, Tel: 
089/576091 

Inll Hong Kong, Kowloon 
NS Electronics (Hong Kong) Ltd., Tel: 3-
411241-8 

Inti India, Bombay 
Sujata Sales & Exports Ltd., Tel: 254275 

Inti Israel, Tel Aviv 
Electronic Microsystems Ltd., Tel: (03) 
412403 

Inti Italy 
Miiano 
Inter-Rep SRL, Tel: (02) 688 1783 
National Semiconductor SRL, Tel: (02) 469 
28 64/4692431 
Roma 
Inter-Rep SRL, Tel: (06) 812 4894 
Torino 
Inter-Rep SRL. Tt1I: 011-75.20.75 

Inti Japan 
Tokyo 
Asahi Glass Co., Ltd., Tel: 03-218-5571 
NS International, Inc., Japan, Tel: 03-355-
3711 
Takachiho Koheki K.K., Tel: (03) 355-1111 

Inti Korea 
Tong Baek Trading Co., Ltd., Tel: 72-1534, 
72-9918, 72-2036 

Inti Latin America, Miami, FlorIda 
National Semiconductor, Latin· America 
Regional Office, (305) 446-5881 

Inti Malaysia, Penang 
Micro Machining SON BHO, Tel: 831-966/7 

Inti Mexico, Mexico D.F. 
Mexel. Tel: 575-78-68, 575-79-24 
Provedora Electronica, Tel: 905-585-5333 

Inti Netherlands, Rijswijk 
Rodelco B. V. Electronics, Tel: 070-995-
750 

Inti New Zealand, Auckland 
NS Electronics Pty. Ltd., Tel: 469-450 
Professional Electronics Ltd., Tel: 493 029 

Inti Norway, Oslo 
Kjell M. Foyn, Tel: (02) 247 779 
Multikomponent AlS, Tel: 02-16261.0 

Inti Peru, Lima 
Ingenieria do Comm SA, Tel: 22-4682 

inti Portugal, Lisboa 
Ditram, Tel: 545313 

tnt! Singapore 
National Semiconductor (Pty) Ltd., 
Tei: 270001 i 

Inti Spain 
Barcelona 
Sisteco, Tel: 03-3217347/3217392 
Madrid 
Diode Espana, Tel: 01-4553686/4550139 
iYiiicsf.u 
Inter-Rep SRL, Tel: (02) 4985932 

Inti South Africa 
Cape Town 
Electrolink (Pty) Ltd., Tel: 45-7656 
Johannesburg 
Electrolink (Pty) Ltd. 

Inti Sweden, Skarholmen 
National Semiconductor, Sweden, Tel: (8) 
970 835 

Inti Switzerland. Sissach 
E. Fenner, Tel: 061-982 202 

Inti Taiwan, Taipei 
NS Electronics (HK) ltd., 3917 324-6 
Minteke Supply Co. Ltd. 

Inti Thailand, Bangkok 
Dynamic Supply Engineering R.O.P., Tel: 
914434 928532 
NS Electronics Limited, Tel: 934797-8, 
930116-8 

Inti Turkey 
Ankara 
Turkelek Elektronik Ltd., Tel: 189483 
Istanbul 
Elektronika, Tel: 454066 
Turkeiek Eiekironik Ltd., Tei: 434046 

IntI United Kingdom, Bedford 
National Semiconductor (UK) Ltd., 
Tel: 0234-211262 

IntI Uruguay, Montevideo 
Adimport SRL 

Inti Venezuela, Caracas 
MCM Electronica SRL, Tel: 284-1048 
Microtel 

Inti Yugoslavia, Trieste (Italy) 
Eltrade S.P.A., Tel: (040) 827395 

---------------

Distributors 
---~---"--""'. 

AL 

AZ 

CA 

Huntsville 
Hamiton/Avnet Electronics, (205) 533-1170 
Pioneer Electronics, (205) 837-9300 
Phoenix 
Hamilton/ Avnet Electronics, (602) 275-7851 
I ihp.rtv FIA~trnni~", fRn'), 00<: n10l: .. - - -, - - - - - .. - -, \---, ..,.., .... ..., . ..,..., 
Costa Mesa 
Avnet Electronics, (213) 558-2293 
Culver City 
Hamilton Electro Sales, (213) 558-2121 
EI Segundo 
Liberty Electronics, (213) 322-8100 
Irvine 
Schweber Electronics, (714) 556-3880 
Mountain View 
Emar Electronics, (415) 961-3611 
U"lrni'f."'JO"It/A"",,,,,. Cf..." ... +. __ ~ __ "4"'" ""''''' .. - ........ -

San Diego 
Hamilton/Avnet ElectroniCS, (714) 279-2421 
Liberty Electronics/San Diego, (7111) 565-
9171 
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National Semiconductor (cont) 
Sunnyvale 
Bell Industries, '(408) 734-8570 

CO Commerce City 
Elmar Electronics/Denver, (303) 287-9611 
Denver 
Hamilton/Avnet Electronics, (303) 534-1212 
Wheatridge 

-Century Electronics, (303) 424-1985 
CT Danbury 

Schweber Electronics, (203) 792-3500 
Georgetown 
Hamilton/ Avnet Electronics, (203) 762-0361 
Norwalk 
Harvey Electronics, (203) 853-1515 

FL Ft. Lauderdale 
Hamilton/ Avnet Electronics, (305) 971-2900 
Hollywood 
Schweber Electronics, (305) 927-0511 
Orlando 
Hammond Electronics, (305) 849-6060 
Pioneer / Florida, ,(305) 859-3600 
St. Petersburg 
Hamilton/ Avnet 

.GA I Norcross 
Hamilton/ Avnet Electronics, (404) 448-0800 

IA Cedar Rapids 
Advent Electronics, (319) 363-0221 

IL Elk Grove Village 
Pioneer Electronics, (312) 437-9680 
Schweber Electronics, (312) 593-2740 
Rosemont 
Advent Electronics, (312) 298-4210 
Schiller Park 
Hamilton! Avnet Electronics, (312) 678-6310 

IN Indianapolis 
Advent Indiana, (317) 297-4910 
Pioneer Indiana Elctrns., (317) 849-7300 

KS Lenexa 
Hamilton! Avnet Electronics, 913) 888-8900 

MA Burlington 
Lionex Inc., (617) 272-9400 
Wilshire Electronics, (617) 272-8200 
Lexington 
Harvey Electron iCs, (617) 861-9200 
Waltham 
Schweber Electronics, (617) 890-8484 
Woburn 
Hamilton! Avnet Electronics, (617) 933-8000 

MD Gaithersburg 

MI 

MN 

MO 

NC 

NJ 

Pioneer Washington Electronics, (3()1) 
94&-0710 
Hanover 
Hamilton/ Avnet Electronics, (301) 796-5000 
Rockville 
Schweber Electronics, (301) 840-5900 
Livonia 
Hamilton/ Avnet Electronics, (313) 522-4700 
Pioneer/Michigan, (313) 525-1800 
Wyoming 
R-M Electronic Company, (616) 531-9300 
Edina 
Hamilton! Avnet Electronics, (612) 941-3801 
Minneapolis , 
Hall-Mark Electronics, (612) 884-9056 
Hazelwood 
Hamilton! Avnet Electronics, (314) 731-1144 
Greensboro 
Hammond Electronics of CarOlina, (919) 
275-6391 
Pioneer Carolina, Inc., (919) 273-4441 
Raleigh 
Hamilton!Avnet, (919) 829-8030 
Cedar Grove 
Hamilton! Avnet Electronics, (201) 239-0800 
Fairfield 
Harvey Electronics, (201) 227-1262 
Mount Laurel 
HamiltonlAvnet Electronics, (609) 234-2133 
Somerset 
Schweber Electron ics" (201) 469-6008 

NM Albuquerque 
Century Electronics, (505) 292-2700 
Hamilton!Avnet Electronics, (505) 765-1500 

NY Binghamton 
Harvey Electronics, (607) 748-8211 
Buffalo 
Summit Distributors, (716) 884-3450 
East Syracuse 
Hamilton! Avnet Electronics, (315) 437-2642 
Rochester 
Hamilton! Avnet Electronics, (716) 442-7820 
Summit Electronics of Rochester, (716) 
334-8110 
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Westbury, L.I. 
Hamilton! Avnet Electronics, (516) 333-5800 
Schweber Electronics, (516) 334-7474 
West Henrietta 
Harvey Electronics, (716) 334-5920 
Woodbury 
Harvey Electronics, (516) 921-8700 
Lionex Corporation, (516) 921-4414 

OH Cleveland \ 
Hamilton! Avnet Electronics, (216) 461-1400 
,Pioneer Standard, (216) 587-3600 
Dayton 
Hamilton! Avnet Electronics, (513) 433-0610 
Pioneer Standard, (513) 236-9900 
Highland Heights 
CAM!RPC, (216)461-4700 

OK Oklahoma City 
Radio, Inc., (405) 235-1551 
Tulsa 
RadiO Inc., Industrial Electronics, (918) 
587-9124 

OR Portland 
Almac/Stroum Electronics, (503) 292-3534 

PA Horsham 
Pioneer Electronics Corp., (215) 674-5710 
Schweber Electronics, (215) 441-0600 
Pittsburgh 
CAM!RP<C, (412) 782-3770 
Pioneer/Pittsburgh, (412) 782-2300 

SC Greenville 
Hammond Electronics of Carolina, (803) 
233-4121 

TX Austin 
Sterling Electronics, (512) 836-1341 
Dallas 
Hall-Mark Electronics, (214) 231-6111 
Hamilton/Avnet Electronics, (214) 661-8661 
Sterling Electronics, (214) 357-9131 
EI Paso 
Hall-Mark Electronics, (915) 545-7163 
Houston 
Hall-Mark Electronics, (713) 781-6100 
Hamilton! Avnet Electronics, (713) 780-1771 
Sterling Electronics, (713) 623-6600 

UT Salt Lake City 
Century Electronics, (801) 972-6969 
Hamilton/Avnet Electronics, (801) 972-2800 

WA Bellevue 
Hamilton/ Avnet Electronics, (206) 746-8750 
Liberty Electronics, (206) 763-8200 
Seattle 
Almac/Stroum Electronics, (206) 763-2300 

WI New Berlin 
Hamilton/Avnet, (414) 784-4510 
Milwaukee 
Taylor Electric Company, (414) 241-4321 

Can Calgary, Alberta 
L. A. Varah, Ltd., (403) 276-8818 
Dorval, Quebec 
Semad Electronics, Ltd., (416) 635-9880 
Downsview, Ontario 
Semad Electronics, Ltd., (416) 635-9880 
Edmonton, Alberta 
Bowtek Electric Co., Ltd., (403) 426-1072 
Mississauga, Ontario 
Hamilton/Avnet Electronics, Ltd., (416) 
677-1432 
Prelco Electronics, Ltd., (416) 678-0401 
Ottawa, Ontario 
Semad Electronics, Ltd., (613) 722-6571 
Montreal, Quebec 
Prelco Electronics, Ltd., (514) 389-8051 
Ottawa, Ontario 
Hamilton!Avnet Electronics, (613) 725-3071 
St. Laurent, Quebec 
Hamiltonl Avnet Electronics, Ltd., (514) 
331-6443 
Vancouver, B.C. 
Bowtek Electric Co., Ltd., (604) 736-1141 
L. A. Varah, Ltd., (604) 873-3211 
Willowdale, Ontario 

'Electro Sonic, Inc., (416) 494-1666 
Winnipeg, Manitoba 
Bowtek Electric c'b., Ltd., (204) 786-7521 
L. A. Varah, Ltd., (204) 633-6190 

BELGIUM 

J. P. LeMaire 

IC MASTER DISTRIBUTOR 

GREECE 

Adelsy S.p.A. 

IC MASTER DISTRiBUTOR 

ITALY 
, Adelsy S.p.A. 
Tel: 010/589674 

IC MASTER DISTRIBUTOR 

PORTUGAL 

Adel'syS.p.A. 

IC MASTER DISTRIBUTOR 

SPAIN 

Adelsy S.p.A. 

IC MASTER DISTRIBUTOR 

GERMANY,STUTTGART 
Positron GmbH 

Tel: (0711) 8811 41 
IC MASTER DISTRIBUTOR 

NCR Corp. 

NCR Corp. 
Microelectronics Division Miamisburg 
8181 Byers Road 
Miamisburg, Ohio 45342 
(513) 866-7411 
Telex: 28-8010 

All information: 
OEM Activities Group 

Specific product information: 
Larry Hatt 

Application engineering: 
Vern Reinhardt 

Literature: 
Vern Reinhardt 

Price and delivery: 
Vern Reinhardt 

Follow-up an order: 
Vern Reinhardt 

All other information: 
Vern Reinhardt 

NEC America, Inc. 

NEC America, Inc. 
3120 Centra I Expressway 
Santa Clara, California 95051 
(408) 241-8222 
Telex: 35-7475 

Specific product information: 
Consumer IC's ................................ S. Tachibana 
Digital IC's, Bipolar Memory .......... T. Trumbull 
Linear IC's .......................................... T. Takagaki 
Discrete Semiconductors ........................ B. Elliot 

Order information .............. Customer service dept. 
Literature ........................................ Marie Michelson 

Price and delivery ........................... Cindy Edwards 
Follow-up an order ............ Customer service dept. 
All other information .......................... Berta Azzam 
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NEG America (cont) 

AL 

AZ 

CA 

CT 

CO 

FL 

GA 

!L 

IN 

KS 

MI 

MN 

MO 

MS 

HC 

NH 

NJ 

HM 

NY 

OH 

OR 

PA 

TN 

TX 

WA 

Can 

Sales Offices & Representatives 

Huntsville 
20th Century Marketing, (205) 772-9237 
Electro-Mech, (205) 883-9624 
Phoenix . . 
Ellron, (602) 997-1042 
Costa Mesa 
Saniana Saies, (7i4) 642-3282 
San Diego 
Cerco, (714) 560-9143 
Sunnyvale 
Mission Marketing ,(408) 732-9611 
Wallingford 
Com-Sales, Inc., (203) 269-7964 
Denver 
Component Sales, (303) 759-1666 
Clearwater 
Dyne-A-Ma ric: Corpor!\tion, (813) 441-4702 
FI. Lauderdale 
Dyne-A-Mark Corporation, (305) 771-6501 
Largo 
Perrott Associates, (813) 585-3327 
Maitland 
Dyne-A-Mark Corporation. (305) 831-2097 
Palm Bay 
Dyne-A-Mark Corporation, (305) 725-3235 
Atlanta 
Electro-Mech Sales Eng. Company, 
(404) 449-6337 
Palatine 
Technology Sales, (312) 991-6600 
Ft. Wayne 
J&B Engineering Sales Co., (219) 483-2813 
Advanced Compo Sales,' (219) 484-0722 
Indianapolis 
J&B Engineering Sales Co" (317) 842-2681 
Advanced Compo Sales, (317) 545-6441 
Olathe 
Rush & West Assoc., (913) 764-2700 
Southfield 
A. Blumenburg Assoc., Inc" (313) 557-1934 
SI. Joseph . 
A. Blumenburg Assoc., Inc., (616) 983-0481 
Bloomington 
Thomas Marketing, (612) 888-5551 
Ballwin 
Rush & West Assoc" (314) 394-7271 
Waltham 
Com-Sales, Inc., (617) 890-0011 
Raleigh 
Electro-Mflch, (91 9) 876-7751 
Exeter 
Com·Sales, inc., (603) 772-4586 
Freehold 
Comtronic Associates, (201) 780-9799 
Albuquerque 
Rontek, (505) 299-4124 
East Syracuse 
Nycom, (315) 437-8343 
Melville ' 
Comtronic Associates, (516) 249-0505 
Cleveland 
Imtech, Inc., (216) 826·3400 
Dayton 
Imtech, Inc., (513) 278-6507 
Portland 
Components West. Inc., (503) 643·5588 
Willow Grove 
Harry Nash Associates, (215) 657-2213 
Greenville 
20th Century Marketing. (615) 638-4021 
Nash.ille 
Elecro-Mech, (615) 256-2516 
Dallas 
T.L. Marketing. (213) 357·1752 
Seattle 
Components West, (206) 243-2133 
Dp.I~#I; R.C. 
Kaytronics, (604) 581-7611 
Downsview, Ontario 
Kaytronics, (416) 638-5511 
Ville SI Pierre, Quebec 
Kaytronics, (514) 487-3434 

Distributors 

AZ Phoenix 
Kachina Elp-r.trnnir." (RO?' ?RQ_R?n1 

CA Costa Mesa 
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Semi Comp, (714) 549-8600 
Irvine 
Semiconductor Specialists, (714) 549-5215 

IL 

MA 

MD 

MI 

MN 

MO 

HJ 

OH 

OR 

PA 

TX 

WA 

WI 

Can 

Palo Alto 
Eric ElectroniCS, (415) 969-4500 
Sacramenlo 
Dunlap Electronics, (916) 442·5802 
San Diego 
Intermark ElectroniCS, (714) 279-5200 
Sunnyvale 
Western Microtechnology Sales, 
(408) 737-1660 
Chicago 
ElectroniC Dit;;ltibuiors, (3i2j 263·4600 
Elmhurst 
Semiconductor Specialists, (312) 279-1000 
Burlington 
Semiconductor SpeCialists, (617) 272-161.0 
West Newton 
A. W. Mayer Co., Inc., (617) 965-1111 
Baltimore 
ASI Electronics, (301) 265-5100 
Farmington 
Semiconductor Specialists, (~13) 478-2700 
Minneapolis 
Semiconductor Specialists, (612) 854-8841 
Hazelwood 
Semiconductor Specialists, (314) 731-2400 
Kansas City 
Semiconductor Specialists, (816) 452-3900 
Hanover 
State Electronic Parts Corporation, 
(201) 887-2550 
Cincinnati 
Sheridan Sales Co. 

Parrott Electronics, (503) 641-3355 
Philadelphia 
Almo Electronics Corp., (215) 698-4000 
Pittsburgh 
Semiconductor Specialists, (412) 781-8120 
Austin 
Quality Components, (512) 458-4181 
Dallas 
Sem iconductor Spec ia lists, (214) 358-5211 
Quality Components, (214) 387-4949 
Houston 
Quality Components, (713) 772-7100 
Bellevue 
Bell Industries, (206) 747-1515 
Milwaukee 
Semiconductor SpeCialists, (612) 854-8841 
Delta, B.C. 
Martin ElectroniCS Marketers Co., 
(604) 943·3552 

NEe Microcomputer 

NEC Microcomputer 
173 Worcester Street 
Wellesley, MA 02181 
(617) 237-1910 
TWX: 710-383-1745 

SpeCific product information: 
Dwain Aidala - 4-Bit Microcomputers 
David Millet - 8-Bit Microcomputers 
Jim Kelley - Memories 

Application engineering: 
Engineers are assigned to specific parts 

Literature: 
Diane ivlichei 

Price and delivery: 
Ian Ebel: Evelyn Burns 

Follow-up an order: 
E'.'e!yr: B~r~~ 

Sales Offices & Representatives 

AL Huntsville 
20th Centurv MarkAting, In~ (205) 772-
9237 • 

AZ Phoenix 
Eltron, (602) 997-1041 

CA Costa Mesa 
Santana Sales, (714) 642-3282 
San Diego 
Cerco, (714) 560·9143 
Sunnyvale 
Trident Associates, (408) 734-5900 

CO Denver 
n!7 A~C'n,..iot£)C' In,.. ''In.,, l:'lA "')t:An 

FL Clearwater 
Perrott Associates, Inc., (813) 585-3327 
Fort Lauderdale 
Perrott ASSOCiates, Inc., (305) 792-2211 

Orlando 
Perrott Assoc iates, Inc., (305) 275-1132 

IL Palatine 
Technology Sales, Inc., (312) .991-6600 

MA Burlington 
Contact Sales, Inc., (617) 273-1520 
Waltham 
Stone Component Sales, (617) 890-1440 

MD Pikesville 
L & M Associates, (301) 484·7970 

MI Lathrup Village 
R. C. Mordstrome & Co., (313) 559-7373 

MN Minneapolis 
Electronic Innovators, Inc., (612) 884-7471 

MO Grandview 
Burton-Medley Associates, (816) 763-5385 

NC Raleigh 
WOlffs Sales Service Co., (919) 851-2800 

NJ Parsippany 
HLM Associates, Inc., (201) 263·1535 

NM Albuquerque 
Tri-Tronix, (505) 265-8409 

NY Northport 
HLM Associates, Inc., (516) 757-1606 

9H Cleveland . 
Imtech, Inc., (216) 826-3400 
Dayton 
Imtech, Inc., (513) 278-6507 

PA Willow Grove 
Harry Nash Associates, (215) 657-2213 

TN Greenville 
20th Century Marketing, (615) 638-4021 

TX Ariington 
Action Unlimited, (817) 461-8039 
Spring 
Action Unlimited, (713) 353-3195 

VA Montpelier 
L&M Associates, (804) 883-5551 

WA Mercer Island 
Tri-Tronix, (206) 232-4993 

Can Calgary, Alberta 
Kaytronics Ltd., (403) 276-9844 
Downsview, Ontario 
Kaytronics, Ltd., (416) 638-5511 
Ville St. Pierre, Quebec 
Kaytronics Ltd., (514) 487-3434 
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NEG Microcomputers (cont) 

Distributors 

AZ Phoenix 
Sterling Electronics, (602) 258-4531 

CA Costa Mesa 
Semicomp, Inc., (714) 549-8600 
San Diego 
Intermark Electronics, (714) 279-5200 
Sterling Electronics, (714) 565-2441 
Santa Ana 
Intermark Electronics, (714) 540-1322 
Sun Valley 
Sterling Electronics, (213) 767-5030 
Sunnyvale 
Diplomat/Westland, Inc., (408) 734-1900 
G. S. Marshall, (408) 732-1100 
Intermark Electronics, (408) 738-1111 
Western Microtechnology Sales, 
(408) 737-1660 

CO Wheatridge . 
Century Electronics, (303) 424-1985 

FL Clearwater 
Diplomat/Southland, Inc., (813) 443-4514 

IL Chicago 
Semiconductor Specialists, Inc., (312) 
279-1000 
Elk Grove 
Diplomat/Lakeland, Inc., (312) 595-1000 

LA Baton Rouge 
Sterling Electronics, (504) 926-9407 

MA Burlington 
Semiconductor Specialists, Inc., (617) 
272-1610 
Chicopee Falls 
DiplomatIl.P.C. of Mass., (413) 592-9441 
Holliston 
Diplomat, (617) 429-4120 
Waltham 
Sterling Electronics, (617) 894-6200 

MD Baltimore 
Almo Electronics Corp., (301) 247-5955 
Columbia 
Technico, Inc., (301) 461-2200 

MI Farmington 
DiplomatlNorthland, Inc., (313) 477-3200 
Semiconductor Specialists, Inc., (313) 
478-2700 
Livonia 
Reptron Electronics, Inc., (313) 525-2700 

MN Minneapolis 
Diplomat Electro-Com Corp., (612) 788-
8601 
Semiconductor Specialists,' Inc., (612) 
854-8841 

MO Hazelwood 
Semiconductor Specialists, Inc., (314) 
731-2400 
St. Louis 
DiplomatiSt. Louis, Inc., (314) 645-8550 

NC Raleigh 
Resco/Raleigh, (919) 781-5700 

NJ Mt. Laurel 
DiplomatIl.P.C. Corp., (609) 234-8080 
Totowa-
Diplomat/I.P.C. Corp., (201) 785-1830 

NM Albuquerque 
Century Electronics, (505) 292-2700 
Sterling Electronics, (505) 345-6601 

NY Buffalo 
Summit Distributors, Inc., (716) 884-3450 
Freeport 
Milgray Electronics, Inc., (516) 546-6000 
Rochester 
Summit Elec. of Rochester, Inc., (716) 
442-3494 
Woodbury 
Diplomat Electronics, Inc., (516) 921-9373 

OH Cincinnati 
Hughes-Peters, Inc., (513) 351-2000 
Columbus 
Hughes-Peters, Inc., (614) 294-5351 
South Euclid 
Norman Davis Electronics, (216) 381-0500 

PA Philadelphia 
Almo Electronics Corp., (215) 698-4000 
Pittsburgh 
Semiconductor Specialists, Inc., (412) 
781-8120 

TX DaUas 
Semiconductor Specialists, Inc., (214) 
358-5211 
Sterling Electronics, (214) 357-9131 
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Houston 
Kent Electronics, (713) 780-7770 
Sterling Electronics, (713) 627-9800 

UT Salt Lake City 
Century Electronics, (801) 972-6969 
Diplomat/ Alta-Land, Inc., (801) 486-7227 

VA Roanoke 
Technico, Inc., (703) 563-4975 

WA Bellevue 
Bell Industries, (206) 747-1515 
Seattle 
Sterling Electronics, (206) 762-9100 

WI Milwaukee 
Semiconductor SpeCialists, Inc., (414) 
257-1330 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Can OUawa, Ontario 
Future Electronics Corp., (613) 232-7757 
Rexdale, Ontario 
Future Electronics Corp., (416) 677-7820 

HOLLAND 

Manudax-Nederland 

IC MASTER DISTRIBUTOR 

Nitron 

Nitron 
A Division of McDonnell Douglas Corporation 
10420 Bubb Road 
Cupertino, California 95014 
(408) 255-7550 
TWX: (910) 338-0222 

Specific product information: 
. LSI Products: Steve Pollock .................... Ext. 207 

Memory Products: Dave Fletcher .......... Ext. 210 
Literature ............................................ Ext. 217 or 218 
Price and delivery: 

Customer Service .......................... Ext. 202'or 205 
Follow-up an order: 

Customer Service .......................... Ext. 202 or 205 
All other information: 

Marketing .................................................... Ext. 218 

Sales Offices & Representatives 

AL Huntsville 
Hughes Associates, (205) 533-9108 

AR Phoenix 
Shefler-Kahn, (602) 257-9015 

CA Marina del Ray 
Relcom, (213) 822-1187 
Northridge 
Nitron, Inc., (213) 349-0636 
San Diego 
Littlefield & Smith ASSOCiates, 
(714) 455-0055 
San Jose 
Cask Associates, (408) 996-3148 

CO Englewood 
Dynatech, Inc., (303) 773-2830 

CT Hamden 
Datcom, (203) 288-7005 

FL Clearwater 
Dyne-A-Mark, Corp., (813) 441-4702 
Fort Lauderdale 
Dyne-A-Mark, Corp., (305) 771-6501 
Maitland 
Dyne-A-Mark, Corp., (305) 831-2097 

IA Cedar Rapids 
Dy-Tronix, Inc., (319) 377-8275 

IL Elk Grove Village 
Nitron Inc., (312) 364-1530 
Rolling Meadows 
Sieger Associates, (312) 991-6161 

MA Waltham 
Datcom, (617) 891-4600 

MN Minneapolis 
S & R Component Sales, Inc., 
(612) 544-3022 

MO Bridgeton 
Dy-Tronix, Inc., (314) 731-5799 
Independence 
Dy-Tronix, I.~c., (816) 373-6600 

HC Raleigh 
Bob Dean No. Carolina, Inc., (919) 851-7841 

NM Albuquerque 
Shetler-Kahn, (505) 296-0749 

NY Valley Cottage 
LRC Associates, (914) 268-4435 

OH Columbus 
McFadden Sales, (614) 459-1280 

PA Birchrunville 
Jadelectronic Associates, (215) 647-5151 

TN Morristown 
Hughes ASSOciates, ~615) 587-2770 

TX Dallas 
Delta Components, (214) 241-4914 

WA Bellevue 
SD-R2, (206) 747-9424 

Can . Dollard des Ormeaux, Quebec 
Munro Electronic Components, Ltd., 
(514) 626-6723 
Mississaga, Ontario 
Munro Electronic Components; Ltd., 
(416) 676-1042 
Ottawa, Ontario 
Munro Electronic Components, Ltd., 
(613) 729-1831 

Inti Denmark, Copenhagen 
Advanced Electronic, Tel: 01-194433 

Inti Finland, Helsinki 
SW Instruments, Tel: 7382651713575 

Inti France, Neuilly-Sur-Seine 
Technology Resources, SA, 
Tel: 01-747-4717 

Inti Germany 
Hamburg 
Intratron Ing., Tel: 040/81 7578 
Munchen 
Infratron Ing., Tel: 089/150 1001 

Inti India, Bombay 
Zenith Electronics 

I.ntl Italy, Cinisello B 
Comprel, SRL, Tel: 02-9280345 

Inti Japan, Tokyo 
Internix, Inc., Tel: (03) 369-1101 

Inti Netherlands 
Aalsmeer 
Nitron, Inc., Tel: 02977-23324 
Breda 
Famatra Benelux, Tel: 076-133457 

Inti Norway, Lillestrom 
Kjell Bakke and Co., Tel: 02-711872 

Inti South Africa, Pretoria 
Electronic Building Elements (Pty) Ltd., 
Tel: 78-9221/6 

Inti Spain, Barcelona 
Interface SA, Tel: (98) 301 7851 

Inti Sweden,Sundbyberg 
AB Elektroflex, Tel: 08-289290 

Inti Switzerland, Zurich 
Ellyptic AG, Tel: 01-541100 

Inti United Kingdom, Henley On Thames 
Peter Gray Electronics, Ltd., 
Tel: Henley 6543 

Nortec Electronics 

Nortec Electronics Corporation 
3697 Tahoe Way 
Santa Clara, California 95051 
(408) 732-2204 
Telex: 348359 

Novonics 

Novonics 
602 Sciandro Drive 
Greensburg, Pennsylvania 15601 
(412) 423-6633 

2479 



Ie MASTER 

Nucleonic Products Co. 

Nucleonic Products Co. 
6660 Variel Avenue 
Canoga Park, California 91303 
(213) 887-1010 
TWX: (910) 494-1954 

Specific product information ............ ext. 214 or 203 
Application engineering .................. ext. 214 or 203 
Literature ........................................................ ext.214 
Price and delivery ............................ ext. 214 or 203 
All other Information ........................ ext. 214 or 203 

AZ 

CA 

CO 

FL 

IL 

IN 

IA 

MA 

MD 

MI 

MN 

MS 

NY 

He 
OH 

OR 

PA 

TX 

WA 

Sales Offices & Representatives 

Phoenix 
Chaparral-Dorton, (602) 263-0414 
L.os Angeies 
De Angelo, Rothman & Co., Inc., 
(213) 398-6239 
Redwood City 
Logan Sales, (415) 369-6726 
San Diego 
Eari Associates, Inc., (714) 278-5441 
Denver . 
Challenge Sales, (801) 266-1500 
Hollywood 
"C" Associates, (305) 922-5230 
Franklin Park 
Dekotech, Inc., (312) 455-5100 
Indianapolis 

. Frank J. Campisano Co., (317) 247-8623 
Cedar Rapids , 
J.R. Sales Engineering, Inc., (319) 303-2232 
Waltham 
Conti-Younger Assoc., Inc., (617) 890-4582 
Baltimore 
Component Sales Inc., (301) 484-3647 
Bloomfield Hills 
ENCO Marketing, (313) 642-0203 
Minneapolis 
Quantum Sales inc., (612) 831-8583 
Meridian 
Herron Assoc., (601) 483-9306 
Buffalo 
Quality Components, Inc., (716) 839-4170 
Hempstead 
Kahgan Sales, (516) 538-2300 
Manlius 
Quality Components, Inc., (315) 682-8885 
Raleigh 
Component Sales, !nc., (919) 782,8433 
Cincinnati 
Frank J. Campisano Co" (513) 662-1616 
Cleveland 
Frank J. Campisano Co., (216) 468-1515 
Portland 
Northwest Marketing Assoc., (503) 297-2581 
Narberth 
Jerry Bresson Associates, (215) 839-6770 
Dallas 
Ion ASSOCiates, (214) 357-9441 
Houston 
Ion Associates, (713) 461-5311 
Bellevue 
Northwest Marketing Assoc., (206) 455-5846 

OKI Semiconductor 

OKI Semiconductor 
1333 Lawrence Expressway, Suite 405 
Santa Clara, California 95051 
(408) 984-4840 
TWX: (910) 338-0508 

Sales Offices & Representatives 

TX Richardson 
Hytech, Inc., (214) 234-3375 

Optical Electronics Inc. 

CoficRI Ffpctrr>ni ... " In" 

P.O. Box 11140 
Tucson, Arizona 85734 
(602) 624-8358 
TWX: (910) 952-1283 
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Product information ...... Rick Gerdes, Pete Suozzi 
Literature .............................................. Donna Hafer 
Price/delivery .............................................. Flo Mac 
Follow-up an order .............................. Jerrie Mills 

Sales Offices & Representatives 

CA Culver City 
DARCO, (213) 398-6239 
Pale Alto 
Coherent Marketing Associates, 
(415) 327-2217 
San Diego 
DARCO, (714) 560-5707 

CO Golden 
J. F. Hurlbut Co., (303) 279-7796 

FL Lighthouse PI. 
R. S. Simons & Co., Inc., (305) 941-2757 

NJ Englishtown 
Triple E, (201) 446-4222 

PA Abington 
Bach-Stewart ASSOCiates, (215) 885-1550 

TX AUstin 
Palatine Sales, Inc., (512) 451-7463 
Houston 
Palatine Sales, Inc., (713) 783-1492 
Rich"rdson 
Palatine Sales, Inc., (214) 231-9489 

UT Salt Lake City 
J. F. Hurlbut Co., (801) 969-4034 

VA Annandale 
John Hopkins Associates, (703) 323-1641 

Inti Australia 
Carlton Victoria 
Ferguson Agencies, Tel: 34-9451 
Mascot' 
Ferguson Agencies, Tel: 67-4611 
Prospect 
A. J. Ferguson, Tel: 296-1244 

Inti Denmark, Valby , 
Dansel Weltronic 

Inti England, Stockport 
DI-AN Data Systems Ltd., Tel: 061 2362321 

Inti France, Suresnes 
Equipments Scientifiques S.A. 

Inti India, Bombay 
Vision Electronics Private Ltd. 

Inti Israel, Woodside, NY 
Medbar Enterprises, Inc. 

Inti Italy, Milano 
Claitron, Tel: 3490051 

Inti Japan, Tokyo 
Niooon IndtJstriel Co. 

Inll Sw'ltzerland, Zurich 
Alpha-Beta Elecifonics, Tei: 01-43-7070 

Inti West Germany, Frankfurt 
Kraus System Elektronik West Germany 
GmbH, Tel: 0622546046 

Panasonic 

Panasonic 
Matsushita Electric Corporation 
Industrial Division 
1 Panasonic Way 
Secaucus, New Jersey 07094 , 
(201) 348-7275 
TWX; 710-992-8920 

Specific product information: 
IC's: Bill Bottari ............................ (201) 348-7276 
Discretes: Paul Rimassa .............. (2011348-7269 

Application engineering: 
Terry Kobayashi ............................ (201) 348-7275 

Literature: 
J. Pietrowicz .................................. (201) 348-7269 

Price and delivery: 
J. Pietrowicz .................................. (201) 348-7269 

Sales Offices & Representatives 

AL Huntsville 
Rep., Inc., (205) 881-9270 

AZ PhoeniX 
Shefler-Kahn Co. Inc., (602) 257-9015 

CA Cupertino 
Calconn Inc., (408) 996-9616 

~,~~~~~ B~~~~. _. ___ ._ 
-. ~ __ ~ "'-'r \' • Y j ... -1 ................... 

CO Denver 
SK Components Sales. (303) 759-1666 

CT Essex 
Eastern Systems Sales, (203) 767-8505 

FL 

GA 

IA 

IL 

KS 

MA 

MD 

MI 

MN 

MO 

NC 

NJ 

NM 

OH 

OR 

PA 

TN 

TX 

UT 

VA 

WA 

Can 

AL 

CA 

CO 

CT 

FL 

KS 

MA 

MD 

MI 

MN 

Casselberry 
EIR Inc., (305) 830-9600 
Coral Springs 
EIR Inc., (305) 752-9227 
Plantation 
EIR Inc., (305) 791-8243 
Tucker 
Rep. Inc., (404) 938-4358 
Des Moines 
B.E.A.M.S. Inc .. (515) 255-114A 
Chicago 
Brock & Cushman, (312) 622-4110 
Shawnee Mission 
B.E.A.M.S. Inc., (913) 631-0300 
Burlington 
Eastern Systems Sales, (617) 272-2604 
Ellicott City 
Tom Davis Marketers, (301) 461-2209 
Detroit 
Nicon Assoc., (313) 341-7688 
Minneapolis 
Jos-Co.l (Melius), (612) 861-3343 
St. Louis 
B.E.A.M.S. Inc., (314) 569-1060 
Raleigh. 
Rep Inc., (919) 851-3007 
Plainfield 
Meg Electronics Sales, (201) 757-4332/ 
(212) 233-9059 
Albuquerque 
Shefler-Kahn Co., Inc., (505) 296-0740 
Columbus 
Tom Mulligan & Assoc., (614) 457-2242 
Portland 
Electronic Sources, (503) 292-0634 
King Of PrUSSia 
Monteiro Assoc., Inc., (215) 265-0634 
Jefferson City 
Rep Inc., (615) 475-4105 
Addison 
Dunbar Assoc., (214) 239-7151 
Salt Lake City 
S.K. Component Sales, (801) 484-4222 
Fairfax 
Tom DaVis Marketers, (703) 591-7390 
Bellevue 
Electronic Sources, (206) 453-0800 
Dollard Des Or",eaux Quebec 
RFQ Ltd., (574) 626-8324 
Etablcoke Ontario 
RFQ Ltd., (416) 626-1445 

Distributors 

Huntsville 
Resisticap, (205) 881-9270 
Burbank 
TAW. Electronics Company, 
(213) 846-3911 
Irvine 
Ratel/lrvine, (714) 549-8611 
Los Angeles 
Western Electromotive Shephard, 
(213) 820-3777 
Mountain View 
Capacitor Sales, (415) 964-8880 
Terminal Electronics Corporation, 
(4i5) 969-9240 
Sunnyvale 
Rate!. (408) 739-9220 
Denver 
nClleiiDenver, (::IU3) 934-5813 
Hamden 
Impact Sales, (203) 281-1331 
Orange 
Milgray Connecticut, Inc., (203) 795-0711 
Casselberry 
Pace electronics, (305) 834-7777 
Winterpark 
Milgray Florida,lnc., (305) 647-5747 
Overland Park 
Milgray Kansas City, (913) 236-8800 
Burlington 
Milgray New England, Inc., (617) 272-6800 
Newton 
Impact Electronics, (617) 964-7740 
Lanham 
"A;I.., .. ~ •• "'" ...... J...; __ "' __ ,_ , ... -. 

~.- .......... , \VVI/ .. tJ;;}-e.t:.££. 

Livonia 
R.S. ElectroniCS, (313) 491-1000 
Thief River Falls 
Digi-Key, (218) 681-6674 
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Panasonic (cont) 
NJ Cherry Hill 

Milgray Delawa,re Valley, Inc., 
(609) 424-1300 
Plainfield 
Mars Electronics, (201) 757-4332 

NY Freeport 
Milgray International, Inc., (516) 546-60001 
(800)645-3986 

OH Cleveland 
Milgray Cleveland, Inc., (216) 881-8800 

PA Duquesne 
Advacom, Inc., (412) 469-2601 

. Erie 
Advacom, Inc., (814) 452-3762 

TX Addison 
Computer Components Corporation, 
(214) 239-0271 
Ft. Worth 
Allied Electronics Corporation, 
(800) 792-8760 

UT Salt Lake City 
Standard Supply Company, (801) 355-2971 

WA Seattle 
AlmilC/Stroum Electronics, (206) 763-2300 

WI Mequon 
Taylor EIE!ctric Company, (414) 241-4321 

Can West Montreal, Quebec 
Cesco Electronics, Ltd. of Canada, 
(514) 735-5511 

Photo Therm 

Photo Therm 
110 Sewell Ave. 
Trenton, N.J. 08610 
(609) 396-1456 

Product Information: 
Roman Kuzyk 

Plessey Semiconductors 

Plessey Semiconductors 
1641 Kaiser 
Irvine, CA 92714 
(714) 540-9979 
TWX: 595-1930 
Applications engineering: 
Walt Boris .................................................... ext. 33 

Literature: 
Maureen Greenwood .................................... ext. 36 

Price and delivery: 
Ann Gilmore .................................................. ext. 31 

Follow-up an order: 
Ann Gilmore .................................................. ext. 31 

AL 

AZ 

CA 

CO 

CT 

FL 

IL 

MA 

MD 

Sales Offices & Representatives 
Huntsville 
Remco, (205) 863-9260 
Phoenix 
Eltron, (602) 997-1042 
The Thorson Company, (602) 956-5300 
Goleta 
The Thorson Co., (805) 964-8751 
Marina Del Ray 
Relcom, (213) 822-1187 
Mt. View 
Thresum Associates, Inc., (415) 965-9180· 
Irvine ' 
Western Regional Sales Office, 
(714) 540-9979 
San Diego 
Littlefield & Smith Associates, 
(714) 455-0055 
Denver 
The Thorson Co., (303) 759-0809 
Milford 
Wayland Engineering Sales, (203) 878-3755 
Kenneth City 
Kirkwood Assoc., (813) 546-6390 
Elk Grove Village 
R-Tek, (312) 439-9090 
Schiller Park 
Midwestern Regional Sales Office, 
(312) 678-3280 
Natick 
Wayland Engineering Sales, (617) 655-6080 
Beltsville 
Applied Engineering Consultants, 
(301) 937-8321 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

MI Brighton 
SAl Marketing Corp., (313) 227-1786 
Grand Rapids 
SAl Marketing Corp., (616) 942-2504 

MN Eden Prairie 
Technical AssOCiates, Inc., (612) 944-3034 

MO Independence 
·Engineering Servi.ces Co., (816) 254-3600 
St. Louis 
Engineering Services Co., (314) 997-1515 

NC Raleigh 
Remco, (919) 787-1461 

NY Hauppauge 
Eastern Regional Sales Office, 
(516) 273-3060 
Plainview 
Robert Smith Associates, (516) 681-3155 
Skaneateles 
Robtron, Inc., (315) 685-5731 
Spring Valley 
Robert Smith Associates, (914) 354-6067 

OH Dayton 
SAl Marketing Corp., (513) 435-3181 
Shaker Heights 
SAl Marketing Corp., (216) 751-3633· 
Zanesville 
SAl Marketing Corp., (614) 454-8942 

PA. Huntil'igdon Valley 
Dick Knowles Associates, (215) 947-5641 
Pittsburgh 
SAl Marketing Corp., (412) 782-5120 

TX Arlington 
W. Pat Fralia Company, Inc., (817) 640-9101 
Houston 
W. Pat Fralia Company, Inc., (713) 772-1572 

UT Salt Lake City 
The Thorson Company, (801) 973-7969 

VA ArlingtOn 
Applied Engineering Consultants, 
(703) 524-6630 
Woodbridge 
Applied Engineering Consultants, 
(703) 550-9429 

Can Islington, Ontario 
MacKay Associates, (416) 626-3805 

Distributors 

CA San Diego 
Intermark, (714) 453-9005 
Santa Ana . 
Intermark, (714) 540-1322 
Sunnyvale 
Intermark, (408) 738-1111 

MD Bettsville 
Applied ERgineering Consultants, 
(301) 937-8321 

NY Plainview 
Plainview Electronics Supply Corp., 
(516) 822-5357 • 

TX Arlington 
Patco Supply, (817) 649-8981 

GERMANY, MUNCHEN 
Astronic GmbH 
Tel: 089 .. 3040 11 

Ie MASTER DISTRIBUTOR 

Precision Monolithics 

Precision Monolithicslnc. 
1500 Space Park Dr. 
Santa Clara, CA 95050 
(408) 246-9222 

Specific product information ...................... ext. 162 

Application engineering .......................... ; ... ext. 162 
Literature ........................................................ ext. 186 

Price and delivery ........................................ ext. 171 

Follow-up an order ...................................... ext. 171 

All other information .................................... ext. 162 

AL 

AZ 

CA 

CO 

FL 

GA 

IA 

IL 

IN 

KS 

MA 

MD 

MN 

MO 

NC 

NM 

NY 

OH 

PA 

TN 

TX 

UT 

WA 

WI 

Can 

Inti 

Inti 

Inti 

Inti 

Inti 

Inll 

Sales Offices & Representatives 

HuntsviHe 
W. A. Brown Components, (205) 539-4411 
Tempe 
Argus Sales, (602) 967-8709 
Los Angeles 
Regional Office, (213) 670-3791 
San Diego 
L&S Associates, (714) 455-0055 
Santa Clara 
PM I Sales Office, (408) 965-6616 
Wheatridge 
Waugaman Associates, !nc., (303) 423-
1020 
Orlando 
Technoogy Marketing Associates, (305) 
857-3760 
Palm Bay 
PMI Sales Office, 305) 725-2900 
Pompano Be.ach 
Technology Marketing Associates, (305) 
942-0774 
Chamblee 
W. A. Brown Components, (404) 455-0405 
Cedar Rapids 
Comstrand, Inc., (319) 377-1575 
Arlington Heights 
Regional Office, (312) 437-6697 
PMI Sales Office, (312) 437-6697 
Indianapoils 
Ihrig ASSOCiates, Inc., (317) 783-7630 
Lenexa 
Technical Representatives, Inc., 
(913) 888-0212 
Woburn 
PMI Sales Office, 617) 933-1517 
Lutherville-Timonium 
District Office, (301) 252-2968 
Minneapolis 
Comstrand, Inc., (612) 571-0000 
Hazelwood 
Technical Representatives, Inc., 
(314) 731-5200 
Raleigh 
W. A. Brown Components, (919) 781-9426 
Albuquerque 
Waugaman Associates Inc., (505) 294-1436 
Endicott 
Tech-Mark, Inc., (607) 748-7473 
Jericho 
J-Square Marketing, Inc., (516) 997-6210 
Cleveland 
Del Steffen & Associates, (216) 461-8333 
Dayton 
Del Steffen & Associates, (513) 293-3145 
Lexington. 
Del Steffen & Associates, (419) 684-2313 
Ridley Rak 
PMI Sales Office, (215) 521-1441 
Knoxville 
W. A. Brown Components, (615) 637-3523 
Houston 
Oeler & Menelaides, Inc., (713) 772-0730 
Richardson 
Oeler & Menelaides, Inc., (214) 234-6334 
Salt Lake City 
Waugaman Associates, Inc., (801) 363-
0275 
Seattle 
SJ I 6, (206) 624-9020 
Milwaukee 
Sumer, Inc., (414) 259-9060 
Dollard Des Oreaux, Quebec 
RFQ Limited, (514) 694-5724 
Mississauga, Ontario 
RFQ Limited, (416) 626-1445 
Australia, Crows Nest . 
Cema 
Austria, Wien 
Eltrans, Tel: 02221 24 71 37 
Ing. Otto Folger; Tel: 02221 6562364 
Belgium, Bruxelles 
Bourns (Belgium} N.V., Tel: 02/218 2005 
Denmark, Havdrup 
GDS Henckel APS, Tel: 03/38 57 16 
E. Friis-Mikkelsen AlS, Tei: 01198 63 33 
Eastern Europe, Wien 
Eltrans, Tel: 0222/24 71 37 
Finland, Helsinki 
Oy Chester AB, Tel: 80/735 774 
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!?reCiSiOn Monolithics (cont) 
! Inti France, Paris 

Ohmic SA, Tel: 01/2039633 
Inti Germany, Stuttgart 1 

Bourns GmbH, Tel: 0711/24 29 36 
Inti Greece, Kalamaki Alimos 

Advanced Engineering Consultants, 
Tel: 1/4174078 

Inti India, (Palo Alto, CAl 
Fegu Electronics, Ltd., Tel: (415) 493-1788 

Inti Iran, Teheran. 
Berkeh Company, Ltd., Tel: 831 564 

Inti Israel, Tel Aviv 
Rapac Electronics Ltd., Tel: 3/44 6691 

Inti Italy, Milano 
Technic S.r.L., Tel: 02/32 56 88 

Inti Japan Shinjuku 
Nippon PM I Corporation, Tel: (03) 267-6022 

Inti Netherlands, Van Tuyl Serooskerkestraat 
80'..!~~s (N-=derla~d) 8.V., Te!: C7C 87 44 00 

Inti Norway, Strommen 
AlS Kjell Bakke, Tel: 02171 1872 

Inll Portugal, Lisboa 
Telectra S.A.R.L., Tel: 19/686072 

Inti Taiwan, Taipei 
. Mao Shing Enterprises Co .• Ltd., 

Tel: 571-4930 
Inti South Africa, Johannesburg 

Associated Electronics, (Pty) Ltd., 
Tel: 839·1824 

Inti South America, (Mountain View) 
!ntectro, Tei: (415) 967 .. 8818 

Inti Spain, Madrid 
Hispano Electronica S.A., Tel: 619-4108 

Inti Sweden, Akersbergam 
AB Elektroutensilier, Tel: 0764/20 110 

Inti Switzerland 
Bourne (Schweiz) AG, Tel: 042/333333 

Inti Turkey, Ankara 
Nel. Nukleer Elektronik Ltd., Tel: 18 72 70 

Inti United Kingdom, Middlesex TW3 1TE 
Bourns (Trimpot) Ltd., Tel: 01/572 6531 

Inti Yugoslavia, Zagreb 
Unitrade/Podravka, Tel: 44 80 55 

1---------------1 
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AL 

AZ 

CA 

CO 

CT 

FL 

IL 

IN 
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MD 

MI 

MN 

MO 

NC 

NH 

NJ 

NM 

NY 

OH 

OK 

PA 

TX 

UT 

WA 

WI 

Distributors 

Huntsville 
Hallmark Electronics, (205) 837-8700 
Phoenix 
Liberty Electronics, (602) 249·2232 
Chatsworth 
Westates Electronics, (213) 341-4411 
Costa Mesa 
'vVtlslales Eiecironics, (714) 549-8401 
EI Segundo 
Liberty Electronics, (213) 322-8100 
Gardena 
Bell Industries, (213) 515-1800 or (714) 
521-4914 
Mountain View 
Elmar Electronics, (415) 961-3611 
San Diego 
Intermark Electronics, (714) 279-5200 
liberty Electronics, (714) 565-9171 
Santa Ana 
Intermark Electronics, (714) 540-1322 
Sunnyvale 
Bell Industries, (408) 734-8570 
Intermark Electronics, (408) 738-1111 
Commerce City 
Elmar Electronics, (303) 287-9611 
Wheatridge 
Century Electronics, (303) 424-1985 
Norwalk 
Harvey Electronics, (203) 853-1515 
Fert Lauderdale 
Hallmark Electronics, (305) 971-9280 
Orlando 
Hallmark Electronics, (305) 855-4020 
Elk Grove 
Hallmark Electronics, (312) 437-8800 
Pioneer Electronics, (312) 437-9680 
Indianapolis 
Pioneer Electronics, (317) 849-7300 
Shawnee Mission 
Hallmark Electronics, (913) 888-4747 
Dedham 
Gerber Electronics, (617) 329-2400 
Lexington 
Harvey Electronics, (617) 861-9200 
Baltimore . 
Hallmark Electronics, (301) 796-9300 
Livonia ' 
Pioneer Electronics. (313) 525-1800 
Bloomington 
Hallmark Electronics, (612) 884-9056 
Earth Cily 
Hallmark Electronics, (314) 291-5350 
Raleigh 
Hallmark Electronics, (919) 832-4465 
Londonderry 
Yankee Electronic Supply, inc., 
(603) 625-9746 
Fairfield 
Harvey Electron ics, (201) 227-1262 
Albuquerque 
Century Electronics, (505) 292-2700 
Binghamton 
Harvey Electronics, (607) 748-8211 
W. Henrietta 
Harvey Electronics, (716) 334-5920 
Woodbury 
Harvey Eiecironics, (516) 921-8700 
Cleveland 
Pioneer E!ectronics, (216) 587-3600 
Dayton 
Pioneer Eiecrronics, tti13) 236-9900 
Worthington 
Hallmark Electronics, 614) 846-1882 
Tulsa 
Hallmark Electronics, (918) 835-8458 
Huntingdon Valley 
Maiimari<: ElectrOnics, (215) 355-7300 
Pittsburgh 
Pioneer Electronics, (412) 782-2300 
Austin 
Hallmark Electronics, (512) 837-2814 
Dallas 
Hallmark Electronics, (214) 234-7300 
Houston 
Hallmark Electronics, (713) 781-6100 
Salt Lake City 
Cenutrv EIActrnnir" IAn1\ Q7?_RQRO 

Bellevue 
Uberty Electronics, (206) 453-8300 
West Allis 
Hallmark Electronics, (414) 476-1270 

Can Montreal. Quebec 
Cesco Electronics Corp., (514) 735-5511 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Rexdale, Ontario 
Future Electronic Corp., (416) 675-7820 
Ottawa, Ontario 
Future Electronics Corp., (613) 232-7757 
Vancouver, British Columbia 
Intek Electronics Ltd., (604) 324-6831 

Raytheon Semiconductor 

Raytheon Company 
Semiconductor Division 
350 Ellis Street 
Mountain View, California 94042 
(415) 968-9211 
TWX: 910-379-6481 

Special product information: 

gi:~!t~t~::::::::::::::.:::::::::::::::::::.::.::::::.::::::~~~~~~~g~: 
Hybrid Circuits ........................................ Tom Cate 
Microprocessors .............................. Dave Uimar; 

Price and delivery: 
Local Field Sales Offfice 

Place an order: 
Local Field Sales Offfice 

Follow-up an order: 
Customer Service 

Sales Offices & Representatives 

AL Huntsville 
Macro Marketing Associates, 
(205), 883-9630 

AZ Scottsdale 
Semper FI Sales Co., (602) 945-4556 

CA EI Segundo 
Varigon ASSOciates, (213) 322-1120 
Irvine 
Raytheon Regiona: Sales Office 
(714) 833-9042 ' 
San Diego 
Varigon ASSOCiates, (714) 299-5413 
Sunnyvale 
Quadreplnc., (408) 733-7300 
Raytheon Regional Sales Office 
(408) 245-5400 ' 

CO Denver 
Camel Electronics, Inc., (303) 751-7150 

CT North Haven 
Kitchen & Kutchen, (203) 239-0212 

FL Altamonte Springs 
Dyne-A-Mark Corp., (305) 831-2097 
Clearwater 
Dyne-A-Mark Corp., (813) 441-4702 
Fort Lauderdale 
Dyne-A-Mark Corp., (305) 771-6501 
S!. Peto:,sbur; 
Raytheon Regional Sales Office 
(813) 576-2221 ' 

IA Cedar Rapids 
Carlson Electronic Sales, (319) 377-6341 

IL Des Plaines 
RayrheonHeglonal Sales Office 
(312) 297-5540 ' 
Elk Grove Village 
Carlson Electronic Sales Co. 
(312) 956~8240 ' 

IN Indianapolis 
Carlson Electronic Sales Co 
(317) 842-3740 ., 

KS Shawnee Mission 
Midtec ASSOCiation, (913) 441-6565 

"'IQ:A'''~'U'' 
Kitchen & Kutchen, (617) 862-8230 
Newton Lower Falls 
Raytheon Regional Sales Office, 
(617) 527-0030 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Raytheon (cont) Sunnyvale OH Beachwood 
Be." Industries, (408) 734-8570 Sheridan Sales Co., (216) 831-0130 

MD Rockville 
Cramer/San Francisco, (408) 739-3011 Cincinnati 

Mechtronic Sales, Inc., (301) 340-2130 Tustin Sheridan Sales Co., (513) 761-5432 

MI Farmington 
Kierulff Electronics, (714) 73 .... 5711 Cleveland . 

Miltimore Sales, Inc., (313) 476-2446 CO Wheatridge Arrow Electronics, (216) 464-2000 

Grand Rapids 
Century, (303) 424-1985 Cramer/Cleveland, (216) 248-8400 

Miltimore Sales, Inc., (616) 942-9721 CT North Haven Sheridan/Cleveland, (216) 416-3300 

MN Bloomington 
Cramer/Connecticut, (203) 239-5641 Columbus 

Electronic Sales Agency, (612) 884-8291 Wilton Reptron/Ohio, (614) 253-7433 

Minneapolis 
Connecticut Components for Industry, Inc., Dayton 

Raytheon Regional Sales Office, (203) 762-8691 Semiconductor Specialists, Inc., 

(612) 920-7935 FL Fort Lauderdale (513) 278-9455 

MO Florissant Hall-Mark, (305) 971-9280 Sheridan Sales Co., (513) 277-8911 

Midtec Association, (314) 837-5200 Orlando Kettering 

NC Winston-Salem Hall-Mark, (305) 855-4020 Arrow Electronics, (513) 253-9176 

Marco Marketing Associates, Pioneer/Florida, (305) 859-3600 Reading 

(919) 768-8740 St. Petersburg Sheridan Sales Co., (513) 761-5432 

NJ Cherry Hill Kierulff Electronics, (813) 576-1966 OK Tulsa 

Raytheon Regional Sales Office, GA Norcross Component Specialists, (918) 664-2820 

{609) 663-4066 Cramer/ Atlanta, (404) 448-9050 PA Huntingdon Valley 

NY Cicero IA Cedar Rapids Hall-Mark Electronics, (215) 355-7300 

Advanced Components Corp., Advent Electronics, (319) 393-8811 Pitsburgh 

(315) 699-2671 IL Elmhurst Semiconductor Specialists, Inc., 

Endicott Semiconductor Specialists, Inc., (412) 781-8120 

Raytheon Regional Sales Office, (312) 279-1000 Sheridan/Pittsburgh, (412) 351-4000 

(607) 754-5810 Rosemont TX Austin 

Farmingda!e Advent Electronics, (312) 297-6200 Component Specialties, (214) 357-6511 

WIN Sales, (516) 249-7859 Schaumberg Quality Components, (512) 458-4181 

Melville Arrow Electronics, (312) 893-9420 Dallas 

Raytheon Regional Sales Office, IN Indianapolis Components Specialists, (214) 357-6511 

(516) 420-0700 Advent Electronics, (317) 297-4910 Quality Components, (214) 387-4949 

OH Brunswick Semiconductor Specialists, Inc., Trevino Electronics Inc., (214) 358-2418 

Kimconics Sales, Inc., (216) 225-6111 (317) 731-2400 Houston 

Englewood • KS Shawnee Mission Component Specialties, (713) 771-7237 

Kimconics Sales, lnc., (513) 836-9677 Hall-Mark Electronics, (913) 888-4747 
WA 

Quality Components, (713) 772-7100 

OR Portland MA Billerica Seattle 

. Northwest Marketing Associates Inc., Kierulff Electronics, (617) 667-8331 Cramer Electronics, (206) 762-5755 

(503) 297-5281 Needham Heights Tukwila 

PA King of Prussia Cavalier Components, Inc., (617) 449-3112 Kierulff Electronics, (206) 575-4420 

Monteiro Associates, Inc., (215) 265-0634 Newton WI Oak Creek 

Pittsburgh Cramer Electronics, (617) 964-4000 Arrow Electronics, (414) 764-6600 

Kimconics Sales, Inc., (412) 367-3013 Waltham Milwaukee 

TX Dallas Sterling/Watertown, (617) 894-6200 Semiconductor SpeCialists, Inc., 

ION AssOCiates, (214) 357-9441 MD Baltimore (414) 257-1330 

Houston Arrow Electronics, (301) 247-5200 West Allis 

ION Associates, (713) 461-5311 Columbia Can 
Hall-Mark Electronics, (414) 476-1270 

WA Bellevue Technico, (301) 461-2200 
Calgary, Alberta 

Northwest Marketing Associates, Gaithersburg PAAR Industrial Electronics Ltd 

(206) 455-5846 Pioneer Washington Electronics, 
(403) 287-2840 ,., 

WI Milwaukee (301) .948-0710 
Mississauga, Ontario 

Carlson Electroni.cs Sales, (414) 476-2790 MI Ann Arbor Prelco Electronics, (416) 678-0401 

Can Ottawa, Ontario Arrow Electronics, (313) 971-8220 
Montreal, Quebec 

Cantec Representatives, Inc., Farmington 
(613) 225-0363 Advent Electronics, (313) 477-1650 
Pointe Claire, Quebec Livonia MONTREAL, QUEBEC 
Cant~c Representatives, Inc., Reptron/Michigan, (313) 525-2700 Future Electronics 
(514) 594-4049 MN Minneapolis 
Toronto, Ontario Arrow Electronics, (612) 887-6400 Tel: (514) 735-5775 

Cantec Representatives, Inc., Hall-Mark Electronics, (612) 884-9056 IC MASTER DISTRIBUTOR 
(416) 675-2460 Semiconductor Specialists, Inc., 

Inti France, Le Plessis Robinson (612) 854-8841 
Raytheon Semiconductor France, MO Earth City Prelco Electronics, (514) 389-8051 

Inti 
Tel: 631 0676, .' Hall-Mark Electronics, (314) 291-5350 Rexdale, Ontario 
Germany, Munchen Kansas City Future Electronics, (416) 677-7820 
Raytheon HALBLEITER GmbH, Semiconductor SpeCialists, Inc., Winnipeg,Manitoba 
Tel: 089/539693 (816) 452-3900 W.E.S. Ltd., "Wholesale Electronic 

Inti Japan, Tokyo Hazelwood Supply", (204) 632-1260 . 
New Japan Radio Co., Ltd., Semiconductor Specialists, inc., 
Tel: 03-591-3451 (314) 731-2400 

Inti United Kingdom, Essex NJ Cherry Hill ENGLAND 
Raytheon Semiconductor, Milgray Electronics, (609) 424-1300 Eurosem International Ltd. 
Tel: (0279) 4~9310 Little Falls 

Cramer/New Jersey, (201) 785-4300 Tel: 01-868-0028 
Moorestown IC MASTER DISTRIBUTOR 

Distributors Arrow ElectroniCS, (609) 235-1..900 
Saddle brook 

AL Huntsville 
Hall-Mark Electronics, (205) 837-8700 NM 

Arrow Electronics, (201) 797-5800 
Albuquerque 

AZ 
Pioneer/Huntsville, (205) 837-9300 Century Electronics, Inc., (505) 292-2700 

GERMANY, MUNCHEN 
Phoenix Sterling/ Albuquerque, (505) 345-6601 Astronic GmbH 
Arizona Components Co., (602) 279-9446 NY Buffalo . Tel: 089-3040 11 
Kierulff ElectroniCS,' (602) 243-4104 Summit Distributors, Inc., (716) 884-3450 

CA Chatsworth East SyraclJse IC MASTER DISTRIBUTOR 
Jaco Electronics, (213) 998-2200 Cramer/Syracuse, (315) 437-6671 
Irvine Elmsford 
Components Plus, (714) 754-0471 Zeus. Components, Inc., (914) 592-4120 
Los Angeles Farmingdale 
Kierulff Electronics, (213) 685-5511 Arrow Electronics, (516) 694-6800 RCA Solid State Division 
Palo Alto 
Kierulff Electronics, (415) 968-6292 

Hauppauge 

San Diego 
Components Plus, (516) 231-9200 RCA Solid State Division 

Cramer/San Diego, (714) 565-1881 
Current Components, Inc., (516) 273-2600 Box 3200 

Santa Ana 
Jaco Electronics, (516) 273-5500 Somerville, N.J. 08876 

Emitter, (213') 299-7760 
Plainview (201) 685-6000 
ACI Electronics Corp., (516) 293-6630 TWX: (710) 480-9333 
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RCA (cont) 

Sales Offices & Representati\res 

AL Huntsville 
Electro-Mech (205) 883-9624 
Sales Office, (205) 881-4100 

AZ Scottsdale 
Sales Office, (602) 947-7235 
Summit Sales, (602) 994-4587 

CA Hollywood 
Sales Office, (213) 468-4156 
Los Altos 
Sales Office, (415) 948-8996 
San Diego 
Bestronics, (714) 278-2150 / 
Sales Office, (714) 279-0420 
Tustin 
Sales Office, (714) 832-5302 

CO Wheatridge 
Waugaman Assoc., (303) 423-1020 
Sales Office, (303) 433-8841 

FL Clearwater 

GA 

IA 

IL 

IN 

KS 

MA 

MI 

MN 

MO 

NC 

NJ 

NM 

NY 

G. F. Bohman Associates, (813) 442-5606 
Ft. Lauderdale 
G. F. Bohman Associates, (305) 564-3081 
Orlando 
G. F. Bohman Associates, (305) 295-5760 
Lake Park 
Sales Office, (305) 626-6350 
Winter Park 
Sales Office, (305) 647-7100 
Atlanta • 
Electro-Mech. (404) 449-6337 
Cedar Rapids 
Lorenz Sales, Inc., (319) 393-6912 
Des Plaines . 
Sales Office, (312) 391-4380 
Fort Wayne 
Sales Office, (219) 432-1589 
Indianapolis 
Sales Office, (317) 546-4001 
Southern Sales, (317) 299-2992 
Overland Park 
Kebco, (913) 649·2168 
Sales Office, (913) 642-7656 
Needham Heights 
Sales Office, (617) 444-7200 
Birmingham 
Sales Office, (313) 644-1151 
Detroit 
Nicon Associates, (313) 341·7688 
Minneapolis 
Comstrand. Inc., (612) 571·0000 
Sa:es Office, (612) 929-0676 
Maryland Hts. 
Kebco, (314) 576-4111/4110 
Raleigh 
Electro-Mech, (919) 782-7586 
Cherry Hill 
Sales Office, (609) 424-3650 
Clark 
Sales Office, (201) 574-3550 
Haddonfield 
Thomas AssOCiates, Inc., (609) 854-3011 
Albuquerque 
C. T. Carlberg Associates, (505) 265-1579 
Binghamton 
L-~.,1ar AssOCiateS, :iiC' t (G07} i23 .. i513 
East Syracuse 
L-Mar Associates, Inc., (315) 437-7779 
Fairport 
~~lgC' ('\ffi,...o i71t:\ 1']"., .. 1:1')"'1'\ 

H~-';tingi~'~-St~'tj;~ ~~u u .. -." 

Sales Office, (516) 293-0180 
Rochester 
L-Mar Associates, Inc., (716) 328-5240 

OH Cleveland 

Dayton 

'''ie\ .1"04 ,,"4"" 
\4''11 "'VI"VIUI 

Arthur H. Baier Company, (513) 276-4128 
Pepper Pike 
Sales Office, (216) 831-0030 

OR Portland 
Western Tech. Sales, (503) 297-1711 

TN Nashville 
Electro-Mech, (615) 256-2516 

TX Dallas 
Safes Office, (214) 638-6434 
"~uston 

Jackson Arnold, (713) 783-7297/981-5789 
UT Salt Lake City 

Rl Marketing, (801) 972-5646 
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VA Arlington 
Sales Office, (703) 558-4161 

WA Bellevue 
West~rn Tech. Sales, (206) 641·3900 

WI Elk Grove 
Key Enterprises, (414) 784-3390 

Can Anna de Bellevue, Quebec 
RCA Ltd., (514) 457-9000 
Calgary, Alberta 
RCA, Ltd., (403) 243-6051 
Rexdale, Ontario 
RCA Ltd., (416) 247-5491 

Inti Argentina, Buenos Aires 
RCA SAIC, Tel: 70-4171 

Inti Be:gium, Bruxelles 
RCA SA, Tel: 720-8980 
Belgium, Liege 
RCA SA, Tel: 644550 

Inti Brazil, Sao Paulo 
RCA Electronica Ltda., Tel: 36-6951 

Inti France, Boulogne 
RCA SA, Tel: 603 8787 

Inti Germany, Hamburg 
RCA GmbH, Tel: 04106/2001 
Munchen 
RCA GmbH, Tel: 089/52 79 28 
Stuttgart 
RCA GmbH, Tel: 0711/73/63/57-59 
Weisbaden 
RCA GmbH, Tel: 06121/3/93/8617 

Inti Iran, Tehran 
RCA (Iran) Ltd., Tel: 657410/651900 

Inn Italy, Miiano 
RCA spA, Tel: 637 048/051 

Inti Japan, Tokyo 
RCA, Tel: 581-2311 

Inti Mexico 
RCA SA de C.V., Tel: (905) 527-6020 

Inti Spain, Madrid 
RCA SA, Tel: 250-6955 

Inti Sweden, Solna 
RCA International Ltd., Tel: 08 83 42 25 

Inti Taiwan, Taipei 
RCA, Tel: 571-9171 

Inti United Kingdom, Middlesex 
RCA Ltd., Tel: 85511 

AL 

AZ 

CA 

co 

CT 

Distributors 

Huntsville 
Hamilton/ Avnet Electronics, (205) 533-1170 
Phoenix 
Hamilton/Avnet Electronics, (602) 275·7851 
Kierulff ElectroniCs, (602) 243-4101 
Liberty Electronics/ Arizona, (602) 249-2232 
Culver City 
Hamilton Electro Sales, (213) 558-2020 
EI Monte 
G. S. Marshall Company, (213) 686-0141 
EI Segundo 
Liberty Electronics, (213) 322-8100 
Irvine 
Cramer/Los Angeles, (213) 771·8300, (714) 
979-3000 
Schweber Electronics, (714) 556-3880 
Los Angeles 
Kierulff Electronics Inc., (213) 685-5511 
RPS Electronics, Inc., (213) 748-1271 
Mt. View 
Elma Electronics. Inc., (415) 961·3611 
Hamilton/Avnet Electronics, (415) 967-7000 
Palo Alto 
Kierulff Electronics, Inc., (415) 968-6292 
Riverside 
Electronic Supply Corp., (714) 683-7300 
San Diego 
Hamilton/Avnet Electronics, (714) 279-2421 
Kierulff Electronics, !nc" (714) 278-2112 
Liberty/San Diego, (714) 565-9171 
Sunnyvale 
Cramer/San Francisco, (408) 739-3011 

Commerce City 
Elmar Electronics/Denver, (303) 287-9611 
Denver • 
Hamilton/Avnet Electronics, (303) 534-1212 
Kierutff Electronics, Inc., (303) 371-6500 
Danbury 
Schweber Electronics Corp., (203) 792-
3500 
Georgetown 
Hamilton/ Avnat Electronics, (203) 762-0361 
Hamden 
Arrow ElectroniCs. Inc., (203) 248-3801 
North Haven 
Cramer/Connecticut, (203) 239-5641 

Ft. Lauderdale 
Arrow Electronics, Inc., (305) 776-7790 
Hamilton/Avnet Electronics. (305) 971-2900 
Hollywood 
Cramer/HoUywood, (305) 945-4176 
SChweber Electronics Corp., (305) 927-
0511 
Orlando 
Cramer/Orlando, (305) 894-1511 
Palm Bay 
Arrow Electronics, Inc., (305) 725-1480 

Doraville 
Arrow Electronics, Inc., (404) 455-4054 
Norcross 
Cramer/Atlanta, (404) 448-9050 
Hamilton/Avnet Electronics, (404) 448-0800 
Cedar Rapids 
Oeeco Inc., (319) 365-7551 
Chicago 
Newark Electronics, (312) 638-4411 
Elk Grove Village 
Schweber Electronics Corp., (312) 593-
2740 
Elmhurst 
Semiconductor SpeCialists, Inc., (312) 
279-1000 
Mt. Prospect 
Cramer/Chicago, (312) 593·8230 
Schiller Park 
Hamilton/Avnet Electronics, (312) 678-6310 

Indianapolis 
Graham Electronics Supply, (317) 634-8202 

Cedar Rapids 
Deeco, (319) 365-7551 

Overland Park 
Hamilton/Avnet Electronics, (913) 888-8900 

Metairie 
Sterling Electronics, Inc., (504,887-7610 

wii~h'i;;""ElectronicslNew England, (617) 
272-8200 
Newton 
Cramer Electronics, Inc., (617) 969-7700 
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RCA (cont) 

MD 

MI 

MN 

MO 

NC 

NH 

NJ 

NM 

NY 

OH 

Waltham 
Schweber Electronics Corp., (617) 890-
8484 
Sterling Electronics, (617) 894-6200 
West Newton 
A. W. Mayer Co., Inc., (617) 965-1111 
Woburn 
Hamilton/ Avnet Electronics. (617) 933-8020 
Baltimore 

. Arrow Electronics, Inc., (301) 247-5200 
Gaithersburg 
Cramer/Washington, (301) 948-0110 
Schweber Electronics, (301) 840-9500 
Hanover 
Hamilton/ Avnet Electronics, (301) 796-5000 
Savage 
Pyttronic. Industries, Inc., (301) 792-0782 
Livonia 
Hamilton/ Avnet Electronics, (313) 522-4700 
Schweber Electronics, (313) 525-8100 
RS Electronics, Inc., (313) 525-1155 
Bloomington 
Arrow Electronics, (612) 888-6400 
Edina 
Cramer/Minnesota, (612) 835-7811 
Hamilton/Avnet Electronics, (612) 941-3801 
Minneapolis 
Semiconductor Specialists, Inc., (612) 854-
8841 
Hazelwood 
Hamiltoh/Avnet Electronics, (314) 731-1144 
Kansas City 
Semiconductor Specialists, Inc., (816) 452-
3900 
Greensboro 
Hammond Electronics of Carolina. Inc .• 
(919) 275-6391 
Arrow Electronics, (612) 887-6400 
Kernersville 
Arrow Electronics, (919) 996-2039 
Raleigh 
Hamilton/ Avnet Electronics, (919) 829-8030 
Winston-Salem 
Cramer/Winston-Salem, (919) 725-8711 
Manchester 
Arrow Electronics, Inc., (603) 668-6968 
Cedar Grove 
Hamilton/ Avnet ElectroniCS, (201) 239-0800 
Clifton 
Wilshire Electronics/NJ, (201) 340-1900 
Fairfield 
Kierulff Elec., (201) 575-6750 
Little Falls, 
CramerlNJ, (201) 785-4300 
Moorestown 
Arrow Electronics, Inc., (609) 235-1900 
Mount Laurel 
Hamiltonl Avnet ElectroniCS, (609) 234-2133 
PennsauKen 
Resco Electronics Div. of Astrex, (609) 662-
4000 
Somerset 
Schweber/NJ Electronics, (201) 469-6008 
Albuquerque 
Cramer/New Mexico, (505) 243-4566 
Hamilton/Avnet Electronics, (505) 765-1500 
Buffalo 
Summit Distributors, Inc., (716) 884~3450 
East Syracuse 
Hamilton/Avnet ElectroniCS, (315) 437-2641 
Farmingdale 
Arrow Electronics, Inc., (516) 694-6800 
Freeport 
Milgray Electronics, Inc .• (516) 546-6000 
Hauppauge 
Cramer/Long Island, (516) 231-5600 
Rochester 
Cramer/Rochester, (716) 275-0300 
Hamilton/ Avnet Electronics, (716) 442-7820 
Rochester Radio Supply Co., (716) 454-
7800 

, Schweber Electronics Corp., (716) 424-2222 
Syracuse 
Cramer/Syracuse, (315) 437-6671 
Westbury 
Schweber Electronics Corp., (516) 334-
7474 
Hamiltonl Avnet ElectroniCS, (516) 333-5800 
Beachwood 
Schweber Electronics Corp., (216) 464-
2970 
Cleveland 
Hamilton/Avnet ElectroniCS, (216) 461-1400 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Columbus 
Hughes-Peters, Inc., (614) 294-5351 
Dayton 
Arrow Electronics, (513) 253-9176 
Hamilton/Avnet Electronics, (513) 433-0610 
The Stotts Friedman Co .• (513) 298-5555. 
Solon 
Cramer/Cleveland, (216) 248-8400 

OK Tulsa 
Radio, Inc., (918) 587-9123 

PA Philadelphia 
Herbach & Rademan, Inc., (215) 426-1700 
Pittsburgh 
Semiconductor Specialists, Inc., (412) 781-
8120 

TX Austin 
Sterling Electronics, Inc., (512) 836-1341 
Dallas 
Hamilton/Avnet Electronics, (214) 661-8661 
Cramer/Texas, (214) 661-9300 
Schweber Electronics Corp., (214) 661-
5010 
Sterling Electronics, Inc., (214) 357-9131 
Trevino ElectroniCS, (214) 358-2418 
Houston 
Hamilton/Avnet Electronics, (713) 780-1771 
Schweber ElectroniCS Corp., (713) 784-
3600 
Sterling EI~ctronics Inc., (713) 627-9800 

UT Salt Lake City 
Hamilton/ Avnet Electronics, (801) 972-2800 

WA Bellevue 
Hamilton/ Avnet Electronics, (206) 746-8750 
Liberty Electronics/ Northwest, 
(206) 453-8300 
Seattle 
Robert E. Priebe Company, (206) 682-8242 

WI Mequon 
Taylor Electric Company, (414) 241-4321 
New Berlin 
Hamilton/ Avnet Electronics, (414) 784-4570 
Oak Creek 
Arrow Electronics, Inc., (414) 764-6600 

Real Time Corp. 

Real Time Corporation 
53 South Jefferson Road 
Whippany, New Jersey 07981 
(201) 887-4141 
Information ............................................ Oleg Burlak 

Reticon 

Reticon Corporation 
345. Potrero 
Sunnyvale, California 94086 
(408) 738-4266 
TWX: (910) 339-9343 
Specific product information ........ George Hansell 
Application engineering ................ George Hansell 
Literature .. ~ ........................................... Sylvia Spohn 
Price and delivery .......................... George Hansell 
Follow-up 'an order ............................ Bobbie Stern 
All other information ...................... George Hansell 

Sales Offices & Representatives 

AL Huntsville 
Technology Mkt. Assoc., (205) 883-7893 

CA Redondo Beach 
Reticon Sales Office, (213) 379-3400 
Sunnyvale 
Reticon Sales Office, (408) 738-4266 

CO Wheatridge 
Waugaman Associates, Inc., (303) 423-1020 

CT Stratford 
Gerald Rosen Co., (203) 375-5456 

FL Orlando 
Technology Mkt. Assoc., (305) 857-3760 
Pompano Beach 

, Technology Mkt. Assoc., (305) 942-0774 
IA Cedar Rapids 

Palatine Sales, Inc., (319) 365-8071 
IL Elk Grove Village 

Reticon Sales Office, (312) 640-7713 . 
KS Derby 

Palatine Sales, Inc., (316) 788-0621 

Lenexa 
Palatine Sales, Inc., (913) 492-7020 
Mission 
Palatine Sales, Inc., (913) 831-0555 

MA Framingham 
Gerald Rosen Co., Inc., (617) 879-5505 
Wakefield 
Reticon Sales Office, (617) 246-2718 

MD Columbia 
Rep-Tron Inc., (301) 465-6433 

MI ' Birmingham 
J. C. Hofstetter Co., (313) 646-3635 

MN Minneapolis 
Arjay Sales, Inc., (612) 854-4972 

MO Hazelwood 
Palatine Sales, Inc., (314) 895-4577 

NM Albuquerque 
Waugaman Associates, (505) 294-1436 

NY Bowmansville 
Ossmann Component Sales Corp., 
(716) 681-9700 
Huntington 
COB Enterprises, Inc., (516) 692-5200 
Kingston 
Ossmann Component Sales Corp., 
(914) 338-5505 
Rochester 
Ossmann Component Sales Corp., 
(716) 424-4460 
Syracuse 
Ossmann Component Sales Corp., 
(315) 455-6611 
Vestal 
Ossmann Component Sales Corp., 
(607) 785-9949 

OH Dayton 
J. C. Hofstetter Co., (513) 296-1010 
Medina 
J. C. Hofstetter Co., (216) 241-4880 

PA Glenshaw 
Metal and Glass Systems, Reticon, 
(412) 487-6667 

TX Dallas 
Mycrosystems Mkt. Inc., (214) 238-7157 
Houston 
Mycrosystems Mkt. Inc., (713) 783-2900 

UT Salt Lake City 
Waugaman Associates, (801) 363-0275 

Distributors 

Can Mlsslssauga, Ontario 
Webster Instruments Ltd., (416) 275-2270 
Montreal, Quebec 
Webster Instruments Ltd., (514) 747-9747 
Ottawa, Ontario 
Webster Instruments Ltd., (613) 725-1931 

Inti Ausralia, Prospect 
A.J.F. Systems & Components Pty., Ltd., 
Tel: 269-1244 

Inti Austria, Wlen 
Othmar Lackner, Tel: (0222) 52 99 80 

Inti Belgium, Bruxelles 
Inelco, Tel: (02) 6600012 

Inti Denmark, Copenhagen 
Scandinavian, Tel: (01) 83 50 90 

Inti Finland, Helsinki 
Havulinna Oy, Tel: (3580) 755-4144 

Inti France, Sevres 
Tekelec Airtronic, Tel: (01) 027 75 35 

Inti Germany 
Fellbach 
Hot Electronic, Tel: 0711 589061 
Munchen 
Opteltec, Div. Neumuller GmbH, 
Tel: (089) 59911 
Ottobrunn 
Hot Electronic, Tel: 089-601 3017 

Inti Israel, Ramal-Gan 
Telsys Ltd., Electronic Engineering, 
Tel: 739865 

Inti Italy. 
Milano 
Eledra 3S SPA, Tel: (02) 3493041 
Roma 
Eledra 3S SPA, Tel: (06)812 73 24 

Inti Japan, Yokohama 
Panetron Division, Tel: 045-471-8811 

Inti Netherlands, Amsterdam 
Inelco, Tel: (020) 934824 

Inti New Zealand, Aukland 
Professional Electronics Ltd., Tel: 493-029 
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Reticon (cont) 

Inti Norway. Oslo 
Nordisk Elektronik (Norge) AlS, 
Tel: (02) 553893 

Inll South Africa, Pretoria 
Electronic Building, Tel: 78-9221/6 

Inll Sweden, Stockholm 
Nordisk Elektronik AB, Tel: (08) 24 83 40 

Inti Switzerland 
Regensdorf 
Reticon Corporation, Tei: (01) 840 53 05 
Industrade AG, Tel: (01) 602230 

Inti United Kingdom, Letchworth 
Herbert Sigma Ltd., Tel: 3841 
(Std. Code 04626) 

RIFA 

RIFA AB 
11 Bromma 
Sweden 

Importer 
MN Minneapolis 

World Products, (612) 835-2117 

Rockwell Microelectronic Div. 

Rockwell International 
Microelectronic Device Division 
P.O. Box 3669 
3430 Miraloma Avenue 
Anaheim, California 92803 
(714) 632-3729 
TWX: 910-591-1654 

Sales Offices & Representatives 

AL Huntsville 
Robert Whitesell & Associates, Inc., 
(205) 883-5110 

AZ Phoenix 
O. T. Wiles. (602) 971-6250 
971-6250 

CA Anaheim 
Regional Sales Office. (714) 832-3698 
Carlsbad 
O. T. Wiles & Assoc., (213) 478-0183 
Los Angeles 
O. T. Wiles & Assoc., (714) 436-8528 
Menlo Park 
1/0 Sales, (415) 321-9050 
Straub Associates, (415) 321-9050 
Tustin 
O. T. Wiles & Assoc., (714) 832-4952 

CO Westminster 
Straube Associates Mtn. States, Inc., 
(303) 426-0890 

CT North Haven 
Kitchen & Kutchin, (203) 239-0212 

IA Cedar Rapids 
John G, Twist Co., (319) 393-8703 

IL Des Plaines 
Regional Sales Office, (312) 297-8862 
Ell< GrC'v~ \f!!!a~~ , 
John G. Twist Co., (312) 593-0200 

IN Fort Wayne 

KS 

KY 

MA 

un 

MI 
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Robert O. Whitesell & Assoc., Inc., (219) 
432-5591 
Indianapolis 
Robert O. Whitesell & Assoc., Inc (~17) 

359-9283 
Prairie Village 
John G. Twist Co., (913) 236-4646 
Wichita 
John G. Twist Co., (316) 686-6685 
Louisville 
Robert O. Whitesell & Assoc., Inc., (502) 
897-1569 
Lexington 
Kitchen & Kutchin, (617) 862-8230 

Beacon North, Inc., (301) 922-1248 
Grand Rapids 
Robert O. Whitesell & Assoc" Inc., (616) 
942-5420 

Southfield 
Robert O. Whitesell & Assoc., Inc., (313) 
559-5454 
St. Joseph 
Robert O. Whitesell & Assoc., Inc., (616) 
983-7337 
Troy 
Regional Sales Office, (313) 435-1638 

MN Minneapolis 
John G. Twist Co., (612) 854-4600 

MO St. Louis 
John G. Twist Co., (314) 432-2830 

NB Lincoln 
John G. Twist Co., (402) 474-5151 

NC Raleigh 
R. W. Mitscher Co., (919) 828-0575 

NJ Hohokus 
Hansen Associates, (201) 652-7055 
Mt. Laurel 
Naudain Associates. Inc .. (609) 235-1801 
North Brunswick '.. 
Regional Sales Office, (201) 246-3630 

NM Albuquerque 
Straube Associates Mtn. States, Inc., 
(505) 265-7759 

NY Buffa,lo, 
R. W. Mitscher Co., (716) 633-7970 
Manlius 
R. W. Mitscher Co., (315) 682-2855 
Pittsford 
R. W. Mitscher Co., (716) 381-9115 
Weii "Uri",. 
R. W. MitscherCo., (914) 679-6151 

OH Cincinnati 
Robert O. Whitesell 
521-2290 
Columbus 
Robert O. Whitesell 
888-9396 
Dayton 
Robert O. Whitesell 
298-9546 
Middleburg Heights 
Robert O. Whitesell 
826-4424 

PA Pittsburgh 
Robert O. Whitesell 
344-7277 

TN Greenville 

& Assoc., Inc., 

& Assoc., Inc., 

& Assoc., Inc., 

& Assoc., Inc., 

& Assoc., Inc., 

(513) 

(614) 

(513) , 

(216) 

(412) 

Robert O. Whitesell & Assoc., Inc., (615) 
639-6154 

TX Dallas 
Sal cor. Inc., (214) 234-8072 

tiT Sait Lake City 
Straube Associates Mtn. States, Inc., 
(801) 322-1828 

VA Falls Church 
Beacon North, Inc., (703) 534-7200 
Lynchburg 
Beacon North, Inc" (804) 237-4740 

WARedmond 
Desco Northwest, (206) 883-6336 

WI Wauwatosa 
John G. Twist Co., (414) 475-7755 

Can Montreal, Quebec 
Penryn ElectrOniC Sales, (514) 735-2471 
Toronto, Ontario 
Penryn Eiecironics, (416) 923-9823 

Inti BraZil, Sao Paulo 
Hybrid, Tel: (011) 220·1470 

Inti Germany. Munchen 
Rockwell Iniernational GmbH, Tel: (089) 
859-9575 

Inti Japan, Tokyo, Chiyoda·ku 

AL 

AZ 

CA 

Rockwell International Overseas Corp., 
Tel: 265-8808 

Distributors 

Huntsville 
Hamiiton/Avnet Electronics, (205) 533-1170 

Phoenix 
Ham i Iton I Avnet E leclron ics, .(602) 275-7351 

Costa Mesa 
Avnet Electronics, (714) 754-6111 
1' .. 1"0'" ('it" 

Hamilton/ Avnet Electronicsd213) 558-2441 
Hamilton Electro Sales, (213) 558-2020 
Mountain View 
Hamilton/Avnet Electronics, (415) 961-7000 

San Diego 
Hamiiton/Avnet Electronics, (714) 279-2421 

CT Georgetown 
Hamitonl Avnet Electronics, (203) 762-0361 

CO Denver 
Hamilton/ Avnet Electronics, (303) 534·1212 

FL Ft. Lauderdale 
Hamilton/ Avnet Electronics, (305) 971-2900 

GA Norcross 
Ha(l,iiiuni Avnet ElectroniCS, (404) 448-0800 

IL Schiller Park 
Hamilton/Avnet Electronics, (312) 678-6310 

KS Lenexa 
Hamilton/ Avnet Electronics, (913) 888-8900 

MA Woburn 
Hamiltonl Avnet Electronics, (617) 993-8000 

MD Hanover 
Ham i,iton/ Avnet Electronics, (301) 796-5000 

MI Livonia 
Hamiltonl Avnet Electronics, (313) 522-4700 

MN Edina 
Hamilton/Avnet Electronics, (612) 941-8801 

MO Hazelwood 
Hamilton/Avnet Electronics, (314) 731-1144 

NC Raleigh 
Hamilton/ Avnet Electronics, (919) 829-8030 

NJ Cedar Grove 
Hamilton/Avnet Electronics, (201) 239-0800 
Mount Laurel 
Hamilton/ Avnet Electronics, (609) 234-2133 

NM Albuquerque 
Hamilton/ Avnet Electronics, (505) 765-1500 

NY East Syracuse 

OH 

TX 

Hamilton/ Avnet Electronics, (315) 437-2641 
Rochester 
Hamilton/ Avnet Electronics, (716) 442-7820 
Westbury, L.1. 
Hamiltonl Avnet Electronics, (516) 333-5800 
Cleveland 
Hamiltonl Avnet Electronics, (216) 461-1400 
Daylon 
Ham; Itonl Avnet Electronics, (51-3) 433-0610 
Dallas 
Hamilton/Avnet Electronics, (214) 661-8661 
Houston 
Hamilton/Avnet Electronics, (713) 780-1771 

UT Salt Lake City 
Hamilton/Avnet Electronics, (801) 972-2800 

WA Bellevue 
Hamilton/Avnet Electronics, (206) 746-8750 

Wi New Berlin 
HamillonlAvnet Electronics, (414) 784-4510 

Can Mississaugua, Ontario 
Hamilton/Avnet Electronics, (416) 677-7432 
Montreal, Quebec ' 
Hamilton/ Avnet Electronics, (514) 331-6443 
Ottawa, Ontario 
Hamilton/ Avnet Electronics, (613) 226-1700 

Inti Denmark, Silkeborg 
Mlrcronor, Tel: (06) 83 6211 

Inti Finland, Helsinki 
Micronor Oy, Tel: (90) 803 1965 

InU France, Levallois-Perret 
REA, Tel: (01) 758-11-11 

Inti Italy, Milano 
Dott. ing G. De Mico S. P. A., Tel: (02) 65 
31 31 

InU Japan 
Osaka 
Matsushita Electric Trading Co., Tel: 
(06) 204-5563 
Tokyo 
Marubeni Corp., Tel: 282-3412 
Matsushita ElectriC Trading Co., Tel: (03) 
435-4552 

InU Netherlands, Breda 
Famarra, Tel: (076) 133457 

Inti 

Inti 

Inti 

Inti 

InU 

Inti 

Norway, Stabbekk 
Micronor, Tel: (02) 5451 30 

Spain, Madrid 
Comelta, Tel: (01) 254-9831 

Swilzerland, Zurich 
Aumann & Co., AG, Tel: (01) 53 54 00 

Taiwan, Taipei 
Enterorex COrD .. Tp.I: !i~P,_17"_7 

United Kingdom, Hove, England 
Pelco Electronics, Ltd., Tel: 0273-722155 

West Germany, Bad Friedrichshall 
System Kontakt, Tel: 07136 5031 
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Sanken' 

Sanken Electric Co., Ltd. 
1-22-8 Nishi-Ikebukuro 
Toshima-ku, Tokyo 
986-6151 
Telex: 0272-2323 

Energy Electronic Products, 
6060 Manchester Avenue 
Los Angeles, California 90045 
(213) 641-9322 
TWX: 910-328-6161 

Sales Offices & Representatives 

AZ Tucson 
Ancrona Corp., (602) 881-2348 

CA Culver City 
Ancrona Corp., (213) 390-3595 
Santa Ana 
Ancron~ Corp., (714) 547-8424 

GA Atlanta 
Ancrona Corp., (404) 261-7100 

OR Portland 
Ancrona Corp., (503) 254-5541 

TX Houston 
Ancrona Corp., (713) 529-3489 

Can Vancouver, B.C. 
Ancrona Corp., (604) 324-0707 

Sanyo 

Sanyo'Semiconductor Corporation 
291 South Van Brunt Street 
Englewood, NJ 07631 
(201) 871-0061 
Telex: 135138 

Sales Offices & Representatives 

CA Sunnyvale 
Sales Office, (408) 732-7902 

NJ Englewood 
Sales Office, (201) 871-0061 

SGS-ATES Semiconductor 

SGS-ATES Semiconductor Corporation 
79 Massasoit Street 
Waltham, MA 02154 
(617) 891-3710 
Telex: 923495 

Specific product information: 
Product Marketing ........................ Ruben Sonnino 

Application engineering: 
Product Marketing ........................ Ruben Sonnino 

Literature: 
Sales Department ...................... Gilda Cammarota 

Place an order: 
Sales Department ....................... Anne Girolamo 

Follow-up an order: 
Customer Service ...................... Anne Girolamo 

Sales Offices & Representatives 

AL Huntsville 
Rep Inc., (205) 881-9270 

AZ' Phoenix 
Hecht, Henschen & Assoc., (602) 275-4411 

CA Palo Alto 
Shaw-Tech Inc., (415) 961-4775 
Santa Ana 
Rical Assoc., (714) 557-6543 
San Diego 
Kaplan, (714) 729-7332 

CO Englewood 
Elcom, Inc., (303) 770-4400 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

FL Ft; Lauderdale 
Dyna-a-Mark Corp., (305) 771-6501 
Clearwater 
Dyna-a-Mark Corp.,( (813)' 441-4702 
Maitland 
Dyne-a-Mark Corp., (305) 831-2097 

GA Tucker 
Rep Inc., (404) 938-4358 

IL Bellwood' 
Fiat Engineering, (312) 547-6200 

IN Indianapoli.s 
Lattronics Mfg. Rep., (317) 846-5788 

MA Needham 
Stone Component Sales, (617) 890-1440 

MI Grosse Pointe Park. 
Greiner ,Assoc., (313) 499-0188 

MN Minneapolis 
Loren F. Green Assoc., (612) 781-1611 

MO Maryland Heights ' 
Kebco, (314) 576-4111 

NJ Westbury NY (Northern) 
J-Square Marketing Inc., (516) 997-6210 

NY Pompey 
S. F. Foster, (315) 677-3333 
Webster 
S. F. Foster, (716) 265-2072 

NC Raleigh 
Rep, Inc., (919) 851-3007 

OH Cleveland 
KRW, (216) 741-4711 
Dayton 
KRW, (513) 885-3330 

PA Philadelphia 
C. H. Newson, (215) 248-3377 

TN Jefferson City 
Rep Inc., (6l5) 475-4105 

TX Dallas 
Blackburn Associates, (214) 692-8885 

UT Salt Lake City 
Elc'om Inc., (801) 532-7940 

VA Reston 
Boyle Associates, (703) 620-9558 

WA Seattle 
R & R, (206) 762-7664 

Can Toronto 
Armatel .Limited, (416) 961-7980 

Inti Mexico 
Mexel, Tel: (905) 575-7868 

Distributors 

CA Hawthorne 
General Transistor Corp., (213) 679-9721 
Los Angeles 
Energy Electronic Products, (213) 670-
7880 
Mountain View 
Energy Sales, (415) 969-0800 
Santa Ana 
Emitter Electronics, (714) 557-7131 
San Dimas 
Zeus Components Inc., (714) 599-4229 

CO Englewood 
Englewood Industrial Electr., Inc., 
(303) 771-2636 

FL Pompano Beach 
Zeus Components, Inc., (305) 942-4312 

IL Des Plaines 
Edmar Electronics Co., (312) 298-8580 

MA Burlington 
Wilshire Electronics, (617) 272-8200 
Zeus Components lric., (617) 273-0750 
Wakefield 
Lorcor, (617) 246-1903 
Semtex, (617) 245-9050 

MI Livonia 
Camelot Electronics, (313) 591-0055 

NY Elmsford 
Zeus Components Inc., (914) 592-4120 

NJ Cinaminson 
Wishire Electronics, (609) 786-8990 

OH Dayton 
Esco Inc., (513) 226-1133 
Solon 
REH Electronics, Inc., (216) 248-1636 

TX Dallas 
KA Electronics Sales, (214) 634-7870 

WA Seattle 
Radar Electric Co., (206) 282-2511 
Shannon Ltd" (206) 763-0545 

Can Toronto 
Armate!; limited, (416) 961-7980 
Montreal 
Prelco Electronics Ltd., (514) 389-8051 

Inti Mexico, Mexico City 
Mexel, (905) 575-7868 

GERMANY, MUNCHEN 
Astronic GmbH 

Tel: 089-3040 11 
IC MASTER DISTRIBUTOR 

Siemens 

Siemens Corporation 
186 Wood Avenue South 
Iselin, New Jersey 08830 
(201) 494-1000 
Telex: 84-4491 

Specific product information: 
Mike Kirkowski 

Application engineering: 
Mike Kirkowski 

Literature: 
Ed Lord 

Price and delivery: 
Ron Gimpietro 

Follow-up an order~ 
Ron Gimpietro 

All other information: 
Mike Kirkowski 

Sales Offices & Representatives 

AL Huntsville 
Interep ASSOCiates, (205) 533-1730 

AZ Scottsdale 
Siemens, (602) 947-2231 
Summit Sales, (60~ 994-4587 

CA EI Segundo 
Varigon Assoc., (213) 322-1120 
Newport Beach 
Siemens, (714) 540-2487 
San Diego 
S R ElectroniC, (714) 455-0300 
Sunnyvale 
Quadrep, Inc., (408) 733-7300 

CO Denver 
Omega, Ltd., (303) 758-1508 

CT West Simsbury 
Anchor Engineering Corp., (203) 658-6261 

FL Clearwater 
G F Bohman Associates, (813) 442-5606 
Miami 
G F Bohman Associates, (305) 564-3081 
Orlando 
G F Bohman Associates, (305) 295-5760 

GA Norcross 
Interep Associates, (404) 449-8680 

IA Hiawatha 
Gassner & Clarke Co., (319) 393-5763 

IL Park Ridge 
Metcom Assoc., (312) 696-1490 

IN Ft. Wayne' . 
Electro Reps Inc., (219) 482-2388 
Indianapolis 
Electro Reps, (317) 255-4147 

KS Overland Park 
Kebco, (913) 649-1051 

MA Newton Upper Falls 
Anchor Engineering Corp., (617) 964-6205 

MD Silver Spring 
Marktron Inc., (301) 460-6100 
Timonium 
Marktron Inc., (301) 252-7111 

MI Farmington 
CMF' Inc., (313) 477-7700 

MN 51. Paul 
Cahill Assoc., (612) 646-7217 

MO Maryland Heights 
Kebco, (314) 576-4110 

NC Smithfield 
ADI Agents & Dis!., Inc., (919) 934-8136 
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Siemens (cont) 
NJ Haddonfield IN 

Thomas Assoc., (609) 854-3011 
NY Plainview, L.I. 

ERA, Inc., (516) 822-9890 KS 
Rochester 
Electra Sales, (716) 436-4030/4037 MA 
Syracuse 
Electra Sales, (315) 455-5783 

OH Cleveland 
Dolfuss-Root & Co., (216) 333·7504 
Dayton 
DOlfuss-Root & Co., (513) 433-6776 

PA Bridgeville MD 
Dolfuss-Root & Co., (412) 221-4420 

TX Arlington 
Siemens, (817) 261-6543 
Garland 
Carter Associates Inc., (214) 276·7151 

MI 

Houston 
Carter Associates Inc., (713) 789-1680 

VA Charlottesville 
Marton Inc., (801) 973-5874 

WA Bellevue 
Olson, Ferree & Assoc., (206) 454-1210 MN 

Distributors 

AL Huntsville MO 
Hail-Mark Electronics, (205) 837-8700 

AZ Phoenix 
Kierulff Electronics, (602) 243·4101 
Tempe 
G. S. Marshall Company, (602) 968-6181 

CA Canoga Park NC 
G. S. Marshall Company, (213) 999-5001 
Chatsworth 
JACO Electronics, (213) 998-2200 
EI Monte 
G.S. Marshall Co., (213) 686-0141 
Irvine 
G. S. Marshall Co., (714) 556-6400 NH 
Los Angeles 
Permag Pacific Corp., (213) 776-5656 

NJ Kierulff Electronics, (213) 725-0325 
Mountain View 
Capacitor Sales Co., (415) 964-8880 
Palo Alto 
Kierulff Electronics, (415) 968-6292 
San Diego 
G. S. Marshall, (714) 278-6350 NY 
Kierufff E!ectronics, (714) 278-2112 
San Dimas 
Semiconductor Concepts Inc., 
(714) 599-8374 
Sunnyvale 
Bell Industries, (408) 734·8570 
G·.S. Marshall, (408) 732-1100 
Tustin 
Kierulff Electronics, (714) 731-5711 

CO Denver 
Integrated Electronics, (303) 534·6121 
Kierulff Electronics, (303) 371-6500 

CT Hamden 
Arrow Electronics .Inc., (203) 248-3801 

DC Washington 
RESCO/Washington, (202) 937-5890 OH 

FL Ft. Lauderdale 
Arrow Electronics, Inc., (305) 776-7790 
Hall-Mark Electronics, (305) 971-9280 
Orlando 
Hall-Mark Electronics, (305) 885-4020 
Hammond Electronics, (305) 849-6060 
Palm Bay 
Arrow Electronics Inc., (305) 725-1480 
St. Petersburg 
Ki.:.uiii Ei,;,,,,ironics, (8i3; 576-i~66 

GA Atlanta 
Permag Dixie Corp., (404) 351-0994 
Doranville 
Arrow Electronics Inc., (404) 934-2928 OK 

IA Cedar Rapids 
Advent Electronics Inc., (319) 363-0221 

IL Chicago PA 
Semiconductor Specialists, (312) 279-1000 
Elk Grove Village 
Hall-Mark Electronics. (~1?\ A::l7-AAnn 
Kierulff Electronics, (312) 640-0200 
Permag Central Corp., (312) 956-1140 
Rosemont SC 
Advent Electronics, (312) 298-4210 

2488 

Schaumberg 
Arrow Electronics, Inc., (314) 893-9420 
Indianapolis 
Advent Electronics, (317) 297-4910 
Semiconductor Specialists, (317) 243-8271 
Shawnee Mission 
Hall-Mark Electronics, (913) 888-4747 
Billerica 
Kierultf Electronics, (617) 667-8331 
Permag Northeast Corp., (SF) 273-2890 
Burlington 
Zeus Components, (617) 273-0750 
Woburn 
Arrow Electronics, (617) 933-8130 

Baltimore 
Arrow Electronics Inc., (301) 247-5200 
Hall-Mark Electronics, (301) 796-9300 
Resco/Baltimore, (301) 823-0070 

Ann Arbor 
Arrow Electronics !nc., (313) 971-8220 
Detroit 
Semiconductor SpeCialists Inc., 
(313) 478-2700 
Farmington Hills 
Advent Electronics, (313) 477-1650 
Bloomington 
Arrow Electronics Inc., (612) 887-6400 
Hall-Mark Electronics, (612) 884-9056 
Minneapolis 
Semiconductor SpeCialists, (612) 854-8841 

Earth City 
Hall-Mark Electronics, (314) 201-5350 
Hazelwood 
Semiconductor SpeCialists, (314) 731-2400 
Kansas City 
Semiconductor SpeCialists, (816) 452-3900 

Greensboro 
Hammond Electronics, (919) 275-6391 
Kernersville 
Arrow Electronics Inc., (919) 996-2039 
Raleigh . 
Hall-Mark Electronics, (919) 832-4465 
RESCO/Raleigh, (919) 781-5700 
Manchester 
Arrow Electronics, (602) 668-6968 

Fairfield 
Kierulff Electronics, (201) 575-6750 
Moorestown 
Arrow Electronics, (609) 235-1900 
Saddlebrook 
Arrow Electronics Inc., (201) 797-5800 
Elmsford 
Zeus Components, (914) 592-4120 
Farmingdale 
Arrow Electronics, (516) 694-6800 
Jamaica 
Permag Corp., (212) 657-1818 
Hauppauge 
JACO Electronics, (SCI), (516) 273-5500 
Plainview, L.I. 
A.C.1. Electronics Corp., (516) 293-6630 
Rochester 
Simcona Electronics, (716) 328-3230 
Syosset . 
Lafayette Ind. Electronics, (516) 921-7700 
West Babylon 
Arrow Electronics Inc., (516) 643-4500 
Beachwood 
Sheridan Sales Co., (216) 831-0130 
Cleveland 
Arrow Electronics, (216) 464-2000 
Dayton 
Arrow Electronics, Inc., (513) 253-9176 
Micro-Mil, (513) 434-8231 
Sheridan Sales, (513) 223-3332 
Reading 
;~~;~,!:n Sales Co., (513) 761-5432 

Permag Magnetics Corp., (419) 385-4621 
Worthington 
Hall-Mark Electronics, (614) 846-1882 

Tulsa 
Hall-Mark Electronics, (918) 835-8458 
Norvell Electronics, (918) 663-1247 

Erie 
Advacom Corp., (814) 455-8110 
Huntingdon Valley 
Hall-Mark Electronics (?1"\ ::It;''-7~nn 

Pittsburgh 
Sheridan Sales Company, (412) 244-1640 

Greenville 
Hammond Electronics, (803) 233-4121 

TX Austin 
Hall-Mark Electronics, (512) 837-2814 
Norvell Electronics, (512) 458·8106 
Daltas 
Hall-Mark Electronics. (214) 234-7400 
Norvell Electronics, (214) 233-0200 
Per mag Southwest Corp., (214) 748-6909 
Houston 
Hall-Mark Electronics, (713) 781-6100 
Norvell Electronics, (71:3) 777-1666 

UT Salt Lake City 
Kierulff Electronics, (801) 793-6913 

WA Seattle 
Almac/Stroum Electronics, (206) 763-2300 
Tukwila 
Kierulff Electronics, (206) 575-4420 

WI' Milwaukee 
Semiconductor SpeCialists, (414) 257-1330 
Oak Creek 
Arrow Eleclronjc~ inc., (414) 764-6600 
West AII/s 
Hall-Mark' Electronics, (414) 476-1270 

Signetics 

Signetics Corporation 
811 E. Arques Ave., P.O. Box 9052 
Sunnyvale, Calif. 94086 
(408) 739-7700 
TWX: (910) 339-9283 

SpeCific product information: 
Analog 

Interface .................................................. Ext. 2442 
Industrial .................................................. Ext. 2210 
Consumer .................................................. Ext. 2202 
PLL ............................................................ Ext. 2293 
DMOS ........................................................ Ext. 2293 

Logic . 
LSI ............................................................ Ext. 2658 
ECL ............................................................ Ext. 2651 
TTL ............................................................ Ext. 2651 

Memory 
Bipolar RAM ............................................ Ext. 3395 
Bipolar PROM, ROM .............................. Ext. 3730 
FPLA .......................................................... Ext. 3393 
MOS, RAM ................................................ Ext. 3708 
MOS PROM, ROM, EROM ...................... Ext. 3708 

Microprocessor 
Bipolar ...................................................... Ext. 2087 
MOS .......................................................... Ext. 3386 

Applications: 
Analog 
General (Ira Zingmond) ........................ Ext. 3197 
Industrial, Interface (Bob Marshall) .... Ext. 3017 
Consumer (Neil Madonik) ...................... Ext. 3016 
DMOS, PLL (Les Hadley) ...................... Ext. 2046 
Logic (Bill Smith) .................................... Ext. 2651 

Memory 
Bipolar RAM. ROM, PROM, FPLA 
(Nap Cavlan) ............................................ Ext. 3393 
MOS, RAM, ROM,PROM,EROM 
(George Landers) .................................... Ext. 3798 

Microprocessor 
Bipolar (Joe C6nway) .............................. Ext. 3446 
MOS .......................................................... Ext. 3381 
Military -.................................................. Ext. 2400 

Literature, all other Information: 
Information Services ................ Ext. 3303, 3304 

Sales Offices & Representatives 

AL Huntsville 
Alpha Marketing, (205) 533-0766 
20th Century Marketing, (20Ej) 533-5800 

AZ Phoenix 
Signetics Sales Office, (602) 971-2517 

CA Inglewood 

Co 

Signetics Sales Office, (213) 670-1101 
Irvine 
Signetics Sales Office, (714) 833-8980, 
San Diego 
Mesa Engineering, (714) 278-8021 
Signetics Sales Office, (714) 560·0242 
Sherman Oaks 
A~.r"""'''';'''''' In .. ')\ I'\nl'\ ,.."",.,... 

Woodland Hili; -, -.- ----
Signetics Sales Office, (213) 340-1431 
Aurora 
Signetios Sales Office, (303) 751-5011 
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Signetics (co~t) 
CT Danbury 

Kanan Associates, (203) 426-8157 
FL Altamonte Springs 

Semtronic Associates, (305) 831-8233 
Clearwater 
Semtronic AssoCiates, (813) 461-4675 
Pompano Beach 
Signetics Sales Office, (305) 782-8225 

IL Chicago 
L-Tec, (312) 286-1500 
Rolling Meadows 
Signetics Sales Office, (312) 259-8300 

IN Fort Wayne 
Insul-Reps, Inc., (219) 482-1596 
Indianapolis 
Insul-Reps, Inc., (317) 259-4431 

KS Overland Park 
Advanced Technology Sales, (913) 492-
4333 
Wichita 
Signetics Sales Office, (316) 683-5652 

MA Bedford 
Signetic Sales Office, (617) 275-8900 
Reading 
Kanan Associates, (617) 944-8484 

MD Baltimore 
Microcomp, (301) 247-0400 

MI Bloomfield Hills 
Enco Marketing, (313) 642-0203 

MN Edina 
Mel Foster Tech. Sales, (612) 835-2252 
Signetics Sales Office, (612) 835-7455 

MO St. Louis 
Advanced Technical Sales, (314) 567-6272 

NC Cary 
Montgomery Marketing, (919) 467-6319 
Charlotte 
Montgomery Marketing, (704) 535-2400 

NJ Bellmawr 
TAl Corp., (609) 933-2600 
Cherry Hill . 
Signetics Sales Office, (609) 665-5071 
Piscataway 
Signetics Sales Office, (201) 981-0123 

NM Albuquerque 
The Staley Company, (505) 292-0060 

NY Ithaca 
Bob Dean, Inc., (607) 272-2187 
Wappingers Falls 
Signetics Sales Office, (914) 297-4074 
Woodbury, L.I. 
Signetics Sales Office,(516) 364-9100 

OH Centerville 
Norm Case Associates, (513) 433-0966 
Rocky River 
Norm Case Associates, (216) 333-4120 
Worthington 
Signetics Sales Office, (614) 888-7143 

OR Portland 
Western Technical Sales, (503) 297-1711 

TX Austin 
Cunningham Company, (512) 459-8947 
Dallas 
Cunningham Company, (214) 233-4303 
Signetics Sales Office, (214) 661-1296 
Houston 
Cunningham Company, (71;3) 683-7231 

UT Centerville 
Signelics Sales Office, (801) 290-1292 
West Bountiful 
Barnhill Five, Inc., (801) 292-8991 

WA Bellevue 
Western Technical Sales, (206) 641-3900 

WI Wauwatosa 
L-Tec, Inc., (414) 774-1000 

Can Montreal, Quebec 
Philips Electronics Industries, Ltd., (515) 
342-9180 
OUawa, Ontario 
Philips Electronics Industries, Ltd., (613) 
237-3131 
Scarborough, Ontario 
Philips Electronics Industries, Ltd., (416) 
292-5161 
Philips Electron Devices, (416) 425-5161 
Vancouver, B.C. 
Philips Electronics Industries, Ltd., (604) 
435-4411 
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AL 

AZ 

CA 

co 

CT 

FL 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Distributors 

HuntSVille 
Hamilton!Avnet Electronics, (205) 533-1170 
Pioneer Electronics, (205) 837-9300 
Phoenix 
Hamilton! Avnet Electronics, (602) 275-7851 
Uberty Electronics, (602) 249-2232 
Costa Mesa 
Avnet Electronics, (714) 754-6051 
Culver City 
Hamilton Electro Sales, (213) 558-2183 
'EI Segundo 
Liberty Electronics, (213) 322-8100 
Irvine -
Schweber Electronics, (714) 556-3880 
Mountain View 
Elmar Electronics, (415) 916-3611 
Hamilton! Avnet Electronics, (415) 961-7000 
San Diego 
Hamilton! Avnet Electronics, (714) 279-2421 
Liberty Electronics, (714) 565-9171 
Sunnyvale 
Intermark Electronics, (408) 738-1111 
Commerce City 
Elmar Electronics, (303) 287-9611 
Denver 
Hamilton! Avnet Electronics, (303) 534-1212 
Danbury 
Schweber Electronics, (203) 792-3500 
Georgetown 
Hamilton! Avnet Electronics, (203) 762-0361 
Hamden 
Arrow Electronics, (203) 248-3801 
Ft. Lauderdale 
Arrow Electronics; (305) 776-7790 
Hamilton/Avnet Electronics, (305) 971-2900 
Hollywood 
Schweber Electronics, (305) 927-0511 
Melbourne 
Arrow Electronics, (305) 725-1480 
Orlando 
Hammond Electronics, (305) 241-6601 

MO 

Ne 

NJ 

NM 

NY 

PA 

OH 

Palm Bay 
Arrow Electronics, (305) 725-1480 
St. Petersburg 
Hamilton/ Avnet Electronics, (813) 576-3930 
Atlanta 
Schweber Electronics, (404) 449-9170 
Arrow Electronics, (404) 455-4054 
Doraville 
Arrow Electronics, (404) 455-4054 
Norcross 
Hamilton! Avnet Electronics, (404) 448-0800 
Chicago 
Arrow Electronics, (312) 893-9420 
Bell Industries, (312) 982-9210 
Elk Grove 
Schweber Electronics, (312) 593-2740 
Schaumberg 
Arrow Electronics, (312) 893-9420 
Schiller Park 
Hamiltonl Avnet Electronics, (312) 671-6094 
Indianapolis 
Pioneer Electronics, (317) 849-7300 
Lenexa 
Hamilton! Avnet Electronics, (913) 888-8900 
Burlington 
Lionex Corp., (617) 272-9400 
Waltham 
Schweber Electronics, (617) 890-8484 
Woburn . 
Arrow Electronics, (617) 933-8130 
Hamiltonl Avnet Electronics, (617) 933-8020 
Baltimore 
Arrow Electronics, (301) 247-5200 
Gaithersburg 
Pioneer Washington Electronics, (301) 
948-0710 
Schweber Electronics, (301) 840-5900 
Hanover 
Hamilton/Avnet Electronics, (301) 796-5000 
Livonia 
Hamitonl Avnet Electronics, (313) 522-4700 
Pioneer Electronics, (313) 525-1800 
Schweber Electronics, (313) 525-8100 
Bloomington 

, Arrow Electronics, (612) 887-6400 
Eden Prairie 
Schweber Electronics, (612) 941-5280 
Edina 
Hamiltonl Avnet Electronics, (612) 941-3801 
Hazelwood 
Hamilton/Avnet Electronics, (314) 731-1144 
Greensboro 
Hammond Electronics, (919) 275-6393 
Pioneer Electronics, (919) 273-4441 
Raleigh 
Hamilton! Avnet Electronics, (919) 829-8030 
Cedar Grove 
Hamilton/Avnet Electronics, (201) 239-0800 
Cherry Hill 
Milgray-Delaware Valley, (609) 424-1300 
Moorestown 
Arrowl Angus Electronics, (609) 235-1900 
Mt. Laurel 
Hamiltonl Avnet Electronics, (609) 234-2133 
Saddlebrook 
Arrow Electronics, (201) 797-5800 
Somerset 
Schweber Electronics, (201) 469-6008 
Albuquerque 
Hamiltonl Avnet Electronics, (505) 765-1500 
Buffalo 
Summit Distributors, (716) 884-3450 
East Syracuse 
Hamiltonl Avnet Electronics, (315) 437-2642 
Farmingdale 
Arrow Electronics, (516) 694-6800 
Rochester 
Hamilton! Avnet Electronics, (716) 442-7820 
Schweber Electronics, (716) 424-2222 
Westbury 
Hamiltonl Avnet Electronics, (516) 333-5800 
Schweber Electronics, (516) 334-7474 
Horsham 
Schweber Electronics, (2~5) 441-0600 
Pittsburgh 
Pioneer/Pittsburgh, (412) 782-2300 
Beechwood 
Schweber Electronics, (216) 464-2970 
Cleveland 
Arrow Electronics, (216) 464-2000 
Hamiltonl Avnet Electronics, (216) 461-1400 
Pioneer Standard Electronics, (216) 587-
3600 
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Dayton 
Hamiltonl Avnet Electronics, (513) 433-0610 
Pioneer Standard Elctrns., (513) 236-9900 
Kettering 
Arrow Electronics, (513) 253-9176 
Tulsa 
Component Specialties, (918) 664-2820 
Danas 
Component Specialties. (214) 357-6511 
Hamiltonl Avnet Electronics, (214) 661-8204 
Quality Components, (214) 387-4949 
Schweber Electronics, (214) 661-5010 
Houston 
Component Specialties, (713) 771-7237 
Hamiton/Avnet Electronics, (713) 780-1771 
Quality Components, (713) 772-7100 
Schweber Electronics, (713) '784-3600 
Salt Lake City 
Alta Electronics, (801) 486-4134 
Ham monl Avnet Electronics, (801) 972-4300 
Bellevue 
Hamilton/Avnet Ele~tronics, (206) 746-8750 
Liberty Electronics, (206) 453-8300 
Oak Creek 
Arrow Electronics, (414) 764-6600 
New Berlin 
Ham i Itonl Avnet Electronics, (801) 972-4300 
Downsview, Ontario 
Cesco Electronics, (416) 661-0220 
7~ntmnir." 1.!1AI A~<;_?A?? 
Mi~~i;~'~~ga; 'O~ta;i; ----
Hamiiton/Avnet Electronics, (416) 677-7432 
Montreal, Quebec 
Cesco Electronics, (514) 735-5511 
Zentronics, Ltd., (514) 735-5361 
Ottawa, Ontario 
Cesco Electronics, (613) 729-5118 
Hamilton/Avnet Electronics, (613) 226-1100 
Zentronics, Ltd., (613) 238-6411 
Quebec City 
Cesco Electronics, (418) 524-4641 
Toronto 
Philips Electronic Devices, Tel: 425-5161 
Vancouver, B.C. 
Boktek Elctrns. Co., Ltd., (604) 736-1141 
Ville St. Laurent, Quebec 
Hamiltonl Avnet Electronics, (514) 331-6443 
Winipeg, Manitoba 
Philips Electronics Industries Ltd., 
(204) 774-1931 
Argentina, Buenos Aires 
Fapesa 1 .y.C. Tel: 652-143817478 
Austria, Wier; 
Osterreichische Philips, Tel: 93 26 11 
Australia 
Sidney 
Philips Industries-ELCOMA, 
Tel: (02) 427-0888 
Brisbane 
Philips Industries-ELCOMA 
Tel: (07) 277-3332 ' 
Adelaide 
Philips Industries-ELCOMA, 
Tel: (08) 45-0211 
Melbourne 
Philips Industries-ELCOMA 
Tel: (03) 699-0300 ' 
Perth 
Philips Industries-ELCOMA, 
Tel: (09) 277-4199 
Belgium, Bruxelles 
~.~.e.L.E., Tel: 523 CO CO 
Brazil, Sao Paulo 
Ibrape, SA, Tel: 284-4511 
Chile, Santiago 
Philips Chilena SA, Tel: 39-4001 
Columbia, Bogota 
SdJdfJ~ SA, IHi: 6U06UO 
Denmark, Kobenhavn 
Miniwatt AlS, Tel: (01) 69 1622 
Finland, Helsinki 
Oy Philips Ab, Tel: 1 72 71 
France, Paris 
R.T.C., Tel: 355-44 99 
Germany, Hamburg 
Valvo, Tel: (040) 3296 

, Hong Kong, Kwai Chung N.T. 
Chili""" Un,.,,, V""",, I.,.c T,..I .. 

In~Ua, Bombay 
Semiconductors, ltd., Tel: 293-667 
IndOnesia, Jakarta 
P. T. Philips-Ralin Electronics, Tel: 581058 
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Iran, Teheran 
Berkeli Company, Ltd., Tel: 831 564 
Israel, Tel AvIv 
Rapac Electronics, Ltd., Tel: 477 115/617 
Italy, Milano 
Philips S P.A., Tel: 2-6994 
Japan, Tokyo 
Signetics Japan, Ltd., Tel: (03) 230 1521 
Korea, SeOUl 
Philips E!ectKorsa Ltd., Tel: 44-4202 
Mexico, D.F. 
Electronica S.A. de C.V., Tel: 533-1180 
Netherlands, Eindhoven 
Philips N.V.!ELCOMA, Tel: (040) 19 33 33 
New Zealand, Aukland 
Philips Electrical Ind. ELCOMA, Tel: 861119 
Norway, Oslo 
Electronica A.S., Tel: (02)150590 
Pakistan, Karachi 
Elmac Ltd., Tel: 515-122 
Peru, Lima 
Cadesa, Tel: 628599 
Philippines, Makata-Rlzal 
Philips Industrial Dev., Inc., Tel: 868 951-9 
Singapore/Malaysia 
Philips Singapore pte., Ltd., Tel: 538811 
South Africa, Johannesburg 
E.D.A.C. (Pty), Ltd., Tel: 24-6701-3 
Spain, Barcelona 
Copresa SA, Tel: 329 63 12 
Sweden, Stockholm 
Elcoma A.B .. Tel: 08/67 97 80 
Switzerland, Zurich - -
Philips A.G., Tel: 01/44 22 11 
Taiwan, Taipei 
Philips Taiwan, Ltd., Tel: (02) 551-3101-5 
Thailand, Bangkok 
Saeng Thong Radio, Ltd., Tel: Z527195 
Z519763 , ' 
United Kingdom, London 
Mullard, Ltd., Tel: 011580 6633 
Uruguay, Montevideo 
Luzilectron SA, Tel: 9143 21 
Venezuela, Caracas 
Philips SA, Tel: 360-511 
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Silicon General 

Silicon General, Inc. 
11651 Monarch Street 
Garden Grove, California 92641 
(714) 892-5531 
TWX: 910-596-1804 
Telex: 69-2411 

Specific product information ................ John Power 
A,Pplication engineering ........................ John Power 
Literature ................................................ Inside Sales 
Price and deilvery .......... Liz Nicolai, Western Area 

Joe Castellano, Eastern Area 
Follow-up an order ...... Liz Nicholai, Western Area 

Joe Castellano, Eastern Area 
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Sales Offices & Representatives 

Phoenix 
Q. T. Wiles & Associates, (602) 971-6250 
Los Angeles 
Q. T. Wiles & Associates, (213) 478-0183 
Palo Alto 
Brooks Technical Group, (415) 328-3232 
San Diego 
Q. T. Wiles & ASSOCiates, (714) 571-1544 
Tustin 
Q. T. Wiles & Associates, 17141 Q7::1.?1R? Denver .. ',_. - -.--

D-Z Associates, Inc., (303) 534-3649 
Ft. Lauderdale 
H.H.P., (305) 971-5150 
Maitland 
H.H.P., (305) 831-2474 
Cedar Rapids 
S & 0 Sales, (319) 393-1845 
Elk Grove Village 
The John G. Twist Co., (312) 593-0200 
Prairie Village 
The John G. Twist Co., (913) 236-4646 
Wichita 
The John G. Twist Co., (316) 686-6685 
Baltimore 
Conroy Sales, (301) 296-2444 
Brighton . 
SAl Marketing Corp., (313) 227-1786 
Grand Rapids 
SAl Marketing Corp., (616) 942-2504 
Minneapolis 
Comstrana, (612) 788-9234 
St. Louis 
The John G. Twist Co .• (314) 432-2830 
Lincoln . 
The John G. Twist Co,. (402) 474-5151 
Raleigh 
Component Sales, (919) 782-8433 
Nashua 
Bell Controls, (603) 882-6984 
Teaneck 
R. T. Reid Associates, Inc., (201) 692-0200 
Rochester 
Ontec Electronic Marketing, (716) 464-8636 
Beachwood 
SAl Marketing Corp., (216) 751-3633 
Centerville 
SAl Marketing Corp., (513) 435-3181 
Beaverton 
N. R. Schuitz Co., (503) 643-1644 
Pittsburgh 
SAl Marketing Corp" (412) 351-4000 
Dallas 
West Associates, (214) 661-9400 
Bellevue 
N. R. Schultz, (206) 454-0300 
Wauwatosa 
The John G. Twist Co., (414) 475-7755 
Ontario, Etobicoke 
RFQ Limited, Tel: (416) 626-1445 
Quebec, Dollard Des Ormeaux 
RFQ Limited, Tel: (514) 6268324 
Australia, Prospect 
A. J. Ferguson, Tel: 51-6895 
Austria 
Bacher GMBH, Tel: 93-0143 
Belgium, Bruxelles 
vVlIUIIIl,; "LV., I~I: V<://,jl:llUUr 

Denmark, Copenhagen 
E. V. Johanssen Electronik, Tel: (01) 839022 
England, London 
Walmore Electronics Ltd" Tel: 01 8361228 
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Finland, Helsinki 
Hilvonen Technical Products, 
Tel: (90) 440082 
France. Paris 
Radio Equipments-Antares, Tel: 758-11-11 
Germany, Munchen 
Neumuller GMBH, Tel: 5-22106 

India, Bombay 
Zenth Electronics, Tel: 384214 

Israel, Tel Aviv 
Talviton Electronics Ltd., Tel: 44-45-72 

Italy 
I.S.A.B. Spa., Tel: 68-86-306 

Norway, Oslo 
Henaco. Tel: 15-75-50 

Japan, Tokyo 
Hakuto Co., Ltd., Tel: 03-502-2211 

South Africa, Pretoria 
Electronic Bldg. Elements, Tel: 78-9221 

Sweden, Vallingby 
Svensk Telaindustri AB, Tel: 08-91-04-40 

SWitzerland, Zurich 
Dimos AG, Tel: 10-626-140 

Distributors 

AL Huntsville 
Powell Electronics, (205) 539-2731 

AZ Phoenix 
Kachina Electronics, (602) 269-6201 
R. V. Weatherford, (602) 272-7144 

CA Anaheim 
R. V. Weatherford, (714) 547-0891 
Glendale 
R. V. Weatherford, (213) 849-3451 
Pomona 
R. V. Weatherford, (714) 623-1261 
San Diego 
Intermark Electronics, (714) 279-5200 
R. V. Weatherford, (714) 278-7400 

·©IC MASTER 1979 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Santa Ana 
Emitter Electronics. (714)557-7131 
Intermark Electronics, (714) 540-1322 
Santa Clara 
P. H. Components, (408) 244-8424 
Sunnyvale 
Diplomat West, (408) 734-1900 
Intermark Electronics, (408) 738-1111 . 
Western Microtechnology, (408) 737-1660 
Woodland Hills 
Jaco Electronics, (213) 884-4560 

CO Englewood 
R. V. Weatherford, (303) 761-6432 

CT East Haven 
J. V. Electronics, (203) 469-2321 

FL Clearwater 
Diplomat/Southland, (813) 443-4514 
Miami Springs 
Powell Electronics, (305) 592-3260 

IA Cedar Rapids 
Deco, (319) 365-7551 

IL Chicago 
Newark Electronics, (312) 638-4411 
Elk Grove Village 

. Diplomat/Lakeland, (312) 595-1000 
Westmont 
R. M. Electronics, (312) 323-9670 

IN Indianapolis 
Sheridan Sales, (317) 297-3146 

MA Chicopee Falls 
DiplomatllPC, (413) 592-9441 
Dedham 
Gerber Electronics, (617) 329-2400 
Holliston 
Diplomat/New England, Inc., 
(617) 429-4120 
Newton 
Green-Shaw Co., (617) 969-8900 

MD Beltsville 
Powell ElectroniCS, (301) 937-4030 
Columbia 
Technico,lnc., (301) 461-2200 

MI Farmington 
Diplomat/Northland, (313) 477-3200 
Sheridan Sales, (313) 477-3800 

MN Edina 
Industrial Components, (612) 831-2666 
Minneapolis 
Diplomat/Electro-Com, (612) 788-8601 

MO Florissant 
Sheridan Sales, (314) 837-5200 
St. Louis 
Diplomat, Inc., (314) 645-8550 
Olive Industrial Elect., (314) 426-4500 

NJ Totowa 
Diplomat/IPC, (201) 785-1830 

NY Buffalo 
Summit Electronics, (716) 884-3450 
Elmsford 
Zeus Components Inc., (914) 592-4120 
Rochester 
Summit Electronics, (716) 334-8110 
Woodbury 
Diplomat Electronics, (516) 921-9373 

OH Cincinnati 
Sheridan Sales, (513) 761-5432 
Dayton 
Sheridan Sales, (513) 223~3332 
Shaker Heights 
Sheridan Sales, (216) 751-3633 

OR Beaverton 
Parrott Electronics Inc., (503) 641-3355 

PA . Philadelphia 
Powell ElectroniCS, (215) 365-1900 
Pitsburgh 
Sheridan Sales, (412) 244-1640 

TX Austin 
Quality Components, (512) 458-4181 
Dallas 
Quality Components, (214) 387-4949 
R. V. Weatherford, (214) 243-1571 
Houston 
Harrison Equipment, (713) 652-4750 
Quality Components, (713) 789-9320 
R. V. Weatherford, (713) 688-7406 

UT Salt Lake City· 
Diplomat/ Alta, (801) 486-7227 

WA Seattle 
R. V. Weatherford, (206) 243-6340 

WI Milwaukee 
Marsh ElectroniCS, (414) 475-6000 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Can Rexdale, Ontario 
Future Electronics Corp., (416) 677-7820 
Vancouver, B.C. 
Intek Electronics Ltd., (604) 324-6831 

GERMANV,MUNCHEN 
Astronic GmbH 

Tel: 089-3040 11 
IC MASTER DISTRIBUTOR 

Siliconix 

Siliconix Incorporated 
2201 Laurelwood Road 
Santa Clara, California 95054 
(408) 988-8000 
TWX: (910) 338-0227 

Specific product information: 
Publications .................................................. ext. 128 

Application .engineering: 
Analog .............. , ........................................... ext. 225 
Digital ............................................................ ext. 129 
Micropower Linear ...................................... ext. 129 
SWitches ........................................................ ext. 449 
Timing .......................................................... ext. 124 

Literature: 
Publications ............................................... ; .. ext. 128 

Price and delivery: 
Sales Department ...................................... ext. 210 

Place an order: 
Local Field Office Preferred 

Follow-up on order: 
Local Field Office Preferrad 

All other information: 
Publications .................................................. ext. 128 
Or Public Relations .................................. ext. 322 

Sales Offices & Representatives 

AL Huntsville 
Rep Inc., (205) 881-9270 

AZ Phoenix 
Quatra Inc., (602) 252-5885 

CA EISegundo 
Celtec Company, (213) 644-9112 
Huntington Beach 
Silicon ix, (213) 592-1336 
Irvine 
Celtec Company, (714) 557-5021 
San Diego 
Celtec Company, (714) 279-7961 
Santa Clara 
Magna Sales, (408) 985-1150 
Siliconix, (408) 988'..8000 

CO Littleton 
Quatra Inc." (303) 795-3187 

CT Ridgefield 
Phoenix Sales Co., (203) 438-9644 

FL Ft. lauderdale 
Perrott Assoc., (305) 792-2211 
Largo 
Perrott Assoc., (813) 585-3321 
Orlando 
Perrott Assoc., (305) 275-1132 

GA Tucker 
Rep Inc., (404) 938-4358 

IL Palatine 
Technology Sales, Inc., (312) 991-6600 
Wheeling 
Siliconix, (312) 541-0131 

IN Cannel 
Rich ElectroniC Marketing, (317) 844-8462 
Fort Wayne 
Rich Electronic Marketing, (219) 432-5553 

2491 

I 



Ie MASTER 

Siliconix (cont) 
KS Olathe 

Be Electronics, (913) 888-6680 
MA Reading 

Kanan Assoc., (617) 944·8484 
Waltham 
Siliconix, (617) 890-7180 

MD Baltimore 
Coulbourn DeGreil. (301) 247-4646 

MI Farmington .' 
Miltimore Sales, Inc., (313) 476-2446 
Grand Rapids 
Miltimore Sales, Inc., (616) 942-9721 

MN Minneapolis 
Siiconix, (612) 835-2515 

MO Hazelwood 
BC Electronics, (314) 731-1255 

Ne Cary 
Montgomery Marketing, (919) 467-6319 

NV Carson Cily 
Magna Sales Inc., (702) 883-0860 

NY Melville 
R.O.M.E. Inc., (516) 249-0011 
Siliconix, (516) 694-8474 
Pill.sford 
T2 Electronics, (716) 248-5005 
Syracuse 
P ElectroniCS, (315) 463·8592 

OH Dayton 
Lyons Corp., (513) 278-0714 
High!and Heigh!s 
Lyons Corp., (216) 461-8288 

PA Ft. Washington 
G.C.M. Assoc., (215) 646-7535 

TN Jefferson City 
Rep. Inc., (615) 475-4105 

TX Dallas 
SHiconix, (214) 234-6927 
Houston 
Semiconductor Sales Assoc" (713) 661-
0681 
Richardson 
Semiconductor Sales Assoc., (214) 231· 
6181 

VA Charlottesville 
Coulburn DeGrief, (804) 977-0031 

WA Seattle 
Blair Hirsh Company, (206) 783-3423 

WI Milwaukee 
JM Sales, (414) 546-0040 

Can Dollard Des Ormeaux, Quebec 
R.F.Q. Ltd., (514) 694-5724 
Etobicoke, Ontario 
R.F.Q. Ltd., (416) 626-1445 

InU Argentina, Buenos Aires 
Corte & Cia S.R.L, Tel: 27-0101 

Intt Australia, Kingsgrove, N.S,W. 
I.R,H. Components Co., Tel: 500111 

Inll Austria, Wien 
Ing. Ernst Steiner, Tel: 222/822674 

Inll Belgium, Kauwendaal 
Zwaan PVBA, Tel: 015-218000 

Inll B'razil, Sao Paulo 
Cosele LTDA., Tel: 257-3535 

Inll Denmark, Glostrup /. 
Ditz Schweitzer A.S., Tel: (01) 45 30 44 

Inti Finland, Kaunianinen 
OY Findip AB, Tel: 90·502255 

Inti France, Cretail Cede x 
SiJiconix SARL, Tel: 377 12 51 

Inll Greece, Piraeus 
General Electronics, Ltd., Tel: 491 3595 

Inti Hong Kong, Kowloon 
Siliconix, Ltd., Tel: 3-428233 

InU India, Bombay 
Zenith Electronics. Tel: 384-214 

Inti Israei, Tel Aviv 
Talviton Electronics, Ltd., Tel: 44 45 72 

Inll Italy 
Banchette 
DeMico, Tel: (0125) 2300 
Bologna 
DeMico, Tel: 555614 
Milano 
Dolt. lng. Guiseppe DeMico, Tel: 653 131 
Padova 

Roma 
DeMico, Tel: 316204 
Turin 
DeMico, Tel: 874137 

Inll Japan, Tokyo 
Siliconix/DISC Japan Branch, Tel: (03) 
262·4777 
Teitjin Advanced Product Corp., AL 
Tel: (03) 506-4670 

Inll Korea, Seoul 
Yeonil & Co. Ltd., Tel: 72-1203 AZ 

Inll Mexico, Mexico Cily 
Mexel, Tel: 575-78-68 CA 

Inll Netherlands 
Graveland, Holland 
Datron B.V., Tel: 02150·60834 
Barneveld 
Ritro Electronics B.V., Tel: 34205041 

Inll New Zealand, Palmerston North 
Electronic Component Services, Tel: 77-
407 

Inti Norway, Sirommen 
A.S. Kjell Bakke, Tel: (02) 71 18 72, 71 
53 50 

!ntl Scotland, DUnfermine, Fife 
Linburg Electronics, Tel: (0) 383823222 CO 

Inll South Africa, Capelown 
Electrolink (Pty) Ltd., Tel: 457656/7 

Inti Spain, Madrid 
ATAIO, Tel: 733 05 62 

Inti Sweden; Solna 
Komponentbolaget NAXAB, Tel: 08 985 140 CT 

Inll Switzerland, Zurich 
Kontron ElectroniC AG, Tel: 01 62 82 82 

Inll Taiwan, Taipei 
.Don Business Corp., Tel: 581 7623 FL 
Kau~$ii.ing 
Siliconix Ltd., Tel: 362010 

Inti United Kingdom 
Newberry 
SI Ltd., Tel: (0635) 64846 
Wales, Swansea 
Silicon ix, Ltd., (0792) 74681 GA 

Inti Venezuela, Caracas 
IBAR & Cia, SA, Tel: 928053 IL 

Inll West Germany, Filderstadt 
Siiconix"GmbH, Tel: (0711) 702 066 

Inll Yugoslavia, Brussels, Belgium 
Belram SA, Tel: 734.33.32 
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Distributors 

Huntsville 
Hamilton/Avne! Electronics, (205) 533-1170 
Pioneer/Huntsville, (205) 837-9300 
Phoenix 
Hamilton/ Avnet Electronics, (602) 275-7851 
Costa Mesa 
Avnet Electronics, (714) 754-6111 
Culver City 
Hamilton Electro Sales, (714) 522-8200 
Gardena 
Bell Industries, (213) 515-1800 
Mountain View 
Elmar Electronics, (415) 961-3611 
Hamilton/ Avnet Electronics, (415) 961-7000 
San Diego 
Hamilton/ Avnet Electronics, (714) 279-2421 
Sunnyvale 
Bel! :ndustrias, (408) 734-2355 
Commerce City 
Elmar Electronics, (303) 287-9611 
Denver 
Hamilton/Avnet Electronics, (303)533-1212 
Wheatr/dge 
Bell Industries, (303) 424-1985 
Georgetown 
Hamilton/ Avnet Electronics, (203) 762-0361 
Hamden 
Wilshire Electronics, (203) 281-1166 
Ft. Lauderdale 
Hamiitoni Avnet Electron iCs, (305) 971-2900 
Orlando 
Chip Supply Inc., (305) 273-6080 
Pioneer Elec., (305) 859-3600 
St. Petersburg 
Hamilton/Avnet Electronics, (813) 576-3930 
Norcross 
Hamilton/ Avnet Electronics, (404) 448-0800 
Elk Grove Village 
Pioneer/Chicago, (312) 437-9680 
Elmhursl 
Semiconductor Specialists, (312) 279-1000 
Schiller Park 
Hami Iton/ Avnet Electronics, (312) 67S·6310 
Indianapolis 
Pioneerllndiana, (317) 849-7300 
Overland 
Hamilton/ Avne! Electronics, (913) 888-8900 
Burlinglon 
Wilshire Electronics, (617) 272·8200 
Natick 
Future Elec., (617) 879-0860 
Salem 
01 Tec., (617) 745·9210 
Woburn 
Hamilton/ Avnet Electronics, (617) 933-8000". 
Gaithersburg ;:. 
Pioneer/Washington Elec., (301) 948·0710' 
Hanover 
Hamilton/Avnet Electronics, (301) 796·5000 
Farmington 
Semiconductor Specialists, (313) 478·2700 
Livonia 
Hamilton/ Avnet Electronics, (313) 522-4700 
Pioneer/Michigan, (313) 525-1800 
Edina 
Hamilton/Avnet Electronics, (612)941·3801 
Minneapolis 
Industrial Components, (612) 831·2666 
Semiconductor Specialists, (612) 854-8841 
Hazelwood 
Hamilton/Avne! Elecfroni,,'l. (:314) 73 1•1144 
Semiconductor Specialists, (314) 731-2400 
Kansas City 
Semiconductor SpeCialists, (816) 452-3900 
Greensboro 
PioneerlNC, (919) 273-4441 
Raleigh 
Hamilton/Avnet, (919) 829-8030 
Cedar Grove 
Hamilton/ Avnet Electronics, (201) 239.0800 
Mt. Laurel 
Wilshire Elec., (609) 234·9100 
Clifton 
Wilshire Electronics, (201) 340-1900 
Mt. Laurel 
Hamilton/ Avnet Electronics, (609) 234.2133 
Albuquerque 
A lIianl"'o t:!""" ............. "'; ......... tr::.",.., "'".,ro. ....... .-.~. 

Wilshire Elee., (607) 754.1570 

Century Electronics, (50S) 2i2-i.700 J 
Hamillon/A'met ElectroniCs, (505) 765-1500 
Endwell 

~ __________________________ ~ ____________________________ L-____ __ 
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Siliconix (cont) 

OH 

PA 

TX 

UT 

WA 

WI 

Can 

Inti 

Farmingdale 
Wilshire Electronics, (516) 293-5775 
Hauppauge 
Components Plus, (516) 231~9200 
Rochester 
Hamilton/ Avnet Electronics, (716) 235-7620 
Wilshire Electronics, (716) 442-9560 
Syracuse 
Hamilton/Avnet Electronics, (315) 437-2642 
Westbury 
Hamilton/Avnet Electronics, (516) 333-5800 

Cleveland 
Hamilton/ Avnet Electronics, (216) 461-1400 
Pioneer/Cleveland, (216) 587-3600 
Dayton 
Hami Iton/ Avnet Electronics, (513) 433-0610 
Pioneer / Dayton, (513) 236-9900 

Horsham 
Pioneer Electronics, (215) 674-4000 
Pittsburgh 
Pioneer/Pittsburgh, (412) 782-2300 
Semiconductor Specialists, (412) 781-8120 

Austin 
Quality Components, (512) 458-4181 
Dallas 
Components Plus, (214) 783-6060 
Hamitton/ Avnet Electronics, (214) 661-8661 
Quality Components, (214) 387-4949 
Houston 
Hamilton/Avnet Electronics, (713) 780-1771 
Quality Components, (713) 772-7100 
Richardson 
Components Plus, (214) 783-6060 

Salt Lake City 
Century Electronics, (801) 972-6969 
Hamilton/Avriet Electronics, (801) 972-2800 

Bellevue 
Bell Industries, (206) 747-1515 
Hamilton/ Avnet Electronics, (206) 746-8750' 
Uberty Elec., (206) 453-8300 

Milwaukee 
Semiconductor SpeCialists, (414)257-1330 
New Berlin 
Hamilton/Avnet, (414) 784-4510 
Vancouver, B.C. 
RAE Industrial Elec., (604) 687-2621 
Mississauga, Ontario 
Hamiltonl Avnet, (416) 677-7432 
Ottawa, Ontario 
Future Elec., (514) 735-5775 
Ham i Itonl Avnet, (613) 226-1700 
Rexdale, Ottawa 
Future Elee., (416) 677-7820 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Hamilton/Avnet, (514) 331-6443 
England, Chadderton 
Hybritek, Tel: 61-682-6575 

ENGLAND 
Eurosem International Ltd. 

Tel: 01-868-0028 
IC MASTER DISTRIBUTOR 

FINLAND 
Oy FindipAS 

Tel: 90-502 255 
IC MASTER DISTRIBUTOR 

SWEDEN 
Naxab 

Tel: 08/9851 40 
IC MASTER DISTRIBUTOR 

©IC MASTER 1979 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Silicon Systems Inc. 

Silicon Systems Inc. 
16692 Hale Avenue 
Irvine, CA 92714 
(714) 979-0941 
TWX: 910-595-2809 

Specific product information .... : ........... Jim Meyer 
Application engineering ........................ Bill Loesch 

Literature ...................................... Dianna Archuleta 
Price. and delivery .................................... Jim Meyer 

Sales Offices & Representatives 

CA Placentia 
Adams Associates, (714) 996-0310 

MA Burlington 
Contract Sales, Inc., (617) 273-1520 

NJ Wayne 
Lorae Sales, Inc., (201) 696-8875 

NY Hicksville 
Lorac Sales, Inc., (516) 681-8746 

Siltronics 

Sitronics, Ltd. 
P.O. Box 11236, Station H 
Ottawa, Ontario, Canada K2H7T9 
(613) 820-2931 

Distributors 

MA Westwood 
George Urban Assoc., (617) 329-4068 

Solid State Microtechnology 
for Music 

Solid State Music 
21021A Walsh Avenue 
Santa Clara, Calif. 95050 
(408) 248-0917 

Specific product information: ........ John Burgoon 

Application engineering: .... : ..................... Ron Dow 
Literature: .............................................. Receptionist 
Price and delivery: ............................ John Burgoon 
Follow-up an order: .......................... John Burgoon 

Sales Offices & Representatives 

Inti Italy, Milano 
Comprel S. R. L. Tel: (02) 92.80.809 

Inti Japan, Tokyo 
Nippon Imex Tel: 321-4415 

Solid State Scientific, Inc. 

SOlid State Scientific, Inc. 
Montgomeryville Industrial Center 
Montgomeryville, Pennsylvania 18936 
(215) 855-8400 
TWX: (510) 661-7267 

All other information: 
All inquir'ies: Sales Department 

Sales Offices & Representatives 

AL Huntsville 
Rep Inc., (205) 881-9270 

AZ Scottsdale 
Semper FI Sales Co., (602) 945-4556 

CA 

CO 

CT 

EI Segundo 
Varigon Assoc., (213) 322-1120 
Irvine 
Solid State Scientific, (714) 955-1411 
Mountain View 
Thresum Assoc., (415) 965-9180 
San Diego 
Littlefield & Smith, (714) 455-0055 
Sherman Oaks . 
Solid State SCientific, (213) 995-6666 

Englewood 
Todd Assoc., (303) 761-7801 

Lakeville 
Conti-Younger Assoc., (203) 824-5982 

FL Maitland 

GA 

IA 

IL 

IN 

Ks 

MA 

MD 

MI 

MN 

MO 

NC 

NJ 

NY 

OH 

OK 

Delmac Sales,. (305) 423-7562 

Tucker 
Rep Inc., (404) 938-4358 

Cedar Rapids 
S & 0 Sales, (319) 393-1845 

Franklin Park 
Dekotech Inc., (312) 455-5100 
Schaumburg 
Solid State Scientific, (312) 884-7131 

Fort Wayne 
Delesa Sales, (219) 483-9537 
Giesting & Assoc., (219) 486-1912 
Indianapolis 
Delesa Sales, (317) 894-3778 

Shawnee Mission 
Midtec Assoc., (913) 441-6565 

Burlington 
Conti-Younger Assoc., Inc., (617) 273-1582 

Baltimore 
Component Sales, (301) 484-3647 
Livonia 
Giesting & Assoc., (313) 477-6060 
Bloomington 
Electronic Sales Agency, (612) 884-8291 
Florissant 
Midtec Assoc., (314) 837-5200 
Raleigh 
Compononet Sales Inc., (919) 782-8433 

Cherry Hill 
Solid State Scientific, (609) 429-8710 

Buffalo 
Quality Components Inc., (716) 839-4170 
Manlius 
Quality Components Inc., (315) 682-6633 
Plainview 
ERA Inc., (516) 822-9890 

Cincinnati 
Giesting & Assoc., (513) 521-8800 
Dayton 
Giesting & Assoc., (513) 293-4044 
Galion 
Giesting & Assoc., (419) 468-3737 

Tulsa 
The Hugh Daly Co., (918) 627-4159 

PA Narberth 
Bresson Assoc., (215) 664-6460 
Pittburgh 
SAl, (412) 782-5120 

TN Jefferson City 
Rep Inc., (615) 475-4105 

TX Dallas 
Mycrosystems Marketing Inc., (214) 238-
7157 
Houston 
Mycrosystems Marketing Inc., (713) 783-
2900 

WA Bellevue 
SDR2, (206) 747-9424 

Can Milton, Ontario 
Cantec Representatives, (416) 624-9696 
Ottawa, Ontario 
Cantec Representatives, (613) 225-0363 
Pierrefonds, Quebec 
Cantec Representatives, (514) 520-3121 
Toronto 
Arnatel Ltd., (416) 961-7980 
Cantec Representatives, (416) 675-2460 
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Solid State Scientific (cont) 

Distributors 

Ai. HuntsYille 
Resistacap Inc., (205) 881-9270 

AZ Phoenix 

CA 

CO 

CT 

FL 

IA 

2494 

ACI Electronics Corp., (800) 645-4955 
Weatherford EI~ctronics, (602) 272-7144 

Anaheim 
Weatherford Electronics, (714) 634-9600 
Calabassas 
Bee Electronics, (213) 730-6106 
Costa Mesa 
Semicomp Inc., (714) 549-8600 
Glendale 
Weatherford Electronics, (213) 849-3451 
Palo Aflo 
Fegu ElectiOnics, (415) 493-1788 
Pomona 
Weatherford Eectronics, (714) 623-1261 
San Diego 
iniermark Electronics, (714) 403-9005 
Weatherford Electronics, (714) 278-7400 
San Dimas 
Zeus Electronics, (213) 331·0841 
Santa Ana 
Intermark Electronics, (714) 540·1322 
Sunnyvale 
Diplomat/Westland, (408) 734·1900 
Intermark Electronics, (408) 738·1111 
Semicomp Inc., (408) 736-2330 
Woodland Hills 
Jaco International, (213) 884-4560 
Wheatride 
Century Electronics, (303) 424-1985 
East Haven 
JV Electronics, (203) 469-2321 
Clearwater 
Diplomat/Southland, (813) 443-4514 
Cedar Rapids 
Advent Electronics, (319) 363-0221 

IL Elk Grove 
Diplomat/Lakeland, (312) 595-1000 
Rosemont 
Advent Electronics, (312) 297-6200 
Westmont 
Bodelle Co., (312) 323-9670 

IN Indianapolis 
Advent Electronics, (317) 297-4910 
Sheridan Sales, (317) 297-3146 

MA Burlington 
Zeus/New England, (617) 273-0760 
Dedham 
Gerber Electronics, (617) 329-2400 
Holliston 
Diplomat/New England, (617) 429-4120 
Wakefield 
Semtex Ind. Corp., (617) 245-9050 
Waltham 
Sterling Electronics, (617) 894-6200 

MD Baltimore 
Whitney Distributors, (301) 944-8080 
Columbia 
Technico Inc., (301) 461-2200 

MI Farmington 
Advent Michigan, (313) 477-1650 
Diplomat/Northland, (800) 521-3480 
Livonia 
Reptron, (313) 525-2700 

MN Minneapolis 
Cassidy Electronics, (612) 835-7747 
DipiomatiEiectro-Com, (612) 788-8601 

MO St. Louis 
Diplomat/St. louis, (314) 645-8550 

NB Lincoln 
Scott Elect. Supply Corp., (402) 466-8221 

NJ Totowa 
Diplomat/I.P.C. Corp .. (201) 785-1830 

NM Albuquerque 
Century Electronics, (505) 292-2700 
International Electronics, (505) 265-6453 

NY Elmsford 
Zeus Components, (914) 592-4120 
Rome 
Rome ElectroniCS, (315) 337-5400 
Woodbury 
Diplomat ElectroniCS, (516) 921-9373 

OH Beachwood 
Sheridan Sales, (216) 831-0130 
Cincinnati 
Sheridan Sales, (513) 761-5432 
Columbus 
Reptron, (614) 253-7433 
Dayton 
Sheridan Sales, (513) 223-3332 
Solon 
Radio & Elect. Parts Co., (216) 248-8900 

OK Tulsa 
Component SpeCialties, (918) 627-4159 

PA Erie 
Advacom Inc., (814) 455-8110 
Philadelphia 
Almo Electronics, (215) 698-4000 
Philadelphia Elect., (215) 568-7400 
~ittsburgh 
Sheridan Saies, (4;2) 244-;640 

TN Knoxvil!e 
Sheridan Sales, (615) 588-5836 

TX Austin 
Component Specialties, (214) 357-6511 
Quality Components, (512) 458-4181 
Dallas 
Component Specialties, 214) 357-6511 
Quality Components, (214) 387-4949 
EI Paso 
International Electronics, (915) 778-9761 
Houston 
Component Specialties, (713) 771-7237 
Quality Components, (713) 772-7100 

UT Salt Lake City 
Century Electronics, (801) 972-6969 
Temple 
Dipl0!l1atlAlta-Land, (810) 426-4131 

VA Roanoke 
Technico Inc., (703) 663-4975 

WASeattle 
Sterling Electronics, (206) 762-9100 

Can Calgary. Alberta 
Paar Industrial Elect., (403) 287-2840 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Winnipeg, Manitoba 
\AI c: C ,.,., Inf\A\ ~"n ."t:!on ••. _.v. '-~t..I., \c.V"'J \,oIv'-"uv 

Solitron Devices 

Solitron Devices, Inc. 
Semiconductor Division 
B808Baiboa Avenue 
San Diego, California 92123 
(714) 278-8780 

Specific product information: 
Randy Chapman 

Application engineering: 
Jim Everett 

Literature: 
Customer Service 

Price and delivery: 
Customer Service 

Follow-up an order: 
Customer Service 

All other information: 
Customer Service 

Sales Offices & Representatives 

AL Huntsville 
·A. B. Andrews & Co., (205) 539-6817 

AZ Tempe 
Piper Sales Co., (602) 949-0048 

CA Mountain View 
Caltron Components Corp., (415) 964-3244 

CO Arvada 
Piper Sales Co., (303) 420-4646 

CT Washington 
Tri-Com Associates, (203) 868-7748 

FL Riviera Beach 
Solidev International Sales Corp., 
(305) 848-4311 

IL Northfield 
Torkelson Assoc., (312) 446-9085 

IN Indianapolis 
Electro Reps., Inc., (317) 255-4147 

MA Burlington 

MD 

MI 

MN 

MO 

NC 

NY 

OH 

OR 

PA 

TX 

UT 

Tri-Com ASSOCiates, (617) 272-8163 

Baltimore 
Burgin-Kreh Assoc., (301) 788-5200 

Warren 
Luebbe Sales Co., (313) 574-2230 
Minneapolis 
Torkelson Assoc., (612) 835-2414 

St. Charles 
Buckman & Assoc., (314) 946-6201 
Res. Triangle Park 
A. B. Andrews & Co., (919) 549-0563 
Jamaica 
S-J .A,ssoc~a!eSt !r:c., {212} 20~ .. 3232 
Rochester 
Ontec, Inc., (716) 464-8'636 

Cincinnati 
Luebbe Sales Company, (513) 871-4211 
Cleveland 
Luebbe Sa:6s Ccmpun:;, (2~S) 333-04~5 
Columbus 
Luebbe Sales Company, (614) 475-55Q4 
Daylon 
Luebbe Sales Company, (513) 294-0421 

Portland 
C. K. Shanks & Assoc., (503) 292-5656 
Cynwyd 
Vantage Sales Co., (215) 667-0990 

Dallas 
f""n'H .. ; ....... h..,rn f""n. 1"1A~ ,.,'),., A?",:,,? 

Houston 
Cunningham Co., (713) 683-7231 

Sandy 
Piper Sales Co., (801) 571-5675 
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Solitron Devices (cont) 
WA Seattle 

C. K. Shanks & Assoc., Inc., (206) 632-
4290 

Can Solitron, (617) 535-4703 
Inti Argentina, Buenos Aires 

Lucero S.C.A., Tel: 37-2307/38-7946 
Inti Australia, Moorabbin 

Instant Component Service, Tel: 95-1566 
InU Denmark, Copenhagen 

E. V. Johanssen Elektronik AlS, Tel: (01) 
83 90 22 

Inti Finland, Helsinki 
Oy Fintronic AB, Tel: 90/601155 

Inti France, Bagneux 
Acetel, Tel: 664 10 50 

InU Germany, Munchen 
Bitronic GmbH, Tel: 089/470 2098 

InU Holland, Rotterdam 
Nedelko B.V. Electronics, Tel: 010-293166 

Inti Kong Kong, Kowloon 
International Sales Corp., Tel: 3-433 549 

Inti Israel, Tel-Aviv 
Electronic Mlcrosystems, Ltd., Tel: 03-
412403 

Inti Italy, Milano 
Kimates S.P.A., Tel: (02) 8562 

InU Japan, Tokyo 
Hirel Company, Ltd., Tel: (03) 357-8201 

InU Mexico, Cuernavaca 
Solidev Mexicana, S.A. 

IntI' Norway, Oslo 
Nordisk Elektronik (Norge) AlS, Tel: (02) 
553893 

InU Sweden, D,ursholm 
Integrerad Elektronik AB, Tel: 08/753 
03 30 

Inti SWitzerland, Mutschellen 
Stolz AG, Tel: 057-54655 

Inti United Kingdom 
Thames 
Memec, Ltd., Tel: (029664) 366 & 7 & 8, 
Surrey 
Consort Electronics, Ltd., 
Tel: (0252) 871717 
Harlow 
Distronic Ltd., Tel: 32947/39701 

Distributors 

AL Huntsville 
Hall-Mark Elec. Corp., (205) 837-8700 

AZ Phoenix 
Mirco Electronics, (602) 249-1373 
R. V. Weatherford Co., (602) 272-7144 

CA Anaheim 
R. V. Weatherford Co., (714) 547-0891 
Gardena 
Bell Industries, (213) 321-5802 
Glendale 
R. V. Weatherford Co;, (213) 849-3451 
Palo Alto 
R. V. Weatherford Co., (415) 493-5373 
Pomona 
R. V. Weatherford CO.l (714) 623-1261 
San Diego 
Intermark Electronics, (714) 279-5200 
R. V. Weatherford Co., (714) 278-7400 
San Dimas 
Zeus West, Inc., (714) 599-8374 
Santa Ana 
Intermark Electronics, (714) 540-1322 
Sunnyvale 
Bell Industries, (408) 734-8570 
Intermark Electronics, (408) 738-1111 
Woodland Hills 
Jaco Elec., Inc., (213) 998-2200 

CO Englewood 
R. V. Weatherford Co., (303) 761-5432 

FL Ft. Lauderdale 
Hall-Mark Elec. Corp., (305) 971-9280 
Miami 
All American, (305) 754-5531 
Orlando 
Hall-Mark Elec. Corp., (305) 855-4020 

HI Honolulu 
Victor Kim Electronic, (808) 533-7132 

IL Elk Grove Village 
Hall-Mark Elec. Corp., (312) 437-8800 
Palatine 
OHM/Electronics, (312) 359-5500 

@IC MASTER 1979 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

MA Newton 
Green-Shaw, (617) 969-8900 
Salem 
Semiconducfor Ser., Inc., (617) 745-2450 

MD Baltimore 
Hall-Mark Elec. Corp., (301) 796-9300 
Columbia 
Technico, (301) 461-2200 

MI Livonia 
Reptron Electronic, (313) 525-2700 

MN Bloomington 
Hall-Mark Elec, Corp., (612) 884-9056 
Minneapolis 
Industrial Components, (612) 831-2666 

MO Earth City 
Hall-Mark Elec. Corp., (314) 291-5350' 

NC Raleigh 
Hall-Mark Elec. Corp., (919) 832-4465 
Winston-Salem 
Kirkman. Electronics., (919) 722-9131 

NY Buffalo 
Summit Distributors, (716) 884-3450 
Elmsford 
Zeus Components, (914) 592-4120 
Farmingdale 
Harrison Electronics, (516) 293-7990 
Hauppage 
Jaco Elec., Inc., (516) 273-5500 
North Bellemore 
Hygrade Electronics, (516) 785-6200 

OH Columbus 
Reptron/Ohio, (614) 443-0231 
Dayton 
Arrow Electronics, (513) 253-9176 
Hall-Mark Elec. Corp., (513) 294-0437 
Koehlke Components, (513) 294-0154 

OK Tulsa 
Component Spec., Inc., (918) 664-2820 
Hall-Mark Elec. Corp., (918) 835-8458 

PA Huntingdon Valley 
Hall-Mark Elec. Corp., (215) 355-7300 

TX Austin 
Hall-Mark Elec. Corp., (512) 837-2814 
DaUas 
Component Specialties, (214) 357-6511 
Hall-Mark Elec. Corp., (214) 234-4721 
R. V. Weatherford Co., (214) 243-1571 
Houston 
Component Spec., Inc., (713) 771-7237 
Hall-Mark Elec. Corp., (713) 781-6100 
R. V. Weatherford Co., (713) 688-7406 

WI West Allis 
Hall-Mark Elec. Corp., (414) 476-1270 

Can Dorval, Quebec 
IntI. Rectifier C. Ltd., (514) 631-4696 
Scarborough, Ontario 
IntI. Rectifier C. Ltd .• (416) 755-7793 

SWITZERLAND 
W.StolzAG 

Tel: (057) 54655 
Ie MASTER DISTRIBUTOR 

Sprague Electric Company 

Sprague Electric Company 
Semiconductor Division 
115 Northeast Cutoff 
Worcester, Massachusetts 01606 
(617) 853-5000 
TeJex: 920467 

SpecifiC product information: 
Automotive ............................................ B. Marshall 
Consumer .............................................. R. Milewski 
Camera .................................................. B. Marshall 
Digital .......................................................... G. Tully 
Transistor Arrays .................. : ..................... G. Tully 
Operational Amplifiers .............................. G. Tully 
Display Driver .............................................. G. Tully 
MOS .............................................................. G. Tully 

Application engineering: 
Same as above 

Literature: 
647 Marshall Street, North Adams, Massachusetts 
01247, (413) 664-4411 .............................. ext. 2572 

Price and delivery: 
Same as product information: 

Place an order: 
Same as above 

Follow-up an order: 
Same as above 

Sales Offices & Representatives 

Contact these offices for names of distributors 

AL Huntsville 
Sprague Electric Company, (205) 883-0520 

AZ Tempe 
Sprague Electric Company, (602) 279-5435 

CA Burlingame 
William J. Purdy Comp,any, (415) 347-7701 
Inglewood 
Sprague Eectric Company, (213) 649-2600 
San Diego 
KCE Corp., (714) 278-7640 

CO Denver 
William J. Purdy Company, (303) 777-1411 

CT Trumbull 
Sprague Electric Company, (203) 261-2551 

DC Washington 
Sprague Electric Company, (Gov't sales 
only) (202) 337-7820 

FL Longw09d 
Sprague Electric Company, (305) 831-3636 

IL Chicago 
D. Dolin Sales Company, (312) 286-6200 
Park Ridge 
Sprague Electric Company, (312) 296-6620 

IN . Indianapolis 
Sprague Electric Company, (317) 253-4247 

MA Norwo'od 
Ray Perron & Company, (617) 762-8114 
Waltham 
Sprague Eectric Company, (617) 899-9100 

MI Jackson 
Sprague Electric Company, (517) 787-3934 

MN Minneapolis 
HMR, Inc., (612) 831-7400 

MO St. Louis 
Sprague Electric Company, (314) 781-2420 

NC Winston Salem ' 
Electronic Marketing Assoc., (919) 722-
5151 

NJ Cherry Hill 
Sprague Electric Company, (609) 795-2299 
Trinkle Sales Inc., (609) 795-4200 
Wayne 
Sprague Electric Company, (201) 696-8200 

NM Albuquerque 
William J. Purdy Company, (505) 266-7959 

NY Mamaroneck 
William Rutt, (914) 698-8600 
Melville 
Sprague Electric Company,(516) 549-4141 
Syracuse 
Mar-Com Assoc., (315) 437-2843 
Sprague Electric Company, (315) 437-7311 

OH Beachwood 
Electronic Salesmasters, Inc., 800-362-2616 
Dayton ' 
Sprague Electric Company, (513) 278-0781 
Miamisburg 

'- Sprague Electric Company, (513) 866-2170 
TX Richardson 

Sprague Electric Company, (214) 235-1256 
VA Lexington 

Sprague Electric Company, (703) 463-9161 
WA Seattle 

Sprague Electric Company, (206) 632-7761 
WI Milwaukee 

D. Dolin Sales Company, (414) 482-1111 
Can Ottawa, Ontario 

Sprague Electric of Canada, (613) 238-2542 
Toronto, Ontario 
Sprague ElectriC of Canada, (416) 766-
6123 

Inti Belgium, Ronse (Renalx) 
Sprague-Benelux, Tel: 215-351 (055) 

Inti England, Yiewsley 
Sprague Electric (U.K.) Ltd., Tel: 44627 

Inll France, Bagneux 
Sprague France SAR.L., Tel: (055) 21 5302 

InU Germany, Frankfurt 
Sprague GmbH, Tel: 0611-439407 
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Sprague Electric (cont) 
Inti Hong Kong 

Sprague World Trade Corp., 
Tel: 5-626231-4 

Inti Switzerland, Geneve 
Sprague World Trade Corp., Tel: 98 4021 

Inti Taiwan, Taipei 
Sprague Taiwan Corp., Tel: (02) 752-2458 

Standard Microsystems 

Standard Microsystems Corporation 
35 Marcus Boulevard 
Hauppauge, New York 11787 
(516) 273-3100 
TWX: (510) 227-8898 

Specific product information: 
Brian Cayton 

Application engineering: 
Brian Cayton 

Literature: 
Addie Macedo 

Price and delivery: 
Lucy Tarnel! 

Follow up ... order: 
Lucy Tarnel! 

All other information: 
Lucy Tarnel! 

Sales Offices & Representatives 

AL Huntsville 
EMA, (205) 533-6640 

AZ Scottsdale 
Dar-C, Inc., (602) 948-2240 
Mercury Eng. Sales, (602) 949-5054 

CA Carlsbad 
Paul Kaplan, (714) 438-4488 
Fullerton 
Electronic Component Mktg., 
i714) 879-9460 
Irvine 
Turk Enterprises, (714) 955-1575 
Palo Alto 
NOR-CAL Associates, (415) 961-8121 

CO Denver 
D/Z Associates, Inc., (303) 534-3649 

CT Guilford 
Orion Group, (203) 621-5941 

FL Altamonte Springs 
"e" Associates, (305) 831-1717 
Hollywood 
"C" Associates, (303) 922-5230 

GA Hartwell 
K&E Assoc., (404) 376-5438 
Norcrois 
EMA, (404) 448-2921 

IL Skokie 
Mar-Con, (312) 675-6450 

MA Burlington 
Contact Sales, Inc., (617) 273-1520 

MD Baltimore 
Stemler Assoc., (301) 944-8262 

MI Plymouth 
A.P.J. Assoc., Inc., (313) 459-1200 

MN New Brigh:on 
TWC, (612) 636-1770 

NC Garner 
K & E Associates, (919) 772-8454 

NJ Keasbey 
Addem, (516) 752-9303 

NY Binghamton 
L-Mar Assoc., Inc., (601) 723-1513 
E. Syracuse 
L-Mar Assoc., Inc., (315) 437-7779 
Farmingdale 
Addem, (516) 752-9303 
Rochester 
L-Mar Assoc., Inc., (716) 328-5240 

OH Cincinnati 
G & H Sales Co., (513) 771-8231 
Grove City 
G & H Sales Co., (614) 878-1128 

PA Hatboro 
QED ElectroniCS, Inc., (215) 674-9600 

TN Knoxville 
EMA. (615) 966-1?86 

TX Dallas 
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Kruvand Assoc., Inc., (214) 691-4592 
Houston 
Kruvand Assoc., Inc., (713) 780-9710 

VA 

WA 

Can 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Alexandria 
Stemler Associates, Inc., (703) 548-7818 
Bellevue 
SDR2 Products & Sales Co., (206) 747-9424 
Dollard des Ormeaux, Quebec 
R.F.Q., Ltd., (514) 626-8324 
Etobicoke, Ontario 
R.F.Q. Ltd., (416) 626-1445 
Australia, Prospect 
A. J. F. Systems & Comp., Pty., Ltd., 
Tei; 516 695 
AUstria, Wien 
Bacher Eektronische, Tel: (222) 837152 
Finland, Helsinki 
Havulinna Oy, Tel: (90) 661-451 
France, Serves 
Tekelec Airtronic, Tel: 027-75-35 
Great Britain, London 
Rastra ElectroniCS, Ltd., Tel: (1) 7483143 
Israel, Tel-Aviv 
R.N. Electronics Ltd., Tel: (03) 471659 
Japan, Tokyo 
Teijin Advanced Products Corp., 
Tel: (506) 4670-6 
Netherlands, Breda 
Famatra Benelux, Tel: (76) 133457 
Norway, Oslo 
EGA AlS, Tel: (2) 221900 
Switzerland, Zurich 
Dimos AG, Tel: (51) 626140 
West Germany, Munchen 
Atlantik Elektronik GmbH, Tel: (89) 
7853112 

Distributors 

AZ Phoenix 
Kachina Electronic Dist., (602) 269-6201 

CA Culver City 
NESCO, (213) 391-6294 
San Dimas 
7 .. ".,/W",.,t In,. (71A\ oon.1011 

Sunnyvale 
Diplomat Electronics, Inc., (408) 734-1900 
Western Microtechnology Sales, 
(408) 737-1660 

CO 

FL 

IL 

IN 

MA 

MD 

MI 

MN 

MO 

NC 

NJ 

NM 

NY 

OH 

PA 

SC 

TX 

UT 

Inti 

Inti 

Inti 

Inti 

. Westminster 
B.A.S.E. Electronics, (714) 894-1303 
Wheatridge 
Bell Indutries, Electronics Distributor Di"., 
(303) 424-1985 
Clearwater 
Diplomat Electronics, Inc., (813) 443-4514 
Orlando 
Hammond Electronics, Inc., (305) 849-6060 
Elk Grove Village 
Diplomat Electronics, Inc., (312) 595-1000 
Skokie 
Mar-Con Sales, (312) 675-6450 
Indianapolis 
Sheridan Sales Co., (317) 297-3146 
Burington 
RC Components, (617) 273-1860 
Zeus/New England, Inc., (617) 273-0750 
Chicopee 
Diplomat ElectroniCS, Inc., (415) 592-9441 
Holliston 
Diplomat ElectroniCS, Inc., (617) 429-4120 
Baltimore 
Whitney Distributors, Inc., (301) 944-8080 
Farmington 
Diplomat ElectroniCS, Inc., (313) 477-3800 
Farmington Hills 
Sheridan Sales Co., (313) 477-3800 
Grand Rapids 
Sheridan Sales Co., (616) 942-2504 
Minneapolis 
Diplomat Eiecin:mics, inc., (612j 788-8601 
Florissant 
Sheridan Sales Co., (314) 837-5200 
St. Louis 
Diplomat Electronics, Inc., (314) 645-8550 
Greensboro . 
Hammond ElectroniCS, Inc., (919) 275-6391 
MI. Laurel 
Diplomat ElectroniCS, Inc., (609) 234-8080 
Totowa 
Diplomat Electronics, Inc., (201) 785-1830 
Albuquerque 
Bell Industries, ElectroniCS Distributor Div., 
(505) 292-2700 
Elmsford 
Zeus Components, Inc., (914) 592-4120 
Melville 
2;eus Components Corp., (516) 752-9551 
Rochester 
L-DUN ElectronicS, (716) 328-0830 
Woodbury 
Diplomat Electronics, Inc., (516) 921-9373 
Cincinnati 
Sheridan Sales Co., (800) 543-4695 
Cleveland 
Sheridan Sales Co., (216) 461-3300 
Dayton 
Sheridan Sales Co., (513) 223-3332 
Hatboro 
QeD Electronics, Inc., (215) 674-9600 
PIHsburgh 
Sheridan Sales Co., (412) 351-4000 
Greenville 
Hammond Electronics, Inc., (803) 233-4121 
Austin 
Quality Components, Inc., (512) 458-4181 
Dallaa 
Quality Components, Inc., (214) 387-4949 
Houston 
Quality Components, Inc .• (713) 772-7100 
:Salt Laice City 
Bell Industries, Electronics Distributor Div., 
(801) 972-6969 . 
Diplomat Electronics, Inc., (801) 486-4134 

MONTREAL, QUE6EC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Australia, Prospect 
A. J. F. Systems & Pty., Ltd., Tel: 516895 
Austria, Wien 
Bacher Elektronische. TAl' (???\ A~71r:;? 

France, Serves :J 
Tekelec Airtronic, Tei: 027-7535 
Great Britain, London 
Rastra Electronics, Ltd., Tel: (1) 7483143 . 
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Standard Micro Systems (cont) 
Inti Japan, Tokyo 

Teijin Advanced Prod. Corp., Tel: (506) 
4670-6 

Inti Netherlands, Breda 
Famatra Benelux, Tel: (76) 133457 

Inti Norway, Oslo 
EGA AIS, Tel: (2) 221900 

Inti Switzerland, Zurich 
Dimos AG, Tel: (51) 626140 

Inti West Germany, Munchen 
Atlantik Elektronik GmbH, Tel: (89) 

. 7853112 

Supertex, Inc. 

Supertex Inc. 
-1225 Bor<1eaux Drive 

Sunnyvale, California 94086 
(408) 744-0100 
TWX: 910-339-3988 

Specific product information ................ Diane Lowe 
Application engineering .......................... Bob Chao 
Literature ............................................ Renee Colgate 
Price and 'delivery .................................. Diane Lowe 
Follow-up an order ...... ; ........ , ................ Diane Lowe 
All other information ........................ Renee Colgate 

Sales Offices & Representatives 

CA Glendale 
Orion Sales, (213) 240-3151 
San Diego 
Orion Sales, (714) 566-0360 
Saratoga 
Epitron International, (408) 354-1415 
Sunnyvale 
Supertex, Inc., (408) 744-0100 
Tustin 
Orion Sales, (714) 832-9687 

IL Rolling Meadows 
Sieger Assoc., (312) 991-6161 

MA Lowell 
E.S.P., (617) 458-9757 

TX Richardson 
Hytech, (214) 234-3375 
Stafford 
Sundance Sales Inc., (713) 495-4778 

WA Lynwood 
Systems Specialists, (206) 775-6603 

Inti Japan, Chiyoda-Ku 
Systems Marketing, Inc., Tel: (03) 254-2751 

Inti Hong Kong 
Supertex Ltd. 

. Inti Korea, Seoul 
Taeil Trading Company, Tel: 22-6741 

Inll Germany, Hamburg 
Infratron, Tel: (040) 81578 

Synertek Inc. 

Syntertek Inc . 
P.O. Box 552 
3001 Stender Way 
Santa Clara, California 95051 
(408) 988-5600 
TWX: 910-338-0135 

Specific product information: 
Memory Products Marketing ................ 988-5611 

Application engineering: 
Applications ............................................ 988-5616 

Literature: 
Literature Desk ........................................ 988-5632 

Price and delivery: 
Customer Service (to 999 pcs) .............. 988-5641 
Memory Products (over 999 pcs) ........ 988-5611 
Microprocessor Products (over 999 pcs) 988-5616 

All other information .................................. 988-5600 

AL 

AZ 

Sales Offices & Representatives 

. Huntsville 
Macro Marketing, (205) 883-9630 
PhoeniX 
MR Engineering Sales Co., (602) 956-4670 
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. CA 

CO 

CT 

FL 

IA 

IL 

IN 

KS 

MA 

MD 

MI 

MN 

MO· 

NC 

NJ 

NY. 

OH 

PA 

TX 

WA 

WI 

Can 

AL 

AZ 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Lawndale 
Babco Associates, Inc., (213) 676-6545 
Newport Beach 
Babco Associates, Inc., (714) 751-8375 
Synertek, (714) 752-5535 
Palo Alto 
Brooks Technical Group, (415) 328-3232 
San Diego ' 
Littlefield & Smith Assoc., (714) 455-0055 
Santa Clara 
Synertek, (408) 988-5607 
Englewood 
Checkmate Sales, Inc., (303) 773-0666 
Weston 
Northeast Representatives, Inc., 
(203) 239-2507 
Altamonte Springs 
Dyne-A-Mark Corp., (305) 831-3673 
Clearwater 
Dyne-A-Mark Corp., (813) 441-4702, 3 
Ft. Lauderdale 

. Dyne~A-Mark Corp., (305) 771-6501, 2, 3 
Palm Bay 
Dyne-A-Mark Corp., (305) 831-2097 
Cedar Rapids 
Carlson Electronic Sales Co., 
(319) 377-6341 
Elk Grove Village 
Carlson Electrn. Sales, (312) 956-8240 
Oakbrook 
Synertek, (312) 986-8989 

, Ft. Wayne 
J & B Engrg. Sales, (219) 483-2813 
Indianapolis 
J & B Engineering Sales Co., (317) 842-2681 
Shawnee Mission 
Midtec Assoc., (913) 441-6565 
Waltham 
Dynasel Assoc., (617) 890-6777 
Westwood 
Synertek, (617) 329-5522 
Baltimore 
Conroy Sales, (301) 296-2444 
Farmington 
Miltimore Sales, Inc., (313) 476-2446 
Grand Rapids 
Miltimore sales, Inc., (616) 942-9721 
Minneapolis 
Nortec Sales, Inc., (612) 835-4447 
Florissant 
Midtec Assoc., (314) 837-5200 
Winston-Salem 
Macro Marketing Assoc., (919) 788-1600 
Haddonfield 
Sunday O'Brien, (609) 429-4013 
Camillus 
Ontec, Inc., (716) 464-8636 
Fayetteville 
Ontec, Inc., (716) 464-8636 
Grand Island 
Ontec, Inc., (716) 464-8636 
Plainview 
ERA, Inc., (516) 822-9890 
Rochester 
Ontec, Inc., (716) 464-8636 
Brunswick 
Kimconics Sales, Inc., (216) 225-6111 
Englewood 
Kimconics Sales, Inc., (513) 836-9677 
Richfield 
Synertek, (216) 659-4195,6,7 
Pittsburgh 
Kimconics Sales, Inc., (412) 367-3013 
Dallas 
ION Assoc., Inc., (214) 357-9441 
Houston 
Ion Assoc., Inc., (713) 461-5311 
Tukwila 
General Electronics, (206) 575-4030 
Milwaukee 
Carlson Electronic Sales Co., 
(414) 476-2790 
Etobicoke, Ontario 
R.F.O. Limited, (416) 626-1445 
Quebec 
R.F.O. Limited, (514) 694-5724-5 

Distributors 

Huntsville 
Hallmark Electronics, (205) 837-8700 
Phoenix 
Kierulff Electronics, (602) 243-4101 

CA 

CO 

CT 

FL 

GA 

IA 

IL 

IN 

KS 

MA 

MD 

MI 

MN 

MO 

NC 

NH 

NJ 

NM 

NY 

OH 

Los Angeles 
Kierulff Electronics, (213) 685-5511 
Palo Alto 
Kierulff Electronics, (415) 968-6292 
San Diego 
Intermark Electronics, (714) 453-9005 
Kierulff Electronics, (714) 278-2112 
Santa Ana 
Intermark Electronics, (714) 540-1322 
Sunnyvale 
Intermark Electronics, (408) 738-1111 
Western Mictrotechnology, (408) 737-1660 
Tustin 
Kierulff Electronics, (714) 731-5711 
Denver 
K1erulff Electronics, (303) 371-6500 
Wheatridge 
Century Electronics, (303) 424-1985 
Hamden 
Arrow Electronics, (203) 248-3801 
Ft. Lauderdale 
Arrow Electronics, (305) 776-7790 
Palm Bay 
Arrow Electronics, (305) 725-1480 
St. Petersburg 
Kierulff Electronics, (813) 575-1966 
Doraville 
Arrow Electronics, (404) 455-4054 
Cedar Rapids 
Advent Electronics, (319) 363-0221 
Elk Grove Village 
Kierulff Electronics, (312) 640-0200 
Rosemont 
Advent Electronics, (312) 297-6200 
Schaumberg 
.Arrow Electronics, Inc., (312) 893-9420 
Indianapolis 
Advent Electronics, (317) 297-4910 
Sheridan Sales Company, (327) 297-3146 
Shawnee Mission 
Hallmark Electronics, (913) 888-4747 
Billerica 
Kierulff Electronics, (617) 667-8331 
Burlington 
Lionex Corp., (617) 272-9400 
Woburn 
Arrow Electronics, (617) 933-8130 
Baltimore 
Arrow Electronics, (301) 247-5200 
Hallmark Electronics, (301) 796-9300 
Columbia 
Technico, Inc., (301) 461-2200 
Ann Arbor 
Arrow Electronics, (301) 971-8220 
Farmington Hills 
Advent Electronics,' (313) 477-1650 
Sheridan Sales Co., (313) 477-3800 
Bloomington 
Arrow Electronics, (612) 887-6400 
Minneapolis 
Hall-Mark Elec. Corp., (612) 884-9056 
Earth City 
Hall-Mark Elec. Corp., (314) 291-5350 
Florissant 
Sheridan Sales. Co., (314) 837-5200 
Kernersville 
Arrow Electronics, (919) 996-2039 
Manchester 
Arrow Electronics, (603) 668-6968 
camden 
General Radio Supply, (609) 964-8560 
Fairfield 
Kierulff Electronics, (201) 575-6750 
Moorestown 
Arrow Electronics, (609) 235-1900 
Saddle brook 
Arrow Electronics, (201) 797-5800 
Albuquerque 
Alliance Electronics, Inc., (505) 292-3360 
Bell Industries, (505) 292-2700 . 
Farmingdale 
Arrow Electronics, (516) 694-6800 
Elmsford 
Zeus Components, (914) 592-4120 
Woodbury 
Lionex Corp., (516) 921-4414 
Beachwood 
Sheridan Sales Co., (216) 831-0130 
Cleveland 
Arrow Electronics, (216) 464-2000 
Dayton 
Sheridan Sales Co., (513) 223-3332 
Kettering 
Arrow Electronics, (513) 253-9176 
Reading 
Sheridan Sales Co., (513) 761-5432 
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Synertek (cont) 
PA Huntingdon Valley 

Hall-Mark Elec. Corp., (215) 355-7300 
Pittsburgh 
Sheridan Sales Co., (412) 351-4000 

TN Knoxville 
Sheridan Sales Co., (615) 588-5836 

TX Ausiin 
Quality Components, Inc., (512) 458-4181 
Dallas 
Arrow Electronics, (214) 357-1752 
Quality Components, Inc., (214) 387-4949 
Houston 
Quality Components, Inc., (713) 772-7100 

UT Salt Lake City 
Calron Electric, (801) 487-7451 
Century Electronics, (801) 972-6969 
Kieruift Electronics, (801) 973-1:)913 

WA Seattle 
Sterling Electronics, (206) 762-9100 
Tukwila 
Kierulff Eectronics, (206) 575-4420 

WI Mi!waukee 
Taylor Electric Co., (414) 241-4321 
Oak Creek 
Arrow Electronics, (414) 764-6600 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735·5775 

IC MASTER DISTRIBUTOR 

Can Rexdale, Ontario 
Future Electronics, (416) 675-7820 

GERMANY, MUNCH EN 
Astronic GmbH 

Tel: 089-3040/11 
IC MASTER DISTRIBUTOR 

SWITZERLAND 
W. Stolz AG 

Tel: (057) 54655 
IC MASTER DISTRIBUTOR 

Telaris 

Telaris Telecommunications Inc. 
2772 Main Street 
Irvine, California 92714 
(714) 754-7566 
Telex: 681410 

GERMANY, MUNCHEN 
Astronic GmbH 

Tel: 089·304011 
IC MASTER DISTRIBUTOR 

Teledyne Crystalonics 

Teledyne Crystalonics 
147 Sherman Street 
Cambridge, Massachusetts 02140 
(617) 491-1670 

Specific product information: 
Alan Alaimo 

Application En,gineering: 

Literature, 
Susan McTighe 

Price and delivery: 
W. J. Kilgarriff 
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Follow-up an order: 
Karen Mason 

All other information: 
W. J. Kilgarrift 

Sales Offices & Representatives 

AL Huntsvi!!e 
E.M.A., Inc., (205) 533-6640 

AZ Scottsdale 
Runyon, Co., (602) 959-6060 

CA Fullerton 
Elect. Compo Mktg., (714) 879-9460 
Marina Del Ray 
Westaironics, (213) 821-7958 
San Carlos 
Kottmeier Assoc., (415) 592-3333 

FL Pompano Beach 
V. G. Sales, (305) 971-0900 
Almonte Springs 
V. G. Sales, (305) 831-8688 

IA Cedar Rapids 
Technical Rep., (319) 393-5510 

IL Bellwood 
Fiat Eng., (312) 547-6200 

IN Ft. Wayne 
T.X. Sales, (219) 637-5410 

KS Olathe 
Technical Rep., (913) 782-1177 

MA Burlington 
Conti-Younger Assoc., (617) 273-1582 

MD Rockville 
Mechtronic Sales, (301) 340-2130 

MN St. Paul 
R. G. Ragon, (612) 488-0201 

MO Hazelwood 
Technical Rep., (314) 731-5200 

NC Winston·Saiem 
E. M. A., Inc., (919) 722-5151 

NJ Carlstadt 
Comp-Tech Sales, (201) 935-5454 
Union 
Comp-Tech Sales, (201) 687-2484 

NM Albuquerque 
Power Enterprises, (505) 881-8537 

NY Liverpool 
James Sempe Assoc., (315) 458-4775 
New Hyde Park 
Comp-Tech Sales, (516) 593-2628 
Rochester 
James Semple Assoc., (716) 544-8583 

OH Cleveland 
KW E!ect. Sales, (216) 831-8292 
Dayton 
KW Elect. Sales, (513) 890-2150 

PA Allison Park 
KW Elect. Sales, (412) 487-4300 
Bala Cynwyd 
Vantage Sales, (215) 667-0990 

SC Greenville 
E. M. A. Inc., (803) 233-4637 

TX Houston 
Southland Comp., (713) 981-5789 

WA Bellevue 
SD-R2, (206) 747-9424 

Can British Columbia 
Bellevue, Wash. 
SD .. R2. (20(;) 747-9424 
Dorval, Quebec 
Vitel Electronics. (514) 331-7393 

Inti Austria 
!(e~!!!ngtor.. L!)ndon 
G.E. Electronics, Tel: 01-7270711/3&5008 

Inti France, Paris 
Composants et Produits Electroniques, 
Tel: 914-61-36 

Inti Germany, Heilbronn 
Sinus Electronics, Tel: 07131-82904 

Inti Israel, Tel-Aviv 
STG Intemational, Tel: 53459 

Inti Italy, Milano 
Kimates, Tel: 02-8562 

Inti Netherlands, Scheveningen 
MCA Tronlx, Tel: 70/548890 

Inll Spain, Barcelona 
Sisteco, Tel: 70/548890 

Inti Sweden, Wallingby 
Svensk Tele Industr! AB, Tel: 890435 

Inti ~wif"A'''.nlf 7",i,..h 
G. E. Electronics, Tel: 01-794670171 

Inti United Kingdom 
Kinsington, London 
G. E. Electronics, Tel: 01-7270711/3 & 
5008 

Distributors 

CA Chatsworth 
Westates Elect., (213) 341-4411 
San Diego 
Total Elect, (714) 224-3291 
Sunnyvale 
Intermark, (408) 738-1111 

CO Whealridge 
Century Elect., (910) 938-0393 

FL Clearwater 
Southland Elect., (813) 443-4515 
Deerfield 
American Elect., (305) 428-0262 

IL Westmont 
Sode!le Co., (312} 323-9570 

I IN Ft. Wayne 
Fountainhead, (219) 489-4447 

I MN Burlington 
Milgray Elect., (617) 272-6800 
Lexington 
R&D Elect., (617) 861-9200 
Salem 
Sparton Elect., (617) 745-3400 

MD Columbia 
Technico, (301) 461-2200 

. Savage 
Pyttronics, (301) 792-7000 

MI Livonia 
Reptron, (313) 525-2700 

NJ Carlstadt 
Tory Sales, (201) 935-5454 

NM Albuquerque 
..... HHUI y Clttl.iI., \OU:» l:itl!:l-Ub2!> 

NY Binghamton 
Harvey Fed. Elec!., (607) 748-3211 
Elmsford 
Zeus Components, (914) Sg2-4120 

~ 
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Teledyne Crystalonics (cont) 
Freeport 
Milgray Elect., (516) 546-6000 
Hauppauge 
Components Plus, (516) 231-9200 
Utica 
O'Tronics, (315) 732-4118 
Woodbury 
Diplom~t Elec., (516) 921-9373 

OH Englewood 
Argent Ind., (513) 836-8633 

TX Austin 
Quality Components, (512) 458-4;8; 
Dallas 
Solid State, (214) 352-2601 
Quality Components, (214) 387-4949 
Houston 
Quality Components, (713) 772-7100 

UT Salt Lake Cily 
Century Elect., (801) 487~8551 

In" Austria 
Kensington, London 
G. E. Electronics, Tel: 01-7270711/3 & 
5008 

Inti France, Paris 
Composants et Produits Electroniques, 
Tel: 914-61-36 

Inti Germany, Heilbronn 
Sinus Electronics, Tel: 07131-82904 

Inti . Israel, Tel-Aviv 
STG International, Tel: 53459 

Inti Italy, Milano 
Kimates, Tel: 02-8562 

Inti Nefherlands, Scheveningen 
MCA Tronixs, Tel: 70/548890 

Inti Spain, Barcelona 
Sisteco, Tel: 321-7347 

Inti Sweden, Vallingby 
Svensk Tele Industri AB, Tel: 890435 

Inti Switzerland, Zurich 
G. E. Electronics, Tel: 01-794670/71 

Inll United Kingdom 
Kensington, London 
G. E. Electronics, Tel: 01-7270711/3 & 
5008 

Teledyne Philbrick 

Allied Drive at Route 128 
Dedham, Massachusetts 02026 
(617) 329-1600 
TWX: (710) 348-6726 

Specific product information: 
Sales Department 

Application engineering: 
Sales Department 

Literature: 
Publications Dept. 

Price and delivery: 
Sales Department 

Follow-up an order: 
Customer Service Dept. 

. All other information: 
Product Sales Dept. 

Sales Offices & Representatives 

AL Huntsville 
Col-ins-Co., Inc., (800) 327-6600 

AZ Scottsdale 
PLS Associates, (602) 994-5461 

CA . Cupertino 
t. Louis Snitzer Co., (408) 257-8333 
Del Mar 
T. Louis Snitzer Co., (714) 226-0305 
Los Angeles 
T. Louis Snitzer Co., (213) 836-6170 

CT Canton Center 
Tekdata, (203) 693-0710 

CO Denver 
PLS Associates, (303) 773-1218 

FL Largo 
Col-ins-Co., (800) 432-4480 
Orlando 
Col-ins-Co., (305) 423-7615 
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GA 

HA 

IL 

IN 

KS 

LA 

MA 

MD 

MI 

MO 

MN 

NC 

NM 

NY 

OH 

PA 

PR 

TX 

UT 

WA 

Can 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Clarkston 
Col-ins-Co., Inc., (800)327-6600 
Kailua 
Lanikai Associates, (808) 262-6286 
Des Plaines 
Janus Inc., (312) 298-9330 
Carmel 
Carter, McCormic & Peirce, (317) 844-4175 
Shawnee Mission 
BC Electronic Sales Inc., (913) 888-6680 
Baton Rouge 
Col-ins-Co Inc., (800) 327-3600 
Wakefield 
Tekdata, (617) 245-5940 
Rockville 
Electronic Marketing Associates, (301) 
881-5300 
Farmington 
Carter, McCormic & Peirce, (313) 477-7700 
Hazelwood 
BC Electronic Sales, 'Inc., (314) 731-1255 
Minneapolis 
Electronic In,novators, Inc., (6t2) 884-7471 
Winston~Salem 

Col-Ins-Co., Inc., (800) 32.7-6600 
Albuquerque 
PLS Associates, (505) 255-2330 
Clark Mills 
KLM/Garner Associates, (315) 853-6126 
Elmont 
Crane & Ehert, (516) 488-2100 
No. Syracuse 
KLM/Garner Associates, (315) 458-6214 
Pittsford 
KLM/Garner Associates, (716) 381-8350 
Dayton 
Carter, McCormic & Peirce, (513) 222-7100 
Fairview Park 
Carter, McCormic & Peirce, (216) 779-5100 
King of Prussia 
Electronic Marketing Associates, (215) 
265-1600 
Monroeville . 
Carter, McCormic & Peirce, (412) 372-4415 
Puerto Rico, Santurce 
Southern International Sales, Tel: (809) 
722-0863 
Dallas 
Microsystems Marketing, (214) 238-7157 
Houston 
Mycrosystems Marketing, (713) 783-2900 
Sandy 
PLS Associates, (810) 842-2081 
Sumner 
Halbar Associates, (206) 829-1750 
SI. Laurent, Quebec 
Vitel Electronics, (514) 331-7393 
Toronto, Ontario 
Vitel Ele;ctronics, (416) 622-6300 
Vancouver, B.C. 
Intek Electronics, (604) 324-6831 
France, Paris 
Teledyne Philbrick, Tel: (1) 577 95 86 
Japan, Tokyo 
Teledyne Philbrick, Tel: 403-8921 
Osaka 
Teledyne Philbrick, Tel: (06) 3650431 
Un'iied Kingdom, Cranford 
Teledyne Philbrick, Tel: (01) 897-2501 
West Germany 
Weisbaden 
Teledyne Philbrick, Tel: (06121) 39171 
Bremen 
Teledyne Philbrick, Tel: 0421-313919 

Distributors 

Argentina, Buenos Aires 
Sirex, Tel: 42-1927 
Aus.tralia, Concord N.S.W. 
Elmeasco Instruments Pty. ltd., Tel: (02) 
736-2888 
Elizabeth S.A. 
Elmeasco Instruments Pty. Ltd., Tel: 513521 
Holland Park, Queensland 
Elmeasco Instruments Pty. Ltd., 
Tel: (07) 3922884 
Mount Waverly, Victoria 
Victoria 
Elmeasco Instruments Pty., Ltd., Tel: 233-
4044 

Inti Austria, Wlen 
Kontron GmbH & Co., KG Tel: 94 56 46 

Inti Belgium, Bruxelles 
Diode Belgium, Tel: 02-4285105 

Inti Brazil, Sao Paulo 
Setpoint S/ A Comercio E Importacao, Tel: 
289-1568 

Inti Chile, Santiago 
Sirex, Tel: 39-5752 

Inti Denmark 
Knud Kamuk AlS, Tel: (01) 8838 33 

Inti Finland, Helsinki 
Turion Oy, Tel: 90-377787 

Inti Greece, Athens 
Demetrius C. TZitzinias, Tel: (00 30 21) 
9344653 

Inti Hong Kong 
Schmidt & Co. Ltd., Tel: 240168232735 

Inti India, Bombay 
Electronic Enterprises, Tel: 44 30 96. 

Inti Iran, Tehran 
Berkeh Company, Ltd., Tel: 828294, 831564 

Inti Ireland, Dublin 
Neitronic Limited, Tel: 501845 
Belfast 
Neltronic, Ltd., Tel: 36521/2 

. Inti Israel, Ramat Gan 
Elina . Ltd., Tel (03} 734129 

Inti Italy, Milano 
Eledra 3S SPA, Tel: (02) 34.93.041 
Roma 
Eledra 3S SPA, Tel: (06) 81.27.290 
Torino 
Eledra 3S SPA, Tel: 30.970.97 

Inti Korea, Seoul 
Dongnam Corp., Tel: 74-0090 

Inti Netherlands, Utrecht 
Diode B.V., Tel: 030-884214 

Inti New Zealand, Auckland 
Professional ~Iectronics,. Ltd., Tel: 4'93-029 

Inti Norway, Oslo 
Scancopter A.B., Tel: 69-44-90 

Inti Pakistan, Karachi 
Syed Traders, Tet: 45363 

Inti Portugal, Lisbon 
Ditram Componentes e Electronics, Lda., 
Tel: 45313 

Inti South Africa, Craighall 
K. Baker Associates (Pty) Ltd. 
Electronic Communications Group, Tel: 
788-1700 
Cape Town 
Rectifier & Communications Group, 
Tel: 43-0489 

Inti Spain, Madrid 
Hispano Electronica s.a., Tel: 51941 08 
Barcelona 
Hispano Electronica s.a., Tel: 259 04 22 

Inti Sweden, Vallingby 
Scancopter AB, Tel: 08/380065 

Inti Switzerland, Zurich 
Kontron Electronic, Ltd., Tel: 01/ 528282 

Inti Taiwan, Taipei 
Industrial Electronics, Tel: 771-4257 

Inti Turkey, Ankara 
Ute Engineering and Trade Co., Ltd., Tel: 
267182 

Inti West Indies, Miami, Fla • 
West Indies Sales Co., Ltd., Tel: (305) 

. 592-8188 

Teledyne Semiconductor 

, Teledyne Semiconductor 
1300 Terra Bella Avenue 
Mountain View, California 94043 
(415) 968-9241 
TWX: (910) 379-6494 

Specific product information: 
........................................................................ ext. 378 

Application engineering: 
........................................................................ ext. 241 

Literature: 
........................................................................ ext. 305 

Price and delivery: 
........................................................................ ext. 378 

Follow-up an order: 
................................................................ ext. 411/422 

All other information: . 
........................................................................ ext. 378 
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Teledyne Semiconductor (cont) 

Sales Offices & Representatives 

AL Huntsville 
EM A, (205) 533-6640 

AZ Tempe 
Sedco Sales, (602) 968-7791 

CA Culver City 
Bestronics, Inc., (213) 870-91-91 
Irvine 
Bestronics, Inc., (714) 979-9910 
Mountain View 
Teledyne Semiconductor, (415) 968-9241 
Redwood City 
James Heaton Co., Inc., (415) 367-9000 
San Diego 
Bestronics, Inc., (714) 278-2150 

CO Wheat Ridge 
Waugaman Assoc., (303) 423-1020 

FL Maitland 
Hutto Hawkins Peregoy, (305) 831-2474 
Fort Lauderdale 
Hutto-Hawkins Peregoy, Inc., 
(305) 971-9750 

IA Cedar Rapids 
Penzner-Mankus Corp., (319) 362-9177 

IL Westchester 
Glassner & Clark Co., (312) 345-4245 

IN Fort Wayne 
The Given Corp., (219) 432-5585 

KS Overland Park 
Penzner-Mankus Corp., (913) 381-0004 
Wichita 
Penzner-Mankus Corp., (316) 264-2664 

MA Waltham 
Dynasel Assoc., Inc., (617) 890-6777 

MD Ellicott City 
Marketing Technology, Inc., (301) 465-
5944 

MI Pymouth 
A.P.J. Associates. Inc., (313) 459-1200 

MN Minneapolis 
Marsh Sales Company, (612) 881-7511 

MO Maryland Heights 

NC 

NH 

NJ 

NM 

NY 

OH 

SC 

TX 

UT 

WA 

Inll 

Inti 

Inll 

2500 

Penzner-Mankus Corp., (314) 569-1220 

Winston·Salem 
Electronic Marketing Associates, (919) 
722-5151 

Salem 
Teledyne Semiconductor, (603) 893-9551 

Haddonfield 
Sun~ay-O-Brien, (609) 429-4013 

Albuquerque 
Waugaman Assoc., (505) 294-1436 

Buffalo 
Bowser & Sapecky Assoc., (716) 839-4170 
Farmingdale 
Addem Saies Group, (516) 752·9303 
Manlius 
Bowser 8. Sapecky Assoc .. (315) 682-8885 

Cincinnati 
Makin Associates, (513) 871-2424 

Greenvile 
EMA, (803) 233-4637 

Arlington 
Action Unlimited, (817) 461-8039 
Spring 
Action Unlimited, (713) 353-3195 

Salt Lake City 
Waugaman Assoc., (801) 363-0275 

Bellevue 
SDR2, (206) 747-9424 

England 
Teledyne Semiconductor, Tel: (44) 01-897-
2503 

Germany 
Teledyne Semiconductor, 7741-5066 

Hong Kong 
Teledyne Semiconductor, TWX: HX73549 

AL 

AZ 

CA 

co 

FL 

Distributors 

Huntsville 
Powell Electronics, (205) 539-2731 

Phoenix 
Kierulff Electronics,(602) 243-4101 

Chatsworth 
WestatesElectronics Corp., (213) 3414411 

Costa Mesa 
We states Electronics Corp., (714) 549-8410 

Los Angeles 
Kierulff Electronics Co., (213) 685-5511 

Palo Alto 
Kierultf Electronics, (415) 968-6292 

San Diego 
Intermark Electronics, (714) 279-5200 
Kietrulff Electronics Co., (714) 278-2112 

Santa Ana 
Intermark Electronics, (714) 540-1322 

Sunnyvale 
Diplomat/Westland, (408) 734-1900 
Intermark Electronics, (408) 738-1111 
Western Microtechnology Sales, 
{4Go) 737-1660 

Tustin 
Kierulff Electronics Co., Inc., 
(714) 731-5711 

Denver 
Kierulff Electronics Co., Inc., (303) 371-
6500 

Wheat Ridge 
Century Electronics, (303) 424-1985 

.......... ,..,., ..... 
Harvey Electronics, (203) 853-1515 

Clearwater 
Diplomat/Southland Electronics, (813) 
443-4514 

IA 

IL 

IN 

KS 

MA 

MD 

MI 

MN 

MO 

NC 

NJ 

NM 

NY 

OH 

PA 

Ft. Lauderdale 
Diplomat/Southland Electronics, 
(305) 771-0440 
Orlando 
Hammond Electronics, (305) 849-6060 
St. Petersburg -
Kierulff Electronics Co., Inc. (800) 282-Sg44 

Cedar Rapids 
Advent Electronics. (319) 363-0221 
Deeco, (3i9) 365-7551 

Chicago 
Bell Industries, (312) 982·9210 
Elk Grove Village 
Diplomat/Lakeland, (312) 595-1000 
Kierulff Electronics Co., Inc., (312) 640-
0200 
Rosemont 
Advent Electronics, (312) 298-4210 

Indianapolis 
Advent Electronics, (317) 297-4910 

Wichita 
Radio Supply Co., Inc., (316) 267-5213 

Billerica 
Kierulff Electronics Co., Inc., (617) 667-
8331 
Burlington 
Milgray Electronics, (617) 272-6800 
Chicopee 
IPC/Mass 
OedtH!m 
Gerber ElectroniCS, (617) 329-2400 
Holliston 
DiplomatlNew England, (617) 429-4121 
Natick 
Future Electronics, (617) 879-0860 

Columbia 
Technico, Inc., (301) 461·2200 
Savage 
Pyttronic Industries, (301) 792-07S0 

Farmington 
Diplomat/Northland, (313) 477-3200 
Livonia 
Rep-Tron, Inc., (313) 525-2700 

Minneapolis 
DiplomatlE lectro-Com. Corp., (612) 788-
8601 

Kansas City 
Walters RadiO Supply, (816) 531·7015 
st. Louis 
DiplomatiSt. Louis, (314) 645-8550 

Greensboro 
Hammond Electronics, (919) 275-6391 

MI. Laurel 
IPC/Mt. Laurel 
Rutherford 
Kierulff Electronics Co., Inc., (201) 935-
2120 
Totowa 
DiplomatllPC, (201) 785-1830 

Albuquerque 
Century Electronics, (505) 292·2700 

Buffalo 
Summit Distributors, Inc., (716) 884·3450 
Elmsford 
Zeus Components, Inc., (914) 592~1t20 
Endwell ' 
Wilshire Electronics, (607) 754-1570 
Freeport 
Milgray Electronics, (516) 546-6000 
Hauppauge 
Components Plus, (516) 213-9200 
Jaco Electronics, (516) 273-5500 
Rochester 
Summit Electronics of Rochester. (716) 
334-8110 
Rome 
Rome Electronics, (315) 337-5400 
Woodbury ~ 

Diplomat Electronics, (516) 921-9373 

Cincinnati 
Hughes-Peters, Inc., (513) 351-2000 
Columbus 
Hughes-Peters Inc., (614) 294-5351 
Dayton 
_ ............ " ...... v ,., ...... n ......... ~ VVI p., 'v, .... , w" .... -v...u.,. 

Montgomeryville 
Pyttronic Industries, (215) 643-2850 
Philadelphia 
Almo Electronics, (215) 698-4000 
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Teledyne Semiconductor (cont) 

TX Austin 
Component Specialties, Inc., (512) 459-
3307 
Dallas 
Component Specialties, (214) 357-6511 
Solid State Electronics, (214) 352-2601 
Houston' 
Component Specialties, (713) 771-7237 
Solid State Electronics, (713) 785-5205 

UT Salt Lake City 
Century Electronics, (801) 972-6969 
Diplomatl Alta Electronics, (801) 486-7227 

WA Tukwila 
Kierulff Electronics Co., Inc., (206) 575-
4420 

WI Milwaukee 
Parts Mart, (414) 276-1212 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Can Scarbourough 
Carsten Electronics, (416) 751-2731 

Vancouver, B.C. 
Intek Electronics, Ltd., (604) 324-6831 
R-A-E, (604) 687-2621 

SWITZERLAND 
W. Stolz AG 

J",.. Tel: (057) 54655 
IC MASTER DISTRIBUTOR 

Telefunken 

AEG-Telefunken 
P.O. Box 3800 
Route 22 at Orr St. 
Somerville, New Jersey 08876 
(201) 722-9800 
Telex: 833409 

Texas Instruments 

Texas Instruments Incorporated 
Semiconductor Group 
P·.O. Box 5012 
Dallas, Texas 75222 

. (214) 238-2011 
TWX: (910) 867-4702 

Specific product information: 
Digital Circuits 
Houston, Texas (713) 491-5115 .............. ext. 2734 

MOS 
Houston, Texas (713) 491-5115 .............. ext. 2821 

Special Products 
Dallas, Texas 
low Power 
Low Power SChottky 
CMOS, (214) 238-2011 .......................... ext. 4841 

Linear Circuits 
Dallas, Texas, (214) 238-2011 ............ ext. 3865 

Advanced Circuits 
ECl - Consumer Circuits ........................ ext. 7903 
Sherman, Texas, (214) 893-5166 ............ ext. 303 

AL 

AZ 

CA 

Sales Offices & Representatives 

Huntsville 
Sales Office, (205) 837-7530 

Phoenix 
Sales Office, (602) 249-1313 

Costa Mesa 
Sales Office, (714) 540-7311 
EI Segundo 
Sales Office, (213) 973-2571 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

San Diego 
Sales Office, (714) 279-2622 
Sunnyvale 
Sales Office, (408) 732-1840 

CO Denver 
Sales Office, (303) 751-1780 

CT Hamden 
Sales Office, (203) 281-0074 

DC Arlington 
Sales Office, (703) 525-0336 

FL Fort Lauderdale 
Sales Office, (305) 733-3300 
Winter Park 
Sales Office, (305) 644-3535 

IL Arlington Heights 
Sales Office, (312) 640-3000 

IN Fort Wayne 
Sales Office, (219) 424-5174 
Indianapolis 
Sales Office, (317) 248-8555 

MA Waltham 
Sales Office, (617) 890-7400 

MD Columbia 
Sal~s Office, (301) 997-4755 

MI Southfield 
Sales Office, (313) 353-0830 

MN Edina 
Sales Office, (612) 835-2900 

MO Kansas City 

NC 

NJ 

NM 

NY 

OH 

Sales Office, (816) 523-2500 

Charlotte 
Sales Office, (704) 527-0930 

Clark 
Sales Office, (201) 574-9800 

Albuquerque 
Sales Office,(505) 265-8491 

East Syracuse 
Sales Office, (315) 463-9291 
Endicott 
Sales Office, (607) 754-3900 
Melville 
Sales Office, (516) 293-2560 

Poughkeepsie 
Sales Office, (914) 473-2900 

Rochester 
Sales Office, (716) 461-1800 

Cleve!and 
Sales Office, (216) 464-2990 

Dayton 
Sales Office, (513) 253-3121 

OR Beaverton 
Sales Office, (503)643-6759 

PA Fort Washington 
Sales Office, (215) 643-6450 

TX Dallas 
Sales Office, (214) 238-6805 

Houston 
Sales Office, (713) 776-6511 

VA Arlington 
Sales Office, (703) 979-9650 
Richmond 
Sales Office, (804) 275-8148 

WA Bellevue 
Sales Office, (206) 455-3480 

Can' Toronto, Ontario 
Sales Office, (416) 889-7373 

St. Laurent, Quebec 
Sales Office, (514) 341-3232 

Inti Argentina, Buenos Aires 

Inti 

Inti 

Inti 

Texas Instruments Argentina S.A.I.C.F., 
Tel: 748-1141 

Australia, Sydney 
Texas Instruments Australia LId., 
Tel: 887-1122 

Austria, Wien 
Texas Instruments Ges. M.B.H., 
Tel: 724-186 

Belgium, Bruxelles 
Texas Instruments Belgium, Tel: 733 96 23 

Inti Brazil, Sao Paulo 
Texas Instrumentos Electronicos do Brasil 
Llda., Tel: 260-6347 

Inti Denmark, Herley 
Texas Instruments AlS, Tel: 91 74 00 

Inti' Finland, Helsinki 
Texas Instruments Finland OY, Tel: 40 83 00 

Inti France 
LePlessis RObinson 
Texas Instruments France, Tel: 630 23 43 

Lyon 
Texas Instruments France, Tel: (78) 373585 
Meylan 
Texas Instruments France, Tel: (76) 904574 

Rennes 
Texas Instruments France, Tel: (99) 79 5481 

Tou-louse 
Texas Instruments France, Tel: (6H 213032 

Inti Germany 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Inti 

Berlin 
Texas Instruments Deutschland GmbH, 
Tel: 030/8927063 ' 

Essen 
Texas Instruments Deutschland GmbH, 
Tel: 0201/23 35 51 
Frankfurt-Griesheim 
Texas Instruments Deutschland GmbH, 
0611/39 90 61 

Freising 
Texas Instruments Deutschland GmbH, 
Tel: 08161/80 1 

Hannover 
Texas Instruments Deutschland Gmt:lH, 
Tel: 0511164 80 21 

Munchen 
Texas Instruments Deutschland GmbH, 
Tel: 089/325011 15 

Stuttgart 
Texas Instruments Deutschland GmbH, 
Tel: 0711/54 70 01 

Hong Kong, Kowloon 
Texas Instruments Asia Limited, 
Tel: 5/279041 

Italy, Milano 
Texas Instruments Italia SpA, Tel: 02-
688-31 41 

Italy, Roma 
Texas Instruments Italia SpA, Tel: 06~83 
77 45 
Italy, Torino 
Texas Instruments Italia SpA, Tel: 011-83-
22-76 

Japan, Tokyo 
Texas Instruments Asia Limited, 
Tel: 03-402-6171 

Mexico, Mexico City 
Texas Instruments de Mexica S.A., Tel: 
567-9200 

Netherlands, Amstelveen 
Texas Instruments Holland B.V., 
Tel: 47 3391 

Norway, Oslo 
Texas Instruments Norway AIS, 
Tel: (0,2) 68 94 85 

Portugal, Moreira Da Maia 
Texas Instruments Equipamento 
Electronico LDA,Tel: 948/1003 

Singapore 
Texas Instruments Asia Limited 

Spain, Barcelona 
Texas Instruments Espana S.A., 
Tel: 2 152950 

Inti Sweden, Stockholm 
Texas Instruments International Trade 
Corp., (Sverigefilialen), Tel: 08-23 54 80 

Inti Taiwan, Taipei 
Texas Instruments Asia Limited 

Inti . United Kingdom, Bedford, England 
Texas Instruments Limited, Tel: 0234-
67466 
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Texas Instruments (cont) 

Distributors 

AL Huntsville 
Hall-Mark Electronics. (205) 837-8700 

AZ Phoenix 
. Kierulff Eiectronics, (602) 243-4101 

R. V. Weatherford. (602) 272-7144 
Tempe 
Marshall Industries, (602) 968-6181 

CA Anaheim 

2502 

R. V. Weatherford Co., (714) 634-9600 
Canoga Park 
Marshall Industries, (213) 999-5001 
Chatsworth 
JACO Electronics (west), (213) 998-2200 
EI Monte 
Marshall Industries. 1213\ 686-0141 
EI Segundo .. 
TI Supply Company, (213) 973-2571 
Glendale 
R. V. Weatherford Co .• (213) 849-3451 
Goleta 
RPS. (805) 964-6823 
Irvine 
Cramer/Los Angeles, (714) 979-3000 
Marshall Industries, (714) 556-6400 
Los Angeles 
Klefulff ElectroniCs. (213)·685-5511 
RPS, (213) 748-1271 
Palo Alto 
Kierulff Electronics, (415) 968-6292 
Pomona 
A. V. Weatherford Co., (714) 623-1261 
San Diego 
Cramer/San Diego, (714) 565-1881 
Kierulff Electronics, (714) 278-2112 
Marshall Industries, (714) 278-6350 
R. V. Weatherford, (714) 278-7400 
~unnyvale 

Cramer/San Francisco, (408) 739-2011 
Marshall Industries, (408) 732-1100 
TI Supply Co., (408) 732-5555 
Unitecj Components, (408) 737-7474 

Tustin 
Kierulff Electronics, (714) 731-5711 

CO Denver 
Cramer/Denver, (303) 758-2100 
Kierulff Electronics, (303) 371-6500 
Englewood 
R. V. Weatherford, (303) 761-5432 

CT Hamden 
Arrow E:6ctronics, (~03) 2';0-3801 
TI Supply Co., (203) 281-4669 
Wilshire Electronics, (607) 754-1570 
North Haven 
Cramer/Connecticut, (203) 239-5641 
Orange 
Milgray/Connecticut, (203) 795-0714 

FL Clearwater 
Diplomat/Southland, (813) 443·4514 
Ft. Lauderdale 
Arrow Electronics, (305) 776-7790 
Diplomat/Ft. Lauderdale, (305) 771-0440 
Hall-Mark Electronics, (305) 971-9280 
Hollywood 
Cramer/Hollywood, (305) 921-7878 
Orlando 
Cramer/Orlando, (305) 894-1511 
Hall-Mark Electronics, (305) 855-4020 
Palm Bay 
Arrow ElectroniCs, (305) 725-1480 
Winter Park 
Milgray Electronics, (305) 647-5747 

GA Doraville 
Arrow Electronics, (404) 455-4054 
Norcross 
Cramer/ Atlanta, (404) 448-9050 

IA Cedar Rapids 
DECO, Inc., (319) 365-7551 

IL Arlington Heights 
TI Supply Co., (312) 640-2964 
Chicago 
Newark Electronics, (312) 638-4411 
Elk Grove 
Hall-Mark Electronics, (312) 437-8800 
Kierulff Electronics, (312) 640-0200 
Mt. Prospect 
Cramer/Chicago, (312) 593-8230 
Schaumburg 
Arrow Electronics, (312) 893-9420 

IN Ft. Wayne 
Ft. Wayne Electronics, (219) 423-3422 
Indianapolis 
Graham Electronics, (317) 634-8202 

KS Shawnee Mission 
Hall-Mark Electronics, (913) 888-4747 

MA Billerica 
Kierulff Electronics, (617) 667-8331 
Burlington 
Wilshire Electronics, (617) 272-8200 
Newton 
Cramer/Newton, (617) 969-7700 
Waltham 
TI Supply Company, (617) 890-0510 
Woburn 
Arrow Electronics, (617) 933·8130 

Mil Baltimore 
Arrow Electronics, (202) 737-1700 
Hall-Mark Electronics, (301) 769-9300 
Columbia 
Technico Inc. 1:101) 4n1-2200 
Gaithersburg ., . 
Cramer/Washington, (301) 948-0110 
Lanham 
Milgray/Washington, (301) 459-2222 

MI Ann Arbor .. __ ~ ... "'1 __ .1. ___ ' •• ,_ ....... ~ __ ... ___ _ 

",llun t;.ltH. .. d.1 VI I H';=>, \'-""'/ ~I I-O~~U 

Grand Rapids 
Newark Electronics, (616) 241-6681 
Oak Park 
Newark Electronics, (313) 967-0600 

MN Bloomington 
Arrow Electronics. (612) 887-6400 
Minneapolis 
Cramer/Minnesota, (612) 835-7811 

MO Earth City 
• ,GIf-IVIOI I\. &;''':;;''''lIUllf''''~, \vt*+/ "~1-0vOU 

Kansas City 
ICOMP-Kansas City, (816) 221-2400 
Maryland Heights 
ICOMP-St. Louis, Inc., (314) 291-6200 

NC 

NJ 

NM 

NY 

OH 

OK 

OR 

PA 

TX 

UT 

VA 

WA 

WI 

Kernersville 
Arrow Electronics, (919) 996-2039 
Raleigh 
Hall-Mark Electronics, (919) 832-4465 
Winston-Salem 
Cramer/Winston-Salem, (919) 725-8711 

Camden 
General Radio Supply Company, (609) 
964-8560 
Cherry Hill. 
Cramer/Pennsylvania, (609) 424-5993 
M i !gray Electron ics, (609) 424-1300 
Clark 
TI Supply Company, (201) 382-6400 
Clifton 
Wilshire Electronics, (201) 340-1900 
Fairfield 
Kierulff Electronics, (201) 575-6750 
Little Falls 
Cr~mer/Ne~v Jersey. {2C1} 7fS-4300 
Moorestown 
Arrow Electronics, (609) 235-1900 
Saddlebrook 
Arrow Electronics,. (201) 797-5800 

Albuquerque 
Cramer/New Mexico, (505) 243-4566 
International Electronics, (505) 265-6453 

East Syracuse 
Cramer/Syracuse, (315) 437-6671 
Endwell 
Vii Istiin3 EJectionics. (60ij i54·15iO 
Farmingdale 
Arrow Electronics, (516) 694-6800 
Freeport 
Milgray ElectroniS;s, (516) 546-6000 
Hauppauge 
Cramer/Long Island, (516) 231-5600 
JACO Electronics, (516) 273-5500 
New York 
Home Office (Wilshire), (212) 698-8707 
Rochester 
Cramer/Rochester, (716) 275-0300 
Rochester Radio Supply Co., inc., (716) 
454-7800 
Wilshire Electronics, (716) 235-7620 
Woodbury 
Diplomat/Long Island, (516) 921-7920 

Cleveland 
Arrow Electronics, (216) 464-2000 
Cramer/Cleveland, (216) 248-8400 
Columbus 
Hall-Mark/Ohio, (614) 846-1882 

Tuisa 
Hall-Mark/Tulsa, (918) 835-8458 
TI Supply Co., (918) 582-8272 

Portland 
Almac/Stroum Electronics, (503) 292-3534 

Huntingdon 
Hall-Mark/Phiiadelphia, (215) 355-7300 

Austin 
Hall-Mark/Austin, (512) 837-2814 
Dallas 
Hall-Mark/Dallas, (214) 234-7400 
International Electronics, (214) 233-9323 
TI Supply Co., (214) 238-6830 
EI Paso 
International Electronics, (911) 778~9761 
Houston 
Hail-Mark/Houston, (713) 781-6100 
Harrison Equipment Comoanv. (713) 652-
4700 . . . 

R. V. Weatherford Company, (713) 688. 
7406 
TI Supply Company, (713) 776-6511 

Salt Lake City 
ninlnrn.ot/AltGlanl'l 10" .. \ Aoa "'1)"'..,. 
Ki;~~iff-,EI~~·t;;~i~~, '(BO'1) 973~6913 
Roanoke 
Technico, (703) 563·4975 

Seattle 
Almac-Stroum Electronics, (206) 763-2300 
Kierulff Electronics, (206) 575-4420 
Tukwila 
Cramer/Seattle, (206) 575-0907 

Brookfield 
Newark Electronics, (414) 781-2450 
Oak Creek 
Arrow Electronics, (414) 764-6600 
West Allis 
Hall-Mark/Milwaukee, (414) 476-1270 
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Texas Instruments (cont) 
Can Downsview, Ontario 

CESCO Electronics, ltd'., (416) 661-0220 
Zentronics, (416) 635-2822 
Montreal, Quebec 
CESCO Electronics, Ltd., (514) 735-5511 

MONTREAL, QUEBEC 
Future Electronics 
Tel: (514) 735-5775 

IC MASTER DISTRIBUTOR 

Zentronics, (514) 735-5361 
Ottawa, Ontario 
CESCO Electronics, Ltd., (613) 729-5118 
Future Electronics, (613) 232-7757 
Zentronics, (613) 238-6411 
Quebec City, Quebec 
CESCO Electronics, Ltd., (418) 524-4641 
Toronto, Ontario 
Future Electronics, (416) 675-7820 
Vancouver, B.C. 
Cam Gard Supply, (604) 291-1441 
Winnipeg, Manitoba 
SCam Gard Supply, (204) 786-8481 

Australia 
'Adelaide 
Cerna Distributors 
Amcliffe, N.S.W. 
Instant Component Service 
Blackburn, Victoria 
Cerna Distributors 
Moorabbin, Victoria 
Instant Component Service 
North Adelaide 
Instant Component Service 
St. Leonards, N.S.W. 
Cerna Distributors 
West End Queensland 
Instant Component Service 

Inti England 
Bedford 
TI Supply 
Slough, Berks 
TI Supply Co. 

Inti France, La Boursidiere 
Texas Instruments France 

Inti India 
Bombay 
Zenith Electronics 

Inti Korea, Seoul 
Texas Instruments Supply Co. 

Inti New Zealand 
Aukland 
D. J. Reid Electronics 
Takapuna 
David J. Reid (NZ) Ltd. 

Inti Singapore, Syed Alui Road 
Transco Electronics( PTE) Ltd. 
General Engineers 

Inti Spain, Madrid 
Texas Instruments Espana S.A. 

Inti Sweden, Stockholm 
Texas Instruments Supply 

Inti Switzerland, Kirchenweg 
Fabrimex AG 

Inti Taiwan, Taipei 
Texas Instruments Supply Co. 

Inti West Germany, Kepserserasse 

TMX 

Texas Il'lstruments Deutschland GmbH 

TMX Division 
Rusco Industries, Inc. 
1100 Glendon Avenue 
Los Angeles, California 90024 
(213) 879-9033 
(213) 879-1458 

Application information ~ William Rennie 
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Toshiba 

Toshiba America Inc. 
2900 MacArthur Blvd. 
Northbrook, Illinois 60062 
(312) 564-1200 

Engineering information: 
M. Motoe 

Sales information: 
S. Yatsunami 

Toshiba America New York Office 
280 Park Avenue 
New York, New York 10017 
(213) 557-0407 
Engineering information: 
S. Sato 

Sales information: 
T. Tanaka 

Toshiba American Los Angeles Office 
19515 So. Vermont Ave. 
Torrance, California 90502 
(213) 770-3300 
Engineering information: 

S. Okamoto 
Torrance, California, 90502 
Tokyo Shibaura Electric Co., Ltd. 
International Cooperation Division 
Overseas Operations Division 
Producer Goods Export Division 
1-6, Uchisaiwaicho 1-Chome, Chiyoda-ku, 100, 
Japan 
Tel: 501-5411 

Sales Offices & Representatives 

Can Calgary, Alberta 
Sales Office, (403) 273-6906 
Vancouver, British Columbia 
Sales Office, (604) 681-9221 
Sales Office, (604) 291-2966 
Toronto, Ontario 
Sales Office, (416) 499-5555 
Montreal, Quebec 
Sales Office, (514) 683-8900 

Inti Argentina, Buenos Aires 
Tokyo Shibaura Electric Co., Ltd., Tel: 
40-1166 

Inti Australia, Sydney 
Tokyo Shibaura Electric Co., Ltd., Tel: 
27-4301-5 
Toshiba EMI (Australia) Pty., Ltd., Tel: 
20912 

Inti Austria, Wien 
Tokyo Shibaura Electric Co., Ltd., Tel: 
732283, 732295 

Inti Brazil, Sao Paulo 
Toshiba Brasileira Representacoes, Ltd'a, 
Tel: 287-8117, 2338 

Inti Colombia, Bogota 
Tokyo Shibaura Electric Co., Ltd., Tel: 
32-92-37, 27 

Inti Greece, Athens 
Tokyo Shibaura Electric Co., Ltd., Tel:. 
7799828 

Inti Germany 
Duesseldorf 
Toshiba Deutschland GmbH, Tel: 0211-
723091 
Frankfurt 
Toshiba Europa .GmbH, Tel: 0611-664021 
0611-663428 ' 

Inti Great Britain 
London 
Tokyo Shibaura Electric Co., Ltd., Tel: 
405-8641, 2, 405-9414 
Feltham Middlesex 
Toshiba House, Tel: 01-751-1281 

Inti Hong Kong, Central Hong Kong 
Mon On Toshiba, Ltd., Tel: 246436, T 
Tokyo Shibaura Electric Co., Ltd., Tel: 
26436, 7 

Inti Indonesia, Jakarta 

Inti 

Inti 

Tokyo Sh,baura Electric Co., Ltd., Tel: 
56228 
Iran, Teheran 
Tokyo Shibaura Electric Co., Ltd., Tel: 
839296 
Mexico, Piso Mexico, I.D.F. 
Tokyo Shibaura Electric Co., Ltd., Tel: 
5-66-90-55 

Inti New Zealand, Wellington 
Tokyo Shibaura Electric Co., Ltd., Tel: 
726-001 

Inti Panama, Campo Alegre 
Toshiba de Panama, SA, Tel: 69-2066 

Inti Philippines, Manila 
Tokyo Shibaura Electric Co., Ltd., Tel: 
88-27-17, 86-84-12 

Inti Singapore 
Toshiba KHR (Singapore) Pte., Ltd., Tel: 
373-847 

Inti South Africa, Johannesburg 
Tokyo Shibaura Electric Co., Ltd., Tel: 
212041 

Inti Taiwan, Taipei 
Tokyo Shibaura Electric Co., Ltd., Tel: 
551-0067,551-5211 

Inti Thailand, Bangkok 
Tokyo. Shibaura Electric Co.; Ltd., Tel: 
2344144 
Toshiba Thailand Co., Ltd., Tel: 2519269, 
2336278, 2337226, 2348554, 233 

Trans-Data 

TRW 

Trans Data 
1721 2nd Street, Suite 100 
Sacramento, California 95814 
(916) 443-8116 
For Information: Carroll Collier 

TRW LSI Products 
P.O. Box 1125 
Redondo Beach, California 90278 
(213) 535-1838 

TRW RF Semiconductors 
14520 Aviation Blvd. 
Lawndale, California 90260 
(213) 679-4561 

Sales Offices & Representatives 

AL Huntsville 
Sales Office, (205) 772-9656 

AZ Phoenix 
Sales Office, (602) 971-6250 

CA Los Angeles 
Sales Office, (213) 478-0183 
Menlo Park 
Sales Offic;p, (415) 969-6060 
San Diego 
Sales Office, (714) 571-1544 
Tustin 
Sales Office, (714) 832-4952 

CO Westminister 
Sales Office, (303) 426-0890 

CT Orange 
Sales Office, (203) 795-3515 
Rowayton 
Sales Office, (203) 853-4466 

FL Ft. Lauderdale 
Sales Office, (305) 721-1700 
Orlando 
Sales Office, (305) 857-3650 

IL Elk Grove Village 
Sales Office, (312) 593-0200 

IN Fort Wayne 
Sales Office, (219) 432-5591 
Indianapolis 
Sales Office, (317) 359-9283 
Kokomo 
Sales Office, (317) 453-3592 

IA Cedar Rapids 
Sales Office, (319) 393-8703 

KS Prairie Village 

KY 

MD 

MA 

Sales Office, (913) 236-4646 
Wichita 
Sales Office, (316) 686-6685 
Louisville 
Sales Office, (502) 897-1569 
Baltimore 
Sales Office, (301) 795-5775 
Waltham 
Sales Office, (617) 890-3232 
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TRW (cant) 

MI Grand Rapids 
Sales Office, (616) 942-5420 
Southfield 
Sales Office, (313) 559-5454 
St. Joseph 
Sales Office, (616) 983-7337 

MN Minneapolis 
Sales Office (612) 854-4600 

MO St. Louis 
Sales Office, (314) 432-2830 

NB Lincoln 
Sales Office, (402) 474-5151 

NM Albuquerque 
Sales Office, (505) 265-7759 

NY Rochester 
Sales Office, (716) 424-2830 

NC Charlotte 
Sales Office, (704) 527-1344 

OH Cincinnati 
Sales Office, (513) 521-2290 
Columbus 
Sales Office, (614) 888-9396 
Dayton 
Sales Office, (513) 298-9546 
Middleburg Heights 
Sales Office, (216) 826-4424 

OR Beaverton 
Sales Office, (503) 643-1644 

PA Bala Cynwyd 
Sales Office, (215) 667-3400 
Pittsburgh 
Sales Office, (412) 344-7277 

TN Greenville 
Sales Office, (615) 639-6154 

TX Austin 
Sales Office, (512) 451-2959 
Dallas 
Sales Office, (214) 387-3030 
Houston 
Sales Office, (713) 772-5541 

UT Salt Lake City 
Sales Office, (801) 943-5650 

VA Richmond 
Sales Office, (804) 288-8334 

WA Bellevue 
Sales Office, (206) 454-0300 

WI Wauwatosa 
Sales Office, (414) 475-7755 

Distributors 

AL Huntsville 
Ham i Iton/ Avnet, (205) 533-1170 

AZ ,phoenix 
Hamilton/ Avnet, (602) 275-7851 

CA Les Angeles 
Hamilton/Avnet, (213) 558-2121 
Mountain View 
Hamilton/Avne!, (415) 961-7000 
San Diego 
Hamilton/ Avne!, (714) 279-2421 

CO Denver 
Hamilton/ Avnet, (303) 534-1212' 

CT Georgetown 
Hamiltonl Avnet, (203) 762-0361 

FL Miami 
Hamilton/ Avne!, (305) 971-2900 

GA Atlanta 
Hamilton/ Avnet, (404) 448-0800 

IL Chicago 
Hamilton/ Avnet, (312) 678-6310 

KS Kansas City 
Hamilton/ Avnet, (913) 888-8900 

MA Boston 
Hamilton/ Avne!, (617) 933-8000 

MD Baltimore 
Hamilton! Avnet, (301) 796-5000 

MI Detroit 
Hamilton/ Avnet, (313) 522-4700 

MN Minneapolis 
Hamilton/Avne!, (~12) 941-3801 

MO St. Louis 
Hamilton/Avnet, (314) 731-1144 

NC Raleigh 
Hamilton! Avnet, (919) 829-8030 

NJ Cedar Grove 
l-I"miltnn/llHnnt f?n1\ ?~a_nl~nn 

Mt. Laurel 
Hamilton/ Avnet, (609) 234-2133 

NM Albuquerque 
Hamilton/ Avnet, (505) 765-1500 
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NY Rochester 
Hamilton! Avnet, (716) 442-7820 
Syracuse 
Hamilton/Avnet, (315) 437-2641 
Westbury 
Hamilton/Avnet, (516) 333-5800 

OH Cleveland 
Hamilton/ Avnet, (216) 461-1400 
Dayton 
Hamilton/Avne!, (513) 433-0610 

TX Dallas 
Hamilton/Avnet, (214) 661-8661 
Houston 
Hamilton/ Avnei, (713) 780-1771 

UT Salt Lake City 
Hamilton! Avnet, (801) 972-2800 

WA Seattle 
Hamilton/ Avnet, (206) 746-8750 

WI Milwaukee 
Hamilton!Avnet, (414) 784-4510 

Unitrode 

Unitrode Corporation 
580 Pleasant St. 
Watertown, Massachusetts 02172 
(617) 926-0404 
TWX: 710-327-1296 
Telex: 922-414 

Westerri Digital 

Western Digital Corporation 
3128 Red Hill Avenue 
P.O. Box 2180 
Newport Beach, Cailornia 92663 
(714) 557-3550 
TWX: (910) 595-1139 

Specific product information: 
Sales ...................................................... ext. 241, 242 

Application engineering: ............................ ext. 262 
Literature: 
Marketing Services ..................... : ................ ext. 250 

Price and delivery: 
MOS/LSI Circuits - Marketing Dept. ...... ext. 243 
Spartan Test Systems - SPARTAN Sales ext. 208 

Place an order: 
MOS/LSI Circuits - Local Sales' Rep" 
Customer Service ...................................... ext. 243 

Follow-up on order: 
Customer Service ...................................... ext. 243 

All other information: 
Public Relations. ·, ... "" ..................... ext. 242 

Sales Offices & Representatives 

AL Huntsville 
Murcota Corp., (205) 539-8476 

AZ Tempe 
Piper Sales, (602) 949-0048 

CA Los Altos 
EL REPCO, (415) 941-4990 
Los Gatos 
Regional Office, (408) 354-7551 
Newport Beach 
Tustin 
Ciior, Sa:65 t \7~4) 332 .. 9687 

CO Arvtda 
Piper Sales, (303) 420-4646 

FL Ft. Lauderdale 
Dyne-A-Mark, (305) 771-6501 

IA W. Des Moines 
NEVeO, (515) 225-9566 

IL Des Plaines 
Janus Inc., (312) 298-9330 

MA Marblehead 
Regional Office, (617) 631-6466 
Woburn 
Component Tech., (617) 933-5390 

MD Glen Burnie • 
New Era Sales, (301) 768-6666 

MI Grosse Point 
(.;rp;npr A<;<;nr. (~1~' 4C1C1-n1RR 

MN Minneapolis 
Marsh Sales, (612) 881-7511 

MO Kansas City 
NEVCO. (816) 421-1751 

NC Winston-Salem 
Murcota Corp., (919) 722-9445 

NY Fayetteville 
Tritech Elect., (315) 446-2881 
Plainview 
E.R.A., (516) 822-9890 

OH Centerville 
EMA, (513) 433-2800 

PA Ft. Wash. 
GCM Assoc., (215) 646-7535 

tx Dallas 
West Assoc., (214) 661-9400 

UT Sandy 

AZ 

I CA 

I 
CA 

Piper Sales, (801) 571-5675 

Distributors 

Phoenix 
Kierulff, (602) 243-4101 
Chatsworth 
We states, (213) 341-4411 
Costa Mesa 
Westates, (714) 549-8401 
Los Angeles 
Kierulff, (213) 685-5511 
Mount,in View 
Time Electronics, (415) 965-8000 
Palo Alto 
Kieruiii, (4 i 5) 96S-62~2 
San Diego 
Kierulff, (714) 278-2112 
Westates, (714) 292-5693 
Santa Ana 
Emmiter Elec. Dist., (714) 557-7131 
Sunnyvale 
Bell Industries, (408) 734-8570 
Torrance 
Time Electronics, (213) 320-0880 

. Tustin 
.............. , \' O""TJ ''''''-VI I I 

CO Denver 
Kierulff. (303) 371·6500 

FL Clearwater 
Diplomat/Southland, (813) 443-4514 
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Western Digital (cont) Hamden Glendale 
Daltcom Inc., (203) 288-7005 R. V. Weatherford Co., (213) 849-3451 

St. Petersburg DE" Newark Palo Alto 

Kierulff, (813) 576-1966 Dyno Rep Company, (703) 354-1222 R. V. Weatherford Co., (415) 493-5373 

GA Atlanta 
FL Altamonte Springs Pomona . , 

Electro Air Corp., (404) 351-3545 Dyne-A-Mark Corp., (305) 831-2097 R. V.' Weatherford Co., (714) 623-1261 

IL Elk Grove Village Clearwater San Diego 

Diplomat/Lakeland, (312) 595-1000 Dyne-A-Mark Corp., (813) 441-4702 Intermark Electronics, (714) 453-9005 
Kierulff, (312) 640-0200 Fort Lauderdale Santa Ana 

Skokie Dyne-A-Mark Corp., (305) 771-6501 Intermark Electronics, (714) 540-1322 
Bell Industries, (312) 982-9210 Orlando Sunnyvale -

MA Billerica Technology Marketing Assoc., Intermark Electronics, (408) 738-1111 
Kierulff, (617) 667-8331 (305) 857-3760 Western Microtechnology, (408) 737-1660 

, Woburn Palm Bay CO Englewood 
Spartan Electronics, (617) 935-2550 Dyne-A-Mark Corp., (305) 831-2097 

R. V. Weatherford Co., (303) 761-5432 
Time-New England, (617) 935-S080 IA Cedar Rapids 

MD Baltimore PMA Corp., (319) 362-9177 Wheatridge 

Technico, (301) 461-2200 IL Skokie Century Eectronics, (303) ,424-1985 

MI Farmington Mar-Con Associates Inc., (312) 675-6450 CT Hamden 
'''~i Diplomat/Northland, (313) 477-3200 Schaumburg Wilshire Electronics, (203) 281-1166 

,.:.; MN Minneapolis Zilog, Inc., (312) 885-8080 FL Fort Lauderdale 
,-~.-

Diplomat/Electro-Com Corp., (612) 788- KS Overland Park Hallmark Electronics, (305) 971-9280 
" 8601 PMA Corp., (913) 381-0004 Orlando 

r MO St. Louis Wichita Hall Mark Electronics, (305) 855-4020 

t· Diplomat/St. Louis, (314) 645-8550 PMA Corp., (316) 264-2662 IL Elk Grove Village 
~i NJ Fairfield MA N. Billerica 

Hallmark Electronics, (312) 437-8800 

.~ 
Kierulff, (201) 575-6750 Zilog, Inc., (617) 667-2179 Westmont 
Totowa Waltham RM Electronics, (312) 323-9670 
Diplomat-IPC, (201) 785-1830 Datcom Inc., (617) 891-4600 

'NY Woodbury MI Gross Poinl Pk. IN Indianapolis 

';";:' Diplomat Electronics, (516) 921-9373 Greiner & Assoc., (313) 499-0188 RM Electronics, (317) 247-9701 

;l~: OH Centerville MN Minneapolis KS Shawnee Mission 
Industrial Prod. Dist., (513) 435-2086 H.M.A. Incorp., (612) 831-7400 Hallmark Electronics, (913) 888-4747 

OK Tulsa MO Maryland Heights MA Burlington 
I ,Component Specialties, (918) 664-2820 PMA Corp., (314) 569-1220 Wilshire Electronics, (617) 272-8200 

PA Clifton Hgts NJ Bergenfield . MD Baltimore 
Time/Mid-Atlantic, (215) 622-2500 Zilog, Inc" (201) 385-9158 Hallmark Electronics, (301) 796-9300 

TX Austin 
Component Specialties, (512) 459-3307 

Tenafly MI Grand Rapids 

Quality Components, (512) 458-4181 
ABC Electronic Sales Co., (201) 568-2354. RM Electronics, (616) 531-9300 -

Dallas NM Albuquerque MN Bloomington 
Component Specialties, (214) 357-6511 Trembly Assoc'iates, (505) 266-8616 Hallmark Electronics, (612) 884-9056 
K A Electronics, (214) 634-7870 NY Binghamton 

Quality Components, (214) 387-4949 L-Mar Associates Inc., (60-71723-151t3 MO Earth City 

Houston E. Syracuse Hallmark Electronics, (314) 291-5350 

Component Specialties, (713) 771-7237 L-Mar Associates Inc., (315) 437-7779 NC Raleigh 

Quality Components, (713) 772-7100 N. Tarrytown Hallmark Electronics, (919) 832-4465 

UT Salt Lake City ABC Electronic Sales Co., (914) 631-2650 NM Albuquerque 
Kierulff, (801) 973-6913 Rochester Century Electronics, (505) 292-2700 

WA Tukwila L-Mar Associates Inc., (716) 328-5240 NJ Clifton 
Kierulff, (206) 575-4420 Williston Park 

Wilshire Electronics, (2'01) 340-1900 ABC Electronic Sales Co., (516) 747-6610 
OH Cleveland NY Buffalo 

SWITZERLAND Geotronix, (216) 526-2535 Summit, (716) 884-3450 

W.StolzAG 
Columbus Farmingdale 

Geotronix, (614) 457-8472 Wilshire Electronics, (516) 293-5775 

Tel: (057) 54655 Zilog, Inc., (614) 457-0820 Rochester 

IC MASTER DISTRIBUTOR OR Portland L-Dun Electronics, (716) 328-0830 

J. J. Backer Company, (503) 297-3776 OH Worthington 

PA Bala Cynwyd Hallmark Electronics, (614) 846-1882 

Vantage Sales, (215) 667-0990 OK Tulsa 
TX Austin Hallmark Electronics, (918) 835-8458 

Zilog The Thorson Company, ,(512) 451-7527 PA Huntington Valley 
Dallas Hallmark Electronics, (215) 355-7300 

Zilog, Inc. 
The Thorson Company, (214) 233-5744 TX Austin 
Houston 

10460 Bubb Road The Thorson Company, (713) 771-3504 
Hallmark Electronics, (512) 837-2841 

Cupertino, California 90514 Dallas 
(408) 446-4666 

UT Salt Lake City Hallmark Electronics, (214) 234-7300 
'TWX: 910-338-7621 The Thorson Company, (S01) 973-7969 Houston 

VA AleXandria Hallmark Electronics, (713) 781-6100 
Dyna Rep, (703) 354-1222 

Sales Offices & Representatives WA Bellevue UT Salt Lake City 

The Thorson Company (206) 455-9180 Century Electronics, (801) 972-6969 

AL Huntsville Seattle WA Seattle 

Technology Marketing Assoc., J. J. Backer Company, (206) 285-1300 Sterling ElectroniCS, (206) 762-9100 

(205) 883-7893 Can Mississaugua, Ontario WI West Allis 
AZ Phoenix Munro Electronic Components Ltd., Hallmark Electronics, (414) 476-1270 

The Thorson Company, (602) 956-5300 (416) 676-1042 
'c" CA Cupertino Ottawa, Ontario 

Zilog, Inc., (408) 446-4666 Munro Electronic Components Ltd., 
Goleta (613) 729-1831 MONTREAL, QUEBEC 
The Thorson Company, (805) 964-8751 Montreal, Quebec Future Electronics 
Irvine Munro Electronic Components Ltd., 
The Thorson Company, (714) 557-4460 (514) 626-6723 Tel,: (514) 735-5775 
Zilog, Inc., (714) 549-2891 IC MASTER DISTRIBUTOR 
L,os Angeles 
The Thorson Company, (213) 476-1241 Distributors 
Mountain View 
The Thorson Company, (415) 964-9300 

AL Huntsvitle SWITZERLAND San Diego 
Littlefield & Smith Assoc., (714) 455-0055 Hallmark Electronics, (205) 837-8700 W.StolzAG 

CO Denver AZ Phoenix Tel: (057) 54655 
The Thorson Company, (303) 759-0809 A. V. Weatherford Co., (602j 272-7144 

,,. 
CT Danbury CA Anaheim IC MASTER DISTRIBUTOR 

ABC Electronic Sales Co., (203) 743-9441 R. V. Weatherford Co., (714) 634-9600 

-, 

:~; 
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